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sending a transmit power control (TPC) command (Page 4, line 17-Page 5, line 

8); 

receiving an uplink signal from the remote transceiver at a calculated transmit 

power level based on a path loss and the TPC command (Page 4, line 18-Page 5, line 

8, Zeira teaches the first station (base station) transmits power commands based on in 

part a reception quality of the received communications. The first station (base station) 

transmits a second communication (remote terminal) having a transmission power level 

in a first time slot. The second station receives the second communication and the 

power commands. A power level of the second communication as received is measured 

(calculated). A path loss estimate is determined based on in part the measured received 

second communication power level and the first communication power level), but fails to 

teach on a shared physical channel used to carry allocation and scheduling information 

from the base station to the remote transceiver, sending an allocation of a scheduled 

uplink transmission resource. 

However, in related art, Chen teaches on a downlink dedicated control channel 

(DCCH) channel used to carry allocation and scheduling information from the base 

station to the remote transceiver, sending an allocation of a scheduled uplink 

transmission resource (Paragraphs 0012,0052-0057, especially, paragraph 0012, Chen 

teaches it is an object of the present invention to perform the efficient scheduling 

processing and to allocate radio resources efficiently in the uplink high-speed packet 

communications method. Paragraph 0054, Chen teaches the transmitting unit 15 is 

configured to notify the radio resources allocated by the resource allocating 14 to the 
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mobile station via a downlink dedicated control channel (DCCH). Paragraph 0052, Chen 

teaches the resource allocating unit 14 is configured to allocate a radio resource which 

is used in uplink packet communications with the mobile station, by referring to the 

virtual buffer corresponding to the mobile station 30).Therefore, it would have been 

obvious to one of ordinary skill in the art at the time of the invention to provide the above 

teaching of Chen to Zeira in order to perform the efficient scheduling processing and to 

allocate radio resources efficiently in the uplink high-speed packet communications 

method (Chen, paragraph 0012). 

The combination of Zeira and Chen fail to teach on a shared physical channel 

used to carry allocation and scheduling information. 

However, Van Lieshout teaches on a shared physical channel (shared radio 

channel) used to carry allocation and scheduling information (Para. 0006). Therefore, it 

would have been obvious to one of ordinary skill in the art at the time of the invention to 

provide the above teaching of van Lieshout to Zeira and Chen so that the mobile unit 

can find out the available resources that it can use from the base station. 

9. Claims 8 and 34 are rejected under 35 U.S.C. 103(a) as being unpatentable over 

Zeira et al. (International Publication Number #WO 00/57574) in view of Chen et al. (US 

Pub. No. 2005/0025056) in view of Van Lieshout et al. (US Pub. No. 2001/0036823) 

and further in view of Shiu et al. (US Patent #6,983,166). 
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Regarding claims 8 and 34, the combination of Zeira, Chen, and Van Lieshout 

fails to teach the method of power control, wherein the calculated transmit power level is 

based on parameter associated with a selected transport format. 

However, in related art, Shiu teaches the method of power control, wherein the 

calculated transmit power level is based on parameter associated with a selected 

transport format. (Col 3, lines 27-41).Therefore, it would have been obvious to one of 

ordinary skill in the art at the time of the invention to provide the above teaching of Shiu 

to Zeira, Chen, and Van Lieshout in order to adjust transmit power and achieve target 

block error rate (BLERs) ( See Shiu, Col 3, line 31). 

10. Claims 16,17,30,31,44,45,47, and 48 are rejected under 35 U.S.C. 103(a) as 

being unpatentable over Zeira et al. (International Publication Number #WO 00/57574) 

in view of Chen et al. (US Pub. No. 2005/0025056) in view of Van Lieshout et al. (US 

Pub. No. 2001/0036823) and further in view of Krishnan et al. (US Pub. No. 

2005/0176455). 

Regarding claims 16,30,44, and 47, the combination of Zeira, Chen, and Van 

Lieshout fail to teach the power control method, further comprising receiving a signal 

from the base station for instructing the remote transmitter to utilize only the 

accumulated TPC commands when deriving the calculated transmit power level, 

thereby disabling use of open loop power control and enabling use of closed loop power 

control only. 
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However, in related art, Krishnan teaches the power control method, further 

comprising receiving a signal from the base station for instructing the remote transmitter 

to utilize only the accumulated TPC commands when deriving the calculated transmit 

power level, thereby disabling use of open loop power control and enabling use of 

closed loop power control only (Paragraphs 0047-0050, especially, Paragraphs 0049-

0050). Therefore, it would have been obvious to one of ordinary skill in the art at the 

time of the invention to provide the above teaching of Krishnan to Zeira, Chen, and Van 

Lieshout in order to provide the transmitting terminal feedback regarding the power of 

signals received at the receiving terminal. 

Regarding claim 17,31,45, and 48, the combination of Zeira, Chen, and Van 

Lieshout fail to teach the power control method, further comprising receiving a signal 

from the base station for instructing the remote transmitter to disregard the accumulated 

TPC command when deriving the calculated transmit power level, thereby enabling use 

of open loop power control only and disabling use of closed loop power control. 

However, in related art, Krishnan teaches the power control method, further 

comprising receiving a signal from the base station for instructing the remote transmitter 

to disregard the accumulated TPC command when deriving the calculated transmit 

power level, thereby enabling use of open loop power control only and disabling use of 

closed loop power control (Paragraphs 0047-0050, especially, Paragraphs 0049-0050). 

Therefore, it would have been obvious to one of ordinary skill in the art at the 

time of the invention to provide the above teaching of Krishnan to Zeira, Chen, and Van 
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Lieshout in order to provide the transmitting terminal feedback regarding the power of 

signals received at the receiving terminal. 

11. Examiner has cited particular columns and line numbers in the references 

applied to the claims above for the convenience of the applicant. Although 

the specified citations are representative of the teachings of the art and are applied to 

specific limitations within the individual claim, other passages and figures may apply as 

well. It is respectfully requested from the applicant in preparing responses, to fully 

consider the references in entirety as potentially teaching all or part of the claimed 

invention, as well as the context of the passage as taught by the prior art or disclosed 

by the Examiner. SEE MPEP 2141.02 [R-5] VI. PRIOR ART MUST BE CONSIDERED 

IN ITS ENTIRETY, INCLUDING DISCLOSURES THAT TEACH AWAY FROM THE 

CLAIMS: A prior art reference must be considered in its entirety, i.e., as a whole, 

including portions that would lead away from the claimed invention. W.L. Gore & 

Associates, Inc. v. Garlock, Inc., 721 F.2d 1540, 220 USPQ 303 (Fed. Cir. 1983), cert. 

denied, 469 U.S. 851 (1984) In re Fulton, 391 F.3d 1195, 1201,73 USPQ2d 1141, 1146 

(Fed. Cir. 2004). >See also MPEP §2123. 

Response to Arguments 

12. Applicant's arguments with respect to claims 1-4,7,8,15-17,26,28,30-34, and 43-

48 have been considered but are moot in view of the new ground(s) of rejection. 
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Conclusion 

13. The prior art made of record and not relied upon is considered pertinent to 

applicant's disclosure. Miyoshi et al. (US Pub. No. 2004/0171387), Kim et al. (US Pub. 

No. 2003/0032411, Para. 0008), Jiang et al. (US Pub. No. 2005/0041673, Para. 0005), 

Hwang et al. (US Pub. No. 2005/0207359, Para. 0038), Petrovic et al. (US Pub. No. 

2007/0081492, Para. 0010 and 0117), Chao et al. (US Pub. No. 2009/0028111, Claims 

1 and 5). 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to DOMINIC E. REGO whose telephone number is 

(571)272-8132. The examiner can normally be reached on Monday-Friday, 8:30 am-5 

pm. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Duc M. Nguyen can be reached on 571-272-7503. The fax phone number 

for the organization where this application or proceeding is assigned is 571-273-8300. 
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Information regarding the status of an application may be obtained from the 

Patent Application Information Retrieval (PAIR) system. Status information for 

published applications may be obtained from either Private PAIR or Public PAIR. 

Status information for unpublished applications is available through Private PAIR only. 

For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 

you have questions on access to the Private PAIR system, contact the Electronic 

Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 

USPTO Customer Service Representative or access to the automated information 

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

Dominic E. Rego 
/Dominic E Rego/ 
Examiner, Art Unit 2618 
Tel 571-272-8132 

/Duc Nguyen/ 
Supervisory Patent Examiner, Art Unit 2618 
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Docket No.: 562492000500 
(PATENT) 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Patent Application of: 
Nicholas W. ANDERSON 

Application No.: 10/917,968 Confirmation No.: 3609 

Filed: August 12, 2004 Art Unit: 2618 

For: POWER CONTROL IN A WIRELESS Examiner: D. E. Rego 
COMMUNICATION SYSTEM 

AMENDMENT AFTER FINAL ACTION UNDER 37 C.F.R. 1.116 

MS AF 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Dear Sir: 

INTRODUCTORY COMMENTS 

This is in response to the final Office Action dated August 1, 2008 (Paper No. 

20080722), for which a response was due on November 1, 2008. Filed herewith is a Petition and 

fee for a two-month extension of time, thereby extending the deadline for response to January 1, 

2009. Accordingly, this response is timely filed. Reconsideration and allowance of the pending 

claims, as amended, in light of the remarks presented herein are respectfully requested. 

Amendments to the Claims are reflected in the listing of claims which begins on page 2 

of this paper. 

Remarks/Arguments begin on page 6 of this paper. 
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Please find below and/or attached an Office communication concerning this application or proceeding. 

The time period for reply, if any, is set in the attached communication. 
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Advisory Action 
Before the Filing of an Appeal Brief 

Application No. 

10/917,968 

Applicant(s) 

ANDERSON, NICHOLAS WILLIAM 

Examiner 

DOMINIC E. REGO 

Art Unit 

2618 

--The MAILING DATE of this communication appears on the cover sheet with the correspondence address --

THE REPLY FILED 23 December 2008 FAILS TO PLACE THIS APPLICATION IN CONDITION FOR ALLOWANCE. 
1. Z The reply was filed after a final rejection, but prior to or on the same day as filing a Notice of Appeal. To avoid abandonment of this 

application, applicant must timely file one of the following replies: (1) an amendment, affidavit, or other evidence, which places the 
application in condition for allowance; (2) a Notice of Appeal (with appeal fee) in compliance with 37 CFR 41.31; or (3) a Request 
for Continued Examination (RCE) in compliance with 37 CFR 1.114. The reply must be filed within one of the following time 
periods: 

a) Z The period for reply expires 3 months from the mailing date of the final rejection. 
b) ❑ The period for reply expires on: (1) the mailing date of this Advisory Action, or (2) the date set forth in the final rejection, whichever is later. In 

no event, however, will the statutory period for reply expire later than SIX MONTHS from the mailing date of the final rejection. 
Examiner Note: If box 1 is checked, check either box (a) or (b). ONLY CHECK BOX (b) WHEN THE FIRST REPLY WAS FILED WITHIN TWO 
MONTHS OF THE FINAL REJECTION. See MPEP 706.07(f). 

Extensions of time may be obtained under 37 CFR 1.136(a). The date on which the petition under 37 CFR 1.136(a) and the appropriate extension fee 
have been filed is the date for purposes of determining the period of extension and the corresponding amount of the fee. The appropriate extension fee 
under 37 CFR 1.17(a) is calculated from: (1) the expiration date of the shortened statutory period for reply originally set in the final Office action; or (2) as 
set forth in (b) above, if checked. Any reply received by the Office later than three months after the mailing date of the final rejection, even if timely filed, 
may reduce any earned patent term adjustment. See 37 CFR 1.704(b). 
NOTICE OF APPEAL 
2. ❑ The Notice of Appeal was filed on . A brief in compliance with 37 CFR 41.37 must be filed within two months of the date of 

filing the Notice of Appeal (37 CFR 41.37(a)), or any extension thereof (37 CFR 41.37(e)), to avoid dismissal of the appeal. Since a 
Notice of Appeal has been filed, any reply must be filed within the time period set forth in 37 CFR 41.37(a). 

AMENDMENTS 

3. Z The proposed amendment(s) filed after a final rejection, but prior to the date of filing a brief, will not be entered because 
(a)Z They raise new issues that would require further consideration and/or search (see NOTE below); 
(b)0 They raise the issue of new matter (see NOTE below); 
(c) ❑ They are not deemed to place the application in better form for appeal by materially reducing or simplifying the issues for 

appeal; and/or 
(d)0 They present additional claims without canceling a corresponding number of finally rejected claims. 

NOTE: Applicant added more limitations to claims 1,26, and 43 which require more search or consideration because it 
wasn't cited before. (See 37 CFR 1.116 and 41.33(a)). 

4. ❑ The amendments are not in compliance with 37 CFR 1.121. See attached Notice of Non-Compliant Amendment (PTOL-324). 
5. ❑ Applicant's reply has overcome the following rejection(s): 
6. ❑ Newly proposed or amended claim(s) would be allowable if submitted in a separate, timely filed amendment canceling the 

non-allowable claim(s). 
7. Z For purposes of appeal, the proposed amendment(s): a) Z will not be entered, or b) ❑ will be entered and an explanation of 

how the new or amended claims would be rejected is provided below or appended. 
The status of the claim(s) is (or will be) as follows: 
Claim(s) allowed:  
Claim(s) objected to: . 
Claim(s) rejected: 1-4,7,8,15-17,26,28,30-34,43-48.
Claim(s) withdrawn from consideration:  

AFFIDAVIT OR OTHER EVIDENCE 
8. ❑ The affidavit or other evidence filed after a final action, but before or on the date of filing a Notice of Appeal will not be entered 

because applicant failed to provide a showing of good and sufficient reasons why the affidavit or other evidence is necessary and 
was not earlier presented. See 37 CFR 1.116(e). 

9. ❑ The affidavit or other evidence filed after the date of filing a Notice of Appeal, but prior to the date of filing a brief, will not be 
entered because the affidavit or other evidence failed to overcome all rejections under appeal and/or appellant fails to provide a 
showing a good and sufficient reasons why it is necessary and was not earlier presented. See 37 CFR 41.33(d)(1). 

10. ❑ The affidavit or other evidence is entered. An explanation of the status of the claims after entry is below or attached. 
REQUEST FOR RECONSIDERATION/OTHER 
11. ❑ The request for reconsideration has been considered but does NOT place the application in condition for allowance because: 

12. ❑ Note the attached Information Disclosure Statement(s). (PTO/SB/08) Paper No(s). 
13. 0 Other:  

/Duc Nguyen/ 
Supervisory Patent Examiner, Art Unit 2618 

U.S. Patent and Trademark Office 
PTOL-303 (Rev. 08-06) Advisory Action Before the Filing of an Appeal Brief Part of Paper No. 20090105 
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Docket No.: 562492000500 
(PATENT) 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Patent Application of: 
Nicholas W. ANDERSON 

Application No.: 10/917,968 Confirmation No.: 3609 

Filed: August 12, 2004 Art Unit: 2618 

For: POWER CONTROL IN A WIRELESS Examiner: D. E. Rego 
COMMUNICATION SYSTEM 

AMENDMENT AFTER FINAL ACTION UNDER 37 C.F.R. 1.116 

MS AF 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Dear Sir: 

INTRODUCTORY COMMENTS 

This is in response to the final Office Action dated August 1, 2008 (Paper No. 

20080722), for which a response was due on November 1, 2008. Filed herewith is a Petition and 

fee for a two-month extension of time, thereby extending the deadline for response to January 1, 

2009. Accordingly, this response is timely filed. Reconsideration and allowance of the pending 

claims, as amended, in light of the remarks presented herein are respectfully requested. 

Amendments to the Claims are reflected in the listing of claims which begins on page 2 

of this paper. 

Remarks/Arguments begin on page 6 of this paper. 
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Application No.: 10/917,968 2 Docket No.: 562492000500 

Amendment in response to Final Rejection dated August 1, 2008 

AMENDMENTS TO THE CLAIMS 

1. (Currently amended): A method of power control in a radio communications system, the 

method comprising: 

determining a path loss for a radio channel between a base station and a remote 

transceiver; and 

receiving on a downlink on a shared physical channel used to carry allocation and scheduling 

information from the base station to the remote transceiver, receiving  an allocation of a scheduled 

uplink transmission resource and a transmit power control (TPC) command commands transmitted 

to the remote transceiver from the base station; and 

calculating, at the remote transceiver, a transmit power level for the scheduled uplink 

transmission resource based upon the path loss and the TPC command. 

2. (Currently amended): The method of power control of claim 1, the method further 

comprising transmitting an uplink signal from the remote transceiver at a the calculated transmit 

power level. 

3. (Original): The method of power control of claim 1, wherein determining the path 

loss includes: 

receiving a downlink signal transmitted from the base station, wherein the downlink signal 

signals a transmitted power level of the downlink signal; and 

measuring a received power level of the downlink signal. 

4. (Original): The method of power control of claim 3, wherein determining the path loss 

further includes computing a difference between the signaled transmit power level and the measured 

received power level. 

5-6. (Canceled) 

7. (Original): The method of power control of claim 2, wherein the calculated transmit 

power level is based on a spreading factor parameter. 

8. (Currently amended): The method of power control of claim 2, wherein the calculated 

transmit power level is based on parameters associated with a selected transport format pafametef. 

9. — 14. (Canceled) 

sf-2578636 
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Application No.: 10/917,968 3 Docket No.: 562492000500 

Amendment in response to Final Rejection dated August 1, 2008 

15. (Previously presented): The power control method of claim 1, further comprising 

calculating a transmit power level for transmission by the remote transceiver on the scheduled 

uplink transmission resource based on the path loss and an accumulated TPC command. 

16. (Previously presented): The power control method of claim 15, further comprising 

receiving a signal from the base station for instructing the remote transmitter to utilize only the 

accumulated TPC commands when deriving the calculated transmit power level, thereby disabling 

use of open loop power control and enabling use of closed loop power control only. 

17. (Previously presented): The power control method of claim 15, further comprising 

receiving a signal from the base station for instructing the remote transmitter to disregard the 

accumulated TPC command when deriving the calculated transmit power level, thereby enabling 

use of open loop power control only and disabling use of closed loop power control. 

18.- 25. (Canceled) 

26. (Currently amended): A computer-readable medium comprising program code encoded 

with a computer program for controlling power in a radio communication system, the program code 

computer program comprising instructions for: 

determining a path loss for a radio channel between a base station and a remote 

transceiver; and 

reeeiving--en-a-elewnlink on a shared physical channel used to carry allocation and scheduling 

information from the base station to the remote transceiver, receiving an allocation of a scheduled 

uplink transmission resource and a transmit power control (TPC) command soniniands-transraitteil 

to the remote transceiver from the base station, wherein the TPC commands are generated by the 

base station by comparing a-received signe4 quality measure to a target signal quality value; and 

calculating a transmit power level for the remote transceiver based on the path loss and an 

accumulated TPC command. 

27. (Canceled) 

28. (Previously presented): The computer-readable medium of claim 26, wherein 

det twining the path loss includes: 

receiving a downlink signal transmitted from the base station, wherein the downlink signal 

signals a transmitted power level of the downlink signal; and 

measuring a received power level of the downlink signal. 

29. (Canceled) 
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Application No.: 10/917,968 4 Docket No.: 562492000500 

Amendment in response to Final Rejection dated August 1, 2008 

30. (Currently amended): The computer-readable medium of claim 29, the computer 

program further comprising pregfarn-seile instructions for receiving a signal from the base station 

for instructing the remote transmitter to utilize the accumulated TPC command only when 

calculating the transmit power level, thereby disabling use of open loop power control and enabling 

use of closed loop power control only. 

31. (Currently amended): The computer-readable medium of claim 29, the computer 

program further comprising program code instructions for receiving a signal from the base station 

for instructing the remote transmitter to disregard the accumulated TPC command when calculating 

the transmit power level, thereby disabling use of closed loop power control and enabling use of 

open loop power control only. 

32. (Currently amended): The computer-readable medium of claim 29, the computer 

program further comprising program code instructions for transmitting an uplink signal from the 

remote transceiver at the calculated transmit power level. 

33. (Previously presented): The computer-readable medium of claim 29, wherein calculating 

the transmit power level is additionally based on a spreading factor parameter. 

34. (Currently amended): The computer-readable medium of claim 29, wherein calculating 

the transmit power level is additionally based on parameters associated with a selected transport 

format parameter. 

35.-42. (Canceled) 

43. (Currently amended): A method of power control in a radio communications system, the 

method comprising: 

on a shared physical channel used to carry allocation and scheduling information from the 

base station to the remote transceiver, sending on a downlink channel an allocation of a scheduled 

uplink transmission resource and a transmit power control (TPC) command sommands-transfaitted 

te-the-remete-transeeiver-frem-the-base-station; and 

receiving an uplink signal from the remote transceiver at a calculated transmit power level 

based on a path loss and the TPC email:nand& command.

44. (Previously presented): The power control method of claim 43, further comprising 

sending a signal to the remote transceiver for instructing the remote transmitter to utilize only the 

accumulated TPC commands when deriving the calculated transmit power level, thereby instructing 

sf-2578636 
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Application No.: 10/917,968 5 Docket No.: 562492000500 
Amendment in response to Final Rejection dated August 1, 2008 

the remote transmitter to disable use of open loop power control and enable use of closed loop 

power control only. 

45. (Previously presented): The power control method of claim 43, further comprising 

sending a signal from the base station to the remote transceiver for instructing the remote transmitter 

to disregard the accumulated TPC command when deriving the calculated transmit power level, 

thereby instructing the remote transmitter to enable use of open loop power control only and disable 

use of closed loop power control. 

46. (Currently amended): A computer-readable medium sempfising-pragracii-ceile encoded 

with a computer program for controlling power in a radio communication system, the program code 

computer program comprising instructions for: 

on a shared physical channel used to carry allocation and scheduling information from the 

base station to the remote transceiver, sending on a downlink channel an allocation of a scheduled 

uplink transmission resource and a transmit power control (TPC) command commands transmitted 

to the remote transceiver from the base station; and 

receiving an uplink signal from the remote transceiver at a calculated transmit power level 

based on a path loss and the TPC eenaniemds command.

47. (Currently amended): A computer-readable medium of claim 46, the computer program 

further comprising pfegfaiii-eede instructions for sending a signal to the remote transceiver for 

instructing the remote transmitter to utilize only the TPC commands when deriving the calculated 

transmit power level, thereby instructing the remote transmitter to disable use of open loop power 

control and enable use of closed loop power control only. 

48. (Currently amended): A computer-readable medium of claim 46, the computer program 

further comprising program code instructions for sending a signal from the base station to the 

remote transceiver for instructing the remote transmitter to disregard the TPC commands when 

deriving the calculated transmit power level, thereby instructing the remote transmitter to enable use 

of open loop power control only and disable use of closed loop power control. 
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Application No.: 10/917,968 6 Docket No.: 562492000500 
Amendment in response to Final Rejection dated August 1, 2008 

REMARKS 

Claims 1-4, 7-9, 11, 12, 14-21, 23-39, and 43-48 were rejected. By virtue of this Response, 

claims 1, 2, 8, 26, 30-32, 34, 43, and 46-48 are amended. Claims 5-6, 9-14, 18-25, 27, 29, and 35-

42 are canceled. Claims 1-4, 7, 8, 15-17, 26, 28, 30-34, and 43-48 remain pending. 

I. Rejections under 35 U.S.0 § 112 

In the final Office Action, claims 8, 12, 17, 18, 19, 20, 23, 24, 26-39 and 44-48 were rejected 

under 35 U.S.C. §112, first paragraph, as allegedly failing to comply with the written description 

requirement. 

MPEP 2163(I)(B) requires that new or amended claims be "supported in the specification 

through express, implicit, or inherent disclosure." The same section goes on to state that "Nile 

fundamental factual inquiry is whether the specification conveys with reasonable clarity to those 

skilled in the art that .. . applicant was in possession of the invention as now claimed." 

A. Claim 12 

Claim 12 is canceled. 

B. Claim 8 

Applicant respectfully submits that support for amended claim 8 can be found in at least 

paragraphs 0060 and 0061. In part, these paragraphs support setting the transmit power based on 

the selected transport format. The term "transport format" is commonly understood by those skilled 

in the art of wireless communications and is also of particular relevance to 3GPP UTRA systems 

such as those referred to by, for example, paragraphs 0033, 0034 and 0035. Thus, at least the 

combination of these paragraphs "conveys with reasonable clarity to those skilled in the art that ... 

applicant was in possession of the invention as now claimed." Therefore, Applicant respectfully 

asserts that amended claim 8 complies with the written description requirement of 35 U.S.C. 112, 

first paragraph. 
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Application No.: 10/917,968 7 Docket No.: 562492000500 
Amendment in response to Final Rejection dated August 1, 2008 

C. Claim 15 

Applicant respectfully submits that support for claim 15 can be found in at least 

paragraphs 0047, 0061, 0067, 0068, and 0076. In part, these paragraphs support setting the transmit 

power based on accumulating TPC commands and "convey[] with reasonable clarity to those skilled 

in the art that ... applicant was in possession of the invention as now claimed." Therefore, 

Applicant respectfully asserts that amended claim 15 complies with the written description 

requirement of 35 U.S.C. 112, first paragraph. 

D. Claims 16, 19, 23, 30, 38, 44, and 47 

Applicant respectfully submits that support for claim 16, 30, 44, and 47 can be found in 

at least paragraph 0087. These claims, in part, recite "utiliz[ing] only the accumulated TPC 

commands . . . thereby disabling use of open loop power control and enabling use of closed loop 

power control only." Paragraph 0087 states that "[a] parameter may indicate whether atJE is to use 

open loop power control, closed loop power control or a combined scheme." Throughout the 

specification, closed loop power control is described as using TPC commands. Thus, paragraph 

0087 inherently supports that when open loop power control is not used, only TPC commands are 

used to implement the close loop power control. This paragraph "conveys with reasonable clarity to 

those skilled in the art that ... applicant was in possession of the invention as now claimed." 

Therefore, Applicant respectfully asserts that amended claim 16, 30, 44, and 47 complies with the 

written description requirement of 35 U.S.C. 112, first paragraph. 

E. Claims 17, 20, 24, 31, 39, 45, and 48 

Applicant respectfully submits that support for claim 17, 31, 45, and 48 can be found in 

at least paragraph 0087. These claims, in part, recite "disregard[ing] the accumulated TPC 

commands . . thereby enabling use of open loop power control only and disabling use of closed 

loop power control." Paragraph 0087 states that "[a] parameter may indicate whether a UE is to use 

open loop power control, closed loop power control or a combined scheme." Throughout the 

specification, closed loop power control is described as using TPC commands whereas open loop 
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power control does not rely on TPC commands. Thus, paragraph 0087 inherently supports that 

when closed loop power control is not used, TPC commands are ignored. This paragraph "conveys 

with reasonable clarity to those skilled in the art that . . applicant was in possession of the invention 

as now claimed." Therefore, Applicant respectfully asserts that amended claim 17, 31, 45, and 48 

complies with the written description requirement of 35 U.S.C. 112, first paragraph. 

F. Claims 26-39 and 46-48 

Applicant respectfully submits that support for claim 26, 28, 30-34, and 46-48 can be 

found in at least paragraph 0026. These claims recite, in part, "a computer-readable medium 

encoded with a computer program." Paragraph 0026 states that each step of the claims "may be 

performed by hardware, software, firmware, or combinations thereof." This paragraph "conveys 

with reasonable clarity to those skilled in the art that ... applicant was in possession of the invention 

as now claimed." Therefore, Applicant respectfully asserts that amended claims 26, 28, 30-34, and 

46-48 comply with the written description requirement of 35 U.S.C. 112, first paragraph. 

II. Rejections under 35 U.S.C. § 101 

Claims 26, 28, 30-34, and 46-48 were rejected under 35 U.S.C. 101 as being directed 

towards non-statutory subject matter. MPEP 2106.01(I) states that "a computer-readable medium 

encoded with a computer program ... [is] statutory." Claims 26, 28, 30-34, and 46-48 recite - a 

computer-readable medium encoded with a computer program." Therefore, Applicant respectfully 

asserts that amended claims 26, 28, 30-34, and 46-48 are statutory subject matter under 35 U.S.C. 

101. 

III. Rejections under 35 U.S.C. § 103(a) 

A. Claims 1-4, 7, 9, 12, 15, 18, 26, 28, 29, 32, 33, 35, 37, 43 and 46 

Claims 1-4, 7, 9, 12, 15, 18, 26, 28, 29, 32, 33, 35, 37, 43 and 46 were rejected under 35 

U.S.C. §103(a) as being unpatentable over International Publication Number WO 00/57574 (Zeira) 

in view of US Pub. No. 2005/0025056 (Chen). 
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Amended independent claims 1, 26, 43, and 46 recite utilizing a "shared physical channel 

used to carry allocation scheduling information" for sending and receiving "an allocation of a 

scheduled uplink transmission resource and a transmit power control (TPC) command." Thus, TPC 

commands and allocations of scheduled uplink transmission resources are sent and received 

together on a shared physical channel. 

Zeira discloses TPC commands that are sent on dedicated control channels. (Page 8, lines 7-

8.) By sending TPC commands on dedicated channels, the transmission of TPC commands can be 

maintained at a specific rate. (Page 12, lines 11-13.) 

Chen discloses allocating resources "via a downlink dedicated control channel (DCCH)." (11 

0054.) Allocations for resources are given based on the number of packets that need to be 

transmitted from a particular mobile station. (¶ig 0034-0035.) Therefore, the rate at which resource 

allocations are made will vary depending on the number of packets the mobile station needs to send 

and whether other mobile stations need to send packets. (If 0109.) 

In the final Office Action, the Examiner states that it would have been obvious to combine 

Zeira and Chen to send TPC commands and allocations of scheduled uplink transmission resources 

together. However, Applicant submits that it is not obvious to combine Zeira and Chen. 

In Chen, allocations are sent sporadically because they are based on the dynamic status of 

multiple mobile stations. Typically, as suggested by Zeira, TPC commands would be transmitted 

using a dedicated channel and at a constant rate to maintain power control feedback. Thus, the 

problem of the intermittent nature of uplink transmissions and appropriate control of their 

transmission power (as referred to, for example, in paragraphs 0051, 0053, 0054, 0075 of the 

current application) is not recognized or addressed by Zeira. Additionally, neither Zeira nor Chen 

recognizes or addresses the signaling efficiency benefits of the amended independent claims by 

transmitting TPC commands together with scheduling information to a user on an allocation 

scheduling channel, as described in paragraphs 0085 and 0086 of the current application. Thus, the 

sf-2578636 

Ericsson Exhibit 1010 
Page 608



Application No.: 10/917,968 10 Docket No.: 562492000500 
Amendment in response to Final Rejection dated August 1, 2008 

requirement of a constant rate of TPC commands in Zeira teaches against sending TPC commands 

with the sporadic allocations of resources in Chen. 

Even if Zeira and Chen were combined, the combination only suggests and teaches a system 

with uplink scheduling on one channel and a separate dedicated channel with a constant update rate 

for conveying TPC commands. Applicant respectfully submits that a combination of Zeira and 

Chen does not result in the same power control feedback signaling efficiency of the amended 

independent claims. Thus, transmitting TPC commands and allocations of scheduled uplink 

transmission resources together is not obvious in view of Zeira and Chen. 

Therefore, Applicant respectfully asserts that independent claims 1, 26, 43, and 46 are 

allowable over the cited references for at least the reason that it is not obvious to combine Zeira and 

Chen to transmit "allocations of scheduled uplink transmission resources [with] a transmit power 

control (TPC) command," as recited by the amended independent claims. Furthermore, Applicant 

respectfully asserts that claims, 2-4, 7, 15, 28, 32, and 33, which variously depend on independent 

claims 1 and 26, are allowable for at least the reason that they depend on allowable independent 

claims. 

B. Claims 8 and 34 

Claims 8 and 34 were rejected under 35 U.S.C. 103(a) as being unpatentable over Zeira in 

view of Chen and further in view of US Patent 6,983,166 (Shin). 

Applicant respectfully asserts that claims, 8 and 34, which depend on independent claims 1 

and 25, respectively, are allowable for at least the reason that they depend on allowable independent 

claims. 

C. Claims 14, 21, 25, 27 and 36 

Claims 14, 21, 25, 27 and 36 are rejected under 35 U.S.C. §103(a) as being unpatentable 

over Zeira in view of Chen and further in view of US Pub. No. 2003/0134655 (Chen03). 
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Claims 14, 21, 25, 27, and 36 have been canceled. 

Docket No.: 562492000500 

D. Claims 16, 17, 19, 20, 23, 24, 30, 31, 38139, 44, 45, 47 and 48 

Claims 16, 17, 19, 20, 23, 24, 30, 31, 38, 39, 44, 45, 47 and 48 are rejected under 35 

U.S.C. §103(a) as being unpatentable over Zeira, Chen and further in view of US Pub. No. 

2005/0176455 (Krishnan). 

Applicant respectfully asserts that claims, 16, 17, 30, 31, 44, 45, 47, and 48, which 

variously depend on independent claims 1, 26, 43, and 46, are allowable for at least the reason that 

they depend on allowable independent claims. 
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IV. Conclusion 

In view of the above, each of the presently pending claims in this application is believed 

to be in immediate condition for allowance. Accordingly, the Examiner is respectfully requested to 

withdraw the outstanding rejection of the claims and to pass this application to issue. If it is 

determined that a telephone conference would expedite the prosecution of this application, the 

Examiner is invited to telephone the undersigned at the number given below. 

In the event the U.S. Patent and Trademark office determines that an extension and/or 

other relief is required, applicant petitions for any required relief including extensions of time and 

authorizes the Commissioner to charge the cost of such petitions and/or other fees due in connection 

with the filing of this document to Deposit Account No. 03-1952 referencing docket no. 

562492000500. However, the Commissioner is not authorized to charge the cost of the issue fee to 

the Deposit Account. 

Dated: December 23, 2008 Respectfully submitted, 

BY ri26‘4S SILIA-13(Th 
Robert A. Saltzberg 

Registration No.: 36,910 
MORRISON & FOERSTER LLP 
425 Market Street 
San Francisco, California 94105-2482 
(415) 268-6428 
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4) ❑ Interview Summary (PTO-413) 
Paper No(s)/Mail Date.
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DETAILED ACTION 

Claim Rejections - 35 USC § 112 

1 The following is a quotation of the first paragraph of 35 U.S.C. 112: 

The specification shall contain a written description of the invention, and of the manner and process of 
making and using it, in such full, clear, concise, and exact terms as to enable any person skilled in the 
art to which it pertains, or with which it is most nearly connected, to make and use the same and shall 
set forth the best mode contemplated by the inventor of carrying out his invention. 

Claims 8,12,15-17,18,19,20,23,24,26-39, and 44-48 are rejected under 35 U.S.C. 112, 

first paragraph, as failing to comply with the written description requirement. The 

claim(s) contains subject matter which was not described in the specification in such a 

way as to reasonably convey to one skilled in the relevant art that the inventor(s), at the 

time the application was filed, had possession of the claimed invention. Regarding 

claim 12, Applicant recites limitations "calculating a transmit power level associated 

with the scheduled uplink transmission resource based on the power level of the 

received signal and the accumulated TPC command". The underlining parts are not 

found in the specification. In the specification, paragraph 0088, recites "calculates a 

transmit power level based on the power level of the received signal and the TPC 

command" which are not same as above claimed limitations. "accumulating the TPC 

commands to obtain an accumulated TPC command" means more than one TPC 

command according to claim 12, but paragraph 0088 states "the UE measures a power 

level of a received signal, receives a TPC command, and calculates a transmit power 

level based on the power level of the received signal and the TPC command" which is a 

single command. Again, recited limitations in claim 12, "calculating a transmit power 

level associated with the scheduled uplink transmission resource" are a new matter and 
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the Examiner can't find in the specification. Regarding claim 8, recited limitations 

"calculating transmit power level is based on parameter associated with a selected 

transport format parameter" are not same as in the specification, paragraph 0060 which 

states "an optional auxiliary process in the UE adjusts the transmit power based upon: 

(a) gamma (SF), the spreading factor (SF) of the physical channel; and (b) beta (TFC), 

the selected transport format (TFC). These paragraph (0060) is same as original 

dependent claim 8. Regarding claim 15, Applicant recites limitations "The power 

control method of claim I, further comprising calculating a transmit power level for 

transmission by the remote transceiver on the scheduled uplink transmission resource 

based on the path loss and an accumulated TPC command". The underlining parts are 

not found in the specification. The limitations "an accumulated TPC command" means 

more than one command, but in the specification, paragraph 0014 states "calculating a 

transmit power level for the remote transceiver based on the path loss and the TPC 

command (one command) are not same as above claimed limitations. Regarding 

claims 16,19,23,30,38,44, and 47, Applicant recites limitations "The power control 

method of claim 15, further comprising receiving a signal from the base station for 

instructing the remote transmitter to utilize only the accumulated TPC commands when 

deriving the calculated transmit power level, thereby disabling use of open loop power 

control and enabling use of closed loop power control only". The underlining parts are 

not found in the specification. Paragraph 0087 in the specification recites "a Node-B or 

RNC may be implemented with a new parameter, either included in a signalling 

command or a broadcast message, where the new parameter instructs a UE to enable 
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or disable the setting of uplink transmit power level based on both the path loss 

estimation and the TPC commands. A parameter may indicate whether a UE is to use 

open loop power control, closed loop power control or a combined scheme" which are 

not same as above claimed limitations. Regarding claims 17,20,24,31,39,45, and 48, 

Applicant recites limitations "The power control method of claim 15, further comprising 

receiving a signal from the base station for instructing the remote transmitter to 

disregard the accumulated TPC command when deriving the calculated transmit power 

level, thereby enabling use of open loop power control only and disabling use of closed 

loop power control". The underlining parts are not found in the specification. Paragraph 

0087 in the specification recites "a Node-B or RNC may be implemented with a new 

parameter, either included in a signalling command or a broadcast message, where the 

new parameter instructs a UE to enable or disable the setting of uplink transmit power 

level based on both the path loss estimation and the TPC commands. A parameter may 

indicate whether a UE is to use open loop power control, closed loop power control or a 

combined scheme" which are not same as above claimed limitations. Regarding 

claims 26-39 and 46-48, Applicant recites the limitations "A computer-readable medium 

comprising program code for controlling power in a radio communication system, the 

program code for" is not found in the Specification. Paragraph 0026, recites "Some 

portions of the detailed description which follows are presented in terms of procedures, 

steps, logic blocks, processing, and other symbolic representations of operations on 

data bits that can be performed on computer memory. A procedure, computer executed 

step, logic block, process etc., are here conceived to be a self-consistent sequence of 
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steps or instructions leading to a desired result. The steps are those utilizing physical 

manipulations of physical quantities. These quantities can take the form of electrical, 

magnetic, or radio signals capable of being stored, transferred, combined, compared, 

and otherwise manipulated in a computer system. These signals may be referred to at 

times as bits, values, elements, symbols, characters, terms, numbers, or the like. Each 

step may be performed by hardware, software, firmware, or combinations thereof" which 

are not same as above claimed limitations. 

Claim Rejections - 35 USC § 101 

2. 35 U.S.C. 101 reads as follows: 

Whoever invents or discovers any new and useful process, machine, manufacture, or composition of 
matter, or any new and useful improvement thereof, may obtain a patent therefor, subject to the 
conditions and requirements of this title. 

3. Claims 26-39 and 46-48 are rejected under 35 U.S.C. 101 because the claimed 

invention is directed to non-statutory subject matter. Since the claimed "A computer-

readable medium comprising program code for controlling power in a radio 

communication system" is not necessarily encoded or embodied or stored on the 

computer readable medium, there is no interrelationship between the claimed medium 

with the rest of the computer to permit the program's functionality to be realized. Thus, 

claims 26-39 and 46-48 are non-statutory. 
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Claim Rejections - 35 USC § 103 

4. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 

obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

5. Claims 1-4,7,9,12,15,18,26,28,29,32,33,35,37,43, and 46 are rejected under 35 

U.S.C. 103(a) as being unpatentable over Zeira et al. (International Publication Number 

#WO 00/57574) in view of Chen et al. (US Pub. No. 2005/0025056). 

Regarding claim 1, Zeira teaches a method of power control in a radio 

communications system (See Abstract), the method comprising: 

determining a path loss of a radio channel between a base station and a remote 

transceiver (Page 2, lines 14- 21; Page 4, line 17-Page 5, line 8); 

transmit power control (TPC) command transmitted to the remote transceiver 

from the base station (Page 4, line 17-Page 5, line 8) except for receiving on a downlink 

channel an allocation of a scheduled uplink transmission resource. 

However, in related art, Chen teaches receiving on a downlink channel an 

allocation of a scheduled uplink transmission resource (Paragraphs 0012,0052-0057, 

especially, paragraph 0012, Chen teaches it is an object of the present invention to 

perform the efficient scheduling processing and to allocate radio resources efficiently in 

the uplink high-speed packet communications method. Paragraph 0054, Chen teaches 
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the transmitting unit 15 is configured to notify the radio resources allocated by the 

resource allocating 14 to the mobile station via a downlink dedicated control channel 

(DCCH). Paragraph 0052, Chen teaches the resource allocating unit 14 is configured to 

allocate a radio resource which is used in uplink packet communications with the mobile 

station, by referring to the virtual buffer corresponding to the mobile station 30). 

Therefore, it would have been obvious to one of ordinary skill in the art at the 

time of the invention to provide the above teaching of Chen to Zeira in order to perform 

the efficient scheduling processing and to allocate radio resources efficiently in the 

uplink high-speed packet communications method (Chen, paragraph 0012). 

Regarding claims 2 and 32, the combination of Zeira and Chen teach all the 

claimed elements in claims 1 and 29. In addition, Zeira teaches the method of power 

control, the method further comprising transmitting an uplink signal from the remote 

transceiver at a calculated transmit power level (Page 5, lines 4-8). 

Regarding claims 3 and 28, the combination of Zeira and Chen teach all the 

claimed elements in claims 1 and 26. In addition, Zeira teaches the method of power 

control, wherein determining the path loss includes: receiving a downlink signal 

transmitted from the base station, wherein the downlink signal signals a transmitted 

power level of the downlink signal; and measuring a received power level of the 

downlink signal (Page 2, lines 14-21; Page 4, lines 17-page 8). 

Regarding claim 4, the combination of Zeira and Chen teach all the claimed 

elements in claim 1. In addition, Zeira teaches the method of power control, wherein 

determining the path loss further includes computing a difference between the signaled 
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transmit power level and the measured received power level (Page 2, lines 1-lines 21; 

Page 5, lines 2-lines 4). 

Regarding claims 7 and 33, the combination of Zeira and Chen teach all the 

claimed elements in claims 1 and 29. In addition, Zeira teaches the method of power 

control, wherein the calculated the transmit power level is based on a spreading factor 

parameter (Page 13, lines 2-15). 

Regarding claim 9, Zeira teaches a method of power control in a radio 

communications system (See Abstract), the method comprising: 

receiving a signal at a second transceiver (UE 32) transmitted from a first 

transceiver (base station 30) (Page 2, lines 14-17; Page 4, lines 18-20); 

measuring a power level of the received signal at the second transceiver to 

obtain a measured received power level (Page 2, lines 14-18: Zeira teaches the UE 32 

receives the reference communication and measures its received power level); 

transmit power control (TPC) command at the second transceiver transmitted 

from the first transceiver (Page 4, line 17-Page 5, line 8), except for receiving on a 

downlink channel an allocation of a scheduled uplink transmission resource. 

However, in related art, Chen teaches receiving on a downlink channel an 

allocation of a scheduled uplink transmission resource (Paragraphs 0012,0052-0057, 

especially, paragraph 0012, Chen teaches it is an object of the present invention to 

perform the efficient scheduling processing and to allocate radio resources efficiently in 

the uplink high-speed packet communications method. Paragraph 0054, Chen teaches 

the transmitting unit 15 is configured to notify the radio resources allocated by the 
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resource allocating 14 to the mobile station via a downlink dedicated control channel 

(DCCH). Paragraph 0052, Chen teaches the resource allocating unit 14 is configured to 

allocate a radio resource which is used in uplink packet communications with the mobile 

station, by referring to the virtual buffer corresponding to the mobile station 30). 

Therefore, it would have been obvious to one of ordinary skill in the art at the 

time of the invention to provide the above teaching of Chen to Zeira in order to perform 

the efficient scheduling processing and to allocate radio resources efficiently in the 

uplink high-speed packet communications method (Chen, paragraph 0012). 

Regarding claim 12, as best understood by 112 1st, Zeira teaches a method 

comprising: 

measuring a power level of a received signal (Page 2, lines 14-18); 

receiving a transmit power control (TPC) commands (Page 4, line 18-Page 5, line 

1; Claims 1, lines 9-18); 

accumulating the TPC commands to obtain an accumulated TPC command 

(Abstract; Page 4, line 18-Page 5, line 1; Claims 1, lines 9-18, especially, Claim 1, lines 

9-10, Zeira teaches receiving at the second communication station (mobile terminal) the 

first communication (base station) and the power commands (more than one 

command). Once mobile terminal receives the power commands from the base station, 

it accumulates to obtain an accumulated TPC command, so it's obvious); and 

calculating a transmit power level associated with the scheduled uplink 

transmission resource based on the power level of the received signal and the 
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accumulated TPC command (Page 4, line 18-Page 5, line 8), except for receiving on a 

downlink channel an allocation of a scheduled uplink transmission resource. 

However, in related art, Chen teaches receiving on a downlink channel an 

allocation of a scheduled uplink transmission resource (Paragraphs 0012,0052-0057, 

especially, paragraph 0012, Chen teaches it is an object of the present invention to 

perform the efficient scheduling processing and to allocate radio resources efficiently in 

the uplink high-speed packet communications method. Paragraph 0054, Chen teaches 

the transmitting unit 15 is configured to notify the radio resources allocated by the 

resource allocating 14 to the mobile station via a downlink dedicated control channel 

(DCCH). Paragraph 0052, Chen teaches the resource allocating unit 14 is configured to 

allocate a radio resource which is used in uplink packet communications with the mobile 

station, by referring to the virtual buffer corresponding to the mobile station 30). 

Therefore, it would have been obvious to one of ordinary skill in the art at the 

time of the invention to provide the above teaching of Chen to Zeira in order to perform 

the efficient scheduling processing and to allocate radio resources efficiently in the 

uplink high-speed packet communications method (Chen, paragraph 0012). 

Regarding claims 15,18, and 37, the combination of Zeira and Chen teach all 

the claimed elements in claims 1,9, and 37. In addition, Zeira teaches the power control 

method, further comprising calculating a transmit power level for transmission by the 

remote transceiver on the scheduled uplink transmission resource based on the path 

loss and an accumulated TPC command (Page 4, line 17-Page 5, line 8). 
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Regarding claim 26, Zeira teaches a computer-readable medium comprising 

program code for controlling power in a radio communication system, the program code 

for: 

determining a path loss for a radio channel between a base station and a remote 

transceiver (Page 2, lines 14- 21; Page 4, line 17-Page 5, line 8); 

and 

transmit power control (TPC) commands transmitted to the remote transceiver 

from the base station (Page 4, line 17-Page 5, line 8), wherein the TPC commands are 

generated by the base station by comparing a received signal quality (SIR) measure to 

a target signal quality value (Page 7, lines 9-15), except for receiving on a downlink 

channel an allocation of scheduled uplink transmission resource. 

However, in related art, Chen teaches receiving on a downlink channel an 

allocation of scheduled uplink transmission resource (Paragraphs 0012,0052-0057, 

especially, paragraph 0012, Chen teaches it is an object of the present invention to 

perform the efficient scheduling processing and to allocate radio resources efficiently in 

the uplink high-speed packet communications method. Paragraph 0054, Chen teaches 

the transmitting unit 15 is configured to notify the radio resources allocated by the 

resource allocating 14 to the mobile station via a downlink dedicated control channel 

(DCCH). Paragraph 0052, Chen teaches the resource allocating unit 14 is configured to 

allocate a radio resource which is used in uplink packet communications with the mobile 

station, by referring to the virtual buffer corresponding to the mobile station 30). 
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Therefore, it would have been obvious to one of ordinary skill in the art at the 

time of the invention to provide the above teaching of Chen to Zeira in order to perform 

the efficient scheduling processing and to allocate radio resources efficiently in the 

uplink high-speed packet communications method (Chen, paragraph 0012). 

Regarding claim 29, the combination of Zeira and Chen teach all the claimed 

elements in claim 26. In addition, Zeira teaches the computer-readable medium, further 

comprising program code for calculating a transmit power level for the remote 

transceiver based on the path loss and an accumulated TPC command to obtain a 

calculated transmit power level (Page 2, lines 14-21; Page 4, lines 17-page 8). 

Regarding claim 35, Zeira teaches a computer-readable medium comprising 

program code for controlling power in a radio communication system (See Abstract), the 

program code for: 

receiving a signal at a second transceiver (UE 32) transmitted from a first 

transceiver (base station 30) (Page 2, lines 14-17; Page 4, lines 18-20); 

measuring a power level of the received signal to obtain a measured received 

power level (Page 2, lines 14-18: Zeira teaches the UE 32 receives the reference 

communication and measures its received power level); and 

transmit power control (TPC) commands at the second transceiver transmitted 

from the first transceiver (Page 4, line 17-Page 5, line 8), except for receiving a 

downlink signal comprising an allocation of scheduled uplink transmission resources. 

However, in related art, Chen teaches receiving on a downlink channel an 

allocation of a scheduled uplink transmission resource (Paragraphs 0012,0052-0057, 
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especially, paragraph 0012, Chen teaches it is an object of the present invention to 

perform the efficient scheduling processing and to allocate radio resources efficiently in 

the uplink high-speed packet communications method. Paragraph 0054, Chen teaches 

the transmitting unit 15 is configured to notify the radio resources allocated by the 

resource allocating 14 to the mobile station via a downlink dedicated control channel 

(DCCH). Paragraph 0052, Chen teaches the resource allocating unit 14 is configured to 

allocate a radio resource which is used in uplink packet communications with the mobile 

station, by referring to the virtual buffer corresponding to the mobile station 30). 

Therefore, it would have been obvious to one of ordinary skill in the art at the 

time of the invention to provide the above teaching of Chen to Zeira in order to perform 

the efficient scheduling processing and to allocate radio resources efficiently in the 

uplink high-speed packet communications method (Chen, paragraph 0012). 

Regarding claim 43, Zeira teaches a method of power control in a radio 

communications system (See Abstract), the method comprising: 

sending transmit power control (TPC) commands transmitted to a remote 

transceiver from a base station (Page 4, line 17-Page 5, line 8); and 

receiving an uplink signal from the remote transceiver at a calculated transmit 

power level based on a path loss and the TPC commands (Page 2, lines 14-21; Page 4, 

lines 17-page 8), except for sending on a downlink channel an allocation of a scheduled 

uplink transmission resource. 

However, in related art, Chen teaches sending on a downlink channel an 

allocation of a scheduled uplink transmission resource (Paragraphs 0012,0052-0057, 
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especially, paragraph 0012, Chen teaches it is an object of the present invention to 

perform the efficient scheduling processing and to allocate radio resources efficiently in 

the uplink high-speed packet communications method. Paragraph 0054, Chen teaches 

the transmitting unit 15 is configured to notify the radio resources allocated by the 

resource allocating 14 to the mobile station via a downlink dedicated control channel 

(DCCH). Paragraph 0052, Chen teaches the resource allocating unit 14 is configured to 

allocate a radio resource which is used in uplink packet communications with the mobile 

station, by referring to the virtual buffer corresponding to the mobile station 30). 

Therefore, it would have been obvious to one of ordinary skill in the art at the 

time of the invention to provide the above teaching of Chen to Zeira in order to perform 

the efficient scheduling processing and to allocate radio resources efficiently in the 

uplink high-speed packet communications method (Chen, paragraph 0012). 

Regarding claim 46, Zeira teaches a computer-readable medium comprising 

program code for controlling power in a radio communication system (See Abstract)„ 

the program code for: 

sending transmit power control (TPC) commands transmitted to a remote 

transceiver from a base station (Page 4, line 17-Page 5, line 8); 

receiving an uplink signal from the remote transceiver at a calculated transmit 

power level based on a path loss and the TPC commands (Page 2, lines 14-21; Page 4, 

lines 17-page 8), except for sending on a downlink channel an allocation of a scheduled 

uplink transmission resource. 
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However, in related art, Chen teaches sending on a downlink channel an 

allocation of a scheduled uplink transmission resource (Paragraphs 0012,0052-0057, 

especially, paragraph 0012, Chen teaches it is an object of the present invention to 

perform the efficient scheduling processing and to allocate radio resources efficiently in 

the uplink high-speed packet communications method. Paragraph 0054, Chen teaches 

the transmitting unit 15 is configured to notify the radio resources allocated by the 

resource allocating 14 to the mobile station via a downlink dedicated control channel 

(DCCH). Paragraph 0052, Chen teaches the resource allocating unit 14 is configured to 

allocate a radio resource which is used in uplink packet communications with the mobile 

station, by referring to the virtual buffer corresponding to the mobile station 30). 

Therefore, it would have been obvious to one of ordinary skill in the art at the 

time of the invention to provide the above teaching of Chen to Zeira in order to perform 

the efficient scheduling processing and to allocate radio resources efficiently in the 

uplink high-speed packet communications method (Chen, paragraph 0012). 

6. Claims 8 and 34 are rejected under 35 U.S.C. 103(a) as being unpatentable over 

Zeira et al. (International Publication Number #WO 00/57574) in view of Chen et al. (US 

Pub. No. 2005/0025056) and further in view of Shiu et al. (US Patent #6,983,166). 

Regarding claims 8 and 34, as best understood 112 1st, Zeira fails to teach 

the method of power control, wherein the calculated transmit power level is based on 

parameter associated with a selected transport format parameter. 
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However, in related art, Shiu teaches the method of power control, wherein the 

calculated transmit power level is based on parameter associated with a selected 

transport format parameter. (Col 3, lines 27-41). 

Therefore, it would have been obvious to one of ordinary skill in the art at the 

time of the invention to provide the above teaching of Shiu to Zeira and Chen in order to 

achieve target block error rate (BLERs) ( See Shiu, Col 3, line 31). 

7. Claims 14,21,25,27, and 36 are rejected under 35 U.S.C. 103(a) as being 

unpatentable over Zeira et al. (International Publication Number #WO 00/57574) in view 

of Chen et al. (US Pub. No. 2005/0025056) and further in view of Chen et al. (US Pub. 

No. 2003/0134655). 

Regarding claims 14,21,25,27, and 36, the combination of Zeira and Chen et al. 

(US Pub. No. 2005/0025056) fail to teach the power control method, wherein the TPC 

commands are transmitted on a shared physical channel. 

However, in related art, Chen et al. (US Pub. No. 2003/0134655) teaches the 

power control method, wherein the TPC commands are transmitted on a shared 

physical channel (Claims 1-5). 

Therefore, it would have been obvious to one of ordinary skill in the art at the 

time of the invention to provide the above teaching of Chen et al. (US Pub. No. 

2003/0134655) to Zeira and Chen et al. (US Pub. No. 2005/0025056) in order to enable 
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communication services in an existing cellular communication system infrastructure. 

8. Claims 16,17,19,20,23,24,30,31,38,39,44,45,47, and 48 are rejected under 35 

U.S.C. 103(a) as being unpatentable over Zeira et al. (International Publication Number 

#WO 00/57574) in view of Chen et al. (US Pub. No. 2005/0025056) and further in view 

of Krishnan et al. (US Pub. No. 2005/0176455). 

Regarding claims 16,19,23,30,38,44, and 47, the combination of Zeira and 

Chen fail to teach the power control method, further comprising receiving a signal from 

the base station for instructing the remote transmitter to utilize only the accumulated 

TPC commands when deriving the calculated transmit power level, thereby disabling 

use of open loop power control and enabling use of closed loop power control only. 

However, in related art, Krishnan teaches the power control method, further 

comprising receiving a signal from the base station for instructing the remote transmitter 

to utilize only the accumulated TPC commands when deriving the calculated transmit 

power level, thereby disabling use of open loop power control and enabling use of 

closed loop power control only (Paragraphs 0047-0050, especially, Paragraphs 0049-

0050). 

Therefore, it would have been obvious to one of ordinary skill in the art at the 

time of the invention to provide the above teaching of Krishnan to Zeira and Chen in 

order to provide the transmitting terminal feedback regarding the power of signals 

received at the receiving terminal. 
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Regarding claim 17,20,24,31,39,45, and 48, the combination of Zeira and Chen 

fail to teach the power control method, further comprising receiving a signal from the 

base station for instructing the remote transmitter to disregard the accumulated TPC 

command when deriving the calculated transmit power level, thereby enabling use of 

open loop power control only and disabling use of closed loop power control. 

However, in related art, Krishnan teaches the power control method, further 

comprising receiving a signal from the base station for instructing the remote transmitter 

to disregard the accumulated TPC command when deriving the calculated transmit 

power level, thereby enabling use of open loop power control only and disabling use of 

closed loop power control (Paragraphs 0047-0050, especially, Paragraphs 0049-0050). 

Therefore, it would have been obvious to one of ordinary skill in the art at the 

time of the invention to provide the above teaching of Krishnan to Zeira and Chen in 

order to provide the transmitting terminal feedback regarding the power of signals 

received at the receiving terminal. 

Response to Arguments 

9. Applicant's arguments with respect to claims 1-4,7-9,12,14-21,23-39, and 43-48 

have been considered but are moot in view of the new ground(s) of rejection. 

Conclusion 

10. Applicant's amendment necessitated the new ground(s) of rejection presented in 

this Office action. Accordingly, THIS ACTION IS MADE FINAL. See MPEP 
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§ 706.07(a). Applicant is reminded of the extension of time policy as set forth in 37 

CFR 1.136(a). 

A shortened statutory period for reply to this final action is set to expire THREE 

MONTHS from the mailing date of this action. In the event a first reply is filed within 

TWO MONTHS of the mailing date of this final action and the advisory action is not 

mailed until after the end of the THREE-MONTH shortened statutory period, then the 

shortened statutory period will expire on the date the advisory action is mailed, and any 

extension fee pursuant to 37 CFR 1.136(a) will be calculated from the mailing date of 

the advisory action. In no event, however, will the statutory period for reply expire later 

than SIX MONTHS from the date of this final action. 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to DOMINIC E. REGO whose telephone number is 

(571)272-8132. The examiner can normally be reached on Monday-Friday, 8:30 am-5 

pm. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Matthew D. Anderson can be reached on 571-272-4177. The fax phone 

number for the organization where this application or proceeding is assigned is 571-

273-8300. 
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Information regarding the status of an application may be obtained from the 

Patent Application Information Retrieval (PAIR) system. Status information for 

published applications may be obtained from either Private PAIR or Public PAIR. 

Status information for unpublished applications is available through Private PAIR only. 

For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 

you have questions on access to the Private PAIR system, contact the Electronic 

Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 

USPTO Customer Service Representative or access to the automated information 

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

Dominic E. Rego 
/Dominic E Rego/ 
Examiner, Art Unit 2618 
Tel 571-272-8132 

/Matthew D. Anderson/ 
Supervisory Patent Examiner, Art Unit 2618 

Ericsson Exhibit 1010 
Page 639



Notice of References Cited 

Application/Control No. 

10/917,968 

Applicant(s)/Patent Under 
Reexamination 
ANDERSON, NICHOLAS WILLI 

Examiner 

DOMINIC E. REGO 

Art Unit 

2618 
Page 1 of 1

U.S. PATENT DOCUMENTS 
* Document Number 

Country Code-Number-Kind Code 
Date 

MM-YYYY Name Classification 

* A US-2005/0025056 02-2005 Chen et al. 370/235 

* B US-2003/0134655 07-2003 Chen et al. 455/522 
* C US-2005/0176455 08-2005 Krishnan et al. 455/522 

D US-

E US-

F US-

G US-

H US-

I US-

,j US-

K US-

L US-

M US-

FOREIGN PATENT DOCUMENTS 
* Document Number 

Country Code-Number-Kind Code 
Date 

MM-YYYY Country Name Classification 

N 

0 

P 

Q 

R 

S 

T 

NON-PATENT DOCUMENTS 
* Include as applicable: Author, Title Date, Publisher, Edition or Volume, Pertinent Pages) 

U 

V 

W 

X 

*A copy of th's reference is not being furnished with this Office action. (See MPEP § 707.05(a).) 
Dates in MM YYYY format are publication dates. Classifications may be US or foreign. 

U.S. Patent and Trademark Office 
PTO-892 (Rev. 01-2001) Notice of References Cited Part of Paper No. 20080722 

Ericsson Exhibit 1010 
Page 640



111 

Index 

1 11 111 

of 

1 

Claims 

111111 1 1 11 

Application/Control No. 

10917968 

Applicant(s)/Patent Under 
Reexamination 

ANDERSON, NICHOLAS 
WILLIAM 

Examiner 

DOMINIC E REGO 

Art Unit 

2618 

✓ Rejected 

= Allowed 

Cancelled 

Restricted 

N Non-Elected 

I Interference 

A Appeal 

0 Objected 

■ Claims renumbered in the same order as presented by applicant ■ CPA ■ T.D. ■ R.1.47 

CLAIM DATE 

Final Original 03/13/2008 07/28/2008 

1 + ✓ 

2 + ✓ 

3 + ✓ 

4 + ✓ 

5 - -

6 - -

7 + ✓ 

8 + ✓ 

9 + ✓ 

10 + N 

11 + N 

12 + ✓ 

13 + N 

14 + ✓ 

15 + ✓ 

16 + ✓ 

17 + ✓ 

18 + ✓ 

19 + ✓ 

20 + ✓ 

21 + ✓ 

22 + N 

23 + ✓ 

24 + ✓ 

25 + ✓ 

26 + ✓ 

27 + ✓ 

28 + ✓ 

29 + ✓ 

30 + ✓ 

31 + ✓ 

32 + ✓ 

33 + ✓ 

34 + ✓ 

35 + ✓ 

U.S. Patent and Trademark Office Part of Paper No. : 20080722 

Ericsson Exhibit 1010 
Page 641



111 

Index 

1 11 111 

of 

1 

Claims 

111111 1 1 11 

Application/Control No. 

10917968 

Applicant(s)/Patent Under 
Reexamination 

ANDERSON, NICHOLAS 
WILLIAM 

Examiner 

DOMINIC E REGO 

Art Unit 

2618 

✓ Rejected 

= Allowed 

Cancelled 

Restricted 

N Non-Elected 

I Interference 

A Appeal 

0 Objected 

■ Claims renumbered in the same order as presented by applicant ■ CPA ■ T.D. ■ R.1.47 

CLAIM DATE 

Final Original 03/13/2008 07/28/2008 

36 + ✓ 

37 + ✓ 

38 + ✓ 

39 + ✓ 

40 + N 

41 + N 

42 + N 

43 + ✓ 

44 + ✓ 

45 + ✓ 

46 + ✓ 

47 + ✓ 

48 + ✓ 

U.S. Patent and Trademark Office Part of Paper No. : 20080722 

Ericsson Exhibit 1010 
Page 642



111 

Search 

1 11 11 1 

Notes 

1111 111 1 11 

Application/Control No. 

10917968 

Applicant(s)/Patent Under 
Reexamination 

ANDERSON, NICHOLAS 
WILLIAM 

Examiner 

DOMINIC E REGO 

Art Unit 

2618 

SEARCHED 

Class Subclass Date Examiner 
455 522,68,69,115.3,126,127.1,296,127.2,67.11,434,436,135 

,226.3,277.2 
7/28/2008 DR 

370 331,320,335,342,318,392,252,276,280 7/28/2008 DR 
375 147,130 7/28/2008 DR 

SEARCH NOTES 

Search Notes Date Examiner 
Consulted SPE Duc Nguyen regarding Restriction requirement 3/13/08 DR 
Updated East Search 7/28/2008 DR 

INTERFERENCE SEARCH 

Class Subclass Date Examiner 

U.S. Patent and Trademark Office Part of Paper No. : 20080722 

Ericsson Exhibit 1010 
Page 643



EAST Search History 

EAST Search History 

;Ref # Hits 

2729 

L2 138 

L3 10 

L4 167 

22 

S29 18 

Search Query 

(dis$abl$3 enabl 
$3) same 
((open outer) 
same (clos$3 
inner)) near4 
loop 

1 same (tpc 
(power near2 
control$4)) 

1 same (tpc 
(power near2 
control$4 near2 
command$3)) 

dis$abl$3 same 
enabl$3 same 
((open outer) 
same (clos$3 
inner)) near4 
loop 

dis$abl$3 with 
((open outer) 
near4 loop 
same enabl$3 
with (clos$3 
inner)) near4 
loop 

fast near4 
allocation same 
(up$link up adj 
link) with 
resource 

DBs Default Plurals Time Stamp 
Operator 

US- PGPUB; OR ON 2008/07/27 
USPAT; 23:40 
USOCR; EPO; 
JPO; 
DERWENT; 
IBM TDB 

US- PGPUB; OR ON 2008/07/27 
USPAT; 23:40 
USOCR; EPO; 
JPO; 
DERWENT; 
IBM TDB 

US- PGPUB; OR ON 2008/07/27 
USPAT; 23:41 
USOCR; EPO; 
JPO; 
DERWENT; 
IBM TDB 

US- PGPUB; OR ON 2008/07/27 
USPAT; 23:47 
USOCR; EPO; 
JPO; 
DERWENT; 
IBM TDB 

US- PGPUB; OR ON 2008/07/27 
USPAT; 23:50 
USOCR; EPO; 
JPO; 
DERWENT; 
IBM TDB 

US- PGPUB; OR 2008/07/22 
USPAT; 14:08 
USOCR; EPO; 
JPO; 
DERWENT; 
IBM TDB 
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S30 77 

S32 1930 

S33 1673 

884 

S35 228 

S36 119 

S37 41 

S42 160 

(up$link up adj 
link) with 
resource near5 
use 

(up$link up adj 
link) near3 
resource 

(up$link up adj 
link) near2 
resource 

S33 same allocat 
$3 

S34 same 
schedul$3 

(up$link up adj 
link) near2 
resource near6 
allocat$3 near6 
schedul$3 

S36 same (base 
$station base 
adj station) 

allocat$3 same 
schedul$3 same 
(tpc(control$4 
near2 command 
$3)) 

US- PGPUB; OR ON 12008/07/22 
USPAT; 114:16 
USOCR; EPO; 
JPO; 
DERWENT; 
I BM_TDB 

US- PGPUB; OR ON 2008/07/22 
USPAT; 14:18 
USOCR; EPO; 
JPO; 
DERWENT; 
I BM_TDB 

US- PGPUB; OR ON 2008/07/22 
USPAT; 14:18 
USOCR; EPO; 
JPO; 
DERWENT; 
I BM_TDB 

US- PGPUB; OR ON 2008/07/22 
USPAT; 14:18 
USOCR; EPO; 
JPO; 
DERWENT; 
I BM_TDB  

US- PGPUB; OR ON 2008/07/22 
USPAT; 14:19 
USOCR; EPO; 
JPO; 
DERWENT; 
I BM_TDB 

US- PGPUB; OR ON 2008/07/22 
USPAT; 14:20 
USOCR; EPO; 
JPO; 
DERWENT; 
I BM_TDB 

US- PGPUB; ON 2008/07/22 
USPAT; 14:20 
USOCR; EPO; 
JPO; 
DERWENT; 
I BM_TDB 

US- PGPUB; OR ON 2008/07/23 
USPAT; 22:55 
USOCR; EPO; 
JPO; 
DERWENT; 
I BM_TDB 
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S43 71 S42 same US- PGPUB; OR ON 12008/07/23 
resource USPAT; 122:55 

USOCR; EPO; 
JPO; 
DERWENT; 
IBM TDB 

39 allocat$3 same US- PGPUB; OR ON 2008/07/23 
schedul$3 same USPAT; 22:56 
(tpc(power 
near2 control$4 
near2 command 

USOCR; EPO; 
JPO; 
DERWENT; 

$3)) IBM TDB 

S46 28 (tpc(power US- PGPUB; OR ON 2008/07/25 
near2 control$3 
near2 
command)) 
near4 shared 
near3 channel 

USPAT; 
USOCR; EPO; 
JPO; 
DERWENT; 
IBM TDB 

06:33 

7/ 28/ 2008 1:50:14 AM 
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EFS-Web Receipt date: 10/03/2007 1 091 7968 - GAU: 2618 

ALTERNATIVE TO PTO/SB/08A/B (04/07) 

Substitute for form 1449/PTO 

INFORMATION DISCLOSURE 
STATEMENT BY APPLICANT 

(Use as many sheets as necessary) 

Complete if Known 

Application Number 10/917,968 

Filing Date August 12, 2004 

First Named Inventor Nicholas W. ANDERSON 

Art Unit 2618 

Examiner Name D. E. Rego 

Sheet 1 of 1 Attorney Docket Number 562492000500 

U.S. PATENT DOCUMENTS 

Examiner 
Initials` 

Cite 
No.' 

