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Description

FIELD OF THE INVENTION

{0001] The presentinvention generally relates to a mobile communication system and particularly to a HARQ (Hybrid
Automatic Repeat Request) combining method in an OFDM (Orthogonal!Frequency Division Multiplexing) system.

BACKGROUNDOF THE INVENTION

[0002] Existing simple combining techniques use Chase combining weighted by SNR(signal-to-noiseratio) to realize
HARQ combining. Here, SNR is an average value over a period oftime (for example, a data frame).
[0003] There are twocasesin relatively low SNR environment: 1) variance of SNR mayberelatively high over the
sameperiodof time; 2) variance of SNR mayberelatively low over the sameperiod of time. Thefirst case indicates
that time selective fading of the signal is very serious. The effect of fast fading in time domain may be neglected and
the performance of HARQ combiningat the receiver side may be reduced if only Chase combining weighted by SNR
is simply adopted to realize HARQ combing.

SUMMARYOF THE INVENTION

[0004] Theobjectof the presentinventionis to provide a HARQ combining method in an OFDMsystem,which can
solve problems existing in the prior art, improve system performance in throughput and time delay, and reduce the
system retransmission timesat the sametime.
[0005] The HARQ combining method in an OFDM system according to the present invention comprises the following
steps:

a. A transmitter transmitting data to a receiverin a unit of frame, then the receiver weighting the received data
based on its SNR and variance of SNR andstoring the weighted data asfinal datain a buffer ofa HARQ combining
unit, and later, the receiver processing the stored final data to determine whether the received data frames are
correct;

b. Ifthe data frames are correct, the receiver outputting the final data and feeding back an ACK indicator respec-
tively to the HARQ combining unit of the receiver and the transmitter, and if the data frames are not correct, the
receiver feeding back a NACKindicator respectively to the HARQ combining unit of the receiver and the transmitter,

c. When the HARQ combining unit of the receiver and the transmitter receives an ACK indicator, the process
returning to stepa, until all data has been transmitted;

d. When the HARQ combining unit of the receiver and the transmitter receives a NACKindicator, the transmitter
retransmitting original data to the receiver, then the HARQ combining unit of the receiver weighting the received
retransmission data based on its SNR and variance of SNR, and combining the weighted retransmission data with
the data stored in the buffer of the HARQ combining unit, and at the sametime, storing the combined data as final
data in the buffer of the HARQ combining unit, then the receiver processing the combinedfinal data to determine
whether the combined data framesare correct, and returning to step b.

[0006] in step a, before the transmitter transmits data to the receiver in a unit of frame, the data needs to undergo
someprocessesincluding CRC appending, encoding and OFDM modulatingin turn, and at the sametime storing the
data after CRC appending and before encoding in a TX bufferasfinal data in orderto facilitate possible retransmission.
In step a, before the receiver weights the received data based on its SNR and variance of SNR,the receiver has to
OFDM-demodulate the received data. In step a, the receiver processes the stored final data, including in turn soft
decoding and CRC checking, and then obtaining an ACK or NACK indicator based on the determining whether the
received data is correct by CRC checking.
[0007] In step b, the ACK or NACKindicator fed back to the transmitter is inputted to the TX buffer. When said TX
buffer receives an ACK indicator,it will store new data as final datain itself, whereas when said TX buffer receives a
NACKindicator,it will hold original final data unchanged.
[0008] In step d, before the HARQ combining unit of the receiver weights the received retransmission data based
on its SNR and variance of SNR, the receiver has to OFDM-demodulate the received retransmission data. In step d,
the receiver SNR-estimates the OFDM-demodulated retransmission data to obtain its SNR and variance of SNR.In
Step d, the receiver processes the combinedfinal data, including in turn soft decoding and CRC checking, and then
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obtaining an ACK or NACKindicator based on the determining whether the combined data framesare correct by CRC
checking.
[0009] Here, in the receiver of the present invention, the processes for weighting the received data and weighted
combining the retransmission data can be realized according to the following formula:

= s(i)* SNR _ est (é)
= i) .Ri) = — S sua (i » SNR_est (i) < SNR geo ANE Oguef) > Fire(4) x SNR _ est(i) — () threshoid sve @) threshoid

7-0 o sua Cf) ,,

5"s(é) * SNR _ est (i)
R(i) = 2 » SNR _est(i) = SNR presto OF OF sya (8) S SO trresnors
 

S*SNR _ est (i)inQ

wherei indicates the i-th retransmission, and i 2 0;

Nretrans indicates the retransmission times of a transmission block, and 1 < Nyetrans S Nmax
N,nax indicates the maximum retransmissiontimes of a transmission block;
R(i) indicates the data after the i-th combining;
S(i) indicates the data before the i-th combining;
SNR_est(i) indicates SNR of the i-th estimation;
SNRinreshoid indicates the threshold of SNR;
Sswali) indicates variance of SNRofthe i-th estimation;
Sthreshola indicates the threshold of variance of SNR.
[0010] The receiver in the OFDM system of the present invention comprises:

a SNRestimation unit for SNR-estimating the demodulated data to obtain estimated SNR and variance of SNR
and outputting them;

a HARQ combining unit for receiving the output from the SNR estimation unit, weighting inputted demodulated
data based on inputted SNR and variance of SNR, and storing the weighted data as final data in a buffer of said
HARQ combining unit, then determining whether to execute the combining based on determining whether the
received data frames are correct: if the received data frames are correct, not executing the combining. if the re-
ceived data frames are not correct, weighting the inputted demodulated retransmission data based onits SNR
and variance of SNR, and combining the weighted retransmission data with the data storedin the buffer of said
HARQ combining unit and storing the combined data as fina! data in the buffer of said HARQ combiningunit.

[0011] The present invention implements a hybrid automatic repeat request combining method in an OFDM system
by meansof improved Chase combining weighted by SNR and variance of SNR. The method improves system per-
formancein throughput and time delay,particularly in !ow SNR environment, and will not makethe system more com-
plex.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The presentinventionwill now be further described in combination with the attached drawings and exemplary
embodiments of the present invention.

Fig. 1 is a schematicillustrating retevant structure of the receiver and transmitter for performing the HARQ com-
bining method of the present invention in an OFDM system;

Fig. 2 is a simulation curve chart of SNR - Bit Error Ratio (BER) in which the HARQ combining method of the
present invention is compared with normal Chase combining method and non-weighted data combining method;

Fig. 3.is a simulation curve chart of SNR - System Throughputin which the HARQ combining method of the present
invention is compared with normal Chase combining method and non-weighted data combining method; and
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Fig. 4 is a simulation curve chart of SNR-Time Delayin which the HARQ combining methodofthe present invention
is compared with normal Chase combining method and non-weighted data combining method.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0013] With reference to the attached drawings and preferred embodiments, the presentinvention will now be further
described.

[0014] Fig. 1 is a schematic illustrating related structure of the receiver and transmitter for performing the HARQ
combining methodofthe presentinvention in an OFDM system. As shownin Fig. 1, at the side of Transmitter 10, firstly,
CRC Appending Unit 11 of Transmitter 10 appends CRCto inputted user data in unit of frame and stores the appended
user data with CRCbit as final user data in TX Buffer (transmitter buffer) 12. Then, TX Buffer 12 transmits the stored
user data to Encoder 13, which encodes the userdata inputted from TX Buffer 12 and outputs the result to OFDM
Modulation Unit 14. And later, OFDM Modulation Unit 14 transmits the OFDM-modulated userdata to a transmission
unit of Transmitter 10 (not shown in Fig. 1), which transmits the user data to radio channels (not shownin Fig. 1).
[0015] Atthe side of Receiver20,firstly, after a receiving unit of Receiver 20 (not shownin Fig. 1) receives the user
data transmitted from Transmitter 10 from radio channels, OFDM Demodulation Unit 21 OF DM-demodulates the re-
ceived user data and inputs the result, i.e., user data $(0) to HARQ Combining Unit 23 and SNR Estimation Unit 22,
respectively. SNR Estimation Unit 22 SNR-estimates the user data S(0) to get estimation values of SNR and variance
of SNR,i.e., SNR_est(0) and Ggya(0), of the user data S(0). Then SNR_est{0) and ogy,a{0) are inputted together into
HARQ Combining Unit 23. HARQ Combining Unit 23 weights the user data $(0) based on estimated SNR and Variance
of SNR,i.@., SNR_est(0) and Ggyp(0) to get weighted user data R(0), and stores the result, i.e., weighted user data
R(0) as final user data in the buffer of HARQ Combining Unit 23. And later, HARQ Combining Unit 23 inputs the user
data R(0) to Soft Decoder 24, in which the inputted user data R(0) is soft decoded and outputted to CRC Checking
Unit 25. CRC Checking Unit 25 determines whether the user data frames received by Receive 20 are correct and then
gets an ACK or NACKindicator accordingly.
[0016] !f CRC Checking Unit 25 determines the user data received by receiver 20 are correct, CRC Checking Unit
25 will output the user data after CRC checking and issue an ACKindicator, which is fed back respectively to HARQ
Combining Unit 23 of Receiver 20 and TX Buffer 12 of Transmitter 10. There should be a certain time delay before
HARQ Combining Unit 23 of Receiver 20 and TX Buffer 12 of Transmitter 10 receive the ACKindicator, respectively,
so the ACKindicator issued from CRC Checking Unit 25 of Receiver 20 is delayed by Time Delay Unit 26 of Receiver
20 before fed back to HARQ Combining Unit 23 of Receiver 20 and TX Buffer 12 of Transmitter 10, respectively.
{0017] When TX Buffer 12 of Transmitter 10 and HARQ Combining Unit 23 of Receiver 20 receive an ACKindicator,
the operating proceduresfor transmitting user data atthe side of the transmitter and for receiving user data at the side
of the receiver are repeated. That is, TX Buffer 12 of Transmitter 10 gets new userdata after CRC appending(in unit
of frame), andstoresit as final user data. Thenthestored userdatais transmitted to radio channels (not shownin Fig.
1) via a transmission unit (not shownin Fig. 1) after encoded and OFDM modulated by Transmitter 10. Receiver 20
receives the new userdata transmitted by Transmitter 10 from radio channels (not shownin Fig. 1) and processes the
received new userdata, including OFDM demodulating, SNR estimating and weighting in turn, and at the sametime
storing weighted new userdataasfinal user data in the buffer of HARQ Combining Unit 23. And later, the stored user
data is soft decoded and CRC checked to determine whether the received new user data frames are correct. If the
received new userdata frames are correct, Receiver 20 outputs the user data after CRC checking and feeds back an
ACKindicator to HARQ Combining Unit 23 of Receiver 20 and TX Buffer 12 of Transmitter 10 simultaneously. Thus,
all these processes form a loop.
[0018] If CRC Checking Unit 25 determines the received user data frames are not correct, CRC Checking Unit 25
of Receiver 20 will issue a NACKindicator. In the same way, the NACKindicator is also delayed by Time Delay Unit
26 and fed back to HARQ Combining Unit 23 of Receiver 20 and TX Buffer 12 of Transmitter 10, respectively.
[0019] When HARQ Combining Unit 23 of Receiver 20 and TX Buffer 12 of Transmitter 10 receive a NACKindicator,
TX Buffer 12 of Transmitter 10 does not get new user data, and retransmits the stored final user data to Encoder 13
and OFDM Modulation Unit 14 to encode and modulateit. After that, the user data is transmitted to radio channels

(not shownin Fig. 1) via the transmission unit (not shown in Fig. 1). After receiving the user data retransmitted by
Transmitter 10 from radio channels (not shown in Fig.1), Receiver 20 OFDM-demodulates the retransmission user
data to get retransmission data $(1) and inputs the retransmission data $(1} into SNR Estimation Unit 22 and HARQ
Combining Unit 23, respectively. SNR Estimation Unit 22 SNR-estimates the retransmission data S(1) to getits esti-
mation values of SNR and Variance of SNR,i.e., SNR_est(1) and osya(1), and inputs the estimated SNR_est(1) and
Sswri1) together into HARQ Combining Unit 23. HARQ Combining Unit 23 weights the inputted retransmission data
S(1) based on its SNR_est{(1) and ogyp(t), then gets user data R(1) by combining the weighted retransmission data
and final user data S(0) stored in the buffer of HARQ Combining Unit 23, and at the same time stores the combined
user data R(1) as final user data in the buffer of HARQ Combining Unit 23.
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(0020) Then, HARQ Combining Unit 23 inputs the combined user data R(1) into Soft Decoder 24 to decodeit. Soft
Decoder 24 outputs soft-decoded data to CRC Checking Unit 25 to determine whetherthe received retransmission
user data is correct.If the received retransmission user data is not correct, Receiver 20 feeds back a NACKindicator
to HARQ Combining Unit 23 of Receiver 20 and TX Buffer Unit 12 of Transmitter 10, respectively. When HARQ Com-
bining Unit 23 of Receiver 20 and TX Buffer Unit 12 of Transmitter 10 receive the NACKindicator, the operating pro-
cedures for retransmitting user data at the side of the transmitter and for receiving retransmitted user data at the side
of the receiver are repeated. Thatis, after encoded and OFDM modulated by Transmitter 10, the final user data in TX
Buffer 12 is retransmitted to radio channels (not shownin Fig. 1) via the transmission unit (not shownin Fig. 1). After
receiving the user data retransmitted by Transmitter 10 from radio channels (not shownin Fig. 1), Receiver 20 gets
retransmission data $(2) by OFDM demodulation, and then gets SNR_est{(2) and ogyp(2) by SNR-estimating the
retransmission data $(2). HARQ Combining Unit 23 weights the inputted retransmission data S(2) based on inputted
SNR_est(2) and Ogypl2), and then combines the weighted retransmission data with the final user data $(1) in the
buffer of HARQ Combining Unit 23 to get user data R(2), which is stored as final user data in the buffer of HARQ
Combining Unit 23. Andlater, R(2) is soft decoded and CRC-checked by Receiver 20 to determine whetherthe received
new retransmission userdata is correct.If the received retransmission userdata is not correct, Receiver 20 feeds back
a NACKindicator respectively to HARQ Combining Unit 23 of Receiver 20 and TX Buffer 12 of Transmitter 10, thus
constituting a loop. The loop will go on until the received new retransmission user data is correct. Then Receiver 20
outputs the retransmission user data and feeds back an ACK indicator respectively to HARQ Combining Unit 23 of
Receiver 20 and TX Buffer 12 of Transmitter 10 simultaneously.
[0021] The above weighted combining process can be realized accordingto the following formula:

5si) ~ SNR: _ est (i)

 

R(i) = =< SNR -o , SNR _ est(#) < SNR renee EOsup (1) > © ereeshowa
_ iso So swe (@) ’

"FPsci) * SNR _est(i)
Ri) = , SNR _est(i) 2 SNR ihrestoia 9% SF syn @) SF thresh

S*SNR _ est (i)iad

Wherei indicates the i-th retransmission and i 2 0;

Nretrans indicates the retransmission times of a transmission block, and 1S Nyetrans & Nmax?
Ninax indicates the maximum retransmission times of a transmission block;
R(i) indicates the data after the i-th combining;
S(/) indicates tie data before the i-th combining,
SNR_est(i) indicates the SNRofthei-th estimation;
SNRinresnoid indicates the threshold of SNR;
Ssnrti indicates variance of SNRofthei-th estimation;
Srhreshold indicates the threshold of variance of SNR.
{0022} According to above detailed description of the embodiment, the HARQ (Hybrid Automatic Repeat Requests )}
combining method in an OFDM (Orthogonal Frequency Division Multiplexing ) System of the presentinvention can be
summarized as the following steps:

a. A transmitter transmits data to a receiverin a unit of frame, then the receiver weights the received data based
on its SNR and variance of SNR andstores the weighted data asfinal data in a buffer of a HARQ combining unit,
andlater, the receiver processesthe storedfinal data to determine whether the received data frames are correct;

b. If the data framesare correct, the receiverwill output the final data and feed back an ACKindicator respectively
to the HARQ combining unit of the receiver and the transmitter, and if the data frames are not correct, the receiver
will feed back a NACKindicator respectively to the HARQ combining unit of the receiver and the transmitter;

c. When the HARQ combining unit of the receiver and the transmitter receive an ACK indicator, the process retums
to step a, until all data has been transmitted;

d. When the HARQ combining unit of the receiver and the transmitter receive a NACKindicator, the transmitter
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retransmits original data to the receiver, then the HARQ combining unit of the receiver weights the received re-
transmission data based on its SNR and variance of SNR, and combines the weighted retransmission data with
the data stored in the buffer of the HARQ combining unit, and at the sametime, stores the combined dataasfinal
data in the buffer of the HARQ combining unit, then the receiver processes the combinedfinal data to determine
whether the combined data framesare correct, after that, the process returns to Step b.