Document Number Publication Date 
MM-DD-YYYY 

Name of Patentee or 
Applicant of Cited Document 

Pages, Columns, Lines, Where 
Relevant Passages or Relevant 

Figures Appear Number-Kind Code2 (if known) 

1. US-5,719,583-A 02-17-1998 Kanai 
2. US-5,887,245-A 03-23-1999 Lindroth et al. 
3. US-6,137,993-A 10-24-2000 Almgren et al. 

FOREIGN PATENT DOCUMENTS 

Examiner 
Initials` 

Cite 
No.' 

Foreign Patent Document Publication 
Date 

MM-DD-YYYY 

Name of Patentee or 
Applicant of Cited Document 

Pages, Columns, Lines, 
Where Relevant Passages 
or Relevant Figures Appear T6Country Code3-Number4-Kind Codes (if known) 

4. GB-2350522-A 11-29-2000 Roke Manor Research 
Limited 

5. EP-1176739-Al 01-30-2002 Matsushita Electric Industrial 
Co., Ltd. 

*EXAMINER: Initial if information considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not in conformance and not 
considered. Include copy of this form with next communication to applicant. 'Applicant's unique citation designation number (optional). 2 See Kinds Codes of 
USPTO Patent Documents at or MPEP 901.04. Enter Office that issued the document, by the two-letter code (WIPO Standard ST.3). 4 For 
Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document. 'Kind of document by 
the appropriate symbols as indicated on the document under WIPO Standard ST. 16 if possible. 'Applicant is to place a check mark here if English language 
Translation is attached. 

NON PATENT LITERATURE DOCUMENTS 

Examiner 
Initials- 

Cite 
No.

1 
Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item (book, 

magazine, journal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s), publisher, city 
and/or country where published. 

T2

6. "Recommendation ITU-R M.1225: Guidelines for Evaluation of Radio Transmission 
Technologies for IMT-2000," International Telecommunication Union/ITU Radiocommunication 
Sector, January 1, 1997, Rec. ITU-R M.1225, pp. 1-61. 

7. Great Britain Search Report mailed May 14, 2002, for Great Britain Application No. 0125504.1 
filed October 24, 2001, 1 page. 

8. International Search Report mailed December 22, 2005, for PCT Application No. 
PCT/EP2005/053931 filed August 10, 2005, 4 pages. 

9. International Search Report mailed January 21, 2003, for PCT Application No. 
PCT/GB02/04811 filed October 24, 2002, 3 pages. 

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not in conformance and not 
considered. Include copy of this form with next communication to applicant. 

'Applicant's unique citation designation number (optional). Applicant is to place a check mark here if English language Translation is attached. 

Examiner 
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Docket No.: 562492000500 
(PATENT) 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Patent Application of: 
Nicholas William ANDERSON 

Application No.: 10/917,968 

Filed: August 12, 2004 

For: POWER CONTROL IN A WIRELESS 
COMMUNICATION SYSTEM 

Confirmation No.: 3609 

Art Unit: 2618 

Examiner: D. Rego 

RESPONSE TO RESTRICTION REQUIREMENT 

MS Amendment 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Dear Sir: 

This is in response to the restriction requirement dated March 19, 2008 for which a 

response is due by April 19, 2008. Accordingly, this response is timely filed. 

Restriction has been required as between the following allegedly distinct groups of 

inventions: 

Group I. Claims-1-4, 7-9, 12, 14-21, 23-39, and 43-48 drawn to determining a path 

loss for a radio channel between a base station and a remote transceiver, measuring power level of 

the received signal at the second transceiver to obtain a measure received power level and receiving 

a downlink channel on allocation of a scheduled uplink transmission resource, classified in class 

455, subclass 522. 

Group II. Claims 10, 11, 22 and 40-42 drawn to measuring a received signal quality 

measure of the uplink signal to obtain a measured received signal quality value, comparing the 

sd-419918 
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Application No.: 10/917,968 Docket No.: 562492000500 

measured received signal quality value with a target quality value and assigning a fist value to a step 

indication if the measured received signal quality value is greater than target signal quality value 

and assigning a second value to a step indicator if the measured received signal quality value is less 

than target signal quality value, classified in class 455, subclass 115.3 or 135. 

Group III. Claim 13 drawn to an accumulator having an input for accepting step increase 

and decrease instructions and an output providing an accumulated history of the step increases and 

decreases, a power level circuit setting circuit coupled to the accumulator output and couple to the 

receiver output, where the power level setting circuit sets a transmit power for the scheduled uplink 

transmission resource based on the accumulator output and the measured power level to obtain a set 

transmit power, classified in class 455, subclass 522. 

Applicant hereby provisionally elects Group I (claims 1-4, 7-9, 12, 14-21, 23-39, and 43-

48) without traverse. Applicant expressly reserve their rights under 35 U.S.C. § 121 to file a 

divisional application directed to the nonelected subject matter during the pendency of this 

application, or an application claiming priority from this application. 

In the unlikely event that the transmittal form is separated from this document and the 

Patent Office determines that an extension and/or other relief is required, Applicant petitions for any 

required relief including extensions of time and authorize the Commissioner to charge the cost of 

such petitions and/or other fees due in connection with the filing of this document to Deposit 

Account No. 03-1952 referencing Docket No. 562492000500. However, the Commissioner is not 

authorized to charge the cost of the issue fee to the Deposit Account. 

Dated: April 11, 2008 Respectfully submitted, 

By: /Elahe Toosi/ 
Elahe Toosi 
Registration No.: 57,740 

MORRISON & FOERSTER LLP 
12531 High Bluff Drive, Suite 100 
San Diego, California 92130-2040 
(858) 314-7546 
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In re Patent Application of: 
Nicholas William ANDERSON 

Application No.: 10/917,968 

Filed: August 12, 2004 

For: POWER CONTROL IN A WIRELESS 
COMMUNICATION SYSTEM 

Confirmation No.: 3609 

Art Unit: 2618 

Examiner: D. Rego 

RESPONSE TO RESTRICTION REQUIREMENT 

MS Amendment 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Dear Sir: 

This is in response to the restriction requirement dated March 19, 2008 for which a 

response is due by April 19, 2008. Accordingly, this response is timely filed. 

Restriction has been required as between the following allegedly distinct groups of 

inventions: 

Group I. Claims-1-4, 7-9, 12, 14-21, 23-39, and 43-48 drawn to determining a path 

loss for a radio channel between a base station and a remote transceiver, measuring power level of 

the received signal at the second transceiver to obtain a measure received power level and receiving 

a downlink channel on allocation of a scheduled uplink transmission resource, classified in class 

455, subclass 522. 

Group II. Claims 10, 11, 22 and 40-42 drawn to measuring a received signal quality 

measure of the uplink signal to obtain a measured received signal quality value, comparing the 
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measured received signal quality value with a target quality value and assigning a fist value to a step 

indication if the measured received signal quality value is greater than target signal quality value 

and assigning a second value to a step indicator if the measured received signal quality value is less 

than target signal quality value, classified in class 455, subclass 115.3 or 135. 

Group III. Claim 13 drawn to an accumulator having an input for accepting step increase 

and decrease instructions and an output providing an accumulated history of the step increases and 

decreases, a power level circuit setting circuit coupled to the accumulator output and couple to the 

receiver output, where the power level setting circuit sets a transmit power for the scheduled uplink 

transmission resource based on the accumulator output and the measured power level to obtain a set 

transmit power, classified in class 455, subclass 522. 

Applicant hereby provisionally elects Group I (claims 1-4, 7-9, 12, 14-21, 23-39, and 43-

48) without traverse. Applicant expressly reserve their rights under 35 U.S.C. § 121 to file a 

divisional application directed to the nonelected subject matter during the pendency of this 

application, or an application claiming priority from this application. 

In the unlikely event that the transmittal form is separated from this document and the 

Patent Office determines that an extension and/or other relief is required, Applicant petitions for any 

required relief including extensions of time and authorize the Commissioner to charge the cost of 

such petitions and/or other fees due in connection with the filing of this document to Deposit 

Account No. 03-1952 referencing Docket No. 562492000500. However, the Commissioner is not 

authorized to charge the cost of the issue fee to the Deposit Account. 

Dated: April 11, 2008 Respectfully submitted, 

By: /Elahe Toosi/ 
Elahe Toosi 
Registration No.: 57,740 

MORRISON & FOERSTER LLP 
12531 High Bluff Drive, Suite 100 
San Diego, California 92130-2040 
(858) 314-7546 
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Electronic Acknowledgement Receipt 

EFS ID: 3140107 

Application Number: 10917968 

International Application Number: 

Confirmation Number: 3609 

Title of Invention: Power control in a wireless communication system 

First Named Inventor/Applicant Name: Nicholas William Anderson 

Customer Number: 25226 

Filer: Elahe S. Toosi/Judy Calem 

Filer Authorized By: Elahe S. Toosi 

Attorney Docket Number: 562492000500 

Receipt Date: 11-APR-2008 

Filing Date: 12-AUG-2004 

Time Stamp: 18:49:38 

Application Type: Utility under 35 USC 111(a) 

Payment information: 

Submitted with Payment no 

File Listing: 

Document 
Number Document Description File Name File Size(Bytes) 

/Message Digest 
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no 2 

154398814819c0399e5b715395cce2249 
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Warnings: 

Information: 

Total Files Size (in bytes): 52214 

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt 
similar to a Post Card, as described in MPEP 503. 

New Applications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 
37 CFR 1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date 
shown on this Acknowledgement Receipt will establish the filing date of the application. 

National Stage of an International Application under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions 
of 35 U.S.C. 371 and other applicable requirements a Form PCT/DO/E0/903 indicating acceptance of the 
application as a national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, 
in due course. 

New International Application Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary 
components for an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the 
International Application Number and of the International Filing Date (Form PCT/RO/105) will be issued in due 
course, subject to prescriptions concerning national security, and the date shown on this Acknowledgement 
Receipt will establish the international filing date of the application. 
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UNITED STA IES PA PENT AND TRADEMARK OFFICE 
UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www.uspto.gov 

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. 

10/917,968 08/12/2004 

25226 7590 03/19,2008 

MORRISON & FOERSTER LLP 
755 PAGE MILL RD 
PALO ALTO, CA 94304-1018 

Nicholas William Anderson 562492000500 

EXAMINER 

REGO, DOMINIC E 

3609 

ART UNIT PAPER NUMBER 

2618 

MAIL DATE DELIVERY MODE 

03/19/2008 PAPER 

Please find below and/or attached an Office communication concerning this application or proceeding. 

The time period for reply, if any, is set in the attached communication. 
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Office Action Summary 

Application No. 

10/917,968 

Applicant(s) 

ANDERSON, NICHOLAS WILLIAM 

Examiner 

DOMINIC E. REGO 

Art Unit 

2618 

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply 

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 1 MONTH(S) OR THIRTY (30) DAYS, 
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION. 

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed 
after SIX (6) MONTHS from the mailing date of this communication. 
If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication. 
Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133). 
Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any 
earned patent term adjustment. See 37 CFR 1.704(b). 

Status 

1)Z Responsive to communication(s) filed on 28 December 2007. 

2a)❑ This action is FINAL. 2b)EIThis action is non-final. 

3)❑ Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213. 

Disposition of Claims 

4)Z Claim(s) 1-4 and 7-48 is/are pending in the application. 

4a) Of the above claim(s) 

is/are allowed. 

is/are rejected. 

is/are objected to. 

5)0 Claim(s) 

6)❑ Claim(s) 

7)0 Claim(s) 

8)Z Claim(s) 1-4 and 7-48 are subject to restriction and/or election requirement. 

is/are withdrawn from consideration. 

Application Papers 

9)0 The specification is objected to by the Examiner. 

10)0 The drawing(s) filed on is/are: a)❑ accepted or bElobjected to by the Examiner. 

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a). 

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d). 

11)0 The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152. 

Priority under 35 U.S.C. § 119 

12)0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

b)E1Some * c)❑ None of: 

1.0 Certified copies of the priority documents have been received. 

2.0 Certified copies of the priority documents have been received in Application No. . 

3.0 Copies of the certified copies of the priority documents have been received in this National Stage 

application from the International Bureau (PCT Rule 17.2(a)). 

* See the attached detailed Office action for a list of the certified copies not received. 

Attachment(s) 

1) ❑ Notice of References Cited (PTO-892) 

2) ❑ Notice of Draftsperson's Patent Drawing Review (PTO-948) 

3) ❑ Information Disclosure Statement(s) (PTO/SS/08) 
Paper No(s)/Mail Date 

4) ❑ Interview Summary (PTO-413) 
Paper No(s)/Mail Date.

5) ❑ Notice of Informal Patent Application 

6) ❑ Other:

U.S. Patent and Trademark Office 
PTOL-326 (Rev. 08-06) Office Action Summary Part of Paper No./Mail Date 20080313 
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Application/Control Number: 10/917,968 Page 2 

Art Unit: 2618 

DETAILED ACTION 

1 This communication is responsive to application filed on December 28, 2007. 

Claims 1-4 and 7-48 are pending. 

Election/Restrictions 

Restriction to one of the following inventions is required under 35 U.S.C. 121: 

I. Claims 1-4,7-9,12,14-21,23-39, and 43-48 drawn to determining a path 

loss for a radio channel between a base station and a remote transceiver, 

measuring a power level of the received signal at the second transceiver 

to obtain a measure received power level and receiving on a downlink 

channel an allocation of a scheduled uplink transmission resource, 

classified in class 455, subclass 522. 

II. Claims 10,11,22,and 40-42 drawn to measuring a received signal quality 

measure of the uplink signal to obtain a measured received signal quality 

value, comparing the measured received signal quality value with a target 

quality value and assigning a first value to a step indication if the 

measured received signal quality value is greater than target signal quality 

value, and assigning a second value to a step indicator if the measured 

received signal quality value is less than target signal quality value, 

classified in class 455, subclass 115.3 or 135. 

III. Claim 13 drawn to an accumulator having an input for accepting step 

increase and decrease instructions and an output providing an 
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accumulated history of the step increases and decreases, a power level 

circuit setting circuit coupled to the accumulator output and couple to the 

receiver output, where the power level setting circuit sets a transmit power 

for the scheduled uplink transmission resource based on the accumulator 

output and the measured power level to obtain a set transmit power, 

classified in class 455, subclass 522. 

2. The inventions are distinct, each from the other because of the following reasons: 

Subcombination-Usable Together 

3. Inventions I, II, and III are related as subcombinations disclosed as usable 

together in a single combination. The subcombinations are distinct if they do not 

overlap in scope and are not obvious variants, and if it is shown that at least one 

subcombination is separately usable. In the instant case, inventions I and II are related 

as subcombination II has separate utility such as measuring a received signal quality 

measure of the uplink signal to obtain a measured received signal quality value, 

comparing the measured received signal quality value with a target quality value and 

assigning a first value to a step indication if the measured received signal quality value 

is greater than target signal quality value, and assigning a second value to a step 

indicator if the measured received signal quality value is less than target signal quality 

value. Inventions I and III are related as subcombination III has separate utility such as 
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an accumulator having an input for accepting step increase and decrease instructions 

and an output providing an accumulated history of the step increases and decreases, a 

power level circuit setting circuit coupled to the accumulator output and couple to the 

receiver output, where the power level setting circuit sets a transmit power for the 

scheduled uplink transmission resource based on the accumulator output and the 

measured power level to obtain a set transmit power. Inventions I and III are related as 

subcombination III has separate utility such as an accumulator having an input for 

accepting step increase and decrease instructions and an output providing an 

accumulated history of the step increases and decreases, a power level circuit setting 

circuit coupled to the accumulator output and couple to the receiver output, where the 

power level setting circuit sets a transmit power for the scheduled uplink transmission 

resource based on the accumulator output and the measured power level to obtain a set 

transmit power. See MPEP § 806.05(d). 

4. Because these inventions are independent or distinct for the reasons given 

above and have acquired a separate status in the art in view of their different 

classification, restriction for examination purposes as indicated is proper. 

5. Because these inventions are independent or distinct for the reasons given 

above and the inventions require a different field of search (see MPEP § 808.02), 

restriction for examination purposes as indicated is proper. 
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6. Because these inventions are independent or distinct for the reasons given 

above and have acquired a separate status in the art because of their recognized 

divergent subject matter, restriction for examination purposes as indicated is proper. 

Applicant is advised that the reply to this requirement to be complete must 

include (i) an election of a species or invention to be examined even though the 

requirement be traversed (37 CFR 1.143) and (ii) identification of the claims 

encompassing the elected invention. 

The election of an invention or species may be made with or without traverse. To 

reserve a right to petition, the election must be made with traverse. If the reply does not 

distinctly and specifically point out supposed errors in the restriction requirement, the 

election shall be treated as an election without traverse. 

Should applicant traverse on the ground that the inventions or species are not 

patentably distinct, applicant should submit evidence or identify such evidence now of 

record showing the inventions or species to be obvious variants or clearly admit on the 

record that this is the case. In either instance, if the examiner finds one of the inventions 

unpatentable over the prior art, the evidence or admission may be used in a rejection 

under 35 U.S.C.103(a) of the other invention. 

Conclusion 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to DOMINIC E. REGO whose telephone number is 
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(571)272-8132. The examiner can normally be reached on Monday-Friday, 8:30 am-5 

Pm. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Matthew D. Anderson can be reached on 571-272-4177. The fax phone 

number for the organization where this application or proceeding is assigned is 571-

273-8300. 

Information regarding the status of an application may be obtained from the 

Patent Application Information Retrieval (PAIR) system. Status information for 

published applications may be obtained from either Private PAIR or Public PAIR. 

Status information for unpublished applications is available through Private PAIR only. 

For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 

you have questions on access to the Private PAIR system, contact the Electronic 

Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 

USPTO Customer Service Representative or access to the automated information 

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

Dominic E. Rego 
/Dominic E Rego/ 
Examiner, Art Unit 2618 
Tel 571-272-8132 

/Matthew D. Anderson/ 
Supervisory Patent Examiner, Art Unit 2618 
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Docket No.: 562492000500 
(PATENT) 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Patent Application of: 
Nicholas W. ANDERSON 

Application No.: 10/917,968 

Filed: August 12, 2004 

For: POWER CONTROL IN A WIRELESS 
COMMUNICATION SYSTEM 

Confirmation No.: 3609 

Art Unit: 2618 

Examiner: D. E. Rego 

AMENDMENT IN RESPONSE TO NON-FINAL OFFICE ACTION 

MS Amendment 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Dear Sir: 

INTRODUCTORY COMMENTS 

This is in response to the non-final Office Action dated July 2, 2007 (Paper No. 

20070614), for which a response was due on October 2, 2007. Filed herewith is a Petition and fee 

for a three month extension of time, thereby extending the deadline for response to January 2, 2008 

Accordingly, this response is timely filed. Reconsideration and allowance of the pending claims, as 

amended, in light of the remarks presented herein are respectfully requested. 

Amendments to the Abstract begin on page 2. 

Amendments to the Claims are reflected in the listing of claims which begins on page 3 

of this paper. 

Remarks/Arguments begin on page 14 of this paper. 
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AMENDMENTS TO THE ABSTRACT 

Please replace the original abstract in its entirety with the following amended version: 

A method, system and apparatus for setting a transmit power control level in a wireless 

communication system. Aspects of both open loop and closed loop transmit power control schemes 

are used to determine a transmit power level. A method includes measuring a power level of a 

received signal, receiving  on a downlink channel an allocation of a scheduled uplink transmission 

resource  and a-transmit power control (TPC) commands. The method calculates and calculating a 

transmit power level associated with the scheduled uplink transmission resource based on the power 

level of the received signal and the TPC commands. The method also allows disregarding or 

utilizing the TPC commands when calculating the transmit power level, thereby disabling or 

exclusively enabling use of closed loop power control, and accordingly exclusively enabling or 

disabling the use of open loop power control. 
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AMENDMENTS TO THE CLAIMS 

1. (Currently amended) A method of power control in a radio communications system, the 

method comprising: 

determining a path loss for a radio channel between a base station and a remote transceiver; 

and 

receiving on a downlink channel an allocation of a scheduled uplink transmission resource 

and [Mtransmit power control (TPC) commands transmitted to the remote transceiver from the 

base station[[]]_ 

calculating a transmit power level for the remote transceiver based on the path loss and the

TPC command.

2. (Currently Amended) The method of power control of claim 1, the method further 

comprising transmitting an uplink signal from the remote transceiver at the a calculated transmit 

power level. 

3. (Original) The method of power control of claim 1, wherein determining the path loss 

includes: 

receiving a downlink signal transmitted from the base station, wherein the downlink signal 

signals a transmitted power level of the downlink signal; and 

measuring a received power level of the downlink signal. 

4. (Original) The method of power control of claim 3, wherein determining the path loss further 

includes computing a difference between the signaled transmit power level and the measured 

received power level. 

5. (Canceled) 

6. (Canceled) 

7. (Currently Amended) The method of power control of claim 2 6, wherein the adjustment 

factor incorporates calculated  the transmit power level is based on a spreading factor parameter. 
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8. (Currently Amended) The method of power control of claim 2 6, wherein the adjustment 

factor incorporates calculated transmit power level is based on parameters associated with  a selected 

transport format parameter. 

9. (Currently Amended) A method of power control in a radio communications system, the 

method comprising: 

receiving a signal at a second transceiver transmitted from a first transceiver; 

measuring a power level of the received signal at the second transceiver to obtain a 

measured received power level; and 

receiving on a downlink channel an allocation of a scheduled uplink transmission resource 

and [[a]] transmit power control (TPC) commands at the second transceiver transmitted from the 

first transceiver[[;]]_ and 

ealeu4ating-a-t-r-ansmit--pewer--lewl-fer-t-he-Rec-an€1-t-Fanseeiwr-7b-ased-an-t-he-power--lewl-of--t-he 

received signal and the TPC command. 

10. (Currently Amended) A method of uplink power control in a CDMA radio communications 

system, the method comprising: 

receiving an uplink signal; 

measuring a received SNIR signal quality measure  of the uplink signal to obtain a measured 

received signal quality value SNIR; 

comparing the measured received SNIR signal quality value of with [[an]] a SNIR target 

signal quality value; 

assigning a first value to a step indicator if the measured received SNIR signal quality value 

is greater than the SNIR target signal quality value, and assigning a second value to a step indicator 

if the measured received SNIR signal quality value  is less than the SNIR target signal quality value; 

transmitting a signal carrying both an allocation of a scheduled uplink transmission resource 

and a  transmit power control (TPC) command instructing a transmitter to adjust an uplink transmit 

power level  associated with the allocated uplink transmission resource based on the step indicator; 

receiving the TPC command including the step indicator; 

accumulating the step indicator values to obtain an accumulated step indicator value; 
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broadcasting a downlink signal including an indication of a downlink power level, wherein 

the downlink signal is transmitted at the downlink power level; 

measuring the a received power level of the downlink signal; and 

setting a transmit power level based on the received power level, the indication of the 

downlink power level, and the accumulated step indicator value. 

11. (Currently Amended) The method of power control of claim 10, further 

comprising: 

determining an error metric of the uplink signal; 

updating the SNIR target signal quality value based on the error metric; 

measuring an interference value in the received uplink signal; and 

updating an interference measurement table with the interference value; 

wherein broadcasting the downlink signal further includes the interference measurement 

table; and 

wherein setting the transmit power level is further based on a value in the interference 

measurement table. 

12. (Currently Amended) A method comprising: 

measuring a power level of a received signal; 

receiving on a downlink channel an allocation of a scheduled uplink transmission resource 

and [[a]] transmit power control (TPC) commands; 

accumulating the TPC commands to obtain an accumulated TPC command; and 

calculating a transmit power level associated with the scheduled uplink transmission 

resource based on the power level of the received signal and the accumulated TPC command. 

13. (Currently Amended) A radio comprising: 

a receiver including an output to provide a measured received power level and to receive an 

allocation of scheduled uplink transmission resource; 

an accumulator having an input for accepting step increase and decrease instructions and an 

output providing an accumulated history of the step increases and decreases  sum of past step 
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instructions; and 

a power level setting circuit coupled to the accumulator output and coupled to the receiver 

output, wherein the power level setting circuit sets a transmit power bases for the scheduled uplink 

transmission resource based  on the accumulator output and the measured received power level to 

obtain a set transmit power,; and 

a transmitter, wherein the transmitter configured to  transmit[[s]] a signal on the scheduled 

uplink transmission resource at the set transmit power. 

14. (New) The power control method of claim 1, wherein the TPC commands are transmitted on 

a shared physical channel. 

15. (New) The power control method of claim 1, further comprising calculating a transmit 

power level for transmission by the remote transceiver on the scheduled uplink transmission 

resource based on the path loss and an accumulated TPC command. 

16. (New) The power control method of claim 15, further comprising receiving a signal from the 

base station for instructing the remote transmitter to utilize only the accumulated TPC commands 

when deriving the calculated transmit power level, thereby disabling use of open loop power control 

and enabling use of closed loop power control only. 

17. (New) The power control method of claim 15, further comprising receiving a signal from the 

base station for instructing the remote transmitter to disregard the accumulated TPC command when 

deriving the calculated transmit power level, thereby enabling use of open loop power control only 

and disabling use of closed loop power control. 

18. (New) The power control method of claim 9, further comprising calculating a transmit 

power level to use for transmission by the second transceiver on the scheduled uplink transmission 
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resource based on the power level of the received signal and an accumulated TPC command. 

19. (New) The power control method of claim 18, further comprising receiving a signal from the 

first transceiver for instructing the second transceiver to utilize only the accumulated TPC command 

when calculating transmit power level, thereby disabling use of open loop power control and 

enabling use of closed loop power control only. 

20. (New) The power control method of claim 18, further comprising receiving a signal from the 

first transceiver for instructing the second transceiver to disregard the accumulated TPC command 

when deriving the calculated transmit power level, thereby enabling use of open loop power control 

only and disabling use of closed loop power control. 

21. (New) The power control method of claim 9, wherein the downlink channel is a shared 

physical channel. 

22. (New) The uplink power control method of claim 10, wherein the received signal quality 

measure comprises signal-to-noise plus interference ratio (SNIR). 

23. (New) The method of claim 12, further comprising utilizing only the accumulated TPC 

command when calculating the transmit power level, thereby disabling use of open loop power 

control and enabling use of closed loop power control only. 

24. (New) The method of claim 12, further comprising disregarding the accumulated TPC 

command when calculating the transmit power level, thereby enabling use of open loop power 

control only and disabling use of closed loop power control. 

25. (New) The method of claim 12, wherein the downlink channel is a shared physical channel. 
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26. (New) A computer-readable medium comprising program code for controlling power in a 

radio communication system, the program code for: 

determining a path loss for a radio channel between a base station and a remote transceiver; 

and 

receiving on a downlink channel an allocation of scheduled uplink transmission resource 

and transmit power control (TPC) commands transmitted to the remote transceiver from the base 

station, wherein the TPC commands are generated by the base station by comparing a received 

signal quality measure to a target signal quality value. 

27. (New) The computer-readable medium of claim 26, wherein the downlink channel is a 

shared physical channel. 

28. (New) The computer-readable medium of claim 26, wherein determining the path loss 

includes: 

receiving a downlink signal transmitted from the base station, wherein the downlink signal 

signals a transmitted power level of the downlink signal; and 

measuring a received power level of the downlink signal. 

29. (New) The computer-readable medium of claim 26, further comprising program code for 

calculating a transmit power level for the remote transceiver based on the path loss and an 

accumulated TPC command to obtain a calculated transmit power level. 

30. (New) The computer-readable medium of claim 29, further comprising program code for 

receiving a signal from the base station for instructing the remote transmitter to utilize the 

accumulated TPC command only when calculating the transmit power level, thereby disabling use 

of open loop power control and enabling use of closed loop power control only. 
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31. (New) The computer-readable medium of claim 29, further comprising program code for 

receiving a signal from the base station for instructing the remote transmitter to disregard the 

accumulated TPC command when calculating the transmit power level, thereby disabling use of 

closed loop power control and enabling use of open loop power control only. 

32. (New) The computer-readable medium of claim 29, further comprising program code for 

transmitting an uplink signal from the remote transceiver at the calculated transmit power level. 

33. (New) The computer-readable medium of claim 29, wherein calculating the transmit power 

level is additionally based on a spreading factor parameter. 

34. (New) The computer-readable medium of claim 29, wherein calculating the transmit power 

level is additionally based on parameters associated with a selected transport format parameter. 

35. (New) A computer-readable medium comprising program code for controlling power in a 

radio communication system, the program code for: 

receiving a signal at a second transceiver transmitted from a first transceiver; 

measuring a power level of the received signal to obtain a measured received power level; 

and 

receiving a downlink signal comprising an allocation of scheduled uplink transmission 

resources and transmit power control (TPC) commands at the second transceiver transmitted from 

the first transceiver. 

36. (New) The computer-readable medium of claim 35, wherein the TPC commands are 

transmitted on a shared physical channel. 
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37. (New) The computer-readable medium of claim 35, further comprising program code for 

calculating a transmit power level to use for transmission by the second transceiver on the 

scheduled uplink resources based on the path loss and an accumulated TPC command. 

38. (New) The computer-readable medium of claim 37, further comprising program code for 

receiving a signal from the first transceiver for instructing the second transceiver to utilize the 

accumulated TPC commands only when calculating the transmit power level, thereby disabling use 

of open loop power control and enabling use of closed loop power control only. 

39. (New) The computer-readable medium of claim 37, further comprising program code for 

receiving a signal from the first transceiver for instructing the second transceiver to disregard the 

accumulated TPC command when calculating the transmit power level, thereby enabling use of 

open loop power control only and disabling use of closed loop power control. 

40. (New) A computer-readable medium comprising program code for controlling uplink power 

in a CDMA radio communication system, the program code for: 

receiving an uplink signal to obtain a received uplink signal; 

measuring a received signal quality measure of the uplink signal to obtain a measured 

received signal quality value; 

comparing the measured received signal quality value with a target signal quality value; 

assigning a first value to a step indicator if the measured received signal quality value is 

greater than the target signal quality value, and assigning a second value to a step indicator if the 

measured received signal quality value is less than the target signal quality value; 

transmitting a signal carrying an allocation of uplink transmission resource and a transmit 

power control (TPC) command instructing a transmitter to adjust an uplink transmit power level 

associated with the allocated uplink transmission resource based on the step indicator; 

receiving the TPC command including the step indicator; 

accumulating step indicator values to obtain an accumulated step indicator value; 
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broadcasting a downlink signal including an indication of a downlink power level, wherein 

the downlink signal is transmitted at the downlink power level; 

measuring a received power level of the downlink signal; and 

setting a transmit power level based on the received power level, the indication of the 

downlink power level, and the accumulated step indicator value. 

41. (New) The computer-readable medium of claim 40, further comprising program code for: 

determining an error metric of the uplink signal; 

updating the target signal quality value based on the error metric; 

measuring an interference value in the received uplink signal; and 

updating an interference measurement table with the interference value; 

wherein broadcasting the downlink signal further includes the interference measurement 

table; and 

wherein setting the transmit power level is further based on a value in the interference 

measurement table. 

42. (New) The computer-readable medium of claim 40, wherein the received signal quality 

measure comprises SNIR. 

43. (New) A method of power control in a radio communications system, the method 

comprising: 

sending on a downlink channel an allocation of a scheduled uplink transmission resource 

and transmit power control (TPC) commands transmitted to a remote transceiver from a base 

station; and 

receiving an uplink signal from the remote transceiver at a calculated transmit power level 

based on a path loss and the TPC commands. 

sd-387450 

Ericsson Exhibit 1010 
Page 675



Application No.: 10/917,968 12 Docket No.: 562492000500 

44. (New) The power control method of claim 43, further comprising sending a signal to the 

remote transceiver for instructing the remote transmitter to utilize only the accumulated TPC 

commands when deriving the calculated transmit power level, thereby instructing the remote 

transmitter to disable use of open loop power control and enable use of closed loop power control 

only. 

45. (New) The power control method of claim 43, further comprising sending a signal from the 

base station to the remote transceiver for instructing the remote transmitter to disregard the 

accumulated TPC command when deriving the calculated transmit power level, thereby instructing 

the remote transmitter to enable use of open loop power control only and disable use of closed loop 

power control. 

46. (New) A computer-readable medium comprising program code for controlling power in a 

radio communication system, the program code for: 

sending on a downlink channel an allocation of a scheduled uplink transmission resource 

and transmit power control (TPC) commands transmitted to a remote transceiver from a base 

station; 

receiving an uplink signal from the remote transceiver at a calculated transmit power level 

based on a path loss and the TPC commands. 

47. (New) A computer-readable medium of claim 46, further comprising program code for 

sending a signal to the remote transceiver for instructing the remote transmitter to utilize only the 

TPC commands when deriving the calculated transmit power level, thereby instructing the remote 

transmitter to disable use of open loop power control and enable use of closed loop power control 

only. 
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48. (New) A computer-readable medium of claim 46, further comprising program code for 

sending a signal from the base station to the remote transceiver for instructing the remote 

transmitter to disregard the TPC commands when deriving the calculated transmit power level, 

thereby instructing the remote transmitter to enable use of open loop power control only and 

disable use of closed loop power control. 

sd-387450 

Ericsson Exhibit 1010 
Page 677



Application No.: 10/917,968 14 Docket No.: 562492000500 

REMARKS 

In the July 02, 2007 Office Action, claims 1-13 were rejected. This Response amends 

claims 1-2, and 7-13, cancels claims 5 and 6 (without prejudice or disclaimer of the subject matter), 

and introduces new claims 14-48. No new matter has been introduced by the present amendments. 

After entry of the foregoing amendments, claims 1-4, and 7-48 (46 total claims; 10 independent 

claims) remain pending in the application. With respect to all amendments, Applicants have not 

dedicated or abandoned any unclaimed subject matter and moreover have not acquiesced to any 

rejections made by the Patent Office. Reconsideration of the application is respectfully requested in 

view of the above amendments and the following remarks. 

Objection under 35 U.S.C. § 112 

The Office action has rejected claim 13 under 35 U.S.C. § 112, first paragraph, as failing 

to comply with the written description requirement. Claim 13 has been amended to address the 

Examiner's rejection. Claim 13 now recites "an output providing an accumulated history of the step 

increases and decreases", which is enabled by at least paragraph 65 lines 4-5 of Applicants' 

application, which states "The UE accumulates the TPC commands and uses the accumulated TPC 

commands", and paragraph 59 lines 4-6 of Applicants' application, which states "step is the 

magnitude of the amount added to an accumulator upon receipt of each TPC command". 

Accordingly, Applicants request the withdrawal of the §112 rejection of claim 13. 

Rejections under 35 U.S.C. § 102 

The Office Action has rejected claims 1-7, 9, 10, 12, and 13, under U.S.C. § 102(b) as 

being anticipated by Zeira et al., International Application Publication No. (WO 00/57574) 

published September 28, 2000 (hereinafter "Zeira"). Applicants respectfully traverse the rejections. 

Regarding independent claim 1, 9, and 12, Applicants teach a physical channel on the 

downlink that is used to carry fast allocation and scheduling information to a user thereby informing 

the user equipment (UE) of the uplink resources that it may use. Additionally this physical channel 

is used as a feedback channel for power control also carrying transmit power control (TPC) 

commands (paragraph 84 of Applicants' application). Accordingly independent claims 1, 9 and 12, 

recite "receiving on a downlink channel an allocation of a scheduled uplink transmission resource 
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and transmit power control (TPC) commands transmitted to the remote transceiver from the base 

station". This feature, is not taught by Zeira, and therefore, Zeira does not anticipate the methods as 

recited in independent claims 1, 9, and 12. 

Additionally, regarding independent claim 12, Applicants teach a power control 

algorithm based in part on accumulated TPC commands (paragraph 66, lines 5-6 of Applicants' 

application). Accordingly, claim 12 recites "calculating a transmit power level associated with the 

scheduled uplink transmission resource based on the power level of the received signal and the 

accumulated TPC command'. This feature, is not taught by Zeira, therefore for at least this 

additional reason, Zeira does not anticipate the method as recited in independent claim 12. 

Regarding independent claim 10, applicant teaches a method for carrying both an 

allocation of a scheduled uplink transmission resource and transmit power control (TPC) 

commands on a transmitting signal for instructing a transmitter to adjust the uplink transmit power 

level associated with the allocated uplink transmission resource based on a step indicator. This 

feature, is not taught by Zeira, and therefore, Zeira does not anticipate the method as recited in the 

independent claim 10. 

Regarding independent claim 13, Applicants teach a system for performing a power 

control algorithm using accumulated power control instructions. Accordingly, claim 13 recites "an 

accumulator having an input for accepting step increase and decrease instructions and an output 

providing an accumulated history of the step increases and decreases" (paragraph 74, and paragraph 

59 lines 4-6 of Applicants' application). This feature and in particular the "accumulated history of 

the step increases and decreases" is not taught by Zeira, therefore, Zeira does not anticipate the 

method as recited in claim 13. 

Furthermore, claim 13 recites "sets the transmit power for the scheduled uplink transmission 

resource" and "to transmit a signal on the scheduled uplink transmission resource...". This feature, 

is not taught by Zeira, therefore for this additional reason, Zeira does not anticipate the system as 

recited in independent claim 13. 

For at least the above reasons, Zeira does not anticipate the method as recited in 

independent claims 1, 9-10, and 12 and the system as recited in independent claim 13. For at least 

the same reasons, claims 2-4, and 7 (which variously depend from claim 1), are also not anticipated 
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by Zeira. Accordingly, Applicants request the withdrawal of the §102 rejection of claims 1-4, 7, 9-

10, and 12-13. Claims 5-6 are cancelled, and therefore the rejections to claims 5-6 are now moot. 

Rejections under 35 U.S.C. § 103 

Applicant respectfully submits that the Office Action has not met all of the criteria to 

establish a case of obviousness. 

Claim 8 was rejected under 35 U.S.C. § 103(a) as being allegedly unpatentable over 

Zeira in view of Zeira et al., U.S. Patent Application Publication No. (2004/0141483) published July 

22, 2004 (hereinafter "Zeira US"), in view of Bevan et al., U.S. Patent Application Publication No. 

(2004/0162093) published Aug. 19, 2004 (hereinafter "Bevan"), and further in view of Kamel et al., 

U.S. Patent No. (7,190,688) issued Mar. 13, 2007 (hereinafter "Kamel"). Applicants respectfully 

traverse the rejections. 

For the reasons discussed above, Zeira fails to teach or suggest the "receiving on a 

downlink channel an allocation of scheduled uplink transmission resource and transmit power 

control (TPC) commands..." limitations of independent claim 1, and consequently Zeira also fails 

to teach or suggest the same limitations in claim 8 (which depends from claim 1). For at least the 

above reasons, claim 8 is not unpatentable over Zeira in view of Zeira US, in view of Bevan, and 

further in view of Kamel, and Applicants respectfully request the withdrawal of the rejection of 

claim 8 under §103(a). 

Claim 11 was rejected under 35 U.S.C. § 103(a) as being allegedly unpatentable over 

Zeira in view of Shiu et al., U.S. Patent No. (6,983,166) issued Jan. 3, 2006 (hereinafter "Shiu"). 

Applicants respectfully traverse the rejections. 

For the reasons discussed above, Zeira fails to teach or suggest "carrying both an 

allocation of a scheduled uplink transmission resource and transmit power control (TPC) 

commands on a transmitting signal..." limitation in claim 10. Consequently Zeira also fails to 

teach or suggest the same limitation in claim 11 (which depends from claim 10). Therefore, for at 

least the above reasons, claim 11 is not unpatentable over Zeira in view of Shiu, and Applicants 

respectfully request the withdrawal of the rejection of claim 11 under §103(a). 
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Application No.: 10/917,968 17 Docket No.: 562492000500 

New Claims 

New claims 14-48 have been introduced and support for the new claims can be found 

throughout the application and particularly in paragraphs 73, 84 and 85 of the applicants' 

specification. 

Abstract 

The abstract has been amended to better reflect the Application. No new matter has been 

introduced by the present amendments. 

Conclusion 

In view of the above, each of the presently pending claims in this application is believed 

to be in immediate condition for allowance. Accordingly, the Examiner is respectfully requested to 

withdraw the outstanding rejection of the claims and to pass this application to issue. If it is 

determined that a telephone conference would expedite the prosecution of this application, the 

Examiner is invited to telephone the undersigned at the number given below. 

In the event the U.S. Patent and Trademark office determines that an extension and/or 

other relief is required, Applicants' petition for any required relief including extensions of time and 

authorizes the Commissioner to charge the cost of such petitions and/or other fees due in connection 

with the filing of this document to Deposit Account No. 03-1952 referencing docket 

no.562492000500. However, the Commissioner is not authorized to charge the cost of the issue fee 

to the Deposit Account. 

Dated: December 28, 2007  Respectfully submitted, 

Electronic signature: /Elahe Toosi/ 
Elahe Toosi 

Registration No.: 57,740 
MORRISON & FOERSTER LLP 
12531 High Bluff Drive, Suite 100 
San Diego, California 92130-2040 
(858) 314-7546 

sd-387450 
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Electronic Patent Application Fee Transmittal 

Application Number: 10917968 

Filing Date: 12-Aug-2004 

Title of Invention: Power control in a wireless communication system 

First Named Inventor/Applicant Name: Nicholas William Anderson 

Filer: Elahe S. Toosi/Peggy Bozym 

Attorney Docket Number: 562492000500 

Filed as Large Entity 

Utility Filing Fees 

Description Fee Code Quantity Amount 
Sub-Total in 

USD($) 

Basic Filing: 

Pages: 

Claims: 

Claims in excess of 20 1202 26 50 1300 

Independent claims in excess of 3 1201 5 210 1050 

Miscellaneous-Filing: 

Petition: 

Patent-Appeals-and-Interference: 

Post-Allowance-and-Post-Issuance: 
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Description Fee Code Quantity Amount 
Sub-Total in 

USD($) 

Extension-of-Time: 

Extension - 3 months with $0 paid 1253 1 1050 1050 

Miscellaneous: 

Total in USD ($) 3400 
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Electronic Acknowledgement Receipt 

EFS ID: 2652954 

Application Number: 10917968 

International Application Number: 

Confirmation Number: 3609 

Title of Invention: Power control in a wireless communication system 

First Named Inventor/Applicant Name: Nicholas William Anderson 

Customer Number: 25226 

Filer: Elahe S. Toosi/Peggy Bozym 

Filer Authorized By: Elahe S. Toosi 

Attorney Docket Number: 562492000500 

Receipt Date: 28-DEC-2007 

Filing Date: 12-AUG-2004 

Time Stamp: 20:43:06 

Application Type: Utility under 35 USC 111(a) 

Payment information: 

Submitted with Payment yes 

Payment Type Deposit Account 

Payment was successfully received in RAM $3400 

RAM confirmation Number 3179 

Deposit Account 031952 

Authorized User 

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows: 

Charge any Additional Fees required under 37 C.F.R. Section 1.17 (Patent application and reexamination processing fees) 
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File Listing: 

Document 
Number Document Description File Name File Size(Bytes) 

/Message Digest 
Multi 

Part /.zip 
Pages 

(if appl.) 

1 Miscellaneous Incoming Letter Transmittal.pdf 
27400 

no 1 
791e67e8aa11151251e73ee46bb1612eb 

777001e 

Warnings: 

Information: 

2 Extension of Time Petition_for_Extension.pdf 
30936 

no 1 
87a5e67c910347e1191646a7ce4e2b34 

22e6be9b 

Warnings: 

Information: 

3 
Response_to_Non_Final_O 

A.pdf 

78358 
yes 17 

2dae46977c913ced130520e512c3b32 
d5240348e 

Multipart Description/PDF files in zip description 

Document Description Start End 

Amendment - After Non-Final Rejection 1 2 

Claims 3 13 

Applicant Arguments/Remarks Made in an Amendment 14 17 

Warnings: 

Information: 

4 Fee Worksheet (PTO-06) fee-info.pdf 
8447 

no 2 
23983c511b1baa63be64d5bd21610aa 

aa2c583e6 

Warnings: 

Information: 

Total Files Size (in bytes): 145141 
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt 
similar to a Post Card, as described in MPEP 503. 

New Applications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 
37 CFR 1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date 
shown on this Acknowledgement Receipt will establish the filing date of the application. 

National Stage of an International Application under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions 
of 35 U.S.C. 371 and other applicable requirements a Form PCT/DO/E0/903 indicating acceptance of the 
application as a national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, 
in due course. 

New International Application Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary 
components for an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the 
International Application Number and of the International Filing Date (Form PCT/RO/105) will be issued in due 
course, subject to prescriptions concerning national security, and the date shown on this Acknowledgement 
Receipt will establish the international filing date of the application. 
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PTO/SB/21 (12-07) 
Approved for use through 12/31/2007. OMB 0651-0031 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number. 

TRANSMITTAL 
FORM 

(to be used for all correspondence after initial filing) 

Application Number 10/917,968 

Filing Date 
August 12, 2004 

First Named Inventor 
Nicholas W. ANDERSON 

Art Unit 
2618 

Examiner Name 
D. E. Rego 

Total Number of Pages in This Submission 19 Attorney Docket Number 
562492000500 

ENCLOSURES (Check all that apply) 

Fee Transmittal Form 

Fee Attached 

x Amendment/Reply (17 pgs) 

After Final 

Affidavits/declaration(s) 

x Extension of Time Request (1 pg) 

Express Abandonment Request 

Information Disclosure Statement 

Certified Copy of Priority 
  Document(s) 

Reply to Missing Parts/ 
  Incomplete Application 

Reply to Missing Parts under 
 37 CFR 1.52 or 1.53 

Drawing(s) 

Licensing-related Papers 

Petition 

Petition to Convert to a 
  Provisional Application 

Power of Attorney, Revocation 
  Change of Correspondence Address 

Terminal Disclaimer 

Request for Refund 

CD, Number of CD(s) 

After Allowance Communication
 to TC 

Appeal Communication to Board of 
 Appeals and Interferences 

Appeal Communication to TC
 (Appeal Notice, Brief, Reply Brief) 

Proprietary Information 

Status Letter 

Other Enclosure(s) (please 
  Identify below): 

Landscape Table on CD 

Remarks 

Customer No. 25225

SIGNATURE OF APPLICANT, ATTORNEY, OR AGENT 
Firm Name MORRISON & FOERSTER LLP 
Signature 

/Elahe Toosi/ 

Printed name 
Elahe Toosi 

Date 
December 28, 2007 57,740 No. Reg. 

sd-406146 

Ericsson Exhibit 1010 
Page 687



PTO/SB/22 (12-07) 
Approved for use through 12/31/2007. OMB 0651-0031 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless if displays a valid OMB control number. 

PETITION FOR EXTENSION OF TIME UNDER 37 CFR 1.136(a) 
FY 2008 

(Fees pursuant to the Consolidated Appropriations Act, 2005 (H.R. 4818).) 

Docket Number (Optional) 

562492000500 

Application Number 10/917,968 Filed August 12, 2004 

For POWER CONTROL IN A WIRELESS COMMUNICATION SYSTEM 

Art Unit 2618 I Examiner D. E. Rego 

This 
application. 

The 

is a 

requested 

request 

x 

Applicant 

A check 

Payment 

The 

The 
Deposit 

WARNING: 
Provide 

the 

under the provisions of 37 CFR 1.136(a) to extend the period for filing a reply in the above identified 

extension and fee are as follows (check time period desired and enter the appropriate fee below): 

Fee Small Entity Fee 

One month (37 CFR 1.17(a)(1)) $120 

Two months (37 CFR 1.17(a)(2)) $460 

Three months (37 CFR 1.17(a)(3)) $1050 

Four months (37 CFR 1.17(a)(4)) $1640 

Five months (37 CFR 1.17(a)(5)) $2230 

claims small entity status. See 37 CFR 1.27. 

in the amount of the fee is enclosed. 

by credit card. Form PTO-2038 is attached. 

Director has already been authorized to charge fees in this application 

Director is hereby authorized to charge any fees which may 
Account Number 03-1952 I have enclosed 

$60 $ 

$230 $ 

$525 $ 1,050.00 

$820 $ 

$1115 $ 

to a Deposit Account. 

be required, or credit any overpayment, to 
a duplicate copy of this sheet. -Fee 

x

I am 

Transmittal form (PTO/SB/17) is attached to tic, 
submission in duplicate. 

Information on this form may become public. Credit card information 
credit card information and authorization on PTO-2038. 

should not be included on this form. 

3.71. 
(Form PTO/SB/96). 

57,740 

applicant/inventor. 

assignee of record of the entire interest. See 37 CFR 
Statement under 37 CFR 3.73(b) is enclosed. 

x attorney or agent of record. Registration Number 

attorney or agent under 37 CFR 1.34. 
Registration number if acting under 37 CFR 1.34 

/Elahe Toosi/ December 28, 2007 
Signature Date 

Elahe Toosi (858) 314-7546 

NOTE: 
than 

Typed or printed name Telephone Number 

Signatures of all the inventors or assignees of record of the entire interest or their representative(s) are required. Submit multiple forms if more 
one signature is required, see below. 

Total of  1  forms are submitted. X 
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Patent 
Docket No. 562492000500 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Patent Application of: 
Nicholas W. ANDERSON 

Serial No.: 10/917,968 

Filing Date: August 12, 2004 

For: POWER CONTROL IN A WIRELESS 
COMMUNICATION SYSTEM 

Confirmation No.: 3609 

Examiner: D. E. Rego 

Group Art Unit: 2618 

SUPPLEMENTAL INFORMATION DISCLOSURE 
STATEMENT UNDER 37 C.F.R. § 1.97 & 1.98 

MS Amendment 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Dear Sir: 

Pursuant to 37 C.F.R. §1.97 and § 1.98, Applicants submit for consideration in the 

above-identified application the documents listed on the attached Form PTO/SB/08a/b. Copies of 

foreign documents and non-patent literature are submitted herewith. The Examiner is requested to 

make these documents of record. 

sf-2365894 
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Application No. 10/917,968 2 Docket No. 562492000500 

This Supplemental Information Disclosure Statement is submitted: 

❑ With the application; accordingly, no fee or separate requirements are required. 

❑ Before the mailing of a first Office Action after the filing of a Request for Continued 

Examination under § 1.114. However, if applicable, a certification under 37 C.F.R. § 1.97 

(e)(1) has been provided. 

❑ Within three months of the application filing date or before mailing of a first Office Action 

on the merits; accordingly, no fee or separate requirements are required. However, if 

applicable, a certification under 37 C.F.R. § 1.97 (e)(1) has been provided. 

Z After receipt of a first Office Action on the merits but before mailing of a final Office 

Action or Notice of Allowance. 

❑ A fee is required. A check in the amount of is enclosed. 

Z A fee is required. Accordingly, a Fee Transmittal form (PTO/SB/17) is attached 

to this submission in duplicate. 

❑ A Certification under 37 C.F.R. § 1.97(e) is provided above; accordingly; no fee is 

believed to be due. 

❑ After mailing of a final Office Action or Notice of Allowance, but before payment of the 

issue fee. 

❑ A Certification under 37 C.F.R. § 1.97(e) is provided above and a check in the 

amount of is enclosed. 

❑ A Certification under 37 C.F.R. § 1.97(e) is provided above and a Fee Transmittal 

form (PTO/SB/17 is attached to this submission in duplicate.) 

Applicants would appreciate the Examiner initialing and returning the Form 

PTO/SB/08a/b, indicating that the information has been considered and made of record herein. 

The information contained in this Supplemental Information Disclosure Statement under 

37 C.F.R. § 1.97 and § 1.98 is not to be construed as a representation that: (i) a complete search has 

been made; (ii) additional information material to the examination of this application does not exist; 

(iii) the information, protocols, results and the like reported by third parties are accurate or enabling; 

or (iv) the above information constitutes prior art to the subject invention. 

sf-2365894 
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Application No. 10/917,968 3 Docket No. 562492000500 

In the unlikely event that the transmittal form is separated from this document and the 

Patent and Trademark Office determines that an extension and/or other relief (such as payment of a 

fee under 37 C.F.R. § 1.17 (p)) is required, Applicants petition for any required relief including 

extensions of time and authorize the Commissioner to charge the cost of such petition and/or other 

fees due in connection with the filing of this document to Deposit Account No. 03-1952 

referencing 562492000500.

Dated: October 2, 2007 Respectfully submitted, 
By /Elahe Toosi/ 
Elahe Toosi 
Registration No.: 57,740 
MORRISON & FOERSTER LLP 
12531 High Bluff Drive, Suite 100 
San Diego, California 92130-2040 
(858) 314-7546 
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ALTERNATIVE TO PTO/SB/08A/B (04/07) 

Substitute for form 1449/PTO 

INFORMATION DISCLOSURE 
STATEMENT BY APPLICANT 

(Use as many sheets as necessary) 

Complete if Known 

Application Number 10/917,968 

Filing Date August 12, 2004 

First Named Inventor Nicholas W. ANDERSON 

Art Unit 2618 

Examiner Name D. E. Rego 

Sheet 1 of 1 Attorney Docket Number 562492000500 

U.S. PATENT DOCUMENTS 

Examiner 
Initials` 

Cite 
No.' 

Document Number Publication Date 
MM-DD-YYYY 

Name of Patentee or 
Applicant of Cited Document 

Pages, Columns, Lines, Where 
Relevant Passages or Relevant 

Figures Appear Number-Kind Code2 (if known) 

1. US-5,719,583-A 02-17-1998 Kanai 
2. US-5,887,245-A 03-23-1999 Lindroth et al. 
3. US-6,137,993-A 10-24-2000 Almgren et al. 

FOREIGN PATENT DOCUMENTS 

Examiner 
Initials` 

Cite 
No.' 

Foreign Patent Document Publication 
Date 

MM-DD-YYYY 

Name of Patentee or 
Applicant of Cited Document 

Pages, Columns, Lines, 
Where Relevant Passages 
or Relevant Figures Appear T6Country Code3-Number4-Kind Codes (if known) 

4. GB-2350522-A 11-29-2000 Roke Manor Research 
Limited 

5. EP-1176739-Al 01-30-2002 Matsushita Electric Industrial 
Co., Ltd. 

*EXAMINER: Initial if information considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not in conformance and not 
considered. Include copy of this form with next communication to applicant. 'Applicant's unique citation designation number (optional). 2 See Kinds Codes of 
USPTO Patent Documents at or MPEP 901.04. Enter Office that issued the document, by the two-letter code (WIPO Standard ST.3). 4 For 
Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document. 'Kind of document by 
the appropriate symbols as indicated on the document under WIPO Standard ST. 16 if possible. 'Applicant is to place a check mark here if English language 
Translation is attached. 

NON PATENT LITERATURE DOCUMENTS 

Examiner 
Initials- 

Cite 
No.

1 
Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item (book, 

magazine, journal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s), publisher, city 
and/or country where published. 

T2

6. "Recommendation ITU-R M.1225: Guidelines for Evaluation of Radio Transmission 
Technologies for IMT-2000," International Telecommunication Union/ITU Radiocommunication 
Sector, January 1, 1997, Rec. ITU-R M.1225, pp. 1-61. 

7. Great Britain Search Report mailed May 14, 2002, for Great Britain Application No. 0125504.1 
filed October 24, 2001, 1 page. 

8. International Search Report mailed December 22, 2005, for PCT Application No. 
PCT/EP2005/053931 filed August 10, 2005, 4 pages. 

9. International Search Report mailed January 21, 2003, for PCT Application No. 
PCT/GB02/04811 filed October 24, 2002, 3 pages. 

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not in conformance and not 
considered. Include copy of this form with next communication to applicant. 

'Applicant's unique citation designation number (optional). Applicant is to place a check mark here if English language Translation is attached. 

Examiner Date 
Signature Considered 
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Apply. No. 10/917,968 
Docket No. 562492000500 

(m UK Patent Application (i.)GB (11,2 350 522 „3, A 
(43) Date of A Publication 29.11.2000 

(21) 

(22) 

Application No 9912090.9 

Date of Filing 25.05.1999 

(51) 

(52) 

INT CL7
HO4B 7/005 , H040 7/32 

UK CL (Edition R ) 
H4L LDH L1H10 (71) Applicant(s) 

Roke Manor Research Limited 
(56) Documents Cited (Incorporated in the United Kingdom) GB 2268365 A EP 0668664 Al US 5631921 A Roke Manor, ROMSEY, Hampshire, S051 OZN, 

United Kingdom 
(58) Field of Search 

UK CL (Edition CI ) H4L LDH LECX (72) Inventor(s) 
INT CL6 HO3G 3/20 3/30 , HO4B 7/005 , H040 7/32 Anthony Peter Hulbert 
ONLINE - EPODOC, WPI Anja Klein 

Marcus Purat 
Kenneth William Richardson (74) Agent and/or Address for Service Stefan Oestreich Margaret D Mackett Joem Krause Siemens Group Services Limited, Intellectual Thomas Ulrich Property Department, Siemens House, Oldbury, 

BRACKNELL Becks, RG12 8FZ, United IGngdom 

(54) Abstract Title 
Power control in mobile telecommunications systems 

(57) In an UTRA-TDD communications system, a mobile terminal implements open loop power control of its transmitter power by identifying downlink time slots in which reference signals, comprising mid-amble codes, are transmitted from a base station. For power control of an uplink time slot, that one of such identified downlink slots which is closest in time to immediately before the uplink slot is selected and the reference signal energy (or power) measurement for that downlink slot is used by the mobile terminal to infer the path loss in order to control its transmit power in the uplink slot. The fact that measured mid-amble energy should exceed total noise energy by a predetermined margin in any downlink slot containing a mid-amble code is used to identify such slots. To effect this identification, the signal 80 received by the mobile is passed via an A-D converter (not shown) to a matched filter 10 in which correlation against the mid-able code is achieved by means of a shift register 110 and multipliers 130 to 144 which receive respective bit codes corresponding to the mid-amble code. The output 90 of a summator 150 passes to an energy measuring circuit 20 which computes the modulus squared to provide an energy measure for a particular path. As signal 80 is clocked through shift register 110, circuit 20 determines energy values for other paths, and an accumulator 30 provides an output 100 indicative of the total energy for all the paths for a given period of the mid-amble code. The input signal 80 is also passed directly to an energy measuring circuit 40 connected to an accumulator 50, the output of which corresponds to the noise energy summed for all paths over the given period of the mid-amble code. The output of accumulator 30 and the output from accumulator 50, weighted in unit 60, are input to a comparator 70 which gives a'1' output when a downlink slot containing a referende signal (mid-amble code) has been identified. 
,32 

114 

At least one drawing originally filed was informal and the print reproduced here is taken from a later filed formal copy. 

CO 

CA) 
(71 

(31 

N) 
This print takes account of replacement documents submitted after the date of filing to enable the application to comply with the formal requirements of the Patents Rules 1995 
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ZOOUV.Z.e. 

IMPROVEMENTS IN OR RELATING. TO MOBILE 
TELECOMMUNICATIONS SYSTEMS 

The present invention relates to improvements in or relating to mobile 
5 telecommunications systems, and is more particularly concerned with open 

loop power control for such systems. 

The UMTS terrestrial radio access (UTRA) — time division duplex 
(TDD) system is based on, a combination of code division multiple access 
(CDMA) and hybrid time division multiple access (TDMA) and TDD. 

10 (UMTS is an acronym for universal mobile telecommunication system as 
understood by persons skilled in the art.) 

As the UTRA-TDD system is based on CDMA, its performance is 
dependent on the operation of power control, particularly, for the uplink 
connection, that is, the connection from a mobile terminal to a base station. 

15 Furthermore, as the system is also based on TDD, the uplink and downlink 
(base station to mobile terminal) connections use the same frequency and so 
the channel is reciprocal. Measurements of the received power on the 
downlink connection can be used to estimate the path loss if the base station 
transmit power is known at the mobile station. Therefore, if the level of 

20 interference present and the required signal-to-noise ratio of the base station 
are communicated to the mobile station, the mobile station can combine this 
information to set the correct power for reception at the base station. This 
procedure is known as open loop power control. 

The UTRA-TDD system has a TDMAITDD frame consisting of 
25 sixteen time slots over a period of 10ms, each time slot lasting 0.625ms. 

Within such a system, some time slots are permanently assigned to downlink 
connections for broadcast purposes, and at least one other time slot to the 
uplink connection for access purposes. The remaining time slots may freely 
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be assigned to either uplink or downlink connections as traffic requirements 

dictate. The time slots in which downlink connections are transmitted 

include reference signals of known data patterns which assist in the decoding 

of the transmission. 

5 The UTRA-TDD system will usually be deployed in a cellular 

configuration in which the same frequency will be re-used in all cells — each 

cell comprising a base station and a plurality of mobile terminals within an 

area covered by the base station. Moreover the TDMAJTDD frames of all 

cells will be synchronised. However, in many cases, the inter-cell 

10 interference will be too great to permit traffic to be actively transmitted in all 

time slots in all cells. Accordingly, it has been proposed that the time slots 

be allocated to cells according to a dynamic channel assignment (DCA) 

algorithm to reduce inter-cell interference to acceptable levels. 

As described above, a measurement of power in a downlink time slot 

15 provides an estimate of the path loss. However, if a mobile terminal is 

moving at relatively high speed this path loss will be rapidly changing. Thus, 

if, for example, a measurement is performed on time slot 0, that is, at the 

beginning of a frame, the path loss estimated from this measurement will be 

out of date by, say, time slot 8. Thus, an open loop power control scheme 

20 which performed measurements in slot 0 and used these measurements to set 

the transmit power in slot 8 would not control the received signal-to-noise 

ratio at the base station very accurately. In fact, the best performance that 

can be achieved will apply when the power measurement is performed in 

time slot N and is used to set the transmit power in time slot N + 1, where, for 

25 UTRA-TDD, 0 5 N 5_ 15. In some cases, the best that can be achieved will be 

to perform the power measurement in time slot N and set the transmit power 

in time slot N+ M where M is made as small as possible and where, for 

UTRA-TDD, 0 N 5 (16 — M) . 
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It is therefore an object of the present invention to provide a method 
which allows the best performance to be achieved wherever practically 
possible. 

In particular, within the structure of UTRA-TDD, all time slot 
5 transmissions consist of three elements, which, in time order, are - data burst 

1, a reference signal and data burst 2. Because UTRA-TDD is based on 
CDMA, the data bursts may consist of several spread spectrum modulated 
components each carrying data and summed together. For the downlink, and 
where smart antennas are not applied, there is only one common reference 

10 signal transmitted. The reference signal comprises a fixed code against 
which correlations are performed for the purpose of deriving channel 
estimates. 

Within a downlink time slot transmission, the different codes 
transmitting the data bursts may be intended for reception at different mobile 

15 stations. In general, in order to minimise inter-cell interference, and therefore 
to maximise system capacity, the powers of the individual codes are 
controlled independently so as to transmit only enough power to satisfy the 
signal-to-noise plus interference requirements at each mobile station. 
According to known techniques, the reference signal transmit power is set to 

20 be equal to the sum of the powers of the individual codes. 
In accordance with one aspect of the present invention, there is 

provided a method of providing open loop power control in a hybrid 
TDD/TDMA mobile telecommunications system wherein reference signals of 
known data patterns are transmitted in downlink time slots, using reference 

25 signal energy measurements, the telecommunications system comprising at 
least one base station and at least one mobile terminal, the method 
comprising:-

a) receiving an input signal at the mobile terminal; 
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b) measuring and summing the energy of the reference signals in 

the input signal in one or more multipath components by correlation against 

the reference signal to obtain an overall received reference signal energy 

measurement; 

5 c) measuring the total received signal energy; 

d) comparing the received reference signal energy measurement 

with the total received signal energy measurement to obtain an indication of 

the presence of a reference signal; 

e) selecting the reference signal position for which the time 

10 difference to the next uplink transmission from the terminal is substantially 

minimised; and; 

f) using the corresponding reference signal energy measurement 

for open loop power control. 

It will readily be appreciated that although reference is made to 

15 'energy' measurements, these measurements are interchangeable wwith 

`power' measurements to provide open loop power control. 

It is preferred that, in all active downlink slots, that is, downlink slots 

in which one or more data burst codes are being transmitted, the power of the 

reference signals in the same time slot in adjacent frames should be held 

20 constant and the reference signal energy measurements should be used for 

open loop power control. 

By keeping the power of the reference signals constant, and either by 

making this power a global constant, known to the mobile terminals or by 

signalling this value to the mobile terminals at suitable intervals from each 

25 base station, the mobile terminal can infer the path loss from measurements 

of the reference signal. However, it will be appreciated that the reference 

signal power need not be held constant and each time slot may have its own 

individual reference signal power. 
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For a better understanding of the present invention, reference will 
now be made, by way of example only, to the accompanying drawing, the 
single Figure of which illustrates a block diagram of a circuit for detecting 
the presence of a reference signal and for measuring the energy of such a 

5 signal in accordance with the present invention. 

In accordance with the present invention, a mobile terminal performs 
measurements of reference signal energy in all time slots, other than those 
time slots in which it is transmitting. These time slots can be divided into 
three categories, namely, time slots in which no transmissions are being made 

10 either in the uplink or the downlink direction, time slots in which uplink 
transmissions are being made, and time slots in which downlink 
transmissions are being made. However, only time slots which are in the last 
of these categories are of interest. 

In order to determine the reference signal energy for the time slots in 
15 which downlink transmissions are being made, it is necessary to identify 

these time slots. In the present case, the reference signals comprise mid-
amble codes as they are transmitted midway through a downlink time slot. 
However, it will be appreciated that the reference signals can be transmitted 
at other positions within the time slot. 

20 One embodiment of a circuit for determining the presence of a mid-
amble code and measuring its energy is shown in Figure 1. The circuit 
shown in Figure 1 comprises a matched filter 10, a first energy measuring 
circuit 20, a first accumulator 30, a second energy measuring circuit 40, a 
second accumulator 50, a weighting unit 60, and a comparator 70. The 

25 matched filter 10 is connected to receive a complex baseband data input 
signal 80, and to provide an output signal 90. The matched filter 10 is 
matched to the mid-amble code for the system. 
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As shown, the matched filter 10 comprises a shift register 110 having 

eight elements 112, 114, 116, 118, 120, 122, 124, 126, eight multipliers 130, 

132, 134, 136, 138, 140, 142, 144, and a summator 150. It will readily be 

appreciated that although the shift register is shown as having eight elements, 

5 any other suitable number may be used according to the particular 

application. It will, however, be noted that the number of multipliers is the 

same as the number of elements in the shift register and the number of 

elements in the code. 

The baseband data input signal 80 is applied to the elements 112, 114, 

10 116, 118, 120, 122, 124, 126 of the shift register 110 and the values stored in 

each element is passed to a respective one of the multipliers 130, 132, 134, 

136, 138, 140, 142, 144 where they are combined with a respective bit code 

corresponding to the mid-amble code of the system. Output signals from the 

multipliers 130, 132, 134, 136, 138, 140, 142, 144 are then passed to 

15 summator 150 where they are summed and the output signal 90 is produced. 

Output signal 90 corresponds to the path gain for a particular path. 

Output signal 90 is then passed to the first energy measuring circuit 

20 where the modulus squared thereof is computed to provide an energy 

value for the path. 

20 As the input signal 80 is clocked through the shift register 110, the 

energy values for other paths are determined in energy measuring circuit 20 

and passed to the first accumulator 30 where the energy values for each path 

are summed with the accumulated energy values for previous paths. 

Accumulator 30 provides an output signal 100 which is indicative of the total 

25 energy for all the paths for a given period of the mid-amble code. 

In any downlink slot containing a mid-amble code, the measured mid-

amble energy as measured after correlation in the matched filter 10 should 

exceed the total noise energy by a predetermined margin. Thus, the presence 
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of a downlink mid-amble code is determined by measuring the noise energy 
over the period of the mid-amble code and comparing with output signal 100. 

To effect this comparison, the input signal 80 is passed directly to the 
second energy measuring circuit 40 where the energy value in each path is 

5 determined as before. The accumulations are arranged to continue over the 
period of the mid-amble code as described above in accumulator 50 to 
provide the noise energy corresponding to all the path. However, as several 
path positions are added together, the noise energy measurement must be 
weighted accordingly. In UTRA-TDD, the period over which paths are 

10 measured is n chips, for example, n = 57. Path energy measurements for all n 
positions will multiply the noise energy or power level by n. 

Alternatively, the weighting factor can be reduced if path 
thresholding is performed. This can be done by taking longer term averages 
over mid-amble code measurements for those time slots in which the 

15 downlink mid-amble code is known to be transmitted, such as, the time slot 
known to contain the common control physical channel (CCPCH). In this 
way, the exact chip positions of known mid-amble code paths, assuming that 
the mid-amble code is transmitted, can be identified for the entire frame. If, 
for example, a maximum of eight paths are taken to be non-zero, then the 

20 noise energy for comparison will be weighted only by 8 rather than by n. 
The energy values for all paths in the period of the mid-amble code 

are passed to weighting unit 60 so that the noise energy values can have the 
appropriate weighting applied as described above prior to providing output 
signal 104 as shown. 

25 Output signal 104 is then passed to the comparator 70. Output signal 
100 from the first accumulator 30 is also passed to the comparator 70. 
Comparator 70 compares the two signals 100, 104 and provides an output 
signal 108 which is indicative of that comparison. Output signal 108 from 
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the comparator 70 either comprises a '0' or a '1'. In the former case, this 

means that the difference between signal 100 and signal 104 does not exceed 

the predetermined margin, as defined by the value incorporated into the 

signal by weighting unit 60, and therefore the energy values measured relate 

5 to noise as no mid-amble code is present. In the latter case, this means that 

the difference between signal 100 and signal 104 exceeds the predetermined 

margin and a mid-amble code has been detected. 

Thus, in accordance with the present invention described above, it is 

possible to identify downlink time slots containing mid-amble codes. The 

10 measurements of the downlink energy values can be further improved by 

subtracting the noise measurements in order to obtain unbiased 

measurements of the signal only component (not shown). Having identified 

the downlink slots containing mid-amble codes, it remains only to select the 

most appropriate mid-amble code for open loop power control. This consists 

15 of selecting the mid-amble code, which is closest in time to immediately 

before the uplink time slot. Where available the immediately preceding time 

slot would be used. However, if the mobile terminal receiver is implemented 

in such a way that there is some latency in the measurement of the time slot 

energy, for example, one time slot, then the minimum gap will clearly 

20 increase (to one time slot in this specific example) for this latency. 

It will be appreciated that the circuit described above operates in the 

digital domain, the complex baseband input signal 80 being in digital form 

after being processed by an analogue-to-digital converter (ADC) (not shown). 

Automatic gain control (AGC) may be applied to set the levels of the 

25 signals passing into the ADC. However, it will be noted that the analogue 

AGC will operate on the composite input signal rather than any specific 

component such as a mid-amble. 
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As described above, the mobile terminal makes autonomous selection 
of the downlink time slots to use for open loop power control. However, the 
process cannot compensate for unfortuitous assignments of the time slots by 
the base station. Accordingly, also in accordance with the present invention, 

5 the time slots in the base station can be assigned in such a way as to 
maximise the benefits of energy measurements for open loop power control. 
There are several approaches which can be implemented to achieve an 
optimisation of these measurements. 

In one embodiment, a mid-amble code is transmitted in every time 
10 slot which has been assigned to downlink operation in that base station, 

whether data bursts are being transmitted in that time slot or not. This 
increases the number of downlink time slots containing mid-amble code 
transmissions. 

In another embodiment, a mid-amble code is transmitted in every 
15 time slot, which has been assigned to downlink operation, in every base 

station operating within the system. 

A further embodiment utilises the fact that whenever a call is set up in 
UTRA-TDD, at least one resource unit must be allocated in both the uplink 
and the downlink. A resource unit is defined as a combination of a time slot 

20 and a spread spectrum code. In this embodiment, the call set up procedure in 
the base station is arranged to assign downlink resource unit(s) in a time slot 
as close in time to immediately before the time slot assigned for the uplink 
resource unit(s) as possible. Where the required number of resource units in 
either or both directions dictates that more than one time slot be assigned for 

25 that direction, these time slots should be assigned in such a way as to 
maximise the benefit for open loop power control. Except where 
unavoidable, consecutive time slots should not be assigned to uplink 
operation since the power setting for the later time slots will be further from 
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that required than the power setting for the first time slots. In most cases, it 

should be possible to satisfy the condition since asymmetrical operation will 

most often be required to provide greater downlink than uplink data rates. 

Additionally, the operation of the dynamic channel assignment 

5 (DCA) can be optimised. Optimum operation arises when the uplink time 

slots for a given base station are close in time following the downlink time 

slots for that same base station. By constraining the DCA algorithm to 

allocate contiguous blocks of time slots to each base station, the operation 

can be optimised. Moreover, the allocation for each base station should 

10 arrange for the first time slot to be dedicated to downlink operation and the 

last to uplink with the intermediate time slots assigned to optimise the 

operation of open loop power control but consistently with the long to 

medium term balance between uplink and downlink traffic loads. 
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CLAIMS: 

1. A method of providing open loop power control in a hybrid 
TDD/TDMA mobile telecommunications system wherein reference signals of 
known data patterns are transmitted in downlink time slots, using reference 
signal energy measurements, the telecommunications system comprising at 
least one base station and at least one mobile terminal, the method 
comprising:-

a) receiving an input signal at the mobile terminal; 
b) measuring and summing the energy of the reference signals in 

the input signal in one or more multipath components by correlation against 
the reference signal to obtain an overall received reference signal energy 
measurement; 

c) measuring the total received signal energy; 
d) comparing the received reference signal energy measurement 

with the total received signal energy measurement to obtain an indication of 
the presence of a reference signal; 

e) selecting the reference signal position for which the time 
difference to the next uplink transmission from the terminal is substantially 
minimised; and; 

f) using the corresponding reference signal energy measurement 
for open loop power control. 

2. A method according to claim 1, further comprising the step of:-
g) assigning time slots in the base station for maximising 

measurements for open loop power control. 
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3. A method according to claim 2, wherein step g) comprises 

transmitting a reference signal in every time slot. 

4. A method according to claim 3, further comprising transmitting a 

reference signal in every time slot for every base station. 

5. A method according to claim 2, wherein step g) comprises allocating 

at least one resource unit in a downlink connection in a time slot as close in 

time to immediately before a time slot allocated for at least one resource unit 

in an uplink connection. 
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Description 

Technical Field 

[0001] The present invention relates to a communica-
tion apparatus that cancels interference using matrix 
calculations in a CDMA (Code Division Multiple Access) 
based communication, and more particularly, to a com-
munication apparatus that cancels interference during 
a random access communication. 

Background Art 

[0002] One of conventional methods of extracting a 
demodulated signal by eliminating various kinds of in-
terference such as interference due to multi-path fading, 
inter-symbol interference and multiple access interfer-
ence is an interference signal elimination method using 
Joint Detection (hereinafter referred to as "JD"). This JD 
is disclosed in the "zero Forcing and Minimum Mean-
Square-Error Equalization for Multiuser Detection in 
Code-Division Multiple-Access Channels" (Klein A., Ka-
leh G.K., Baier P.W., IEEE Trans . Vehicular Technology, 
vol.45, pp.276-287, 1996.). 
[0003] This interference signal elimination method us-
ing JD is also used for a random access communication 
carried out when a mobile station apparatus starts to 
communicate with a base station apparatus. 
[0004] The conventional interference signal elimina-
tion method using JD will be explained below taking a 
case where a mobile station apparatus carries out a ran-
dom access communication with a base station appa-
ratus as an example. 
[0005] In a random access communication, the mo-
bile station apparatus that attempts to start a communi-
cation sends a signal for requesting the start of a com-
munication via a random access channel ("RACH") to 
the base station apparatus first. In this transmission, the 
mobile station apparatus also sends a known reference 
signal called "midamble code". For convenience of ex-
planations, the signal sent by the mobile station appa-
ratus through the random access channel is called a 
"RACH signal". 
[0006] The pattern of a midamble code (hereinafter 
referred to as "midamble pattern") is created as follows. 
FIG.1 is a schematic view showing a method of creating 
a midamble pattern in a conventional CDMA communi-
cation system, 
[0007] As shown in FIG.1, the midamble pattern used 
for each mobile station apparatus (each channel) is cre-
ated using a basic code that is repeated a cycle of 456 
(=8W) chips following the procedure shown below. This 
basic code is known to the base station apparatus and 
includes 8 blocks A to H made up of mutually different 
codes each having a length of W (=57) chips. 
[0008] As a first step, a reference block is set for the 
basic code above. Here, suppose the reference block is 
"A". As a second step, the phase of the reference block 

above is shifted leftward in the figure by {W x (n-1)} for 
every channel. Here, W=57 chips and n is a channel 
number. As a third step, for every channel in the basic 
code above, 512 chips are extracted from the leading 

5 section of the reference block whose phase has been 
shifted in the second step. In this way, a midamble pat-
tern with a length of 512 chips as a whole is created for 
every channel. 
[0009] The mobile station apparatus transmits an 

10 RACH signal shown in FIG.2 using any one of midamble 
patterns created as shown above. FIG. 2 is a schematic 
view showing transmission timing of each mobile station 
apparatus in a conventional CDMA communication sys-
tem. 

15 [0010] As shown in FIG.2, each mobile station appa-
ratus transmits a transmission signal with a midamble 
code inserted between data section 1 and data section 
2. The signal transmitted by data section 1 or data sec-
tion 2 corresponds to a signal requesting for the start of 

20 a communication as described above. This signal trans-
mits, for example, an ID number of a mobile station ap-
paratus. In FIG.2, the transmission signals of channels 
1 to 8 correspond to the RACH signals transmitted by 
mobile station apparatuses 1 to 8, respectively. 

25 [0011] Then, processing by the base station appara-
tus that has received the RACH signals will be explained 
with reference to FIG.3 to FIG.5. FIG.3 is a schematic 
view conceptually showing a first example of a situation 
in which a base station apparatus in a conventional CD-

30 MA communication system receives an RACH signal 
from each mobile station apparatus. FIG.4 is a block di-
agram showing a configuration of a base station appa-
ratus to which a conventional interference signal elimi-
nation method using JD is applied. FIG.5 is a schematic 

35 view showing a first example of a delay profile obtained 
by the base station apparatus to which the conventional 
interference signal elimination method using JD is ap-
plied. 
[0012] Each mobile station apparatus is located at a 

40 certain distance from the base station apparatus and the 
distance between each mobile station apparatus and 
the base station apparatus varies from one mobile sta-
tion apparatus to another. Thus, as shown in FIG.3, a 
propagation delay is produced by the time an RACH sig-

45 nal sent from each mobile station apparatus arrives at 
the base station apparatus, which produces variations 
in propagation delays among the mobile station appa-
ratuses. That is, propagation delays produced until the 
RACH signals sent from mobile station apparatuses 1, 

50 2, 3, •••, 8 arrive at the base station are propagation de-
lays 1, 2, 3, •••, 8, respectively. The signal received by 
the base station apparatus is a signal resulting from mul-
tiplexing the RACH signals from the respective mobile 
station apparatuses with the respective propagation de-

55 lays shown in FIG.3. 
[0013] The base station apparatus carries out the fol-
lowing processing to extract data for each mobile station 
apparatus by eliminating interference such as interfer-
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ence caused by multi-path fading, inter-symbol interfer-
ence and multiple access interference. 
[0014] According to FIG.4, the received signal result-
ing from multiplexing the RACH signals sent from the 
respective mobile station apparatuses is subjected to 
predetermined radio processing such as frequency con-
version and then sent to delay section 11 and matched 
filter (MF) 12. Delay section 11 delays the received sig-
nal by a predetermined time and sends the delayed sig-
nal to multiplier 14, which will be described later. 
[0015] Matched filter 12 carries out correlation value 
calculation processing using the midamble code section 
and the above-described cyclic basic code in the re-
ceived signal and thereby calculates a channel estimat-
ed value corresponding to each mobile station appara-
tus. Furthermore, applying a power calculation to the 
calculated channel estimated values gives delay pro-
files as shown in FIG.5. According to FIG.5, when a 
propagation delay of each mobile station apparatus is 
smaller than a W-chip length, the section in which a de-
lay profile appears is determined for each mobile station 
apparatus. That is, in the above case, the delay profiles 
corresponding to mobile station apparatuses 1 to 8 ap-
pear in sections 1 to 8 each having a length of W chips 
(hereinafter referred to as "W-chip section"). 
[0016] According to FIG.4, the channel estimated val-
ues of the respective mobile station apparatuses calcu-
lated by matched filter 12 are sent to joint detection 
(hereinafter referred to as "JD") section 13. 
[0017] JD section 13 performs the following matrix 
calculations using the channel estimated values of the 
respective mobile station apparatuses. That is, by car-
rying out convolutional calculations between the chan-
nel estimated values of the respective mobile station ap-
paratuses and spreading codes applied to data sections 
assigned to the respective mobile station apparatuses, 
convolutional calculation results (matrix) for the respec-
tive mobile station apparatuses are obtained. Through 
these calculations, a matrix is obtained in which the con-
volutional calculation results of the respective mobile 
station apparatuses are regularly placed (hereinafter re-
ferred to as "system matrix"). Here, for convenience of 
explanations, the system matrix is expressed as [A]. 
[0018] Further, by carrying out a matrix calculation us-
ing the system matrix as shown in the following expres-
sion, matrix [B] is obtained. 

[B] = ( [A] .[A]) 1 [A]H

where [A]H is a conjugate transposed matrix of the 
system matrix and ( [A]NAD-1 is an inverse matrix of 
[A]ft[A]. 
[0019] Matrix [B] obtained from such a matrix calcu-
lation is sent to multiplication section 14. 
[0020] Multiplication section 14 carries out multiplica-
tion processing (that is, interference elimination demod-
ulation processing) between the data section of the re-

ceived signal from delay section 11 and the matrix from 
JD section 13 and obtains data stripped of interference 
for the respective mobile station apparatuses. Thus, the 
base station apparatus recognizes ID numbers of the 

5 mobile station apparatuses that have requested for the 
start of a communication and thereby accepts these mo-
bile station apparatuses as the mobile station appara-
tuses with which to communicate. 
[0021] After such a random access communication, 

10 the base station apparatus sends a signal indicating that 
these mobile station apparatuses have been accepted 
via a forward access channel (FACH). For convenience 
of explanations, a signal sent by the base station appa-
ratus via a forward access channel is called an "FACH 

15 signal". 
[0022] Each mobile station apparatus that has sent an 
RACH signal can recognize whether the communication 
request has been accepted by the base station appara-
tus or not by checking the content of the received FACH 

20 signal. The mobile station apparatus whose communi-
cation request has been accepted performs a normal 
communication with the base station apparatus. The 
mobile station apparatus whose communication request 
has not been accepted performs a random access corn-

25 munication again. 
[0023] However, in the above-described conventional 
interference signal elimination method using JD, as the 
radius of a cell increases, an RACH signal sent from a 
mobile station apparatus farther from the base station 

30 apparatus has a greater propagation delay, and there-
fore the sum of the propagation delay and delay vari-
ance of this RACH signal may exceed the W-chip length. 
In this case, the delay profile corresponding to the above 
mobile station apparatus does not appear in an expect-

35 ed W-chip section as shown in FIG.5, but appears in 
another W-chip section. 
[0024] This case will be explained with reference to 
FIG.6 and FIG.7. FIG. 6 is a schematic view conceptu-
ally showing a second example of a situation in which a 

40 conventional base station apparatus based on a CDMA 
communication system receives an RACH signal from 
each mobile station apparatus. FIG.7 is a schematic 
view showing a second example of delay profiles ob-
tained from a base station apparatus to which a conven-

45 tional interference signal elimination method using JD 
is applied. Here, suppose a propagation delay of an 
RACH signal sent from mobile station apparatus 2 
(channel 2) is greater than the W-chip length. 
[0025] Since mobile station apparatus 2 is located far 

50 from the base station apparatus, the propagation delay 
of the RACH signal sent from mobile station apparatus 
2 is large as shown in FIG.6. For this reason, the prop-
agation delay corresponding to mobile station appara-
tus 2 is greater than the W-chip length as shown in FIG. 

55 7. As a result, the delay profile corresponding to mobile 
station apparatus 2 does not appear in the expected W-
chip section (that is, W-chip section "2"). The delay pro-
file corresponding to mobile station apparatus 2 may ap-
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pear another W-chip section (that is, for example, W-
chip section "3"). 
[0026] As described above, delay profiles obtained by 
the base station apparatus corresponding to mobile sta-
tion apparatuses located far from the base station ap-
paratus do not appear in expected W-chip sections, and 
therefore it is not possible to calculate channel estimat-
ed values corresponding to the above mobile station ap-
paratuses. Furthermore, the delay profiles correspond-
ing to the above mobile station apparatuses appear in 
W-chip sections corresponding to other mobile station 
apparatuses, causing the channel estimated values cor-
responding to the other mobile station apparatuses to 
become inaccurate. 
[0027] As a result, the result of the matrix calculation 
carried out by above-described JD section 13 (see FIG. 
4) becomes inaccurate, deteriorating the characteristic 
of the interference elimination demodulation processing 
of multiplication section 14 degrades. Thus, the base 
station apparatus cannot perform demodulation for the 
user who is so distant that the propagation delay is 
greater than W chips. Thus, the base station apparatus 
may be unable to recognize not only the ID number of 
the above mobile station apparatus but also the ID num-
bers of other mobile station apparatuses, making it im-
possible to accept these mobile station apparatuses as 
the mobile station apparatuses with which to communi-
cate. 
[0028] As shown above, according to the convention-
al interference signal elimination method using JD, 
when a mobile station apparatus located in a place 
where the sum of a propagation delay and delay vari-
ance exceeds the W-chip length carries out random ac-
cess, not only this mobile station apparatus but also oth-
er mobile station apparatuses carrying out random ac-
cess communication are unlikely to be accepted by the 
base station apparatus. 
[0029] In the case where the base station apparatus 
sends a control command for adjusting the transmission 
timing of each mobile station apparatus taking into ac-
count a propagation delay to each mobile station appa-
ratus using the downlink, the delay profile correspond-
ing to each mobile station apparatus will appear in the 
expected W-chip section. However, a random access 
communication is a kind of communication whereby 
each mobile station apparatus sends an RACH signal 
to the base station apparatus before the base station 
apparatus carries out transmission to each mobile sta-
tion apparatus using an individual downlink. Therefore, 
in a random access communication, the base station ap-
paratus cannot control the transmission timing of each 
mobile station apparatus . 
[0030] As a measure to prevent this problem, there is 
a method of increasing the width of the W-chip section 
by increasing phase W to be shifted in the first step 
above. However, according to this method, the number 
of users (number of communication terminal apparatus-
es) who can be accommodated through matrix calcula-

tions using JD will be reduced on condition that the mi-
damble length is fixed. Increasing the length of a midam-
ble makes it possible to increase the width of the W sec-
tion without changing the number of users who can be 

5 accommodated, but since the proportion of the midam-
ble section in the entire RACH signal increases, which 
results in a decrease of the transmission capacity. 

Disclosure of Invention 
10 

[0031] It is an object of the present invention to pro-
vide a transmission apparatus capable of improving the 
probability of successful random access communica-
tions without affecting the number of communication ter-

15 mina) apparatuses that can be accommodated and 
transmission capacity. 
[0032] First, in view that the condition of a propagation 
path differs from one communication terminal apparatus 
to another and that a propagation delay of a communi-

20 cation terminal apparatus that has sent an RACH signal 
via a propagation path with a small propagation loss is 
small, while a propagation delay of a communication ter-
minal apparatus that has sent an RACH signal via a 
propagation path with a large propagation loss is large, 

25 the present inventor et al. has come up with the present 
invention by discovering that assigning a known refer-
ence signal which will reducethe length of a delay profile 
that can be created to a communication terminal appa-
ratus with a small propagation loss and assigning a 

30 known reference signal which will increase the length of 
a delay profile that can be created to a communication 
terminal apparatus with a large propagation loss will in-
crease the probability that the delay profile correspond-
ing to each communication terminal apparatus will ap-

35 pear in an expected section without increasing the pro-
portion of the known reference signal section in the com-
munication format. 
[0033] Second, in view that a communication terminal 
apparatus fails in a random access communication be-

40 cause the delay profile corresponding to this communi-
cation terminal apparatus does not appear in the expect-
ed section, the present inventor et al. has come up with 
the present invention by discovering that assigning a 
known reference signal with a longer delay profile than 

45 the previous one to this communication terminal appa-
ratus will increase the probability that the delay profile 
corresponding to this communication terminal appara-
tus will appear in the expected section. 
[0034] The object of the present invention is attained 

50 by setting a known reference signal to be assigned to 
each communication terminal apparatus based on at 
least one of the condition of a propagation path and the 
number of times the random access channel signal is 
retransmitted. Furthermore, the object of the present in-

55 vention is attained by controlling not only a known ref-
erence signal to be assigned to each communication 
terminal apparatus but also a transmit power value of 
the random access channel signal of each communica-
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tion terminal apparatus based on at least one of the 
• propagation path condition and the number of times the 

random access channel signal is retransmitted. 

Brief Description of Drawings 

[0035] 

FIG.1 is a schematic view showing a method of cre-
ating midamble patterns in a conventional CDMA 
communication systet-n; 
FIG.2 is a schematic view showing transmission 
timing of each mobile station apparatus in a con-
ventional CDMA communication system; 
FIG.3 is a schematic view conceptually showing a 
first example of a situation in which a base station 
apparatus in a conventional CDMA communication 
system receives an RACH signal from each mobile 
station apparatus; 
FIG.4 is a block diagram showing a configuration of 
a base station apparatus to which a conventional 
interference signal elimination method using JD is 
applied; 
FIG.5 is a schematic view showing a first example 
of delay profiles obtained by the base station appa-
ratus to which the conventional interference signal 
elimination method using JD is applied; 
FIG.6 is a schematic view conceptually showing a 
second example of a situation in which the conven-
tional base station apparatus based on a CDMA 
communication system receives an RACH signal 
from each mobile station apparatus; 
FIG.7 is a schematic view showing a second exam-
ple of delay profiles obtained from the base station 
apparatus to which the conventional interference 
signal elimination method using JD is applied; 
FIG.8 is a block diagram showing a configuration of 
a mobile station apparatus equipped with a trans-
mission apparatus according to Embodiment 1 of 
the present invention; 
FIG.9 is a block diagram showing a configuration of 
a base station apparatus equipped with a reception 
apparatus according to Embodiment 1 of the 
present invention; 
FIG.10 is a schematic view showing a procedure for 
creating midamble patterns used forthe mobile sta-
tion apparatus equipped with the transmission ap-
paratus according to Embodiment 1 above; 
FIG.11 is a table used by a midamble pattern deter-
mining section in the mobile station apparatus 
equipped with the transmission apparatus accord-
ing to Embodiment 1 above; 
FIG.12 is a schematic view showing transmission 
timing of the mobile station apparatus equipped 
with the transmission apparatus according to Em-
bodiment 1 above; 
FIG.13 is a schematic view showing an example of 
delay profiles created by the base station apparatus 

equipped with the reception apparatus according to 
Embodiment 1 above; 
FIG.14 is a schematic view showing a procedure for 
creating midamble patterns used for a mobile sta-

5 tion apparatus equipped with a transmission appa-
ratus according to Embodiment 2 of the present in-
vention; 
FIG.15 is a schematic view showing transmission 
timing of the mobile station apparatus equipped 

10 with the transmission apparatus according to Em-
bodiment 2 above; and 
FIG.16 is a schematic view showing an example of 
delay profiles created by a base station apparatus 
equipped with a reception apparatus according to 

15 Embodiment 2 above. 

Best Mode for Carrying out the Invention 

[0036] With reference now to the attached drawings, 
20 embodiments of the present invention will be explained 

in detail below. 

(Embodiment 1) 

25 [0037] FIG.8 is a block diagram showing a configura-
tion of a mobile station apparatus equipped with a trans-
mission apparatus according to Embodiment 1 of the 
present invention. In FIG.8, transmit power determining 
section 100 calculates a propagation loss between this 

30 mobile station apparatus and a base station apparatus 
using a signal transmitted through an information chan-
nel (hereinafter referred to as "information channel sig-
nal"). Furthermore, transmit power determining section 
100 determines a transmit power value of an RACH sig-

35 nal according to the calculated propagation loss and the 
number of times the RACH signal is retransmitted. The 
determined transmit power value is sent to midamble 
pattern determining section 103 and radio section 104. 
[0038] Spreading section 101 performs spreading 

40 processing on the transmission data using a spreading 
code assigned to this mobile station apparatus. This 
transmission data corresponds to data subjected to pre-
determined modulation processing, for example, the ID 
number of this mobile station apparatus. The transmis-

45 sion data subjected to spreading processing is sent to 
time multiplexing section 102. 
[0039] Midamble pattern determining section 103 se-
lects any one of a plurality of midamble patterns provid-
ed based on the transmit power value determined by 

50 transmit power determining section 100 and sends to 
time multiplexing section 102. The midamble pattern is 
a known reference signal used for channel estimation 
at the base station apparatus that receives the signal 
sent by this mobile station apparatus . Details of the mi-

55 damble pattern will be explained later. 
[0040] Time multiplexing section 102 creates a trans-
mission signal by multiplexing the midamble pattern 
from midamble pattern determining section 103 and the 
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transmission data subjected to spreading processing on 
a frame. As a frame format, as in the case of the frame 
format shown in FIG.2, the format including data section 
1, midamble section and data section 2 is used. The mi-
damble section is the part in which a midamble pattern 
is inserted. 
[0041] Radio section 104 carries out predetermined 
processing such as frequency conversion on the trans-
mission signal created by time multiplexing section 102 
and sends the transmission signal subjected to the 
above-described predetermined processing as an 
RACH signal via antenna 105. During this transmission, 
radio section 104 transmits the RACH signal using the 
transmit power value determined by transmit power de-
termining section 100. 
[0042] FIG.9 is a block diagram showing a configura-
tion of the base station apparatus equipped with a re-
ception apparatus according to Embodiment 1 of the 
present invention. In FIG.9, the signal received (re-
ceived signal) via an antenna (not shown) is subjected 
to predetermined radio processing such as frequency 
conversion and sent to delay section 201 and matched 
filter (MF) 202. This received signal is mainly a signal 
with the RACH signals sent from a plurality of mobile 
station apparatuses multiplexed on a same frequency 
band. Furthermore, the above-described plurality of mo-
bile station apparatuses each has the configuration 
shown in FIG.B. 
[0043] Delay section 201 delays the received signal 
by a predetermined time and sends the delayed re-
ceived signal to multiplication section 204. Matched filter 
202 performs correlation value calculation processing 
using the midamble code section in the received signal 
and a known basic code to calculate a channel estimat-
ed value for each mobile station apparatus. JD section 
203 performs a matrix calculation using the channel es-
timated value from matched filter 202 and sends the ma-
trix calculation result to multiplication section 204. Mul-
tiplication section 204 performs interference elimination 
demodulation processing using the received signal from 
delay section 201 and the matrix calculation result from 
JD section 203. 
[0044] Then, the method of creating a midamble pat-
tern to be assigned to each mobile station apparatus will 
be explained with reference to FIG.10. In this embodi-
ment, suppose the total number of midamble patterns 
is 8 as an example. FIG.10 is a schematic view showing 
a procedure for creating midamble patterns used for a 
mobile station apparatus equipped with a transmission 
apparatus according to Embodiment 1 of the present in-
vention. As shown in FIG.10, a midamble pattern used 
for each mobile station apparatus (each channel) is cre-
ated using a basic code that is repeated in a cycle of 
456 chips (=8W) according to the following procedure. 
[0045] This basic code includes 8 blocks "A" to "H" 
with mutually different codes and chip lengths (code 
lengths) and is known to the base station apparatus 
shown in FIG.9. Furthermore, the chip length of each 

block is set to increase in the ascending order of A to G. 
Here, H is assumed to have a length of 57 chips. More 
specifically, this basic code contains a plurality of codes 
formed by a plurality of blocks with mutually different 

5 codes and code lengths sequentially arranged accord-
ing to the code length (here, codes "A", "B" to "G" "H" in 
a length of 456 chips). 
[0046] As a first step, a reference block is set in the 
above-described basic code. Here, the reference block 

10 is assumed to be "A" as an example. As a second step, 
the phase of the above-described reference block is 
shifted leftward in the figure by 0, W1, W1+W2, 
W1+W2+ ...+W5+W6„ W1+W2, W6+W7 
(W1<W2<...<W6<W7) for the respective channels 

15 (channels 1, 2, 3, —, 7, 8). In this way, reference blocks 
of the respective channels (channels 1, 2, 3, 7, 8) are 

1311 "Gil " H".

[0047] As a third step, for every channel in the basic 
code above, 512 chips are extracted from the leading 

20 section of the reference block whose phase has been 
shifted in the second step. Thus, a midamble pattern of 
512 chips as a whole is created for each channel. FIG. 
10 shows midamble patterns of channels 1, 2, 3, 4 and 8. 
[0048] Then, operations in a random access commu-

25 nication of the mobile station apparatus equipped with 
the transmission apparatus in the above configuration 
and the base station apparatus equipped with the re-
ception apparatus in the above configuration will be ex-
plained. First, an operation of the mobile station appa-

30 ratus equipped with the transmission apparatus accord-
ing to this embodiment will be explained. 
[0049] When power to the mobile station apparatus 
shown in FIG.8 is turned on, transmit power determining 
section 100 calculates a propagation loss between the 

35 mobile station apparatus and the base station apparatus 
using an information channel signal sent from the base 
station apparatus shown in FIG. 9 based on the transmit 
power value of the information channel signal at the 
base station apparatus and the receive power value of 

40 an information channel signal at the mobile station ap-
paratus. 
[0050] The calculated propagation loss becomes an 
index to indicate the condition of the propagation path. 
When propagation loss is large, the distance between 

45 the mobile station apparatus and the base station appa-
ratus may be large or even if the distance between the 
mobile station apparatus and the base station apparatus 
is small, radio waves may be attenuating due to reflec-
tions by obstacles or buildings, etc. 

50 [0051] Furthermore, transmit power determining sec-
tion 100 determines the transmit power value of the 
RACH signal based on the calculated propagation loss 
and the number of times the RACH signal is retransmit-
ted. 

55 [0052] More specifically, by adding an offset value ac-
cording to the number of retransmissions to a preset ba-
sic value, a new basic value is calculated. Then, by add-
ing a propagation loss to the basic value calculated in 
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this way, a transmit power value is determined. Thus, 
as the propagation loss or the number of retransmis-
sions increases, the transmit power value determined 
increases. 
[0053] For example, in the case where the number of 
retransmissions of an RACH signal is 0 (that is, when a 
random access communication is performed for the first 
time), a value obtained by adding a propagation loss to 
the basic value becomes the transmit power value. 
When the number of retransmissions of the RACH sig-
nal is 1, a value obtained by adding an offset value to 
the basic value becomes a new basic value and a value 
obtained by adding a propagation loss to this basic value 
becomes a transmit power value. As the number of re-
transmissions further increases, the basic value in-
creases and the transmit power value of the RACH sig-
nal increases. At this time, as the propagation loss in-
creases, the transmit power value further increases. 
The determined transmit power value is sent to midam-
ble pattern determining section 103 and radio section 
104. 
[0054] Midamble determining section 103 selects a 
midamble pattern based on the transmit power value de-
termined by transmit power determining section 100. 
The method of selecting a midamble pattern will be ex-
plained with reference to FIG.11. FIG.11 shows a table 
used by midamble pattern determining section 103 at a 
mobile station apparatus equipped with the transmis-
sion apparatus according to Embodiment 1 of the 
present invention. In FIG.11, the "transmit power value" 
field shows transmit power values (P1 to P8 
(P1<P2<•••<P8<••• <P7)) determined by transmit power 
determining section 100 and the "reference block" field 
shows reference blocks (A to H) in the midamble pat-
terns corresponding to these transmit power values. 
This reference block corresponds to the reference block 
set in the second step when a midamble pattern is cre-
ated. 
[0055] First, a reference block corresponding to the 
transmit power value determined by transmit power de-
termining section 100 is selected using the table shown 
in FIG.11. Then, the midamble pattern having the se-
lected reference block at the leading section thereof is 
selected as the midamble pattern to be inserted into this 
RACH signal. For example, in the case where the trans-
mit power value is "P3", "C" is selected as the reference 
block, and therefore the "midamble pattern of channel 
3" shown in FIG.10 is selected as the midamble pattern. 
[0056] Here, in view that the chip length of the refer-
ence block corresponds to the length of the W-chip sec-
tion of a delay profile created by the base station appa-
ratus, the transmit power value and reference block in 
the table shown in FIG.11 are set as follows. That is, the 
W-chip section of the delay profile is set to be greater 
than a propagation delay which is estimated to occur 
when the RACH signal propagates through a propaga-
tion path estimated from a propagation loss, and any 
one of the reference blocks having a length equal to or 

greater than this W-chip section is selected. 
[0057] According to this selection method, when a 
propagation loss between the mobile station apparatus 
and the base station apparatus is large or when the 

5 number of retransmissions of the RACH signal is large, 
a midamble pattern including a reference block with a 
large chip length is selected. On the contrary, when the 
propagation loss between the mobile station apparatus 
and the base station apparatus is small or when the 

10 number of retransmissions of the RACH signal is small, 
a midannble pattern including a reference block with a 
small chip length is selected. The midamble pattern se-
lected as shown above is sent to time multiplexing sec-
tion 102. 

15 [0058] In time multiplexing section 102, the transmis-
sion data subjected to spreading processing and mi-
damble patterns are multiplexed on frames, for exam-
ple, as shown in FIG.12 to create transmission signals. 
FIG.12 is a schematic view showing transmission timing 

20 of mobile station apparatuses equipped with the trans-
mission apparatus according to Embodiment 1 of the 
present invention. 
[0059] That is, the transmission data subjected to 
spreading processing is inserted into the data section 

25 (here, data section 1 and data section 2) on the frames 
shown in FIG.12 and the midamble patterns are inserted 
into the midamble sections (512-chip sections) on the 
above-described frames to create transmission signals. 
The frames here are just shown by way of example and 

30 it is possible to change the positions of the midamble 
section and data sections as appropriate. 
[0060] Radio section 104 performs predetermined 
transmission processing such as frequency conversion 
on the transmission signal created by time multiplexing 

35 section 102. Furthermore, the transmission signal sub-
jected to the predetermined transmission processing 
above is sent as RACH signals from antenna 105. Dur-
ing this transmission, the transmit power value of the 
RACH signal is controlled to a transmit power value de-

40 termined. by transmit power determining section 100. 
[0061] The mobile station apparatus shown in FIG.8 
sends the RACH signal requesting forthe start of a com-
munication in this way. After this, the mobile station ap-
paratus monitors an FACH signal sent from the base 

45 station apparatus shown in FIG. 9 to check whether this 
FACH signal includes the ID number of the mobile sta-
tion apparatus or not. When the request for a commu-
nication is accepted by the base station apparatus (the 
ID number of the mobile station apparatus is included 

50 in the FACH signal), the mobile station apparatus starts 
a normal communication with the base station appara-
tus. On the contrary, when the request for a communi-
cation is not accepted by the base station apparatus (the 
ID number of the mobile station apparatus is not includ-

55 ed in the FACH signal), the mobile station apparatus re-
sends the RACH signal. This completes the explanation 
about how the mobile station apparatus equipped with 
the transmission apparatus according to this embodi-
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ment operates. 
[0062] Then, an operation of the base station appara-
tus equipped with the reception apparatus according to 
this embodiment will be explained with reference to FIG. 
9. A received signal is sent to delay section 201 and 
matched filter 202. Delay section 201 delays the re-
ceived signal by a predetermined time and sends the 
delayed signal to multiplication section 204. 
[0063] Matched filter 202 carries out correlation value 
calculation processing using the midamble code section 
and the above-described cyclic basic code in the re-
ceived signal, and thereby calculates a channel estimat-
ed value corresponding to each channel. Furthermore, 
applying a power calculation to the calculated channel 
estimated values obtains delay profiles as shown in FIG. 
13. The calculated channel estimated values are sent 
to JD section 203. 
[0064] FIG.13 is a schematic view showing an exam-
ple of delay profiles created by the base station appa-
ratus equipped with the reception apparatus according 
to Embodiment 1 of the present invention. As shown in 
FIG.13, the chip length of the reference block of the mi-
damble pattern corresponds to the length of the W-chip 
section of the delay profile of the mobile station appara-
tus using this midamble pattern. For example, in the 
case of the mobile station apparatus using a midamble 
pattern of channel 4, the chip length of reference block 
"D" of this midamble pattern is "W4", and therefore a 
delay profile having a length of "W4" is created. 
[0065] JD section 203 performs the following matrix 
calculation using the channel estimated values calculat-
ed by matched filter 202. That is, the length of the chan-
nel estimated value of each channel calculated by 
matched filter 202 is adjusted to the length of the longest 
channel estimated value (W7). More specifically, "0" is 
added to the end of channel estimated values of chan-
nels other than channel 7 as appropriate so that these 
estimated values have the same length as the length of 
the estimated value of channel 7. This is because, in 
this embodiment, the chip length of the reference block 
differs from one channel to another, as opposed to the 
conventional system in which the chip length of the ref-
erence block is common to all channels. 
[0066] Then, by carrying out convolutional calcula-
tions between the channel estimated values whose 
length has been adjusted and spreading codes of data 
sections assigned to the respective channels, results 
(matrix) of convolutional calculations for the respective 
channels are obtained. Through these calculations, a 
matrix [A] is obtained in which the convolutional calcu-
lation results of the respective channels are regularly 
placed. Further, carrying out a matrix calculation shown 
in expression 0 using system matrix [A] gives matrix 
[B] shown in expression() . Matrix [B] obtained through 
such a matrix calculation is sent to multiplication section 
204. 
[0067] Multiplication section 204 carries out multipli-
cation processing (that is, interference elimination de-

modulation processing) between the data section of the 
received signal from delay section 201 and the matrix 
from JD section 203 and obtains data stripped of inter-
ference for the respective channels. Thus, the base sta-

5 tion apparatus recognizes ID numbers of the mobile sta-
tion apparatuses that have requested for the start of a 
communication, and thereby accepts these mobile sta-
tion apparatuses as the mobile station apparatuses with 
which to communicate. 

10 [0068] After such a random access communication, 
the base station apparatus sends a signal indicating that 
these mobile station apparatuses have been accepted 
via a forward access channel as an FACH signal. This 
completes the explanation about how the base station 

15 apparatus equipped with the reception apparatus ac-
cording to this embodiment operates. 
[0069] Then, the effects of the mobile station appara-
tus equipped with the transmission apparatus according 
to this embodiment and the base station apparatus 

20 equipped with the reception apparatus according to this 
embodiment will be explained more specifically in two 
cases; one case where the mobile station apparatus 
carries out a random access communication for the first 
time and the other case where the mobile station appa-

25 ratus carries out a random access communication for a 
second time. 
[0070] First, the case where the mobile station appa-
ratus carries out a random access communication for 
the first time will be explained. In the mobile station ap-

30 paratus, transmit power determining section 100 calcu-
lates a propagation loss using the received information 
channel signal and determines a transmit power value 
based on this propagation loss. As described above, the 
propagation loss can be uses as an index to indicate the 

35 condition of the propagation path between the mobile 
station apparatus and base station apparatus. 
Furthermore, midamble pattern determination section 
103 determines a reference block based on the transmit 
power value determined by transmit power determining 

40 section 100 and selects a midamble pattern having this 
reference block. 
[0071] Therefore, it can be said that the midamble pat-
tern determined by midamble pattern determining sec-
tion 100 is selected taking into account the condition of 

45 the propagation path between the mobile station appa-
ratus and base station apparatus. 
[0072] More specifically, according to FIG.11, when 
the transmit power value is large (that is, a propagation 
loss during propagation between the mobile station ap-

50 paratus and base station apparatus is large) , a midam-
ble pattern with a reference block of a large chip length 
is selected. That is, in this case, since the propagation 
delay of the RACH signal sent by the mobile station ap-
paratus is estimated to increase, a midamble pattern 

55 with a reference block of a large chip length is selected 
to expand the W-chip section of the delay profile that 
can be created. This makes it possible to increase the 
probability that the delay profile of the mobile station ap-
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paratus will appear in the W-chip section corresponding 
to this mobile station apparatus. In other words, it is pos-
sible to decrease the probability that the delay profile of 
the mobile station apparatus will appear in the W-chip 
sections corresponding to other mobile station appara-
tuses. 
[0073] On the contrary, when the transmit power val-
ue is small (that is, when a propagation loss during prop-
agation between the mobile station apparatus and base 
station apparatus is small), a midamble pattern with a 
reference block of a small chip length is selected. That 
is, in this case, since the propagation delay of the RACH 
signal sent by the mobile station apparatus is estimated 
to decrease, a midamble pattern with a reference block 
of a small chip length is selected to reduce the W-chip 
section of the delay profile. 
[0074] As described above, based on the transmit 
power value determined using the propagation loss, in 
other words, based on the condition of the propagation 
path between the mobile station apparatus and base 
station apparatus, a midamble pattern to be inserted into 
the RACH signal is selected so that the length of the W-
chip section of the delay profile created by the base sta-
tion apparatus exceeds the propagation delay. In the de-
lay profile created by the base station apparatus, this 
makes it possible to increase the probability that the de-
lay profile of a mobile station apparatus will appear in 
the expected W-chip section. Therefore, the base sta-
tion apparatus can exactly extract channel estimated 
values corresponding to the respective mobile station 
apparatuses, and can thereby reduce the frequency 
with which RACH signals are retransmitted by the mo-
bile station apparatuses. 
[0075] Then, the case where the mobile station appa-
ratus carries out a random access communication for a 
second time will be explained. For the above-described 
reason, this embodiment can reduce the frequency with 
which the mobile station apparatuses retransmit RACH 
signals. However, there are also cases where an RACH 
signal sent by a mobile station apparatus is not accepted 
by the base station apparatus and the mobile station ap-
paratus resends the RACH signal. 
[0076] Reasons for this can be: (1) Because the mo-
bile station apparatus is located very far from the base 
station apparatus, the delay profile of this mobile station 
apparatus created by the base station apparatus does 
not appear in the expected W-chip section, (2) the trans-
mit power value of the mobile station apparatus is too 
small with respect to the condition of the propagation 
path between the mobile station apparatus and base 
station apparatus, or (3) a mobile station has performed 
transmission using the same midamble as that of anoth-
er mobile station apparatus simultaneously, causing the 
RACH signals to collide with each other, etc. 
[0077] Thus, when the mobile station apparatus re-
sends the RACH signal, transmit power determining 
section 100 further increases the transmit power value 
determined as described above according to the 

number of times the RACH signal is retransmitted. The 
increased transmit power value is sent to midamble pat-
tern determining section 103 and radio section 104. 
[0078] Midamble pattern determining section 103 de-

5 termines a reference block based on the transmit power 
value increased by transmit power determining section 
100 and selects a midamble pattern with this reference 
block. Furthermore, radio section 104 sends an RACH 
signal using the transmit power value increased by 

10 transmit power determining section 100. 
[0079] Therefore, it can be said that the midamble pat-
tern determined by midamble pattern determining sec-
tion 103 has been selected taking into account not only 
the condition of the propagation path between the mo-

15 bile station apparatus and base station apparatus but 
also the number of times the RACH signal is retransmit-
ted. 
[0080] More specifically, when the number of times 
RACH signals are retransmitted is large, a midamble 

20 pattern with a reference block of a larger chip length is 
selected and the RACH signal is transmitted with a larg-
er transmit power value. 
[0081] That is, in view that the propagation delay dur-
ing transmission of the previous RACH signal exceeded 

25 the W-chip section of the delay profile, a midamble pat-
tern having a reference block of a larger chip length is 
selected to expand the W-chip section of the delay pro-
file. This makes it possible to increase the probability 
that the delay profile of the mobile station apparatus will 

30 appear in the W-chip section corresponding to this mo-
bile station apparatus. At the same time, in view that the 
transmit power value of the previous RACH signal was 
too small with respect to the condition of the propagation 
path between the mobile station apparatus and base 

35 station apparatus, the transmit power value is also in-
creased. 
[0082] As described above, a midamble pattern to be 
inserted into the RACH signal is selected based on not 
only the condition of the propagation path between the 

40 mobile station apparatus and base station apparatus but 
also the number of times the RACH signal is retransmit-
ted so that the length of the W-chip section of the delay 
profile created by the base station apparatus exceeds 
the propagation delay, and the transmit power value of 

45 the RACH signal is increased as well. This makes it pos-
sible to increase the probability that the delay profile of 
a certain mobile station apparatus will appear in the ex-
pected W-chip section in the delay profile created by the 
base station apparatus. Thus, the base station appara-

50 tus can exactly extract the channel estimated values 
corresponding to the respective mobile station appara-
tuses, and even if the RACH signal needs to be retrans-
mitted for some reasons, it is possible to reduce the fre-
quency with which the RACH signal is retransmitted 

55 thereafter by the mobile station apparatuses. 
[0083] Thus, this embodiment selects a midamble 
pattern to be inserted into the RACH signal based on 
the condition of the propagation path between the mo-
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bile station apparatus and base station apparatus and 
the number of times the RACH signal is retransmitted 
so that the length of the W-chip section of the delay pro-
file that can be created by the base station apparatus 
exceeds the propagation delay and increases the trans-
mit power value of the RACH signal, and can thereby 
increase the probability that the delay profiles of the re-
spective mobile station apparatuses will appear in the 
respective expected W-chip sections. 
[0084] Furthermore, this embodiment uses a plurality 
of midamble patterns created using a basic code having 
a plurality of blocks with mutually different chip lengths 
and code contents, and can thereby prevent influences 
on the number of users that can be accommodated in 
JD and the transmission capacity. 
[0085] Therefore, this embodiment can improve the 
probability that the communication terminal apparatus 
carrying out a random access communication will be ac-
cepted without affecting the number of communication 
terminal apparatuses that can be accommodated and 
transmission capacity. 
[0086] In order to explain the most appropriate em-
bodiment, this embodiment has described the case 
where a midamble pattern is set based on the condition 
of the propagation path and the number of times the 
RACH signal is retransmitted and the transmit power 
value of the RACH signals is set based on the condition 
of the propagation path and the number of times the 
RACH signal is retransmitted. 
[0087] However, it goes without saying that even in 
the case where a midamble pattern is set based on ei-
ther the condition of the propagation path or the number 
of times the RACH signal is retransmitted, it is possible 
to increase the probability that the delay profiles of the 
respective mobile station apparatuses will appear in 
their respective expected W-chip sections. In this case, 
it goes without saying that it is also possible to further 
improve the above probability by setting the transmit 
power value of an RACH signal based on at least one 
of the condition of the propagation path and RACH sig-
nal. 

(Embodiment 2) 

[0088] This embodiment will explain a case where 
when a delay profile of a certain mobile station appara-
tus according to Embodiment 1 does not appear in an 
expected W-chip section, deterioration of channel esti-
mated values of other mobile station apparatuses will 
be prevented. The mobile station apparatus equipped 
with a transmission apparatus according to this embod-
iment and the base station apparatus equipped with a 
reception apparatus according to this embodiment will 
be explained below focused on differences from Em-
bodiment 1 with reference to FIG.14 to FIG.16. 
[0089] FIG.14 is a schematic view showing a proce-
dure for creating midamble patterns used for mobile sta-
tion apparatuses equipped with a transmission appara-

tus according to Embodiment 2 of the present invention. 
FIG.15 is a schematic view showing transmission timing 
of the mobile station apparatuses equipped with the 
transmission apparatus according to Embodiment 2 of 

5 the present invention. FIG.16 is a schematic view show-
ing an example of delay profiles created by a base sta-
tion apparatus equipped with a reception apparatus ac-
cording to Embodiment 2 of the present invention. 
[0090] The configurations of the mobile station appa-

10 ratus equipped with the transmission apparatus accord-
ing to this embodiment and the base station apparatus 
equipped with the reception apparatus according to this 
embodiment are the same as those according to Em-
bodiment 1 except for the method of creating midamble 

15 patterns used, and therefore detailed explanations 
thereof will be omitted. 
[0091] The method of creating midamble patterns to 
be assigned to the respective mobile station apparatus-
es will be explained with reference to FIG.14. In this em-

20 bodiment, suppose the total number of midamble pat-
terns is 8 as an example. 
[0092] As shown in FIG.14, a midamble pattern used 
for each mobile station apparatus (channel) is created 
using a basic code that is repeated in a cycle of 456 

25 chips (=8W) following the procedure shown below. This 
basic code includes 8 blocks "A" to "H" with mutually 
different codes and chip lengths and is known to the 
base station apparatus shown in FIG.9. 
[0093] The basic code shown in FIG.14 is obtained by 

30 changing the basic code shown in FIG.10 as follows. 
That is, while the basic code shown in FIG.10 consists 
of blocks arranged in the order of "A" to "G" in such a 
way that the chip length increases from the 1st chip to 
the 456th chip, the basic code shown in FIG.14 consists 

35 of blocks arranged in the order of "A" to "H" so that a 
difference in a chip length between at least some adja-
cent blocks becomes as large as possible from the 1st 
chip to 456th chip. In other words, the basic code shown 
in FIG.14 includes a plurality of codes formed by a plu-

40 rality of blocks with mutually different codes and code 
lengths (here codes "H", "D" to "F" "A" of a length of 456 
chips). 
[0094] As a first step, a reference block is set in the 
above-described basic code. Here, the reference block 

45 is assumed to be "A" as an example. As a second step, 
the phase of the above-described reference block is 
shifted leftward in the figure by 0, W1, W1+W6, 
W1+W2+W3+W5+W6+W7, 
W1+W2+W3+W4+W5+W6+W7 (W1<W2<••• <W6<W7) 

50 for the respective channels (channels 1, 2, 3, •••, 7, 8). 
In this way, reference blocks of the respective channels 
(channels 1, 2, 3, •••, 7, 8) are "A", "F", "B", "D", "H". 
[0095] As a third step, for the respective channels, 
512 chips are extracted from the leading section of the 

55 respective reference blocks whose phase has been 
shifted in the second step in the above basic code. Thus, 
a midamble pattern of 512 chips as a whole is created 
for each channel. FIG.14 shows midamble patterns of 
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channels 1, 2, 3, 4 and 8. 
[0096] Then, operations of the mobile station appara-
tus equipped with the transmission apparatus in the 
above configuration and the base station apparatus 
equipped with the reception apparatus in the above con-
figuration during a random access communication will 
be explained. 
[0097] The mobile station apparatus selects any one 
midamble pattern from a plurality of midamble patterns 
according to the content of the table shown in FIG.11 as 
in the case of Embodiment 1 and transmits an RACH 
signal with the selected midamble pattern inserted ac-
cording to the frame shown in FIG.15. 
[0098] The base station apparatus receives the 
RACH signal sent from the mobile station apparatus and 
creates a delay profile as in the case of Embodiment 1. 
At this time, an example of delay profiles created is 
shown in FIG.16. As is apparent from FIG. 16, the chip 
length of the reference block in the midamble pattern 
corresponds to the length of the W-chip section of the 
delay profile about the mobile station apparatus using 
this midamble pattern as in the case of Embodiment 1. 
[0099] Then, the effects of the mobile station appara-
tus equipped with the transmission apparatus according 
to this embodiment and the base station apparatus 
equipped with the reception apparatus according to this 
embodiment will be explained using the delay profiles 
according to Embodiment 1 (FIG.13) in contrast to the 
delay profiles according to Embodiment 2 (FIG.16). 
Here, a case where mobile station apparatus 1 sends 
an RACH signal using a midamble pattern correspond-
ing to channel 1 and the delay profile of mobile station 
apparatus 1 does not appear in the expected W-chip 
section at the base station apparatus will be explained 
as an example. In FIG.13 and FIG.16, suppose path 601 
and path 602 are the paths in the delay profile of mobile 
station apparatus 1 (hereinafter simply referred to as 
"path of mobile station apparatus 1") and the phases of 
path 601 and path 602 are identical in FIG.13 and FIG. 
16. 
[0100] In FIG.13, path 601 and path 602 of mobile sta-
tion apparatus 1 (channel 1) appear in the W-chip sec-
tions corresponding to channel 2 and channel 3. Thus, 
path 601 is detected as the channel estimated value of 
channel 2 and path 602 is detected as the channel es-
timated value of channel 3. As a result, not only the 
channel estimated value of channel 2 but also the chan-
nel estimated values of channel 2 and channel 3 de-
grade. Therefore, the interference elimination demodu-
lation results of channels 1, 2 and 3 degrade. 
[0101] On the other hand, in this embodiment, the 
above-described basic code consists of blocks "A" to 
"G" arranged so that a difference in a chip length be-
tween at least some adjacent blocks (for example, "A" 
and "F", "F" and "B", "B" and "G" and "G" and "C", etc.) 
becomes as large as possible. Thus, the length of the 
W-chip section corresponding to mobile station appara-
tus 1 (channel 1) using the midamble pattern with "A" 

as the reference block is "W1", while the length of the 
W-chip section corresponding to the mobile station ap-
paratus (channel 2) using the midamble pattern with 
block "F" adjacent to "A" as the reference block is "W6". 

5 [0102] Thus, in FIG.16, path 601 and path 602 of mo-
bile station apparatus 1 (channel 1) only appear in the 
W-chip section corresponding to channel 2. Thus, path 
601 and path 602 are detected as channel estimated 
values of channel 2. In this way, the channel estimated 

10 value of channel 2 degrades in the same way as Em-
bodiment 1, whereas the channel estimated value of 
channel 3 does not degrade unlike Embodiment 1. 
[0103] This embodiment describes the case where 
the mobile station apparatus sends an RACH signal us-
ing the midamble pattern corresponding to channel 1 as 
an example, but effects similar to those in the case 
above will also be obtained when the mobile station ap-
paratus uses midamble patterns corresponding to other 
channels. 

20 [0104] Here, when the mobile station apparatus uses 
a midamble pattern having a reference block of a large 
chip length (for example, "G"), this apparently produces 
inconvenience. That is, since the length of the chip sec-
tion of W-chip section "5" adjacent to W-chip section "4" 

25 corresponding to this mobile station apparatus is small, 
if the propagation delay of the RACH signal sent from 
this mobile station apparatus is large as in the example 
above, the path corresponding to this mobile station ap-
paratus seems to appear not only in W-chip section "5" 

30 but also in W-chip section "6". On the other hand, the 
length of W-chip section "4" corresponding to this mobile 
station apparatus itself is large, and it is less likely that 
the propagation delay produced as in the above exam-
ple will exceed the sum total of W-chip section "4" and 

35 W-chip section "5". 
[0105] Thus, according to this embodiment, midam-
ble patterns are created so that the lengths of delay pro-
files of the respective channels become irregular, for ex-
ample, a difference in the length of delay profile between 

40 at least some adjacent delay profiles becomes large. 
Furthermore, a midamble pattern to be inserted into an 
RACH signal is selected based on the condition of the 
propagation path between the mobile station apparatus 
and base station apparatus and the number of times the 

45 RACH signal is retransmitted so that the length of the 
W-chip section of the delay profile created by the base 
station apparatus exceeds the propagation delay and it 
is possible to increase the probability that the delay pro-
files of the respective mobile station apparatuses will ap-

50 pear in their respective expected W-chip sections by in-
creasing the transmit power of the RACH signal. 
[0106] Furthermore, the lengths of delay profiles be-
tween adjacent mobile station apparatuses vary even in 
the case where the mobile station apparatus that has 

55 carried out a random access communication is not ac-
cepted by the base station apparatus, and therefore it 
is possible to suppress the number of mobile station ap-
paratuses that will be affected by the path correspond-
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ing to this mobile station apparatus. When the delay pro-
file of a certain mobile station apparatus does not ap-
pear in the expected W-chip section, this makes it pos-
sible to prevent deterioration of channel estimated val-
ues about other mobile station apparatuses. Thus, it is 
possible to improve the probability that the mobile sta-
tion apparatus will be accepted by the base station ap-
paratus through a random access communication. 
[0107] This embodiment has described the case us-
ing a basic code with blocks with mutually different chip 
lengths and codes arranged so that a difference in the 
chip length between at least some adjacent blocks be-
comes as large as possible. In other words, this embod-
iment has described the case where a plurality of mi-
damble patterns is created so that the chip length of at 
least some adjacent blocks becomes as large as possi-
ble. However, the present invention is not limited to this, 
but is also applicable to a case where the procedure for 
creating a basic code or midamble pattern is changed 
under conditions under which the lengths of delay pro-
files between adjacent channels become irregular. 
[0108] As described above, the present invention sets 
a known reference signal to be assigned to each com-
munication terminal apparatus based on at least one of 
the condition of the propagation path and the number of 
times the random access channel signal is retransmit-
ted, and can thereby improve the probability of success-
ful random access communications without affecting the 
number of communication terminal apparatuses that 
can be accommodated and transmission capacity. 
[0109] This application is based on the Japanese Pat-
ent Application No.2000-060155 filed on March 6, 2000, 
entire content of which is expressly incorporated by ref-
erence herein. 

Industrial Applicability 

[0110] The present invention is ideally applicable to a 
communication apparatus that cancels interference us-
ing matrix calculations in a CDMA-based communica-
tion, and more particularly, to the filed of a communica-
tion apparatus that cancels interference during a ran-
dom access communication. 

Claims 

1. A transmission apparatus comprising: 

reference signal setting means for setting 
known reference signals to be inserted into ran-
dom access channel signal based on the con-
dition of propagation path; and 
transmitting means for transmitting the random 
access channel signal in which the set known 
reference signals and information on a request 
for the start of a communication are inserted. 

2. A transmission apparatus comprising: 

reference signal setting means for setting 
known reference signals to be inserted into ran-

5 dom access channel signal based on the 
number of times the random access channel 
signal is retransmitted; and 
transmitting means for transmitting the random 
access channel signal in which the set known 

10 reference signals and information on a request 
for the start of a communication are inserted. 

3. The transmission apparatus according to claim 1, 
wherein the reference signal setting means uses 

15 any one of known reference signals created by ex-
tracting a predetermined length from the leading 
section of each block of a reference signal having 
a plurality of codes formed by sequentially placing 
a plurality of blocks with mutually different codes 

20 and code lengths according to said code lengths, 
as a known reference signal to be inserted in the 
random access channel signal. 

4. The transmission apparatus according to claim 2, 
25 wherein the reference signal setting means uses 

any one of known reference signals created by ex-
tracting a predetermined length from the leading 
section of each block of a reference signal having 
a plurality of codes formed by sequentially placing 

30 a plurality of blocks with mutually different codes 
and code lengths according to said code lengths, 
as a known reference signal to be inserted in the 
random access channel signal. 

35 5. The transmission apparatus according to claim 1, 
wherein the reference signal setting means uses 
any one of known reference signals created by ex-
tracting a predetermined length from the leading 
section of each block of a reference signal having 

40 a plurality of codes formed by irregularly and se-
quentially placing a plurality of blocks with mutually 
different codes and code lengths, as a known ref-
erence signal to be inserted in the random access 
channel signal. 

45 

6. The transmission apparatus according to claim 2, 
wherein the reference signal setting means uses 
any one of known reference signals created by ex-
tracting a predetermined length from the leading 

50 section of each block of a reference signal having 
a plurality of codes formed by irregularly and se-
quentially placing a plurality of blocks with mutually 
different codes and code lengths, as a known ref-
erence signal to be inserted in the random access 

55 channel signal. 

7. The transmission apparatus according to claim 5, 
wherein the reference signal setting means uses a 
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second reference code having a plurality of codes 
formed by sequentially placing a plurality of blocks 
with mutually different codes and code lengths so 
that the code length between at least some adjacent 
blocks increases, as a reference code. 

8. The transmission apparatus according to claim 6, 
wherein the reference signal setting means uses a 
second reference code having a plurality of codes 
formed by sequentially placing a plurality of blocks 
with mutually different codes and code lengths so 
that the code length between at least some adjacent 
blocks increases, as a reference code. 

9. The transmission apparatus according to claim 1, 
further comprising power value setting means for 
setting a transmit power value based on at least one 
of the condition of the propagation path or the 
number of times the random access channel signal 
is retransmitted, wherein the transmitting means 
controls the transmission of said random access 
signal using the set transmit power value. 

10. The transmission apparatus according to claim 2, 
further comprising power value setting means for 
setting a transmit power value based on at least one 
of the condition of the propagation path or the 
number of times the random access channel signal 
is retransmitted, wherein the transmitting means 
controls the transmission of said random access 
signal using the set transmit power value. 

11. A reception apparatus comprising: 

receiving means for receiving a random access 
channel signal sent from a transmission appa-
ratus; 
calculating means for calculating a channel es-
timated value by calculating a correlation value 
using the received signal and a reference sig-
nal; 
joint detection calculating means for calculating 
joint detection using the calculated channel es-
timated value; and 
demodulating means for extracting information 
on a request for the start of a communication 
from said transmission apparatus by carrying 
out demodulation processing using the result of 
said joint detection calculation and said re-
ceived signal, 

wherein said transmission apparatus com-
prises reference signal setting means for setting 
known reference signals to be inserted into the ran-
dom access channel signal based on the condition 
of the propagation path; and transmitting means for 
transmitting the random access channel signal in 
which the set known reference signals and informa-

5 

tion on a request for the start of a communication 
are inserted. 

12. A reception apparatus comprising: 

receiving means for receiving a random access 
channel signal sent from a transmission appa-
ratus; 
calculating means for calculating a channel es-

10 timated value by calculating a correlation value 
using the received signal and a reference sig-
nal; 
joint detection calculating means for calculating 
joint detection using the calculated channel es-

15 timated value; and 
demodulating means for extracting information 
on a request for the start of a communication 
from said transmission apparatus by carrying 
out demodulation processing using the result of 

20 said joint detection calculation and said re-
ceived signal, 

wherein said transmission apparatus 
comprises reference signal setting means for 
setting known reference signals to be inserted 

25 into the random access channel signal based 
on the number of times the random access 
channel signal is retransmitted; and 
transmitting means for transmitting the random 
access channel signal in which the set known 

30 reference signals and information on a request 
for the start of a communication are inserted. 

13. A communication terminal apparatus equipped with 
a transmission apparatus, said transmission appa-

35 ratus comprising: 

reference signal setting means for setting 
known reference signals to be inserted into a 
random access channel signal based on the 

40 condition of the propagation path; and 
transmitting means for transmitting the random 
access channel signal in which the set known 
reference signals and information on a request 
for the start of a communication are inserted. 

45 

14. A communication terminal apparatus equipped with 
a transmission apparatus, said transmission appa-
ratus comprising: 

50 reference signal setting means for setting 
known reference signals to be inserted into a 
random access channel signal based on the 
number of times the random access channel 
signal is retransmitted; and 

55 transmitting means for transmitting the random 
access channel signal in which the set known 
reference signals and information on a request 
for the start of a communication are inserted. 
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15. A base station apparatus equipped with a reception 
apparatus comprising: 

receiving means for receiving a random access 
channel signal sent from a transmission appa-
ratus; 
calculating means for calculating a channel es-
timated value by calculating a correlation value 
using the received signal and a reference sig-
nal; 
joint detection calculating means for calculating 
joint detection using the calculated channel es-
timated value; and 
demodulating means for extracting information 
on a request for the start of a communication 
from said transmission apparatus by carrying 
out demodulation processing using the result of 
said joint detection calculation and said re-
ceived signal, 

wherein said transmission apparatus com-
prises reference signal setting means for setting 
known reference signals to be inserted into the ran-
dom access channel signal based on the condition 
of the propagation path and transmitting means for 
transmitting the random access channel signal in 
which the set known reference signals and informa-
tion on a request for the start of a communication 
are inserted. 

16. A base station apparatus equipped with a reception 
apparatus comprising: 

receiving means for receiving a random access 
channel signal sent from a transmission appa-
ratus; 
calculating means for calculating a channel es-
timated value by calculating a correlation value 
using the received signal and a reference sig-
nal; 
joint detection calculating means for calculating 
joint detection using the calculated channel es-
timated value; and 
demodulating means for extracting information 
on a request for the start of a communication 
from said transmission apparatus by carrying 
out demodulation processing using the result of 
said joint detection calculation and said re-
ceived signal, 

wherein said transmission apparatus com-
prises reference signal setting means for setting 
known reference signals to be inserted into the ran-
dom access channel signal based on the number 
of times the random access channel signal is re-
transmitted and transmitting means for transmitting 
the random access channel signal in which the set 
known reference signals and information on a re-

quest for the start of a communication are inserted. 

17. A transmission method comprising: 

5 a reference signal setting step of setting known 
reference signals to be inserted into a random 
access channel signal based on the condition 
of the propagation path; and 
a transmitting step of transmitting the random 

10 access channel signal in which the set known 
reference signals and information on a request 
for the start of a communication are inserted. 

18. A transmission method comprising: 
15 

a reference signal setting step of setting known 
reference signals to be inserted into the random 
access channel signal based on the number of 
times a random access channel signal is re-

20 transmitted; and 
a transmitting step of transmitting the random 
access channel signal in which the set known 
reference signals and information on a request 
for the start of a communication are inserted. 

25 

19. The transmission method according to claim 17, fur-
ther comprising a power value setting step of setting 
a transmit power value based on at least one of the 
condition of the propagation path or the number of 

30 times the random access channel signal is retrans-
mitted, wherein the transmitting step controls the 
transmission of said random access signal using 
the set transmit power value. 

35 20. The transmission method according to claim 18, fur-
ther comprising a power value setting step of setting 
a transmit power value based on at least one of the 
condition of the propagation path or the number of 
times the random access channel signal is retrans-

40 milted, wherein the transmitting step controls the 
transmission of said random access signal using 
the set transmit power value. 

45 

50 

55 
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Office Action Summary 

Application No. 

10/917,968 

Applicant(s) 

ANDERSON, NICHOLAS WILLIAM 

Examiner 

Dominic E. Rego 

Art Unit 

2618 
-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --

Period for Reply 

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) OR THIRTY (30) DAYS, 
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION. 
- Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed 

after SIX (6) MONTHS from the mailing date of this communication. 
If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication. 
Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133). 
Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any 
earned patent term adjustment. See 37 CFR 1.704(b). 