[0023] Atthe sametime, from the above embodimentthe receiver in the OFDM system of the present invention will
be achieved, which includes:

a SNRestimation unit for SNR-estimating the demodulated data to obtain estimated SNR and variance of SNR
and outputting them;

a HARQ combining unit for receiving the output from the SNR estimation unit, weighting inputted demodulated
data based onits SNR and variance of SNR, and storing the weighted data asfinal data in a buffer of said HARQ
combining unit, then determining whether to execute the combining based on the determination whetherthe re-
ceived data framesare correct: if the received data frames are correct, not executing the combining; if the received
data frames are not correct, weighting the inputted demodulated retransmission data based on its SNR andvari-
ance of SNR and combining the weighted retransmission data with the data in the buffer of said HARQ combining
unit, and at the same time, storing the combineddata asfinal data in the buffer of said HARQ combining unit.

[0024] Thetransmitter and other function modulesof the receiver in the OFDM system can berealized by existing
technologies. Thus, their description are omitted here.
[0025] Herein, in the receiver of the present invention, the process of the HARQ combining unit for weighting the
received data and weighted combining the retransmission data based on its SNR and variance of SNR respectively
can be realized according to the following formula:

Nseem °

SF saEO
Ri) = 2 O svn! SNR_est(i) <SNR seers NEOug1) > F streste

(i) = SNR _ est(i) ~ Areshold INR threshold
#20 So syr (*) ‘

S$s(i)* SNR _est(i)
RG) ==, SNR _ est(i) 2 SNR weston OF OF svn C1) SO reshots

SNR _ est(i)is

Wherei indicates the i-th retransmission and j2 0;

Nretrans indicates the retransmission times of a transmission block, and 4 < Nrerrans = Nmax?
Ninax indicates the maximum retransmission times of a transmission block;
R(i) indicates the data after the i-th combining;
S(i) indicates the data before the i-th combining:
SNR_est{/) indicates the SNRofthe i-th estimation;
SNRehreshoig indicates the threshold of SNR;
Ssnrt) indicates variance of SNRofthe i-th estimation;
Sthreshota indicates the threshold of variance of SNR.
[0026] Figures 2, 3, and 4 show the simulation curve chart of SNR-BER (Bit Error Ratio), SNR-Throughput and
SNR-Time Delay according to comparing examples of the present invention, respectively. As show in Figures 2-4,
curves a1, a2, and a3 indicate the simulation curves when employing non-weighted combining method, curves b1, b2,
and b3indicate the simulation curves when employing normal Chase combining method weighted by SNR,and curves
c1, 2, and c3 indicate the simulation curves when employing improved Chase combining method weighted by SNR
and variance of SNRofthe presentinvention.
[0027] The simulation curves shownin Figures 2-4 are obtained in the following simulation environments: in an
OFDMsystem;the carrier frequency is 3.2GHz; the channel is an outdoor multipath channel A with AWGN+UMTS;
the mobile speed is 120kmv/h; coding modeis 1/3 Turbo coding; modulation mode is 16QAM; CRCis 24-bit; channel
estimation and SNRestimation are ideal; the simulation point is 10240*150; and the maximum retransmission times
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are set to 5. According to Figures 2, 3, and 4, the improved Chase combining method weighted by SNR and variance
of SNRof the presentinvention improvesnotonly the performance of BER, but also system performancein throughput
and time delay. And in relatively low SNR(less than 11dB) environment, the improvementof system performancein
throughput and time delay of the method is remarkable. Thus, the improved Chase combining method weighted by
SNRand vanance of SNRofthe present invention has more advantages, particularly in !ow SNR environment, which
is the common condition in mobile communication systems.

[0028] As many apparently widely different embodiments of the present invention can be made without departing
from the spirit and scope thereof, it is to be understoodthatthe invention is not limited to the specific embodiments
thereof except as defined in the appended ciaims.

Claims

1. AHybrid Automatic Repeat Request (HARQ) combining methodin an Orthogonal Frequency Division Muitiplexing
(OFDM) system, comprising steps of:

a. a transmitter transmitting data to a receiverin a unit of frame, then the receiver weighting the received data
based on its SNR and variance of SNR and storing the weighted data as final data in a buffer of a HARQ
combining unit, and later, the receiver processingthestoredfinal data to determine whether the received data
frames are correct;

b. if the data frames are correct, the receiver outputting the final data and feeding back an ACKindicator
respectively to the HARQ combining unit of the receiver and the transmitter, and if the data frames are not
correct, the receiver feeding back a NACKindicator respectively to the HARQ combining unit of the receiver
and the transmitter;

c. when the HARQ combining unit of the receiver and the transmitter receiving an ACK indicator, the process
returning to step a, until all data has been transmitted;

d. when the HARQ combining unitof the receiverand the transmitter receiving a NACKindicator, the transmitter
retransmitting originat data to the receiver, then the HARQ combining unitof the receiver weighting the received
retransmission data based on its SNR and variance of SNR, and combining the weighted retransmission data
with the data stored in the buffer of the HARQ combining unit, and at the same time, storing the combined
data asfinal data in the buffer of the HARQ combining unit, then the receiver processing the combined final
data to determine whether the combined data framesare correct, after that, the process returning to step b.

2. The HARQ combining method according to Claim 1, wherein in said step a, before the transmitter transmits data
to the receiverin unit of frame, the data needs to undergo processes of CRC appending, coding and OFDM mod-
ulating in turn, and at the sametimestoring the data after CRC appending and before coding as final data in a TX
buffer in orderto facilitate possible retransmission.

3. The HARQ combining method accordingto Claim 2, whereinin said step a, before the receiver weights the received
data based on its SNR and variance of SNR,the receiver has to OFDM-demcdulate the received data.

4. The HARQ combining method according to Claim 3, wherein in said step a, the receiver processesstoredfinal
data including soft decoding and CRC checking in turn, and then obtaining an ACK or NACKindicator based on
the determination whether the received data is correct by CRC checking.

5. The HARQ combining method according to Ciaim 1, wherein in said step b, the ACK or NACKindicator fed back
to the transmitteris inputted to the TX buffer, and if said TX buffer receives an ACKindicator,it will store new data
as final datain itself, and if said TX buffer receives a NACK indicator, it will hold the final data unchanged.

6. The HARQ combining method according to Claim 4, wherein in said step d, before the HARQ combining unit of
the receiver weights the received retransmission data based on its SNR and varianceof SNR,the receiver has to
OFDM-demodulate the received retransmission data.

7. The HARG combining method according to Claim 6, wherein in said step d, the SNR and variance of SNR of the
retransmission data are obtained by the receiver by SNR-estimating the received OFDM-demodulated retrans-
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mission data.

The HARQ combining method according to Claim 7, wherein in said step d, the receiver processes the combined
final data including soft decoding and CRC checkingin turn, and then obtaining an ACK or NACKindicator based
onthe determination whether the combined data frames are correct by CRC checking.

The HARQ combining method according to Claim 1, wherein the processof said Receiverforweighting the received
data and weighted combining said retransmission data is implemented according to the following formula:

x

S ociys SNR West (i)

 

. te SF vr Gi) . .
R() = o SNR ost (i) , SNR _est(i) < SNR ureshuts OE OC syn (4) > O trresrot

i=0 o sur (8)nN é

sti) * SNR _ est(i)
Ri) = , SNR _ est(i) 2 SNR aresmoen OF Fyn CE) S O rertratdDy ere

D, SNR _ est (i)=O

wherei indicates the i-th retransmission, and i> 0; Nyerrans indicates the retransmission times of a transmission
block, and 1 < Nretrans = Nmaxi
Nmax indicates the maximum retransmission times of a transmission block;
R(A indicates the data after the i-th combining;
S(/ indicates the data before the i-th combing:
SNR_est(/) indicates the SNR of the i-th estimation;
SNRihreshotd indicates the threshold of SNR;
Sgwali) indicates variance of SNRofthei-th estimation;
Sinrashola indicates the threshold of variance of SNR.

40. Areceiver in an OFDM system, comprising:

a SNRestimation unit for SNR-estimating demodulated data to obtain estimated SNR and variance of SNR
and outputting them;

a HARQ combiningunit for receiving the output from the SNRestimation unit, weighting inputted demodulated
data based on inputted SNR and variance of SNR, and storing the weighted data as final data in a buffer of
said HARQ combining unit, then determining whether to execute the combining based on the determination
whether the received data frames are correct:if the received data frames are correct, not executing the com-
bination;if the received data frames are not correct, weighting the inputted demodulated retransmission data
based on its SNR and variance of SNR , combining the weighted retransmission data with the data in the
buffer of said HARQ combining unit, and storing the combined data asfinal data in the buffer of said HARQ
combining unit.

11. The receiver according to Claim 10, wherein the processes for weighting the demodulated data and weighted
combining said inputted demodulated retransmission data is implemented according to the fotlowing formula:
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‘= s)* SNR _est(i)
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wherei indicates the i-th retransmission, and /2 0; Nrerrans indicates the retransmission times of a transmission
block, and 1S Nrotrans & Nmax
Ninax indicates the maximum retransmissiontimes of a transmission block;
R(i) indicates the data after the i-th combining;
S(/ indicates the data before the i-th combining;
SNR_est(f indicates the SNR ofthe i-th estimation,
SNRinreshoia indicates the threshold of SNR;
Osnplé) indicates the variance of SNRofthei-th estimation;
Sthreshora indicates the threshold of Variance of SNR.
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(57) Abstract: The present invention refers to a communication system having a network (1) anda plurality of user terminals (2,3,4)
that are coupled to the network via a communication channel using wireless radio frequency transmission and having a downlink
channclfor transmitting messages in the direction from the network to the user terminals whercin the downlink channel comprises
a paging channelfor transmission of paging messages in paging framesfor initiating communication with a user terminal allocated
to a paging group ofa plurality of user terminals, and a paging indicator channel [or transmission oIa paging indicator belonging
to the paging group whenthere is a paging messagefor the user terminal belonging to the paging group, wherein the user terminal
processes the next paging frame transmitted on the paging channel to see whether there is a paging message intended for it when
the paging indicator has heen transmitted on the paging indicator channel, and wherein the paging message on the paging channel
comprises a point-to-multipoint-multicast (PTM-M) groupidentifier to identify a PTM-Mgroup.
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_ COMMUNICATION SYSTEM HAVING IMPLEMENTED
POINT- TO-MULTIPOINT-. MULTICAST,FUNCTION

The present invention refers to a communication system comprising a network and a

plurality of user terminals that are coupled to the network via a communication

channel using wireless radio frequency transmission and having a downlink channel

for transmitting messages in the direction from the network to the user terminais.

Further, the invention relates to a network and a user terminal, both for use in said

communication system.

Recently, mobile telephone communication networks and systems have becomevery

popular, for example, the telephone network corresponding to the Global Mobile

Satellite (GMS) standards. The GMS systems supports the usual mobile telephone

communication and, in addition, a numberof further services, e.g. the short message

service (SMS) cell broadcast and the point to multipoint multicast (= PTM-M) service

-in the general packet radio system.

The PTM-M service is a service in which the message is transmitted to all

subscribers currently located within a geographical area. The message contains a

group identifier indicating whether the messageis of interest to all subscribers or to

only a subset of subscribers or user terminals, e.g. certain mobile telephones also-

called mobile stations belonging to a specific PTM group. The PTM-M service is a

connectless unidirectional service, i.e. in the downlink direction from the network to

the user terminal, and is a variable bit rate service.

The object of the present invention is the implementation of the PTM-M service in

communication systems, e.g. the Universal Mobile Telecommunication System

(UMTS), of the latest generation.

This object is solved by a communication system according to claim 1 and by a

method for its operation according to claim 14. Accordingly, the communication

system of the invention comprises a network anda plurality of user terminals that are
- coupled to the network via a communication channel using wireless radio frequency

transmission and having a downlink channel for transmitting messages in the

04210



04211

WO 02/47417 OS PCT/EPO1/11964
-2-

direction’ from the network to the user terminals, wherein the. downlink channel
comprises: a oo, . oe
a paging channel for transmission of paging.messages in paging framesforinitiating
communication with a user terminal allocated to a paging group of a plurality of user

terminals, and a paging indicator channel for transmission of a paging indicator

belonging to the paging group whenthere is a paging messageforthe user terminal

belonging to the paging group, wherein the user terminal processes the next paging

frame transmitted on the paging channel to determine whether there is a paging

message intended for it when the paging indicator has been transmitted on the

paging indicator channel, and

wherein the paging message on the paging channel comprises a point-to-multipoint-
multicast (PTM-M) groupidentifier to identify a PTM-M group. — |

A considerable advantage of the present invention is the implementation of the PTM-

M service in the communication system, for instance, the UMTS without the

requirement of additional channels or downlink transport channels. Thisis achieved

_ by using a paging channel, a paging indicator channel and a downlink transport
' channel already provided by the communication system. These channels are

destinated to implement the PTM-M service in the communication system. Thereby a

substantial increase of the system complexity in the e.g. UMTS is avoided when the

PTM-M service is getting implemented.