Status 

1)IZ Responsive to communication(s) filed on 12 August 2004. 
2a)0 This action is FINAL. 2b)Z This action is non-final. 
3)0 Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213. 

Disposition of Claims 

4)Z Claim(s) 1-13 is/are pending in the application. 
4a) Of the above claim(s) is/are withdrawn from consideration. 

5)0 Claim(s)  is/are allowed. 
vs] Claim(s) 1-13 is/are rejected. 
7)0 Claim(s) is/are objected to. 

8)0 Claim(s) are subject to restriction and/or election requirement. 

Application Papers 

9)0 The specification is objected to by the Examiner. 
10)0 The drawing(s) filed on is/are: a)Z accepted or bk] objected to by the Examiner. 

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a). 
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d). 

11)0 The oath or declaration is objected to by the Examiner. Note the attached Office Action or form P10-152. 

Priority under 35 U.S.C. § 119 

12)0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 
a)Z All b)0 Some * c)0 None of: 

1.EI Certified copies of the priority documents have been received. 
2.0 Certified copies of the priority documents have been received in Application No. 
3.0 Copies of the certified copies of the priority documents have been received in this National Stage 

application from the International Bureau (PCT Rule 17.2(a)). 
* See the attached detailed Office action for a list of the certified copies not received. 

Attachment(s) 

1) [0 Notice of References Cited (PTO-892) 
2) ❑ Notice of Draftsperson's Patent Drawing Review (PTO-948) 

3) Z Information Disclosure Statement(s) (PTO/SB/08) 
Paper No(s)/Mail Date 04/23/2007.

4) ❑ Interview Summary (PTO-413) 
Paper No(s)/Mail Date.

5) ❑ Notice of Informal Patent Application 
6) ❑ Other:  

U.S. Patent and Trademark Office 
PTOL-326 (Rev. 08-06) Office Action Summary Part of Paper No./Mail Date 20070614 
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DETAILED ACTION 

Claim Rejections - 35 USC § 112 

1. The following is a quotation of the first paragraph of 35 U.S.C. 112: 

The specification shall contain a written description of the invention, and of the manner and process of 
making and using it, in such full, clear, concise, and exact terms as to enable any person skilled in the 
art to which it pertains, or with which it is most nearly connected, to make and use the same and shall 
set forth the best mode contemplated by the inventor of carrying out his invention. 

2. Claim 13 is rejected under 35 U.S.C. 112, first paragraph, as failing to comply 

with the written description requirement. The claim(s) contains subject matter which 

was not described in the specification in such a way as to reasonably convey to one 

skilled in the relevant art that the inventor(s), at the time the application was filed, had 

possession of the claimed invention. The claimed limitations "an output providing a sum 

of past step instruction" are not found in the specification and it is non-enabling. 

Claim Rejections - 35 USC § 102 

3. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that 

form the basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless — 

(b) the invention was patented or described in a printed publication in this or a foreign country or in public 
use or on sale in this country, more than one year prior to the date of application for patent in the United 
States. 

4. Claims 1-7,9,10,12,and 13 are rejected under 35 U.S.C. 102(e) as being 

anticipated by Zeira et al. (International Publication Number #WO 00/57574). 

Regarding claim 1, Zeira teaches a method of power control in a radio 

communications system (See Abstract), the method comprising: 
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determining a path loss of a radio channel between a base station and a remote 

transceiver (Page 2, lines 14- 21; Page 4, line 17-Page 5, line 8); 

receiving a transmit power control (TPC) command transmitted to the remote 

transceiver from the base station (Page 4, line 17-Page 5, line 8); and 

calculating a transmit power level for the remote transceiver based on the path 

loss and the TPC command (Page 4, line 17-Page 5, line 8). 

Regarding claim 2, Zeira teaches the method of power control, the method 

further comprising transmitting an uplink signal from the remote transceiver at the 

calculated transmit power level (Page 5, lines 4-8). 

Regarding claim 3, Zeira teaches the method of power control, wherein 

determining the path loss includes: receiving a downlink signal transmitted from the 

base. station, wherein the downlink signal signals a transmitted power level of the 

downlink signal; and measuring a received power level of the downlink signal (Page 2, 

lines 14-21; Page 4, lines 17-page 8). 

Regarding claim 4, Zeira teaches the method of power control, wherein 

determining the path loss further includes computing a difference between the signaled 

transmit power level and the measured received power level (Page 2, lines 1-lines 21; 

Page 5, lines 2-lines 4). 

Regarding claim 5, Zeira teaches the method of power control, the method 

further comprising: 

generating the TPC command; and transmitting the TPC command from the 

base station (Page 4, line 21-Page 5, line 1). 
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Regarding claims 6 and 7, Zeira teaches the method of power control, wherein 

the calculating the transmit power level is additionally based on an adjustment factor, 

wherein the adjustment factor incorporates a spreading factor parameter (Page 13, lines 

2-9). 

Regarding claim 9, Zeira teaches a method of power control in a radio 

communications system (See Abstract), the method comprising: 

receiving a signal at a second transceiver transmitted from a first transceiver 

(Page 2, lines 14-17; Page 4, lines 18-20); 

measuring a power level of the received signal (Page 2, lines 14-18); 

receiving a transmit power control (TPC) command at the second transceiver 

transmitted from the first transceiver (Page 4, line 18-Page 5, line 1); and 

calculating a transmit power level for the second transceiver based on the power 

level of the received signal and the TPC command (Page 4, line 18-Page 5, line 8). 

Regarding claim 10, Zeira teaches a method of uplink power control in a CDMA 

radio communications system, the method comprising: 

receiving an uplink signal (Page 3, lines 1-7; Page 6, lines 1-9); 

measuring a received SNIR of the uplink signal (Page 3, lines 1-7;Page 7, lines 

9-15); 

comparing the measured received SNIR with an SNIR target (Page 3, lines 1-7; 

Page 7, lines 9-15); 

assigning a first value to a step indicator if the measured received SNIR is 

greater than the SNIR target, and assigning a second value to a step indicator if the 
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measured received SNIR is less than the SNIR target (Page 3, lines 1-7; Page 3, line 

16-8); 

transmitting a transmit power control (TPC) command instructing a transmitter to 

adjust an uplink transmit power level based on the step indicator (Page 3, lines 1-7: 

Zeira teaches the determined SIR is compared to a target SIR (SIR target). Based on 

the comparison, the base station 30 transmits a power command. After receiving the 

power command, the UE 32(1) increase or decrease its transmission power level based 

on the received power command); 

receiving the TPC command including the step indicator; accumulating the step 

indicator value (Page 3, lines 1-7: Zeira teaches after receiving the power command, 

the UE 32(1) increase or decrease (step indicator) its transmission power level based 

on the receive power command); 

broadcasting a downlink signal including an indication of a downlink power level, 

wherein the signal is transmitted at the downlink power level (Page 3, lines 1-7: Zeira 

teaches based on the comparison between the determined SIR with a target SIR (SIR 

target), base station 30(1) transmits a power command; Also see page 3, line 16-Page 

4, line 8); 

measuring the received power of the downlink signal; and setting a transmit 

power level based on the received power level, the indication of the downlink power 

level, and the accumulated step indicator value (Page 3, lines 1-7: Zeira teaches after 

receiving the power command, the UE 32(1) increase or decrease its transmission 
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power level based on the received power command; Page 3, line 16-Page 4, line 8; 

Page 7, lines 9-15). 

Regarding claim 12, Zeira teaches a method comprising: 

measuring a power level of a received signal (Page 2, lines 14-18); 

receiving a transmit power control (TPC) command (Page 4, line 18-Page 5, line 

1); and 

calculating a transmit power level based on the power level of the received signal 

and the TPC command (Page 4, line 18-Page 5, line 8). 

Regarding claim 13, as best understood in 112 1st paragraph, Zeira teaches a 

radio comprising: 

a receiver including an output to provide a measured received power level (Page 

2, lines 14-18); 

an accumulator having an input for accepting step increase and decrease 

instructions and an output providing a sum of past step instructions (Page 3, lines 1-7: 

Zeira teaches the base station 30(1) determines the signal to interference ratio (SIR) of 

a communication received from the UE 32(1). The determined SIR is compared to a 

target SIR (SIR target). Based on the comparison, the base station 30(1) transmits a 

power command. After receiving the power command, the UE 32(1) increase or 

decrease its transmission power level based on the received power command); 

a power level setting circuit coupled to the accumulator output and coupled to the 

receiver output, wherein the power level setting circuit sets a transmit power bases on 

Ericsson Exhibit 1010 
Page 749



Application/Control Number: 10/917,968 Page 7 
Art Unit: 2618 

the accumulator output and the measured received power level; and a transmitter, 

wherein the transmitter transmits a signal at the set transmit power (Page 3, lines 1-7: 

Zeira teaches the base station 30(1) determines the signal to interference ratio (SIR) of 

a communication received from the UE 32(1). The determined SIR is compared to a 

target SIR (SIR target). Based on the comparison, the base station 30(1) transmits a 

power command. After receiving the power command, the UE 32(1) increase or 

decrease its transmission power level based on the received power command; Page 3, 

line 16-Page 4, line 8; Page 7, lines 9-15). 

Claim Rejections - 35 USC § 103 

5. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 

obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

6. Claim 8 is rejected under 35 U.S.C. 103(a) as being unpatentable over Zeira et 

al. (International Publication Number #WO 00/57574) in view of Shiu et al. (US Patent 

#6,983,166). 

Regarding claim 8, Zeira fails to teach the method of power control, wherein the 

adjustment factor incorporates a selected transport format parameter. 

However, in related art, Shiu teaches the method of power control, wherein the 

adjustment factor incorporates a selected transport format parameter (Col 3, lines 27-

41). 
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Therefore, it would have been obvious to one of ordinary skill in the art at the 

time of the invention to provide the above teaching of Shiu to Zeira in order to achieve 

target BLERs ( See Shiu, Col 3, line 31). 

7. Claim 11 is rejected under 35 U.S.C. 103(a) as being unpatentable over Zeira et 

al. (International Publication Number #WO 00/57574) in view of Zeira et al. (US Patent 

Application Publication #2004/0141483) in view of Bevan et al. (US Patent Application 

Publication #2004/0162093) and further in view of Kamet et al. (US Patent #7,190,688). 

Regarding claim 11, Zeira (WO 00/57574) fails to teach the method of power 

control, further comprising: 

determining an error metric of the uplink signal; 

updating the SNIR target based on the error metric; 

measuring an interference value in the received uplink signal; and 

updating an interference measurement table with the interference value; 

wherein broadcasting the downlink signal further includes the interference 

measurement table; and 

wherein setting the transmit power level is further based on a value in the 

interference measurement table. 
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However, in related art, Zeira (US 2004/0141483) teaches deterMining an error 

metric of the uplink signal; updating the SNIR target based on the error metric 

(Paragraph 0039). 

Therefore, it would have been obvious to one of ordinary skill in the art at the 

time of the invention to provide the above teaching of Zeira (US 2004/0141483) to Zeira 

(WO 00/57574) in order to achieve the desired BLER (Paragraph 0041). 

The combination of Zeira (US 2004/0141483) and Zeira (WO 00/57574) fails to 

teach measuring an interference value in the received uplink signal; and updating an 

interference measurement table with the interference value. 

However, in related art, Bevan teaches measuring an interference value in the 

received uplink signal; and updating an interference measurement table with the 

interference value (Paragraph 0063). 

Therefore, it would have been obvious to one of ordinary skill in the art at the 

time of the invention to provide the above teaching of Bevan to Zeira (US 

2004/0141483) and Zeira (WO 00/57574) in order to adjust the transmission power 

level. 

The combination of Zeira (US 2004/0141483), Zeira (WO 00/57574), and Bevan 

fails to teach wherein broadcasting the downlink signal further includes the interference 

measurement table; and wherein setting the transmit power level is further based on a 

value in the interference measurement table. 

However, in related art, Kamel teaches wherein broadcasting the downlink signal 

further includes the interference measurement table; and wherein setting the transmit 
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power level is further based on a value in the interference measurement table (Col 3, 

lines 29-lines 51). 

Therefore, it would have been obvious to one of ordinary skill in the art at the 

time of the invention to provide the above teaching of Kamel to Zeira (US 

2004/0141483), Zeira (WO 00/57574) and Bevan, in order to adjust the power level. 

Conclusion 

8. The prior art made of record and not relied upon is considered pertinent to 

applicant's disclosure. 

Shinozaki (US 2005/0130690) teaches transmission power control method and 

transmission power control device. 

Simonsson et al. (US 2005/0136961) teaches power control method. 

Zhang et al. (US 2005/0113127) teaches method and apparatus for efficient 

processing of data for transmission in a communication system. 

Butala (US 2004/0203987) teaches reducing interference with a multiple format 

channel in a communication system. 

Oh et al. (US 2004/0137860) teaches fast converging power control for wireless 

communication systems. 

Any inquiry concerning this communication or earlier communications from 

the examiner should be directed to Dominic E. Rego whose telephone number is 571-

272-8132. The examiner can normally be reached on Monday-Friday, 8:30 am-5 pm. 
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If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Nay Maung can be reached on 571-272-7882. The fax phone number for 

the organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the 

Patent Application Information Retrieval (PAIR) system. Status information for 

published applications may be obtained from either Private PAIR or Public PAIR. 

Status information for unpublished applications is available through Private PAIR only. 

For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 

you have questions on access to the Private PAIR system, contact the Electronic 

Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 

USPTO Customer Service Representative or access to the automated information 

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

Dominic E. Rego 

OW' PHILIP
PATENT EXP`MiNt" 
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(57) In a CDMA reception apparatus, averaging 
means (412) for averaging at least one of vector, ampli-
tude and power of received signal of a plurality of trans-
mit power control sections is provided. Further, 
propagation path variation estimation means (407) for 
estimating a propagation path variation of the present 
transmit power control section from respective transmit 
power control sections in the past to obtain a propaga-
tion path variation estimation value (408) and propaga-
tion path variation correction means (multiplier) for 
correcting by the propagation path variation estimation 
value (408) are further provided, wherein the averaging 

means (412) averages at least one of vector, amplitude 
and power of received signal of the plurality of transmit 

• power control sections corrected by the propagation 
path variation correction means (multiplier). With this 
configuration, the measurement accuracy is improved 
by measuring received signal power using a plurality of 
slots including past slots, more accurate transmit power 
control is performed, thereby achieving improved com-
munication quality, a reduced transmit power, and an 
increased capacity. 
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~• 
Description 

[0001] The present invention relates to a mobile communication reception apparatus in mobile communications 
applied with digital radio communication system, particularly with CDMA (code division multiple access) system, more 

5 specifically to received signal power measurement for transmit power control. 
[0002] An example of relationship between flow of transmit power control of CDMA mobile communication system 
by the prior art and radio slot configuration is schematically shown in Fig. 1. 
[0003] As shown in Fig. 1, 1) received signal power measurement is performed for each transmit power control sec-
tion (hereinafter referred to as "slot"), 2) the measurement result is subjected to a division calculation using a measure-

10 ment result of noise interference power to obtain a received SNIR (signal power to interference power ratio), the 
received SNIR is compared with a reference SNIR, 4) a transmit power control bit is transmitted designating a transmit 
power control indicator of the received side channel, so that when the comparison result exceeds the reference SNIR, 
a base station transmit power is decreased, or when the comparison result is below the reference SNIR, the base sta-
tion transmit power is increased. 

15 [0004] As shown in Fig. 1, in the traffic channel, there exists not only a fixed transmit part (shaded in Fig. 1) in which 
the number of transmit bits is unchanged, but also a variable transmit part in which the transmit bit number is succes-
sively changed according to a change in information speed of transmitted data, when there is no data, transmit is 
stopped. In this case, the fixed transmit part is applied to received signal power measurement. 
[0005] As shown above, received signal power measurement in a CDMA reception apparatus is performed using a 

20 fixed transmit part, however, there is a problem that when signal power of the fixed transmit part is small, measurement 
accuracy of received signal power is deteriorated, and transmit power control is not performed with good accuracy. 
[0006] As described above, accuracy degradation of transmit power control has resulted in an increase in transmit 
power and deterioration of channel capacity. 
[0007] An object of the present invention is to improve the measurement accuracy by measuring received signal 

25 power using a plurality of slots including past slots, thereby performing even more accurate transmit power control. With 
this, the object is to achieve improvement of communication quality, reduction of transmit power and increase of capac-
ity. 
[0008] Further, when using received signals of a plurality of slots including past slots in measurement of received 
power, measurement accuracy is improved when the traveling speed of the mobile terminal is slow since the propaga-

30 tion path variation is small, however, when the traveling speed of the mobile terminal is high, since the propagation path 
variation is large, there is a possibility that the measurement accuracy is deteriorated. As shown, the number of slots 
used for received signal power measurement suitable for accuracy is varied with the traveling speed. Further, to use 
signals of past slots for measurement of received signal power, by averaging a result of multiplying a change in variation 
of propagation path and a change in transmit power changed by transmit power control from a past to present, meas-

35 urement accuracy can be improved. In particular, other than a dedicated traffic channel which is applied to transmit 
power control, in a downlink here channel reception of a common channel of fixed transmit power is possible such as a 
pilot channel, it is possible to estimate propagation path variation using the common channel. However, as there is a 
variation in propagation path or as estimation accuracy of change in transmit power is degraded, there may be a case 
where received signal power measurement accuracy is deteriorated by using past slot signals for measurement. In par-

40 ticular, when the fixed transmit part in the above-described slot is large, since many measurable received signals are 
present in 1 slot, the accuracy is better than averaging many slots, when the number of slots to be averaged is small, 
or in some case, when there is only one slot to be averaged. Still further, also in a downlink, when the propagation path 
of common channel is different from the propagation path of a dedicated traffic channel such as in the case where a 
transmit adaptive array antenna is applied to the transmit side, that is, the base station side, propagation path estima-

45 tion is difficult, and there may be a case where the accuracy is deteriorated by using a plurality of slots of the past. As 
shown, the optimum number of slots used for received signal power measurement is changed. 
[0009] Then, an object of the present invention is to achieve received signal power measurement suitable for 
respective systems and propagation environments by changing the number of averaging slots according to traveling 
speed, channel format, and system details without changing the algorithm, improve the measurement accuracy, 

50 achieve a reduction of transmit power and an increase of capacity, and suppress complexity of reception apparatus, 
especially complexity of mobile communication terminal apparatus. 
[0010] In accordance with the present invention which attains the above objects, there is provided a received signal 
power measurement using a plurality of past slots for improving measurement accuracy of received signal power, mak-
ing a transmit power control highly accurate, thereby enabling high communication quality, reduction of transmit power, 

55 and increased capacity. Further, by changing the number of averaging slots according to the traveling speed, channel 
format, and system details, it is possible to perform received signal power measurement suitable for respective environ-
ments without changing the algorithm, thereby reducing the transmit power, increasing the capacity and suppressing 
the size of the reception apparatus. 
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[0011] The CDMA reception apparatus and received signal power measurement method described in respective 
claims are as what follows. 

[0012] In a first aspect of the present invention, there is provided a CDMA reception apparatus comprising: 

5 propagation path variation estimation means for estimating a propagation path variation in a present transmit power 
control section from respective transmit power control sections in the past to obtain a propagation path variation 
estimation value; 
propagation path variation correction means for correcting at least one of vector, amplitude and/or power of a 
received signal of the plurality of transmit power control sections with the propagation path variation estimation 

10 value obtained by the propagation path variation estimation means; and 
averaging means for averaging at least one of vector, amplitude and/or power of received signal of the plurality of 
transmit power control sections corrected by the propagation path variation correction means. 

[0013] According to the present invention, by using a plurality of slots including past slots for received signal power 
15 measurement, measurement accuracy of received signal power can be improved. Further, when using the past slots for 

received signal power measurement, by making a correction using an estimation value of propagation path variation 
from the past slot timing up to the present timing, it is possible to perform received signal power measurement more 
accurately. 
[0014] In a second aspect of the present invention, there is provided a CDMA reception apparatus comprising: 

20 

transmit power changing amount estimation means for estimating a changing amount of transmit power of a com-
munication partner station varied by transmit power control in the present transmit power control section from 
respective transmit power control sections in the past; 
transmit power changing amount correction means for correcting at least one of vector, amplitude and/or power of 

25 a received signal of the plurality of transmit power control sections with the transmit power changing amount esti-
mation value obtained by the transmit power changing amount estimation means; and 
averaging means for averaging at least one of vector, amplitude and/or power of received signal of the plurality of 
transmit power control sections corrected by the transmit power changing amount correction means. 

30 [0015] According to the present invention, when using the past slots for received signal power measurement, by 
correcting using a change amount of transmit power from the past slot timing up to the present timing, it is possible to 
perform received signal power measurement more accurately. 
[0016] The averaging means may be provided with vector addition means for performing vector addition; 

35 division means for dividing a vector added by the vector addition means with a number of vectors added; and 
means for converting vector divided by the division means into a power. 

[0017] According to the present invention, when averaging received signals of a plurality of slots including past 
slots, by performing averaging by vector addition, it is possible to suppress effects of noise and measurement accuracy 

40 of received signal power can be improved. 
[0018] The averaging means may be provided with 

amplitude addition means for performing amplitude addition; 
division means for dividing an amplitude added by the amplitude addition means with a number of amplitudes 

45 added; and 
means for converting amplitude divided by the division means into a power. 

[0019] According to the present invention, when averaging received signals of a plurality of slots including past 
slots, by performing averaging by amplitude addition, simpler and more accurate averaging is possible. 

50 [0020] The averaging means may be provided with power addition means for performing power addition; 

division means for dividing a power added by the power addition means with a number of powers added. 

[0021] According to the present invention, when averaging received signals of a plurality of slots including past 
55 slots, by performing averaging by power addition, simpler and more accurate averaging is possible. 

[0022] The propagation path variation estimation means may estimate a propagation path variation using a channel 
not performing transmit power control. 
[0023] According to the present invention, when estimating propagation path variation, by using a channel not per-
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forming transmit power control (for example, common channel or the like), propagation path variation estimation of high 
accuracy can be performed. 

[0024] The transmit power changing amount estimation means may estimate a transmit power changing amount 
using a transmit power control indicator transmitted from own station. 

5 [0025] According to the present invention, when estimating a transmit power changing amount, by using a transmit 
power control indicator (for example, transmit power control bit) transmitted from its own station, a high accuracy trans-
mit power changing amount estimation is possible. 
[0026] The averaging means may further comprise averaging section setting means for setting an averaging sec-
tion. 

10 [0027] According to the present invention, by selecting an appropriate averaging section according to the system 
details and propagation environment, it is possible to perform measurement of received signal power suited to environ-
ment without changing the algorithm. 
[0028] The averaging section setting means may comprise: 

15 means for setting the averaging section to a small section, when performing communication by a channel of which 
a power allocated to a signal subjected to received signal power measurement existing in each transmit power con-
trol section is high; and 
means for setting the averaging section to a large section, when performing communication by a channel of which 
a power allocated to a signal subjected to received signal power measurement existing in each transmit power con-

20 trot section is small. 

[0029] According to the present invention, depending on the power of received signal subjected to received signal 
power measurement existing between respective transmit power control sections, when the power is high, the averag-
ing section is reduced to decrease effects of error of past received signals, or when the power is low, the averaging sec-

25 tion is increased to reduce effects of measurement error due to noise, it is possible to set an averaging section for 
optimum measurement accuracy. 
[0030] The averaging section setting means may comprise: 

means for setting the averaging section to a large section, when a partner transmit station performs transmit power 
30 control, there is a channel other than channel transmitting to the received station and transmitting a channel not 

performing transmit power control with the same antenna and directivity, and propagation path variation estimation 
using the channel not performing transmit power control is possible; and 
means for setting the averaging section to a small section, when a partner transmit station performs transmit power 
control, there is not a channel other than channel transmitting to the reception station and transmitting a channel 

35 not performing transmit power control with the same antenna and directivity, or even when transmitting but not per-
forming transmit power control, and propagation path variation estimation using the channel not performing trans-
mit power control is not possible. 

[0031] According to the present invention, when estimation of propagation path variation is impossible, since when 
40 signals of past slots are used, received power measurement accuracy is deteriorated due to effects of propagation path 

variation, it is possible to reduce the averaging section and enhance the measurement accuracy. 
[0032] The averaging section setting means may comprise: 

traveling speed detection means for detecting a relative traveling speed between a communication partner station 
45 and own station; and 

means for setting the averaging section to a small section when the detected traveling speed is large, and for set-
ting the averaging section to a large section when the detected traveling speed is small. 

[0033] According to the present invention, when a traveling speed is high between the opposite transmit station and 
50 the own station, by decreasing the averaging section, it is possible to prevent deterioration of received signal power 

measurement accuracy due to propagation path variation. 
[0034] In a third aspect of the present invention, there is provided a received signal power measurement method of 
a CDMA reception apparatus, comprising: 

55 a propagation path variation estimation step for estimating a propagation path variation in a present transmit power 
control section from respective transmit power control sections in the past to obtain a propagation path variation 
estimation value; 
a propagation path variation correction step for correcting at least one of vector, amplitude and/or power of a 
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received signal of the plurality of transmit power control sections with the propagation path variation estimation 
value obtained by the propagation path variation estimation step; and 
an averaging step for averaging at least one of vector, amplitude and/or power of received signal of the plurality of 
transmit power control sections corrected by the propagation path variation correction step. 

5 

[0035] According to the present invention, by using a plurality of slots including past slots for received signal power 
measurement, received signal power measurement accuracy can be improved. Further, when using past slots for 
received signal power measurement, by correcting using an estimation amount of propagation path variation from the 
past slot timing up to the present timing, it is possible to perform received signal power measurement more accurately. 

10 [0036] In a fourth aspect of the present invention, there is provided a received signal power measurement method 
of a CDMA reception apparatus, comprising: 

a transmit power changing amount estimation step for estimating a changing amount of transmit power of a com-
munication partner station varied by transmit power control in the present transmit power control section from 

15 respective transmit power control sections in the past; 
a transmit power changing amount correction step for correcting at least one of vector, amplitude and/or power of 
a received signal of the plurality of transmit power control sections with the transmit power changing amount esti-
mation value obtained by the transmit power changing amount estimation step; and 
an averaging step for averaging at least one of vector, amplitude and/or power of received signal of the plurality of 

20 transmit power control sections corrected by the transmit power changing amount correction step. 

[0037] According to the present invention, when using past slots for received signal power measurement, by cor-
recting using an estimation value of change amount of transmit power from the past slot timing up to the present timing, 
it is possible to perform received signal power measurement more accurately. 

25 [0038] The averaging step may be provided with a vector addition step for performing vector addition; 

a division step for dividing a vector added by the vector addition step with a number of vectors added; and 
a step for converting vector divided by the division step into a power. 

30 [0039] According to the present invention, when averaging received signals of a plurality of slots including past 
slots, by performing averaging by vector addition, it is possible to suppress effects of noise and measurement accuracy 
of received signal power can be improved. 
[0040] The averaging step may be provided with an amplitude addition step for performing amplitude addition; 

35 a division step for dividing an amplitude added by the amplitude addition step with a number of amplitudes added; 
and 
a step for converting amplitude divided by the division step into a power. 

[0041] According to the present invention, when averaging received signals of a plurality of slots including past 
40 slots, by performing averaging by amplitude addition, simpler and more accurate averaging is possible. 

[0042] The averaging step may be provided with a step for performing power addition; 

a division step for dividing a power added by the power addition step with a number of powers added. 

45 [0043] According to the present invention, when averaging received signals of a plurality of slots including past 
slots, by performing averaging by power addition, simpler and more accurate averaging is possible. 
[0044] The propagation path variation estimation step may estimate a propagation path variation using a channel 
not performing transmit power control. 
[0045] According to the present invention, when estimating propagation path variation, by using a channel not per-

50 forming transmit power control (for example, common channel or the like), propagation path variation estimation of high 
accuracy can be performed. 
[0046] The transmit power changing amount estimation step may estimate a transmit power changing amount 
using a transmit power control indicator transmitted from own station. 
[0047] According to the present invention, when estimating a transmit power changing amount, by using a transmit 

55 power control indicator (for example, transmit power control bit) transmitted from its own station, a high accuracy trans-
mit power changing amount estimation is possible. 
[0048] The averaging step may further comprise an averaging section setting step for setting an averaging section. 
[0049] According to the present invention, by selecting an appropriate averaging section according to the system 
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details and propagation environment, it is possible to perform measurement of received signal power suited to environ-
ment without changing the algorithm. 

[0050] The averaging section setting step may comprise: 

5 a step for setting the averaging section to a small section, when performing communication by a channel of which 
a power allocated to a signal subjected to received signal power measurement existing in each transmit power con-
trol section is high; and 
a step for setting the averaging section to a large section, when performing communication by a channel of which 
a power allocated to a signal subjected to received signal power measurement existing in each transmit power con-

10 trot section is small. 

[0051] According to the present invention, depending on the power of received signal subjected to received signal 
power measurement existing between respective transmit power control sections, when the power is high, the averag-
ing section is reduced to decrease effects of error of past received signals, or when the power is low, the averaging sec-

15 tion is increased to reduce effects of measurement error due to noise, it is possible to set an averaging section for 
optimum measurement accuracy. 
[0052] The averaging section setting step may comprise: 

a step for setting the averaging section to a large section, when a partner transmit station performs transmit power 
20 control, there is a channel other than channel transmitting to the reception station and transmitting a channel not 

performing transmit power control with the same antenna and directivity, and propagation path variation estimation 
using the channel not performing transmit power control is possible; and 
a step for setting the averaging section to a small section, when a partner transmit station performs transmit power 
control, there is not a channel other than channel transmitting to the reception station and transmitting a channel 

25 not performing transmit power control with the same antenna and directivity, or even when transmitting but not per-
forming transmit power control, and propagation path variation estimation using the channel not performing trans-
mit power control is not possible. 

[0053] According to the present invention, when estimation of propagation path variation is impossible, since when 
30 signals of past slots are used, received power measurement accuracy is deteriorated due to effects of propagation path 

variation, it is possible to reduce the averaging section and enhance the measurement accuracy. 
[0054] The averaging section setting step may comprise: 

a step for detecting a relative traveling speed between a communication partner station and own station; and 
35 a step for setting the averaging section to a small section when the detected traveling speed is large, and for setting 

the averaging section to a large section when the detected traveling speed is small. 

[0055] According to the present invention, when a traveling speed is high between the opposite transmit station and 
the own station, by decreasing the averaging section, it is possible to prevent deterioration of received signal power 

40 measurement accuracy due to propagation path variation. 
[0056] The above and other objects, effects, features and advantages of the present invention will become more 
apparent from the following description of embodiments thereof taken in conjunction with the accompanying drawings. 

Fig. 1 is a diagram schematically showing an example of relationship between flow of transmit power control of a 
45 prior art CDMA mobile communication system and radio slot configuration; 

Fig. 2 is a block diagram showing an example of construction of reception apparatus in the CDMA mobile terminal 
in an embodiment 1 of the present invention; 
Fig. 3 is a block diagram showing an example of construction of a received SNIR measurement part 208 in Fig. 2; 
Fig. 4 is a diagram showing the relationship of Figs. 4A and 4B. 

50 Fig. 4A is a block diagram showing an example of construction of a received signal power measurement part 304 
in Fig. 3; 
Fig. 4B is a block diagram showing an example of construction of a received signal power measurement part 304 
in Fig. 3; 
Fig. 5 is a block diagram showing an example of construction of a propagation path estimation part to which the 

55 present invention is applied; 
Fig. 6 is a block diagram showing an example of construction of a transmit power changing amount estimation part 
to which the present invention is applied; 
Fig. 7 is a block diagram showing an example of construction of a received signal power measurement part in an 
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embodiment 2 of the present invention; 

Fig. 8 is a flow chart for explaining a setting method of averaging section in the embodiment 1 of the present inven-
tion; 
Fig. 9 is a flow chart for explaining a setting method of a forgetting factor a in embodiment 2 of the present invention; 

5 and 
Fig. 10 is a flow chart showing an example of operation of a received signal power measurement part. 

[0057] In the following, embodiments of the present invention will be described with reference to the drawings. 
[0058] The present invention can be applied to a base station reception apparatus as an uplink receiver, however, 

10 because the above-described estimation of propagation path variation can be performed by a channel not performing 
the transmit power control, an example of downlink receiver, that is, a case where a reception apparatus of a mobile 
communication terminal is used will be described as the following embodiment. 

(Embodiment 1) 
15 

[0059] Fig. 2 is a block diagram showing an example of construction of a reception apparatus in a CDMA mobile 
terminal in the embodiment 1 of the present invention. 
[0060] A reception apparatus 200 includes a reception radio part 202, a despreader 204, a received data demodu-
lator 206, a received SNIR measurement part 208 and a SNIR comparator 212. 

20 [0061] The reception radio part 202 receives a radio signal transmitted from a radio base station, performs fre-
quency conversion and filtering, and outputs a baseband signal. 
[0062] In the despreader 204, despreading of the baseband signal is performed, and a received despread signal is 
outputted to the received data decoder 206 and a received SNIR calculator 208. 
[0063] In the received data demodulator 206, RAKE combining, error correction decoding and the like are per-

25 formed to demodulate the received data. At the same time, the received despread signal is inputted to the received 
SNIR measurement part 208 to output a received SNIR at every slot, a comparison of the outputted value with a target 
SNIR 210 is performed in the SNIR comparator 212, according to the comparison result, a transmit power control bit 
214 (transmit power control indicator) to be transmitted is outputted. 
[0064] Fig. 3 is a block diagram showing an example of construction of the received SNIR measurement part 208 

30 in Fig. 2. 
[0065] The received SNIR measurement part 208 comprises a received signal power measurement part 304, a 
noise interference power measurement part 306 and a divider 308. 
[0066] The received despread signal 302 outputted from the despreader 204 is inputted respectively to the received 
signal power measurement part 304 and the received noise interference power measurement part 306, and the respec-

35 tive measurement results A and B are divided in the divider 308 to obtain a received SNIR 310. 
[0067] Figs. 4A and 4B is a block diagram showing an example of construction of the received signal power meas-
urement part 304 in Fig. 3. 
[0068] Here, in Figs. 4A and 4B, alphabet n shows a present number of slots, and K a maximum number of received 
signal slots for performing averaging. 

40 [0069] The received signal power measurement part 304 includes a RAKE combiner 404, a delayer 406, a propa-
gation path estimator 407, a transmit power changing amount estimator 409, an averaging part 412, a received signal 
power calculator 407, and an averaging section setting part 416. 
[0070] The received despread signal 402 of fixed transmit part of the dedicated traffic channel is RAKE combined 
by the RAKE combiner 404, and an average value of received signal of each slot is stored in the delayer 406. The stored 

45 value can be any of vector, amplitude and/or power. Received signal of past slots stored in the delayer 406 is multiplied 
by the multiplier with the propagation path variation estimation value 408 of the past slot timing and the present timing 
generated in the propagation path estimator 407. Further, after multiplication by the multiplier with the estimation value 
410 of changing amount of transmit power by transmit power control of the past slot timing and the present timing, aver-
aging is performed along with the present slot in the averaging part 412. Still further, when the stored value is vector or 

50 amplitude, it is converted into power by the received signal power calculator 414, and outputted as received signal 
power. 
[0071] In the averaging section setting part 416, as will be described later, the averaging section is appropriately 
set according to the propagation environment and environment of the system in communication. 
[0072] Fig. 10 is a flow chart showing an example of operation of the received signal power measurement part 304. 

55 [0073] First, received despread signal 402 of fixed transmit part of a dedicated traffic channel is RAKE combined 
by the RAKE combiner 404 (step S1002). 
[0074] Next, an average value of received signal of each slot is stored in the delayer 406 (step S1004). The stored 
value can be any of vector, amplitude and/or power. 
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[0075] Next, in the propagation path estimator 407, propagation path variation in the present transmit control sec-
tion is estimated from information of respective past transmit power control sections to obtain a propagation path vari-
ation estimation value 408 (step S1006). 

[0076] Next, at least one of vector, amplitude and/or power of received signals of a plurality of transmit power con-
5 trol sections is corrected by multiplying using the propagation path variation estimation value 408 obtained by the prop-

agation path estimator 407 (step S1008). 
[0077] Next, in the transmit power changing amount estimator 409, a changing amount of transmit power changed 
by transmit power control of the communication partner station in the present transmit power control section is esti-
mated from information of past respective transmit power control sections (for example, past transmit power control bit 

10 data stored in any of storage apparatus (not shown) in the reception apparatus) to obtain a transmit power changing 
amount estimation value 410 (step S1010). 
[0078] Next, at least one of vector, amplitude and/or power of received signals of a plurality of transmit power con-
trol sections is corrected by multiplying using the transmit power changing amount estimation value 410 obtained by the 
transmit power changing amount estimator 409 (step S1012). 

15 [0079] Next, in the averaging part 412, at least one of vector, amplitude and/or power of the corrected received sig-
nals of the plurality of transmit power control sections is averaged (step S1014). 
[0080] Next, an averaging section setting method in the averaging section setting part 416 will be described with 
reference to Fig. 8. 
[0081] First, for example, the amount of power allocated to the fixed transmit part of signal from the communication 

20 partner station corresponding to the shaded part in Fig. 1 is judged from the channel format in communication (step 
S802), setting is made so that the averaging section is decreased when the power is large (step S804), or the averaging 
section is increased when the power is small (step S806). Alternatively, a judgment is made from informed information 
from the system as to whether or not there is a common channel transmitted without performing transmit power with the 
same antenna and directivity and propagation path estimation is possible (step S808), when propagation path estima-

25 tion is possible the averaging section is increased (step S810), or when propagation path estimation is impossible the 
averaging section is decreased (step S812). On the other hand, when propagation path estimation is not performed, 
traveling speed of the traveling machine is detected (step S814), when the traveling speed is high and variation of prop-
agation path is large, the averaging section is set small (step S816), or when the traveling speed is low and variation of 
propagation path is small, the averaging section is set large (step S818). 

30 [0082] Fig. 5 is a block diagram showing an example of construction of the propagation path estimator 407 in Figs. 
4A and 4B. 
[0083] Here, alphabet n in Fig. 5 shows a present slot number, and K a slot number of largest received signal for 
averaging. 
[0084] The propagation path estimator 407 includes a delayer 504 and a divider 506. 

35 [0085] In the propagation path estimator 407, amplitude of a received signal 502 after RAKE combining of the com-
mon channel not performing transmit power control is stored in the delayer 504 for each slot, by performing division cal-
culation NB of the received signal A of the present slot and the received signal B of respective past slot in the divider 
506, thereby outputting a propagation path variation estimation value 508 of the present slot from the past respective 
slots. 

40 [0086] Fig. 6 is a block diagram showing an example of construction of the transmit power changing amount esti-
mator 409 in Figs. 4A and 4B. 
[0087] Here, alphabet n in Fig. 6 shows a present slot number, and K a slot number of largest received signal for 
averaging. 
[0088] The transmit power changing amount estimator 409 includes a transmit power changing amount converter 

45 604 and a delayer 606. 
[0089] The transmit power changing amount estimator 409 estimates a changing amount of transmit power from a 
radio base station from the transmit power control bit 602 transmitted by the mobile terminal to the radio base station. 
[0090] First, in the transmit power changing amount converter 604, the transmit power control bit 602 transmitted 
from the mobile terminal is converted into a transmit power changing amount in consideration of the transmit power con-

50 trol bit to obtain a transmit power control estimation value 608. Next, output after changing is multiplied with the transmit 
power changing amount from each slot timing up to the present stored in the delayer 606 to obtain a new transmit power 
control estimation value 608. 

(Embodiment 2) 
55 

[0091] In the following, an embodiment 2 according to the present invention will be described with reference to Fig. 
7. 
[0092] Fig. 7 is a block diagram showing an example of construction of a received signal power measurement part 
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in the embodiment 2 of the present invention. In the receiver, construction other than the received signal power meas-
urement part is similar to that in the embodiment 1. 

[0093] A received signal power measurement part 700 in the embodiment 2 includes an a multiplier 702, a delayer 
704, a propagation path estimator 705, a transmit power changing amount estimator 707, a received signal power cal-

5 culator 710, an averaging section setting part 712, a RAKE combiner 716 and a 1 -a multiplier 718. 
[0094] The delayer 704, the propagation path estimator 705, the transmit power changing amount estimator 707, 
the received signal power calculator 710, the averaging section setting part 712, and the RAKE combiner 716 have the 
same functions as those described in Figs. 4 to 9, and the a multiplier 702 and the 1-a multiplier respectively have func-
tions for multiplying the input with a or 1-a. 

10 [0095] The received signal power measurement part 700 has a form of a feedback type filter which performs aver-
aging of the received signal of the present slot and the received signal of the past slot using a forgetting factor a 702. 
That is, for the received signal of the past slot stored in the delayer 704, after multiplication with the propagation path 
variation estimation value 706 between 1 slot previous timing and the present timing and the transmit power changing 
amount estimation value 708, it is multiplied with the forgetting factor a in the a multiplier 702 to perform averaging with 

15 the received signal of the present slot. In the received signal power calculator 710, a received signal power is calculated 
from received signal after averaging and the result is outputted. On the other hand, received signal after averaging is 
stored again in the delayer 704. In the averaging section setting part 712, a is appropriately set according to the prop-
agation environment and details of the system in communication. 
[0096] Next, setting method of the forgetting factor a will be described with reference to Fig. 9. 

20 [0097] First, for example, the amount of power allocated to the fixed transmit part of signal from the communication 
partner station corresponding to the shaded part in Fig. 1 is judged from the channel format in communication (step 
S902), setting is made so that a is decreased when the power is large (step S904), or a is increased when the power 
is small (step S906). Alternatively, a judgment is made from informed information from the system as to whether or not 
there is a common channel transmitted without performing transmit power with the same antenna and directivity and 

25 propagation path estimation is possible (step S908), when propagation path estimation is possible a is increased (step 
S910), or when propagation path estimation is impossible a is decreased (step S912). On the other hand, when prop-
agation path estimation is not performed, traveling speed of the traveling machine is detected (step S914), when the 
traveling speed is high and variation of propagation path is large, a is set small (step S916), or when the traveling speed 
is low and variation of propagation path is small, a is set large (step S918). 

30 

(Effects of the Invention) 

(Effects of embodiment 1) 

35 [0098] As shown in Fig. 3, by obtaining the received signal power by averaging a plurality of slots including past 
slots, even when the fixed transmit part included in 1 slot is small, the effective measurement bit number can be 
increased, and received power measurement of higher accuracy can be performed. 
[0099] Further, for the above-shown averaging of a plurality of slots, when a common channel cannot be used for 
estimation, or when the propagation path fixed transmit part is large, the number of slots for averaging is decreased, or 

40 depending on the case, only the present slot is used, averaging by an appropriate averaging slot number can be per-
formed without changing the construction of the receiver and measurement algorithm, whereby high quality communi-
cation, reduction of transmit power, and increased channel capacity can be achieved, and complexity of the mobile 
terminal can be suppressed. 

45 (Effects of embodiment 2) 

[0100] With the construction as in the embodiment 2, the same effects as shown in embodiment 1 can be obtained, 
and averaging of the received signal power is performed by weighting average using the forgetting factor a, buffers such 
as delayer for storing past received signals can be reduced. 

50 [0101] For example, in embodiment 1, averaging of a plurality of slots is calculated by Formula 1 shown below. 

averagedR_n=(R_n+R_O-1)+R{n-2}+R_{n-3))/4 [FORMULA 1] 

[0102] The formula (1) is a formula for averaging using past 4 slots, in which R_n shows a received power value of 
55 n'th slot. Further, for simplicity of description, cancel due to variation is not considered. 

[0103] While, an ordinary averaging using FIR filter as shown above is performed in embodiment 1, averaging in 
embodiment 2 is represented by 
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averagedR_n=Rn* +averagedR_{n-1)"(1- ) [FORMULA 2] 

and exponential weighted averaging (averaging using IIR filter) is performed using the forgetting factor a. For example, 
when it is assumed as a = 0.25, the same averaging effect as averaging of about 4 slots can be obtained. Therefore, 

5 by performing such exponential weighted averaging, only one previous value (in the above formula, averaged R_(n-1)) 
of past received power value may be stored, thereby reducing the calculation amount. 
[0104] Further, the propagation path variation estimation value and the transmit power changing amount estimation 
value are also calculation for immediately 1 slot previous values, and the calculation amount can be reduced. 
[0105] Still further, when the effect of the value using received signals of past slots is to be changed, it can be 

10 achieved by changing the factor a. 
[0106] The present invention has been described in detail with respect to various embodiments, and it will now be 
apparent from the foregoing to those skilled in the art that changes and modifications may be made without departing 
from the invention in its broader aspects, and it is the intention, therefore, in the appended claims to cover all such 
changes and modifications as fall within the true spirit of the invention. 

15 

Claims 

1. A CDMA reception apparatus characterized by comprising: 

20 propagation path variation estimation means for estimating a propagation path variation in a present transmit 
power control section from respective transmit power control sections in the past to obtain a propagation path 
variation estimation value; 
propagation path variation correction means for correcting at least one of vector, amplitude and/or power of a 
received signal of said plurality of transmit power control sections with said propagation path variation estima-

25 tion value obtained by said propagation path variation estimation means; and 
averaging means for averaging at least one of vector, amplitude and/or power of received signal of said plurality 
of transmit power control sections corrected by said propagation path variation correction means. 

2. A CDMA reception apparatus characterized by comprising: 
30 

transmit power changing amount estimation means for estimating a changing amount of transmit power of a 
communication partner station varied by transmit power control in the present transmit power control section 
from respective transmit power control sections in the past; 
transmit power changing amount correction means for correcting at least one of vector, amplitude and/or power 

35 of a received signal of said plurality of transmit power control sections with said transmit power changing 
amount estimation value obtained by said transmit power changing amount estimation means; and 
averaging means for averaging at least one of vector, amplitude and/or power of received signal of said plurality 
of transmit power control sections corrected by said transmit power changing amount correction means. 

ao 3. The CDMA reception apparatus as claimed in Claim 1 or 2, characterized in that said averaging means is provided 
with 

vector addition means for performing vector addition; 
division means for dividing a vector added by said vector addition means with a number of vectors added; and 

45 means for converting vector divided by said division means into a power. 

4. The CDMA reception apparatus as claimed in Claim 1 or 2, characterized in that said averaging means is provided 
with 

50 amplitude addition means for performing amplitude addition; 
division means for dividing an amplitude added by said amplitude addition means with a number of amplitudes 
added; and 
means for converting amplitude divided by said division means into a power. 

55 5. The CDMA reception apparatus as claimed in Claim 1 or 2, characterized in that said averaging means is provided 
with 

power addition means for performing power addition; 
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division means for dividing a power added by said power addition means with a number of powers added. 

6. The CDMA reception apparatus as claimed in Claim 1, characterized in that said propagation path variation esti-
mation means estimates a propagation path variation using a channel not performing transmit power control. 

5 

7. The CDMA reception apparatus as claimed in Claim 2, characterized in that said transmit power changing amount 
estimation means estimates a transmit power changing amount using a transmit power control indicator transmitted 
from own station. 

10 8. The CDMA reception apparatus as claimed in Claim 1 or 2, characterized in that said averaging means further 
comprises averaging section setting means for setting an averaging section. 

9. The CDMA reception apparatus as claimed in Claim 8, characterized in that said averaging section setting means 
comprises: 

15 

means for setting said averaging section to a small section, when performing communication by a channel of 
which a power allocated to a signal subjected to received signal power measurement existing in each transmit 
power control section is high; and 
means for setting said averaging section to a large section, when performing communication by a channel of 

20 which a power allocated to a signal subjected to received signal power measurement existing in each transmit 
power control section is small. 

10. The CDMA reception apparatus as claimed in Claim 8, characterized in that said averaging section setting means 
comprises: 

25 

means for setting said averaging section to a large section, when a partner transmit station performs transmit 
power control, there is a channel other than channel transmitting to said reception station and transmitting a 
channel not performing transmit power control with the same antenna and directivity, and propagation path var-
iation estimation using said channel not performing transmit power control is possible; and 

30 means for setting said averaging section to a small section, when a partner transmit station performs transmit 
power control, there is not a channel other than channel transmitting to said reception station and transmitting 
a channel not performing transmit power control with the same antenna and directivity, or even when transmit-
ting but not performing transmit power control, and propagation path variation estimation using said channel 
not performing transmit power control is not possible. 

35 

11. The CDMA reception apparatus as claimed in Claim 8, characterized in that said averaging section setting means 
comprises: 

traveling speed detection means for detecting a relative traveling speed between a communication partner sta-
40 tion and own station; and 

means for setting said averaging section to a small section when said detected traveling speed is large, and for 
setting said averaging section to a large section when said detected traveling speed is small. 

12. A received signal power measurement method of a CDMA reception apparatus, characterized by comprising: 
45 

a propagation path variation estimation step for estimating a propagation path variation in a present transmit 
power control section from respective transmit power control sections in the past to obtain a propagation path 
variation estimation value; 
a propagation path variation correction step for correcting at least one of vector, amplitude and/or power of a 

50 received signal of said plurality of transmit power control sections with said propagation path variation estima-
tion value obtained by said propagation path variation estimation step; and 
an averaging step for averaging at least one of vector, amplitude and/or power of received signal of said plural-
ity of transmit power control sections corrected by said propagation path variation correction step. 

55 13. A received signal power measurement method of a CDMA reception apparatus, characterized by comprising: 

a transmit power changing amount estimation step for estimating a changing amount of transmit power of a 
communication partner station varied by transmit power control in the present transmit power control section 

Ericsson Exhibit 1010 
Page 777



EP 1 071 227 A2 

5 

10 

from respective transmit power control sections in the past; 
a transmit power changing amount correction step for correcting at least one of vector, amplitude and/or power 
of a received signal of said plurality of transmit power control sections with said transmit power changing 
amount estimation value obtained by said transmit power changing amount estimation step; and 
an averaging step for averaging at least one of vector, amplitude and/or power of received signal of said plural-
ity of transmit power control sections corrected by said transmit power changing amount correction step. 

14. The received signal power measurement method as claimed in Claim 12 or 13, characterized in that said averaging 
step is provided with 

a vector addition step for performing vector addition; 
a division step for dividing a vector added by said vector addition step with a number of vectors added; and 
a step for converting vector divided by said division step into a power. 

15 15. The received signal power measurement method as claimed in Claim 12 or 13, characterized in that said averaging 
step is provided with 

an amplitude addition step for performing amplitude addition; 
a division step for dividing an amplitude added by said amplitude addition step with a number of amplitudes 

20 added; and 
a step for converting amplitude divided by said division step into a power. 

16. The received signal power measurement method as claimed in Claim 12 or 13, characterized in that said averaging 
step is provided with 

25 

a step for performing power addition; 
a division step for dividing a power added by said power addition step with a number of powers added. 

17. The received signal power measurement method as claimed in Claim 12, characterized in that said propagation 
30 path variation estimation step estimates a propagation path variation using a channel not performing transmit 

power control. 

18. The received signal power measurement method as claimed in Claim 13, characterized in that said transmit power 
changing amount estimation step estimates a transmit power changing amount using a transmit power control indi-

35 cator transmitted from own station. 

19. The received signal power measurement method as claimed in Claim 12 or 13, characterized in that said averaging 
step further comprises an averaging section setting step for setting an averaging section. 

ao 20. The received signal power measurement method as claimed in Claim 19, characterized in that said averaging sec-
tion setting step comprises: 

a step for setting said averaging section to a small section, when performing communication by a channel of 
which a power allocated to a signal subjected to received signal power measurement existing in each transmit 

45 power control section is high; and 
a step for setting said averaging section to a large section, when performing communication by a channel of 
which a power allocated to a signal subjected to received signal power measurement existing in each transmit 
power control section is small. 

50 21. The received signal power measurement method as claimed in Claim 19, characterized in that said averaging sec-
tion setting step comprises: 

a step for setting said averaging section to a large section, when a partner transmit station performs transmit 
power control, there is a channel other than channel transmitting to said received station and transmitting a 

55 channel not performing transmit power control with the same antenna and directivity, and propagation path var-
iation estimation using said channel not performing transmit power control is possible; and 
a step for setting said averaging section to a small section, when a partner transmit station performs transmit 
power control, there is not a channel other than channel transmitting to said received station and transmitting 
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a channel not performing transmit power control with the same antenna and directivity, or even when transmit-
ting but not performing transmit power control, and propagation path variation estimation using said channel 
not performing transmit power control is not possible. 

5 22. The received signal power measurement method as claimed in Claim 19, characterized in that said averaging sec-
tion setting step comprises: 

a step for detecting a relative traveling speed between a communication partner station and own station; and 
a step for setting said averaging section to a small section when said detected traveling speed is large, and for 

10 setting said averaging section to a large section when said detected traveling speed is small. 

15 

20 
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40 
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Description 

BACKGROUND 

5 [0001] This invention generally relates to spread spectrum time division duplex (TDD) communication systems. More 
particularly; the present invention relates to a system and method for controlling transmission power within TDD com-
munication systems. 
[0002] Figure 1 depicts a wireless spread spectrum time division duplex (TDD) communication system. The system 
has a plurality of base stations 301-307.Each base station 301 communicates with user equipment (UEs) 321-323 in its 

10 operating area. Communications transmitted from a base station 301 to a UE 321 are referred to as downlink commu-
nications and communications transmitted from a UE 321 to a base station 301 are referred to as uplink communications. 
[0003] In addition to communicating over different frequency spectrums, spread spectrum TDD systems carry mul-
tiple communications over the same spectrum. The multiple signals are distinguished by their respective chip code 
sequences (codes). Also, to more efficiently use the spread spectrum, TDD systems as illustrated in Figure 2 use 

15 repeating frames 34 divided into a number of time slots 361-36n,, such as sixteen time slots. In such systems, a com-
munication is sent in selected time slots 361-36n using selected codes. Accordingly, one frame 34 is capable of carrying 
multiple communications distinguished by both time slot and code. The combination of a single code in a single time 
slot is referred to as a resource unit. Based on the bandwidth required to support a communication, one or multiple 
resource units are assigned to that communication. 

20 [0004] Most TDD systems adaptively control transmission power levels. In a TDD system, many communications 
may share the same time slot and spectrum. When a UE 321 or base station 301 is receiving a specific communication, 
all the other communications using the same time slot and spectrum cause interference to the specific communication. 
Increasing the transmission power level of one communication degrades the signal quality of all other communications 
within that time slot and spectrum. However, reducing the transmission power level too far results in undesirable signal 

25 to noise ratios (SNRs) and bit error rates (BERs) at the receivers. To maintain both the signal quality of communications 
and low transmission power levels, transmission power control is used. 
[0005] One approach using transmission power control in a code division multiple access (CDMA) communication 
system is described in U.S. Patent No. 5,056,109 (Gilhousen et al.). A transmitter sends a communication to a particular 
receiver. Upon reception, the received signal power is measured. The received signal power is compared to a desired 

30 received signal power. Based on the comparison, a control bit is sent to the transmitter either increasing or decreasing 
transmission power by a fixed amount. Since the receiver sends a control signal to the transmitter to control the trans-
mitter's power level, such power control techniques are commonly referred to as closed loop. 
[0006] Under certain conditions, the performance of closed loop systems degrades. For instance, if communications 
sent between a UE and a base station are in a highly dynamic environment, such as due to the UE moving, such 

35 systems may not be able to adapt fast enough to compensate for the changes. The update rate of closed loop power 
control in TDD is typically 100 cycles per second which is not sufficient for fast fading channels. Accordingly, there is 
a need for alternate approaches to maintain signal quality and low transmission power levels. 

SUMMARY 
40 

[0007] Outer loop/weighted open loop power control controls transmission power levels in a spread spectrum time 
division duplex communication system. At a first communication station, errors are measured in a received communi-
cation from a second communication station. Based on in part the measured errors, an adjustment in a target level is 
determined. The first station transmits a communication and the target adjustment to the second station. The second 

45 station measures the first station's communication's received power level. Based on in part the received power level, 
a path loss Is determined. The target level is adjusted in response to receiving the target adjustment. The quality of 
the path loss is determined with respect to a subsequent communication to be transmitted from the second station. 
The second station's transmission power level for the subsequent communication is adjusted based on in part the 
determined path loss, the determined quality and the adjusted target level. 

50 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] 

55 Figure 1 illustrates a prior art TDD system. 
Figure 2 illustrates time slots in repeating frames of a TDD system. 
Figure 3 is a flow chart of outer loop/weighted open loop power control. 
Figure 4 is a diagram of components of two communication stations using outer loop/weighted open loop power 
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control. 
Figure 5 is a graph of the performance of outer loop/weighted open loop, weighted open loop and closed loop 
power control systems. 
Figure 6 is a graph of the three systems performance in terms of Block Error Rate (BLER). 

5 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0009] The preferred embodiments will be described with reference to the drawing figures where like numerals rep-
resent like elements throughout. Outer loop/weighted open loop power control will be explained using the flow chart 

10 of Figure 3 and the components of two simplified communication stations 110,112 as shown in Figure 4. For the 
following discussion, the communication station having its transmitter's power controlled is referred to as the transmit-
ting station 112 and the communication station receiving power controlled communications is referred to as the receiv-
ing station 110. Since outer loop/weighted open loop power control may be used for uplink, downlink or both types of 
communications, the transmitter having its power controlled may be associated with the base station 301, UE 321 or 

15 both. Accordingly, if both uplink and downlink power control are used, the receiving and transmitting station's compo-
nents are associated with both the base station 301 and UE 321. 
[0010] The receiving station 110 receives various radio frequency signals Including communications from the trans-
mitting station 112 using an antenna 78, or alternately, an antenna array, step 38. The received signals are passed 
thorough an isolator 66 to a demodulator 68 to produce a baseband signal. The baseband signal is processed, such 

20 as by a channel estimation device 70 and a data estimation device 72, in the time slots and with the appropriate codes 
assigned to the transmitting station's communication. The channel estimation device 70 commonly uses the training 
sequence component in the baseband signal to provide channel information, such as channel impulse responses. The 
channel information is used by the data estimation device 72, the Interference measurement device 74, and the transmit 
power calculation device 76. The data estimation device 72 recovers data from the channel by estimating soft symbols 

25 using the channel information. 
[0011] Prior to transmission of the communication from the transmitting station 112, the data signal of the commu-
nication is error encoded using an error detection/correction encoder 110. The error encoding scheme is typically a 
circular redundancy code (CRC) followed by a forward error correction encoding, although other types of error encoding 
schemes may be used. 

30 [0012] Using the soft symbols produced by the data estimation device 72, an error detection device 112 detects 
errors in the soft symbols. A processor 111 analyzes the detected error and determines an error rate for the received 
communication, step 39. Based on the error rate, the processor 111 determines the amount, If any, a target level, such 
as a target signal to interference ration (SIRTARGEr),needs to be changed at the transmitting station 112, step 40. 
Based on the determined amount, a target adjustment signal is generated by the target adjustment generator 114. The 

35 target adjustment is subsequently sent to the transmitting station, step 41. The target adjustment is signaled to the 
transmitting station 112, such as using a dedicated or a reference channel as shown in Figure 4, step 41. 
[0013] One technique to determine the amount of adjustment in the target level uses an upper and lower threshold. 
If the determined error rate exceeds an upper threshold, the target level is set at an unacceptably low level and needs 
to be increased. A target level adjustment signal is sent indicating an increase in the target level. If the determined 

40 error rate is below a second threshold, the target level is set at an unnecessarily high level and the target level can be 
decreased. By reducing the target level, the transmitting station's power level is decreased reducing interference to 
other communications using the same time slot and spectrum. To improve performance, as soon as the error rate 
exceeds the upper limit, a target adjustment is sent. As a result, high error rates are improved quickly and lower error 
rates are adjusted slowly, such as once per 10 seconds. If the error rate is between the thresholds, a target adjustment 

45 Is not sent maintaining the same target level. 
[0014] Applying the above technique to a system using CRC and FEC encoding follows. Each CRC block Is checked 
for an error. Each time a frame is determined to have an error, a counter is incremented. As soon as the counter 
exceeds an upper threshold, such as 1.5 to 2 times the desired block error rate (BLER), a target adjustment is sent 
increasing the target level. To adjust the SIRTARGET at the transmitting station 112, the increase in the SIFITARGET is 

50 sent (SIRING), which is typically in a range of 0.25 dB to 4 dB. If the number of CRC frames encountered exceeds a 
predetermined limit, such as 1000 blocks, the value of the counter is compared to a lower threshold, such as 0.2 to 
0.6 times the desired BLER. If the number of counted block errors is below the lower threshold, a target adjustment 
signal is sent decreasing the target level, SIRDEC. A typical range of SIRDEc is 0.25 to 4 dB. The value of SIRDEcrnay 
be based on 511=11140nd a target block error rate, BLERTARGET.The BLERTARGEris based on the type of service. A 

55 typical range for the BLERTARGETis 0.1% to 10%. Equation 1 illustrates one such approach for determining SIRDEC. 
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SIRDEC = SIRINC x BLERTARGET/(1- BLERTARGET) Equation 1 

[0015] If the count is between the thresholds for the predetermined block limit, a target adjustment signal is not sent. 
[0016] Alternately, a single threshold may be used. If the error rate exceeds the threshold, the target level is increased. 
If the error rate is below the threshold, the target is decreased. Additionally, the target level adjustment signal may 
have several adjustment levels, such as from 0 dB to ±4 dB in 0.25 dB increments based on the difference between 
the determined error rate and the desired error rate. 
[0017] The interference measurement device 74 of the receiving station 110 determines the interference level in dB, 

10 IRs,within the channel, based on either the channel information, or the soft symbols generated by the data estimation 
device 72, or both. Using the soft symbols and channel information, the transmit power calculation device 76 controls 
the receiving station's transmission power level by controlling the gain of an amplifier 54. 
[0018] For use in estimating the pathless between the receiving and transmitting stations 110,112 and sending data, 
the receiving station 110 sends a communication to the transmitting station 112, step 41. The communication may be 

15 sent on any one of the various channels. Typically, in a TDD system, the channels used for estimating pathloss are 
referred to as reference channels, although other channels may be used. If the receiving station 110 is a base station 
301, the communication is preferably sent over a downlink common channel or a common control physical channel 
(CCPCH). Data to.be communicated to the transmitting station 112 over the reference channel is referred to as refer-
ence channel data. The reference data may include, as shown, the interference level, IRs, multiplexed with other ref-

20 erence data, such as the transmission power level, TRs.The interference level, IRs,and reference channel power level, 
Igs, may be sent in other channels, such as a signaling channel. 
[0019] The reference channel data is generated by a reference channel data generator 56. The reference data is 
assigned one or multiple resource units based on the communication's bandwidth requirements. A spreading and 
training sequence insertion device 58 spreads the reference channel data and makes the spread reference data time- • 

25 multiplexed with a training sequence in the appropriate time slots and codes of the assigned resource units. The re-
sulting sequence is referred to as a communication burst. The communication burst is subsequently amplified by an 
amplifier 60. The amplified communication burst may be summed by a sum device 62 with any other communication 
burst created through devices, such as a data generator 50, spreading and training sequence insertion device 52 and 
amplifier 54. 

30 [0020] The summed communication bursts are modulated by a modulator 64. The modulated signal is passed thor-
ough an isolator 66 and radiated by an antenna 78 as shown or, alternately, through an antenna array. The radiated 
signal is passed through a wireless radio channel 80 to an antenna 82 of the transmitting station 112. The type of 
modulation used for the transmitted communication can be any of those known to those skilled in the art, such as direct 
phase shift keying (DPSK) or quadrature phase shift keying (QPSK). 

33 [0021] The antenna 82 or, alternately, antenna array of the transmitting station 112 receives various radio frequency 
signals including the target adjustments. The received signals are passed through an isolator 84 to a demodulator 86 
to produce a baseband signal. The baseband signal is processed, such as by a channel estimation device 88 and a 
data estimation device 90, in the time slots and with the appropriate codes assigned to the communication burst of the 
receiving station 110. The channel estimation device 88 commonly uses the training sequence component in the base-

40 band signal to provide channel information, such as channel impulse responses. The channel information is used by 
the data estimation device 90 and a power measurement device 92. 
[0022] The power level of the processed communication corresponding to the reference channel, RTs, is measured 
by the power measurement device 92 and sent to a pathloss estimation device 94, step 42. Both the channel estimation 
device 88 and the data estimation device 90 are capable of separating the reference channel from all other channels. 

45 If an automatic gain control device or amplifier is used for processing the received signals, the measured power level 
is adjusted to correct for the gain of these devices at either the power measurement device 92 or pathloss estimation 
device 94. The power measurement device is a component of an outer loop/weighted open loop controller 100. As 
shown In Figure 4, the outer loop/weighted open loop controller 100 comprises the power measurement device 92, 
pathloss estimation device 94, quality measurement device 94, target update device 101, and transmit power calcu-

50 lation device 98. 
[0023] To determine the path loss, L, the transmitting station 112 also requires the communication's transmitted 
power level, Tgs. The communication's transmitted power level, TFis, may be sent along with the communication's data 
or in a signaling channel. If the power level, Tgs, is sent along with the communication's data, the data estimation 
device 90 interprets the power level and sends the interpreted power level to the pathloss estimation device 94. If the 

ss receiving station 110 is a base station 301, preferably the transmitted power level, Tgs, is sent via the broadcast channel 
(BCH) from the base station 301. By subtracting the received communication's power level, fiTs, from the sent com-
munication's transmitted power level, TFis, the pathloss estimation device 94 estimates the path loss, L, between the 
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two stations 110,112, step 43. Additionally, a long term average of the pathloss, Lo, is updated, step 44. The long term 
average of the pathloss, Lo, is an average of the pathloss estimates. In certain situations, instead of transmitting the 
transmitted power level, TRs, the receiving station 110 may transmit a reference for the transmitted power level. In that 
case, the pathless estimation device 94 provides reference levels for the pathloss, L. 

5 [0024] Since TDD systems transmit downlink and uplink communications in the same frequency spectrum, the con-
ditions these communications experience are similar. This phenomenon is referred to as reciprocity. Due to reciprocity, 
the path loss experienced for the downlink will also be experienced for the uplink and vice versa. By adding the estimated 
path loss to a target level, a transmission power level for a communication from the transmitting station 112 to the 
receiving station 110 is determined. 

10 [0025] If a time delay exists between the estimated path loss and the transmitted communication, the path loss 
experienced by the transmitted communication may differ from the calculated loss. In TDD where communications are 
sent in differing time slots 361-36,, the time slot delay between received and transmitted communications may degrade 
the performance of an open loop power control system. To overcome these drawbacks, weighted open loop power 
control determines the quality of the estimated path loss using a quality measurement device 96, step 45, and weights 

15 the estimated path loss accordingly, L, and long term average of the pathloss, Lo. 
[0026] To enhance performance further in outer loop/weighted open loop, a target level Is adjusted. A processor 103 
converts the soft symbols produced by the data estimation device 90 to bits and extracts the target adjustment infor-
mation, such as a SIR, ,ARGET adjustment. A target update device 101 adjusts the target level using the target adjust-
ments, step 46. The target level may be a SIRTARGEror a target received power level at the receiving station 110. 