Preferably, the paging channelitself is used to transport the PTM-M messages,

wherein the paging message on the paging channel comprises one ora plurality of

PTM-M messages being intended for the PTM-M group identified by means of the

PTM-M group identifier. The paging channel may be the secondary common control

physical channel (S-CCPCH)of the UMTS.

In an alternative embodiment, the downlink channel may comprise in addition a

downlink transport channel shared by several user terminals and allocated for

transporting PTM-M messages, wherein the user terminal accesses the PTM-M

messages of the downlink transport channel when, in the paging channel, the user

_ terminal has detected a PTM-M identifier of a PTM-M group to which the user
terminal is allocated to.
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In an. preferred _embodiment,. the communication system is the UMTS- and _the
downlink transport channel!-for PTM-M messages is the known forward access
channel (FACH) or the downlink shared channel (DSCH) of the UMTS.

The PTM-M identifiers or the plurality of PTM-M identifiers allocated to a user

terminal may be stored in a data memory of the user terminal. This allows a quick

decision in the user terminal or the mobile telephone whether a detected PTM-M

identifier on the paging channelis of interest to the user terminal or not. This helps to

save battery power of the mobile phone as the phoneis enabled to re-enter quickly

into sleep modeoridle modein which a low power consumption is attained.

In an preferred embodiment, the PTM-M group identifier is the international mobile

group identifier used in the general packet radio system (GPRS).

The method of the invention comprises the following steps:

in a paging channel of the downlink channel, transmitting of paging messagesin

paging framesforinitiating communication with a user terminal allocated to a paging

groupof a plurality of user terminals,

in a paging indicator channel of the downlink channel, transmitting of a paging

indicator allocated to the paging group whenthere is a paging messagefor the user

terminal belonging to the paging group,

processing the next paging frame transmitted on the paging channel by the user

terminal to see whether there is a paging message intended for it when the paging

indicator has been transmitted on the paging indicator channel, and,

in the paging message of the paging channel, transmitting at least one point-to-

multipoint-multicast (PTM-M) group identifier to identify a PTM-M group by the
network.

Preferably the method of the invention comprises allocating an area to a cell or to a

plurality of cells by the network wherein the user terminal is in the area, and providing

the paging indicator channel and the paging channel comprising the PTM-M identifier
- or plurality of PTM-M identifiers to the cell or to the plurality of cells of the area.

04212



04213

WO 02/47417 oe a  PCT/EP01/11964

The method may comprise,in an area serviced by the network and divided into’ a
pluralityofcells, entering oneofsaid cells by the mobile user terminal.and registering
of the user terminal to be in said cell by thenetwork of the communication system,
providing of PTM-M identifiers on a downlink transport channel of the downlink

channel, the information indicating the PTM-M groups being supported in said cell by

the network, reading the PTM-Midentifiers on the downlink transport channel by the

user terminal, and

comparing the PTM-M identifiers being read from the downlink transport channel with

PTM-Midentifiers being stored in a memory of the user terminal and indicating the

PTM-M groups to which the user terminal is subscribed in order to determine the

PTM-M groups being serviced in the cell for said user terminal. These steps

effectively support sleep-mode operation of the user terminal or mobile phone in ©

connection with the implementation of the PTM-M service, i.e. an effective way for

saving powerof the mobile phone.

The invention according to yet another aspect also relates to a network according to

claim 12, especially for use in a communication system according to claim 1. The

above preferred embodiments of the communication system also apply to the

network.

Further, the invention relates to a user terminal, e.g. a mobile station, according to

claim 13, especially for use in a communication system according to claim 1. The

above preferred embodiments of the communication system also apply to the user

terminal.

Further advantageous embodiments of the invention are mentioned in the dependent

claims.

Further advantages, advantageous embodiments and additional applications of the

invention are provided in the following description of a preferred embodiment of the

invention in connection with the figures being enclosed which show:

- Fig. 1 a schematic view of a communication system according to’
a preferred embodimentof the invention;
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Fig. 2 :.a schematic timing diagram. showing three different —
downlink transport channels ofthe communication system
of Fig. 1 in order to explain the method of
the invention in connection with Fig. 3; and

Fig. 3 a schematic flow chart showing the substantial steps of
the invention if a user terminal starts from

sleep-mode.

Fig. 1 shows schematically the basic structure of a communication system according
to a preferred ernbodiment of the invention. The communication system is a UMTS
system of the latest generation which is called a 3GPP WCDMAsystem and which
comprises a UMTSterrestrial radio access network (UTRAN) 1 as network and a
plurality of terminal users 2, 3, 4, 6, 7 or mobile stations, e.g. mobile phones
according to the UMTS: standard, which are coupled to the UTRAN 1 via a
communication channel using wireless radio frequency transmission of payload and
control information orf messages and having a downlink channel 8 being directed
from the UTRAN 1 to the plurality of terminal users 1, 2, 3, 4, 6 to 7. A detailed

explanation of the downlink channel 8 used in the shown UMTSis described, for
instance, in the technical specification 3GPP TS 25.211 V3.4.0 (2000-09) "3rd
Generation Partnership Project; Technical Specification Group Radio Access

Network; Physical channels and mapping of transport channels onto physical
channels (FDD) (Release 1999)" issued by the 3GPP Organizational Partners, which
specification is incorporated herein by reference.

As shownin Fig. 1, the user terminals 2, 3 and 4 are in the samecell 10, whereas the
user terminals 6 and 7 are in a further cell 9, each of the cells 9, 10 covering a

different area or are located within the same geographical area. The user terminals 4

and 7 belong to the same PTM-M-group5 to which a special PTM-M group identifier
or corresponding control data are allocated. The PTM-M group identifier may be the
knowninternational mobile group identifier (IMGI) of the known general packet radio

. system (GPRS). PTM-M identifiers and corresponding \MGlIs are used to implement
the PTM-M service in the UMTS.
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- The downlink channel. 8 of the UMTS.-comprises, inter alia, a paging indicator
channel (PICH) 20, a paging channel 21, e.g. the secondary commoncontrol paging

channel (S-CCPCH), and a further downlink transport channel 22, e.g. the downlink

shared channel (DSCH)or the forward access channel (FACH).

In general, the paging channel 21 is a downlink transport channel that carries data

relevant to the paging procedure, that is, when the network or UTRAN 1 wants to

initiate communication with one of the plurality of user terminals. The simplest

example is a speech call to the user terminal. The UTRAN 7 transmits a paging

message to the user terminal on the paging channelof thosecells belonging to the
location ‘area that the user terminal is expected to be in. The identical paging

message can be transmitted in a single cell or in up to a few hundreds of cells

depending on the configuration of the UTMS.

The paging channel 21 is operated together with the paging indicator channel 20 to

provide the user terminals with effective sleep mode operation. The paging indicator

channel 20 transfers paging indicators 23 which appearperiodically on the paging
indicator channel 20 when there are paging messages for any of the user terminals

belonging to a paging group which may compriseall user terminals of the cells 9 and

10 or only either the user terminals of the cell 9 or the user terminals of the cell 10.

As shownin Fig. 1, for instance, the user terminal 7 within cell 9 is a memberof the

paging group related to cell 9 and in addition also a member of a PTM-M group 5

corresponding to a P!M-M service and a special PTM-M group identifier 24 (see. Fig.

2). Further, the user terminal 4 in the cell 10 is a memberof a further paging group

related to cell 10 and in addition also a memberof the PTM-M group 5 corresponding

to the PTM-M service and the PTM-M group identifier 24 (see Fig. 2).

The preferred embodiment of the method of the invention is described and explained

in the followingin relation tothe Fig. 2 and 3.

' For instance, the user terminal 7 has just recently entered the cell 9 (see step S71 in

Fig. 3) and registration of the user terminal 7 has been accomplished by the user
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terminal 7 and the UTRAN1 (see step $2).‘The user terminal 7 subsequently reads
_ the PTM-Mgroupidentifier information comprising also the PTM-M groupidentifier

24-on’a BCH downlink channel which contains the information which PTM-M groups

are supported in the cell 9 (see step S3). The user terminal 7 compares (see step

$4) the PTM-M group identifiers read from the BCH downlink channel with the PTM-

M group identifiers being stored, for instance, in a SIM card as a memory of the user

terminal 7. In the present example, the user terminal 7 or its owneris only subscribed

to the PTM-M group5 identified by the PTM-M group identifier 24 and, therefore, only

the PTM-M group identifier 24 is stored in its SIM card. The user terminal 7 in the

next step S5, therefore, only selects the PTM-M group identified by the PTM-M

identifier 24, whenit should detect the PTM-M group identifier as paging message «on
the paging‘channel 21.

The user terminal 7, in the following, scans the paging indicator channel 20 in order

to detect a paging indicator 23. If the paging indicator channel 20 does not transport

‘a paging indicator 23, the user terminal 7 enters the sleep mode, this step not being”

shownin Fig. 3.

Hereinafter, the illustrated embodiment relates to the case when the UTRAN 1 wants
to send a PTM-M message 25 of the PTM-M service to the user terminal7. Atfirst,

the UTRAN 1 detérmines on the basis of the information stored during the

registration step S2 the cell and/or the cells in which the user terminal 7 is expected

to be in. In the present example, shown in Fig. 1, the UTRAN 1 finds the user

terminal 7 to be in the cell 9. The UTRAN 1, then, issues periodically the paging

indicator 23 on the paging indicator channel 20 and further issues a paging frame 26

comprising the PTM-M group identifier 24 as paging message on the paging channel

21, wherein the paging frame 26 has an offset value in time ta with regard to the

paging indicator 23 on the paging indicator channel 20. In addition, the UTRAN 1

outputs a PTM-M message 25 on the additional downlink transporting channel 22,

the PTM-M messagebelonging to the PTM-M service being active.

Starting from the idle mode or sleep mode SQ, the user terminal 7 scans periodically

- the paging channel 20 in order to detect a paging indicator. The user terminal detects
the paging indicator 23 issued from the UTRAN 1 (step S6). In the following, the user
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terminal 7 scans anext paging frame 26 on the.paging. channel 21 after the duration
ta and’ detects the PTM-M group identifiier 24.issued by the UTRAN1. on the paging
channel 21. The time ta between the end: of thepaging indicator 23 and the
beginning of the next paging frameis typically 7680 chips.

Subsequently, the user terminal 7 compares the detected PTM-M group identifier 24

with the PTM-M group identifier stored in its SIM card (see step S7 of Fig. 3).

Provided the detected PTM-M group identifier 24 is identical to the stored PTM-M

group identifier, the user terminal determines that a PTM-M message or PTM-M user

data is issued belonging to the PTM-M group 5 in which it is subscribed, (see Yes

after step S7 in Fig. 3). If a “No” should result after step S7, there is no PTM-M

message of a PTM-M group the user terminal 7 is subscribed to and the user-

terminal 7 returnsinto its sleep mode.

In the case of a “Yes” after step S7 the user terminal 7 scans the downlink

transporting channel 22 (see step S8) in order to detect and to read the PTM-M

message 25 issued by the UTRAN 1. After processing of the PTM-M message 25,
the user terminal 7 returns into its sleep mode in step S9. The user terminal S9

repeats the steps S6, S/, S8, S9 and S10 periodically.

As shownin Fig. 1, also the user terminal 4 is a member of the PTM-M group 5 and,

therefore, it is subscribed to the corresponding PTM-M service. In order to provide

the PTM-M service to the user terminal 4, the UTRAN 1 issues the paging indicator

23 on the paging indicator channel 20, the PTM-M group identifier 24 on the paging

channel 21 and the PTM-M message 25 as described above with reference to the

user terminal 7 and simultaneously transmits them to the user terminal 7 in the cell
10 in which the user terminal 4 is expected to be. The user terminal 4 carries out the

samesteps as described above with regard to the user terminal 7 in order to detect

and read the PTM-M message 25.

In case of further user terminals (not shown in the figures) or a large numberof user

terminals belonging to the same PTM-M group, the paging indicators 23, thePTM-M

’ group identifier 24 and the PTM-M message 25 are output simultaneously to all user
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-” terminals belonging to the same PTM-M group: regardless of whether the user
terminals are within. one cell or within a Jarge numberof different cells.
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Claims

1. Communication system comprising a network and a plurality of user terminals
that are coupled to the network via a communication channel using wireless

radio frequency transmission and having a downlink channel for transmitting

messagesin the direction from the network to the user terminals, wherein the

downlink channel comprises:

a paging channel for transmission of paging messages in paging frames for

initiating communication with a user terminal allocated to a paging group of a

plurality of user terminals, and

‘a paging indicator channel for transmission of a paging indicator belonging to

said paging group,in case there is a paging message for the user terminal

belonging to said paging group, wherein the user terminal processes the next

paging frame transmitted on the paging channelto determine whether there is a
paging message intended for the user when the paging indicator has been

transmitted on the paging indicator channel, and

wherein the paging message on the paging channel comprises a point-to- —

multipoint-multicast (PTM-M) groupidentifier to identify a PTM-M group.

2. Communication system according to claim 1, wherein the paging message on

the paging channel comprises one or a plurality of PTM-M messages being

intended for the PTM-M group and identified by means of the PTM-M group

identifier.

3. Communication system according to claim 1, wherein the downlink channel

comprises in addition a downlink transport channel shared by several user

terminals and intended to transport PTM-M messages, wherein the user

terminal accesses the PTM-M messages of the downlink transport channel

when, in the paging channel, the user terminal has detected a PTM-M identifier

of a PTM-M group to which the user terminal is allocated to.

4. Communication system according to claim 3, wherein the communication

system is the UMTS and the downlink transport channel is the forward access

channel (FACH)of the UMTS.
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Communication. system according to claim 3,. wherein, .the communication
system is the UMTS and the downlink transport channelis the downlink shared:

channel (DSCH)of the UMTS.

Communication system according to one of the preceding claims, wherein an

area is allocated to a cell or to a plurality of cells, wherein the user terminal is

located in that area, the network transmitting the paging indicator channel and

the paging channel comprising the PTM-M identifier or a plurality of PTM-M

identifiers to the cell or to the plurality of cells of the area.

Communication system according to one of the preceding claims, wherein the

PTM-M identifier or the plurality of PTM-M identifiers allocated to the user

terminal are stored in a data memory of the user terminal.

Communication system according to claim 7, wherein the data memory is a

memory in a SIM card of the user terminal.

Communication system according to one of the preceding claims, wherein the

communication system is the Universal Mobile Telecommunication System

(UMTS), wherein the network is the UMTS Terrestrial Radio Access network

and wherein the user terminal is an UMTS terminal or an UMTS mobile phone.

Communication system according to one of the preceding claims, wherein the

communication system is the UMTS and the paging channelis the secondary

common control physical channel (S-CCPCH)of the UMTS.

Communication system according to one of the preceding claims, wherein the

PTM-M group identifier is the international mobile group identifier used in the

general packet radio system (GPRS).

Network, adapted to communicate with a plurality of user terminals that are

coupled to the network via a communication channel using wireless radio

frequency transmission and having a downlink channel for transmitting
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~ Messages in the direction from the network to the user terminals, wherein the-
downlink channel comprises:
a paging channelfor transmission of paging messages in paging frames for ©
initiating communication with a user terminal allocated to a paging group of a

plurality of user terminals, and

a paging indicator channel for transmission of a paging indicator belonging to

said paging group,in case there is a paging message for the user terminal

belonging to the paging group, and wherein the paging message on the paging

channel comprises a point-to-multipoint-multicast (PTM-M) group identifier to

identify a PTM-M group.

User terminal, adapted to communicate with a network, comprising a. mobile

station including reception means adapted for receiving messages from the

network in a downlink channel; wherein said downlink channel comprises:

a paging channel for reception of paging messages in paging frames for

initiating communication with said network, the user terminal being adapted to

be allocated to a paging group comprising a plurality of user terminals, and
a paging indicator channel for reception of a paging indicator belonging to said

paging group,in case there is a paging messagefor the user terminal belonging

to said paging group, wherein the user terminal processes the next paging

frame receivedon the paging channel to determine whetherthere is a paging

messageintended for the user when the paging indicator has been transmitted

on the paging indicator channel, and

wherein the paging message on the paging channel comprises a point-to-

multipoint-multicast (PTM-M) group identifier to identify a PTM-M group.

Method for operation of a communication system comprising a network and a

plurality of user terminals that are coupled to the network via a communication

channel using wireless radio frequency transmission and having a downlink

channelfor transmitting messagesin the direction from the network to the user

terminals, wherein the method comprises:

in a paging channelof the downlink channel, transmitting of paging messagesin

paging framesforinitiating communication with a user terminal allocated to a

paging groupof a plurality of user terminals,
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_ inapaging indicator channelof the downlink channel, transmitting ofa paging
indicator allocated to the paging group, in. case there is aPaging message for
the userterminal belonging to the paging group,

processing of the next paging frame transmitted on the paging channei by the

user terminal to determine whether there is a paging message intended for the

user when the paging indicator has been transmitted on the paging indicator

channel, and,

in the paging messageof the paging channel, transmitting at least one point-to-

muitipoint-multicast (PTM-M) group identifier to identify a PTM-M group by the

network.

Method according to claim 14, wherein the paging message on the paging

channel comprises a PTM-M message being intended for the PTM-M group

whichis identified by means of the PTM-M group identifier.

Method according to claim 15, the method comprising:

in the downlink channel, providing in addition a downlink transport channel

shared by several user terminals and intended for transporting PTM-M
messages, the user terminal accessing the PTM-M messages of the downlink
transport channel when, in the paging channel, the user terminal has detected a

PTM-Midentifier of a PTM-M group to which the userterminalis allocated to.

Method according to one of the claims 14 to 16, the method comprising:

allocating an area to a cell or to a plurality of cells by the network, wherein the

user terminal is in that area, and providing the paging indicator channel and the

paging channel comprising the PTM-M identifier or plurality of PTM-M identifiers

to the cell or to the plurality of cells of the area.

Method according to one of the claims 14 to 17, the method comprising:

storing of the PTM-M identifier or the plurality of PTM-M identifiers allocated to

the user terminal in a data memory of the userterminal.

Method according to one of the claims 14 to 18, the method comprising:
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in an area serviced by the network and divided into a plurality of cells,centering
'- one of said cells by the mobile user terminal and

registering of the user terminal to be in said cell by the network of ‘the
communication system,

providing of PTM-M identifiers on a downlink transport channel of the downlink

channel, the information indicating the PTM-M groups being supported in said

ceil by the network,

reading the PTM-M identifiers on the downlink transport channel by the user

terminal, and

comparing the PTM-M identifiers being read from the downlink transport

channel with PTM-M identifiers being stored in a memory of the user terminal

and indicating the PTM-M groups to which the user terminal is subscribed in

order to determine the PTM-M groups being serviced in the cell for said user

terminal.

Method according to one of the claims 14 to 19, the method comprising:
periodically detecting and reading of the paging indicators on the paging

indicator channel by the user terminal.

Method according to claim 20, the method comprising:

next, in case a paging indicator is detected on the paging channel, reading of

the paging message on the paging channel which is allocated to the paging

indicator.

Method according to claim 20, the method comprising:

next, in case a PTM-M identifier is detected by the user terminal in the paging

message on the paging channel, comparing the detected PTM-M identifier to

the PTM-M identifier or the PTM-M-identifiers stored in the user terminal.

Method accordingto claim 22, the method comprising:

next, in case the detected PTM-M identifier corresponds to one of the PTM-M

identifiers being stored in user terminal, reading of PTM-M messages belonging

to a PTM-M-group identified by the PTM-M-identifier on a downlink transport
channel of the downlink channel.
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24. Method according to claim 20, wherein the userterminal. is in a sleep-mode
between the steps of periodically detecting and readingof the paging indicators.
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METHOD AND SYSTEM FOR IMPROVING BATTERY

PERFORMANCEIN BROADCAST PAGING

BACKGROUND

Field

[1001] The present invention relates generally to telecommunications

systems, and more specifically to a method and system for improving battery life

in mobile stations designed to receive broadcast messages.

Background

[1002] In cellular telephone systems such as the !S-95 family of code

division multiple access (CDMA) systems defined in the IS-95, IS-95A, and IS-

95B standards and earlier versions of cdma2000, a base station uses a paging

channel (F-PCH) to transmit broadcast pages and broadcast messages to

target mobile stations. The base station may also send broadcast indicators on

quick paging channel (F-QPCH) slots to inform the target mobile stations to

monitor the F-PCH channel slots for the upcoming broadcast pages and/or

broadcast messages.

[1003] In the newer versions of cdma2000, the base station uses a common

control channel (F-CCCH) to transmit broadcast pages, a broadcast control

channel (F-BCCH)to transmit broadcast messages. The base station may also

send broadcast indicators on the F-QPCH channelslots to inform the target

mobile stations to monitor the F-CCCH slots for the broadcast pages, which

may point to the assigned F-BCCH channel slots that carry broadcast

messages. ,

[1004] A service provider may choose to adopt either of the above

broadcasting channel protocols to broadcast messages to target mobile

stations, but only the mobile stations that are designed for a chosen

broadcasting channel protocol would be able to receive the broadcast
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messages. It is highly desirable to transmit broadcast messages using both

broadcasting channel protocols such that the mobile stations that are designed

to receive broadcast messages transmitted in either broadcasting channel

protocol would be able to receive the broadcast messages.

[1005] Currently, if a service provider transmits a broadcast message using

both broadcasting channel protocols, the broadcast indicators on the F-QPCH

channelslots, which may be used to signal a group of mobile stations to monitor

the broadcast pages oneither the F-PCH or F-CCCH channel, may causefalse

signaling to other mobile stations. For example, a broadcast indicator on a F-

QPCHchannelslot that correctly points to a broadcast page slot on the F-PCH

channel may also erroneously point to a broadcast page slot on the F-CCCH

channel. Consequently, the mobile stations that are designed to monitor the F-

CCCH channel slots may be unnecessarily awakened to monitor the F-CCCH

channel slots. Therefore, these mobile stations may suffer from unnecessary

battery consumption.

[1006] There is a need in the art for providing broadcast messages using
more than one broadcasting channel protocol such that the mobile stations

designed to receive broadcast messages using one broadcasting channel

protocol produce no false signaling to the mobile stations designed to receive
broadcast messagesusing other broadcast channelprotocols.

SUMMARY

[1007] One aspect of the present invention is directed to a method and

system for providing broadcast messages using more than one broadcast

channelprotocol. The method and system may include transmitting a plurality

of first broadcast page slots onafirst channel, transmitting a plurality of second

broadcast page slots on a second channel, and transmitting a plurality of

broadcast indicators on a third channel, such that each oneoftheplurality of

broadcast indicators may point to only oneof the first or second broadcast page

slots.

[1008] In one embodiment of the present invention, the first broadcast page

slots on the first channel may be shifted with respect to the second broadcast

page slots on the second channel.
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[1009} In another embodiment of the present invention, the first broadcast

page slots on the first channel and the second broadcast page slots on the

second channel may be transmitted at different broadcast page cycles.

[1010} Another embodiment of the present invention is directed to a base

station for providing broadcast messages, which may include a transmitter and

a processor. The transmitter may be adapted to transmit a plurality of first

broadcast page slots onafirst channel, transmit a plurality of second broadcast

page slots on a second channel, and transmit a plurality of broadcast indicators

-. on a third channel. The processor may be adapted to control the transmitter

such that.each one of the plurality of broadcast indicators points to only one of

the first or second broadcast pageslots. |

[1011], In one embodiment of the present invention, the processor may be

further adapted to shift the plurality of first broadcast page slots on thefirst

channel! with respect to the plurality of second broadcast page slots on the

second channel.

[1012] In one embodiment of the present invention, the processor may be

further adapted to control the transmitter to transmit the plurality of first

broadcast pageslots onthefirst channel and the plurality of second broadcast

page slots on the second channelat different broadcast page cycles.

BRIEF DESCRIPTION OF THE DRAWINGS

[1013] FIG. 1 is a representation of an exemplary arrangement for forward

channels used in message broadcasting;

[1014] FIG. 2 is a representation of an exemplary base station and mobile

station that may be used in message broadcasting;

[1015] FIG. 3 is a representation of exemplary broadcast paging cycles for

forward broadcast channels accordingto a first embodiment;

[1016] FIG. 4 is a representation of exemplary broadcast paging cycles for

the forward broadcast channels according to a second embodiment; and
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[1017] FIG. 5 is a representation of exemplary broadcast paging cycles for

the forward broadcast channels according to a third embodiment.

DETAILED DESCRIPTION

[1018]|The paging channel may be divided into 80 msslots called paging

channel slots. Paging and contro! messages for a mobile station operating in

the non-slotted mode may be received in any one of the paging channelslots.

Therefore, the non-slotted mode of operation requires the mobile station to

monitor all slots. The forward commoncontrol channel also may be divided into

80 msslots called forward commoncontrol channel slots. Paging and mobile-

directed messages for a mobile station operating in the non-slotted mode may

be receivedin any oneof the forward commoncontrol channel slots. Therefore,

the non-slotted mode of operation requires the mobile station to continuously

monitor the forward commoncontrol channel.

[1019] The paging channel protocol or the forward common conirol channel

protocol may provide for scheduling the transmission of messagesfor a specific

mobile station in certain assigned slots. A mobile station that monitors the

paging channel or the forward common control channel only during the

assigned slots is referred to as operating in the slotted mode. During the slots

in which the paging channel or the forward commoncontrol channel is not being

monitored, the mobile station may stop or reduce its processing for power

conservation.

[1020] A mobile station operating in the slotted mode generally monitors the

paging channel or the forward common control channel for one or two slots per

slot cycle. The mobile station may specify its preferred slot cycle, e.g., by using

the SLOT_CYCLE_INDExXfield provided in the registration message,origination

message, or page response message. The mobile station may also specify its

preferred slot cycle using the SLOT_CYCLE_INDEX field of the terminal

information record of the status response message or the extended status

response message. Thoseof skill in the art would recognize that the messages

referred to herein are defined in the cdma2000 standards.
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[1021] The base station may transmit broadcast messages, e.g., data burst

messageswith broadcast addresses, to target mobile stations. in order to notify

the mobile stations operating in slotted mode that a broadcast messageis being

transmitted to them, the base station may send a broadcast page, such as the

general page message (GPM) or the universal page message (UPM) with a

broadcast addresstype, to the target mobile stations. The physical channel!or

channels on which the broadcast pages and the corresponding broadcast

messages may betransmitted to the mobile stations may depend on the

common channel configuration. Two exemplary channel configurations are

considered here.

[1022] The first configuration corresponds to the broadcasting channel

protocol used in the IS-95 family of CDMA systemsaswell as the prior releases

of cdma2000. In this configuration, the forward channels may include the

paging channel (F-PCH), and the quick paging channel (F-QPCH). Both a

broadcast page, which maypoint to a companion broadcast messageslot that

contains a broadcast message, and the broadcast message may be sent on the

F-PCH. ,

[1023] The second configuration corresponds to the broadcasting channel

protocol used in the newer release of cdma2000, e.g., Release A. In this

configuration, the forward channels may include the common control channel

(F-CCCH), broadcast conirol channel (F-BCCH), and the quick paging channel

(F-QPCH). The broadcast page may be sent on the F-CCCH, and the

broadcast message maybe sent on the F-BCCH.

[1024] The broadcast pages may be distributed either on the F-PCH or the

F-CCCHat specially defined channel slot cycles. On the F-PCH, a broadcast

paging cycle (BPC) may have a duration of (Bi+ X;) F-PCHslots, in which:

Bi = 2ix16,1<i<7

where i = BCAST_INDEX may be transmitted by the base station in the

extended system parameters message or set by default when the extended

system parameters messageis not sent.
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[1025] In order to reduce overhead, not to interfere with regular pages, and

be efficient, the broadcast pages may be sentin thefirst slot of a broadcast

paging cycle. Thefirst slot of each broadcast paging cycle on the F-PCHis a

paging channelslot in which:

|t/4.] mod (By + X;) = 0,

where t represents system timein frames.

[1026} Distribution of broadcast pages may also be on specially defined F-

CCCHslot cycles. On the F-CCCH, the BPC may have a duration of (Bz + X2)

F-CCCH channelslots, in which:

Bo = 2141 x 16,1<i<7

where i = BCAST_INDEX maybetransmitted by the base station in the system

parameters message. Thefirst slot of each broadcast paging cycle on the F-

CCCHis a F-CCCHslot in which:

|t/4.| mod (Bat Xz) = 0,

where t represents system timein frames.

[1027] The F-QPCH maybedivided into slots, e.g., 80 ms, called F-QPCH

slots. The F-QPCH protocol may provide for scheduling the transmission of the
paging indicators, the configuration change indicators, and the broadcast

indicators in an F-QPCHslot. In order to reduce battery drainage in mobile

stations due to unnecessary monitoring of every broadcast paging cycle slot,

the F-QPCHslots may contain broadcast indicator (Bl) bits that may be used to

inform target mobile stations when to monitor the F-PCH/F-CCCHslot for a

broadcast page. That is, if there is a broadcast page on the F-CCCH, for

example, the BI bits of the corresponding F-QPCHslot are turned on to signal

the target mobile stations to monitor the F-CCCHslots.
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[1028] In one embodiment, a service provider may support broadcast

messaging using both F-PCH and F-CCCH/F-BCCH broadcasting channel

protocols. Therefore, if both channel protocols operate in slotted mode with the

quick paging channel, the same F-QPCH may be usedto signal a mobile unit

that is configured to monitor either the F-PCH or the F-CCCH/F-BCCHfor a

broadcast page. In this embodiment, the BIs corresponding to the F-PCH may

signal a group of mobile units to monitor the paging channelslots on the F-PCH,

and the Bis corresponding to the F-CCCH may signal another group of mobile

units to monitor the forward common control channel slots on the F-CCCH.