20 [0027] The transmit power calculation device 98 combines the adjusted target level with the weighted path loss 
estimate, L, and long term average of the pathloss estimate, Lo, to determine the transmission power level of the 
transmitting station, step 47. 
[0028] Data to be transmitted in a communication from the transmitting station 112 is produced by data generator 
102. The data is error detection/correction encoded by error detection/correction encoder 110. The error encoded data 

25 is spread and time-multiplexed with a training sequence by the training sequence insertion device 104 In the appropriate 
time slots and codes of the assigned resource units producing a communication burst. The spread signal is amplified 
by an amplifier 106 and modulated by modulator 108 to radio frequency. The gain of the amplifier is controlled by the 
transmit power calculation device 98 to achieve the determined transmission power level. The power controlled com-
munication burst is passed through the isolator 84 and radiated by the antenna 82. 

30 [0029] The following is one outer loop/weighted open loop power control algorithm. The transmitting stations's trans-
mission power level in decibels, P.m, is determined using Equation 2. 

PTS SIRTARGET+ IRS + 04(1-4-0) + Lo + CONSTANT VALUE 

35 

Equation 2 

[0030] The SIRTARGEr has an adjusted value based on the received target adjustment signals. For the downlink, the 
initial value of SIRTARGET is known at the transmitting station 112. For uplink power control, SI RTARGEris signaled from 
the receiving station 110 to the transmitting station 112. Additionally, a maximum and minimum value for an adjusted 
SIRTARGET may also be signaled. The adjusted SIRTARGET is limited to the maximum and minimum values. IRS is the 

40 measure of the interference power level at the receiving station 110. 
[0031] L is the path loss estimate in decibels, TRs - RTs, for the most recent time slot 361-36n that the path loss was 
estimated. Lo,the long term average of the path loss in decibels, Is the running average of the pathloss estimate, L. 
The CONSTANT VALUE is a correction term. The CONSTANT VALUE corrects for differences in the uplink and downlink 
channels, such as to compensate for differences in uplink and downlink gain. Additionally, the CONSTANT VALUE 

45 may provide correction if the transmit power reference level of the receiving station is transmitted, instead of the actual 
transmit power, TRS. If the receiving station 110 is a base station, the CONSTANT VALUE is preferably sent via a Layer 
3 message. 
[0032] The weighting value, a, is a measure of the quality of the estimated path loss and Is, preferably, based on the 
number of time slots 361-36n between the time slot, n, of the last path loss estimate and the first time slot of the 

50 communication transmitted by the transmitting station 112. The value of a is between zero and one. Generally, if the 
time difference between the time slots is small, the recent path loss estimate will be fairly accurate and a is set at a 
value close to one. By contrast, if the time difference is large, the path loss estimate may not be accurate and the long 
term average path loss measurement is most likely a better estimate for the path loss. Accordingly, a Is set at a value 
closer to one. 

55 [0033] Equations 3 and 4 are equations for determining a. 
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5 

a = 1 - (D - 1)/(Dmax-1) 

a= max { 1-(D-1 )/(Dmax-allowed 0) 

Equation 3 

Equation 4 

The value, D, is the number of time slots 361-36„ between the time slot of the last path loss estimate and the first time 
slot of the transmitted communication which will be referred to as the time slot delay. If the delay is one time slot, a is 
one. Dmmis the maximum possible delay. A typical value for a frame having fifteen time slots is seven. If the delay is 

10 D,,,,a is zero Dmax-allowed is the maximum allowed time slot delay for using open loop power control. If the delay 
exceeds Dmax-all ed.°pen loop power control is effectively turned off by setting a = 0. Using the transmit power level, 
Pi -s, determined by a transmit power calculation device 98 the transmit power of the transmitted communication is set. 
[0034] Figures 5 and 6 compare the performance of the weighted outer loop/open loop, open loop and closed loop 
systems. The simulations in Figures 5 and 6 were performed for a slightly different version of the outer loop/weighted 

15 open loop algorithm. In this version, the target SIR is updated every block. A SIRTARGET is increased if a block error 
was detected and decreased if no block error was detected. The outer loop/weighted open loop system used Equation 
2. Equation 3 was used to calculate a. The simulations compared the performance of the systems controlling a UE's 
321 transmission power level. For the simulations, 16 CRC bits were padded every block. In the simulation, each block • 
was 4 frames. A block error was declared when at least two raw bit errors occur over a block. The uplink communication 

20 channel is assigned one time slot per frame. The target for the block error rate is 10%. The SIRTARGET is updated every 
4 frames. The simulations address the performance of these systems for a UE 321 traveling at 30 kilometers per hour. 
The simulated base station used two antenna diversity for reception with each antenna having a three finger RAKE 
receiver. The simulation approximated a realistic channel and SIR estimation based on a midamble sequence of burst 
type 1 field in the presence of additive white Gaussian noise (AWGN). The simulation used an International Telecom-

25 munication Union (ITU) Pedestrian B type channel and QPSK modulation. Interference levels were assumed to have 
no uncertainty. Channel coding schemes were not considered. L0 was set at 0 db. 
[0035] Graph 120 of Figure 5 shows the performance as expected in terms of the required Es/Nofor a BLER of 
10-1as a function of time delay between the uplink time slot and the most recent downlink time slot. The delay is 
expressed by the number of time slots. E, is the energy of the complex symbol. Figure 5 demonstrates that, when 

30 gain/interference uncertainties are ignored, the performance of the combined system is almost identical to that of 
weighted open loop system. The combined system outperforms the closed loop system for all delays. 
[0036] In the presence of gain and interference uncertainties, the transmitted power level of the open loop system 
is either too high or too low of the nominal value. In graph 122 of Figure 6, a gain uncertainty of -2 dB was used. Figure 
6 shows the BLER as a function of the delay. The initial reference SIRTARGETfor each system was set to its correspond-

35 ing nominal value obtained from Figure 5, in order to achieve a BLER of 10-1. Figure 6 shows that, in the presence 
of gain uncertainty, both the combined and closed loop systems achieve the desired BLER. The performance of the 
weighted open loop system severely degrades. 

40 

45 

50 

Claims 

1. A spread spectrum time division duplex user equipment communicating using frames with time slots for commu-
nication, comprising: 

means (82, 88, 92) for receiving, in a first time slot, a first communication having a transmit power level and 
measuring a power level of said communication; 
means (94) for determining a path loss estimate based in part on said measured power level and said received 
power level; the user equipment 

characterized by: 

means (96, 98 106) for setting a transmission power level for transmission of a second communication in a 
second time slot based in part on the path loss estimate weighted by a first factor and a long term path loss 
estimate weighted by a second factor, said first and second factors being a function of a time separation of 

55 the first and second time slots; and 
means (108, 82) for transmitting the second communication in the second time slot at the set transmission 
power level. 
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2. The user equipment of claim 1 further characterized by comprising: 

means (98) for determining the long term path loss estimate based at least in part upon an average of path 
loss estimates of communications received by the user equipment. 

3. The user equipment of claim 2 further characterized by comprising: 

means (96) for determining a quality, a, of the path loss estimate which is based in part on a number of slots, 
D, between the first and second time slot; and 

wherein the first factor is aand teh second factor is 1-a. 

4. The user equipment of claim 3 further characterized by a maximum time slot delay is Dmax and ais determined by: 

a= 1 - (D - 1)/(Dmax-1). 

5. The user equipment of claim 3 further characterized by maximum allowed time slot delay is Dmw,..aumedand the 
determined quality, a, is determined by: 

a= max {1-(D-1)/(Dmu.dowed-1 ), 0). 

6. A spread spectrum time division duplex user equipment using frames with time slots for communication, compris-
25 ing: 

an antenna (82) for receiving a first communication in a first time slot and transmitting an amplified second 
communication in a second time slot; 
a channel estimation device (88) having an input receiving said first communication for producing channel 

30 information; 
a data estimation device (90) responsive to said first communication and said channel information for producing 
interpreted data; 
a power measurement device (92) responsive to said channel information for determining a received power 
level of the first communication; 

35 a path loss estimation device (94) responsive to said measured power level for producing a path loss estimate 
of the first communication; the user equipment 

characterized by comprising: 

40 a quality measurement device (96) for producing a quality measurement based at least in part upon a time 
separation of the first time slot and a second time slot; 
a transmit power calculation device (98) responsive to said path loss estimate and said quality measurement 
for producing a power control signal based at least in part upon said path loss estimate weighted by a first 
factor and a long term path loss estimate weighted by a second factor, wherein the first and second factors 

45 are based In part on the quality measurement; and 
an amplifier (106) receiving the power control signal and a second communication to be transmitted in the 
second time slot for amplifying the second communication responsive to the power control signal to produce 
the amplified second communication for transmission by the antenna. 

50 7. The user equipment of claim 6 further comprising: 

a data generator (102) for producing communication data; 
a spreading and training sequence insertion device (104) having an input receiving the communication data 
for producing the second communication in the second time slot; and 

55 a modulator (108) having an input receiving the amplified second communication for modulating the amplified 
second communication to radio frequency prior to transmission. 

8. The user equipment of claim 6 further comprising: 
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a demodulator (86) having an input receiving the received first communication for producing a baseband signal; 
and 

wherein the channel estimation device (88) and the data estimation device (90) each have an input receiving 
5 the baseband signal. 

9. The user equipment of claim 6 further characterized by the quality measurement is in the range of zero to one 
and the first factor is the quality measurement and the second factor is one minus the quality measurement. 
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FIG. 3 
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 y39
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TRANSMITTING TARGET ADJUSTMENTS AS NEEDED AND 
A COMMUNICATION TO THE TRANSMITTING STATION

DETERMINING THE RECEIVED. POWER LEVEL OF THE • 
COMMUNICATION FROM THERECEIVING. STATION AS 

RECEIVED AT THE TRANSMITTING STATION . 

DETERMINE AN ESTIMATED PATH LOSS BETWEEN THE 
• RECEIVING AND TRANSMITTING STATION BY 

SUBTRACTING THE RECEIVED' COMMUNICATION'S POWER ' 
LEVEL IN dB FROM THE COMMUNICATION'S 

TRANSMISSION POWER LEVEL IN dB 

UPDATE A LONG TERM PATH LOSS. ESTIMATE

• 
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• 
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• 
• . 

SET THE TRANSMITTING STATION'S TRANSMISSION 
- POWER 'LEVEL USING THE ESTIMATED PATH LOSS 

AND LONG TERM AVERAGE OF THE PATH LOSS 
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CELLULAR COMMUNICATIONS POWER CONTROL SYSTEM 

BACKGROUND 

The invention relates to communication systems and in particular, to a 

cellular mobile communications system having integrated satellite and ground 

5 nodes. 

The cellular communications industry has grown at a fast pace in the 

United States and even faster in some other countries. It has become an 

important service of substantial utility and because of the growth rate, 

saturation of the existing service is of concern. High density regions having 

10 high use rates, such as Los Angeles, New York and Chicago are of most 

immediate concern. Contributing to this concern is the congestion of the 

electromagnetic frequency spectrum which is becoming increasingly severe as 

the communication needs of society expand. This congestion is caused not 

only by cellular communications systems but also by other communications 

15 systems. However, in the cellular communications industry alone, it is 

estimated that the number of mobile subscribers will increase on a world-wide 

level by an order of magnitude within the next ten years. The radio frequency 

spectrum is limited and in view of this increasing demand for its use, means to 

more efficiently use it are continually being explored. 
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Existing cellular radio is primarily aimed at providing mobile telephone 

service to automotive users in developed metropolitan areas. For remote area 

users, airborne users, and marine users, AIRFONE and INMARSAT services 

exist but coverage is incomplete and service is relatively expensive. Mobile 

5 radio satellite systems in an advanced planning stage will probably provide 

improved direct-broadcast voice channels to mobile subscribers in remote areas 

but still at significantly higher cost in comparison to existing ground cellular 

service. The ground cellular and planned satellite technologies complement 

one another in geographical coverage in that the ground cellular 

10 communications service provides voice telephone service in relatively 

developed urban and suburban areas but not in sparsely populated areas, while 

the planned earth orbiting satellites will serve the sparsely populated areas. 

Cellular communications systems divide the service areas into 

geographical cells, each served by a base station or node typically located at its 

15 center. The central node transmits sufficient power to cover its cell area with 

adequate field strength. If a mobile user moves to a new cell, the radio link is 

switched to the new node provided there is an available channel. Present land 

mobile communication systems typically use a. frequency modulation (FM) 

approach and because of the limited interference rejection capabilities of FM 

20 modulation, each radio channel may be used only once over a wide 

geographical area encompassing many cells. This means that each cell can 

use only a small fraction of the total allocated radio frequency band, resulting 

in an inefficient use of the available spectrum. In some cases, the quality of 
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speech is poor because of the phenomena affecting FM transmission known as 

fading and "dead spots." The subjective effect of fading is repeated 

submersion of the voice signal in background noise frequently many times per 

second if the mobile unit is in motion. The problem is exacerbated by 

5 interference from co-channel users in distant cells and resultant crosstalk due to 

the limited interference rejection capability of FM. Additionally, 

communications privacy is relatively poor; the FM signal may be heard by 

others who are receiving that frequency. 

In the case where one band of frequencies is preferable over others and 

10 that one band alone is to be used for mobile communications, efficient 

communications systems are necessary to assure that the number of users 

desiring to use the band can be accommodated. For example, there is 

presently widespread agreement on the choice of L-band as the technically 

preferred frequency band for the satellite-to-mobile link in mobile 

15 communications systems. In the case where this single band is chosen to 

contain all mobile communications users, improvements in spectral utilization 

in the area of interference protection and in the ability to function without 

imposing intolerable interference on other services will be of paramount 

importance in the considerations of optimal use of the scarce spectrum. 

20 Troubling both terrestrial and satellite communication is channel fading, 

in which communications channel experiences fading due to numerous factors 

such as changes in weather conditions, signal propagation, local terrain etc.. 
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Satellite transceivers are generally located in geosynchronous earth orbit, 

approximately 22,300 miles from earth, and as such, are approximately the 

same distance from mobile units. Accordingly, path loss in the satellite 

channel is relatively minor, on the order of only a few dB. Unfortunately, 

5 satellite transmissions still experience substantial fading due to the direct 

component of the satellite signal being summed with multiply reflected 

components of the satellite signal, thereby inducing channel fading of several 

dB. 

In contrast to satellite transmission, the terrestrial to mobile 

10 transmission is substantially effected by the distance between the mobile unit 

and the cell site. For example, one mobile unit may be located at a distance 

many miles from the cell site, while another may be only yards away. 

Accordingly, path loss variations of terrestrial transmissions may be orders of 

magnitude greater than experienced by satellite transmissions. Further, the 

15 terrestrial transmissions typically experience substantial fading due to the signal 

being reflected from many different features of the physical environment. As a 

result, a signal may arrive at a mobile unit from many different directions 

causing both constructive and destructive summation of the signals. 

Additionally, the transmitted signal may be partially obstructed by buildings, 

20 foliage, and the like to produce additional signal fading. 

In order to overcome these constraints, the transceivers of typical 

communications systems commonly radiates at a power level which is 30 to 40 
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dB greater than is required on the average in order to overcome fading nulls. 

This results in greatly increased inter-system interference, reduced battery life 

and a reduction of potential users in the communications system. 

The severely limited commodity in the satellite links is satellite prime 

5 power, a major component of the weight of a communication satellite and 

thereby a major factor in satellite cost. Generally in systems such as this, the 

down links to individual users are the largest power consumers and thus for a 

limited satellite source power, may provide the limiting factor on the number 

of users that can be served. Thus it is important to design the system for 

10 minimum required power per user. 

It would be desirable to provide a power control system to compensate 

for fading and interference without exceeding the minimum amount of power 

necessary to overcome such interference. To this end, numerous designs have 

been developed in an attempt to control transmitter power. A transmitter 

15 power control system is disclosed in the patent to Wheatley. III, U.S. Patent 

No. 5,267,262. Wheatley. III discloses the cell site measuring the signal 

strength and signal quality, i.e. bit error rate, of a signal transmitted by the 

mobile unit. The cell site processes the signal strength and signal quality to 

determine the desired signal strength for that mobile unit and transmits a power 

20 adjustment command back to the mobile unit. This power adjustment 

command is combined with the mobile unit's one way estimate of received 

signal strength to obtain a final value of the mobile unit transmitter power. 
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Unfortunately, Wheatley discloses telemetering the transmit power only as a 

static parameter at call setup time, not for the purpose, nor at a sample rate 

sufficient to support dynamic compensation of the received signal strength for 

adaptive power variations in a two-way adaptive power control system where 

5 both transmitters continuously adapt their respective transmit power. 

A similar concept to control transmitter power is disclosed in Wilson, et 

al., U.S. Patent No. 5,293,639. Wilson et al. discloses the control of the 

output power level of a transmitted signal by the mobile unit transmitting a 

first message on a fast communications channel to a repeater station. The 

10 repeater station measures the quality of the received first message to produce a 

quality metric representative of the quality of the first message. The repeater 

station retransmits the first message back to the mobile unit, appending the 

quality metric for determination by the mobile unit of its output power. 

Unfortunately, the retransmission of the first message is unnecessary in many 

15 system applications thus requiring additional power, and causing unnecessary 

signal interference. 

It is therefore an object of the present invention to provide an improved 

method and apparatus for controlling the transmitter power of a transceiver of 

a cellular communications system including an adaptive two-way power control 

20 system which continuously maintains each transmitted signal power at a 

minimum necessary level, adapting rapidly to, and accommodating signal fade 

dynamically and only as necessary. 
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SUMMARY OF THE INVENTION 

Briefly and in general terms, the invention, is directed to a cellular 

communications system having an adaptive transmitter power control system 

and method compensate for received signal strength variations, such as those 

5 caused by buildings, foliage and other obstructions. Each receiver determines 

the quality of the received signal and provides a local quality signal to its 

associated transmitter in the respective transceiver indicative of that received 

signal quality. Each transmitter also transmits the local quality signal provided 

to it from its associated receiver and the transceiver is additionally responsive 

10 to the quality signal received from the other transceiver with which it is in 

communication to control its own output power in the response to that quality 

signal. 

In yet a further aspect, a path loss measure is derived from the received 

signal strength and from data included in each transmitted signal which 

15 indicates that transmitter's output power level. Based on the derived path loss 

and the transmitter's power level data, the receiver can then adjust the power 

output of its own associated transmitter accordingly. 

In a more detailed aspect, the error rate of the received signal is 

determined in providing the quality signal, and in another aspect, the signal-to-

20 noise ratio (SNR) is measured to determine quality. The transceiver receiving 

Ericsson Exhibit 1010 
Page 818



WO 96/31009 PCT/US95/03898 

-8-

the error rate signal or the SNR from the other transceiver controls its own 

transmitter power output in response. 

Other aspects and advantages of the invention will become apparent 

from the following detailed description and the accompanying drawings, 

5 illustrating by way of example the features of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram showing an overview of the principal 

elements of a communications system in accordance with the principles of the 

invention; 

10 FIG. 2 is a diagram of the frequency sub-bands of the frequency band 

allocation for a cellular system; 

FIG. 3 is a overview block diagram of a communications system in 

accordance with the principles of the invention without a network control 

center; 

15 FIG. 4 is a diagram showing the interrelationship of the cellular 

hierarchical structure of the ground and satellite nodes in a typical section and 

presents a cluster comprising more than one satellite cell; 
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FIG. 5 is a block diagram of a satellite link system showing the user 

unit and satellite node control center; 

FIG. 6 is a block diagram of one embodiment of satellite signal 

processing in the system of FIG. 5; 

5 FIG. 7 is a functional block diagram of a user transceiver showing an 

adaptive power control system; 

FIGS. 8a through 8h show timing diagrams of an adaptive, two-way 

power control system; and 

FIG 9 is a functional diagram of a two-way power control system 

10 incorporating telemetered signal-quality deficiency supervisory control. 

FIG 10 is a functional diagram of a power control system combining 

adaptive signal quality power control and adaptive path loss power control. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

As is shown in the exemplary drawings, the invention, though not 

15 limited to, is preferredly embodied in a cellular communications system 

utilizing integrated satellite and ground nodes both of which use the same 

modulation, coding, and both responding to an identical user unit. 
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Referring now to FIG. 1, an overview of a preferred communications 

system 10 is presented showing the functional inter-relationships of the major 

elements. The system network control center 12 directs the top level allocation 

of calls to satellite and ground regional resources throughout the system. It 

5 also is used to coordinate system-wide operations, to keep track of user 

locations, to perform optimum allocation of system resources to each call, 

dispatch facility command codes, and monitor and supervise overall system 

health. The regional node control centers 14, one of which is shown, are 

connected to the system network control center 12 and direct the allocation of 

10 calls to ground nodes within a major metropolitan region. The regional node 

control center 14 provides access to and from fixed, land communication lines, 

such as commercial telephone systems known as the public switched telephone 

network (PSTN). The ground nodes 16 under direction of the respective 

regional node control center 14 receive calls over the fixed land line network 

15 encode them, spread them according to the unique spreading code assigned to 

each designated user, combine them into a composite signal, modulate that 

composite signal onto the transmission carrier, and broadcast them over the 

cellular region covered. 

Satellite node control centers 18 are also connected to the system 

20 network control center 12 via status and control land lines and similarly handle 

calls designated for satellite links such as from PSTN, encode them, and 

multiplex them with other similarly directed calls into an uplink trunk, which 

is beamed up to the designated satellite 20. Satellite nodes 20 receive the 

Ericsson Exhibit 1010 
Page 821



WO 96/31009 PCT/US95/03898 

-11-

uplink trunks, frequency demultiplex the calls intended for different satellite 

cells, frequency translate and direct each to its appropriate cell transmitter and 

cell beam, and broadcast the composite of all such similarly directed calls 

down to the intended satellite cellular area. As used herein, "backhaul" means 

5 the link between a satellite 20 and a satellite node control center 18. In one 

embodiment, it is a K-band frequency while the link between the satellite 20 

and the user unit 22 uses an L-band or an S-band frequency. 

As used herein, a "node" is a communication site or a communication 

relay site capable of direct one- or two-way radio communication with users. 

10 Nodes may include moving or stationary surface sites or airborne or satellite 

sites. 

User units 22 respond to signals of either satellite or ground node 

origin, receive the outbound composite signal, de-modulate, and decode the 

information and deliver the call to the user. Such user units 22 may be mobile 

15 or may be fixed in position. Gateways 24 provide direct trunks, that is, 

groups of channels, between satellite and the ground public switched telephone 

system or private trunk users. For example, a gateway may comprise a 

dedicated satellite terminal for use by a large company or other entity. In the 

embodiment of FIG. 1, the gateway 24 is also connected to that system 

20 network controller 12. 
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All of the above-discussed centers, nodes, units and gateways are full 

duplex transmit/receive performing the corresponding inbound (user to system) 

link functions as well in the inverse manner to the outbound (system to user) 

link functions just described. 

5 Referring now to FIG. 2, the allocated frequency band 26 of a 

communications system is shown. The allocated frequency band 26 is divided 

into 2 main sub-bands, an outgoing sub-band 25 and an incoming sub-band 27. 

Additionally the main sub-bands are themselves divided into further sub-bands 

which are designated as follows: 

10 OG: Outbound Ground 28 (ground node to user) 

OS: Outbound Satellite 30 (satellite node to user) 

OC: Outbound Calling and Command 32 (node to user) 

IG: Inbound Ground 34 (user to ground node) 

IS: Inbound Satellite 36 (user to satellite node) 

15 IC: Inbound Calling and Tracking 38 (user to node) 

All users in all cells use the entire designated sub-band for the described 

function. Unlike existing ground or satellite mobile systems, there is no 

necessity for frequency division by cells; all cells may use these same basic six 

sub-bands. This arrangement results in a higher frequency reuse factor as is 

20 discussed in more detail below. 
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In one embodiment of the communication system, a mobile user's unit 

22 will send an occasional burst of an identification signal in the IC sub-band 

either in response to a poll or autonomously. This may occur when the unit 22 

is in standby mode. This identification signal is tracked by the regional node 

5 control center 14 as long as the unit is within that respective region, otherwise 

the signal will be tracked by the satellite node or nodes. In another 

embodiment, this identification signal is tracked by all ground and satellite 

nodes capable of receiving it. This information is forwarded to the network 

control center 12 via status and command lines. By this means, the applicable 

10 regional node control center 14 and the system network control center 12 

remain constantly aware of the cellular location and link options for each 

active user 22. An intra-regional call to or from a mobile user 22 will 

generally be handled solely by the respective regional node control center 14. 

Inter-regional calls are assigned to satellite or ground regional system resources 

15 by the system network control center 12 based on the location of the parties to 

the call, signal quality on the various link options, resource availability and 

best utilization of resources. 

A user 22 in standby mode constantly monitors the common outbound 

calling frequency sub-band OC 32 for calling signals addressed to him by 

20 means of his unique spreading code. Such calls may be originated from either 

ground or satellite nodes. Recognition of his unique call code initiates the user 

unit 22 ring function. When the user goes "off-hook", e.g. by lifting the 

handset from its cradle, a return signal is broadcast from the user unit 22 to 
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any receiving node in the user calling frequency sub-band IC 38. This initiates 

a handshaking sequence between the calling node and the user unit which 

instructs the user unit whether to transition to either satellite, or ground 

frequency sub-bands, OS 30 and IS 36 or OG 28 and IG 34. 

5 A mobile user wishing to place a call simply takes his unit 22 off hook 

and dials the number of the desired party, confirms the number and "sends" 

the call. Thereby an incoming call sequence is initiated in the IC sub-band 38. 

This call is generally heard by several ground and satellite nodes which 

forward call and signal quality reports to the appropriate system network 

10 control center 12 which in turn designates the call handling to a particular 

satellite node 20 or regional node control center 14. The call handling element 

then initiates a handshaking function with the calling unit over the OC 32 and 

IC 38 sub-bands, leading finally to transition to the appropriate satellite or 

ground sub-bands for communication. 

15 Referring now to FIG. 3, a block diagram of a communications system 

40 which does not include a system network control center is presented. In 

this system, the satellite node control centers 42 are connected directly into the 

land line network as are also the regional node control centers 44. Gateway 

systems 46 are also available as in the system of FIG. 1. and connect the 

20 satellite communications to the appropriate land line or other communications 

systems. The user unit 22 designates satellite node 48 communication or 

ground node 50 communication by sending a predetermined code. 
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Referring now to FIG. 4, a hierarchical cellular structure is shown. A 

pair of clusters 52 of ground cells 54 are shown. Additionally, a plurality of 

satellite cells 56 are shown. Although numerals 54 and 56 point only to two 

cells each, this has been done to retain clarity in the drawing. Numeral 54 is 

5 meant to indicate all ground cells in the figure and similarly numeral 56 is 

meant to indicate all satellite cells. The cells are shown as hexagonal in shape, 

however, this is exemplary only. The ground cells may be from 3 to 15 km 

across although other sizes are possible depending on user density in the cell. 

The satellite cells may be approximately 200-500 km across as an example 

10 depending on the number of beams used to cover a given area. As shown, 

some satellite cells may include no ground cells. Such cells may cover 

undeveloped areas for which ground nodes are not practical. Part of a satellite 

cluster 58 is also shown. The cell members of such a cluster share a common 

satellite node control center 60. 

15 Referring again to FIG. 1 as well as to FIG. 4, the satellite nodes 20 

make use of large, multiple-feed antennas 62 which in one embodiment provide 

separate, relatively narrow beamwidth beams and associated separate 

transmitters for each satellite cell 56. For example, the multiple feed antenna 

62 may cover an area such as the United States with, typically, about 100 

20 satellite beams/cells and in one embodiment, with about 200 beams/cells. As 

used herein, "relatively narrow beamwidth" refers to a beamwidth that results 

in a cell of 500 km or less across. The combined satellite/ground nodes 

system provides a hierarchical geographical cellular structure. Thus within a 
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dense metropolitan area, each satellite cell 56 may further contain as many as 

100 or more ground cells 54, which ground cells would normally carry the 

bulk of the traffic originated therein. The number of users of the ground 

nodes 16 is anticipated to exceed the number of users of the satellite nodes 20 

5 where ground cells exist within satellite cells. Because all of these ground 

node users would otherwise interfere as background noise with the intended 

user-satellite links, in one embodiment the frequency band allocation may be 

separated into separate segments for the ground element and the space element 

as has been discussed in connection with FIG 2. This combined, hybrid 

10 service can be provided in a manner that is smoothly transparent to the user. 

Calls will be allocated among all available ground and satellite resources in the 

most efficient manner by the system network control center 12. 

An important parameter in most considerations of cellular radio 

communications systems is the "cluster", defined as the minimal set of cells 

15 such that mutual interference between cells reusing a given frequency sub-band 

is tolerable provided that such "co-channel cells" are in different clusters. 

Conversely all cells within a cluster must use different frequency sub-bands. 

The number of cells in such a cluster is called the "cluster size". It will be 

seen that the "frequency reuse factor", i.e. the number of possible reuses of a 

20 frequency sub-band within the system is thus equal to the number of cells in 

the system divided by the cluster size. The total number of channels that can 

be supported per cell, and therefore overall bandwidth efficiency of the system 

is thus inversely proportional to the cluster size. 
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Referring now to FIG. 5, a block diagram is shown of a typical user 

unit 22 to satellite 20 to satellite node control 18 communication and the 

processing involved in the user unit 22 and the satellite node control 18. In 

placing a call for example, the handset 64 is lifted and the telephone number 

5 entered by the user. After confirming a display of the number dialed, the user 

pushes a "send" button, thus initiating a call request signal. This signal is 

processed through the transmitter processing circuitry 66 which includes 

spreading the signal using a calling spread code. The signal is radiated by the 

omni-directional antenna 68 and received by the satellite 20 through its narrow 

10 beamwidth antenna 62. The satellite processes the received signal as will be 

described below and sends the backhaul to the satellite node control center 18 

by way of its backhaul antenna 70. On receive, the antenna 68 of the user unit 

22 receives the signal and the receiver processor 72 processes the signal. 

Processing by the user unit 22 will be described in more detail below in 

15 reference to FIG. 7. 

The satellite node control center 18 receives the signal at its antenna 71, 

applies it to a circulator 73, amplifies 74, frequency demultiplexes 76 the 

signal separating off the composite signal which includes the signal from the 

user shown in FIG. 5, splits it 78 off to one of a bank of code correlators, 

20 each of which comprises a mixer 80 for removing the spreading and 

identification codes, an AGC amplifier 82, the FECC demodulator 84, a 

demultiplexer 86 and finally a voice encoder/decoder (CODEC) 88 for 

converting digital voice information into an analog voice signal. The voice 
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signal is then routed to the appropriate land line, such as a commercial 

telephone system. Transmission by the satellite node control center 18 is 

essentially the reverse of the above described reception operation. 

Referring now to FIG. 6, the satellite transponder 90 of FIG. 5 is 

5 shown in block diagram form. A circulator/diplexer 92 receives the uplink 

signal and applies it to an L-band or S-band amplifier 94 as appropriate. The 

signals from all the M satellite cells within a "cluster" are frequency 

multiplexed 96 into a single composite K-band backhaul signal occupying M 

times the bandwidth of an individual L-/S-band mobile link channel. The 

10 composite signal is then split 98 into N parts, separately amplified 100, and 

beamed through a second circulator 102 to N separate satellite ground cells. 

This general configuration supports a number of particular configurations 

various of which may be best adapted to one or another situation depending on 

system optimization which for example may include considerations related to 

15 regional land line long distance rate structure, frequency allocation and 

subscriber population. Thus, for a low density rural area, one may utilize an 

M-to-1 (M > 1, N =1) cluster configuration of M contiguous cells served by a 

single common satellite ground node with M limited by available bandwidth. 

In order to provide high-value, long distance service between metropolitan 

20 areas, already or best covered for local calling by ground cellular technology, 

an M-to-M configuration would provide an "inter-metropolitan bus" which 

would tie together all occupants of such M satellite cells as if in a single local 

calling region. To illustrate, the same cells (for example, Seattle, Los 
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Angeles, Omaha and others) comprising the cluster of M user cells on the left 

side of FIG. 6, are each served by corresponding backhaul beams on the right 

side of FIG. 6. 

Referring now to FIG. 7, a functional block diagram of a typical user 

5 unit 22 is shown. The user unit 22 comprises a small, light-weight, low-cost, 

mobile transceiver handset with a small, non-directional antenna 68. The 

single antenna 68 provides both transmit and receive functions by the use of a 

circulator/diplexer 104 or other means. It is fully portable and whether 

stationary or in motion, permits access to a wide range of communication 

10 services from one telephone with one call number. It is anticipated that user 

units will transmit and receive on frequencies in the 1-3 GHz band but can 

operate in other bands as well. 

The user unit 22 shown in FIG. 7 comprises a transmitter section 106 

and a receiver section 108. For the transmission of voice communication, a 

15 microphone couples the voice signal to a voice encoder 110 which performs 

analog to digital encoding using one of the various modern speech coding 

technologies well known to those skilled in the art. The digital voice signal is 

combined with local status data, and/or other data, facsimile, or video data 

forming a composite bit stream in digital multiplexer 112. The resulting 

20 digital bit stream proceeds sequentially through forward error encoder 114, 

symbol or bit interleaver 116, symbol or bit, phase, and/or amplitude 

modulator 118, narrow band IF amplifier 120, wideband multiplier or spreader 
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122, wide band IF amplifier 124, wide band mixer 126, and final power 

amplifier 128. Oscillators or equivalent synthesizers derive the bit or baud 

frequency 130, pseudo-random noise or "chip" frequency 132, and carrier 

frequency 134. The PRN generator 136 comprises deterministic logic 

5 generating a pseudo-random digital bit stream capable of being replicated at the 

remote receiver. The ring generator 138 on command generates a short 

pseudo-random sequence functionally equivalent to a "ring.". 

The transceiver receive function 108 demodulation operations mirror 

the corresponding transmit modulation functions in the transmitter section 106. 

10 The signal is received by the non-directional antenna 68 and conducted to the 

circulator 104. An amplifier 142 amplifies the received signal for mixing to an 

IF at mixer 144. The IF signal is amplified 146 and multiplied or despread 

148 and then IF amplified 150 again. The IF signal then is conducted to a bit 

or symbol detector 152 which decides the polarity or value of each channel bit 

15 or symbol, a bit or symbol de-interleaver 154 and then to a forward error 

decoder 156. the composite bit stream from the FEC decoder 156 is then split 

into its several voice, data, and command components in the de-multiplexer 

158. Finally a voice decoder 160 performs digital to analog converting and 

results in a voice signal for communication to the user by a speaker or other 

20 means. Local oscillator 162 provides the first mixer 144 LO and the bit or 

symbol detector 152 timing. A PRN oscillator 164 and PRN generator 166 

provide the deterministic logic of the spread signal for despreading purposes. 
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The baud or bit clock oscillator 168 drives the bit in the bit detector 152, 

forward error decoder 156 and the voice decoder 160. 

The bit or symbol interleaver 116 and de-interleaver 154 provide a type 

of coded time diversity reception which provides an effective power gain 

5 against multipath fading to be expected for mobile users. Its function is to 

spread or diffuse the effect of short bursts of channel bit or symbol errors so 

that they can more readily be corrected by the error correction code. 

As an alternative mode of operation, provision is made for direct data 

or facsimile or other digital data input 170 to the transmitter chain and output 

10 172 from the receiver chain. 

A command decoder 174 and command logic element 176 are coupled 

to the forward error decoder 156 for receiving commands or information. By 

means of special coding techniques known to those skilled in the art, the non-

voice signal output at the forward error decoder 156 may be ignored by the 

15 voice decoder 160 but used by the command decoder 174. An example of the 

special coding techniques are illustrated in FIG. 7 by the MUX 112 and 

DEMUX 158. 

As shown, acquisition, control and tracking circuitry 178 are provided 

in the receiver section 108 for the three receive side functional oscillators 162, 

Ericsson Exhibit 1010 
Page 832



WO 96/31009 
1PCT/US95/03898 

-22-

164, 168 to acquire and track the phase of their counterpart oscillators in the 

received signal. Means for so doing are well known to those skilled in the art. 

The automatic gain control (AGC) voltage 184 derived from the 

received signal is used in the conventional way to control the gain of the 

5 preceding amplifiers to an optimum value and in addition as an indicator of 

short term variations of path loss suffered by the received signal. By means to 

be described more in detail below, this information is combined with 

simultaneously received digital data 186 in a power level controller 188 

indicating the level at which the received signal was originally transmitted to 

10 command the local instantaneous transmit power level to a value such that the 

received value at the satellite node control is approximately constant, 

independent of fading and shadowing effects. The level commanded to the 

output power amplifier 128 is also provided 190 to the transmitter multiplexer 

112 for transmission to the corresponding unit. 

15 In mobile and other radio applications, fading, shadowing, and 

interference phenomena result in occasional, potentially significant steep 

increases of path loss and if severe enough, may result in data loss. In order 

to insure that the probability that such a fade will be disruptive is acceptably 

low, conventional design practice is to provide a substantial excess power 

20 margin by transmitting at a power level that is normally as much as 10 to 40 

dB above the average requirement. But this causes correspondingly increased 

battery usage, inter-system, and intra-system interference. In a CDMA 
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application, this can drastically reduce the useful circuit capacity of the 

channel. 

In accordance with the principles of the invention is an adaptive two-

way power control system which continually maintains each transmitted signal 

power at a minimum necessary level, adapting rapidly to and accommodating 

such fades dynamically, and only as necessary. In controlling the transmitted 

signal power, the adaptive power control system at each end, near-end and far-

end, includes a unique hybrid combination of two complementary sensors, the 

first being a near-end signal strength measure and the second being a far-end 

10 signal quality measure, both in operation simultaneously and symmetrically, 

with respect to each end of the subject two-way communication link. 

The signal strength measure is inferred from the near-end measure of 

received signal strength. In the subject invention, both ends of the link are 

under adaptive power control depending at least in part on local received signal 

15 strength measurement. Thus, the local received strength depends not only on 

the path loss but also on the instantaneous adapted power level at which the 

received signal was transmitted from the far end. In order to implement two-

way adaptive control, the far-end transmitter continuously telemeters the 

adapted power at which it is transmitting, multiplexed by any of several 

20 available means signal information. Combining the locally measured received 

signal strength with far end telemetered transmit power level, the transceiver is 

able to determine the path loss or changes in the path loss of the received 

Ericsson Exhibit 1010 
Page 834



WO 96/31009 PCT/US95/03898 

-24-

signal. Assuming path reciprocity, this provides a first estimate of the path 

loss of the outgoing path, and in turn, a first estimate of the power or change 

in power needed by the local transmitter. This determination is fast, in that it 

responds almost instantaneously to path loss. 

5 Further, the adaptive power control system in accordance with the 

invention comprises two main adaptive systems, the first being an adaptive 

signal quality power control system and the second being an adaptive path loss 

power control system. Each of these systems may be operated independently, 

but in a preferred embodiment are a combination of the adaptive signal quality 

10 power control system and the adaptive path loss power control system. 

The adaptive power control system in accordance with the invention 

considers not only path loss but also a measure of data loss or "signal quality" 

reported to it from another unit with which it is in communication. Discussing 

now an embodiment of the adaptive signal quality system, as used herein, 

15 "signal quality" refers to the accuracy or fidelity of a received signal in 

representing the quantity or waveform it is supposed to represent. In a digital 

data system, this may be measured or expressed in terms of a bit error rate, 

or, if variable, the likelihood of exceeding a specified maximum bit error rate 

threshold. Signal quality involves more than just signal strength, depending 

20 also on noise and interference level, and on the variability of signal loss over 

time. Additionally, "grade of service" as used herein is a collective term 

including the concepts of fidelity, accuracy, fraction of time that 
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communications are satisfactory, etc., any of which may be used to describe 

the quality objectives or specifications for a communication service. Examples 

of grade of service objectives would include: 

- bit error rate less than one in 103; 

5 - ninety percent or better score on the voice diagnostic rhyme 

test; 

and 

- less than one-half percent probability of fade below threshold, 

although the exact numbers may vary depending on the application. This 

10 signal quality measurement, by comparison to a nominal signal quality or 

grade-of-service objective, provides a second estimate of the power or change 

required of the near-end transmitter. 

To control the transmitter output power of the respective transceiver, 

each receiver determines the quality of the received signal and provides a local 

15 quality signal to its associated transmitter in the respective transceiver 

indicative of that received signal quality. Each transmitter then transmits the 

local quality signal provided by the receiver back to the transceiver that 

transmitted the original transmission. The transceiver is responsive to the 

local quality signal to control its own transmitter power. 

20 For example, a mobile unit transmits a first signal to a nodal 

transceiver. The nodal transceiver determines the signal quality of the received 
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signal by analyzing bit error rate, voice diagnostics, fade or the like to provide.

the local quality signal. The nodal transceiver then transmits the local quality 

signal back to the mobile unit which processes the local quality signal along 

with other factors such as received signal strength, or other measurements will 

5 known in the art to determine the output power of mobile unit's transmitter. 

In a preferred embodiment, the local quality signal is appended to the 

transmission of a second communication signal. In this manner, two way 

communication provides a carrier signal upon which the local quality signal is 

transmitted. 

10 

Power adjustment based upon path loss reciprocity alone is subject to 

several sources of error, including, path non-reciprocity (due to frequency 

difference), staleness due to transit time delay, and local noise or interference 

anomalies. Compensation for all these effects is provided in the system and 

15 method of the invention by a longer term signal quality monitor, which 

compares recent past actual error rate statistics, (measured in the forward error 

correction decoder) and compares against prescribed maximum acceptable 

error rate statistic. In one embodiment, the signal quality monitor includes a 

history compiler, situated at either the mobile unit or the nodal transceiver, 

20 that records and processes additional factors such as past signal quality 

measurements, position determination of the mobile unit, past measurements of 

received signal strength, past determinations of the output power of the 

received signal and other measurements well known to those in the art to 
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provide a more comprehensive determination of actual signal quality. The 

difference is interpreted as a longer-term signal level deficiency. 

This signal level deficiency is then telemetered back to the respondent 

transceiver as an independent short burst transmission or may be appended to 

5 the transmission of a second two-way signal, where it is used to provide a 

longer term supervisory control over the short term path-reciprocity power 

adjustment system. Thus, for example, if a mobile terminal passes into an 

urban area where it suffers deep-fast fades that cannot be fully compensated 

due to the delay in the path reciprocity sensing power control, the longer term 

10 signal quality deficiency estimate will sense this and call for a gradual increase 

in the reference value calibration of the fast, signal sensing power control. 

The two derived estimates of the required near-end transmit power or 

change in power, (near-end signal strength and far-end signal quality), have 

complementary error characteristics such that an optimal combination of the 

15 two estimates will yield an overall estimate far superior to either one 

separately. The near-end path loss measurement is fast but error prone. The 

far-end signal quality measurement is slow but accurate. The invention of the 

adaptive power control system combines these two available measures into a 

single control system taking advantage of the better features of each. Several 

20 approaches to this combination are possible. 
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present invention includes an adaptive path loss power control system. In an 

embodiment of the adaptive path loss power control system, each transmitter 

telemeters its current signal output level to the counterpart far end receiver by 

adding a low rate data stream to the composite digital output signal. Using 

5 this information along with the measured strength of the received signal and 

assuming 'path loss reciprocity, each end can form an estimate of the 

instantaneous path loss and adjust its current transmit power output to a level 

which will produce an approximately constant received signal level at the 

counterpart receiver irrespective of path loss variations. 

10 Referring now to FIGS. 8a through 8h, timing and waveform diagrams 

of the adaptive path loss system of an adaptive power control system in 

accordance with the principles of the invention are presented. In this example, 

the two ends of the communications link are referred to generally as A and B. 

In the ground cellular application, "A" corresponds to the user and "B" 

15 corresponds to the cellular node. In the satellite link, A would be the user and 

B would be the satellite control node; in this case, the satellite is simply a 

constant gain repeater and the control of its power output is exercised by the 

level of the signal sent up to it. 

In the example of FIG. 8a, at time 192, the path loss suddenly increases 

20 x dB due for example to the mobile user A driving behind a building or other 

obstruction in the immediate vicinity of A. This causes the signal strength as 

sensed by A's AGC to decrease x dB as shown in FIG. 8b. The telemetered 
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data at time 192 shown in FIG. 8c indicates that the level at which this signal 

had been transmitted from B had not been altered, A's power level controller 

188 subtracts the telemetered transmitted signal level from the observed 

received signal level and computes that there has been an increase of x dB in 

5 path loss. Accordingly it increases its signal level output by x dB at time 192 

as shown in FIG. 8d and at the same time adds this information to its status 

telemeter channel. 

This signal is transmitted to B, arriving after transit time T as shown in 

FIG. 8e. The B receiver sees a constant received signal strength as shown in 

10 FIG. 8f but learns from the telemetered data channel as shown in FIG. 8g that 

the signal has been sent to him at +x dB. Therefore, B also computes that the 

path loss has increased x dB, adjusts its output signal level accordingly at FIG. 

8h and telemeters that information. That signal increase arrives back at station 

A at 2T as shown in FIG. 8e thus restoring the nominal signal strength with a 

15 delay of two transit times (T). Thus for a path loss variation occurring in the 

vicinity of A, the path loss compensation at B is seen to be essentially 

instantaneous while that at A occurs only after a two transit time delay, 2T. 

The general hybrid of the adaptive signal quality power control system 

combined with the adaptive path loss power control system is illustrated in 

20 Figure 10. Independent estimates, 250 and 252, of the required power 

correction are formed based upon the local received signal strength, 

compensated by telemetered far-end transmit power, and telemetered far-end 
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signal quality as discussed above. These are filtered in filters 256 and 258 and 

combined in signal summer 260 to provide the best possible power control 

260. Based upon estimates or measurements of the true path loss variability 

power density spectrum, and the power density spectra of the independent 

5 estimates 252 and 254, optimal realizable filters 256 and 258 may be designed 

by well known Wiener methods and specified in terms of their transfer 

function or impulsive response characteristics. 

Alternatively, and more directly relevant to the preferred embodiments, 

the independent estimates 252 and 254 and the power control output 262 may 

10 be in discrete time sampled digital form. The combiner may then be 

implemented as a finite state machine computer algorithm (constant coefficient 

digital filter), designed by well known Kalman-Bucy filter estimation 

methodology based upon the estimated or measured autocorrelation statistics of 

the true path loss variation and of the estimate errors of 252 and 254. These 

15 statistics are directly related to the power density spectral statistics used to 

describe the analog implementation of the Fourier transforms of one another. 

FIG. 9 also shows the operation of an adaptive signal quality power 

control system acting in concert with the adaptive path loss power control 

system described above. While FIG. 9 depicts only one of two corresponding 

20 transceivers 210 which are in communication with each other, the one not 

shown functions identically to the one shown in FIG. 9 and described. 

Receiver 212 receives the signal from the corresponding transceiver and 
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provides a measure indicative of the near-end received signal level deviation 

from a nominal level 214 by techniques well known to those skilled in the art 

as a step in determining the path loss. The nominal level is typically 

calculated to provide a desired minimum acceptable grade of service under 

5 average conditions of fading and interference, as is well known to those skilled 

in the art. The receiver 212 provides a digital output signal 213 based on the 

received signal. Forward error decoder 216 decodes the digital information in 

the received signal 213, and in the process provides an error rate measure 218, 

derived from the fraction of transmitted bits needing correction. The forward 

10 error decoded signal 218 is further processed in the signal quality circuit 220 

to derive signal quality deficiency; i.e., an estimate of the change in transmit 

power calculated as that which would be required to just achieve the specified, 

minimum acceptable error rate under average conditions of fading and 

interference. The output from the signal quality circuit 220 is provided to an 

15 analog-to-digital converter 221 to provide a digital signal to be multiplexed 

244. If the error rate is higher than acceptable, the signal quality circuit 

output 222 will include a power increase command signal and if the error rate 

is less than acceptable, a transmit power reduction will be output. 

The circuit of FIG. 9 also includes a consideration of the signal-to-noise 

20 ratio (SNR) in the received signal to determine signal quality. The SNR of the 

received signal is determined in the receiver 212 by techniques well known to 

those skilled in the art; for example, the AGC is monitored, and an SNR signal 

223 is provided to the signal quality circuit 220. In this embodiment, the 
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signal quality circuit 220 considers both the error rate 218 and the SNR when 

producing its output control signal 222. 

A demultiplexer 224 separates the telemetered data 217 output through 

the forward error decoder 216 as to far-end signal quality deficiency 226, far-

5 end transmitter power deviation reference 228 from a nominal level, and the 

traffic signals 230. The far-end transmit power deviation signal 228 is 

combined 232 with the near-end received signal level deviation 214 to yield a 

signal 234 representative of the path loss deviation from a nominal reference 

value. The telemetered far-end signal quality deficiency 226 and the path loss 

10 deviation 234 are combined 236 through complementary filters 238 and 240, 

which may take any of several forms as described above, to yield the transmit 

power control signal 242 for controlling the output power of the associated 

transmitter 250. The transmit power control signal 242 is also applied to an 

analog-to-digital converter 243 to provide a digitized transmit power control 

15 signal 245. The resulting transmitter power level deviation from nominal 

reference 245 and the near-end signal quality 222 deficiency signals are 

multiplexed 244 with the traffic 246, then forward error encoded 248 and 

transmitted 250 to the far end transceiver in support of identical functions 

performed there. In the preferred discrete digitally sampled embodiment, the 

20 complementary combining filters 238 and 240 can be designed as optimal 

estimating filters based upon knowledge of the power requirement signal and 

measurement error statistics using methods well known to those familiar with 

estimation theory. 
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The economic feasibility of a mobile telephone system is related to the 

number of users that can be supported. Two significant limits on the number 

of users supported are bandwidth utilization efficiency and power efficiency. 

In regard to bandwidth utilization efficiency, in either the ground based cellular 

5 or mobile satellite elements, radio frequency spectrum allocation is a severely 

limited commodity. To this end, the power control system of the present 

invention may be incorporated with other measures to maximize bandwidth 

utilization efficiency including the use of code division multiple access 

(CDMA) technology, and spread spectrum communications techniques which 

10 provide important spectral utilization efficiency gain and higher spatial 

frequency reuse, factors made possible by the use of smaller satellite antenna 

beams. 

In regard to power efficiency, which is a major factor for the satellite-

mobile links, the power control of the present invention may be combined with 

15 the use of forward-error-correcting coding, which in turn is enabled by the 

above use of spread spectrum code division multiple access (SS/CDMA) 

technology and by the use of relatively high antenna gain on the satellite. 

CDMA and forward-error-correction coding are known to those skilled in the 

art and no further details are given here. 

20 Two-way, adaptive power control and signal quality control system in 

accordance with the invention provides a flexible capability of providing the 

following additional special services: high quality, high rate voice and data 
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service; facsimile (the standard group 3 as well as the high speed group 4); 

two way messaging, i.e. data interchange between mobile terminals at variable 

rates; automatic position determination and reporting to within several hundred 

feet; paging rural residential telephone; and private wireless exchange. 

5 Additionally, the system obviates the usual practice of continuously 

transmitting at a power level which is 10 to 40 dB greater than required most 

of the time in order to provide a margin for accommodating infrequent deep 

fades. 

It is anticipated that the satellite will utilize geostationary orbits but is 

10 not restricted to such. The invention permits operating in other orbits as well. 

While a satellite node has been described above, it is not intended that this be 

the only means of providing above-ground service. In the case where a 

satellite has failed or is unable to provide the desired level of service for other 

reasons, for example, the satellite has been jammed by a hostile entity, an 

15 aircraft or other super-surface vehicle may be commissioned to provide the 

satellite functions described above. The "surface" nodes described above may 

be located on the ground or in water bodies on the surface of the earth. 

Additionally, while users have been shown and described as being located in 

automobiles, other users may exist. For example, a satellite may be a user of 

20 the system for communicating signals, just as a ship at sea may or a user on 

foot. 
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While several particular forms of the invention have been illustrated and 

described, it will be apparent that various modifications can be made without 

departing from the spirit and scope of the invention. Accordingly, it is not 

intended that the invention be limited, except by the appended claims. 

5 Having described the invention in such terms as to enable those skilled 

in the art to make and use it and having identified the presently known and 

preferred best modes thereof, I claim: 
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1. A cellular communication power control system comprising: 

a first transceiver comprising 

a first receiver for receiving a first signal, 

a quality measurement means for determining the quality of said 

first signal and for generating a first quality signal representative 

of the quality pf said first signal, and 

a first transmitter for transmitting a second signal and said first 

quality signal; 

a second transceiver comprising 

a second transmitter for transmitting said first signal, 

a second receiver for receiving said second signal and said first 

quality signal, 

15 a signal strength measurement means for measuring the signal 

strength of said second signal, 
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a processor means for processing said first quality signal, 

compiled history data relating to the cellular communication 

system and said signal strength of said second signal for 

providing a first path loss signal; 

5 a controller means for controlling the output power level of said 

first signal in accordance with said first path loss signal; and 

a history compilation means for continuously compiling history data 

relating to the cellular communication system. 
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2. A cellular communication system as in claim 1 wherein: 

said second transceiver further comprises: 

a quality means for determining the quality of said second signal 

and for producing a second quality signal representative of the 

quality of said second signal, and 

said second transmitter for transmitting said first signal and said 

second quality signal; 

said first transceiver further comprises: 

said first receiver for receiving said first signal and said second 

10 quality signal, 

15 

a signal strength measurement means for measuring the signal 

strength of said first signal, 

a processor means for processing said second quality signal, said 

compiled history data and said signal strength of said first signal 

for providing a second path loss signal, and 
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a controller means for controlling the output power level of said 

second signal in accordance with said second path loss signal. 
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3. A cellular communication system as in claim 1 wherein: 

said first transceiver further comprises: 

a first level indicator means which generates a first level signal 

indicative of the output power level of said first transmitter, and 

said first transmitter transmits said second signal at a 

controllable power level and said first level signal; 

said second transceiver further comprises: 

said processor means further processes said first level signal for 

comparing said transmitted first level signal to the locally 

received signal strength of said second signal to provide said 

first path loss signal. 
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4. A cellular communication system as in claim 2 wherein: 

said first transceiver further comprises: 

a first level indicator means which generates a first level signal 

indicative of the output power level of said first transmitter, 

5 said first transmitter transmits said second signal at a 

controllable power level and said first level signal, and 

said processor means further processes a second level signal for 

comparing said second level signal to the locally received signal 

strength of said first signal to provide said second path loss 

10 signal; 

said second transceiver further comprises: 

a second level indicator means which generates said second level 

signal indicative of the output power level of said second 

transmitter, 

15 said second transmitter transmits said first signal at a 

controllable power level and said second level signal, and 
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said processor means further processes said first level signal for 

comparing said transmitted first level signal to the locally 

received signal strength of said second signal to provide said 

first path loss signal. 
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5. A method for communicating between first and second transceivers, 

each transceiver comprising a transmitter and a receiver, the method 

comprising: 

generating a quality signal representative of the quality of a received 

5 first signal; 

transmitting the quality signal of the respective transceiver and a second 

signal to the other transceiver; 

compiling history data relating to the communication system; 

receiving the transmitted quality signal and second signal from the other 

10 transceiver; 

measuring the signal strength of the received second signal; 

processing the quality signal and the signal strength of the second signal 

to provide a path loss signal; and 

controlling the associated transmitter output power level in response to 

15 the path loss signal. 
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6. A cellular communication power control system comprising: 

a first transceiver comprising 

a first receiver for receiving a first signal, 

a quality measurement means for determining the quality of said 

first signal and for generating a fast quality signal representative 

of the quality of said first signal, and 

a first transmitter for transmitting a second signal being different 

and distinct from said first signal and including said first quality 

signal; 

a second transceiver comprising 

a second transmitter for transmitting said first signal, 

a second receiver for receiving said second signal and said first 

15 quality signal, 

a signal strength measurement means for measuring the signal 

strength of said second signal, 
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a processor means for processing said first quality signal and 

said signal strength of said second signal for providing a path 

loss signal, and 

controller means for controlling the output power level of said 

5 first signal in accordance with said path loss signal. 
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7. A cellular communication system as in claim 6 wherein: 

said second transceiver further comprises: 

a quality means for determining the quality of said second signal 

and for producing a second quality signal representative of the 

quality of said second signal, and 

said second transmitter for transmitting said first signal being 

different and distinct from said second signal and including said 

second quality signal; 

said first transceiver further comprises: 

10 said first receiver for receiving said first signal and said second 

15 

quality signal, 
If 

a signal strength measurement means for measuring the signal 

strength of said first signal, 

a processor means for processing said second quality signal and 

said signal strength of said first signal for providing a path loss 

signal, and 
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a controller means for controlling the output power level of said 

second signal in accordance with said path loss signal. 
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8. A cellular communication system as in claim 6 wherein: 

said first transceiver further comprises: 

a first level indicator means which generates a first level signal 

indicative of the output power level of said first transmitter, and 

5 said first transmitter transmits said second signal at a 

controllable power level and said first level signal; 

said second transceiver further comprises: 

said processor means further processes said first level signal for 

comparing said transmitted first level signal to the locally 

10 received signal strength of said second signal to provide said 

first path loss signal. 
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9. A cellular communication system as in claim 7 wherein: 

said first transceiver further comprises: 

a first level indicator means which generates a first level signal 

indicative of the output power level of said first transmitter, 

5 said first transmitter transmits said second signal at a 

controllable power level and said first level signal, and 

10 

said processor means further processes a second level signal for 

comparing said second level signal to the locally received signal 

strength of said first signal to provide said second path loss 

signal; 

said second transceiver further comprises: 

a second level indicator means which generates said second level 

signal indicative of the output power level of said second 

transmitter, 

15 said second transmitter transmits said first signal at a 

controllable power level and said second level signal, and 
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said processor means further processes said first level signal for 

comparing said transmitted first level signal to the locally 

received signal strength of said second signal to provide said 

first path loss signal. 
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10. A method for communicating between first and second transceivers, 

each transceiver comprising a transmitter and a receiver, the method 

comprising: 

generating a quality signal representative of the quality of a received 

5 first signal; 

transmitting a second signal being different and distinct from said first 

signal and including the second quality signal to the other transceiver; 

receiving the transmitted quality signal and second signal from the other 

transceiver; 

10 measuring the signal strength of the received second signal; 

processing the quality signal and the signal strength of the second signal 

to provide a path loss signal; and 

controlling the associated transmitter output power level in response to 

the path loss signal. 
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POWER ADAPTION IN A MULTI-STATION NETWORK 

BACKGROUND OF THE INVENTION • 

This invention relates to a method of operating a multi-station communication 

network and to communication apparatus usable to implement the method. 

International patent application no. WO 96/19887 describes a communication 

network in which individual stations in the network can send messages to 

other stations by using intermediate stations to relay the message data in an 

opportunistic manner. In networks of this kind, and in other multi-station 

networks, it is desirable to control the output power of transmitting stations to 

a level which is sufficient for successful reception of transmitted data, but 

which is otherwise as low as possible, to minimise interference with nearby 

stations or with other users of the radio frequency spectrum. 

It is an object of the invention to provide a method of operating a multi-station 

communication network which addresses the above objective. 
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SUMMARY OF THE INVENTION 

According to the invention there is provided a method of operating a 

communication network comprising a plurality of stations able to transmit 

data to and receive data from one another, the method comprising: 

monitoring, at each station, the path quality between that station and 

each other station with which that station communicates; 

recording, at each station, path quality data corresponding to the path 

quality associated with each said other station; and 

setting, at each station, a transmission power value based on the 

recorded path quality data associated with a selected other station 

when transmitting data to said selected other station, thereby to 

increase the probability of transmitting data to said selected other 

station at an optimum power level. 

The monitoring of path quality between stations may include monitoring at 

least one of the path loss, phase distortion, time delay, Doppler shift and 

multipath fading characteristics of a channel between the stations. 

The method preferably includes transmitting path quality data corresponding 

to the path quality between a first and a second station when transmitting other 

data between the stations, so that path quality data recorded at the first station 

is communicated to the second station for use by the second station and vice 

versa. 
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The path quality at a station receiving a data transmission may be calculated 

by comparing the measured power of the received transmission with data in 

the transmission indicating the transmission power thereof 

A station receiving such path quality data preferably will compare the 

received path quality data with respective stored path quality data and 

calculate a path quality correction value from a difference between the 

received and stored values, the path quality correction value being utilised to 

adjust the transmission power when transmitting data to the station which 

transmitted the path quality data. 

The path quality correction factor may be calculated by deriving rate of 

change data from a plurality of path quality correction factor calculations. 

The rate of change data may be utilised to adjust the transmission power 

predictively when transmitting data to a station whose path quality correction 

value is detected to be changing over time. 

The method may include monitoring, from a station transmitting data, the 

background noise/interference at a station receiving a data transmission and 

adjusting the transmission power value at the station transmitting data to the 

receiving station, thereby to maintain the required signal to noise ratio at the 

receiving station. 

The method may include adjusting the data rate of message data transmitted 

from a first station to a second station according to the transmission power 
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value set at the first station and the required signal to noise ratio at the second 

station. 

The method may also include adjusting the length of message data packets 

transmitted from a first station to a second station according to the 

transmission power value set at the first station and the required signal to 

noise ratio at the second station. 

Each station preferably monitors the transmissions of other stations to obtain 

path quality and background noise/interference data therefrom, so that a first 

station monitoring a transmission from a second station within range of the 

first station to a third station out of range of the first station can obtain path 

quality and background noise/interference data relating to the third station. 

The method preferably includes selecting, opportunistically, a station for 

transmission of data thereto according to the path quality and/or background 

noise/interference data associated therewith. 

Further according to the invention there is provided communication apparatus 

operable as a station in a network comprising a plurality of stations which can 

transmit data to and receive data from one another, the communication 

_ apparatus comprising: 

transmitter means arranged to transmit data to selected stations; 

receiver means arranged to receive data transmitted from other 

stations; 
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signal strength measuring means for measuring the power of received 

transmissions; 

processor means for recording path quality data corresponding to the 

path quality associated with other stations; and 

control means for adjusting the output power of the transmitter 

according to the path quality between the apparatus and a destination 

station. 

The processor means is preferably arranged to calculate the path quality by 

comparing data in received transmissions relating to their transmission power 

and/or a previously measured path quality with the measurements made by the 

signal strength measuring means. 

The processor means is preferably arranged to monitor at least one of the path 

loss, phase distortion, time delay, Doppler shift and multipath fading 

characteristics of a channel between the apparatus and other stations. 

The processor means is preferably arranged to extract path quality data from 

received transmissions, to compare the path quality data with the measured 

power of received transmissions, and to calculate a path quality correction 

factor from the difference therebetween, the path quality correction factor 

being utilised by the control means to adjust the output power of the 

transmitter. 
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The processor means may be adapted to derive rate of change data from a 

plurality of path quality correction factor calculations, thereby to compensate 

for variations in the path quality between stations. 

The processor means is preferably arranged to utilise the rate of change data to 

adjust the transmission power predictively when transmitting data to a station 

whose path quality correction value is detected to be changing over time. 

Preferably, the processor means is arranged to store path quality data for each 

of a plurality of stations and to set an initial transmission power value when 

initiating communication with any of said plurality of stations according to the 

respective stored path quality data. 

The processor means is preferably adapted to monitor transmissions of other 

stations to obtain path quality and background noise/interference data 

therefrom, so that the apparatus can select, opportunistically, another station 

for transmission of data thereto according to the path quality and/or 

background noise/interference data associated therewith. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a schematic diagram of a multi-station 

communication network, indicating how an originating 

station can transmit data via a plurality of intermediate 

stations to a destination station; 
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Figures 2A to 2E comprise together a simplified flow diagram indicating 

graphically the operation of the method of the 

invention; 

Figures 3 to 6 are schematic block diagrams of apparatus suitable for 

implementing the invention; and 

Figures 7 to 9 are flow diagrams showing the power, modem data rate 

and packet size adaption processes of the invention, 

respectively. 

DESCRIPTION OF EMBODIMENTS 

The network illustrated schematically in Figure 1 comprises a plurality of 

stations, each comprising a transceiver able to receive and transmit data from 

any other station within range. A communication network of this kind is 

described in international patent application no. WO 96/19887, the contents of 

which are incorporated herein by reference. The stations of the network 

maintain contact with one another using the probing methodology described in 

international patent application no. PCT/GB98/01651, the contents of which 

are also incorporated herein by reference. 

Although the method and apparatus of the present invention were designed for 

use in the above referenced communication network, it should be understood 

that the application of the present invention is not limited to such a network 
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and can be employed in other networks, including conventional cellular or star 

networks, or even in a two-way communication situation between first and 

second stations. 

In Figure 1, an originating station A is able to communicate with five 

"nearby" stations B to F, and is transmitting data to a destination station 0 via 

intermediate stations B, I and M. 

When any of the stations transmit data to any other station, it is necessary that 

the transmit power used be sufficient to enable successful reception of the 

transmitted data at the receiving station. At the same time, to avoid 

unnecessary energy consumption and interference with other stations in the 

network, or other communications systems in general, it is desirable to 

minimise the transmission power utilised. 

The problem of setting an optimum transmission power is complicated by 

variations in the path quality between stations, which may be severe in the 

case of stations which are moving relative to one another. 

In this specification, the expression "path quality" includes path loss (also 

referred to by those skilled in the art as transmission loss or path attenuation) 

_ which is a measure of the power lost in transmitting a signal from one point 

to another through a particular medium. However, the expression also 

includes other parameters of the transmission path between any two stations, 

such as phase distortion, time delay spread, Doppler shift and multipath fading 

characteristics, which would affect the transmission power required for 

successful transmission between any two stations. 
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The present invention addresses this problem by providing a method and 

apparatus for continually monitoring the path quality between stations and 

adjusting the transmission power used when transmitting data, so as to use just 

enough power to ensure successful reception of the transmitted data, without 

transmitting at a higher power than is required. In addition, other transmission 

parameters, such as the equalisation and coding applied to the transmitted 

signals, can be adjusted to improve the likelihood of successful reception. 

When a station receives a data package from a remote station it measures the 

power or strength of the received transmission. This is known as the Received 

Signal Strength Indicator (RSSI) value of the received transmission. In the 

data packet from the remote station there is included data corresponding to the 

transmission power used by the remote station. The local station can therefore 

calculate the path loss (ie. transmission loss or path attenuation) between the 

two stations by subtracting the locally measured RSSI value from the 

transmission power value in any data packet. Whenever a local station 

responds to a probe signal from a remote station, it will always indicate the 

path loss it has calculated in the response data packet. Likewise, the local 

station knows that any data packets addressed to itself will contain data 

corresponding to the path loss measured by the remote station from the most 

recent probe signal received by that remote station from the local station. 

The local station will compare its calculated path loss with the path loss data 

received from the remote station, and will use the difference in the path loss 

values to determine a correction factor to use when transmitting data to the 

remote station, thereby to adapt its output power to an optimum level, or as 
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close to it as possible. 

The first time the local station hears from the remote station it will use a 

correction factor of: 

Pathcor = Remote Path Loss - Local Path Loss 

Thereafter: 

Pathcor = Pathcor+(((Remote Path Loss - Local Path Loss)+Pathcor)/2)-

Pathcor) 

where the maximum adjustment made to Pathcor in both cases is 5 dB 

up or down. 

Pathcor may only be a maximum off 30dB. 

The local station adds the correction factor Pathcor to its measured path loss, 

thus generating a Corrected Path Loss value when determining what power to 

use when responding to the remote station. However, the Path Loss value it 

places in the packet header is its measured Path Loss without correction. 

If the local station does not get a direct response from the remote station after 

ten transmissions then it must increase its Pathcor value by 5dB to a maximum 

of +10dB. The reason for doing this is to avoid going below the noise 

threshold of the remote station. (The Pathcor value is added to the measured 
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Path Loss. The adjusted Path Loss is then used to determine the required 

transmission power. A smaller value for Pathcor will correspond to a lower 

transmission power. Therefore, if the Pathcor value is made too small or even 

negative then the transmission power may be too low to reach the remote 

station. It is therefore necessary to increase the Pathcor value in 5dB steps until 

a response from the remote station is detected). 

The local station will also not increase its transmission power more than 10dB 

above normal. This is to avoid swamping other stations if there is an error 

with the remote station's receiver. However, if the local station does receive a 

response then the maximum adjustment may go as high as 30dB above 

normal. 

If the RSSI of the remote station is pegged it will set its Path Loss value in the 

data packet header as 0 (zero). A station will not make any adjustment to its 

path quality correction factor if either the remote Path Loss in the header is at 

zero, or if its local RSSI is pegged. 

Having calculated the Path Loss and the correction factor Pathcor, the local 

station can now determine the power required to transmit back to the remote 

station. The remote station also includes in every packet it sends the 

background RSSI values for the current, previous, and next modem. The local 

station will use the Corrected Path Loss and the remote background RSSI 

value to determine what power to use when responding. 

Each station has a minimum Signal to Noise (S/N) ratio level that it will try to 

maintain for each modem. It is assumed that the required Signal to Noise ratio 
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of all the stations in the network is the same. The local station will set the 

power level for its transmissions such that the remote station will receive them 

at the correct S/N ratio. If the local station has additional data to send, or if it 

can operate at a higher data rate, then the required S/N ratio required may 

vary. 

Example 1 

Remote station Tx Power : 40 dBm 

Remote Station Background RSSI : -120 dBm 

Remote Station Path Loss : 140 dB 

Local station Required S/N 

Local station Path Loss 

:25 dB 

: 130 dB 

Pathcor = Remote Path Loss - Local Path Loss 

(Assume first time) 

= 140 - 130 

= 10 dB 

Corrected Path Loss = Local Path Loss + Pathcor

= 130 + 10 

= 140 dB 

Local Tx Power = Remote RSSI + Required S/N + 

Corrected Path Loss 

= -120 + 25 + 140 

= 45 dBm 
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From the above example it can be seen that the local station must use a Tx 

Power of 45 dBm to obtain a remote S/N ratio of 25 dB. If the local station 

can only set its power in 10 dB steps then it must adjust its power up to the 

next step, ie. 50 dBm. 

The power adaption process described above is summarised graphically in the 

flow chart of Figure 7. 

A station may have one or more modems. Each modem operates at a different 

data rate. However, they all operate in the same channel, ie. frequency and/or 

medium. Therefore when a station changes channels all the modems will be 

available on the new channel. A channel may however have a minimum 

and/or maximum data rate associated with it. For example if a station is on a 

80 kbps probing channel it may not use data rates lower than 80 kbps. 

Therefore it may not use the 8 kbps modem on that channel. In the same way 

the 8 kbps probing channel may have a maximum bandwidth of 80 kbps, 

therefore not allowing the use of the 800 kbps modem on that channel. 

When a station is probing on a probing channel, it will use the data rate 

associated with the channel. It will always probe on the channel and at the 

power required to maintain 5 neighbours. 

When a local station responds to the probe of a remote station, or if it responds 

to a data packet of a remote station, it will always try to use the optimum 

modem for its response. 
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A station will always try to respond at the highest data rate possible. The 

highest data rate will be determined by the maximum data rate allowed for the 

channel and by, the remote S/N ratio on the modem associated with that data 

rate. 

If a station can use a higher data rate on the channel, it will determine the 

remote S/N for that data rate. If it can achieve that required S/N ratio it will 

use the higher data rate. On the other hand, if the conditions are poor and the 

station can't achieve the required S/N ratio then it will remain at the current 

data rate. When condition are very poor and the station can't maintain the 

current data rate, it may even choose to respond at a lower data rate, if the 

channel allows. It will only use a lower data rate if the S/N ratio of the lower 

data rate is achieved. If the station cannot use a lower data rate, and if it is on 

the lowest data rate available then the station will try anyway. However, if 

there is a lower data rate available, but the station may not use it on the current 

channel, then the station will not respond to the remote station. This will force 

the remote station to find a lower data rate channel. 

In summary: 

A station will switch to the next modem if the S/N ratio of the 

next modem meets the required S/N ratio and the maximum 

modem rate of the channel allows the next modem to be used. 

A station will switch to the previous modem if the S/N ratio of 

the current modem is below the required S/N ratio and the S/N 

ratio of the previous modem meets the required S/N ratio and 

Ericsson Exhibit 1010 
Page 886



WU 99/0710 PCT/GB98/02329 

-15-

the minimum modem rate of the channel allows the previous 

modem to be used. 

The modem data rate adaption process described above is summarised 

graphically in the flow chart of Figure 8. 

When a station responds to another station it will always try to send as much 

data as it can. The factors which limit the packet size are: spacing between 

probes, maximum transmission power, and the allowed transmission duration 

on a data channel. 

In the prototype system, the base packet size is 127 bytes. This is the smallest 

packet size that will allow data to be reliably transmitted between two stations. 

(This assumes there is data to send. If a station has no data to send then the 

packet will always be smaller than 127 bytes.) 

A station will use the base packet size under very bad conditions even when it 

has more data to send. Thus if it is sending to a remote station which has bad 

background noise, or is very far away, it will only be able to respond at the 

lowest data rate (8 kbps), and at maximum power. 

If a station can achieve a remote S/N ratio better than the base value (i.e. 

Required S/N for 8 kbps), it may start using larger packets based on the 

following equations: 

For a 10x baud rate increase it will multiply the packet size by a factor 
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Z. (Typically Z = 4) 

Multiplier for packet size = ZI°g(x) , where X is Baud 2 / Baud 1. 

For a 10dB S/N increase, multiply packet size by Y (Typically Y = 2) 

Multiplier for packet size = Ywil° , where W is additional S/N 

available. 

The values for Z and Y are fixed for the entire network. Typical values for Z 

and Y are 4 and 2 respectively. 

Example 2 

If a station can respond at 80 kbps at the required S/N ratio for 80 kbps, it will 

then use a maximum packet size of 127 * 4 log(80000/8000) = 127 * 4 = 508 bytes. 

If the station cannot fill the packet, it will still use the power required to 

achieve the required S/N ratio. 

Example 3 

If a station can respond at 15 dB above the required S/N ratio for 80 kbps, it 

will then use a maximum packet size of 127 * 4 log( 80000/8000) * 2 15/1 0 
= 127 * 4 

* 2.83 = 1437 bytes. If the station cannot fill the packet it will drop its 

- transmission power to the level required for the packet size it will actually use. 

For example, even though it could use a packet size of 1437 bytes, if it only 

has 600 bytes to send to the other station it will adjust its Tx power to a level 

between the required S/N and 15dB above the required S/N by using the 

inverse of the equation Y" to determine how much additional power it 
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needs above the required S/N ratio. 

It is important to note that even though a station may use a larger packet size 

based on the available S/N ratio and data rate, the packet size may be limited 

by the probe interval. For example, if the probe interval on the 8 kbps channel 

is 300 milliseconds, and the maximum packet size based on the available S/N 

ratio is 600 bytes (which translates to 600 milliseconds at 8 kbps), it can be 

seen that a packet size of less than 300 bytes must be used, otherwise other 

stations may corrupt the packet when they probe. 

A number of factors must be taken into account when trying to determine the 

maximum packet size based on the probing rate. These factors include: Tx on 

delay (the time for the transmitter power amplifier to settle, and for the remote 

receiver to settle), modem training delay (length of modem training sequence), 

turnaround delay (time for processor to switch from Rx to Tx, ie. to process 

data), and propagation delay (time for signal to travel through medium). 

To determine the maximum packet size based on the probing rate the 

following equation is used: 

Max Length (ms) = Probe interval - Tx on delay - modem training 

delay - turnaround delay - propagation delay 

The length in bytes can then be determined by: 

Max Length (bytes) = Data Rate / 8 * Max Length (seconds) 
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Example 4 

Probe interval is 300 milliseconds on 8 kbps channel. Tx on delay 2 

milliseconds, modem training delay is 2 milliseconds, turnaround delay 3 

milliseconds, propagation delay 8 milliseconds (worse case for station 1200 

km away). 

Max Length (ms) = Probe interval - Tx on delay - modem training delay -

turnaround delay -propagation delay 

= 300 - 2 - 2 - 3 - 8 

= 285 ms 

Max Length (bytes) = Data Rate / 8 * Max Length (seconds) 

= 8000 / 8 * 0.285 

= 285 bytes 

The packet size adaption process described above is summarised graphically 

in the flow chart of Figure 9. 

Below is a table giving details of the format of Probe and Data packets used in 

the network of the invention. 
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Format of Probe and Data packets 
Variable Bit Len Allows 
Preamble 64 Modem training sequence (101010101010 etc ...) 
Sync1 8 First Sync Character used to lock Zilog 
Sync2 8 Second Sync Character used to lock Zilog 
Sync3 8 Third Sync character checked by software 
Packet Size 16 Size of packet from Sync3 until last CRC 
Size Check 8 Packet Size Check = Packet Size MSB XOR LSB 
Protocol Version 8 Protocol Version 
Packet Type 8 Packet Type (E.g. Probe, Data, Key, etc.) 
Sending ID 
ReceivingD 32rReceiving 

32 Sending Station ID 
Station ID (0 = Broadcast) 

Packet Number 16 Packet number 
Adp Tx Power 8 Sending station current power in dBm 
Adp Tx Path Loss 8IPath Loss measured at sending station in dB 
Adp Tx Activity 4 Sending station current Activity Level 

—Sending Adp Tx Antenna 8 station current antenna configuration 
Adp Tx Bkg RSSI -1 8 Sending station RSSI in dBm -> Current Modem -1 
Adp Tx Bkg RSSI 8 Sending station RSSI in dBm -> Current Modem 
Adp Tx Bkg RSSI +1 8 Sending station RSSI in dBm -> Current Modem +1 
Adp Tx Spike Noise 8 Spike Frequency & Level at sending station 
Adp Rx Activity 4 Oequired Activity Level for receiving station 
Adp Rx Channel 8 Required Rx & Tx Channel for receiving station 
Header CRC 16 16 bit CRC for header data 
Neigh Routing Flags 8 

-Size 
Bit 0 - In Traffic, Bit 1 - Gateway, Bit 2 - Cert Auth 

Neighbour Data Size 16 of routing data in bytes = 3 + 4 (Update) + IDs * 6 
Neigh Soft Update 32 Software Update Version (16) and Block Number (16) 
Neighbour Data x !Neigh' (32 (ID) + 8 (TxPowerReq) + 4 (ModemReq) + 4 (Flags) ) 
PaCk- f-Data x 
CRC 32 32 bit CRC for whole packet, including header 

Preamble: 

This is a modem training sequence consisting of alternating I's and 

0's. 

Syncl — Sync3: 

These are the three Sync characters that are used to detect the start of a 
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valid packet. 

Packet Size: 

This is the total size of the packet from Sync3 up to and including the 

last CRC byte. The maximum packet size that is allowed on a probing 

channel is determined by the probing rate, ie. a station may not send a 

packet that is longer (measured in time) than the spacing between 

probes on the probing channel. The maximum packet size that is 

allowed on a data channel is determined by the amount of time a 

station is allowed to remain on a data channel. 

Size Check: 

This is used to check the Packet Size variable to avoid any invalid 

long packet receptions. 

Protocol Version: 

This is used to check which protocol version is being used. If the 

software can not support the version the packet will be ignored. 

Packet Type: 

This defines the type of packet being sent. Another packet will directly 

follow the current packet, if the most significant bit is set. 
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Receiving ID: 

This is the ID of the station to which the packet is addressed. 

Sending ID: 

This is the ID of the station currently sending the packet. 

Packet Number: 

Each packet that is transmitted is given a new sequential number. The 

number is not used in any way by the protocol. It is merely there to 

provide information to a systems engineer. Each time the station is 

reset, the packet number starts at a random number. This prevents 

confusion with older packets. 

Adp Tx Power: 

The sending station's current power is given as the absolute power in 

dBm, in the range -80dBm to +70dBm. (Field allows values from -128 

dBm to +127 dBm) 

Tx Path Loss: 

This is the path quality as measured at the sending station. Path Loss = 

(Remote Tx Power - Local RSSI) of receiving station's previous 

transmission. A value of 0 is used to indicate that the sending station's 

RSSI was pegged. The Path Quality is used as a correction factor at 
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the receiving station, for the next time the receiving station transmits 

to the sending station. 

Adp Tx Activity: 

This is the activity level of the sending station, measured as: Activity 

= Watts * Time / (Bandwidth * Success) averaged over time. 

Adp Tx Antenna: 

This indicates the current antenna configuration being used by the 

sending station. Each of the 255 possible configurations describes a 

complete antenna system, i.e. Tx and Rx antenna. 

Adp Tx Bkg RSSI: 

This is the current background RSSI at the sending station for the 

modem that it is currently transmitting on. It allows for values from 

255 to -1 dBm. The value sent is the absolute value of the RSSI, and 

the receiving station must multiply the value with -1 to get the correct 

value in dBm. A value of 0 is used to indicate that the channel is not 

available or is greater than or equal to 0 dBm. A value of 0 dBm 

cannot be used for adaptation purposes. 

Adp Tx Bkg RSSI —1: 

Same as above except for the previous modem. 
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Adp Tx Bkg RSSI +1: 

Same as above except for the next modem. 

Tx Spike Noise: 

The lower 3 bits for spike frequency in Hz, 0 = none, 

1,5,10,50,100,500, & > 500, and the next 5 bits for spike amplitude in 

dB. 

Adp Rx Activity: 

If a station has a high activity level and is interfering with other 

stations, they will use this field to force the active station to drop its 

activity level. If a number of stations request a drop in activity then the 

interfering station will respond and drop its activity. If no stations 

request that such a drop, the active station will slowly start to increase 

its activity level. Thus if a station is in a very remote area it will keep 

increasing it activity level trying to generate connectivity. If it is in a 

very busy area, other stations will keep its activity at a lower level. 

In preferred embodiments of the invention, a station will always try to 

maintain five neighbours, so that other stations should not need to 

request that the station reduce its activity. However the feature has 

been provided for cases where stations cannot reduce their power, or 

increase their data rate any further, yet they still interfere with too 
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many other stations. 

Adp Rx Channel: 

Allows 255 predefined channels. These channels are set for the entire 

network. Each channel will have a probing rate associated with it (it 

may be turned off, which makes it a data channel). Each channel will 

also have a minimum data rate associated with it. The channels will 

have the Tx and Tx Frequencies defined. The channels may also be 

defined as other media, e.g. Satellite, Diginet, ISDN, etc. 

A sending station will request that another station move to a data 

channel (ie. where probing has been disabled) when it has more data to 

send to the receiving station than can fit in the packet size allowed for 

the probing channel. 

Header CRC: 

This is a 16-bit CRC check for the header data. It is the sum of all the 

bytes in the header. It is only checked if the packet CRC fails. This is 

provided as a means of determining which station sent the packet. If 

the packet CRC fails and the header CRC passes, the data provided in 

the header should be used with caution, since the Header CRC is not a 

very strong means of error detection. 

The Neighbour routing fields given below are not included in the 

Header CRC since they may not be used unless the packet CRC is 
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passed. This makes the routing less prone to errors. 

Neigh Routing Flags: 

These flags are used to enhance routing. They provide additional 

information about the current station. Currently defined bits are: 

Bit 0 — Set if current station is busy in traffic. 

Bit 1 - Set if current station is an Internet Gateway. 

Bit 2 — Set if current station is Certification Authority. 

Bit 3 — Reserved. 

Another byte of 8 bits could be added should more flags be required. 

Neighbour Data Size: 

Size of routing data in bytes. This includes the Neigh Routing Flags 

and Neighbour Data Size (ie. 3 bytes). Another 4 bytes are added if the 

Neigh Soft Update field is included. An additional 6 bytes are added 

for each neighbour included in the Neighbour Data section. Neigh Soft 

Update must be included if any Neighbour Data is included. 

Neigh Soft Update: 

This is the current version of update software available at the current 

station (Upper 16 bits of field) and the current block number available 

(Lower 16 bits of field). 
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Neighbour Data: 

This is the list of neighbours that the current station has routing data 

for. Every time the current station receives updated routing data for a 

station that is better than the data it had, it will update its own data and 

include the station in this list in its next probe. The data section has 

four sub fields for each station in the list: 

Station ID: 32 bit field with the ID of the neighbour station. 

Tx Power Req: 8 bit field indicating the combined or direct Tx power 

required to reach the Station ID from the current station. 

Modem Req: Modem required by current station to reach destination 

station. 

Flags: Flags giving additional routing information for destination 

station. Bit 0 — In Traffic, Bit 1 — Gateway, Bit 3 — Cert Auth, Bit 4 —

Direct Neighbour. The last bit indicates that the station in the list is a 

direct neighbour of the current station. 

Packet Data: 

This is the data of the packet. It is made up of 1 or more segments. 

The segments may be of any type, and may have originated or be 

destined for any ID. 
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CRC: 

This is a 32 bit CRC check for the entire packet. If this CRC fails the 

packet data is discarded, however the header data may still be 

salvaged if the header CRC passes. 

Enhanced method 

The flow diagram of Figures 2A to 2D shows the process of measurement 

and power control and calibration carried out in the network of Figure 1. 

The originating station A measures the signal strength it receives from 

station B. In addition, station A identifies station B from its transmission 

headers and identifies which station it is addressing and what information is 

being sent. Station A then reads the transmit power and noise/interference 

level embedded in station B's header, thereby deriving from it the power 

level that Station B is using to reach the station it is addressing as well as its 

local noise/interference floor. Station A can then compute the path quality 

from station B to station A by using its measured signal strength and the 

declared power level of station B. 

If station B is responding to another station such as station C, station A can 

read from station B's header its declared path quality to station C, thereby 

deriving information as to fluctuating path qualities between stations B and 

C , by simply monitoring the transmission of station B. In addition, since 

station B declares its transmitted power in responding to station C in 

conjunction with the path loss declared by station B to station C, it is 

possible for station A to compute the noise/interference floor at station C 

even though it cannot hear the transmissions of station C. 
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By monitoring the transmissions of station B at station A when station B 

transmits to station C, the path quality, required power level and 

noise/interference floor of both stations B and C may be derived, even 

though station C is "out of range" of station A. 

If station B is probing and is not responding to any other station, no other 

information as to path quality or required path quality can be derived from 

its transmissions apart from calculating the effective path quality from A to 

B. If station A monitors station B responding to station A and reads the 

calculated path quality to station A embedded in station B's header, station 

A can then compare this calculated path quality to that read from station B 

and calculates a differential. Station A uses the differential to update its 

average path quality differential. This is done by comparing the path quality 

it computes to that which station B computes, and that differential is as a 

result of differences in the methods of measurement and other inaccuracies 

of the two stations. 

However, since there is a fluctuation in path quality between transmissions 

it is possible that the path quality changes from the time that station B 

calculated the path quality from station A to station B, to the time that 

station A calculated the path quality from station B to station A. Therefore, 

a rate of change can be calculated over and above the differential long-term 

averaging which is a result of measurement inaccuracy. This rate of change 

will be due to the rate of change of the actual path quality due to 

propagation changes between transmissions. 

Ericsson Exhibit 1010 
Page 900



WV YY/U / 1U, rt.; itilS921/UlilY 

-29-

Station A may also use a noise/interference level declared by station B to 

update its database to indicate the slow rate of change of noise/interference, 

based upon past records at station B and also fast fluctuations that may be in 

the noise/interference floor of B. Station A may then use the predicted 

fluctuations in the path quality from station A to station B and the predicted 

fluctuations in the rate of change of noise/interference in order to predict an 

opportunity to transmit to station B. This is done so as to choose periods of 

minimum path quality or minimum noise floor between stations A and B. 

Since station A is gathering data from other stations, for example stations B, 

C, D, E and F, it can decide whether station B provides the best opportunity, 

or whether it should choose one of the other stations. In addition, it can 

choose its data rate, packet duration and transmitter power based upon the 

rate of change and duration of the fluctuations of path quality and 

noise/interference that exist between stations A and B. 

If station A chooses station B to transmit data to, it receives an 

acknowledgement back from station B, and the information is then 

forwarded on from station B opportunistically to the other stations. It is 

important to note that by monitoring the transmissions from station B, 

station A also has an idea of the path quality from station B to stations G, H, 

I, J, K, etc., and other stations to which station B can transmit. By 

monitoring those transmissions, it picks up the fluctuations in path quality 

between station B and the other stations and an indication of the 

noise/interference floor fluctuations of the other stations even if those other 

stations are not directly monitored by station A. Using this technique an 

opportunistic relay station can be chosen, taking not just the first hop but 

two hops into account and, providing overall routing information is 
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available, data can be routed effectively towards the destination station 0. 

Hardware 

Figures 3, 4, 5 and 6 show the basic hardware used to implement the 

invention. These Figures correspond to Figures 8, 9, 10 and 11 of the 

abovementioned international patent application no. WO 96/19887. 

Based upon its "decision" to transmit, the main processor 149 will decide on a 

power level data rate and packet duration to use and will send this packet to 

the serial controller 131 and simultaneously through the peripheral interface 

147 switch the transmit/receive switch 103 into transmit mode and switch the 

transmitter on after a suitable delay. The Zilog chip 131 will send the packet 

data together with a suitable header and CRC check via the PN sequence 

encoders in block 128 or 130, depending on the data rate chosen. 

The main processor 149 will embed in the data packet, as one of the fields of 

information, data corresponding to the transmit power it is using, which will 

be the same transmit power as sent to the power control PIC block 132, which 

in turn is used to drive the power control circuit 141, which in turn controls 

the gain control and low pass filter block 143. This block in turn uses 

feedback from the power amplifier 145 to control the drivers 144 and 142. 

The sensing and gain feedback method allows a reasonably accurate power 

level to be derived based upon the instruction from the power control circuit 

141. 
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Prior to switching the power amplifier on, the transmission frequency is 

selected by the synthesizer 138, after which the power amplifier 145 is 

instructed via the driver block 141 and the amplifier is switched on. 

If power levels below the minimum power level provided by the power 

amplifier 145 are required, the switched attenuator block 102 may be switched 

in, in order to provide•up to an additional 40 dB of attenuation. Therefore the 

processor can instruct the power amplifier to switch in an attenuator 

combination to provide an output power level ranging from minus 40 dBm to 

plus 50 dBm. When the amplifier is switched on, the processor obtains 

information from the low power sensing circuit 101 as to the forward and 

reverse power, which is sent via the analogue to digital converter 146 and is 

used by the main processor 149 in order to monitor the level of power being 

transmitted. This information is then stored in the dynamic RAM 150 to 

provide information as to forward and reflected power levels actually 

generated by comparison to the level requested. 

The amount of output transmit power will be affected by the efficiency of the 

transmit power control loop (blocks 145, 144, 142 and 143) and the switched 

attenuator block 102. In addition, any mismatch in the antenna 100 will also 

result in variations in reflected and forward power. The relative power 

actually output for various levels required can be stored by the processor in the 

RAM providing a table giving requested against actual power output levels. 

This can be used to allow the processor to use a more accurate power level 

field in the information it provides on future transmissions, within messages 

or probe signals. Since the power level is varied from between minus 40 dBm 

to plus 50 dBm there are effectively ten different power levels spaced 10 dB 
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apart that may be transmitted. Therefore, the table stored by the processor will 

have these ten power levels, with the requested power level and actual power 

level being in this range. 

Any other station in the network will then receive this transmission via its 

antenna 100. The received signal will then pass through the low power sensing 

circuit 101 and the switched attenuator 102, which initially is set for 0 dB 

attenuation. It will then pass through the 2 MHz bandpass filter 104, which 

will remove out of band interference, and then passes into the preamplifier 

105, which amplifies the signal before it is mixed down via the mixer 106 to a 

10.7 MHz IF signal. This signal is filtered by the bandpass filler 107, and 

amplified in the IF amplifier 108 and further filtered and amplified in blocks 

109, 110, 111 and 112. 

The final filtering occurs at blocks 114 and 115, at which stage the signal is 

measured at block 116 using the narrowband RSSI function, the output of 

which is used via the main processor to determine the signal strength of the 

incoming transmission. This then allows the processor, if necessary, to request 

the power control PIC circuit 132 to switch in additional receiver attenuation 

up to 40 dB. The switching in of additional attenuation in will only be 

necessary if the signal exceeds the measurement range of the NE615 of block 

.116. Otherwise, the attenuator is left at 0 dB attenuation, allowing the full 

sensitivity of the receiver to be available for receiving small signals. The 

incoming transmission is measured in two bandwidths simultaneously, 

namely 8 kHz and 80 kHz. The 80 kHz bandwidth is measured by tapping off 

the 10.7 MHz IF signal after the 150 kHz ceramic filter 109 and using a 150 

kHz ceramic filter 121 and an NE604 IC 120. This, too, has an RSSI output 
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which is received via the interface by the main processor 149. 

The broadband and narrowband RSSI are measured via the analogue to digital 

converter 146, which then passes the data on to the main processor 149. The 

main processor has a lookup table, and takes the information from the A to D 

converter and derives from previously calibrated data a receive signal strength. 

This data is calibrated in dBm, typically from minus 140 dBm to 0 dBm. This 

information is typically generated using the output of a calibrated signal 

generator, injecting this into the input of the receiver, and then dialling up 

various signal strength levels and instructing the processor via the keyboard 

209 as to what power levels are being injected. This information is then stored 

permanently in static RAM or flash RAM 150. 

Therefore, the receiving station can accurately record the power level of any 

incoming transmission. It then reads the address of the incoming transmission 

and its embedded transmit power level. By comparing these, for example, a 

plus 40 dBm transmit power level may be measured in the receiver as minus 

90 dBm and this is then used to compute a path loss of 130 dB. Path losses 

may vary from 0 dB up to a maximum of 190 dB (+50 - (-140) = 190). The 

minimum path loss that can be measured is dependent on the transmission 

power of the transmitting station and the maximum signal that can be 

measured by the receiving station. Since with this design the maximum 

receiving signal is 0 dBm at the antenna port 100, a 0 dB path loss can be 

measured, providing the transmit power is less than 0 dBm. Otherwise, for 

example, at a transmit power of 50 dBm the minimum path loss that can be 

measured is 50 dB. This could be improved by adding additional steps in the 

switched attenuator or through using a different arrangement in the receiver. If 
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the switched attenuator is fully switched in and the output of the A to D 

converter indicates that the RSSI is at its highest level, the receiving processor 

will tag the data associated with the transmission as being "pegged". This 

means that the path loss is less than is measurable. 

The processor on receive will continually measure the background signal and 

interference, and providing that no transmissions are detected on either 

modem at either data rate, will monitor and measure the noise and interference 

in dBm and generate an average which will be stored in the static RAM. 

When a transmission is detected, the most recent noise measurement is 

compared to the signal strength to derive a signal to noise ratio. On each 

transmission, the background noise picked up prior to transmission is 

advertised inside the transmission message or probe as another field together 

with the transmitted power. Other stations in the network can pick up and 

derive from transmission not only the path quality but also the distant station's 

noise floor just prior to its transmission. The receiving station, since it knows 

the path quality and has the noise floor of the distant station, will then know at 

what power to transmit to achieve any desired signal to noise ratio at the 

distant station. 

The required signal to noise ratio is typically based upon the performance of 

_ the modem and a figure based upon packet duration and probability of 

success. This required signal to noise ratio is stored in the database by the 

processor and is continually updated, based upon the success of transmissions 

to various destinations. If a station, for example, picks up a transmission and 

calculates the path loss to be 100 dB and the distant station to have a declared 

noise floor of minus 120 dBm, to meet the required signal to noise ratio of for 
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example, 20 dB for 8 kilobits per second, it will then transmit at a power level 

of minus 20 dBm. This required signal to noise ratio will be different for 80 

kilobits per second in that the noise floor would be higher in the wider 

bandwidth of 150 kHz by comparison to 15kHz and in that the performance of 

the 80 kilobits per second modem may be different from that of the 8 kilobits 

per second modem. 

Therefore, the receiving station would know that if, for example, the declared 

noise floor in the wideband is minus 110 dBm and the path loss is still 100 

dB, but the required signal to noise ratio is, for example, 15 dB, it would 

require a transmission power of plus 5 dBm. The station receiving the 

transmission will know what power level to use to respond to the originating 

station. 

Monitoring other communicating stations, the receiving station will see the 

path quality variation and the noise floor declared by various other stations it 

is monitoring varying as well, and through choosing a moment of minimum 

path quality and minimum noise floor will transmit at the appropriate power 

level to achieve the required signal to noise ratio to the station or stations that 

it is monitoring. In responding to a transmission, the responding station will 

switch on its transmitter, control the power amplifier via the power control 

PIC 132 to meet the required power level and then the main processor 149 

will embed the fields of its own transmit power, its own receive noise prior to 

transmission and the path quality that it has just received from the station to 

which it is responding. 

Depending on the signal to noise ratio and the power level required, the main 
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processor will elect to switch in either the 80 kilobit per second or 8 kilobit 

per second modem and make the transmission. On making this transmission, it 

will embed its own transmit power level, its own background noise floor 

measured in both the 150 kHz and 15 kHz bandwidth and the path quality it 

has just calculated for the transmission to which it is responding. The 

originating station, on receiving the transmission, will again measure the RSSI 

in the two bandwidths and via the A to D converter 146, and using the lookup 

table in the static RAM 150, calculate the received signal strength. By 

examining the received packet passed from the Zilog synchronous serial chip 

131, it will calculate the received path loss using the transmitter power 

declared and the measured RSSI and compare the path loss value sent to it by 

the other station. 

In comparing these two path losses, since 'only a short period of time has 

elapsed between transmission and reception, these two path losses should be 

quite similar unless the path loss is fluctuating, caused perhaps by a moving 

vehicle environment. In successive transmissions, the difference between the 

two path loss values is averaged and stored since this number represents the 

difference due to measurement error in signal strength or error in the declared 

power level being transmitted. The averaging process is used to average out, 

say, the effects of moving vehicles and path loss fluctuation. The main 

processor will use this averaged number and retain one for every station in the 

network. It will have a path loss correction factor or delta ranging from a few 

dB to tens of dB for each station in the network which it will store in RAM. 

On detecting any station transmitting and measuring the path loss, the 
correction factor is then used to correct the transmit power level before 

responding to the station, ie. predictively . A typical process is as follows: 
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Station A measures the incoming path loss from Station B, of say 100 

dB. Station A looks at Station B's address which is then compared to a 

lookup table to determine a correction factor or delta, for example 10 

dB plus. This means that the path loss as measured by Station A is on 

average 10 dB higher than that measured by Station B. Based upon the 

path loss just measured by Station A and Station B's, noise, the power 

level required is calculated by Station A to meet the required signal to 

noise ratio at Station B. The difference allowed between the declared 

path loss by Station B and the measured path loss by Station A is 

stored by Station A. If a strong variation is detected, this is in all 

probability due to fluctuating path loss between transmissions, and 

therefore the receive signal strength is used to determine the path loss 

by Station A. The difference between the path loss values is used to 

update the average differential number, which over a number of 

transmissions will average any fluctuations in path loss between 

transmission and response. 

Having the differential number is also useful, in that on hearing a station 

probing or communicating to any other station, a path loss can be calculated 

using the correction factor and an estimation can be made of the required 

transmit power to use to reach the distant station with sufficient signal to noise 

ratio. The path loss delta or correction factor is only updated when stations are 

interacting with each other and this field will only be present in a transmission 

when a station is responding to another, and will not be present when another 

station is simply probing, when this field is left empty. 

Although embodiments of the invention have been described above with 

specific reference to the measurement of path loss in the sense of path 

attenuation or transmission loss, it will be understood that additional path 

quality parameters such as those referred to above can be measured to provide 

a more accurate path quality value for use in adjusting the transmission power 

used when transmitting data between stations. 
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CLAIMS: 

1. A method of operating a communication network comprising a 

plurality of stations able to transmit data to and receive data from one 

another, the method comprising: 

monitoring, at each station, the path quality between that 

station and each other station with which that station 

communicates; 

recording, at each station, path quality data corresponding to 

the path quality associated with each said other station; and 

setting, at each station, a transmission power value based on 

the recorded path quality data associated with a selected other 

station when transmitting data to said selected other station, 

thereby to increase the probability of transmitting data to said 

selected other station at an optimum power level. 

2. A method according to claim 1 wherein the monitoring of path quality 

between stations includes monitoring at least one of the path loss, 

phase distortion, time delay, Doppler shift and multipath fading 

characteristics of a channel between the stations. 

3. A method according to claim 1 or claim 2 including transmitting path 

quality data corresponding to the path quality between a first and a 

second station when transmitting other data between the stations, so 

that path quality data recorded at the first station is communicated to 

the second station for use by the second station and vice versa. 
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4. A method according to any one of claims 1 to 3 wherein the path 

quality at a station receiving a data transmission is calculated by 

comparing the measured power of the received transmission with data 

in the transmission indicating the transmission power thereof. 

5. A method according to claim 4 wherein a station receiving such path 

quality data compares the received path quality data with respective 

stored path quality data and calculates a path quality correction value 

from a difference between the received and stored values, the path 

quality correction value being utilised to adjust the transmission power 

when transmitting data to the station which transmitted the path 

quality data. 

6. A method according to claim 5 wherein the path quality correction 

factor is calculated by deriving rate of change data from a plurality of 

path quality correction factor calculations. 

7. A method according to claim 6 wherein the rate of change data is 

utilised to adjust the transmission power predictively when 

transmitting data to a station whose path quality correction value is 

detected to be changing over time. 

8. A method according to any one of claims 4 to 7 including monitoring, 

from a station transmitting data, the background noise/interference at a 

station receiving a data transmission and adjusting the transmission 

power value at the station transmitting data to the receiving station, 

thereby to maintain the required signal to noise ratio at the receiving 

station. 
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9. A method according to claim 8 including adjusting the data rate of 

message data transmitted from a first station to a second station 

according to the transmission power value set at the first station and 

the required signal to noise ratio at the second station. 

10. A method according to claim 8 or claim 9 including adjusting the 

length of message data packets transmitted from a first station to a 

second station according to the transmission power value set at the 

first station and the required signal to noise ratio at the second station. 

11. A method according to any one of claims 1 to 10 wherein each station 

monitors the transmissions of other stations to obtain path quality and 

background noise/interference data therefrom, so that a first station 

monitoring a transmission from a second station within range of the 

first station to a third station out of range of the first station can obtain 

path quality and background noise/interference data relating to the 

third station. 

12. A method according to any one of claims 1 to 11 including selecting, 

opportunistically, a station for transmission of data thereto according 

to the path quality and/or background noise/interference data 

associated therewith. 

_ 13. Communication apparatus operable as a station in a network 

comprising a plurality of stations which can transmit data to and 

receive data from one another, the communication apparatus 

comprising: 

transmitter means arranged to transmit data to selected 

stations; 
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receiver means arranged to receive data transmitted from other 

stations; 

signal strength measuring means for measuring the power of 

received transmissions; 

processor means for recording path quality data corresponding 

to the path quality associated with other stations; and 

control means for adjusting the output power of the transmitter 

according to the path quality between the apparatus and a 

destination station. 

14. Communication apparatus according to claim 13 wherein the 

processor means is arranged to calculate the path quality by comparing 

data in received transmissions relating to their transmission power 

and/or a previously measured path quality with the measurements 

made by the signal strength measuring means. 

15. Communication apparatus according to claim 14 wherein the 

processor means is arranged to monitor at least one of the path loss, 

phase distortion, time delay, Doppler shift and multipath fading 

characteristics of a channel between the apparatus and other stations. 

_ 16. Communication apparatus according to claim 14 or claim 15 wherein 

the processor means is arranged to extract path quality data from 

received transmissions, to compare the path quality data with the 

measured power of received transmissions, and to calculate a path 

quality correction factor from the difference therebetween, the path 

quality correction factor being utilised by the control means to adjust 

the output power of the transmitter. 
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17. Communication apparatus according to claim 16 wherein the 

processor means is adapted to derive rate of change data from a 

plurality of path quality correction factor calculations, thereby to 

compensate for variations in the path quality between stations. 

18. Communication apparatus according to claim 17 wherein the 

processor means is arranged to utilise the rate of change data to adjust 

the transmission power predictively when transmitting data to a station 

whose path quality correction value is detected to be changing over 

time. 

19. Communication apparatus according to claim 17 or claim 18 wherein 

the processor means is arranged to store path quality data for each of a 

plurality of stations and to set an initial transmission power value 

when initiating communication with any of said plurality of stations 

according to the respective stored path quality data. 

20. Communication apparatus according to any one of claims 13 to 19 

wherein the processor means is adapted to monitor transmissions of 

other stations to obtain path quality and background noise/interference 

data therefrom, so that the apparatus can select, opportunistically, 

another station for transmission of data thereto according to the path 

quality and/or background noise/interference data associated 

therewith. 
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1 

Station A - Detect 
transmission of station 

B. 

T 
2 

Station A - Measure 
station received signal 

from Station B. 

3 
Station A identify 

station B and which 
station it is addressing 
and examine contents 

of data - data 
segments for relay etc. 

4 

Station A read transmit 
power and noise level 
of station B from its 

header 

Station A measure 
signal strength from B 
and calculate pathloss 

to B 
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2B 

9 

If station B is 
responding to another 

station (Station C) 
station A reads station 
B's path loss (from Bs 

header) to station C 
and uses his historical 
'slow' average path 

loss diffferential to B to 
calculate pathloss 

from B to C calibrated 
with respect to A. 

10 
Station A uses the 
transmit power used 
by B in response to C 
in conjunction with the 
pathloss declared by B 

to C to give an 
indication of the noise 
at C- if A cannot hear 

C. 

11 

tf station B is probing 
and not responding to 

any other station - 

6 
If station B is 

responding to A -
station A reads station 

Bs calculated path 
.loss to station A in 
station Bs header -

pathloss from B to A. 

Station A compares his 
calculated path loss to 

to that read from B 
and calculates a 

differential and uses 
the differential to 

update his' average 
path loss diffferential 

to B' 

Station A uses his 
measured path loss to 

B and his 'average 
path loss diffferential 
to Er to calculate the 

rate of change of 
pathloss from B to A 

from the time A 
origt nally transmitted 
till B responded - used 

to derive 'medium' 
rate of change of path 

loss. 
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 2c 

4/18 

12 

Station A uses his 
measured path loss to 

B and the rate of 

change of this path 

loss during B's 
transmission to 

calculate pathloss 

from B to A and 'fast' 
path loss variation 
from B to A - taking 

into account the 

correction factor -' 
average path loss 
differential to B' 

"fr 
13 

Station A uses his 

calculated pathloss 

from B to A and 

updates his database 

and calculates a 

"slow" rate of change 

of pathloss based on 
past records - used to 

determine 
intermediate pathloss 

variation. 

14 

Station A uses the 

noise level declared by 
B to update his 
database and 

calculates a "slow" 

rate of change of noise 

based on past records 
- used to determine 
intermediate noise 

variation. 

4 
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--===i 2D 1 
15 

Station A uses 
calculated pathloss 

from B to A in 
conjunction with 

station B local noise 
(from Bs header) to 
calculate transmit 
power required to 

reach B - taking into 
account the rate of 
change of pathloss 

and noise from 
database both 'fast" 

and 'medium". 

16 

If the measured data 
indicates a 

"minimum" in path 
loss and/or a 

"minimum" in noise 
floor at B an 

"opportunity' is 
identified between A 

and B. 

17 

If A has data for B as 
a final destination or a 

relay - and the 
"opportunity identified 
by A to B is better than 
any other 'opportunity" 
to any other station at 

that moment - A 
decides to transmit to 

B. 

==i 2E 
4.
18 

A choses datarate and 
packet duration based 

on the ammount of 
transmit power 

available at A and the 
required signal to 

noise ratio for different 
data rates and packet 
durations at B - taking 
into account the rate of 

change of pathloss 
from A to B and noise 

at B. 

19 

A examines its transmit 
data que destined for 
B as a final destination 
or relay and "fills" the 

packet with data 
segments - were 

packet size is 
determined by data 
rate and duration 
decided on for the 

opportunity. 

20 

A receives 
acknowledgement 

from B or monitors to 
hear B transmit data 

further, 
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filter 
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 Spike Count and level 
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blanker timer 
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Interface to 
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Set transmit power. 
LocTxPower = RemSNNeeded r -Yes 
+ CorPathLoss + RemBkgRSSI 

Increment transmit to 
receive ratio: 

TxRxRatio += 1 

Yes 

Reset Transmit to 
receive ratio: 

TxRxRatio = 0 

Yes 

Increase pathloss 
correction: 

PathCor += 5 

13/18 

No 
4,

Set transmit 
power. 

LocTxPower = 
TxPwrProbe 

No 

7A 

( Set Probe power to 
minimum 

TxPwrProbe = -40dBm 

Yes 

a - Insert header data: 
LocTxPower 
LocBkgRSSI 
LocPathLoss 

b - Transmit packet 
A 

No 

No 

No 

No 

Yes+ 

Measure RSSI value 
of received 

transmission and 
store in RcvdRSSI 

Extract header data: 

Yes RemTxPower 

i RemBkgRSSI 
RemPathLoss 

•
a - Calculate local pathloss: 

TmpPathLoss = RemTxPower -
RcvdRSSI 

b - Set temp pathloss correction: 
TmpCor = PathCor 
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No 

First packet 
received from remote 

station? 

[ Calculate correction factor: 
TmpCor = (((RemPathLoss -

'TmpPathLoss) + PathCor)/2) -
PathCor) 

a - Limit max adjustment to 5 dB: 
If (TmpCor > 5) TmpCor = 5 

If (TmpCor < -5) TmpCor = -5 

b - Adjust pathloss correction: 
TmpCor = PathCor + TmpCor 

c - Limit max correction to 30 dB: 
if (TmpCor > 30) TmpCor = 30 

If (TmpCor < -30) TmpCor = -30 

Yes 

No 

Yes 

14/18 

Reset transmit to receive ratio: 
TxRxRatio = 0 

emote 
station pegged: 
RemPathLoss = 

0? 

a - Reset pathloss correction: 
PathCor = 0 

b - Caculate correction factor: 
TmpCor = 

Rem PathLoss - TmpPathLoss 

PathCor = TmpCor 
LocPathLoss = TmpPathLoss 

Yes 

No 

Yes 

Reset local pathloss: 
LocPathLoss = 

No 

V

Yes 

4-

a - Calculate corrected pathloss: 
CorPathLoss = TmpPathLoss + 

PathCor 

b - Calculate Tx power required: 
TxPowerReq = RemSNReq + 
CorPathLoss + RemBkgRSSI 

c - Set probe power. 
TxPwrProbe = TxPowerReq for 5 

closest neighbours 
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Yes 

15/18 

Set modem data rates: 
Rate1 = 8 kbps 

Rate2 = 80 kbps 
Rate3 = 800 kbps 
Rate4 = 8 Mbps 

Set Required S/N ratio: 
ReqSN1 = 15 dB 
ReqSN2 = 15 dB 
ReqSN3 = 15 dB 
ReqSN4 = 15 dB 

No 

No 

Set transmit modem to 
modem packet received: 

TmpTxModem = 
RxModem 

Yes 

8A 

Measure RSSI value of 
receiving modem, next modem, 

and previous modem: 
RcvdRSSIX (RxModem) 
RcydRSSIP (Previous) 

RcvdRSSIN (Next) 

Extract header data: 
RemBkgRSSIX 
RemBkgRSSIP 
RemBkgRSSIN 

Calculate corrected pathloss as 
per Flow Diagram A: 

CorPathLoss 

 Yes 

No 
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a - Calculate max allowed Tx Power. 
MaxTxPower = TxPwrProbe + MaxExceed (typically 10 dB) 

b - Calculate remote Rx S/N: 
RemRxSNX = MaxTxPower - CorPathLoss - Rem BkgRSSIX 
RemRxSNP = MaxTxPower CorPathLoss - Rem BkgRSSIP 
RemRxSNN = MaxTxPower - CorPathLoss - Rem BkgRSSIN 

c - Set adaptive modem: 
AdpTxModem = TmpTxModem 

(Rem RxSNX < ReqSNX) & 
(RemRxSNP >= ReqSNP) & 
(RateP allowed on chan) & 

(RateP >= Rate1)? 

Yes 
V.

Set adaptive modem lower: 
AdptTxModem = TmpTxModem - 1 

emRxSNN >= ReqSNN) 
(RateN allowed on chan) & 

(RateN <= Rate4)? 

Yes 
I-

Set adaptive modem higher: 
AdptTxModem = TmpTxModem + 1 

-s-

a - Set to adaptive transmit modem: 
LocTxModem = AdptTxModem 

b - Set adaptive transmit power. 
LocTxPower = ReqSN (for AdptTxModem) + 

CorPathLoss + RemBkgRSSI (for AdptTxModem) 

-gYes 

No 

_j Set transmit modem to 
default for channel: 

TmpTxModem = 
ChanModem 

a - Set transmit power. 
LocTxPower = TxPwrProbe 

b - Set transmit modem: 
LocTxModem = TmpTxModem 

• 
a - Insert header data: 

LocBkgRSSIX 
LocBkgRSSIP 
LacBkgRSSIN 

b - Transmit packet 
A 

Ericsson Exhibit 1010 
Page 930



WV YVItli 11.1 rullti1598/U2.329 

Yes 

Yes 

17/18 

9A 

Set base packet size: 
PktSizeBase = 127 bytes 

Set min & max packet size: 
PktSizeMin = 127 bytes 

PktSizeMax = 1024 bytes 

Set multiplier factors: 
Z = 4 
Y = 2 

No 

Yes 

No 

a - Set transmit power. 
LocTxPower = 
TxPwrProbe 

b - Set packet size: 
LocPktSize = 
PktSizeProbe 

a Insert header data: 
LocPktSize 

LocTxPower 

b - Transmit packet 

Yes 

a - Select correct modem as per flow diagram B 
LocTxModem = AdptTxModem 

b - Calculate extra remote Rx S/N: 
RemSNDiff = MaxTxPower - CorPathLoss - RemBkgRSSI - ReqSN 

a - Calculate modem rate multiplier: 
PktSizeRateMult = Z " log(RateTx/Rate1) 

b - Calculate S/N mupltiplier. 
PktSizeSNMult = Y (RemSNDiff/10) 

c - Set max possible size for packet: 
PktSizeAdpt = PktSizeBase PktSizeRateMult • PktSizeSNMult 

a - Determine max duration allowed: 
MaxDuration = Probe Interval + Tx on delay + modern train delay + 

turnaround delay + propagation delay 

b - Determine max packet size by duration: 
PktSizeMaxDur = RateTx / 8 • MaxDuration 
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18/18 

No 

9B 

Yes ► PktSizeAdpt = 
PktSizeMaxDur 

No 

Yes 
PktSizeAdpt = 
PktSizeMax 

No

Yes 

a - Fill packet up to max PktSizeAdpt bytes. 
Determine new packet size if packet not filled: 

PktSizeData 

b - Determine additional S/N required based on filled packet: 
TmpSNNeeded = 10 * log(PktSizeData / (PktSizeBase 

PktSizeRateMult))/ log (Y) 

No 

RemSNNeeded = ReqSN 
+ TmpSNNeeded 

Yes 

PktSizeAdpt = 
PktSizeMin 

TmpSNNeeded = 0 

a - Set Transmit power: 
LocTxPower = RemSNNeeded + CorPathLoss 

+ RemBkgRSSI 

b - Set packet size: 
LocPktSize = PktSizeData 
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The invention relates to a method of operating a communication network, the network comprising a plurality of stations which are 

able to transmit data to and receive data from one another. The method comprises monitoring, at each station, the transmission path 

quality between that station and each other station with which that station can communicate. Data corresponding to the monitored path 

quality is recorded at each station, thereby permitting a transmission power value based on the relevant path quality data to be selected when 
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Each station transmits path quality data in its own transmissions as well as local noise/interference data, so that other stations can obtain 

path quality data for a particular station even if they are out of range of that particular station. The invention extends to communication 

apparatus which can be used to implement the method. 
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DEVICE 
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(57) Abstract 

cef 

ISOI S 
EL ESTIMATION.
DEVICE 
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RECEIVING co 
STATION 
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46 
DEMODULATOR 

DATA ESTIMATION 
DEVICE 

DATA SPREADING AND 
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INSERTION DEVICE 

IQ 4-

/ 0
MODULATOR 

62 

Combined closed loop/open loop power control controls transmission power levels in a spread spectrum time division duple) 
communication station. A first communication station (50) receives communications from a second communication station (52). ThI 
fi rst station transmits power commands based on in part a reception quality of the received communications. The first station transmits a 
second communication having a transmission power level in a first time slot. The second station receives the second communication am 
the power commands. A power level of the second communication as received is measured. A path loss estimate is determined based on is 
part the measured received second communication power level and the first communication transmission power level. The second station 
transmits a second communication to the first station in a second time slot. The second communication transmission power level is se 
based on in part the path loss estimate weighted by a factor and the power commands. The factor is a function of a time separation of thi 
first and second time slots. 
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WO 00/57574 PCT/US00/07476 

COMBINED CLOSED LOOP/OPEN LOOP POWER CONTROL IN A 
TIME DIVISION DUPLEX COMMUNICATION SYSTEM 

BACKGROUND 

This invention generally relates to spread spectrum time division duplex 

(TDD) communication systems. More particularly, the present invention relates to 

a system and method for controlling transmission power within TDD communication 

5 systems. 

Figure 1 depicts a wireless spread spectrum time division duplex (TDD) 

communication system. The system has a plurality of base stations 301-307. Each 

base station 301 communicates with user equipments (UEs) 321-323 in its operating 

area. Communications transmitted from a base station 301 to a UE 321 are referred 

10 to as downlink communications and communications transmitted from a UE 321 to 

a base station 301 are referred to as uplink communications. 

In addition to communicating over different frequency spectrums, spread 

spectrum TDD systems carry multiple communications over the same spectrum. The 

multiple signals are distinguished by their respective chip code sequences (codes). 

15 Also, to more efficiently use the spread spectrum, TDD systems as illustrated in 

Figure 2 use repeating frames 34 divided into a number of time slots 361-36„,, such 

as fifteen time slots. In such systems, a communication is sent in selected time slots 

361-36. using selected codes. Accordingly, one frame 34 is capable of carrying 

multiple communications distinguished by both time slot 361-36n and code. The 

-1-
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combination of a single code in a single time slot is referred to as a resource unit. 

Based on the bandwidth required to support a communication, one or multiple 

resource units are assigned to that communication. 

Most TDD systems adaptively control transmission power levels. In a TDD 

5 system, many communications may share the same time slot and spectrum. When 

a UE 321 or base station 301 is receiving a specific communication, all the other 

communications using the same time slot arid spectrum cause interference to the 

specific communication. Increasing the transmission power level of one 

communication degrades the signal quality of all other communications within that 

10 time slot and spectrum. However, reducing the transmission power level too far 

results in undesirable signal to noise ratios (SNRs) and bit error rates (BERs) at the 

receivers. To maintain both the signal quality of communications and low 

transmission power levels, transmission power control is used. 

One approach to control transmission power levels is open loop power 

15 control. In open loop power control, typically a base station 30/ transmits to a UE 

321 a reference downlink communication and the transmission power level of that 

communication. The UE 321 receives the reference communication and measures 

its received power level. By subtracting the received power level from the 

transmission power level, a pathloss for the reference communication is determined. 

20 To determine a transmission power level for the uplink, the downlink pathloss is 

added to a desired received power level at the base station 301. The UE's 

transmission power level is set to the determined uplink transmission power level. 
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Another approach to control transmission power level is closed loop power 

control. In closed loop power control, typically the base station 301 determines the 

signal to interference ratio (SIR) of a communication received from the UE 321. The 

determined SIR is compared to a target SIR (SIRTARGET). Based on the comparison, 

5 the base station 301 transmits a power command, bTpc. After receiving the power 

command, the UE 32, increases or decreases its transmission power level based on 

the received power command. 

Both closed loop and open loop power control have disadvantages. Under 

certain conditions, the performance of closed loop systems degrades. For instance, 

10 if communications sent between a UE and a base station are in a highly dynamic 

environment, such as due to the UE moving, such systems may not be able to adapt 

fast enough to compensate for the changes. The update rate of closed loop power 

control in TDD is 100 cycles per second which is not sufficient for fast fading 

channels. Open loop power control is sensitive to uncertainties in the uplink and 

15 downlink gain chains and interference levels. 

One approach to combining closed loop and open loop power control was 

proposed by the Association of Radio Industries and Business (ARIB) and uses 

Equations 1, 2, and 3. 

TUE = PBS(n) L Equation 1 

20 PBS (n) = PBS (n-1) + bTpc LTPC Equation 2 

1: if S1RBs ( SIR TARGET 

bT►c m Equation 3 
-1: if SIRBS ) SIR TARGET 
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Tu E is the determined transmission power level of the UE 321. L is the estimated 

downlink pathloss. 131,s(n) is the desired received power level of the base station 301

as adjusted by Equation 2. For each received power command, b , the desired 

received power level is increased or decreased by AATPC. ATpc is typically one decibel 

5 (dB). The power command, b,, is one, when the SIR of the UE's uplink 

communication as measured at the base station 30, SIRBs, is less than a target SIR, 

SIRTARGET. Conversely, the power command is minus one, when SIRBs is larger than 

S I RTARGET• 

Under certain conditions, the performance of these systems degrades. For 

10 instance, if communications sent between a UE 32 and a base station 30 are in a 

highly dynamic environment, such as due to the UE 32 moving, the path loss 

estimate for open loop severely degrades the overall system's performance. 

Accordingly, there is a need for alternate approaches to maintain signal quality and 

low transmission power levels for all environments and scenarios. 

15 

SUMMARY 

Combined closed loop/open loop power control controls transmission power 

levels in a spread spectrum time division duplex communication station. A first 

communication station receives communications from a second communication 

20 station. The first station transmits power commands based on in part a reception 

quality of the received communications. The first station transmits a second 

communication having a transmission power level in a first time slot. The second 
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station receives the second communication and the power commands. A power level 

of the second communication as received is measured. A path loss estimate is 

determined based on in part the measured received second communication power 

level and the first communication transmission power level. The second station 

5 transmits a second communication to the first station in a second time slot. The 

second communication transmission power level is set based on in part the path loss 

estimate weighted by a factor and the power commands. The factor is a function of 

a time separation of the first and second time slots. 

10 BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 illustrates a prior art TDD system. 

Figure 2 illustrates time slots in repeating frames of a TDD system. 

Figure 3 is a flow chart of combine closed loop/open loop power control. 

Figure 4 is a diagram of components of two communication stations using 

15 combined closed loop/open loop power control. 

Figures 5-10 depict graphs of the performance of a closed loop, ARIB's 

proposal and two (2) schemes of combined closed loop/open loop power control. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

20 The preferred embodiments will be described with reference to the drawing 

figures where like numerals represent like elements throughout. Combined closed 

loop/open loop power control will be explained using the flow chart of Figure 3 and 
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the components of two simplified communication stations 50, 52 as shown in Figure 

4. For the following discussion, the communication station having its transmitter's 

power controlled is referred to as the transmitting station 52 and the communication 

station receiving power controlled communications is referred to as the receiving 

5 station 50. Since combined closed loop/open loop power control may be used for 

uplink, downlink or both types of communications, the transmitter having its power 

controlled may be located at a base station 30,, UE 32, or both. Accordingly, if both 

uplink and downlink power control are used, the receiving and transmitting station's 

components are located at both the base station 30, and UE 321. 

10 The receiving station 50 receives various radio frequency signals including 

communications from the transmitting station 52 using an antenna 56, or alternately, 

an antenna array. The received signals are passed through an isolator 60 to a 

demodulator 68 to produce a baseband signal. The baseband signal is processed, 

such as by a channel estimation device 96 and a data estimation device 98, in the 

15 time slots and with the appropriate codes assigned to the transmitting station's 

communication. The channel estimation device 96 commonly uses the training 

sequence component in the baseband signal to provide channel information, such as 

channel impulse responses. The channel information is used by the data estimation 

device 98, the interference measurement device 90, the signal power measurement 

20 device 92 and the transmit power calculation device 94. The data estimation device 

98 recovers data from the channel by estimating soft symbols using the channel 

information. Using the soft symbols and channel information, the transmit power 
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calculation device 94 controls the receiving station's transmission power level by 

controlling the gain of an amplifier 76. 

The signal power measurement device 92 uses either the soft symbols or the 

channel information, or both, to determine the received signal power of the 

5 communication in decibels (dB). The interference measurement device 90 

determines the interference level in dB, Ins, within the channel, based on either the 

channel information, or the soft symbols generated by the data estimation device 

102, or both. 

The closed loop power command generator 88 uses the measured 

10 communication's received power level and the interference level, Ins, to determine 

the Signal to Interference Ratio (SIR) of the received communication. Based on a 

comparison of the determined SIR with a target SIR (SIRTARGEr), a closed loop power 

command is generated, bTpc, such as a power command bit, b,pc, step 38. 

Alternately, the power command may be based on any quality measurement of the 

15 received signal. 

For use in estimating the path loss between the receiving and transmitting 

stations 50, 52 and sending data, the receiving station 50 sends a communication to 

the transmitting station 58, step 40. The communication may be sent on any one of 

various channels. Typically, in a TDD system, the channels used for estimating path 

20 loss are referred to as reference channels, although other channels may be used. If 

the receiving station 50 is a base station 301, the communication is preferably sent 

over a downlink common channel or a common control physical channel (CCPCH). 
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Data to be communicated to the transmitting station 52 over the reference channel 

is referred to as reference channel data. The reference data may include, as shown, 

the interference level, IRS, multiplexed with other reference data, such as the 

transmission power level of the reference channel, TRs. The interference level, IRs, 

5 and reference channel power level, T Rs, may be sent in other channels, such as a 

signaling channel, step 40. The closed loop power control command, b , is 

typically sent in a dedicated channel, dedicated to the communication between the 

receiving station 50 and transmitting station 52. 

The reference channel data is generated by a reference channel data generator 

10 86. The reference data is assigned one or multiple resource units based on the 

communication's bandwidth requirements. A spreading and training sequence 

insertion device 82 spreads the reference channel data and makes the spread 

reference data time-multiplexed with a training sequence in the appropriate time slots 

and codes of the assigned resource units. The resulting sequence is referred to as a 

15 communication burst. The communication burst is subsequently amplified by an 

amplifier 78. The amplified communication burst may be summed by a sum device 

72 with any other communication burst created through devices, such as a data 

generator 84, spreading and training sequence insertion device 80 and amplifier 76. 

The summed communication bursts are modulated by a modulator 64. The 

20 modulated signal is passed through an isolator 60 and radiated by an antenna 56 as 

shown or, alternately, through an antenna array. The radiated signal is passed 

through a wireless radio channel 54 to an antenna 58 of the transmitting station 52. 
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The type of modulation used for the transmitted communication can be any of the 

those known to those skilled in the art, such as direct phase shift keying (DPSK) or 

quadrature phase shift keying (QPSK). 

The antenna 58 or, alternately, antenna array of the transmitting station 52 

5 receives various radio frequency signals. The received signals are passed through 

an isolator 62 to a demodulator 66 to produce a baseband signal. The baseband 

signal is processed, such as by a channel estimation device 100 and a data estimation 

device 102, in the time slots and with the appropriate codes assigned to the 

communication burst of the receiving station 50. The channel estimation device 100 

10 commonly uses the training sequence component in the baseband signal to provide 

channel information, such as channel impulse responses. The channel information 

is used by the data estimation device 102 and a power measurement device 110. 

The power level of the processed communication corresponding to the 

reference channel, R1 s, is measured by the power measurement device 110 and sent 

15 to a pathloss estimation device 112, step 42. Both the channel estimation device 100 

and the data estimation device 102 are capable of separating the reference channel 

from all other channels. If an automatic gain control device or amplifier is used for 

processing the received signals, the measured power level is adjusted to correct for 

the gain of these devices at either the power measurement device 110 or the pathloss 

20 estimation device 112. The power measurement device 110 is a component of the 

combined closed loop/open loop controller 108. As illustrated in Figure 4, the 

combined closed loop/open loop power controller 108 consists of the power 
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measurement device 110, pathloss estimation device 112, quality measurement 

device 114, and transmit power calculation device 116. 

To determine the path loss, L, the transmitting station 52 also requires the 

communication's transmitted power level, TRS. The transmitted power level, T Rs, 

5 may be sent along, with the communication's data or in a signaling channel. If the 

power level, TRS, is sent along with the communication's data, the data estimation 

device 102 interprets the power level and sends the interpreted power level to the 

pathloss estimation device 112. If the receiving station 50 is a base station 301, 

preferably the transmitted power level, TRS, is sent via the broadcast channel (BCH) 

10 from the base station 301. By subtracting the received communication's power level, 

R Ts in dB, from the sent communication's transmitted power level, TRS in dB, the 

pathloss estimation device 112 estimates the path loss, L, between the two stations 

50, 52, step 42. In certain situations, instead of transmitting the transmitted power 

level, TRS, the receiving station 50 may transmit a reference for the transmitted power 

15 level. In that case, the pathloss estimation device 112 provides reference levels for 

the path loss, L. 

If a time delay exists between the estimated path loss and the transmitted 

communication, the path loss experienced by the transmitted communication may 

differ from the calculated loss. In TDD systems where communications are sent in 

20 differing time slots 361-36., the time slot delay between received and transmitted 

communications may degrade the performance of an open loop power control 

system. Combined closed loop/open loop power control utilizes both closed loop 
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and open loop power control aspects. If the quality of the path loss measurement is 

high, the system primarily acts as an open loop system. If the quality of the path loss 

measurement is low, the system primarily acts as a closed loop system. To combine 

the two power control aspects, the system weights the open loop aspect based on the 

5 quality of the path loss measurement. 

A quality measurement device 114 in a weighted open loop power controller 

108 determines the quality of the estimated path loss, step 46. The quality may be 

determined using the channel information generated by the channel estimation device 

100, the soft symbols generated by the data estimation device 102 or other quality 

10 measurement techniques. The estimated path loss quality is used to weight the path 

loss estimate by the transmit power calculation device 116. If the power command, 

bTpc, was sent in the communication's data, the data estimation device 102 interprets 

the closed loop power command, bTpc. Using the closed loop power command, bTpc, 

and the weighted path loss, the transmit power calculation device 116 sets the 

15 transmit power level of the receiving station 50, step 48. 

The following is one of the preferred combined closed loop/open loop power 

control algorithms. The transmitting station's power level in decibels, PTS, is TS,

determined using Equations 4 and 6. 

PTS = PO + G(n) + aL Equation 4

20 Po is the power level that the receiving station 50 desires to receive the 

transmitting station's communication in dB. Po is determined by the desired SIR at 

the receiving station 50, SIRTARGET, and the interference level, IRS, at the receiving 
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station 50 using Equation 5. 

PO = SIRTARGET+IRS Equation 5 

IRs is either signaled or broadcasted from the receiving station 50 to the 

transmitting station 52. For downlink power control, SIRTARGET is known at the 

5 transmitting station 52. For uplink power control, SIRTARGET is signaled from the 

receiving station 50 to the transmitting station 52. G(n) is the closed loop power 

control factor. Equation 6 is one equation for determining G(n). 

G(n) = G(n-1) + bTpc ATpc Equation 6 

G(n-1) is the previous closed loop power control factor. The power 

10 command, bTpc, for use in Equation 6 is either +1 or -1. One technique for 

determining the power command, bTpc, is Equation 3. The power command, bn,c, 

is typically updated at a rate of 100 ms in a TDD system, although other update rates 

may be used. ATpc is the change in power level. The change in power level is 

typically 1 dB although other values may be used. As a result, the closed loop factor 

15 increases by 1 dB if bTpc is +1 and decreases by 1 dB if bTpc is -1. 

The weighting value, a, is determined by the quality measurement device 114. 

a is a measure of the quality of the estimated path loss and is, preferably, based on 

the number of time slots, D, between the time slot of the last path loss estimate and 

the first time slot of the communication transmitted by the transmitting station 52. 

20 The value of a is from zero to one. Generally, if the time difference, D, between the 

time slots is small, the recent path loss estimate will be fairly accurate and a is set at 

a value close to one. By contrast, if the time difference is large, the path loss 
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estimate may not be accurate and the closed loop aspect is most likely more accurate. 

Accordingly, a is set at a value closer to zero. 

Equation 7 is one equation for determining a, although others may be used. 

a = 1 - (D - 1)/D. Equation 7 

5 D. is the maximum possible delay. A typical value for a frame having fifteen time 

slots is six. If the delay is D„..„ or greater, a approaches zero. Using the calculated 

transmit power level, P", determined by a transmit power calculation device 116, the 

combined closed loop/open loop power controller 108 sets the transmit power of the 

transmitted communication. 

10 Data to be transmitted in a communication from the transmitting station 52 is 

produced by a data generator 106. The communication data is spread and time-

multiplexed with a training sequence by the spreading and training sequence 

insertion device 104 in the appropriate time slots and codes of the assigned resource 

units producing a communication burst. The spread signal is amplified by the 

15 amplifier 74 and modulated by the modulator 70 to radio frequency. 

The combined closed loop/open loop power controller 108 controls the gain 

of the amplifier 74 to achieve the determined transmit power level, Pis, for the 

communication. The power controlled communication is passed through the isolator 

62 and radiated by the antenna 58. 

20 Equations 8 and 9 are another preferred combined closed loop/open loop 

power control algorithm. 

PTS = PO + K(n) Equation 8
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K(n) = K(n-1) + bwe ATpc aL Equation 9 

K(n) is the combined closed loop/open loop factor. As shown, this factor includes 

both the closed loop and open loop power control aspects. Equations 4 and 5 

segregate the two aspects. 

5 Although the two above algorithms only weighted the open loop factor, the 

weighting may be applied to the closed loop factor or both the open and closed loop 

factors. Under certain conditions, the network operator may desire to use solely open 

loop or solely closed loop power control. For example, the operator may use solely 

closed loop power control by setting a to zero. 

10 Figures 5-10 depict graphs 118-128 illustrating the performance of a 

combined closed-loop/open-loop power control system. These graphs 118-128 

depict the results of simulations comparing the performance of the ARIB proposed 

system, a closed loop, a combined open loop/closed loop system using Equations 

4 and 6 (scheme I) and a combined system using Equations 8 and 9 (scheme II). 

15 The simulations were performed at the symbol rate. A spreading factor of sixteen 

was used for both the uplink and downlink channels. The uplink and downlink 

channels are International Telecommunication Union (ITU) Channel model [ITU-R 

M.1225, vehicular, type B]. Additive noises were simulated as being independent 

of white Gaussian noises with unity variance. The path loss is estimated at the 

20 transmitting station 52 which is a UE 321 and in particular a mobile station. The 

BCH channel was used for the path loss estimate. The path loss was estimated two 

times per frame at a rate of 200 cycles per second. The receiving station 50, which 
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was a base station 301, sent the BCH transmission power level over the BCH. RAKE 

combining was used for both the UE 321 and base station 301. Antenna diversity 

combining was used at the base station 301. 

Graphs 118, 122, 126 depict the standard deviation of the received signal to 

5 noise ratio (SNR) at the base station 301 of the UE's power controlled 

communication as a function of the time slot delay, D. Graphs 120, 124, 128 depict 

the normalized bias of the received SNR as a function of the delay, D. The 

normalization was performed with respect to the desired SNR. Each point in the 

graphs 118-128 represents the average of 3000 Monte-Carlo runs. 

10 Graphs 118, 120 depict the results for an a set at one. For low time slot 

delays (D<4), scheme I and II outperform closed loop power control. For larger 

delays (D z1), closed loop outperforms both scheme I and II which demonstrates the 

importance of weighting the open loop and closed loop aspects. 

Graphs 122, 124 depict the results for an a set at 0.5. As shown, for all delays 

15 excluding the maximum, schemes I and II outperform closed loop power control. 