[1029] FIG. 1 shows a representation of an exemplary arrangement for

forward channels used in message broadcasting. The F-PCH/F-CCCH 102

may be divided into 80 ms slots 104 called paging channe! slots. The quick

paging channel 106 may be also divided into 80 ms slots 108 called F-QPCH

slots. According to one embodiment,if a mobile station operates in the slotted

mode, is configured to receive the broadcast messages, and supports the quick

paging channel scheme, the mobile station may monitor broadcastindicators on

an assigned F-QPCH channel slot that is offset from the mobile station’s

assigned broadcast page slots by a predetermined time interval 110, e.g., 100

ms, as shown in FIG. 1.

{1030} FIG. 2 is a simplified block diagram of an embodimentof basestation

204 and remote terminal 206, which are capable of implementing various

aspects of the invention. For a particular communication, voice data, packet

data, and/or messages may be exchanged between base station 204 and

remote terminal 206, via an air interface 208. Various types of messages may

be transmitted, such as messages used to establish a communication session

between the base station and remote terminal and messages usedto control a

data transmission (e.g., power control, data rate information, acknowledgment,

and so on).

[1031]|For the reverselink, at remote terminal 206, voice and/or packet data

(e.g., from a data source 210) and messages (e.g., from a controller 230) are

provided to a transmit (TX) data processor 212, which formats and encodes the

data and messages with one or more coding schemes to generate coded data.

Each coding scheme mayinclude any combination of cyclic redundancy check
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(CRC), convolutional, turbo, block, and other coding, or no coding at all. The

voice data, packet data, and messages may be coded using different schemes,

anddifferent types of messages may be codeddifferently.

[1032] The coded data is then provided to a modulator (MOD) 214 and

further processed (e.g., covered, spread with short PN sequences, and

scrambled with a long PN sequence assigned to the user terminal). The

modulated data is then provided to a transmitter unit (TMTR) 216 and

conditioned (e.g., converted to one or more analog signals, amplified, filtered,

and quadrature modulated) to generate a reverse link signal. The reverse link

signal is routed through a duplexer (D) 218 and transmitted via an antenna 220

to base station 204.

{1033} At base station 204, the reverse link signal is received by an antenna

250, routed through a duplexer (D) 252, and provided to a receiver unit (RCVR)

254. Receiver unit 254 conditions (e.g., filters, amplifies, down converts, and

digitizes) the received signal and provides samples. A demodulator (DEMOD)

256 receives and processes(e.g., despreads, decovers, and pilot demodulates)

the samples to provide recovered symbols. Demodulator (DEMOD) 256 may

implement a rake receiver that processes multiple instances of the received

signal and generates combined symbols. A receiving (RX) data processor 258

then decodes the symbols to recover the data and messages transmitted on the

reverse link. The recovered voice/packet data is provided to a data sink 260,

and the recovered messages may be provided to a controller 270. The

processing by demodulator (DEMOD) 256 and RX data processor 258 are

complementary to that performed at remote terminal 206. Demodulator

(DEMOD) 256 and RX data processor 258 may further be operated to process

multiple transmissions received via multiple channels, e.g., a reverse

fundamental channel (R-FCH) and a reverse supplemental channel (R-SCH).

Also, transmissions may be simultaneously from multiple remote terminals,

each of which may be transmitting on a reverse fundamental channel, a reverse

supplemental channel, or both.

[1034] Onthe forward link, at base station 204, voice and/or packet data

(e.g., from a data source 262) and messages (e.g., from controller 270) are

processed(e.g., formatted and encoded) by a transmit (TX) data processor264,
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further processed (e.g., covered and spread) by a modulator (MOD) 266, and

conditioned (e.g., converted to analog signals, amplified, filtered, and

quadrature modulated) by a transmitter unit (TMTR) 268 to generate a forward

link-signal. The forward link signal is routed through duplexer (D) 252 and

transmitted via antenna 250 to remote terminal 206.

[1035] Atremote terminal 206, the forward link signal is received by antenna

220, routed through duplexer (D) 218, and provided to a receiver unit (RCVR)

222. Receiver unit (RCVR) 222 conditions (e.g., down converis, filters,

amplifies, quadrature modulates, and digitizes) the received signal and provides

samples. The samples are processed (e.g., despreaded, decovered, and pilot

demodulated) by a demodulator (DEMOD) 224 to provide symbols, and the —

symbols are further processed (e.g., decoded and checked) by a receiving data

processor 226 to recover the data and messages transmitted on the forward

link. The recovered data is provided to a data sink 228, and the recovered

messages: maybe provided to controller 230.

[1036] FIG. 3 shows a representation of an-exemplary arrangementfor the

F-CCCH 302, F-QPCH 304, and F-PCH 306. In the arrangement shownin FIG.

3, the broadcast paging cycles on the F-CCCH andthe broadcast paging cycles

on the F-PCH have identical durations and start at identical slot numbers.

Therefore, the respective broadcast page slots overlap. For example, the

broadcast page slot 302A on the F-CCCH 302 overlaps with the broadcast page

slot 306A on the F-PCH 306. Consequenily, the BI bits on the F-QPCHslots

point to the broadcast page slots on both the F-CCCH and the F-PCH.

Specifically, if a BI bit on an F-QPCH slot were actually directed only to the F-

PCH channel 306, the same BI bits would also erroneously point to the F-CCCH

channel 302. This false signaling causes a mobile station designed to receive

broadcast page on F-CCCH to unnecessarily wake up and monitor the F-

CCCH. For example, the BI bits in the F-QPCH slot 304A that points to the

broadcast page slot 306A on the F-PCH correctly wakes up a mobile designed

to monitor F-PCH slot 306A, as shown by the solid-line arrow. However,

because of the overlapping BPCs, the sameBIbit also points to the broadcast

page slot 302A on the F-CCCH 302, as shownby the broken-line arrow, which

erroneously wakes up a mobile designed to monitor the F-CCCH.
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[1037] According to one embodiment of the invention, the BPCs on the F-

PCH and the F-CCCH may be shifted with respect to each other such that the

broadcast slots on the F-CCCH and F-PCH do not overlap, as shown in FIG. 4.

In FIG. 4, the broadcast page slots on the F-CCCH 402 do not overlap with the

broadcast pageslots on the F-PCH 406. Consequenily, the BI bits on the quick

paging channel slots on the F-QPCH channel do notpoint to both the F-CCCH

slots and the F-PCHslots. Specifically, if a Bl bit is directed to only one of the

F-PCH or F-CCCH, the same BI bit does not point to the other of the F-PCH

and the F-CCCH, which advantageously prevents a mobile station from

unnecessarily waking up and monitoring the respective channel for broadcast

messages. For example, the Bi bit in the F-QPCHslot 404A that points to the

broadcast page slot 406A on the F-PCH 406 correctly wakes up a mobile

station designed to monitor the F-PCH, as shown by the solid-line arrow.

Advantageously, the sameBI bit does notpoint to the broadcast page slot 402A

on the F-CCCH 402 because the F-QPCHslot 404Ais positioned more than the

allowed time interval, e.g., 100 ms, before the broadcast page slot 402A on the

F-CCCH 402. Therefore, the two BPCs do not overlap, and only the intended

target mobile stations wake up to monitor their respective broadcast page slots.

This embodiment may have the following advantages: (1) the duration of one

BPC need not be increased to avoid the overlap, which increases the average

delay to deliver a broadcast message,and (2) the two BPCs maynotoverlap at

any slot, thus eliminating false alarm due to broadcast paging and hence —

improving battery performance of the mobile station.

[1038] According to this embodiment, the base station may configure a

predetermined shift into one of the equations that provide for the BPCs, such
that the first slots of the BPCs are shifted by the predetermined shift. In one

embodiment, the base station may introduce a shift of “N” slots in either the

BPC on the F-CCCHorin the BPC on the F-PCH,asillustrated in the following

equation:

(Lt/4] +N) mod (B+ X) = 0

[1039] For example, when B+X=65,the base station may introduce a shift of

two slots in the BPC on the F-CCCH compared to the BPC of the F-PCH. FIG.
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4 showsthe corresponding BPCs,andthefirst slots of the corresponding BPCs

are shownin the following table:

ces
5[005[650|
453|518|583|648  

[1040] According to another embodiment of the invention the base station

_ may specify different values for X; and Xg in the equations that provide for the

BPCs of the F-PCH and F-CCCH,respectively, and thereby cause the BPCs of

the F-PCH and the F-CCCH to have different periods. FIG. 5 shows an

exemplary scenario where different values of X; and Xe2 result in BPC=4 on the

F-CCCH and BPC=8 on the F-PCH. Therefore, the broadcast page slots on the

F-CCCH 502 do not overlap with the broadcast page slots on the F-PCH 506.

Consequently, the same BI bit on the F-QPCH slots does not point to both the
F-CCCHslots and the F-PCH slots. Specifically,if a Bl bit were directed to only

one of the F-PCH and F-CCCH channels, the same BI bit would not point to the

otherof the F-PCH and the F-CCCH, which advantageously prevents a mobile
station’s unnecessary wake up. For example, the BI bit in the F-QPCHslot

504A that points to the broadcast page slot 506A on the F-PCH 506 correctly

wakes up a mobile designed to monitor the F-PCH. Advantageously, the same

BI bit does not point to the broadcast page slot 502A on the F-CCCH 502

because the F-QPCH slot 504A is positioned more than the allowed time

interval, e.g., 100 ms, before the broadcast paging slot 502A on the F-CCCH

502. For example, when B=64 and the base station sets X;=1 on the F-PCH

and Xs=2 on the F-CCCH, the following table showsthe first slots of the

resulting BPCs:
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[1041] According to another embodiment of the invention, the base station

may directly specify the values for BPCs of the F-PCH and the F-CCCH. The

base station may specify different values for B; and Be in the equations that

provide for the BPCs of the F-PCH and the F-CCCH, respectively, and thereby

cause the BPCsof the F-PCH and F-CCCHto havedifferent periods. The base

station may specify the parameter “B” (rather than the BCAST_INDEX

parameter) in the extended system parameters message for the F-PCH andin

the system parameters message for the F-CCCH.

[1042] For example, the base station may set BPC=4 on the F-CCCH

channel and BPC=3 on the F-PCH, as shown in FIG. 5. Therefore, the

broadcast page slots on the F-CCCH 502 do not overlap with the broadcast

page slots on the F-PCH 506,exceptpossibly at the first slot at the first BPCs.

Consequently, the same BI bit on the F-QPCHslots does not point to both the

F-CCCHslots and the F-PCHslots. Specifically, if a BI bit were directed to only

one of the F-PCH and the F-CCCH, the sameBIbit would notpoint to the other

of the F-PCH and the F-CCCH channel, which advantageously prevents a

mobile station’s unnecessary wake up. For example, the BI bit in the F-QPCH

slot 504A that points to the broadcast page slot 506A on the F-PCH 506

correctly wakes up a mobile station designed to monitor the F-PCH.

Advantageously, the sameBI bit does not point to the broadcast page slot 502A
on the F-CCCH 502 because the F-QPCHslot 504Ais positioned more than the

allowed time interval, e.g., 100 ms, before the broadcast paging slot 502A on

the F-CCCH 502.

[1043] For example, for Bi=60 for the F-PCH and B2=62 for the F-CCCH,the

first slots of the corresponding BPCs are shownin the following table. 

 
[1044] Those of skill in the art would understandthat information and signals

may be represented using any of a variety of different technologies and

protocols. For example, data, instructions, commands, information, signals,
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bits, symbols, and chips that may be referenced throughout the above

' description may be represented by voltages, currents, electromagnetic waves,

magnetic fields or particles, optical fields or particles, or any combination

_ thereof.

[1045] Those of skill in the art would further appreciate that the various

illustrative logical blocks, modules, circuits, and algorithm steps described in

connection with the embodiments disclosed herein may be implemented as

electronic hardware, computer software, or combinations of both. To clearly

illustrate this interchangeability of hardware and software, various illustrative

components, blocks, modules, circuits, and steps have been described above

generally in terms of their functionality. Whether such functionality is

implemented as hardware or software depends uponthe particular application

and design constraints imposed on the overall system. Skilled artisans may

implement the described functionality in varying ways for each particular

application, but such implementation decisions should not be interpreted as

causing a departure from the scope of the presentinvention.

[1046] The variousillustrative logical blocks, modules, and circuits described

in connection with the embodiments disclosed herein may be implemented or

performed with a general purpose processor, a digital signal processor (DSP),

an application specific integrated circuit (ASIC), a field programmable gate array

(FPGA) or other programmable logic device, discrete gate or transistor logic,

discrete hardware components, or any combination thereof designed to perform

the functions described herein. A general-purpose processor may be a

microprocessor, but in the alternative, the processor may be any conventional

processor, controller, microcontroller, or state machine. A processor may also

be implemented as a combination of computing devices, e.g., a combination of

a DSP and a microprocessor, a plurality of microprocessors, one or more

microprocessors in conjunction with a DSP core, or any other such

configuration.

[1047] The steps of a method oralgorithm described in connection with the

embodiments disclosed herein may be embodied directly in hardware, in a

software module executed by a processor, or in a combination of the two. A

software module may reside in RAM memory, flash memory, ROM memory,
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EPROM memory, EEPROM memory,registers, hard disk, a removable disk, a

CD-ROM, orany other form of storage medium knownin the art. An exemplary

storage medium is coupled to the processor such the processor can read

information from, and write information to, the storage medium. In the

alternative, the storage medium may be integral to the processor. The

processor and the storage medium may reside in an ASIC. The ASIC may

reside in a user terminal. In the alternative, the processor and the storage

medium mayreside as discrete componentsin a userterminal.

[1048] The previous description of the disclosed embodiments is provided to

enable any person skilled in the art to make or use the present invention.

- Various modifications to these embodiments will be readily apparent to those

skilled in the art, and the generic principles defined herein may be applied to

‘other embodiments without departing from the spirit or scope of the invention.

Thus, the present invention is not intended to be limited to the embodiments

shown herein but is to be accorded the widest scope consistent with the

principles and novel features disclosed herein. The word “exemplary” is used

exclusively herein to mean “serving as an example, instance, orillustration.”

Any embodiment described herein as “exemplary” is not necessarily to be

construed as preferred or advantageous over other embodiments.

[1049] WHAT IS CLAIMEDIS:
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CLAIMS

1. A methodfor providing broadcast messages, comprising:
transmitting a plurality of first broadcast page slots onafirst channel;

transmitting a plurality of second broadcast page slots on a second

channel; and

transmitting a plurality of broadcast indicators on a third channel, such

that each oneof the plurality of broadcast indicators points to only one of the

first or second broadcast pageslots.

2. The method of claim 1 wherein the plurality of first broadcast page slots

on the first channel are shifted with respect to the plurality of second broadcast

page slots on the second channel.

3. The method of claim 1 wherein the plurality of first broadcast page slots

on the first channel and the plurality of second broadcast page slots on the

second channel are transmitted at different broadcast page cycles.

4. The method of claim 3 wherein the different broadcast page cycles are

set by assigningdifferent values to the “B” parameterin |1/4] mod (B + X) = 0,
where“t” stands for a system time and “X” stands for another parameter.
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5. The method of claim 3 wherein the different broadcast page cycles are

set by assigning different values to the “X” parameterin |t/4.] mod (B + X) = 0,

where “t” stands for a system time and “X” stands for another parameter.

6. A basestation for providing broadcast messages, comprising:

means for transmitting a plurality of first broadcast page slots onafirst

channel;

meansfor transmitting a plurality of second broadcast page slots on a

second channel; and

means for transmitting a plurality of broadcast indicators on a third

channel, wherein each one ofplurality of the broadcastindicators points to only
one of thefirst or second broadcast pageslots.

7. The base station of claim 6 further including means for shifting the

plurality of first broadcast page slots on the first channel with respect to the

plurality of second broadcast pageslots on the second channel.

8. The base station of claim 6 wherein the plurality of first broadcast page

slots on thefirst channel andthe plurality of second broadcast pageslots on the

second channel are transmitted at different broadcast page cycles.

9. The base station of claim 8 wherein the different broadcast page cycles

are set by assigning different values to the “B” parameterin Lt/4| mod (B + X) =

0, where “t’ stands for a system time and “X” stands for another parameter.
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10. The base station of claim 8 wherein the different broadcast page

cycles are set by assigningdifferent values to the “X” parameterin Lv4] mod (B

+ X) = 0, where “t? stands for a system time and “xX” stands for another

parameter.

11. The base station of claim 6 wherein the first channel is a forward paging

channel (F-PCR).

12. The base station of claim 6 wherein the second channel is a forward

common control channel! (F-CCCH).

13. The base station of claim 6 wherein the third channel is a forward quick

paging channel (F-QPCH).

14. A computer readable medium embodying a method for providing

broadcast messages, the method comprising:

transmitting a plurality of first broadcast page slots onafirst channel;

transmitting a plurality of second broadcast page slots on a second

channel; and

transmitting a plurality of broadcast indicators on a third channel, such

that each one of the plurality of the broadcast indicators may point to only one

of the first or second broadcast pageslots.

15. A base station for providing broadcast messages, comprising:
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a transmitter configured to transmit a plurality of first broadcast page

slots on a first channel, transmit a plurality of second broadcast pageslois on a

second channel, and transmit a plurality of broadcast indicators on a third

channel; and

a processor configured to control the transmitter such that each one of

the plurality of broadcast indicators points to only one of the first or second

broadcast pageslots.

16. The base station of claim 15 wherein the processoris further configured

to shift the plurality of first broadcast page slots on the first channel with respect

to the plurality of second broadcast page slots on the second channel.

17. The base station of claim 15 wherein the processoris further configured

to control the transmitter to transmit the plurality of first broadcast page slots on

the first channel and theplurality of second broadcast page slots on the second

channel at different broadcast page cycles.

18.|The base station of claim 17 wherein the different broadcast page cycles

are set by assigning different values to the “B” parameterin Lt/4.] mod (B + X) =

0, where “t” stands for a system time and “X” stands for another parameter.

19. The base station of claim 17 wherein the different broadcast page

cycles are set by assigning different values to the “X” parameterinLi/4| mod (B

+ X) = 0, where “t” stands for a system time and “X” stands for another

parameter.
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METHOD AND APPARATUS FOR MESSAGE SEGMENTATION
IN A WIRELESS COMMUNICATION SYSTEM

BACKGROUND

Field

[1001] The present invention relates to communications systems.
Specifically, the present invention relates to methods for segmenting and

transmitting messages in a wireless communication system.

Background

[1002] In a wireless communications system messages are transmitted from

a transmitter to a mobile receiver. Messages are transmitted in frames, wherein

a frame defines a predetermined period of time and a protocol is the set of

procedures usedto perform a given set of operations, such as the exchangeof

information, wherein a protocol defines the constituent information transmitted in

a frame. As wireless communications are performed through a shared air

interface, reception quality is interference limited. Poor quality reception at the

receiver may resuit in the loss of a transmitted frame of data, i.6., received

signal Is not recognizable due to the addition of interference signals. When a

frame is lost, typically, the entire message (multiple frames) is retransmitted.

Retransmission of an entire message uses bandwidth otherwise used for

additional messages. Additionally, retransmission adds to the delay time of a

system, and may result in unacceptable performance of the wireless

communication system.

[1003] Therefore, there is a need for an accurate method of transmitting

messages in a wireless communication system. Additionally, there is a need

for an efficient method of retransmitting information in a wireless communication

system.
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SUMMARY

[1004] Embodiments disclosed herein address the above stated needs by

providing a methed and apparatus for segmentation of a transmission message,
wherein a segment parameter is attached to each segmeni, and wherein each

segment is fragmented into a plurality of fragments.. Each of the fragments

includes a segmentidentifier. In one embodiment, the segment identifiers of

fragments -within a segment identify the start of segment and the end of

segment.

{1005} According to one aspect, in a wireless communication system having

a base station controller and a plurality of base stations, a method includes

segmenting a messageinto a plurality of segments, dividing the segmentsinto a

plurality of fragments, and transmitting the fragments.

[1006] According to another aspect, in a wireless communication system

having a base station controller and a plurality of base stations, a base station

includes means for building segments of a message from a plurality of

transmitted frames, means for identifying a missing segment of the message,

and meansfor requesting a retransmission of the missing segment.

[1007] In one aspect, a wireless apparatus includes receiver for receiving a

plurality of transmission frames, segment extraction unit coupled to the fragment

extraction unit, adapted to identify and reconstruct segments within a

transmission frame, and message reconstruction unit coupled to the segment

extraction unit, adapted to determine any missing segment within a message

and to requestretransmission of the missing segment.

[1008] In still another aspect, a computer data signal embodied on a carrier

wave is characterized by a plurality of segments, each segment having a

segment parameter, and a plurality of fragments.
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BRIEF DESCRIPTION OF THE DRAWINGS

[1009] FIG. lisa wireless communication system.
{1010} FIG. 2 is an architectural layering for implementing protocols in a

wireless communication system.

{1011] FIG. 3A is a message transmission protocol applicable in a wireless

communication system.

[1012] FIG. 3B is a frame configuration according to a transmission protocol
such asillustrated in FIG. 3A.

[1013] FIG. 4A is a message transmission protocol implementing

segmentation applicable in a wireless communication system.

[1014] FIG. 4B is a frame configuration according to a transmission protocol

suchasillustrated in FIG. 4A.

[1015] FIG. 5A is an example of a message transmission protocol such as
illustrated in FIG. 4A.

[1016] FIG. 5B is a legend defining segmentation indicator bit values used in

a messagetransmission protocol such asillustrated in FIG. 5A.

[1017] FIG. 5C is a legend defining segmentation indicator combinations

used in a message transmission protoco! suchasillustrated in FIG. 5A.

[1018] FIG. 5D is a legend defining segmentation indicator bit values used in

a message transmission protocol such asillustrated in FIG. 5A.

[1019] FIG. 5E is a legend defining segmentation indicator combinations

used in a message transmission protocol such asillustrated in FIG. 5A.

[1020] FIG. 6 is a flow diagram of a method of message segmentation for
transmission.

[1021] FIGs. 7A and 7B are flow diagrams of a method of receiving a

segmented message.

[1022] FIG. 8 is an example of message segmentation for transmission.

[1023] FIG. 9A is a timing diagram of a message transmission with

retransmission of the message.

[1024] FIG. 9B is a timing diagram of a message segmentation and

transmission with retransmission of at least one segment.
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_ [1025] FIG. 10 is a block diagram of a transmitter supporting a message
segmentation and transmission protocol.
[1026] FIG. 11 is a block diagram of a receiver supporting a message

segmentation and transmission protocol.
[1027] FIG. i2isa flow diagram illustrating erasure detection in a wireless
communication system.

[1028] FIG. 138A and 13B are timing diagrams of transmission frame in a

wireless communication system.

DETAILED DESCRIPTION

[1029]. The word “exemplary” is used exclusively herein to mean “serving as

an example, instance, orillustration.” Any embodiment described herein as

“exemplary” is not necessarily to be construed as preferred or advantageous

over other embodiments. While the various aspects of the present invention are
presented in drawings, the drawings are not necessarily drawn to scale unless

specifically indicated.

[1030]. In a spread spectrum system, such as a Code Division Multiple

Access, CDMA, communications system, signals are spread over a wide
bandwidth via the use of a code, such as a Pseudorandom Noise, PN,
spreading sequence. The “TIA/EIA/IS-95 Mobile Station-Base Station

Compatibility Standard for Dual-Mode Wideband Spread Spectrum Cellular

System,” hereinafter referred to as “the 1S-95 standard,” and the “TIA/EIA/IS-

2000 Standards for cdma2000 Spread Spectrum Systems,” hereinafter referred

to as “the cdma2000 standard,” detail spread spectrum CDMAsystems.

{1031} Wireless communication systems are widely deployed to provide

various types of communication such as voice, data, and so on. These systems

may be based on code.division multiple access (CDMA), time division multipie

access (TDMA), or some other modulation techniques. A CDMA system

provides certain advantages over other types of system, including increased

system capacity.
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[1032] A system may be designed to support one or more standards such

as: (1) the "TIA/EIA/IS-95-B Mobile Station-Base Station Compatibility Standard
for Dual-Mode Wideband Spread Spectrum Cellular System" referred to herein
as the IS-95 standard; (2) the standard offered by a consortium named "3rd
Generation Partnership Project" referred to herein as 3GPP; and embodied in a

set of documents including Document Nos. 3G TS 25.211, 3G TS 25.212, 3G

TS 25.213, and 3G TS 25.214, 3G TS 25.302, referred to herein as the W-

CDMA standard; (3) the standard offered by a consortium named "3rd

Generation Partnership Project 2" referred to herein as 3GPP2, and TR-45.5

referred to herein as the cdma2000 standard, formerly called IS-2000 MC,or(4)

some otherwireless standard. The standards(1), (2), and (3) cited hereinabove

are hereby expressly incorporated herein by reference:

[1033] Each standard specifically defines the processing of data for

transmission from base station to mobile, and vice versa. For exarnple, speech

information may be coded at a particular data rate, formatted into a defined

frame format, and processed (e.g., error correction and/or detection encoded,

interleaved, and so on) in accordance with a particular processing scheme. As

anillustration of this, the W-CDMA standard defines an Adaptive Multi-Rate, or

AMR, speech coding scheme whereby spsech information may be encoded
based on one of a numberof possible data rates and the coded speech datais

provided in a particular format that depends on the selected data rate. The

codec, frame formats and processing defined by a particular standard (e.g.,

cdma20o0o standard) are likely to be different from those of other standards

(e.g., W-CDMAstandard).

[1034] There are any numbers of communication systems capable of

supporting multiple transport formats, i.e., variable length transmission frames.

One such system is defined by the cdma2000 standard. While a CDMA type

system is used as an exemplar throughout the following discussion, the present

methods and apparatus are applicable to any system that transmits messages

in frames, and supports retransmission of frames and/or portions of a frame.

Additionally, the methods described herein may be applied to forward link and

raverse link, as well as downlink and uplink. For convenience, the descriptions
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herain use terminology consistent with a CDMA type system. For application to

_ a W-CDMAtype system, an uplink communication refers to a communication

from a User Equipment, UE,to a node B, i.e., transmitter.

[1085] While some of the terminology used to describe a conventional

CDMAtype spread spectrum system is consistently used with respect to a W-
CDMA type system, there are several terms having specific definitions in each
type system.

{1036] In aCDMA system, a mobile user is referred to as a Mobile Station.

Multiple MSs communicate through a Base Station having a fixed location in the

wireless communication system. The Reverse Link, RL, in a CDMA system

refers to transmissions from a mobile user or Mobile Station, MS, to a Base

Station, BS. The Forward Link, FL, refers to transmissions from the BS to a

MS.

[1037] The terminology specific to a W-CDMA system refers io the mobile

users as User Equipment, UE. Multiple UEs communicate through a “Node B”

having a fixed location in the wireless communication system. Transmissions

from the UE to the NodeBare referred to as Up Link, UL. DownLink, DL, refers

to transmissions from the NodeBto the UE.

(1038] FIG. 71 is a diagram of a spread spectrum communication system 100

that supporis a number of users. System 100 provides communication for a

numberof cells, with each cell being serviced by a corresponding basestation

104. Various remote terminals 106 are dispersed throughout the system.

System 100 may represent a CDMA wireless communication system, wherein

eachof the remote terminals 106 is referred to as a MS. Similarly, system 100

may represent a W-CDMA wireless communication system, wherein each of the

remote terminals 106 is referred to as a UE. Each remote terminal 106 may

communicate with one or more base stations 104 on the forward and reverse

links at any particular moment, depending on whetheror not the remote terminal
is active and whetherornotit is in soft handoff. For clarity of understanding, an

exemplary embodiment is considered, wherein the system 100 is a CDMAtype

system consistent with the cdmaz2000 standard.
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[1039] As shown in FIG. 1, base station 104A communicates with remote
terminals 106A, 106B, 106C, and 106D, and base station 104B communicates
with remote terminals 106D, 106E, and 106F.

[1040] A system controller 102 couples to base stations 104 andtypically

further couples to other systems, including, but not limited to, a Public Switched

Telephone Network, PSTN, the Internet, or other communication network.

System controller 102 provides coordination and control for the base stations

coupled to it. System controller 102 further controls, via base stations 104, the

routing of telephone calls among remote terminals 106, and between remote

terminals 106 and the users coupled to other systems. System controller 102 is

also referred to as a Base Station Controller, BSC.

[1041] FIG. 2 illustrates an architectural layering 110 of an exemplary

embodiment of the present invention. The physical layer 112 indicates the

channel structure, frequency, power output,. modulation type, and encoding

specifications for the forward and reverse links. The Medium Access Control,

MAC,layer 114 defines the procedures used to receive and transmit over the

physical layer 112.

[1042] The layered structure illustrated in FIG. 2 is designed to provide

. voice, packet data, and voice and packet data services simultaneously. The

physical layer 112 performs coding, interleaving, modulation and spreading

functions for the physical channels. The MAC layer 114 and the Link Access

Control, LAC, layer 116 together form a link layer to provide protocol support

and control mechanisms for data transport services. The link layer further maps

the data transport needs of higher layers into specific, capabilities and

characteristics of the physical layer 112. The link layer also maps logical and

signaling channels into code channels specifically supported by the coding and

. modulation functions of the physical layer 112. As used herein, signaling

refers to the transmission of control information, but may be extended to Include

data information or other information transmitted as messages in a

: communications system.