The ARIB proposal only outperforms the others at the lowest delay (D=1). 

Graphs 126, 128 depict the results for an a set using Equation 7 with D.„ 

equal to six. As shown, schemes I and II outperform both closed loop and the ARIB 

proposal at all delays, D. 

20 
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CLAIMS 

1. A method for controlling transmission power levels in a spread 

spectrum time division duplex communication system having frames with time slots 

for communication, the method comprising: 

receiving at a first communication station communications from a second 

5 communication station and transmitting from the first station power commands based 

on in part a reception quality of the received communications; 

transmitting from the first communication station a first communication 

having a transmission power level in a first time slot; 

receiving at the second communication station the first communication and 

10 the power commands; 

measuring a power level of the first communication as received; 

determining a pathioss estimate based on in part the measured received first 

communication power level and the first communication transmission power level; 

and 

15 setting a transmission power level for a second communication in a second 

time slot from the second station to the first station based on in part the pathioss 

estimate weighted by a quality factor and the power commands, wherein the quality 

factor is a function of a time separation of the first and second time slots. 

2. The method of claim 1 further comprising: 

determining a quality, cc, of the pathioss estimate based on in part a number 
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of time slots, D, between the first and second time slot; and 

wherein the quality factor is a. 

PCT/US00/07476 

3. The method of claim 1 wherein a maximum time slot delay is D  and 

the determined quality, a, is determined by 

a = 1 - (D-1) / Dmax. 

4. The method of claim 1 wherein the set transmission power level is 

based on in part a desired received power level at the first station, a closed loop 

factor and an open loop factor; wherein the closed loop factor is based on in part the 

received power commands and the open loop factor is based on in part the pathloss 

5 estimate weighted by the quality factor. 

5. The method of claim 1 wherein the set transmission power level is 

based on in part a desired received power level at the first station and a combined 

closed loop/open loop factor; wherein the combined closed loop/open loop factor is 

based on in part the received power commands and the pathloss estimate weighted 

5 by the quality factor. 

6. The method of claim 4 wherein the closed loop factor is updated for 

each received power command. 
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7. The method of claim 5 wherein the combined factor is updated for each 

received power command. 

8. The method of claim 4 wherein the desired received power level is 

based on in part a target signal to interference ratio and a measured interference level 

at the first station. 

9. The method of claim 5 wherein the desired received power level is 

based on in part a target signal to interference ratio and a measured interference level 

at the first station. 

10. The method of claim 1 wherein the first station is a base station and the 

second station is a user equipment. 

11. The method of claim 1 wherein the first station is a user equipment and 

the second station is a base station. 

12. A spread spectrum time division duplex communication system having 

a first and second communication station, the system using frames with time slots for 

communication, the system comprising: 

the first station comprising: 

5 means for receiving communications from the second communication 
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station and transmitting power commands based on in part a reception quality of the 

received communications; and 

means for transmitting a first communication having a transmission 

power level in a first time slot; and 

10 the second station comprising: 

means for receiving the first communication and the power commands; 

means for measuring a power level of the first communication as 

received; 

means for determining a pathloss estimate based on in part the 

15 measured received first communication power level and the first communication 

transmission power level; and 

means for setting a transmission power level for a second 

communication in a second time slot from the second station to the first station based 

on in part the pathloss estimate weighted by a quality factor and the power 

20 commands, wherein the quality factor is a function of a time separation of the first 

and second time slots. 

13. The system of claim 12 wherein: 

the second station further comprises means for determining a quality, a, of the 

pathloss estimate based on in part a number of time slots, D, between the first and 

second time slot; and 

5 the quality factor is a. 
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14. The system of claim 12 wherein a maximum time slot delay is D. and 

the determined quality, a, is determined by 

a = 1 - (D-1) / D 

15. The system of claim 1 wherein the setting means sets the transmission 

power level based on in part a desired received power level at the first station, a 

closed loop factor and an open loop factor, the closed loop factor is based on in part 

the received power commands and the open loop factor is based on in part the 

5 pathloss estimate weighted by the quality factor. 

16. The system of claim 1 wherein the setting means sets the transmission 

power level based on in part a desired received power level at the first station and a 

combined closed loop/open loop factor, the combined closed loop/open loop factor 

is based on in part the received power commands and the path loss estimate weighted 

5 by the quality factor. 

17. The system of claim 15 wherein the closed loop factor is updated for 

each received power command. 

18. The system of claim .16 wherein the combined factor is updated for 

each received power command. 
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19. The system of claim 15 wherein the desired received power level is 

based on in part a target signal to interference ratio and a measured interference level 

at the first station. 

20. The system of claim 16 wherein the desired received power level is 

based on in part a target signal to interference ratio and a measured interference level 

at the first station. 

21. The system of claim 12 wherein the first station is a base station and 

the second station is a user equipment. 

22. The system of claim 12 wherein the first station is a user equipment 

and the second station is a base station. 

23. A communication station having its transmission power level 

controlled in a spread spectrum time division duplex communication system, the 

system using frames with time slots for communication and having a second 

communication station transmitting a first communication in a first time slot and 

5 power commands, the communication station comprising: 

at least one antenna for receiving the first communication and the power 

commands and transmitting an amplified second communication in a second time 

slot; 
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a channel estimation device having an input configured to receive the received 

10 first communication for producing channel information; 

a data estimation device having inputs configured to receive the received first 

communication, the power commands and the channel information for producing 

soft symbols and recovering the power commands; 

a power measurement device having an input configured to receive the 

15 channel information for producing a measurement of a received power level for 

producing a pathloss estimate for the first communication; 

a quality measurement device for producing a quality measurement based at 

least in part upon a time separation of the first time slot and a second time slot; 

a transmit power calculation device having inputs configured to receive the 

20 pathloss estimation, the recovered power commands and the quality measurement for 

producing a power control signal based on in part the pathloss estimate weighted by 

the quality measurement and the recovered power commands; and 

an amplifier having inputs configured to receive the power control signal and 

a second communication to be transmitted in the second time slot for amplifying the 

25 second communication in response to the power control signal to produce the 

amplified second communication. 
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(57) Abstract: A method of assigning initial uplink 
and downlink power levels for a transaction of a 
data package between a mobile station (12) and a 
base station (11) in a radio telecommunications 
network. A historical database (13) of signal strength 
measurements, interference measurements, and 
uplink and downlink power level settings in the 
network is maintained. To set downlink power, an 
uplink signal strength (16) of an initial access signal 
(15) sent from the mobile station to the base station 
is measured at the base station. The measured uplink 
signal strength (16) is sent to the historical database 
where it is correlated with an associated downlink 
power level setting. The correlated downlink power 
level setting (17) is sent to the base station where it 
is utilized as the initial downlink power level setting 
for a first transmission (19) from the base station to 
the mobile station. To set uplink power, the signal 
strength (42) of an initial packet channel request 
(41) on the control channel is sent to the historical 
database along with an interference measurement (43) 
on the packet date channel. An associated mobile 
station uplink power level setting (44) is retrieved 
from the database and sent to the mobile station 
where it is utilized for the first data transmission (46). 
A closed loop power control method may be utilized 
to adjust either the uplink or the downlink power level 
to an optimum level. 
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INITIAL UPLINK AND DOWNLINK POWER LEVEL ASSIGNMENT 

IN A RADIO TELECOMMUNICATIONS NETWORK 

BACKGROUND OF THE INVENTION 

5 Technical Field of the Invention 

This invention relates to telecommunication systems and, more particularly, 

to a method of setting initial uplink and downlink power levels in a mobile station and 

a radio base station in a radio telecommunications network. 

Description of Related Art 

10 U.S. Patent No. 4,696,027 to Bonta (Bonta) discloses a two-way radio system 

which employs power control of a mobile station to provide a predetermined received 

signal strength at a radio base station following a handoff. During the locating 

function, Bonta measures the uplink signal strength of signals transmitted by the 

mobile station to the target base station, and after accounting for path loss, etc., the 

15 post-handoff power level of the mobile station is determined. Thus, the methodology 

utilized in Bonta is applicable to the uplink power level when a call is ongoing and 

there has been plenty of opportunity to make signal strength measurements for use in 

analyzing what mobile station power level is required in the target cell. However, 

Bonta does not teach or suggest a method of setting an initial uplink (mobile station 

20 to base station) or downlink (base station to mobile station) power level at times such 

as system access when multiple signal strength measurements have not been made. 

In some existing Time Division Multiple Access (TDMA) radio 

telecommunications networks, a Base-Station Power Control (BSPC) function sets the 

initial downlink power level to its highest level when a mobile station first accesses 

25 the network and a call is being set up on a digital traffic channel. After uplink and 

downlink signal strength measurements have been reported, the BSPC function adjusts 

the downlink power level to a more optimum level. In most cases, this process ensures 

adequate downlink signal strength for call setup, but causes unnecessary peaks of 

energy in the downlink with a resultant increase in the interference level in the 

30 network. Therefore, some calls in co-channel cells may experience degraded radio 
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quality performance, or may even be disconnected. 

In other existing radio telecommunications networks such as wideband Code 

Division Multiple Access (CDMA) systems, the initial downlink power level is set at 

its lowest level, and is then incrementally increased until the mobile station can receive 

5 it. After the initial downlink signal is sent to the mobile station, the system must wait 

for an acknowledgment from the MS. If an acknowledgment is not received, the 

downlink power is increased, and the signal is sent again. This process may be 

repeated several times before an acknowledgment is received from the mobile station. 

Thus, this approach reduces interference levels in the network, but requires additional 

10 time for call setup. 

In order to overcome the disadvantage of existing solutions, it would be 

advantageous to have a method of assigning more optimum initial uplink and 

downlink power levels at system access on the control channel (for a circuit-switched 

call) or at acknowledgment on the packet channel (for a packet-switched call). Such 

15 a method would also provide a more efficient way to optimize initial power settings 

following handoff or at the beginning of a data transaction during an ongoing call. The 

present invention provides such a method. 

SUMMARY OF THE INVENTION 

20 In one aspect, the present invention is a method of assigning an initial 

downlink power level from a base station to a mobile station. The method assigns the 

initial downlink power level based on historical data. Rather than calculating the 

power level directly from signal strength measurements taken after the call has begun, 

the invention builds a historical database of signal strength measurements and path 

25 loss offsets in the system. These path loss offsets are then correlated with the 

downlink power used by the power control algorithm in the base station, and a 

statistical relationship between the two is determined. When it is time to assign the 

initial downlink power, the uplink signal strength is measured, and then the downlink 

power corresponding to that measured signal strength is assigned. The method may 

30 be applied at initial system access or at intercell handoff, and is applicable to both 

circuit-switched calls and packet-switched data transactions. 
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In particular, the method of the present invention maintains a historical 

database of signal strength measurements and downlink power level settings in the 

telecommunication system. The uplink signal strength of an initial signal sent from 

the mobile station to the base station is measured at the base station. The measured 

5 uplink signal strength is sent to the historical database where it is correlated with an 

associated downlink power level setting. The correlated downlink power level setting 

is sent to the base station where it is utilized as the initial downlink power level setting 

for a first transmission from the base station to the mobile station. A closed loop 

power control method may then be used to adjust the downlink power level to achieve 

10 an optimum received signal strength at the mobile station. After the initial phase of 

the closed loop method, the historical database is updated by sending the adjusted 

downlink power level to the historical database, and associating the adjusted downlink 

power level setting with the uplink signal strength of the initial signal sent from the 

mobile station to the base station. 

15 In another aspect, the present invention is a method of assigning an initial 

downlink power level at intercell handoff between a target base station and a mobile 

station in a radio telecommunication system. The method includes the steps of 

building a historical database which correlates measurements of radio quality 

parameters with downlink power level settings, measuring at the target base station a 

20 radio quality parameter from an initial signal sent from the mobile station to the target 

base station, and sending the measured radio quality parameter to the historical 

database. The method also includes correlating in the historical database the measured 

radio quality parameter with an associated downlink power level setting, sending the 

correlated downlink power level setting to the target base station, and utilizing the 

25 correlated downlink power level setting as the initial downlink power level setting for 

a first transmission from the target base station to the mobile station. 

In yet another aspect, the present invention is method of assigning an initial 

uplink power level from a mobile station to a base station in a radio 

telecommunication system. The method includes building a historical database which 

30 correlates measurements of radio quality parameters such as signal strength and 

interference measurements with uplink mobile station power level settings. The radio 
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quality parameters are then measured at the base station. For example, the method 

may measure a signal strength of an initial access signal sent from the mobile station 

to the base station, assign a packet data channel to the mobile station, and then 

measure an interference level on the assigned packet data channel. This is followed 

5 by sending the measured parameters to the historical database, correlating the 

measured parameters with an optimum uplink mobile station power level setting, 

sending the correlated optimum uplink mobile station power level setting to the mobile 

station, and utilizing the correlated optimum uplink power level setting as the initial 

mobile station power level setting for a first data transmission from the mobile station 

10 to the base station. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will be better understood and its numerous objects and 

advantages will become more apparent to those skilled in the art by reference to the 

15 following drawing, in conjunction with the accompanying specification, in which: 

FIG. 1 is a signal flow diagram illustrating how the method of the present 

invention is utilized with the General Packet Radio Service (GPRS) and the Global 

System for Mobile Communications (GSM) to determine an initial downlink power 

level and to maintain the historical database; 

20 FIG. 2 is a signal flow diagram illustrating how the method of the present 

invention is utilized with GPRS and GSM to determine an initial uplink power level 

and to maintain the historical database; and 

FIG. 3 is an exemplary data structure for the historical database. 

25 DETAILED DESCRIPTION OF EMBODIMENTS 

The present invention is a method of assigning initial uplink and downlink 

power levels at times such as system access when multiple signal strength 

measurements between a mobile station and a base station have not been made. The 

invention assigns the initial power levels based on historical data. Rather than 

30 calculating a power level directly from signal strength measurements taken after the 

call has begun, the invention builds a historical database of signal strength 
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measurements and path loss offsets in the system. These path loss offsets are then 

correlated, for example, with the downlink power used by the power control algorithm 

in the base station, and a statistical relationship between the two is determined. When 

it is time to assign the initial downlink power, the uplink path loss is estimated, and 

5 then the downlink power corresponding to that path loss is assigned. 

In a typical scenario in which initial downlink power is to be determined, a 

speech cell exists, and it is desired to begin the access at a near-optimum power level. 

The system may know only a single uplink signal strength measurement. The needed 

downlink power must be calculated from that single uplink measurement. A classical 

10 approach is to establish some fixed offset. To do so, however, the system must 

calculate path losses using a number of varying parameters which are not known. In 

addition, the uplink control signaling may be of very short duration, resulting in an 

unreliable measurement. Also, if interference is present, signal strength is not a good 

measure of radio quality. 

15 Alternatively, if the cell is programmed to learn its environment, historical 

uplink and downlink path loss information can be stored as historical data. This 

historical data can then be associated with uplink signal strength measurements. Then, 

when a mobile station accesses the network, its uplink signal strength is measured, and 

the system can select a near-optimum initial uplink or downlink power level. A 

20 historical database may be built for each cell, transceiver, or mobile station type, 

depending on the level of accuracy desired. The database may also be built for each 

mobile individual or data transaction. This method can be applied to system access 

as well as handoff and data packet transfer. 

The present invention is useful for assigning initial power level in a variety of 

25 networks, and is particularly useful for packet data applications. For packet data being 

transmitted from the base station to the mobile station, the system may assign the 

initial downlink power based only on an uplink packet control acknowledgment. This 

saves additional signaling now utilized by the BSPC function. For packet data being 

transmitted from the mobile station to the base station, the system may assign an initial 

30 uplink power based on the signal strength of the packet channel request signal which 

the mobile station sends on the control channel, and an interference measurement on 
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the assigned packet data channel. The historical database correlates these 

measurements with an optimum initial mobile station power level for the data 

transmission. 

In many cases, it is more important to make an accurate determination of the 

5 initial power level in packet data transmissions because packet data transmissions may 

be of shorter duration than typical circuit-switched voice calls. Thus, the period of 

time utilized by existing BSPC functions to determine an optimum uplink or downlink 

power level may equate to a large percentage of the total transmission. For example, 

in a speech call, at least 20-30 seconds may be spent in one cell, and the interference 

10 caused by the initial peak transmitter power lasts for only 1 or 2 seconds of that period. 

A packet transmission may only last a few seconds, and therefore using existing 

techniques, a larger percentage of the call may be utilized trying to find a good power 

level. 

Other methods may also be used for initial power level assignment for packet 

15 data transactions. For example, a certain mobile station may have conducted a recent 

packet data transaction, and by retaining signal strength and power level information, 

the system can better estimate the initial power level required in a later transaction. 

During a packet data call, the mobile station requests packets or acknowledges packets 

on the uplink signal channel. These requests or acknowledgments may be very short 

20 bursts. The signal strength of these requests or acknowledgments is measured, and a 

relationship is then built between the signal strength measurements and the power that 

is currently being used to eventually derive an optimum power level for packet 

transmission. 

Several radio quality parameters may be measured and stored in the historical 

25 database for later correlation. Then, at a later system access, pairs of parameters, or 

combinations of additional parameters may be utilized to determine a most likely best 

initial power level. Examples of available radio quality measurements that can be 

utilized for the historical database are: 

• Signal strength of control signaling during access; 

30 • Signal strength on the idle traffic channel, indicating interference; 

• Energy-per-bit/Noise (Eb/No) or Carrier-to-Interference (C/I) 
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measurements; 

• Bit errors, indicating radio quality (Eb/No or C/I); and 

• Cell-load or sum of used power in a CDMA system, indicating 

interference. 

5 Since uplink and downlink offsets are measured and compensated for, either 

uplink or downlink measurements can be used and correlated with the desired power. 

Therefore, uplink measurements can be utilized to set initial downlink power. 

As noted above, the historical database can be built for each cell, transceiver, 

mobile station type, mobile individual, or data transaction. The database may be built 

10 on a per-cell basis to adapt to each cell radio environment, to measurement devices 

inaccuracy, and to the uplink/downlink link budget difference. The database may be 

built on a per-transceiver basis to adapt to equipment differences and to channel 

reuse/interference differences between channels. The database may be built on the 

basis of mobile station type in order to adapt to different mobile station design 

15 characteristics. The database may be built on a per-mobile individual basis to adapt 

to each mobile station. The database may be built on a per-data transaction basis to 

retain and reuse data gathered about a particular radio environment during a packet 

data association. 

FIG. 1 is a signal flow diagram illustrating how the method of the present 

20 invention is utilized with the General Packet Radio Service (GPRS) and the Global 

System for Mobile Communications (GSM) to determine an initial downlink power 

level and to maintain the historical database. Illustrated in the figure are a base station 

11, a mobile station 12, and a historical database 13 which stores signal strength 

measurements, path loss offsets, and associated power level settings in the network. 

25 The signal flow illustrates a Temporary Block Flow (TBF) process in which one data 

packet is sent downlink using GPRS. The data packet has been split into a number of 

Radio Link Control (RLC) blocks, each of which is four GSM bursts. This equates to 

between 22 and 54 bytes payload depending on channel coding. 

When it is desired to transmit a packet to the mobile station 12, the base station 

30 11 assigns a packet data channel and notifies the mobile station with a Packet 

Downlink Assignment signal 14 on the control channel. Upon receipt of this signal, 
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the mobile station sends a Packet Control Acknowledgment 15 as a response. The 

uplink signal strength of this acknowledgment is measured by the base station, and at 

16, the measurement is passed to the historical database 13. The database utilizes the 

measured uplink signal strength and associated historical path loss offsets to select a 

5 near-optimum initial power level setting. At 17, the initial power level setting is 

returned to the base station. Meanwhile, the base station has sent a Packet Timing 

Advance/Power Control signal 18 to the mobile station on the control channel. The 

mobile station is then switched to the assigned packet data channel. 

The first RLC data block 19 is then sent from the base station 11 to the mobile 

10 station 12 with the initial power based on the selected initial power level setting from 

the historical database 13. The mobile station receives the first RLC data block and 

measures the downlink signal strength and C/I. The mobile station then sends a Packet 

Downlink Acknowledgment signal 21 to the base station and includes the downlink 

measurement results. At 22, the base station filters the received downlink 

15 measurements, and uses a closed loop power control process to adjust the power level 

of the second RLC data block based on the received downlink measurements. The 

adjusted power level is calculated to result in a more optimum received signal strength 

at the mobile station. At 23, the second RLC data block is then sent from the base 

station to the mobile station at the adjusted power level. Once again, the mobile 

20 station receives the RLC data block and measures the downlink signal strength and 

C/I. The mobile station then sends a second Packet Downlink Acknowledgment signal 

24 to the base station and includes the downlink measurements from the second RLC 

data block. At 25, the base station again adjusts the power level of the transmitted 

RLC data blocks based on the received downlink measurements. 

25 This process continues until the closed loop power control has passed its initial 

phase, which is dependent on filter times. This is shown in FIG. 1 after "n" iterations 

where the mobile station 12 sends a Packet Downlink Acknowledgment signal 26 to 

the base station and includes the downlink measurement results from the n-lth RLC 

data block. At 27, the base station adjusts the power level of the nth RLC data block 

30 based on the received downlink measurements, and sends the data block to the mobile 

station at 28. At 29, the base station also passes the adjusted power level setting to the 
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historical database 13 which stores this value along with the uplink measurement 

recorded at step 16. This can be done with filters, a look-up table, or any other 

suitable method. As noted above, the value may be associated with one parameter or 

with others on a per-cell, per-data transfer, etc. basis. 

5 The closed loop power control function may then continue until the last RLC 

data block is transmitted at 31, and the last Packet Downlink Acknowledgment signal 

32 is sent to the base station with downlink signal strength and C/I measurements. 

FIG. 2 is a signal flow diagram illustrating how the method of the present 

invention is utilized with GPRS and GSM to determine an initial uplink power level 

10 and to maintain the historical database. When it is desired to transmit a packet from 

the mobile station 12, the mobile station sends a Packet Channel Request signal 41 on 

the control channel to the base station 11. The base station measures the uplink signal 

strength of the signal and sends a signal strength measurement 42 to the historical 

database 13. The base station also assigns a packet data channel to the mobile station 

15 and measures the idle signal strength on the assigned channel as an interference 

measurement 43 which is also sent to the historical database. Alternatively, the 

interference may be continuously measured on all packet data channels and recorded 

in the historical database so that the information is readily available and does not delay 

allocation when requested. 

20 The combination of signal strength of the Packet Channel Request signal 41 

and interference on the assigned packet data channel 43 is then used in the historical 

database to look up an optimum initial mobile uplink power setting 44. The base 

station then sends a Packet Uplink Assignment signal 45 to the mobile station and 

includes the initial mobile uplink power setting. 

25 Upon receipt of the Packet Uplink Assignment signal 45, the mobile station 12 

sends a first RLC data block 46 to the base station 11 utilizing the initial mobile uplink 

power setting 44 from the historical database 13. The base station receives the first 

RLC data block, analyzes the quality of the received block, and uses a closed loop 

power control process at 47 to compute an adjusted uplink power setting for the 

30 mobile station. The adjusted uplink power setting is sent to the mobile station in a 

Packet Uplink Acknowledgment signal 48. The mobile station then uses the adjusted 

Ericsson Exhibit 1010 
Page 983



WO 01/08322 PCT/SE00/01460 

-10-

uplink power setting to send the second RLC data block 49. 

Once again, the base station receives the RLC data block (in this case RLC data 

block 2), analyzes the quality of the received block, and uses a closed loop power 

control process at 51 to compute an adjusted uplink power setting for the mobile 

5 station. The adjusted uplink power setting is sent to the mobile station in a Packet 

Uplink Acknowledgment signal 52. 

This piocess continues until the closed loop power control has passed its initial 

phase, which is dependent on filter times. This is shown in FIG. 2 after "n" iterations 

where the mobile station 12 sends the nth RLC data block 53 to the base station 11. 

10 At 54, the base station computes an adjusted uplink power setting for the mobile 

station, and sends a Packet Uplink Acknowledgment signal 55 to the mobile station 

with the adjusted power level setting. At 56, the base station also passes the adjusted 

power level setting to the historical database 13 which stores this value along with the 

uplink signal strength measurement 42 and the uplink interference measurement 43 

15 previously recorded. This can be done with filters, a look-up table, or any other 

suitable method. 

The closed loop power control function may then continue until the last RLC 

data block 57 is transmitted from the mobile station 12, and the last Packet Uplink 

Acknowledgment signal 58 is sent from the base station 11. 

20 FIG. 3 is an exemplary data structure for the historical database 13 in which 

the database is built for each cell 61. As noted above, the historical database may be 

built for each cell, transceiver, or mobile station type, depending on the level of 

accuracy desired. The database may also be built for each mobile individual or data 

transaction. Essentially, a database can be built for each entity which has individual 

25 behavior for initial data, and for which enough data can be collected. In each database, 

a probability density function (PDF) is built for each combination of measurement 

values. In this example, the combination of signal strength measurements 62 and 

interference measurements 63 results in a PDF 64 for each combination 65. The 

values can be rounded and truncated to limit the size of the database. 

30 The PDF may be programmed in several ways to identify a power level setting 

associated with the signal strength/interference combination. For example, the PDF 
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may identify the most common resulting adjusted power level computed by the closed 

loop power control function and reported to the historical database. Alternatively, the 

PDF may identify a median value rather than the most common power level setting. 

It is thus believed that the operation and construction of the present invention 

5 will be apparent from the foregoing description. While the method shown and 

described has been characterized as being preferred, it will be readily apparent that 

various changes and modifications could be made therein without departing from the 

scope of the invention as defined in the following claims. 

10 
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WHAT IS CLAIMED IS: 

1. A method of assigning an initial downlink power level from a base 

station to a mobile station in a radio telecommunication system, comprising the steps 

5 of: 

building a historical database which correlates measurements of radio quality 

parameters with downlink power level settings; 

measuring at the base station, a radio quality parameter from an initial signal 

sent from the mobile station to the base station; 

10 sending the measured radio quality parameter to the historical database; 

correlating in the historical database, the measured radio quality parameter with 

an associated downlink power level setting; 

sending the correlated downlink power level setting to the base station; and 

utilizing the correlated downlink power level setting as the initial downlink 

15 power level setting for a first transmission from the base station to the mobile station. 

2. The method of assigning an initial downlink power level of claim 1 

wherein the step of building a historical database includes building a historical 

database in which measurements are grouped for each transceiver in the base station. 

20 

3. The method of assigning an initial downlink power level of claim 1 

wherein the step of building a historical database includes building a historical 

database in which measurements are grouped for each cell in the system. 

25 4. The method of assigning an initial downlink power level of claim 1 

wherein the step of building a historical database includes building a historical 

database in which measurements are grouped for each mobile station type operating 

in the system 

30 5. The method of assigning an initial downlink power level of claim 1 

wherein the step of building a historical database includes building a historical 
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database in which measurements are grouped for each mobile individual in the system. 

6. The method of assigning an initial downlink power level of claim 1 

wherein the step of building a historical database includes building a historical 

database in which measurements are grouped for each data transaction conducted in 

5 the system. 

7. The method of assigning an initial downlink power level of claim 1 

wherein the measured radio quality parameter is selected from a group consisting of: 

an uplink signal strength of an initial access signal sent from the mobile station 

10 to the base station; 

signal strength of control signaling during access; 

signal strength on an idle traffic channel; 

Energy-per-bit/Noise (Eb/No) measurements; 

Carrier-to-Interference (C/1) ratio measurements; 

15 bit errors; 

cell-load in the system; and 

sum of used power in the system. 

8. The method of assigning an initial downlink power level of claim 1 

20 further comprising a closed loop power control step, the closed loop step including: 

measuring at the mobile station, at least one radio quality parameter of a 

transmission from the base station; 

sending the measured radio quality parameter from the mobile station to the 

base station; and 

25 adjusting the downlink power level at the base station to a more optimum level. 

9. The method of assigning an initial downlink power level of claim 8 

further comprising the step of updating the historical database, the updating step 

including: 

30 sending the adjusted downlink power level to the historical database; and 

associating the adjusted downlink power level setting with the uplink signal 
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strength of the initial signal sent from the mobile station to the base station. 

10. The method of assigning an initial downlink power level of claim 9 

wherein the updating step is performed after a number of iterations in which the 

5 received radio quality parameter is measured at the mobile station, the received radio 

quality measurements are reported to the base station, and the downlink power level 

is adjusted to a more optimum level. 

11. The method of assigning an initial downlink power level of claim 10 

10 wherein the number of iterations is determined when the closed loop power control 

step has passed its initial phase, as determined by filter times. 

12. The method of assigning an initial downlink power level of claim 1 

wherein the step of measuring at the base station, a radio quality parameter from an 

15 initial signal sent from the mobile station to the base station includes measuring the 

signal strength of control signaling at initial system access on a control channel for a 

circuit-switched call. 

13. The method of assigning an initial downlink power level of claim 1 

20 wherein the initial downlink power level is being set at intercell handoff of the mobile 

station from a serving base station to a target base station, and the step of measuring 

at the base station, a radio quality parameter from an initial signal sent from the mobile 

station to the base station includes measuring at the target base station, a radio quality 

parameter from an initial signal sent from the mobile station to the target base station. 

25 

14. The method of assigning an initial downlink power level of claim 1 

wherein the initial downlink power level is being set for a transaction of a data 

package between the base station and the mobile station, and the step of building a 

historical database includes storing in the historical database, measurements of radio 

30 quality parameters and power level information from previous data package 

transactions between the base station and the mobile station. 
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15. The method of assigning an initial downlink power level of claim 14 

wherein the step of measuring at the base station, a radio quality parameter from an 

initial signal sent from the mobile station to the base station includes measuring the 

signal strength of control signaling at packet control acknowledgment on a packet 

5 channel. 

16. A method of assigning an initial downlink power level from a base 

station to a mobile station in a radio telecommunication system, comprising the steps 

of: 

10 building a historical database which correlates measurements of radio quality 

parameters with downlink power level settings; 

measuring at the mobile station, a radio quality parameter from an initial signal 

sent from the base station to the mobile station; 

sending the measured radio quality parameter to the historical database; 

15 correlating in the historical database, the measured radio quality parameter with 

an associated downlink power level setting; 

sending the correlated downlink power level setting to the base station; and 

utilizing the correlated downlink power level setting as the initial downlink 

power level setting for a first transmission from the base station to the mobile station. 

20 

17. The method of assigning an initial downlink power level of claim 16 

wherein the measured radio quality parameter is selected from a group consisting of: 

an uplink signal strength of an initial access signal sent from the mobile station 

to the base station; 

25 signal strength of control signaling during access; 

signal strength on an idle traffic channel; 

Energy-per-bit/Noise (Eb/No) measurements; 

Carrier-to-Interference (C/I) ratio measurements; and 

bit errors. 

30 

18. The method of assigning an initial downlink power level of claim 16 
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wherein the step of measuring at the mobile station, a radio quality parameter from an 

initial signal sent from the base station to the mobile station includes measuring the 

signal strength of control signaling at initial system access on a control channel for a 

circuit-switched call. 

5 

19. The method of assigning an initial downlink power level of claim 16 

wherein the initial downlink power level is being set at intercell handoff of the mobile 

station from a serving base station to a target base station, and the step of measuring 

at the mobile station, a radio quality parameter from an initial signal sent from the base 

10 station to the mobile station includes measuring at the mobile station, a radio quality 

parameter from an initial signal sent from the target base station to the mobile station. 

20. The method of assigning an initial downlink power level of claim 16 

wherein the initial downlink power level is being set for a transaction of a data 

15 package between the base station and the mobile station, and the step of building a 

historical database includes storing in the historical database, measurements of radio 

quality parameters and power level information from previous data package 

transactions between the base station and the mobile station. 

20 21. A method of assigning an initial uplink power level from a mobile 

station to a base station in a radio telecommunication system, comprising the steps of: 

building a historical database which correlates measurements of radio quality 

parameters with optimum uplink mobile station power level settings; 

measuring at the base station, at least one radio quality parameter from signals 

25 sent from the mobile station to the base station; 

sending the measured radio quality parameter to the historical database; 

correlating in the historical database, the measured radio quality parameter with 

an optimum uplink mobile station power level setting; 

sending the correlated optimum uplink power level setting to the mobile 

30 station; and 

utilizing the correlated optimum uplink power level setting as the initial mobile 
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station power level setting for a first transmission from the mobile station to the base 

station. 

22. The method of assigning an initial uplink power level of claim 21 

5 wherein the measured radio quality parameter is selected from a group consisting of: 

an uplink signal strength of an initial access signal sent from the mobile station 

to the base station; 

signal strength of control signaling during access; 

signal strength on an idle traffic channel; 

10 Energy-per-bit/Noise (Eb/No) measurements; 

Carrier-to-Interference (C/I) ratio measurements; 

bit errors; 

cell-load in the system; and 

sum of used power in the system. 

15 

23. The method of assigning an initial uplink power level of claim 21 

wherein the transmission from the mobile station to the base station is a data 

transmission, and the step of measuring at least one radio quality parameter from 

signals sent from the mobile station to the base station includes: 

20 measuring at the base station, a signal strength of an initial access signal sent 

from the mobile station to the base station on a control channel; and 

measuring at the base station, an interference level on an assigned packet data 

channel. 

25 24. The method of assigning an initial uplink power level of claim 21 

further comprising a closed loop power control step, the closed loop step including: 

measuring at the base station, at least one radio quality parameter of the first 

data transmission from the mobile station; 

utilizing the measured radio quality parameter to compute an adjusted mobile 

30 station power level; and 

sending the adjusted mobile station power level from the base station to the 
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mobile station. 

25. The method of assigning an initial uplink power level of claim 21 

wherein the step of building a historical database includes the steps of: 

5 establishing an association of signal strength measurements on a control 

channel and interference measurements on a packet data channel; and 

building a probability density function (PDF) of uplink power level settings for 

each combination of measured control channel signal strength and packet data channel 

interference. 

10 

26. The method of assigning an initial uplink power level of claim 25 

wherein the PDF identifies the most common resulting adjusted mobile station power 

level computed by the closed loop power control step. 

15 27. The method of assigning an initial uplink power level of claim 25 

wherein the PDF identifies a median adjusted mobile station power level computed by 

the closed loop power control step. 

28. The method of assigning an initial uplink power level of claim 21 

20 wherein the step of measuring at the base station, at least one radio quality parameter 

from a signals sent from the mobile station to the base station includes measuring the 

signal strength of control signaling at initial system access on a control channel for a 

circuit-switched call. 

25 29. The method of assigning an initial uplink power level of claim 21 

wherein the initial uplink power level is being set at intercell handoff of the mobile 

station from a serving base station to a target base station, and the step of measuring 

at the base station, at least one radio quality parameter from signals sent from the 

mobile station to the base station includes measuring at the target base station, a radio 

30 quality parameter from an initial signal sent from the mobile station to the target base 

station. 
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METHOD AND ARRANGEMENT FOR POWER USING PATH LOSS METRICS 

Field of the Invention 

This invention relates to power control in a wireless 

communication system. The invention is applicable to, 

but not limited to, open loop power control in a UMTS 

terrestrial radio access (UTRA) time division duplex 

10 (TDD), code division multiple access (CDMA) communication 

system. 

Background of the Invention 

15 

Wireless communication systems, for example cellular 

telephony or private mobile radio communication systems, 

typically provide for radio telecommunication links to be 

arranged between a plurality of base transceiver' stations 

20 (BTS), referred to as Node Bs with regard to universal 

mobile telecommunication system (UMTS) systems, and a 

plurality of subscriber units, often referred to as user 

equipment (UE) in UMTS systems. 

25 The communication link from a Node B to a UE is generally 

referred to as a down-link communication channel. 

Conversely, the communication link from a UE to a Node B 

is generally referred to as an up-link communication 

channel. 

30 

In a UTRA wireless communication system, each Node B has 
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associated with it a particular geographical coverage 

area (or cell). The coverage area is defined by a 

particular range over which the Node B can maintain 

acceptable communications with UEs operating within its 

5 serving cell. Often these cells combine to produce an 

extensive coverage area. 

In such wireless communication systems, methods for 

communicating information simultaneously exist where 

10 communication resources in a communication network are 

shared by a number of users. Such methods are termed 

multiple access techniques. A number of multiple access 

techniques exist, whereby a finite communication resource 

is divided into any number of physical parameters, such 

15 as: 

(i) Frequency division multiple access (FDMA) 

whereby frequencies, ,used. in the communication system are 

shared, 

20 

(ii) Time division multiple access (TDMA) whereby 

each frequency used in the communication system, is 

shared amongst users by dividing the communication 

resource (each frequency) into a number of distinct time 

25 periods (time-slots, frames, etc.), and 

(iii) Code division multiple access (CDMA) whereby 

communication is performed by using all of the respective 

frequencies, in all of the time periods, and the resource 

30 is shared by allocating each communication a particular 

code, to differentiate desired signals from undesired 
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signals. 

Within such multiple access techniques, different duplex 

(substantially simultaneous two-way communication) paths 

5 are arranged. Such paths can be arranged in a frequency 

division duplex (FDD) configuration, whereby a first 

frequency is dedicated for up-link communication and a 

second frequency is dedicated for down-link 

communication. 

10 

Alternatively, the paths can be arranged in a time 

division duplex (TDD) configuration, whereby a first time 

period is dedicated for up-link communication and a 

second time period is dedicated for down-link 

15 communication within the same frequency channel. In 

addition, some communication channels are used for 

carrying traffic and other channels are used for 

transferring.control information, such as call paging, 

between the base station and the subscriber units..

20 

Wireless communication systems are distinguished over 

fixed communication systems, such as the public switched 

telephone network (PSTN), principally in that mobile 

stations/subscriber equipment move between coverage areas 

25 served by different Node B (and/or different service 

providers). In doing so, the mobile stations/subscriber 

equipment encounter varying radio propagation 

environments. In particular, in a mobile context, a 

received signal level can vary rapidly due to multipath 

30 and fading effects. 

Ericsson Exhibit 1010 
Page 1003



WO 03/036816 PCT/GB02/04811 

4 

The present invention will be described with respect to a 

3 rd generation partnership project (3GPP) communication 

system based on the universal mobile telecommunications 

standard (UMTS). UMTS is a CDMA-based system. A CDMA 

5 system employs spread spectrum signaling. Two categories 

of spread spectrum communications are direct sequence 

spread spectrum (DSSS) and frequency hopping spread 

spectrum (FHSS). 

10 In the case of a DSSS communication system, for example, 

the spectrum of a signal can be most easily spread by 

multiplying it with a wide-band pseudo-random code 

generated signal. It is essential that the spreading 

signal be precisely known so that the receiver can de-

15 spread the signal. A cellular communication system using 

DSSS is commonly known as a Direct Sequence Code Division 

Multiple Access (DS-CDMA) system, one example of which is 

defined in the TIA-EAI standard IS-95. Individual users 

in the system use the same radio frequencies (RF) and 

20 time slots but they are distinguishable from each other 

by the use of individual spreading codes. Hence, 

multiple communications channels are allocated using a 

number of spreading codes within a portion of the radio 

spectrum. Each code is uniquely assigned to a UE, except 

25 for common channels. 

One feature associated with most wireless communication 

systems, which is particularly needed in a UTRA system, 

allows the transceivers in the Node B and UE to adjust 

30 their transmission output power to take into account the 

geographical distance between them. The closer the UE is 
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to the Node B's transceiver, the less power the UE and.

Node B's transceivers are required to transmit, for the 

transmitted signal to be adequately received by the other 

unit. This 'power control' feature saves battery power 

5 in the UE and also helps to reduce interference effects. 

Initial power settings for the UE, along with other 

control information, are set by the information provided 

on a beacon physical channel for a particular cell. 

10 In the context of the present invention, both up-link and 

down-link power settings can be controlled independently, 

although the present invention is described primarily 

with regard to up-link power control. 

15 Precise reverse link power control is a vital element of 

CDMA systems as the spreading codes are not orthogonal on 

the reverse link. Hence, any error in the power control 

(PC) levels introduces interference that directly reduces 

system capacity. 

20 

Furthermore, it is known that the 3GPP standard is 

particularly sensitive to power control mismatches in the 

up-link because of fast fading effects in the 

communication channel. Fast fading is a known and 

25 generally undesirable phenomenon caused by the signal 

arriving at a receiver via a number of different paths. 

Therefore, in order to achieve maximum up-link capacity 

in a CDMA system, fast power control loops are required. 

30 An inner power control (PC) loop is provided to adjust a 

UE's transmission power to counter the so-called "near-
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far" problem. The inner power control loop adjusts the 

transmission power of each connection such that the 

received signal power observed at the Node B is 

sufficient to meet a particular quality of service (QoS) 

5 requirement of each particular connection; thereby 

reducing interference to others in the system. The inner 

PC loop adjusts the UE's transmission power in order to 

keep the received reverse link signal-to-interference 

ratioASIR) as close to constant as posSible. 

10 

The predetermined threshold, to which the inner. loop SIR 

measure is compared, is generated by the outer, quality-

driven, power control loop. This loop sets a target SIR 

threshold that is proportionate with the required quality 

15 of service (QoS) for a given connection (usually defined 

in terms of target bit error rate (BER) or frame error 

rate (FER)). This target'will vary as propagation 

conditions change, for example as a function of each UE's 

speed and its specific propagation environment, as both 

20 have an impact on the SIR required at the Node B to.

maintain the desired QoS. 

The inner loop simply adjusts the transmit power from a 

UE to achieve the desired received SIR observed at the 

25 Node B. The actual transmit power of a UE generally has 

a fixed dynamic range that is primarily dictated by 

practical size and cost constraints. This means that the 

transmit power of the UE is constrained to lie somewhere 

within this range. If the UE is situated close to a Node 

30 B that it is communicating'with, then the path loss 

between the UE and the Node B will, in general, be low, 
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meaning that the transmission power of the UE to achieve 

a given SIR can also be low. 

In the context of the present invention, an open-loop 

5 power control scheme is used in UTRA TDD-CDMA whereby 

user equipment (UE) adapts its transmit output level in 

accordance with measured path loss variations. These 

path loss variations are determined by regular 

measurements of the received signal code power (RSCP) of 

10 a downlink beacon physical channel. In the RSCP, the UE 

is provided with the reference power at which the beacon 

channel was transmitted. Hence, when this'value is 

compared to the measured level of the received signal, 

the path loss can be calculated. 

15 

The UE then compensates for changes in the path loss by 

transmitting more or less power depending on whether the 

path loss has increased or decreased respectively. 

20 Nominally, the open loop scheme runs at the radio frame 

rate of 10 msec., although an option exists within the 

UTRA standard to run at twice this rate by utilising two 

beacon physical channels per frame, i.e. spaced eight 

timeslots (8/15ths of a frame) apart. 

25 

Due to the update rate limitations of the scheme, the 

effectiveness of the loop at combating the aforementioned 

fast fading problem decreases with increasing UE speed. 

Hence, as PC is a critical issue in CDMA systems, a 

30 solution to the implementation of effective PC at high 

subscriber unit speeds is required. 
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The technical specification 'TS25.224' of the 3rd 

Generation Partnership Project (3GPP) specifies that a 

weighting parameter a can be used to weight the path loss 

5 towards the long-term-averaged path loss (La) and the 

instantaneous path loss Lp- CCPCH as required. The 

equation that is used to implement the open loop power 

control scheme, is: 

10 PUL = aLP-CCPCH + (1 - a) LO IBTS SIRTARGET Const . [1] 

Where: 

PEIL: 

15 

20 LP-CCPCH: 

25 

Lo: 

IBTS 

Power setting in dBm. This value corresponds 

to a particular CCTrCH (due to CCTrCH-

specific SIRTARGET) and a particular timeslot 

(due to possibly timeslot-specific a and 

Ins) • 

Measure representing path loss in dB 

(reference transmit power is broadcast on a 

broadcast channel (BCH)). 

Long term average of path loss in dB. 

Interference signal power level at cell's 

receiver in dBm, which is broadcast on a BCH. 

a: a is a weighting parameter that represents 

30 the quality of path loss measurements. The 
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5 

UTRA standard states: (i) a may be a function 

of the time delay between the up-link time 

slot and the most recent down link time slot 

containing a beacon channel; (ii) a shall be 

calculated autonomously at the UE, subject to 

a maximum allowed value which shall be 

signalled by higher layers. 

SIRTABGET: Target SIR in dB. A higher layer outer loop 

10 adjusts the target SIR. 

Const.: This 'constant' value shall be set by higher 

Layer (defined by respective operators) and is 

broadcast on BCH. 

15 

In an annex of TS25.224 it is suggested that a could be 

made a function of the "delay" between the instantaneous 

path loss measurement Lp- CCPCH (where CCPCH is the Common 

Control Physical Channel) and the up-link timeslot for 

20 which the power control calculation is being made. 

However, although a. could be set to be a function of the 

delay, or the up-link timeslot position in the frame, it 

is up to each equipment manufacturer how exactly to 

25 configure this set up. Furthermore, it is not apparent 

how power control performance can be usefully employed 

when configuring a in this manner. 

A need therefore exists, in general, for an improved 

30 power control arrangement and method of operation, and in 
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particular, an arrangement and method for open-loop power 

control for an UTRA-TDD system, wherein the 

abovementioned disadvantages may be alleviated. 

5 

Statement of Invention 

In accordance with a first aspect of the present 

invention, there is provided a method for performing 

10 power control in a wireless communication unit, as 

claimed in claim 1. 

In accordance with a second aspect of the present 

invention, there is provided a wireless communication 

15 unit, as claimed in claim 16. 

In accordance with a third aspect of the present 

invention, there is provided wireless communication 

system, as claimed in claim 19. 

20 

In accordance with a fourth aspect of the present 

invention, there is provided a wireless communication 

unit, as claimed in claim 21. 

25 In accordance with a fifth aspect of the present 

invention, there is provided a storage medium storing 

processor-implementable instructions, as claimed in claim 

39. 
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In accordance with a sixth aspect of the present 

invention, there is provided a differentiator, as claimed 

in claim 40. 

Brief Description of the Drawings 

Exemplary embodiments of the present invention will now 

be described•, with reference to the accompanying 

10 drawings, in which: 

FIG. 1 shows a block diagram of a communication system 

that can be adapted to support the various inventive 

concepts of a preferred embodiment of the present 

15 invention; 

20 

FIG. 2 shows a functional block diagram of a UE, adapted 

in accordance with various inventive concepts of a 

preferred embodiment of the present invention; 

FIG. 3 shows a flowchart/functional block diagram of a 

power control processing operation of a UE adapted to 

incorporating the present invention; 

25 FIG. 4 shows a block schematic diagram illustrating the 

open-loop power control scheme on which the arrangement 

of FIG. 3 is based; 

FIG. 5 shows an alternative manner of illustrating the 

30 power control processing function 209 of the embodiment 

of FIG. 4; and 
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FIG. 6 shows a block schematic diagram illustrating an 

alternative embodiment for implementing the open-loop 

power control scheme of FIG. 3. 

5 

Description of Preferred Embodiments 

Referring now to FIG. 1,.a. cellular-based telephone 

10 communication system 100 is shown in outline, in 

accordance with a preferred embodiment of the invention. 

In the preferred embodiment of the invention, the 

cellular-based telephone communication system 100 is 

compliant with, and contains network elements capable of 

15 operating over, a UMTS air-interface. In particular, the 

invention relates to the Third Generation Partnership 

Project (3GPP) specification for wide-band code-division 

multiple access (WCDMA) standard relating to the UTRAN 

radio Interface (described in the 3G TS 25.xxx series of 

20 specifications). 

A plurality of subscriber terminals (or user equipment 

(UE) in UMTS nomenclature) 112, 114, 116 communicate over 

radio links 118, 119, 120 with a plurality of base 

25 transceiver stations, referred to under UMTS terminology 

as Node-Bs, 122, 124, 126, 128, 130, 132. The system 

comprises many other UEs and Node Bs, which for clarity 

purposes are not shown. 

30 The wireless communication system, sometimes referred to 

as a Network Operator's Network Domain, is connected to 
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an external network 134, for example the Internet. The 

Network Operator's Network Domain (described with 

reference to both a 3rd generation UMTS and a 2nd

generation GSM system) includes: 

5 

(i) A core network, namely at least one Gateway GPRS 

Support Node (GGSN) 144 and or at least one Serving GPRS 

Support Nodes (SGSN); and 

(ii) An access network, namely: 

10 (ai) a GPRS (or UMTS) Radio network controller 

(RNC) 136-140; or 

(aii) Base Site Controller (BSC) in a GSM 

system and/or 

(bi) a GPRS (or UMTS) Node B 122-132; or 

15 (bii) a Base Transceiver Station (BTS) in a GSM 

system. 

The GGSN/SGSN 144 is responsible for GPRS (or UMTS) 

interfacing with a Public Switched Data Network (PSDN) 

20 such as the Internet 134 or a Public Switched Telephone 

Network (PSTN) 134. A SGSN 144 performs a routing and 

tunnelling function for traffic within say, a GPRS core 

network, whilst a GGSN 144 links to external packet 

networks, in this case ones accessing the GPRS mode of 

25 the system 

The Node-Bs 122-132 are connected to external networks, 

through base station controllers, referred to under UMTS 

terminology as Radio Network Controller stations (RNC), 

30 including the RNCs 136, 138, 140 and mobile switching 

centres (MSCs), such as MSC 142 (the others are, for 
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clarity purposes, not shown) and SGSN 144 (the others 

are, for clarity purposes, not shown). 

Each Node-B 122-132 contains one or more transceiver 

5 units and communicates with the rest of the cell-based 

system infrastructure via an Iub interface, as defined in 

the UMTS specification. 

Each RNC 136-140 may control one or more Node-Bs 122-132. 

10 Each MSC 142 provides a gateway to the external network 

134. The Operations and Management Centre (0MC) 146 is 

operably connected to RNCs 136-140 and Node-Bs 122-132 

(shown only with respect to Node-B 126 for clarity). The 

OMC 146 administers and manages sections of the cellular 

15 telephone communication system 100, as is understood by 

those skilled in the art. 

In the preferred embodiment of the invention, a number of 

UEs 112-116 and/or corresponding Node-Bs 122-132 have 

20 been adapted, to offer, and provide for, adapted power 

controlled transmission, reception and processing of 

power control related information. In particular, the 

preferred embodiment of the present invention describes a 

feature that bases power control calculations on a good 

25 correlation of path loss across a received frame. In 

this manner, the feature can be added to the operation of 

the up-link inner-loop power control loop running at a 

layer-1 physical layer in the UE, in order to improve 

power control performance at low UE speed, whilst 

30 maintaining appropriate power control at high UE speed. 
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Advantageously, implementation of this invention allows 

standards compliance to be retained. 

More particularly, in this embodiment the above UE 

5 elements have been adapted to implement the present 

invention in either or both up-link or down-link modes of 

operation. Although the preferred embodiment of the 

present invention is further described with respect to 

FIGs 3 to 6 for UE open loop power control in an up-link 

10 channel, it is envisaged that a Node B can in general, 

use the same inventive concepts in the down-link channel. 

In such a closed-loop configuration, the Node B (or BTS) 

transmits a signal to the UE, which is processed to 

15 determine path loss correlated information. This 

information is transmitted from the UE back to the Node 

B, where it is received, processed, and PC settings 

used/assigned based on the path loss correlated 

information. In this manner, the use of a feature that 

20 bases power control calculations on a good correlation of 

path loss across a received frame can also improve the 

accuracy in setting down-link power control levels, 

albeit not in an open loop configuration. Such improved 

accuracy can help minimise system interference. 

25 

It is also envisaged that for other wireless 

communication systems, other criteria and/or equations 

could be employed in determining an appropriate power 

control scheme. Such schemes would still benefit from 

30 the concept of using path loss correlation parameters, as 

described herein. 
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It is also within the contemplation of the invention that 

such adaptation of the physical layer (air-interface) 

elements may be alternatively controlled, implemented in 

5 full or implemented in part by adapting any other 

suitable part of the communication system 100. For 

example, equivalent elements such as intermediate fixed 

communication units (for example repeaters) in other 

types of systems may, in appropriate circumstances, be 

10 adapted to provide or facilitate the power' control 

features as described herein. 

Referring now to FIG. 2, a block diagram of a UE 112 

adapted to support the inventive concepts of the 

15 preferred embodiments of the present invention, is shown. 

The UE 112 contains an antenna 202 preferably coupled to. 

a duplex filter or circulator 204 that provides isolation 

between receive and transmit chains within UE 112. 

20 

The receiver chain includes receiver front-end circuitry 

206 (effectively providing reception, filtering and 

intermediate or base-band frequency conversion). The 

front-end circuit 206 receives signal transmissions from'

25 its associated Node B. The front-end circuit 206 is 

serially coupled to a signal processing function 

(processor, generally realised by a DSP) 208. The 

processing function 208 performs signal demodulation, 

error correction and formatting. Recovered information 

30 from the signal processing function 208 is serially 

coupled to a power control processing function 209, which 
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extracts pertinent power control information from the 

received (RSCP) signal and interprets the information to 

determine an appropriate transmit output level for the 

UE's transmissions. 

5 

The power control processing function 209 has been 

adapted in the following manner. In operation, as 

mentioned earlier, the up-link (UL) inner loop is updated 

at the radio frame rate of 10 msec. as each consecutive 

10 beacon-function RSCP is measured by the power control 

processing function 209 UE. For pedestrian and slow 

mobile conditions, where the UE is travelling at up •to 

say, four Km/hr, the loop is capable of compensating for 

any fast fading present. Beyond these speeds, the radio 

15 channel becomes uncorrelated across the 10 msec. frame, 

and any instantaneous path loss measurement inferred from 

timeslot '0' can no longer be used as a good indicator of 

the path loss that will be experienced on any other 

timeslot in the same frame. 

20 

The inventor of the present invention has determined 

that, when there is good correlation of path loss across 

a radio frame period, it is better to use the 

`instantaneous' measurement of RSCP in the power control 

25 processing function 209 for use in the UL open-loop PC 

calculations. 

Conversely, when there is little or no correlation of 

path loss across the radio frame, the inventor of the 

30 present invention has determined that it is better to 
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use, in the power control processing function 209 for UL 

open-loop PC, either (or both of): 

(i) an adjusted 'filtered' (mean) RSCP 

signal/measurement; 

5 (ii) an adjusted "a" parameter. 

In particular, the power control processing function 209 

of the preferred embodiment of the present invention 

involves setting the a value between a logical '1' and a 

10 logical '0' dependent upon the frame-to-frame path'loss 

correlation seen in the radio channel. The ope'ration of 

the power control processing function 209 is further 

described with respect to FIG. 3 to FIG. 6. 

15 A timer 218 is preferably operably coupled to the 

processing function 208 and power control processing 

function 209 to provide synchronisation in the signal 

recovery process, including recovering the RSCP signal. 

20 In different embodiments of the invention, the signal 

processing function 208 and baseband processing function 

211 may be provided within the same physical device. The 

power control processing function 209 may also be provided 

within the same physical device with either the signal 

25 processing function 208 or the baseband processing 

function 211, or both. 

As known in the art, received signals that have been 

processed by the power control processing function 209 are 

30 typically input to a baseband-processing device 210. The 

baseband processing device 210 takes the received 
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information formatted in a suitable manner and sends it to 

an output device 211, such as an audio speaker or liquid 

crystal display or visual display unit (VDU). A 

controller 214 controls the information flow and 

5 operational state of each circuit/element/function. 

As regards the transmit chain, this essentially includes 

an input device 220, such as a microphone, coupled in 

series through a baseband processor 210, a power control 

10 processing function 209, signal processing function 208, 

transmitter/modulation circuitry 222 and a power 

amplifier 224. The processor 208, transmitter/modulation 

circuitry 222 and the power amplifier 224 are 

operationally responsive to the controller, with an 

15 output from the power amplifier coupled to the duplex 

filter or circulator 204, as known in the art. 

The transmit chain in UE 112 takes the baseband signal 

from input device 220 and converts this into, a signal 

20 whose level can be baseband adjusted by the power control 

processor 209. The power control processor forwards the 

amplitude-adjusted signal to the signal processor 208, 

where it is encoded for transmission by transmit/ 

modulation circuitry 222, thereafter amplified by power 

25 amplifier 224, and radiated from antenna 202. Clearly, 

the adjustment of the transmit output power can be 

effected by any amplitude or attenuation means in the 

transmit chain, and the above baseband adjustment is 

described as one example only. 

30 
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The signal processor function 208 in the transmit chain 

may be implemented as distinct from the processor in the 

receive chain. Alternatively, a single processor 208 may 

be used to implement processing of both transmit and 

5 receive signals, as shown in FIG. 2. Furthermore, the 

various components within the UE 112 can be realised in 

discrete or integrated component form. 

Referring now to FIG. 3, a flowchart/functional block 

10 diagram of the power control processing operation 209 of 

a UE, adapted to incorporate the present invention, is 

shown in more detail. 

In accordance with the UTRA recommendation, instantaneous 

15 path loss measurements Lp- CCPCH 310 are performed for each 

received frame. Notably, in accordance with the 

preferred embodiment of the invention, the historical 

results of these measurements are used to derive a path 

loss correlation metric 315. The path loss correlation 

20 metric 315 is then used to derive any adjustment to the 

path loss weighting function a, in the parameter 

derivation function 320. 

It is also envisaged that spectral analysis could be 

25 performed on the aforementioned path loss correlation 

over time of Lp-CCPCH measurements. In this case, it is 

envisaged that a decision on a (or indeed one or more 

filter parameter(s) to be adapted as described below) 

could be based on such spectral analysis. 

30 
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In addition, or as an alternative, to an adjustment of a, 

the inventor of the present invention has recognised that 

an adjustment of the filter bandwidth of the low-pass 

filter (LPF) 335, used to derive Lo from Lp-CCPCH, can 

5 also be used for power control level adjustment in 

response to the path loss correlation information. Such 

a (L0) filter-adjusted signal can be used instead of the 

direct instantaneous path loSs measurements L P-CCiCH 310 

in the power control calculation. It is envisaged that• 

10 the Lo filter paraMeters 330 may also be deriVed from the 

path loss correlation metric 315, in parameter derivation 

function 320. 

The characteristics of this LPF 335 are not specified in 

15 the UTRA standard. Thus, as an alternative•to changing 

a, or in addition to changing a, the filter bandwidth may 

be widened or narrowed in response to.the observed 

correlation in the radio channel path loss. The LPF will 

likely be implemented as a digital filter and, as such, 

20 its frequency response parameters can be adjusted by 

appropriate adjustment of filter taps, as known to those 

skilled in the art. 

In the preferred embodiment of the present invention, the 

25 parameter derivation function 320 therefore includes an 

algorithm to derive the parameter changes of a and/or Lo 

for use in the UL power control equation 325. 
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Hence, as shown in FIG. 3, the UL power control equation 

325 can be calculated using the current direct 

instantaneous path loss measurements Lp -CCPCH 310 or, 

dependent upon the path loss correlation metric, using 

5 parameter adjustments to a and/or a bandwidth-adjusted 

filtered signal (L0) equivalent to a filtered version of 

the instantaneous path loss measurements Lp -CCPCH 310 

(1,0). 

10 For high-speed UE scenarios, the path loss correlation 

metric 315 is likely to report low path loss correlation. 

As such, it is envisaged tht the L P-CCPCH direct 

measurements 310 are not used in the up-link power 

control equation 325, which also receives the other 

15 control inputs 340, as specified in the UTRA standard. 

This course of action is appropriate since the LP-CCPCH 

direct measurements 310 cannot be guaranteed to be 

applicable to other timeslots in the same radio frame 

period. 

20 

It is within the contemplation of the invention that many 

techniques could be designed to implement the path loss 

correlation metric 315 and subsequent adjustment and/or 

derivation algorithm 320. However, two examples of how 

25 the inventive concepts of the present invention could be 

applied are described below with respect to FIG. 4 and 

FIG. 6. 
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Referring now to FIG. 4, a block schematic diagram 209 of 

a preferred open-loop power control scheme, on which the 

arrangement of FIG. 3 is based, is illustrated. 

5 As indicated earlier, instantaneous path loss 

measurements L P-CCPCH 310 are performed for each received 

frame. Notably, the results of these measurements are 

used to perform a path loss correlation metric by 

inputting them to a differentiator function 415, followed 

10 by a thresholder 420 and frequency counter 430. It is 

envisaged that the differentiator function 415 may be 

considered essentially as a high-pass filter. 

Alternatively, for example, the differentiator function 

415 may perform a bi-linear transform of a standard 

15 difference equation, as known in the art. 

In the differentiator function 415, each consecutive Lp-

CCPCH 310 measurement (in dB) is compared to the same 

measurement for the previous frame, and a difference 

20 value (Y) produced: 

Y = abs (x(n)-x(n-1)) [2] 

The sign of the difference is discarded by taking the 

25 absolute (abs) value, and the value is checked in the 

thresholder 420 to see whether it is above or below a 

threshold value TdB 425 that is held as a constant iria 

memory element of the UE 112. This comparison is then 

input to a counter 430, to determine an a-based switch 
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control signal 460. The a-based switch control signal 

460 ensures that the switch 410 selects the most 

appropriate measurement to use in the power control 

equation 325. 

If, for example, the counter determines that more than P% 

of these differences provided by the differentiator 

function 415 are observed to be smaller than TdB 425, say 

over a time period Tspan, it can be assumed that there is 

10 good path loss correlation over time. Hence, the 

unfiltered path loss values (L P-CCPaH) 455 (direct 

instantaneous path loss measurements) are selected for 

the UL open-loop calculations in response to the a-based 

switch control signal 460 (where a='1'). 

15 

Conversely, if less than P% of these differences provided 

by the differentiator function 415 are observed to be 

smaller than TdB 425, it can be assumed that there is 

poor path loss correlation per time period.. In such a 

20 case, the filtered L P-CCPCH value (Lo) 450, output from 

the LPF 335, is selected for the UL open-loop 

calculations in response to the a-based switch control 

signal 460 (where a=1 0'). 

25 Hence, the power control processing function 209 of the 

preferred embodiment of the present invention involves 

setting the a value between a logical 11' and a logical 

`0' dependent upon the frame-to-frame path loss 

correlation seen in the radio channel. 
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It is envisaged that suitable values for the above 

parameters could be, for example, respectively: 

Tspan: of the order of 1 or 2 seconds; 

5 TdB 425: of the order of 2 or 3dB; and 

P%: of the order of 70%-80%. 

Hence, a weighting of a is given to LP-CCPCH, and a 

weighting of (1-a) is given to Lo. So if a=0, we end up 

10 using only filtered path loss Lo. If a=1, we end up 

using only instantaneous LP-CCPCH measurements. The switch 

in FIG. 4 therefore denotes this hard-switching between 

the two path loss measurements (filtered and unfiltered). 

15 Hence, in the context of this embodiment, the path loss 

correlation metric determines whether an adapted L0 or 

the direct L P-CCPCH measurements are used in the UL power 

control equation 325. Again, it is envisaged that for 

high-speed scenarios, the Lo measurements are used in the 

20 up-link power control equation 325. Other control inputs 

such as SIRTar get 446, a constant value 444 and IBIS 442 

are used, as specified in the UTRA standard. An 

adjustment algorithm, designed to maximise the benefit of 

such a scheme, is again used in conjunction with the 

25 output 350 of the up-link power control equation 325. 

It is within the contemplation of the invention that 

other inputs may also be used in the final PC equation, 

together with the path loss correlation indication 

30 described herein. 
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Referring now to FIG. 5, an alternative manner of 

illustrating the power control processing function 209 of 

the embodiment of FIG. 4, is shown. Again, instantaneous 

5 path loss measurements LP-CCPCH 310 are performed for each 

received frame. The results of these measurements are 

used to derive a path loss correlation metric by 

inputting them to a differentiator function 415, as in 

FIG. 4. 

10 

The output of the differentiator function is then input 

to an a decision logic function 510 that includes a 

thresholder 420 followed by a frequency counter 430. The• 

operation is the same as that for FIG. 4., albeit in this 

15 arrangement, all three inputs (a, LP-CCPCH 310 and L0 320) 

are input directly to the power control equation 325. 

Hence, no switch or switch control signal, per se, is 

used to prevent a measurement from being used by the 

power control equation 325. Clearly,• similar parameters 

20 to those described with reference to FIG. 4 would also be 

applicable in FIG. 5. 

Referring now to FIG. 6, 'a block schematic diagram 209 of 

an alternative embodiment for implementing the open-loop 

25 power control scheme of FIG. 3, is illustrated. 

Again, instantaneous path loss measurements Lp-CCPCH 310

are performed for each received frame. Notably, the 

results of these measurements are used to perform a path 

30 loss correlation metric by inputting them to a 
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differentiator function followed by variance estimator 

605. 

Again, as in the example of FIG. 4, each consecutive Lp_ 

5 CCPCH 310 measurement from the PCCPCH RSCP signal (in dBm) 

is compared to the same measurement for the previous 

frame and a difference value produced (xn-xn..1). In 

contrast to the embodiment of FIG. 4, the difference 

value is then squared to produCe a variance estimation 

10 An, where: 

An --= (xn-xn-i) 
2 . [3] 

The variance estimation An is then filtered using, for 

15 example, a simple IIR filter 610 to produce the function: 

Fn = A. Fn-i + B. An [4] 

where: A and B are filter coefficients, and 

20 'A+B' = '1' 

It is noteworthy that if n=0, i.e. it is the first 

iteration, the IIR filter 610 is initialised with: 

25 F0 = An [5] 
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The a decision logic 615 then derives an from Fn via a 

lookup table 620. A typical example is shown below in 

Table 1. 

5 Table 1: 

a. Fn

0 <3 

0.1 <3.5 

0.2 <4 

0.3 <4.3 

0.4 <4.6 

0.5 <4.9 

0.6 <5.2 

0.7 <5.5 

0.8 <5.8 

0.9 <6.1 

1.0 <6.4 

In operation, the lowest value of an satisfying the right 

hand column is selected. The values in the right hand 

column are preferably programmable and may be used to 

10 optimise performance the performance of the power control 

scheme. The values in the right hand column of the table 

effectively control the variation of a in response to the 

variance estimate of the differentiated path loss. They 

may be optimised either via computer simulation of loop 

15 performance, or via appropriate in-field or laboratory 

testing. 
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The various components within the UE 112 are realised in 

this embodiment in integrated component form. Of course, 

in other embodiments, they may be realized in discrete 

form, or a mixture of integrated components and discrete 

5 components, or indeed any other suitable form. 

Furthermore, in this embodiment the power control 

processor function is implemented preferably in a digital 

signal processor. However, it is within the 

10 contemplation of the invention that the power control 

processor function 209 described in the above embodiments 

can be embodied in any suitable form of software, 

firmware or hardware. The power control processor 

function 209 may be controlled by processor-implementable 

15 instructions and/or data, for carrying out the methods 

and processes described, which are stored in a storage 

medium or memory, for example the memory element 216. 

The processor-implementable instructions and/or data may 

include any of the following: 

20 (i) The algorithm for deriving the a and/or Lo 

parameters, 

(ii) A new or adapted lookup table, 

(iii) A new or adapted path loss correlation metric 

algorithm for use in function 315, 

25 (iv) A new threshold value 425, 

(v) A new frequency counter value (P), or 

(vi) A new time period Tspan, used to generate the 

path loss correlation metric. 
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'The memory can be a circuit component or module, e.g. a 

RAM or PROM, or a removable storage medium such as a 

disk, or other suitable medium. 

5 It will be understood that the method and arrangement for 

open-loop power control described above provides at least 

the following advantages: 

(i) Improved power control performance for slow 

10 moving mobiles without compromising performance at 

high, speed. 

(ii) Implementation of the path loss correlation 

metric improves the UE power control performance 

15 whilst' remaining standard compliant with the UTRA-TDD 

PC operation. 

(iii) Although the use of a path loss correlation 

metric finds particular benefits in an up-link open-

20 loop scenario, similar measurements can be used by 

the Node B or BTS to improve the accuracy in closed 

loop power control techniques. Hence, the technique 

is also beneficial in a down-link context. 

25 (iv) The equipment designer has a choice on how best 

to implement the inventive concepts, using either an 

a adjustment or adjustment of the LPF 

characteristics. 

30 Hence, the aforementioned method and arrangement for 

providing power control substantially negates at least 
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the problems associated with the update rate limitations 

of the PC scheme in an UTRA-TDD CDMA wireless 

communication system. Furthermore, improved power 

control at lower speeds is achieved when there is a good. 

5 correlation of path loss across a radio frame period, by 

using the instantaneous measurement of RSCP for use in 

the UL open-loop PC calculations. Conversely, when there 

is little or no correlation of path loss across the radio 

frame at high speeds, the filtered (mean) RSCP 

10 measurement is used for UL open-loop PC. 

Thus, a configuration and method for effecting power 

control in a wireless, communication system has been 

described wherein the aforementioned disadvantages 

15 associated with prior art arrangements has been 

substantially alleviated. 

Whilst specific, and preferred, implementations of the 

present invention are described above, it is clear that 

20 one skilled in the art could readily apply variations and 

modifications of such inventive concepts. 
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Claims 

1. A method for performing power control in a wireless 

communication unit operating in a wireless communication 

5 system, the method comprising the steps of: 

determining a path loss correlation metric to derive 

one or more parameters pertaining to a wireless 

transmission; and 

adjusting an output power level of said wireless 

10 communication unit in response to said one or more 

parameters. 

2. The method for performing power control in a 

wireless communication unit according to Claim 1, wherein 

15 said step of adjusting an output power level of said 

wireless communication unit is performed in an open-loop 

power control manner for an up-link transmission by a 

wireless subscriber communication unit. 

20 3. The method for performing power control in a 

wireless communication unit according to any preceding 

Claim, wherein the step of adjusting an output power 

level of said wireless communication unit is performed in 

one or more of the following steps based on said path 

25 loss correlation metric: 

adjusting a weighting parameter; 

adjusting one or more filter parameters that adjust 

a frequency response of a filter. 
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4. The method for performing power control in a 

wireless communication unit according to any preceding 

Claim, the method further comprising the step of: 

making a number of instantaneous path loss 

measurements (LP-CCPCH) over a number of frames received 

by said wireless communication unit; 

wherein said step of determining said path loss 

correlation metric is based on said number of 

instantaneous path loss measurements. 

10 

5. The method for performing power control in a 

wireless communication unit according to Claim 4, wherein 

said step of determining said path loss correlation 

metric includes the step of: 

15 comparing a first instantaneous path loss 

measurement to one or more previous instantaneous path 

loss measurements. 

6. The method for performing power control in a 

20 wireless communication unit according to Claim 5, the 

method further comprising the steps of: 

producing a difference value from said comparison 

step; and 

discarding a sign of said difference value to obtain 

25 an absolute difference value to provide a path loss 

correlation indication. 

7. The method for performing power control in a 

wireless communication unit according to Claim 6, the 

30 method further comprising the step of: 
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comparing said absolute difference value with a 

threshold to provide a path loss correlation metric. 

8. The method for performing power control in a 

5 wireless communication unit according to Claim 6 or Claim 

7, the method further comprising the step of: 

selecting said number of instantaneous path loss 

measurements in calculating an adjustment of output power 

level if said absolute difference value is determined to 

10 be above or below a threshold for more than a specified 

percentage of a period of time; or 

selecting a filter adjusted input of said number of 

instantaneous path loss measurements in calculating an 

adjustment of output power level if said absolute 

15 difference value is determined to be above or below a 

threshold for more than a specified percentage of a 

period of time. 

9. The method for performing power control in a 

20 wireless communication unit according to Claim 6, the 

method further comprising the step of: 

performing a variance estimation of said difference 

value to provide a path loss correlation metric. 

25 10. The method for performing power control in a 

wireless communication unit according to Claim 9, the 

method further comprising the step of: 

performing an averaging function, for example using 

an IIR filter, to provide a time-averaged path loss 

30 correlation metric. 
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11. The method for performing power control in a 

wireless communication unit according to Claim 10, when 

dependent upon Claim 4, the method further comprising the 

step of: 

5 comparing said time-averaged path loss correlation 

metric to values held in a lookup table, for example a 

lookup table indexed as a function of the path loss 

correlation metric, in order to calculate a weighting 

parameter based on a path loss correlation metric. 

10 

12. The method for performing power control in a 

wireless communication unit according to Claim 11, the 

method further comprising the step of: 

selecting said instantaneous path loss measurements 

15 or a filtered number of instantaneous path loss 

measurements in calculating an adjustment of output power 

level based on said weighting parameter (a). 

13. The method for performing power control in a 

'20 wireless communication unit according to Claim 8 or Claim 

12, the method further comprising the step of: 

selecting said number of filtered instantaneous path 

loss measurements for calculating an output power level 

of said wireless communication unit when said wireless 

25 communication unit is travelling at a relatively high 

speed; or 

selecting said instantaneous path loss measurements 

for calculating an output power level of said wireless 

communication unit when said wireless communication unit 

30 is travelling at a relatively low speed. 
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14. The method for performing'power control in a 

wireless communication unit according to any preceding 

Claim, the method further comprising the step of: 

performing spectral analysis on said correlation of 

5 instantaneous path loss, measurements to derive said 

weighting parameter or said one or more filter 

parameters. 

15. The method for performing power control in a • 

10 wireless communication unit according to any preceding 

Claim, wherein said power control is performed by a 

wireless subscriber unit for use in an open-loop,up-link 

power control mode of operation. 

15 16. A wireless communication unit adapted to incorporate 

the method steps of any of preceding Claims 1 to'15. 

17. The wireless communication unit according to Claim 

16, wherein said communication unit is a user equipment 

20 for use in an open loop power control arrangement. 

18. The wireless communication unit according to Claim 

16, wherein said communication unit is a base transceiver 

station, or Node B for use in a closed loop power control 

25 arrangement. 

19. A wireless communication system adapted to 

incorporate the method steps of any of preceding Claims 1 

to 15. 

30 
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20. The wireless communication system according to Claim 

19, wherein said communication system is an UTRA-TDD CDMA 

wireless communication system. 

5 21. A wireless communication unit capable of performing 

power control when operating in a wireless communication 

system, the wireless communication unit comprising: 

a power control processing function that includes: 

a path loss correlation metric determination 

10 function to derive one or more parameters pertaining to a 

wireless transmission; and 

adjustment means operably coupled to said path loss 

correlation metric determination function to adjust an 

output power level of said wireless communication unit in 

15 response to said one or more parameters. 

22. The wireless communication unit according to Claim 

21, the wireless communication unit further comprising: 

a receiver operably coupled to said power control 

20 processing function for receiving a transmission from a 

transmitting wireless communication unit and providing a 

signal for analysis; and 

calculation means operably coupled to said receiver 

path loss correlation metric determination function for 

25 receiving said signal and determining a number of 

instantaneous path loss values to be forwarded to said 

path loss correlation metric determination function. 

23. The wireless communication unit according to Claim 

30 21 or Claim 22, wherein said adjustment means adjusts an 

output power level of said wireless communication unit in 
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an open-loop power control manner for an up-link 

transmission by a wireless subscriber communication unit. 

24. The wireless communication unit according to any of 

5 preceding Claims 21 to 23, wherein said adjustment means 

includes a weighting parameter input and/or a filter 

input and said adjustment means adjusts an output power 

level of said wireless communication unit in one or more 

of the following ways: 

10 adjusts a weighting parameter based on a path loss 

correlation metric; 

adjusts one or more filter parameters that adjust a 

frequency response of a filter in response to said path 

loss correlation metric. 

15 

25. The wireless communication unit according to any of 

preceding Claims 21 to 24, wherein said power control 

processing function performs a number of instantaneous 

path loss measurements (LP-CCPCH) over a number of frames 

20 received by said wireless communication unit and said 

path loss correlation metric is based on said, number of 

instantaneous path loss measurements. 

26. The wireless communication unit according to Claim 

25 25, wherein said path loss correlation metric 

determination function comprises a differentiator 

function utilising one or more instantaneous path loss 

measurements to obtain a path loss correlation 

indication. 

30 
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27. The wireless communication unit according to Claim 

26, wherein said differentiator function produces a 

difference value and discards a sign of said difference 

value to obtain an absolute difference value to provide a 

5 path loss correlation indication. 

28. The wireless communication unit according to Claim 

27, the power control processing function further 

comprising decision logic operably coupled to said 

10 differentiator function to compare said absolute 

difference value with a threshold to provide a path loss 

correlation metric. 

29. The wireless communication unit according to Claim 

15 28, wherein said path loss correlation metric 

determination is based on a number of parameter values, 

wherein said parameter values include one or more of the 

following: 

a period of time, for example of the order of one or 

20 two seconds, 

said threshold value for a difference between said 

path loss correlation metrics, 

a number of samples where said threshold value is 

exceeded over said period of time. 

25 

30. The wireless communication unit according to Claim 

29, wherein said one or more parameter values are 

substantially of the order of the following: 

period of time is between a half and three seconds; 

30 threshold value is between one and five dB; 

number of samples is between 70% to 80%. 

Ericsson Exhibit 1010 
Page 1039



WO 03/036816 PCT/GB02/04811 

- 40 - 

31. The wireless communication unit according to any of 

preceding Claims 28 to 30, the power control processing 

function further comprising a switch and switch control, 

5 operably coupled to said decision logic, said switch and 

switch control configured to: 

select said number of instantaneous path loss 

measurements in calculating an adjustment of output power 

level if said absolute difference value is determined to 

10 be above or below a threshold over a period of time; or 

select a filter-adjusted input of said number of 

instantaneous path loss measurements in calculating an 

adjustment of output power level if said absolute 

difference value is determined to be above or below a 

15 threshold over a period of time. 

32. The wireless communication unit according to Claim 

27, the path loss correlation metric determination 

function comprising a variance estimator function to 

20 determine a variance of said difference value(s) to 

provide a path loss correlation metric. 

33. The wireless communication unit according to Claim 

32, the path loss correlation metric determination 

25 function further comprising: 

a decision logic function that includes an averaging 

function, for example an infinite impulse response 

filter, operably coupled to said variance estimator 

function, to provide a time-averaged path loss 

30 correlation metric. 
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34. The wireless communication unit according. to Claim. 

33, when dependent upon Claim 24, wherein said decision 

logic function is operably coupled to a lookup table and 

compares said time-averaged path loss correlation metric 

to values held in a lookup table, for example a lookup 

table indexed as a function of the path loss correlation 

metric, in order to calculate a weighting parameter based 

on a path loss correlation metric. 

10 35. The wireless communication unit according to Claim 

34, the power control processing function further 

comprising calculation means for calculating an output 

transmit power level for said wireless communication 

unit, said calculation means selecting said number of 

15 instantaneous path loss measurements or a filter-adjusted 

value of said number of instantaneous path loss 

measurements in calculating an adjustment of output power 

level based on said weighting parameter. 

20 36.  , The wireless communication unit according to any of 

preceding Claims 21 to 35, wherein said power control is 

performed by a wireless subscriber communication unit for 

use in an open-loop up-link power control mode of 

operation. 

25 

37. The wireless communication unit according to Claim 

36 when dependent upon Claim 31 or Claim 35, wherein said 

power control processing function selects said filtered 

path loss measurements for calculating an output power 

30 level of said wireless communication unit when said 

wireless communication unit is travelling at a relatively 
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high speed; and/or selects said instantaneous path loss 

measurements for calculating an output power level of 

said wireless communication unit when said wireless 

communication unit is travelling at a relatively low 

5 speed. 

38. The wireless communication unit according to any of 

preceding Claims 21 to 35, wherein said wireless 

communication unit is a base transceiver station or Node 

10 B for use in an closed loop power control arrangement. 

15 

39. A storage medium storing processor-implementable 

instructions for controlling a processor to carry out the 

method of any of Claims 1 to 15. 

40. A differentiator adapted to utilise one or more 

instantaneous path loss measurements to obtain a path 

loss correlation indication in accordance with any of 

Claims 26 to 28. 
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AS A BELOW-NAMED INVENTOR, I HEREBY DECLARE THAT: 

My residence, post office address, and citizenship are as stated below next to my name. 

I believe I am the original, first and sole inventor of the subject matter which is claimed 
and for which a patent is sought on the invention entitled: POWER CONTROL IN A 
WIRELESS COMMUNICATION SYSTEM, the specification of which is attached hereto unless 
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CI was filed on August 12, 2004 as United States Application Serial No. 10/917,968. 

I HEREBY STATE THAT I HAVE REVIEWED AND UNDERSTAND THE 
CONTENTS OF THE ABOVE-IDENTIFIED SPECIFICATION, INCLUDING THE CLAIMS, 
AS AMENDED BY ANY AMENDMENT REFERRED TO ABOVE. 

I acknowledge the duty to disclose information which is material to the patentability as 
defined in 37 C.F.R. § 1,56. 

I hereby claim foreign priority benefits under 35 U.S.C. § 119(a)-(d) or § 365(b) of any 
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application which designated at least one country other than the United States listed below and 
have also identified below, by checking the box, any foreign application for patent or inventor's 
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Application No. Country Date of Filing; Priority Claimed? 
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Application Serial No. Filing Date 

I hereby claim the benefit under 35 U.S.C. § 120 of any United States application(s), or 
§ 365(c) of any PCT International application designating the United Slates, listed below and, 
insofar as the subject matter of each of the claims of this application is not disclosed in the prior 
United States or PCT International application in the manner provided by the first paragraph of 
35 U.S.C. § 112, I acknowledge the duty to disclose information which is material to 
patentability as defined in 37 C.F.R. § 1.56 which became available between the filing date of 
the prior application and the national or PCT International filing date of this application. 
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Reel   • Frame   . or for which a copy thereof is attached-

2. From: To: 
The document was retineded In the United Slates PalObt and Trademark Office at 
Reel   , Frame   , or for which e copy thereof Is attached. 

3. From To: 
The document woe recorded In the United Slates Patent and Trademark Office at 
Reel   , Frame   . or ter which a OW thereOg 1a attalltOtt. 

Additional documents In the chain of title are dated on a 'supplemental sheet_ 

[ 1 Copies of assierwrients mother documents In the chain of Oda are attached. 
NOTE: A me:orate copy ge.. the originsd assignment dominate or a true 

CF R
 the original 

document) must be subrelned Asesanment Ohtolen in accordance with Past 3. if the 
assignment Is to be recorded In the records ci the USPTO. ggag MPEP 3=081 

The undersigned (whose title is supplied below) is authorized to act on betted of the assignee. 

December 10, 2004 Daniel W. Stoke 
Date 

(MO) 610.4103 
Telephone Number 

Typed or pit 

Signature 

View Pireident and General Counsel 
Title 

pa-930291 lkiaqa PeN lia202COMIO 
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DEC 1 0 2004 ASSIGNMENT 
SOLE 

THIS ASSIGNMENT, by Nicholas William ANDERSON (hereinafter referred to as the assignor), 
residing at 72 London Road, Warmley, Bristo1,13530 531.,, United Kingdom, witnesseth: 

WHEREAS, said assignor has invented certain new and useful improvements in POWER. CONTROL IN 
A WIRELESS COMMUNICATION SYSTEM, set forth in an application for Letters Patent of the United States, 
bearing Serial No. 10/917,968 filed on August 12, 2004; and 

WHEREAS, IPWireless Inc., a corporation duly organized under and pursuant to the laws of Delaware 
and having its principal place of business at 1001 Bayhill Dr., Second Floor, San Bruno, California 94066 
(hereinafter referred to as the assignee) is desirous of acquiring the entire right, title and interest in and to said 
inventions and said application for Letters Patent of the United States, and in and to any Letters Patent or Patents, 
United States or foreign, to be obtained therefor and thereon: 

NOW, THEREFORE, in consideration of One Dollar ($1.00) and other good and sufficient consideration, 
the receipt of which is hereby acknowledged, said assignor has sold, assigned, transferred and set over, and by 
these presents does sell, assign, transfer and set over, unto said assignee, its successors, legal representatives and 
assigns, the entire right. title and interest in and to the above-mentioned inventions, application for Letters Patent, 
and any and all Letters Patent or Patents in the United States of America and all foreign countries which may be 
granted therefor and thereon, and in and to any and all divisions, continuations and continuations-in-part of said 
application, or reissues or extensions of said Letters Patent or Patents, and all rights under the international 
Convention for the Pmtection of Industrial Property, the same to be held and enjoyed by said assignee, for its own 

• use and the use of its successors, legal representatives and assigns, to the full end of the term or terms for which 
Letters Patent or Patents may be granted, as fully and entirely as the same would have been held and enjoyed by 
the assignor, had this sale and assignment not been made. 

AND for the same consideration, said assignor hereby covenants and agrees to and with said assignee its 
successors, legal representatives and assigns, that, at the time of execution and delivery of these presents, said 
assignor is the sole and lawful owner of the entire right, title and interest in and to said inventions and the 
application for Letters Patent above-mentioned, and that the same arc unencumbered and that said assignor has 
good and full right and lawful authority to sell and convey the same in the manner herein set forth. 

AND for the same consideration, said assignor hereby covenants and agrees to and with said assignee, its 
successors, legal representatives and assigns, that said assignor will, whenever counsel of said assignee, or the 
counsel of its successor, legal representatives and assigns, shall advise that any proceeding in connection with said 
inventions, or said application for Letters Patent, or any proceeding in connection with Letters Patent for said 
inventions in arty country, including interference proceedings, is lawful and desirable, or that any division, 
continuation or continuation-in-part of any application for Letters Patent or any reissue or extension of any Letters 
Patent, to be obtained thereon, is lawful and desirable, sign all papers and documents, take all lawful oaths, and do 
all acts necessary or required to be done for the procurement, maintenance, enforcement and defense of Letters 
Patent for said inventions, without charge to said assignee, its successors, legal representatives and assigns, but at 
the cost and expense of said assignee, its successors, legal representatives and assigns. 

AND said assignor hereby requests the Commissioner of Patents to issue said Letters Patent of the United 
States to said assignee as the assignee of said inventions and the Letters Patent to be issued thereon for the sole use 
of said assignee, its sueectSSOrS, legal representatives and assigns. 

Date 

pa-910541 

Nicholas William ANDERSON 
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0 
PTO/S13/17 (12-04) 

DEC 0 2004 Apo mred for uSe through 
07/31/2000. OMB 0051-0032 

U.S. Patent and Trademark Offing; U.S. DEPARTMENT OF COMMERCE 
der the F'aperwork Reduction Act of 1005 no orpeons are required to reepend to il collection of information %aldose it disptays a valid OMB control numb°, 

raft-Jive on 12,06/7004. 
Fees pursuant re inu Consolidalnd Apprupr£ations Ad. 2006 (H.R. 48 IN. 

FEE TRANSMITTAL 
for FY 2005 

CCIffylip to if Known 

Application Number 10/917,668 

Filing Date August 12, 2004 

First Named Inventor Nicholas William ANDERSON 

Examiner Name 

V

Not Yet Assigned 

0 Applicant claims small entity status. See 37 CFR 1.27 
Art Unit 2681 

TOTAL AMOUNT OF PAYMENT ($) 130.00 Attorney Docket No. 562492000500 

METHOD OF PAYMENT (cheek all that apply) 
-

El Chock El Credit Card CI Money Order El None 0 Other (please identify): 

Ea Deposit Account Deposit Account Number 03-1952 Deposit Account Name: Morrison 8 Foerstor LIP ' 

WARNING: 
Information 

For 

E3 
Ea 

Information 
and 

the above-identified deposit account, the Director is hereby 

Chary fee(s) indicated below 

Charge any additional fee(s) or underpayments of ftm(s) 
under 37 CFR 1.16 and 1.17 

on this form may become public. Credit card information 
outhoritotion on P70-2038. 

. 

0 
should 

authorized to: (check all that apply) 

Charge fee(s) indicated below, except for the filing few 

Crodit any overpayment; 

not be Included on this form. Provide credit card 

FEE CALCULATION 

1. BASIC FILING, SEARCH, AND EXAMINATION FEES 

FILING FEES SEARCH FEES EXAMINATION FEES 

Ap_plic.atioralym Fgt($) Smail_Enty Fee(S) Small Entity - Few ,Small Entity Fees. Paid a) 
Fella) Fro IS) ES' ..(1) 

Utility 300 150 500 250 201) 100 0,00 
Design 200 10() 100 50 130 65 0.00 
Plant 200 100 300 150 160 80 0.00 

Reissue 300 150 500 250 600 300 0.00 
Provisional 200 100 0 0 0 0 ____0.00 __ ........._.—,-- 

2. EXCESS CLAIM FEES 
;,=,:mait Entity

Fee DtscrIgtten Foe(1) Fee_ a) 
Each claim over 20 or, for Reissues, each claim over 20 and more than in the original patent 50 25 
Each independent claim over 3 or, for Reissues, each independent claim more than in the original patent 200 100 

Multiple dependent claims 360 180 
Total Claims Extra Claims Fee (5) Foo Paid (S) Multiple Dependent claims, 

13 -20  0  x 50.00 = 0.00 roPSM Fee Paid ($) 
360.00 0.00 

HP + highest number of total claims paid for. if greater than 20 
Indep. Claims Extra Claims Fee ($) Fee Paid ($) 

5 -5 0 x 200.00 = 0,00 

HP + highest number of Independent claims paid for, if greater than 3 
3. APPLICATION SIZE FEE 
If the specification and drawings exceed 100 sheets of paper, the application size foo due is $250 ($125 for small entity) 

for each additional 50 sheets or re.action thereof. See 35 U.S.C. 41(0)(1)(G) and 37 CFR 1.16(s). 
1.91.0...1413.1 f:41:0-$...kftatt Number of each additional 50 or fraction thcAgt Ff12.114 Fee Paid ($1 

- Leo = / se = (round up to a whole number) it = 0.00 
,.. ____ 
4. OTHER FEE(S) 

Non-English Specification. $130 fee (no small entity discount) 
Other: Surcharge - for late filing foe or oath or declaration $130.00 

stanmir ftiO Dv 

Signature 
' 

.--- ,
Istratino 

147,- 
Rm No. 48,049 (Attniney/Acient) 

Telephone (650) 813-5779 

December 10, Date 
2004 Nanvi (Print/Typo) 

.0,..'Bryan H. W men 

pa-941835 
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UNITED STATES PATENT AND TRADEMARK OFFICE 
UNITED STATES DEPARTMENT OF COMMERCE 
United States. Patent and Trademark Office. 
Address: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria, R, i,uo 22313-1450 
www.usplo.gur 

APPLICATION NUMBER FILING OR 371 (c) DATE FIRST NAMED APPLICANT I ATTORNEY DOCKET NUMBER 

10/917,968 

25226 
MORRISON & FOERSTER LLP 
755 PAGE MILL RD 
PALO ALTO, CA 94304-1018 

08/12/2004 Nicholas William Anderson 562492000500 

CONFIRMATION NO. 3609 

FORMALITIES LETTER 

Iliffilli1131113 111111111 
*00000000014095438* 

1111111111111111111111111111 111111111111111 

Date Mailed: 10/15/2004 

NOTICE TO FILE MISSING PARTS OF NONPROVISIONAL APPLICATION 

FILED UNDER 37 CFR 1.53(b) 

Filing Date Granted 

Items Required To Avoid Abandonment: 

An application number and filing date have been accorded to this application. The item(s) indicated below, 
however, are missing. Applicant is given TWO MONTHS from the date of this Notice within which to file all 
required items and pay any fees required below to avoid abandonment. Extensions of time may be obtained by 

filing a petition accompanied by the extension fee under the provisions of 37 CFR 1.136(a). 

• The oath or declaration is missing. 
A properly signed oath or declaration in compliance with 37 CFR 1.63, identifying the application by the 

above Application Number and Filing Date, is required. 

• To avoid abandonment, a late filing fee or oath or declaration surcharge as set forth in 37 CFR 1.16(e) of 

$130 for a non-small entity, must be submitted with the missing items identified in this letter. 

SUMMARY OF FEES DUE: 

Total additional fee(s) required for this application is $130 for a Large Entity 

• $130 Late oath or declaration Surcharge. 

Replies should be mailed to: Mail Stop Missing Parts 

Commissioner for Patents 

P.O. Box 1450 

Alexandria VA 22313-1450 

A copy of this notice MUST be returned with the reply. 
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Approved for use through 07/31/2006. OMB 0651-0032 

U.S. Patent and Trademark Office. U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995 no persons are required to respond to a collection of information unless it displays a valid OMB control number. 

UTILITY 
PATENT APPLICATION 

TRANSMITTAL 
(ONLY FOR NEW NONPROVISIONAL APPUCATIONS UNDER 
37 CFR 1.53(8)) 

Attorney Docket No. 562492000500 
First Inventor Nicholas William ANDERSON 

nue POWER CONTROL IN A WIRELESS 
COMMUNICATION SYSTEM 

Express Mail Label No. EV 336627356 US 

APPLICATION ELEMENTS 
See MPEP chapter 600 concerning utility patent application contents. 

Commissioner for Patents 
Box 1450 ADDRESS TO: P.O. 

Alexandria, VA 22313-1450 

1. x Fee Transmittal 
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- Statement 
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- Background 
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- Detailed 
- Claim(s) 
- Abstract 

arrangement set forth bebw) 
title of the invention 

Reference to Related Applications 
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to sequence listing, a table, 
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of the Invention 

Summary of the Invention 
Description of the Drawings (if Bled) 

Description 

of the Disdosure 

(35 U.S.C. 113) [Total Sheets 

[Total Sheets 

executed (original or copy) 

from a prior application (37 CFR 1.63(d)) 
with Box 18 completed) 

DELETION OF INVENTOR(S) 
SIGNED STATEMENT ATTACHED DELETING 
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NAMED IN THE PRIOR APPLICATION, 
SEE 37 CFR 1.63(D)(2) AND 1.33(B). 

Data Sheet See 37 CFR 1.76 (2 sheets) 
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b. Specification 

I. ❑ copies); or II. Paper 
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Assignment 
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Information 
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is an assignee) 

Translation Document 

Disclosure 
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Copy of Priority Document(s) 
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& document(s)) 

Power of 
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(if applicable) 4. x Drawing(s) 

5. Oath or Declaration 
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b ❑Copy 
(for continuation/divisional 
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Citations 
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35 U.S.C. 122 (bX2XBX1). 
or its equivalent 

x

I. 
❑

6. X Application 

18. If a CONTINUING 
specification following 

Continuation 

Prior application 
For CONTINUATION 
under Box 5b, Is considered 
reference. The Incorporation 

APPLICATION, check appropriate box, and supp y the requisite information 
the title, or in an Application Data Sheet under 37 CFR 1.78: 

a Divisional n Continuation-in-part (CIP) of prior application 

information: Examiner 

below and in the first sentence of the 

No.: 

Art Unit: 
OR DIVISIONAL APPS only; The entire disclosure of the prior application, from which an oath or declaration Is supplied 

a part of the disclosure of the accompanying continuation or divisional application and is hereby Incorporated by 
can only be relied upon when a portion has been Inadvertently omitted from the submitted application parts. 

19. CORRESPONDENCE ADDRESS 

X Customer OR address below Number 25226 ❑ Correspondence 

Name 

Address 

City State Zip Code 

Country Telephone Fax 

Name (Print/Type) B . yrnan Registration No. (Altomey/Agen ) 48,049 

Signature 7 77 1. .7 ,.............-"--- Date August 12, 2004 

I hereby certify that this correspondence is being deposited with the U.S. Postal Service as Express Mail, Airtill No. EV 336627356 US, 
in an envelope addressed to: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450, on the date shown below. 

Dated: August 12, 2004 Signature: (Tia B. Zimmerman) 
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U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a veld OMB control number. 

FEE TRANSMITTAL 
• for FY 2004 

Effective 10/01/2003. Patent fees are subject to annual revision. 

Complete If Known
Application Number Not Yet Assigned 

Filing Date Concurrently Herewith 
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Examiner Name Not Yet Assigned 

❑ Applicant claims small entity status. See 37 CFR 1.27 Art unit Not Yet Assigned 
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POWER CONTROL IN A WIRELESS COMMUNICATION SYSTEM 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] Not applicable. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0002] This invention relates to power control in a mobile radio system or wireless 

communication system, and more particularly, to controlling received power levels in a code 

division multiple access (CDMA) radio system. 

2. Description of the Prior Art 

[0003] Typically, radio signals transmitted with increased power result in fewer errors when 

received than signals transmitted with decreased power. Unfortunately, signals transmitted with 

excessive power may interfere with the reception of other signals sharing the radio link. Wireless 

communication systems employ power control schemes to maintain a target error rate of a signal 

received on a radio link. 

[0004] If a received signal includes a rate of errors far above a target error rate, the received 

signal may result in an undesirable effect on a delivered service. For example, excessive errors 

may lead to broken voice during voice calls, low throughput over data links, and glitches in 

displayed video signals. On the other hand, if the received signal includes a rate of errors well 

below the target error rate, the mobile radio system is not efficiently using its radio resources. A 

very low error rate may mean that a signal is transmitted with an excessive level of power and 

that user could be provided a higher data rate. Alternatively, if the power level of a signal is 

sufficiently reduced, additional users may be serviced. If data rates are increased, a user may 

receive a higher level of service. Therefore, if a target error rate for each user is met within a 

tolerance threshold, a radio resource may be more optimally used. 

1 
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[0005] A wireless communication system often employ one of either an open loop scheme or a 

closed loop scheme to control uplink transmit power of a mobile radio. Uplink typically refers to 

the radio link from a mobile radio to a base station, where as the downlink typically refers to the 

link from the base station to the mobile radio. A mobile radio is not necessarily mobile and may 

also be referred to as a mobile, a user, user equipment (UE), a terminal or terminal equipment. A 

base station may also be referred to as a Node-B. 

[0006] The error rate is related to a received signal to noise-plus-interference ratio (SNIR); a 

higher SNIR generally results in a lower error rate; and conversely, a lower SNIR generally 

results in a higher error rate. The exact relationship between SNIR and error rate, however, is 

often a function of several factors including radio channel type and the speed at which a mobile 

is travelling. 

[0007] A target error rate is often reached using a two stage process, which includes an outer 

loop and an inner loop. A first process may operate as an outer loop and may be tasked to adjust 

a target received SNIR (SNIR Target). This first process tracks changes in the relationship 

between SNIR and error rate. The outer loop sets an SNIR Target that is generally used several 

times by the inner loop. Periodically, the outer loop may adjust or update this SNIR Target used 

by the inner loop. For example, if an actual error rate exceeds a desired error rate, the outer loop 

may increase the value of the SNIR Target. 

[0008] A second process operates as an inner loop and tries to force the link to exhibit the 

SNIR Target determined by the outer loop. The inner loop may operate by closed loop or by 

open loop means. 

[0009] In the open loop method of the inner loop process, a UE uses an SNIR Target value that 

is derived by the network and signalled to the UE. The inner loop running in the UE attempts to 

maintain the SNIR Target. The UE uses the information signalled to it and monitors the received 

strength of signals it receives to determine a power level at which it will transmit. 

Advantageously, this open loop method compensates for fast channel fading by determining the 

path loss on a per frame bases and by adjusting the transmit power accordingly. Unfortunately, 

2 
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this open loop method is relatively slow at compensating for changes due to interfering signals 

from other transmitters. 

[0010] In the closed loop method of the inner loop process, a closed loop scheme operates to 

match an SNIR Target. A received SNIR measurement is made by the network on an uplink 

signal. The SNIR measurement is compared within the network to the SNIR Target value. The 

inner loop drives the system to match the SNIR Target by issuing transmit power control 

commands from the network to a UE. The commands instruct the UE to increase or decrease its 

transmitted power by a predetermined step dB amount. Unfortunately, such closed loop methods 

demand a very high command update rate to adequately compensate for fast channel fading 

because of the single-dB-step commands used. At slower update rates, fast channel fading is not 

tracked adequately since a large number of iterations and long delays are needed to compensate 

for a change in power that is substantially larger than the dB-step value. 

[0011] Both the closed loop scheme and the open loop scheme have their disadvantages. 

Therefore, an improved method and system are needed that better balances the conflicting goals 

of reducing errors in a received signal while also reducing interference imposed on signals 

received at other receivers. An improved method and system are also needed to better reduce the 

overall residual SNIR fluctuations experienced by each users signal at a receiver. 

BRIEF SUMMARY OF THE INVENTION 

[0012] Some embodiments provide a method of power control in a radio communications 

system, the method comprising: determining a path loss of a radio channel between a base station 

and a remote transceiver; receiving a transmit power control (TPC) command transmitted to the 

remote transceiver from the base station; and calculating a transmit power level for the remote 

transceiver based on the path loss and the TPC command. 

[0013] Some embodiments provide a method of power control in a radio communications 

system, the method comprising: receiving a signal at a second transceiver transmitted from a first 

transceiver; measuring a power level of the received signal; receiving a transmit power control 

(TPC) command at the second transceiver transmitted from the first transceiver; and calculating a 

3 
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transmit power level for the second transceiver based on the power level of the received signal 

and the TPC command. 

[0014] Some embodiments provide a method of uplink power control in a CDMA radio 

communications system, the method comprising: receiving an uplink signal; determining an error 

metric of the uplink signal; updating an SNIR target based on the error metric;measuring a 

received SNIR of the uplink signal; comparing the measured received SNIR with the SNIR 

target; assigning a first value to a step indicator if the measured received SNIR is greater than the 

SNIR target, and assigning a second value to a step indicator if the measured received SNIR is 

less than the SNIR target; transmitting a transmit power control (TPC) command instructing a 

transmitter to adjust an uplink transmit power level based on the step indicator; receiving the 

TPC command including the step indicator; accumulating the step indicator value; broadcasting a 

downlink signal including an indication of a downlink power level, wherein the signal is 

transmitted at the downlink power level; measuring the received power of the downlink signal; 

and setting a transmit power level base on the received power level, the indication of the 

downlink power level, and the accumulated step indicator value. 

[0015] Some embodiments provide a method comprising: measuring a power level of a 

received signal; receiving a transmit power control (TPC) command; and calculating a transmit 

power level based on the power level of the received signal and the TPC command. 

[0016] Some embodiments provide a radio comprising: a receiver including an output to 

provide a measured received power level; an accumulator having an input for accepting step 

increase and decrease instructions and an output providing a sum of past step instructions; a 

power level setting circuit coupled to the accumulator output and coupled to the receiver output, 

wherein the power level setting circuit sets a transmit power bases on the accumulator output and 

the measured received power level; and a transmitter, wherein the transmitter transmits a signal 

at the set transmit power. 

[0017] Other features and aspects of the invention will become apparent from the following 

detailed description, taken in conjunction with the accompanying drawings which illustrate, by 
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way of example, the features in accordance with embodiments of the invention. The summary is 

not intended to limit the scope of the invention, which is defined solely by the claims attached 

hereto. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] FIGURE 1 shows a block diagram of a wireless communication system. 

[0019] FIGURE 2 illustrates a wireless communication system using an open loop scheme. 

[0020] FIGURE 3 illustrates a wireless communication system using a closed loop scheme. 

[0021] FIGURE 4 illustrates a wireless communication system using elements of both open 

loop and closed loop schemes, in accordance with the present invention. 

[0022] FIGURES 5A, 5B and 5C each illustrate a simulated probability density function of the 

received SNIR in the network. 

DETAILED DESCRIPTION OF THE INVENTION 

[0023] In the following description, reference is made to the accompanying drawings which 

illustrate several embodiments of the present invention. It is understood that other embodiments 

may be utilized and mechanical, compositional, structural, electrical and operational changes 

may be made without departing from the spirit and scope of the present disclosure. The 

following detailed description is not to be taken in a limiting sense, and the scope of the 

embodiments of the present invention is defined by the claims of the issued patent. 

[0024] Some portions of the detailed description which follows are presented in terms of 

procedures, steps, logic blocks, processing, and other symbolic representations of operations on 

data bits that can be performed on computer memory. A procedure, computer executed step, 

logic block, process etc., are here conceived to be a self-consistent sequence of steps or 

instructions leading to a desired result. The steps are those utilizing physical manipulations of 

physical quantities. These quantities can take the form of electrical, magnetic, or radio signals 

capable of being stored, transferred, combined, compared, and otherwise manipulated in a 
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computer system. These signals may be referred to at times as bits, values, elements, symbols, 

characters, terms, numbers, or the like. Each step may be performed by hardware, software, 

firmware, or combinations thereof. 

[0025] FIGURE 1 shows a block diagram of a wireless communication system. A network 100 

may include one or more base station controllers 120, such as a radio network controller (RNC), 

and one or more base stations 110, such as a Node-B, wherein each Node-B is connected to an 

RNC. The network 100 communicates with one or more users 140, 150 through a channel 160, 

also referred to as a radio link, created between a base station and a user. 

[0026] Two mechanisms are primarily responsible for changes in the SNIR of a signal 

travelling through a radio link. 

[0027] First, changes in the channel affect the SNIR. The instantaneous path loss between a 

base station and a user may vary as the user changes position or the user's environment changes. 

Rapid changes may occur as a result of a transmitted signal combining constructively and 

destructively as the signal travels along multiple paths from a base station and to the user. 

Additionally, slower changes may occur due to attenuation of the radio waves with increased 

distance between the base station and the user. Slower changes may also occur due to signal 

obstruction by buildings, vehicles and hills. 

[0028] Second, signals from other transmitters affect the SNIR. For example, signals intended 

for other mobile radios or other base stations may increase interference in the radio link and thus 

reduce a received signal's SNIR. 

[0029] In Time Division Duplex (TDD) systems, both uplink and downlink share the same 

carrier frequency. Due to this reciprocity in the links, path loss measurements made on the 

downlink by a mobile radio may be used estimate the path loss on the uplink. That is, a 

measured downlink path loss may be used to estimate the uplink path loss. The estimated uplink 

path loss will be less reliable with the passing of time but may be adequate within a frame period. 

Therefore, a mobile radio may determine a transmit power level for an uplink transition that 
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compensates for an estimated uplink path loss, thereby providing a received signal to a base 

station at an expected input power level. 

[0030] Downlink path loss measurements may be facilitated by a beacon channel, which is 

transmitted from a base station at a reference power level. A mobile radio is informed of the 

actual transmit power level being used by the base station for the beacon channel. In addition to 

knowing the actual transmit power level of a beacon channel, the mobile radio may measure a 

received signal power level. By measuring the received signal power level, the mobile radio can 

compute a downlink path loss as the difference between the actual transmit power level and the 

received signal power level. Thus, the mobile radio is able to estimate the uplink path loss in a 

channel between the base station and the mobile radio and properly set its uplink transmit power 

level. 

[0031] The path loss calculation may be updated as often as a beacon signal is transmitted and 

received. In a UTRA TDD system in compliance with the third generation partnership project 

(3GPP) specifications, a beacon signal is transmitted either once or twice every 10 milliseconds 

(ms). If an uplink transmission follows a beacon transmission within a relatively short period of 

time, a mobile radio can compensate for the fast fluctuations (fast-fading) in a radio channel. 

Such is the case for mobiles travelling at slow to moderate speeds if a beacon signal is 

transmitted either once or twice every 10ms and the uplink transmissions occur in the intervening 

period. 

[0032] Additionally, a radio channel may be adversely affected by changes in interference 

levels over time. These temporal interference changes may be accommodated by a base station 

,measuring and communicating interference levels seen in each uplink timeslot. In a UTRA TDD 

system, a table having values of the measured interference for each timeslot may be broadcast to 

all users via a Broadcast Channel (BCH). The broadcasted information may be updated 

approximately every 16 frames (160 ms) depending upon the system configuration. In other 

embodiments, a mobile radio may receive this interference table as a signalled message directed 

to the individual mobile radio. 
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[0033] The 3GPP specifications describe two separate schemes for power control of uplink 

channels: an open loop scheme and a closed loop scheme. Foi example, in 3GPP 3.84 

Megachips per second (Mcps) TDD systems, open loop power control is specified for all uplink 

channels. In 3GPP 1.28 Mcps TDD systems, open loop power control is specified only for 

physical random access channels (PRACH). Also defined by 3GPP is an implementation of a 

closed loop power control scheme. For example, see 3GPP recommendations for UTRA TDD 

systems operating at 1.28 Mcps for non-PRACH uplink channels. 

[0034] In a wireless communication system using an open loop scheme, a network and UE use 

an outer loop to update and signal to the UE an SNIR Target value, thereby influencing the UE's 

transmit power. The network updates the SNIR Target value to be signalled based upon an 

observed error rate on the uplink. Once received, the mobile radio takes into account the 

signalled SNIR Target value when deriving a transmit power level that it will apply to the next 

uplink signal transmitted. 

[0035] In a 3GPP 3.84 Mcps system incorporating an open loop scheme, a network instructs 

the UE with an SNIR Target value. The network also signals its beacon transmit power level and 

may also provide a measure of uplink interference for each timeslot as measured by the network. 

The UE receives an input signal that is typically a combination of attenuated versions of the 

network signal, which passed through a radio channel, along with interfering signals from other 

transmitters. The UE measures the received power level of the attenuated network signal and 

determines a path loss of the radio channel. The UE also decodes the signalled SNIR Target 

value from the network signal. The UE computes a transmit power level based on the SNIR 

Target value, the determined path loss and, if available, the uplink interference measurements. 

[0036] FIGURE 2 illustrates a wireless communication system using an open loop scheme. A 

UE transmits 200 user data at a determined transmit power level. An uplink signal 202, which 

includes user data 204, propagates through the radio link. The network receives an attenuated 

version of the transmitted signal. The network measures 207 an uplink interference value and 

determines 206 an error metric of the uplink signal. The network may use the measured uplink 
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interference value to update 208 an interference measurement table. The interference 

measurement table may include average measured interference levels for each uplink timeslot. 

[0037] The network also uses the error metric to update 210 an SNIR Target value. The 

network transmits 212 SNIR Target in a signalling message on the downlink 214, which includes 

the.SNlR Target 216. The UE receives and saves 220 the SNIR Target. The network also 

broadcasts 222 a beacon signal on the downlink 224. The downlink 224 propagates the signal, 

which includes an indication of the beacon power level 226, over the radio link. The network 

may also broadcast the interference measurements 228. The UE measures 230 the received 

power level and saves 232 the interference measurements for later processing. 

[0038] With the measured power level and the signalled beacon power level, the UE may 

determine a path loss. The UE may use the saved received SNIR Target 216, the saved received 

interference measurements 228 and the computed path loss to set 234 a transmit power level. 

This transmit power level may be used by transmitter 200 to set the power level of transmitted 

user data 204 on the uplink 202. 

[0039] The 3GPP specifications also define a closed loop scheme. For example, a 3GPP 

1.28 Mcps system employs a closed loop scheme using an outer loop and an inner loop. The 

closed loop TPC scheme is the primary power control mechanism used for all non-PRACH 

channels in a 1.28 Mcps TDD system. The closed loop TPC scheme is not currently employed 

for the uplink of 3.84 Mcps TDD systems. 

[0040] The outer loop determines an SNIR Target value and the inner loop uses the SNIR 

Target value. The outer loop includes network components that determine an error metric, such 

as a bit error rate, a block error rate or a CRC error count, on uplink traffic from UEs. This error 

metric is used to set and update an SNIR Target value. An inner loop includes network 

components that use the SNIR Target value computed and set by the outer loop. The network 

measures a received SNIR value of the uplink signal. 

[0041] Next, a comparator determines whether the measured SNIR value is greater than or less 

than the SNIR Target value. If the measured SNIR value is greater than the SNIR Target value, 
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the network signals a transmit power control (TPC) command on the downlink instructing the 

UE to reduce its current transmitter power by a step value (e.g., 1 dB). On the other hand, if the 

measured SNIR value is less than the SNIR Target value, the network signals a TPC command 

instructing the UE to increase its current transmitter power by the step dB value. 

[0042] In a system employing only a closed loop power control scheme, several TPC 

commands may be necessary to properly bring the UE's transmitted power in line with the SNIR 

Target value. For example, if a path loss increases from one frame to the next by 15 dB, the 

system will take 15 TPC commands to compensate for the 15 dB fade. A UE accumulates the 

increase and decrease TPC commands to determine a proper uplink transmit power level. By 

increasing and decrease uplink power levels of each UE, a network attempts to control the power 

level of each UE such that the ratio of the received uplink energy level per transmitted bit to the 

spectral density of the noise and interference signals is a constant value. This TPC command 

adjustment process is performed for each UE in a cell. The constant value, however, may be 

non-uniform among the UEs depending upon the configuration of the system. 

[0043] In a closed loop TPC scheme, the inner loop SNIR is maintained via a closed loop 

method using binary feedback. The feedback indicates either power up or power down. Every 

time a TPC command is received an integrator in the UE is used within the inner loop to update 

the UE transmit power by a step amount +/-A dB. The TPC commands themselves are derived 

by the network and are signalled to the UE via a downlink channel. When calculating the proper 

TPC command to send, the network measures the received SNIR and compares this measured 

value to an SNIR Target value. If the SNIR is too low, an up command is sent. If the SNIR is 

too high, a down command is sent. The target SNIR value is updated by the outer loop based 

upon the observed error performance of the link. In this way, both the inner and outer feedback 

loops are closed by the TPC signalling. 

[0044] FIGURE 3 illustrates a wireless communication system using a closed loop scheme. 

The closed loop scheme includes an outer loop in which a UE transmits 300 user data over the 

radio link in an uplink signal 302 that contain the user data 304. The network determines 306 an 

10 

Ericsson Exhibit 1010 
Page 1076



error metric of the received uplink signal. Using the error metric, the network computes and 

updates 308 an SNIR Target value. 

[0045] The closed loop scheme also includes an inner loop in which the network measures 310 

the received SNIR of the uplink signal 302. The network compares 312 the measured SNIR with 

the SNIR Target determined in the outer loop. The inner loop generates and transmits 314 a TPC 

command based on the comparison 312. A downlink signal 316 carries the TPC command 318 

over the radio link. The UE accumulates 320 the TPC commands and uses the accumulated TPC 

commands to set 322 a transmit power for future uplink transmissions 300. 

[0046] A mobile radio system employing either an open loop scheme or a closed loop scheme 

has its advantages and disadvantages. 

[0047] The open loop scheme advantageously adapts quickly to path loss changes. If the path 

loss is observed to have worsened, for example by 15 dB in one 10 ms interval, the transmit 

power may be adjusted accordingly. A further advantage is that the open loop may continue to 

be partially updated in the absence of user-specific feedback signalling. For example, when a UE 

does not receive updated SNIR Target values, the outer loop pauses but changes in the path loss 

may continue to be tracked. 

[0048] Disadvantageously, the timeslot interference level update rate in an open loop system is 

relatively slow. Therefore, a system using an open loop scheme is slower to adapt to interference 

changes than a system using the closed loop scheme. A further disadvantage of the open loop 

scheme is that interference is considered to be the same for all UEs in a particular uplink 

timeslot. That is, each UE assigned to a timeslot uses the same interference measurement 

signalled by the base station on the BCH. A commonly used interference measurement table 

makes assumptions about the statistical nature of the interference and does not consider the 

individual cross-correlation properties of the uplink channelization codes. It is thus left to the 

outer loop to compensate for these effects, but unfortunately on a slow basis. 

[0049] Conversely, the closed loop only scheme is less able to adapt to fast path loss changes 

because the closed loop can only move by a step 0 dB during each update. Thus, if the path loss 
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has changed between updates by 15 dB and the step A dB value is only 1 dB, the closed loop is 

not able to adjust quickly since it can move only by 1 dB during each cycle. Therefore, for the 

same update rate (e.g., once per 10 ms), a closed loop TPC scheme is less able to track the fast 

fading observed in common mobile radio channels. Furthermore, the closed loop may not be 

updated during a pause in transmission of the TPC commands. 

[0050] Advantageously, the closed loop is relatively quick to respond to uplink interference 

changes since both path loss and interference are accommodated by the same loop. The closed 

loop scheme using TPC commands has a further advantage in that it allows for per-user 

interference adaptation, in contrast to the open loop scheme, which broadcasts an average 

interference table for each timeslot. 

[0051] In accordance with the present invention, aspects of both an open loop scheme and a 

closed loop scheme are strategically combined to form a power control method. Some 

embodiments of the present invention advantageously combine elements of both open loop and 

closed loop schemes to control power levels, thereby avoiding one or more of the disadvantages 

associated with either of the separately used schemes. 

[0052] In accordance with some embodiments of the present invention, a UE incorporates the 

TPC structure of a closed loop scheme and the path loss estimation structure of an open loop 

scheme. Some embodiments of the present invention allow for both relatively quick adaptation 

to fast fading and also allow for per-user interference adaptation, and retain the ability to partially 

update the power control loop even in the temporary absence of TPC commands. 

[0053] Some embodiments of the present invention require modifications to one or more 

elements of a standard mobile radio system. For example, some embodiments require changes to 

just a UE, while other embodiments require modifications to just the network. Embodiments that 

modify a UE but not the network allow the UE of the present invention to operate with legacy 

base stations. Similarly, embodiments that modify the network but not the UE allow the network 

of the present invention to operate with legacy UEs. Still other embodiments of the present 

invention require modification to both the network and the UE. Embodiments modifying 
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standard network elements may include changes to just a base station but not a radio network 

controller (RNC). Other embodiments modify both a base station and an RNC. 

[0054] Some embodiments of the present invention, incorporate a loop having three 

components: an open loop component located in the UE, an SNIR comparison loop located in the 

network, and an SNIR update component also located in the network. 

[0055] First, an open loop component may be located in the UE and driven by measured 

beacon received power levels and path loss calculations. This loop tries to adapt to all 

instantaneous path loss changes on a per-beacon transmission basis. The partial power calculated 

by this loop is a function of the beacon signal transmission power (Pa) and the beacon received 

signal code power (RSCP) and is denoted P - open(k), where k represents the current frame number. 

PR is known to the UE and derived from the base station signalled power level (428, FIGURE 4) 

and the measured power level for frame k, (RSCP(k)), may be determined by the UE receiver 

(432, FIGURE 4). P - open(k) may also be a function of a constant value (C) to ensure that the 

transmission arrives at an appropriate power level. 

P:,pen (k)= P 7 — RSCP(k)+C 

[0056] Second, an SNIR comparison loop is located in the network, such as in the Node-B. 

The SNIR comparison loop is driven by received SNIR metrics. A received SNIR is compared 

to a SNIR Target value, which is set by an outer loop. A comparison result leads to the 

signalling of a TPC command that is signalled to the UE to change its transmit power. Binary 

signalling may used, such that the TPC command indicates a change in transmission power by a 

fixed amount either up or down. Alternately, a multi-level TPC command may be used. 

[0057] Third, an outer loop is located in the network, such as in the Node-B or RNC. The outer 

loop is driven by the data error statistics observed on the uplink transmissions. The outer loop is 

responsible for setting an SNIR Target level for the SNIR comparison loop. 

13 

Ericsson Exhibit 1010 
Page 1079



[0058] An optional auxiliary process in the UE adjusts the transmit power based upon: (a) rsF, 

the spreading factor (SF) of the physical channel; and (b) AFC, the selected transport format 

(TFC). 

[0059] Thus, for the current frame k, the UE may calculate the transmit power Pa (k) as shown 

below where K is the initial frame number determined when the power control process begins; 

TPC; is —1 for a down TPC command, +1 for an up TPC command and 0 if no TPC command is 

received; and step is the magnitude of the amount added to an accumulator upon receipt of each 

TPC command. The transmit power P rr (k) may be updated for every frame period. 

Alternatively, the transmit power P rx(k) may be updated each time a new TPC command is 

received. Alternatively, the transmit power P rx(k) may be updated only when either a TPC 

command or a new power level is received from the network. 

PTx(k)= Pow„ (k)+ step • E TPC; Y SF + I3TFC 
i=k-K 

[0060] An embodiment of a power control scheme, in accordance with the present invention, is 

shown diagrammatically in FIGURE 4. The ysF and iliFc adjustment factors are not shown for 

diagrammatical clarity. 

[0061] FIGURE 4 illustrates a wireless communication system using elements of both open 

loop and closed loop schemes, in accordance with the present invention. A UE transmits 400 

user data at a determined transmit power level. An uplink signal 402, which includes the user 

data 404, propagates through the radio link. The network receives an attenuated version of the 

transmitted signal. 

[0062] The network determines 406 an error metric of the uplink signal 402. Optionally, the 

network measures an uplink interference level and may update 422 an interference measurement 

table. Data measured or computed from uplink measurements may be entered into the 

interference measurement table. The interference measurement table may include average 
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measured interference levels for each uplink timeslot. Within the network the error metric may 

be used to update 408 an SNIR Target value. 

[0063] The network also transmits 424 a beacon signal. The downlink signal 426, which 

includes an indication of the beacon transmit power level 428, propagates over the radio link. 

Optionally, the network may broadcast the interference measurements 430. The UE saves 432 

the signalled power level, measures the received power level and, if available, saves 434 the 

interference measurements for later processing. 

[0064] As in a closed loop scheme, a UE transmits 400 user data over the radio link in an 

uplink signal 402 that contain the user data 404. The network determines 406 an error metric of 

the received uplink signal. Using the error metric, the network computes and updates 408 an 

SNIR Target value. 

[0065] The network also measures 410 the received SNIR. of the uplink signal 402. The 

network compares 412 the measured SNIR with the determined SNIR Target. The network 

generates and transmits 414 a TPC command based on the comparison 412. A downlink signal 

416 carries the TPC command 418 over the radio link. The UE accumulates 420 the TPC 

commands and uses the accumulated TPC commands in part to set 436 the transmit power level 

for future uplink transmissions 400. 

[0066] As in an open loop scheme, with the measured power level and the signalled beacon 

power level, the UE may determine a path loss 1::,pen(k). The UE may use the saved received 

interference measurements I(k) to adjust the transmission power following a pause in 

transmission or following a pause in receipt of TPC commands. The UE may use the 

accumulated TPC commands E TPCi the computed path loss Popen(k), adjustment factors 
i=k-K 

Ys' & 13TFc and optionally, adjustments based upon 1(k) to set 436 a transmit power level. This 

transmit power level Prx(k) may be used to set the uplink power level of transmitted 400 user 

data on the uplink 402. 
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[0067] The downlink signal 426, which contains the power level 428 and may contain the 

interference measurements 430, is broadcast in a cell. Previous UEs using a closed loop scheme 

do not use measurements of the downlink received power while monitoring the power level 

signalling in a beacon broadcast to set the uplink transmission power. Similarly, previous UEs 

using a closed loop scheme do not compute or do not use computations of the downlink path loss 

while processing TPC commands. A previous UE simply follows the TPC commands as it is 

instructed to set its transmit power level. If a network instructs a known UE to increase its 

transmit power by one step amount, the previous UE shall increase its power level by one step 

amount. 

[0068] In accordance to the present invention, a UE may receive a TPC command instructing it 

to change its transmit power by one step level in a particular direction, but the UE may actually 

change its transmit power level by a different amount or in fact an amount in the opposite 

direction. The UE uses the TPC only as a factor in determining whether to increase transmit 

power level, decrease transmit power level or leave the transmit power level unchanged. 

[0069] For example, assume a UE just transmitted a burst to a Node-B at 20 dBm over a radio 

link with a path loss of 110 dB. The received power at the Node-B receiver would be —90 dBm, 

which is the difference between 20 dBm and a loss of 110 dB. Next, assume the Node-B wants 

to receive an uplink signal from the UE at —89 dBm. The Node-B would signal and the UE 

would receive a TPC command instructing the UE to increase the uplink transmit power level by 

1 dB. Also assume that the path loss improves from the previous frame to this frame by +10 dB 

(e.g., from 110 dB to 100 dB). 

[0070] A previous UE would transmit the next burst at +21 dBm, which is the sum of the 

previous level (+20 dBm) and the step increase (1 dB). The transmitted +21 dBm signal would 

probably reach the Node-B at —79 dBm, a signal level that is +10 dB too great because the 

channel improvement was not taken into account. 

[0071] In accordance with the present invention, a UE would account for the new path loss. 

The previous transmit power level of +20 dBm would be decreased by +10 dB to account for the 
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improved channel path loss of +10 dB. The resulting transmit power level would then be +10 

dBm. The UE also accounts for the TPC command by adjusting the transmit power level by the 

desired step of +1 dB, resulting in a new transmit power level of +11 dBm, which both accounts 

for the improved channel (+10 dB) and accommodates the Node-B's desire to have a received 

signal with a step increase (+1 dB). The +11 dBm would reach the Node-B at the desired level 

of —89 dBm if the channel pathloss estimate was accurate. As shown in this example, the 

transmit power level dropped 9 dB (from +20 dBm to +11 dBm) even though the Node-B TPC 

command instructed an increase of 1 dB. 

[0072] Therefore, even though a UE receives a network TPC command instructing it to step up 

or down its uplink transmit power by 1 dB, the UE may actually change the transmit power level 

by a different amount. In fact, the UE transmit power level may change in a direction opposite of 

the TPC command as exemplified above. 

[0073] During a period of inactivity on the uplink 402, TPC commands 418 may not have been 

received by the UE. The UE transmit power level for a subsequent initial transmission 400 may 

be determined using current updates of the open loop component. That is, the initial transmit 

power level may be determined based on the beacon power level 428, the measured 432 received 

power level, and optionally the interference measurements 430. The open loop component does 

not require feedback, thus may continue to be updated every beacon transmission even during the 

uplink transmission pause. 

[0074] The history stored in the TPC accumulator may be stale. In some circumstances the 

history may be considered useful and is not reset. Alternatively, the accumulated TPC history 

could be used to set the uplink transmit power level but with some excess power margin added to 

ensure a clean start to the loop. Alternatively, the UE may decide to discard the accumulated 

TPC history and to reset it to a default or initial value. The default or initial value may optionally 

be based upon a received interference measurement table 430. 

[0075] The ability of the open loop component to compensate for fast fading is a function of 

the channel speed and the delay between the beacon timeslot and the uplink timeslots. Open loop 
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control is often effective at pedestrian speeds as well as at higher speeds if the uplink slots are 

placed close in time to the beacon. At high mobile speeds, it is likely that power control 

performance will be improved if beacon RSCP filtering is enabled at the UE. The UE is 

responsible for detecting whether or not filtering should be applied to the open loop component. 

Automatic detection of the channel speed may be performed by the UE in order to control the 

enabling of RSCP filtering. In some embodiments of the present invention, a UE disables a 

combined open loop/closed loop scheme operating in accordance with the present invention 

when a UE passes a threshold value indicative of mobile speed. 

[0076] Simulations have been performed to illustrate the performance advantages of some 

embodiments of the present invention. The radio channel simulated here represents an ITU 

indoor to outdoor and pedestrian model B channel as described in ITU-R M.1225 Guidelines for 

Evaluation of Radio Transmission Technologies for IMT-2000. The outer loop SNIR target was 

based upon a 1% error rate. A residual SNIR error term observed at the base station was 

monitored. 

[0077] FIGURES 5A, 5B and 5C each illustrate a simulated probability density function of the 

received SNIR in the network. In each of the simulations, approximately 10,000 received SNIR 

values are sampled. Simulation results for each scenario are grouped and collected into bins. 

The vertical axis shows a number of occurrences for a particular range (bin) of received SNIR 

values. A sampled received SNIR value that fall within a range defined by a bin is counted as an 

occurrence for that bin. 

[0078] FIGURE 5A shows simulation results for a system using only an open loop scheme. In 

this plot, the bin width is approximately 0.42 dB. The simulation results show a system good at 

tracking fast fading in the channel, but not as able to track the interference variations included in 

the simulation. These values are only updated at the UE via signalling every 160 ms. As such, 

the error term shows considerable variance at the receiver. 

[0079] FIGURE 5B shows simulation results for a system using only a closed loop scheme. In 

this plot, the bin width is approximately 0.48 dB. The simulation results show a system better 
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able to track the interference changes, but not as able to track the path loss due to being limited in 

response to the TPC command +1--1 dB step size. 

[0080] FIGURE 5C shows simulation results for a system combining aspects of both open and 

closed loop schemes (as shown in FIGURE 4). In this plot, the bin width is approximately 0.24 

dB. The simulation results show a system able to respond to both path loss and interference 

changes. Additionally, the residual SNIR error term shows less variance. The plot shows that 

the variance of this distribution is considerably reduced for the combined power control scheme. 

[0081] For the above simulations (using the same fading and interference profiles for each loop 

method), the following mean transmit powers were obtained: 

Power Control Method Mean Transmit Power for 1% BLER 

Open Loop: (FIGURE 2) 5.76 dB 

Closed Loop: (FIGURE 3) 5.48 dB 

Combined Loops: (FIGURE 4) 3.59 dB 

Table 1— Performance of Power Control Schemes 

[0082] For the simulated channel and interference scenario, the combined scheme is able to 

maintain a 1% block error rate (BLER) using 2.17 dB less power than the open loop scheme and 

1.89 dB less power than the closed loop scheme. In a real system, this power saving may equate 

to greater cell coverage, higher uplink capacity and throughput, and increased battery life. The 

magnitude of the gains may change with different channel speeds, types and interference profiles 

but the performance of the combined should be better than both the open loop and closed loop 

schemes when used individually. 

[0083] In terms of signalling overhead, the combined scheme helps to avoid a need to signal 

SNIR Target and interference levels on downlink channels, and has a similar signalling 

efficiency as the closed loop scheme. In some embodiments, the signalling efficiency is 1 bit per 

update. 
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[0084] In a system using the combined power control scheme, a new physical channel on the 

downlink may be used to carry fast allocation and scheduling information to a user, thereby 

informing the UE of the uplink resources that it may use. This new physical channel could also 

be used as the feedback channel for the combined power control scheme. For example, an 

allocation/scheduling channel could carry TPC commands. Alternatively, the combined scheme 

may be applied to existing channel types (dedicated or shared uplink physical channels) for 

UTRA TDD as well as to other TDD systems. 

[0085] Some embodiments of the present invention control uplink power levels and may be 

incorporated into -a UE with supporting features incorporated into a base station. For example, a 

Node-B or RNC may be implemented with a new parameter, either included in a signalling 

command or a broadcast message, where the new parameter instructs a UE to enable or disable 

the setting of uplink transmit power level based on both the path loss estimation and the TPC 

commands. A parameter may indicate whether a UE is to use open loop power control, closed 

loop power control or a combined scheme. 

[0086] Some embodiments of the present invention operate with a downlink signal including 

both a TPC command and an indication of the downlink transmit power level. In these 

embodiments, the downlink signal provides both downlinks 416 and 430 (FIGURE 4) in one 

signal. A UE may receive one physical channel that it decodes for TPC commands, decodes for 

downlink power level indications, and measures for received power levels. In these 

embodiments, the UE measures a power level of a received signal, receives a TPC command, and 

calculates a transmit power level based on the power level of the received signal and the TPC 

command. 

[0087] While the invention has been described in terms of particular embodiments and 

illustrative figures, those of ordinary skill in the art will recognize that the invention is not 

limited to the embodiments or figures described. For example, the combined uplink power 

control scheme described above may be implemented a mirror image for controlling downlink 

power. In this case, functions performed by the UE for a combined uplink scheme may be 
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performed by the network. Similarly, functions performed by the network for the combined 

uplink scheme may be performed by the UE. 

[0088] The figures provided are merely representational and may not be drawn to scale. 

Certain proportions thereof may be exaggerated, while others may be minimized. The figures are 

intended to illustrate various implementations of the invention that can be understood and 

appropriately carried out by those of ordinary skill in the art. 

[0089] Therefore, it should be understood that the invention can be practiced with modification 

and alteration within the spirit and scope of the appended claims. The description is not intended 

to be exhaustive or to limit the invention to the precise form disclosed. It should be understood 

that the invention can be practiced with modification and alteration and that the invention be 

limited only by the claims and the equivalents thereof. 
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CLAIMS 

What is claimed is: 

1. A method of power control in a radio communications system, the method comprising: 

determining a path loss of a radio channel between a base station and a remote 

transceiver; 

receiving a transmit power control (TPC) command transmitted to the remote transceiver 

from the base station; and 

calculating a transmit power level for the remote transceiver based on the path loss and 

the TPC command. 

2. The method of power control of claim 1, the method further comprising transmitting an 

uplink signal from the remote transceiver at the calculated transmit power level. 

3. The method of power control of claim 1, wherein determining the path loss includes: 

receiving a downlink signal transmitted from the base station, wherein the downlink 

signal signals a transmitted power level of the downlink signal; and 

measuring a received power level of the downlink signal. 

4. The method of power control of claim 3, wherein determining the path loss further 

includes computing a difference between the signalled transmit power level and the measured 

received power level. 

5. The method of power control of claim 1, the method further comprising: 

generating the TPC command; and 

transmitting the TPC command from the base station. 
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6. The method of power control of claim 1, wherein the calculating the transmit power level 

is additionally based on an adjustment factor. 

7. The method of power control of claim 6, wherein the adjustment factor incorporates a 

spreading factor parameter. 

8. The method of power control of claim 6, wherein the adjustment factor incorporates a 

selected transport format parameter. 

9. A method of power control in a radio communications system, the method comprising: 

receiving a signal at a second transceiver transmitted from a first transceiver; 

measuring a power level of the received signal; 

receiving a transmit power control (TPC) command at the second transceiver transmitted 

from the first transceiver; and 

calculating a transmit power level for the second transceiver based on the power level of 

the received signal and the TPC command. 

10. A method of uplink power control in a CDMA radio communications system, the method 

comprising: 

receiving an uplink signal; 

measuring a received SNIR of the uplink signal; 

comparing the measured received SNIR with an SNIR target; 

assigning a first value to a step indicator if the measured received SNIR is greater than 

the SNIR target, and assigning a second value to a step indicator if the measured received SNIR 

is less than the SNIR target; 

transmitting a transmit power control (TPC) command instructing a transmitter to adjust 
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an uplink transmit power level based on the step indicator; 

receiving the TPC command including the step indicator; 

accumulating the step indicator value; 

broadcasting a downlink signal including an indication of a downlink power level, 

wherein the signal is transmitted at the downlink power level; 

measuring the received power of the downlink signal; and 

setting a transmit power level based on the received power level, the indication of the 

downlink power level, and the accumulated step indicator value. 

11. The method of power control of claim 10, further comprising: 

determining an error metric of the uplink signal; 

updating the SNIR target based on the error metric; 

measuring an interference value in the received uplink signal; and 

updating an interference measurement table with the interference value; 

wherein broadcasting the downlink signal further includes the interference measurement 

table; and 

wherein setting the transmit power level is further based on a value in the interference 

measurement table. 

12. A method comprising: 

measuring a power level of a received signal; 

receiving a transmit power control (TPC) command; and 
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calculating a transmit power level based on the power level of the received signal and the 

TPC command. 

13. A radio comprising: 

a receiver including an output to provide a measured received power level; 

an accumulator having an input for accepting step increase and decrease instructions and 

an output providing a sum of past step instructions; 

a power level setting circuit coupled to the accumulator output and coupled to the 

receiver output, wherein the power level setting circuit sets a transmit power bases on the 

accumulator output and the measured received power level; and 

a transmitter, wherein the transmitter transmits a signal at the set transmit power. 

25 

Ericsson Exhibit 1010 
Page 1091



ABSTRACT 

A method, system and apparatus for setting a transmit power control level in a wireless 

communication system. Aspects of both open loop and closed loop transmit power control schemes 

are used to determine a transmit power level. A method includes measuring a power level of a 

received signal, receiving a transmit power control (TPC) command, and calculating a transmit 

power level based on the power level of the received signal and the TPC command. 
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