[1043] Control applications and high fayer protocols utilize the services

provided by the LAC layer 116. The LAC layer 116 performs the functions
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essential to set up, maintain, and release a logical iink connection, including

delivery of messages. The MAC layer 114 provides a control function that .

manages resources supplied by the physical layer 112. For example, the MAC
layer 114 controls the physical code channels for communication of information .

over the air interface. The MAC layer 114 further coordinates the usage of

those resources desired by various LAC service entities. Such coordination

function resolves contention issues between LAC service entities within a single

mobile station, as well as between competing mobile stations. The MAClayer
114 delivers Quality of Service, QoS, level requests from LAC services. For

example, the MAC may reserve air interface resources or resolve priorities

between competing LAC service entities.

[1044] For an HDR system, the MAC layer 114 includes scheduling

capabilities to balance users or connections. Such balancing typically

schedules low throughput for channels with poor coverage, thus freeing up

resources allowing high throughputfor channels with good connections. The
next layer, the Link Access Control, LAC, layer 116, provides an access

procedure for higher layer applications. in alternate architectures, a radio link,

the Radio Link Protocol, RLP, layer (not shown) may provide retransmission

and duplicate detection for an octet-aligned data stream in placeoforin parallel

with the LAC layer 116. In the context of a packet service, the LAC layer 116

carries Point-to-Point Protocol, PPP, packets. The High Level Data Link Control

HDLC layer 120 is a link layer for PPP and ML-PPP communications. Control

information is placed in specific patterns, which are dramatically different from

the data in order to reduce errors. The HDLC layer 120 performs framing of the

data prior to PPP processing. The PPP layer 122 then provides compression,

authentication, encryption and multi-protocol support. The Internet Protocol, IP,

layer 124 keeps track of Internet work addressing for different nodes, routes

outgoing messages, and recognizes incoming messages.

(1045]=Protocols running on top of PPP, such as IP layer 124, carry user

traffic. Note that each of these layers may contain one or more protocols.

Protocols use signaling messages and/or headers to convey information to a

peer entity on the other side of the air-Interface. For example, in a High Data
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Rate, HDR, system, protocols send messages with a default signaling.
application.
[1046] The architecture 110 is applicable to an Access Network, AN, for
providing data connectivity between an IP network, such asthe Internet, and
access terminals, including wireless mobile units. Access Terminals, Ats,

provide data connectivity to a user. An AT may be connected to a computing
device such as a laptop personal computer or may be a self-contained data

device such as a personal digital assistant. There are a variety of wireless

applications and an ever- increasing numberof devices, often referred to as IP

appliances or web appliances. Asillustrated in FIG. 2, layers above the LAC

layer 116 are service network layers and layers below the HDLC layer 120 are

radio network layers. In other words, the radio network layers affect the air-

interface protocols. The radio network layers of the exemplary embodiment

- implement the "TL80-54421-1 HDRAir Interface Specification" referred to as

“the HA! specification." The HAI specification is sometimes referred to as

"1xEVDO.” HDR generally provides an efficient method of transmitting data in a

wireless communication system. Alternate embodiments may implement the

"FIA/EIA/IS-2000 Standards for cdma2000 Spread Spectrum Systems" referred
to as "the cdma2000 standard," the "TIA/EIA/IS-95 Mobile Station-Base Station

Compatibility Standard for Dual-Mode Wideband Spread Spectrum Cellular

System," hereinafter referred to as “the IS-95 standard,” or other per-user
connection systems, such as the "ANSI J-STD-01 Draft Standard for W-CDMA

(Wideband Cade Division Multiple Access) Air Interface Compatibility Standard

for 1.85 to 1.99 GHz PCS Applications” referred to as "W-CDMA."
[1047] The use of a multiple access system for voice and data transmissions

is disclosed in the following U.S. Patents:

[1048] U.S. Patent No. 4,901,307, entitled "SPREAD SPECTRUM

MULTIPLE ACCESS COMMUNICATION SYSTEM USING SATELLITE OR

TERRESTRIAL REPEATERS;’

[1049} U.S. Patent No. 5,103,459, entitled "SYSTEM AND METHOD FOR

GENERATING WAVEFORMS IN A CDMA CELLULAR TELEPHONE

SYSTEM;"
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[1050] U.S. Patent No. 5,504,773, entitled "METHOD AND APPARATUS

FOR FORMATTING OF DATA FOR TRANSMISSION;” each assigned to the

assignee hereof and expressly incorporated by reference herein. As the

frequency spectrum is a finite resource, these systems provide methods for
maximizing the.use of this resource by sharing the spectrum while supporting a
large number of users with minimal interference. The extension of these

methods to the high speed transmission of data allows reuse of existing

-. hardware and software. Designers already familiar with such standards and

methods may use this knowledge and experience to extend these systems to

high speed data transmissions.

[1051]. As described hereinabove, in preparing a message for transmission,’

the transmitter typicalty spreads the message over multiple frames. The Frame

- Error Rate, FER, associated with a given communication link is defined as the

probability of losing a given frame. Similarly, the Message Error Rate, MER,

associated with a given communication link is defined as the probability of

losing a given message. The MERis related to the FER as given in equation

(1).

MER=1-(1-FER)", (1)

wherein ithe message Is spread over n frames. Equation (1} assumes a

statistical independence of events, specifically; the probability of an error in any
given frame is equal to the probability of an error in any other frame. Fora fixed
FER value, the MERincreaseswith increases in message length. If one frame
is lost, the entire message is lost. Note that a frame is a basic timing interval in

a wireless communication system. The time length defining a frame fordifferent

transmission channels maybe different.

[1052] ‘Therisk of losing a message, i.e., MER, increases with the length of

the message. As the messagelength increases, the number of frames required

for transmission of the message increases. As the loss of one frame will result

in the loss of the entire message, the risk of losing the messageIs affected by

the number of frames per message. Additionally, for a constant length

message, increases in the FER directly impacts the MERasgiven in equation
(1).
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{1053] FIGs. 3A and 3B illustrate a transmission protocol implemented ina

_ LAC layer 114, wherein each message 200 includes multiple fields including: a
header 202; multiple fields 204 to 206; information 208; and a tail 210. The
header 202 includes control information for transmission and receipt of the
message, including but not limited io, message length, message identifier,
protocol version discriminator, etc. The fields 204 io 206 include any numberof

fields, including but not iimited to addressing fields, encryption fields,

authentication field and fields that are used to provide message retransmissions

(ARQ). In. one embodiment, the information field 208 provides signaling

information, such as control messages, from the transmitter to receiver. Thetail

frame 210 includes termination information for the message, including a Code

Redundancy Check, or CRC, to ensure the correctness of the message.

[1054] The message 200is transmitted in a numberof fragments, labeled as

1, 2,..., X Each fragment 220 includes a Start Of Message, SOM,indicator

222, and an information portion 224. In one embodiment, the SOM is a one to - ~-

indicate a first fragment in the message, and a zero io indicate successive
fragments in the message. The MER of the message 200is given in equation

(1). The fragments are then provided to the MAC layer 114, which arranges
the fragments into frames for transmission, The MAC layer 114 may add

information to the fragments and may reorder the fragments for transmission.
Each fragment 220 may correspond to a transmission frame. On receipt of the

message at a receiver, if any fragment is lost, the entire-~ message is

retransmitted. A lost fragmentis typically referred to as an erasure, wherein the

receiver receives signal energy but is unablo to process and/or decode the

information. If a portion of a message is lost, the entire message may be

considered lost if the receiver is not able to process the message without the

lost portion. The lost portion may be referred to as an erasure or a missing

portion.

[1055] In one system, when the receiver receives a message andis able to

decode and process the message,the receiver acknowledgesthe receipt of the

message by iransmission of an Acknowledgement, ACK, message. If the

message is lost, the receiver does not respond to the transmitter. The
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transmitter waits for receipt of the ACK messagefrom the target recipient. if the

ACK message is not received at the transmitter within a predetermined wait
~ time period, the transmitter retransmits the message. The transmitter has little

or no information as to the lost portion(s) of the message.

[1056] The retransmission of a message onthe loss of only a portion, or
fragment, of the message and upon the expiration of a wait time incurs delay

time to the receiver and consumestransmission bandwidth of the transmitter.

To provide retransmission of the lost portion(s) or fragment(s) an exemplary

embodiment of the present invention provides a method of message

segmentation, illustrated in FiGs. 4A and 4B, that separates the message 200

into multiple segments 302. Each of the segments 302 is assigned a unique
. identifier. The first segment of the message is further identified by a Start

- Segment, SS, indicator. The last segment of the messageis identified by an

End Segment, ES, indicator. The segmentation process is defined as

segmenting a given messageinto multiple parts. The multiple segrnents 302:

may have varying lengths. The determination of the length of each of the

' segments 302 may be based on a channel! quality estimate, or other criteria

specific to a given communication system. The determination of the length of

segments balancesefficiency and performance. Shorter segment length incurs

a greater total number of segments for the same message. Shorter segment

length provides increasesreliability and thus enhanced performance. A large

total number of segments incur processing and storage overhead that reduce

efficiency, e.g., generation of transmission of more segment parameterbits to

identify the multiple segments. Ideally a system will optimize performance while

maintaining low overhead. .

[1057} As illustrated in FIG. 4A, message 200 is segmented into K

segments. Each of the K segments is then further divided into X fragments.

According to the exemplary embodiment, the numberof fragments X is variable

for each of the segments 302. Alternate embodiments may specify a constant

number X of fragments per segment within a given message. The

determination of the length of each of the fragments 304 as well as the number

of fragments X is determined by parameters of the physical layer 112 and the
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MAC layer 114. As illustrated in FIG. 4A, SEGMENT 3 of segments 302 is

divided into X fragments 304. The fragments 304 are then provided to the MAC

layer 114 for. transmission via multiple transmission frames (not shown).
[1058] As discussed hereinabove, each of the K segments 302 is segmented
into X fragments, wherein the total numberof fragments nis given as:

n=K*x, . (2)

In the exemplary embodiment, the total numberof fragments is equalto the total

number of frames generated by the MAC layer 114 for transmission on the

physica! layer 112, while alternate embodiments may provide the total number

of fragments as a function of the total number of frames. The resultant

message erroris defined as a function of the Segment Error Rate, SER, as:

MER=1-(1-SER)K, (3)
wherein the SERis defined as:

SER=1-(1-FER)*. (4)

{1059] Asiflustrated in FIG. 4B, each fragment 306 includes a Segment

Identifier, Sl, 308 and information 310. The information 310 is a portion of the

content. of a segment from segments 304. According to the exemplary

embodiment, the SI includes at least two bits, Sh and Sle. One of the bits
indicates whether segmentation is enabled, and the other of the two bits

identifies a first segment of ihe message.

[1060] In one embodiment of message transmission illustrated in FIG. 5A, a
message 200 Is divided into X fragmenis, identified as fragments 304 labeled
MSG, to MSGy. As illustrated, boundaries between. fragments 304 are not

necessarily the same as boundaries between fields of the message 200,

although some segment boundaries may coincide with somefield boundaries.

The fragments 304 are portions of the information contained in the message

200, including information contained in each of the fields 202, 204, 206, 208,

and 210, as well as any otherfields included in the message 200.

[1061] Each of the X fragments (of fragments 304) corresponds to a

transmission frame of frames 360 for a total number of X frames per segment

message. Each frameis referred to as containing a Service Data Unit, SDU.

Eachof the fragments 304 includes a SegmentIdentifier, SI, value appended as
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@ prefix to a portion of the message 200. The fragmentidentifier is determined

sequentially. Alternate embodiments may implement other methods of

assigning identifiers to frames and segments. The identification is used to
reconstruct the message at the receiver. Similarly, alternate embodiments may

- append the SI at the end of the segment information or may integrate the SI

information with the segmentinformation. In each of these embodiments, when
the organization of the frame is known at the receiver, the receiver is then able

to reconstruct the message accordingly.

[1062] Asillustrated in FIG. 5A, the X fragments 304 include fragments 320,

330, 340, and 350, wherein each fragment 320, 330, 340, and 350 includes a

portion of message 200 and an SI..in the embodiment of FIG. 5A, the system

supports message segmentation as defined by the protocol of FIG. 4A, however

for the example transmission message segmentation is inactive. For active

segmentation, segment retransmission requests are supported. In other words,

the receiver may request a retransmission of a segment or portion of the

transmitted message. For inactive segmentation, segment retransmission

requests are. not supported. The receiver may request retransmission of the

entire message, but not a smallerunit thereof. ,

[1063] In the embodiment of FIG. 5A, each S} includes three bits. The

significance of the SI!bits is iflustrated in FiGs. 5B and 5C.Asillustrated in FIG.
5B,thefirst bit of the SI, labeled Sl,, indicates whether segmentationis active or

inactive, wherein a high logic value indicates segmentation is active, else

segmentation is inactive. Thefirst bit of the SI, labeled Slo, identifies a segment

start, wherein a high logic value indicates the start of a segment. Thethird bit of
the Sl, labeled Sls, indicates a segment end, wherein a high logic value

indicates the end of a segment. The significance of various bit combinationsis
provided in the table of FIG. 5C. Alternate embodiments may use any number

of bits each having a predetermined significance. Additionally, alternate

embodiments may implement an altemate polarity schemeforthe SI bits.

[1064] Continuing with FIG. 5A, the first fragment 320 (of fragments 304)

includes a segment identifier portion, S!-322, appended to a message portion

MSG, 324. The frame 320is the first fragment in thetransmission of message
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200, and therefore the SI 322 is designated as 010, wherein SI,=0, Slo=1, and

Slg=0. As segmentationis inactive for this example, the secondbit, Sle, may be

. used to identify the start of the message, and the third bit, Sls, may be used to
identify the end of the message. The next fragment 330 includes SI portion 332
and information portion 334. The SI 332 indicates a middle transmission
fragment. As last fragment 350 includes SI portion 352 and information portion

- 354. The SI 352 indicates an end of segment, or message.

[1065] Each of the fragments 304 corresponds to an SDU 360 generated by

the MAC layer 114. Specifically, as illustrated, fragment 320 corresponds to
SDU 362, fragment 330 corresponds to SDU 364, fragment 340 corresponds to

SDU 366, and fragment 350 corresponds to SDU 368. The SDUs 360

- corresponds to transmission frames sent over the physical layer 112.

. [1066] Continuing with FIG. 5A, SI 322 indicates segmentation inactive for

‘this transmission. Even though segmentation is inactive, the message 200 is

divided to form fragments 304 resulting in SDUs 360. SDUs 360are modulated

and transmitted. In one embodiment, an error checking mechanism is also

applied to the SDUs 360. As ihe frames are received at the receiver, the error

checking is evaluated to find frame errors. On detection of a frame error, the

‘ recelver is not able to request a particular segment for retransmission as

segmentation is inactive. instead the receiver will request retransmission of the

entire message 200. As discussed hereinbelow, and particularly with respect

to FiGs. 8 and 9, when segmentation is active, the receiveris provided sufficient

information to request the segmentin which a frame error was detected. In this

way, bandwidth is conserved and transaction time is reduced. |
[1067] FIGs. 5D and 5E illustrate an alternate embodiment, wherein the S!

includes twobits. Thefirst bit, Sl,, indicates whether segmentation is active.

The second bit, Sle, identifies the start of a segment. The significance of

combinations of the two bits is provided in the table of FIG. 5E.

[1068] FIG. 6 illustrates a method 400 of message segmentation applied ata

transmitter in a wireless communication system according to one embodiment.

The transmitter receives a message for transmission at step 402. The message

may be a control message or other short duration message for transmission to a
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target receiver. If segmentation is active at decision diamond 404, processing

continues to step 412 to segment the messaga ‘into K segments. The
transmitter determines an appropriate SegmentParameter, SP, ta add to each
segment and generates the SP at step 414. The structures formed in step 414
are divided to form X fragments at step. 416. The transmitter determines the
appropriate SI to apply to each fragment. The SI is then appended to each

fragment at step 418. . Each fragment, including SI, is passed to the MAC
layer for processing at step 420. Processing then returns to step 402 to process

the next message.

[1069] Returning to decision diamond 404, if message segmentation is

“inactive, processing continues to step 406 to divide the message into X

portions. An SI is appended to each message portion to form a fragment at

step 408. The fragments are then passed to the MAC layer at step 410.

Processing returns to step 402 to process a next message.

{1070] Atthe receiver, the SI bits are extracted from the received fragment to

‘determine processing of a transmitted message. FIGs. 7A and 7Billustrate a

method 420 of processing a transmitted segmented message at the receiver.

The receiverreceives a transmitted frame at step 422. The receiver determines
if segmentation is active by evaluating the SI bits included in the frame. ff

segmentation is active processing continues to step 442 to process the

fragment contained in the frame. Processing of the fragmentis further detailed

in FIG. 7B. The process then determines from the SI bits if the frame is a start

of segment at decision diamond 444. If the frame is a start of segment, the

receiver stores the information portion of the fragment in a memory storage

buffer at step 446. Processing then returns to step 422 to receive a next frame.

[1071] Returning to decision diamond 444,if the received frameis not a start
of segment, the receiver determinesif the frame is an end of segment based on
the SI bits at decision diamond 448. If the received frame is not an end of

segment, the receiver stores the information from the fragment into the buffer
and processing returns to step 422. If the frame is the end of a segment, the

receiver reconstructs the segment and places the segmentin orderat step 450.

If this segment completes a message at decision diamond 452, the receiver
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checks for missing segments at decision diamond 454. if there are no missing
segments processing continues to step 432 to reconstruct the message. if
missing segments are determined at decision diamond 454, the receiver sends
a Negative. Acknowledge, NACK, message at step 454 and processing returns
to step 422. If the segmentis not the end of the message at decision diamond
452, processing returns to step. 422.

{1072] lf segmentation is not active at decision diamond 424, processing .
continues to step 426 to process the fragment. Processing of the fragmentis

further detailed in FIG. 7B. The receiver then stores the information contained

in the fragment into a memory storage buffer at step 428. The receiver

: determinesif the frame marks the end of a messageat decision diamond 430.If

the receiver does not detect a message end, processing returns to step 422 to

process a next frame. If the receiver detects a message end the messageis

reconstructed at step 432. The receiver then checks for errors in-the message -

-at decision diamond 434. On detection of an error, the receiver discards the

message at step 436 and processing retumsto step 422. If no error is detected

in the message, the receiver delivers the message at step 438 to the

corresponding application or service. The receiver sends an ACK message at

step 440 and processing returns to step 433.

{1073} A portion of the processing of a fragment, as containedin a frame,is

further detailed in FIG. 7B. The method 460 illustrates processing of a

fragment in a_ wireless communication system supporting message
segmeniation. If the fragment is a start of segment, the receiver determinesif

the storage buffer is empty at step 470. If the buffer is not empty the method
460 flushes the buffer and stores the information from the received framein the

buffer at step 474. if the buffer is empty, the process stores the information in

the buffer at step 474. If the fragmentis not a start of segment, the receiver

checks the status of the buffer at decision diamond 464. If the buffer is empty

the receiver discards the received frame at step 468. For example,if the start of

segment fragmentis lost, the receiver will not process the remainder of the

segment. If the buffer is not empty the information from the frame is stored in

the buffer at step 466.
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[1074] In one embodiment of message transmissionillustrated in FIG. 8, a
message 200 is segmented consistent with the method 400 of FIG. 6. Message -
segmentation is active in processing of the message 200asillustrated in FIG. 8.
The message 200 is segmented. into segments 302. Each of the segments 302
includes a portion of the message 200. Each of the segments 302 has a
sequential Identifier. To each segment 350, 352, 354, ..., 356 a Segment

Parameter, SP, is added. The combination of segment plus SP is further
“divided to form fragments. The fragments are then modified to include an SI,

wherein in the present embodiment the St includes three bits and has
significance as specified in FiGs. 5B and 5C. Each fragmentis then used to

‘generate an SDU.

[1075] Message segmentation allows retransmission of a portion of the

:message avoiding the time delays. and resource allocation required by full

- retransmission of the entire message. A comparison of a method of message

transmission without segmentation and a method of messagetransmissionwith

segmentation is provided in FIGs. 9A and 9B..

[1076] FIG. 9A illustrates a message transmission without segmentation,
wherein messageretransmission is requested and completed. The transmitter,

designated as Tx, sends the message from time t1. The receiver, designated

as Rx, begins receiving the message at time t2 and the message is completed

at time t3. The transmitter then waits for an ACK message from the receiver.

The receiveris not able to process the received message and therefore no ACK

jis sent. At time t4 the transmitter retransmits the message. The receiver

receives the retransmitted message at time t5. The entire message is received

at time t6 and sends an ACK messageat time t6. The transmitter receives the

ACK message from time t8 to t9. At time t9 the message transmission and

retransmissions are complete.

[1077] In comparison to FIG. 9A, FIG. 9Billustrates a message transmission

_with segmentation, wherein a segment retransmission is requested and

completed. The transmitter transmits the message from time tt, and the

receiver receives the message from time t2 to t8. A NAK messageis sent from

time t3 to t4, wherein the NAK identifies the missing segmentof the transmitted
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message. The transmitter receives the NAK at time t11 and retransmits the
segment, designated as SGM,at time 1 2. At time t14 the receiver receives the
retransmitted segment, and sends an ACK at time 115. The transmitter receives
the ACK from time t17 to tt8. The retransmission of a segmentor portion of a

message reduces the latency of the entiremessage transmission and frees up
transmitter resources for other transmissions. As illustrated, the segmented

message transmission provides a reduction in the total transaction time.
[1078] A transmitter 500 is illustrated in FIG. 10 supporting segmented

messagetransmission. A control processor 502 is coupled to a communication

bus. The control processor 502 controls operation of a message generator 504.

The message generator 504 provides a control and/or signaling message, or

. other short duration message, for transmission to a segmentation unit 506.

When segmentation is active, the segmentation unit segments the message and

adds a segment parameter to each segment. The segmentation unit 506 further . -

divides each of combination of SP and segment into fragments. The

segmentation unit 506 determines a SegmentIdentifier, SI, applicable to each

segment. The fragments are then modified to include the appropriate SI. The

segmentation unit 506 provides the multiple modified fragments to a framing
unit 506 where transmission frames are prepared. An error check generator

510 applies an error checking mechanism to the transmission frames. The
transmitter 500 further includes a modulation unit 542 and a transmission unit

514 coupled to an antenna 516. The transmitter 500 further includes a buffer
518 for storing the message or portions of a message in preparation for

transmission.

[1079] A receiver 600 is illustrated in FIG. 11 supporting segmented
message transmission. The receiver 600 includes a control processor 602

coupled to a communication bus. Frames are received at antenna 616 and

processed by receive unit 614. A demodulation unit 612 demodulates the
received frames and error check unit 610 checks for transmission errors. A

deframing unit 608 extracts the individual fragments from the received frames.

Segment extract unit 606 determines the segments of each fragment and

determines the ordering of the segments based on the SI and SP information.
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The messageIs reconstructed by placing the segments in order in the message
reconstruct unit 604. If the received. message has no missing segments, the

messageis then passed to higherlayer applications in the receiver 600. If the
received message has a missing segmeni(s), the receiver 600 requests
retransmission of the missing segment(s).

.[1080] In one embodiment, a receiver method as in FIGs. 7A and 7B,further

determines if an end of segmentfragmentis lost. FIG. 12 illustrates a method

700 of identifying a missing end of segment fragment or frame. The method

700initializes an index at step 702. If a first erasure is detected at the receiver,

the receiver starts a timer. The timer is scheduledfor a time period defined as:

Timeri=oa*tAlT - (5)

wherein « is a constant value, and AIT is the average inter-arrival time of

frames. The timer i continues to count until a message or erasure is received.

if the timer i expires before a frame or erasure is received, the receiver

considers the first erasure as an end of segment. If prior to expiration of the

timer i a second erasure is received, the receiver resets the timer i and starts a

timer i+1. The timer i+1 is defined by the time period:

Timer i+1 = B*(timer I) + y*(t2-t1) (6)

“wherein B and y are constant values. Any numberof additional timers may be

used, each having a similar time assignment. Alternate embodiments may
employ a variety of time periods and ways of implementing the timer.

Effectively, each erasure initiates a timer. The numberof erasuresis then used
to determine the length of the segment. When any timer expires without receipt

of a frame or an erasure, the receiveridentifies the end of segment as the last

received erasure.

[1081] Continuing with method 700 of FIG, 12, if a frame is received at
decision diamond 704, the information from the frame is stored In a memory

storage buffer at step 718. The receiver updates an averageinter-arrival time of

segments referred to as AIT at step 720. At step 722 the receiver resets a timer
j. At decision diamond 724,if the frame was the end of a segment, processing

continues to step 726 to check for errors. If no segment errors are found the

segmentis processed as part of the message at step 730. If an error is found,
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the receiver requests a retransmission at step 728. If the frame was not the end
ofa segment at decision.diamond 724, the index value.jis incremented at step
716 and processing continues to decision diamond 704to wait for a next frame.
If no frame is received at decision diamond 704, the receiver checks for an

erasure at step 706. An erasure is a message received that the receiver cannot
process, such as due toa transmission error. If an erasure is received, the
timer f is reset and a secondtimer i+1 is started. Processing then continues to

step 716 to increment the index. If no erasure is found at decision diamond 706

the receiver checks for errors at decision diamond 712. If the timer i has not

expired at decision diamond 712 processing returns to decision diamond 704 to -

wait for a next frame. If the timer has expired, the ordering of segments reflects

the cumulative erasures.

[1082] FIGs. 13A and 13B provide examples at a receiver. In FIG. 13A, a:

first frame is received at time tt and a secondframeat time t2. The first and

second frames are processed by the receiver and contained no errors. When

the third frame is expected, an erasureis received at time t3. The occurrence of

the erasure triggers the start of a first timer. The time period for expiration of

the timer Is defined by the average interval between frames. A fourth frame is

_ received at time t4 prior to expiration of the timer. The timeris reset at time t4.

[1083] In the example of FIG. 13B, the first two frames are received and the

next two frames are not. An erasure is received at time t3, andafirst timeris
started in response.- A second erasureis received at time t4 prior to expiration
of thefirst timer. Thefirst timeris reset, and a second timeris started at time t4,
wherein the timer period for expiration of the second timer is a function of the

first timer value. Again, when any timer expires, the receiver is able to identify

the last received erasure as an end of segment. Calculation of the numberof

erasuresallows the receiver to calculate the numberof frames per segment.

[1084] According to one embodiment, a method of using multiple timers to

identify an end of segment or end of message(such asillustrated in FIG. 12) is

applicable to an Asynchronous Transport Method, ATM, wherein the ATM

protocol defines a start of message and an end of message. The timers
described hereinabove with details provided in equations (5) and (6), identify an
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end of message and any intervening missing segments and/or fragments, thus

avoiding the loss of anend of messagein a transmission.
11085] According to an alternate embodiment, a method of using multiple

timers to identify an end of segment orend of message (such asillustrated in
FIG. 12) is applicable to a Transport Communication Protocol, TCP, wherein the
JCP protocol defines an end of message as a FIN field. The timers described

hereinabove with details provided in equations (5) and (6}, identify an end of

-message and any intervening missing segments and/or fragments, thus

avoiding the loss of an end of ‘message in a transmission. Alternate
embodiments may apply implementation of a timing mechanism to determine

“missing portions of a transmission, wherein multiple timing mechanisms may be

implemented.

[1086] As disclosed hereinabove, a method for segmented message

transmission is provided. Each message is first segmented and then the

-segments are fragmented. A segment parameteris applied to each segment,

and a segmentidentifier to each fragment. The fragments are provided to a

lower level for preparation into frames for transmission. The exemplary

embodiment may be applied to the transmission of short duration messages,

such as control messages,etc.

[1087] Thus a variety of methods have beenillustrated hereinabove for
_ transmitting segmented messages in a wireless system. Each method finds

application according to the design and resource requirements of a given

system. While the various embodiments have been described with reference to

a CDMA type spread spectrum communication system, the concepts are

applicable to alternate spread spectrum type systems, as well as other type

communication systems. The methods and algorithms presented hereinabove

may be implemented in hardware, software,firmware, or a combination thereof.

For example, using the MMSE approachto a non-iime gaied pilot, the equations

for solving for the combiner weights may be performed in software or using a

Digital Signal Processor, DSP, to perform the calculations. Similarly, the

adaptive algorithms may be implemented in software in the form of computer
readable instructions stored on a computer readable medium. A Central
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Processing Unit, such as a DSPcore, operates to perform the instructions and
provide signal estimates in response. Alternate embodiments may implement

hardware, such as an Application Specific Integrated Circuit, ASIC, where
feasible.

[1088] | Thoseof skill in the art would understand that information and signals

- may be represented using any of a variety of different technologies and
techniques. For example, data, instructions, commands,information, signals,

bits, symbols, and chips that may be referenced throughout the above

description may be represented by voltages, currents, electromagnetic waves,
.. magnetic fields or particles, optical fields or particles, or any combination

. thereof.

[1089] Those of skill would further appreciate that the various illustrative

logical blocks, modules, circuits, and algorithm stepsdescribed in connection
with the embodiments disclosed herein may be implemented as electronic

hardware, computer software, or combinationsof both. To clearly illustrate this

interchangeability of hardware and software, various illustrative components,

blocks, modules, circuits, and steps have been described above generally in

_ terms of their functionality. Whether such functionality is implemented as

hardware or software depends upon the particular application and design

constraints imposed on the overall system. Skilled artisans may implement the

described functionality in varying ways for each particular application, but such

implementation decisions should not be interpreted as causing a departure from

the scope of the present invention.

[1090] The variousillustrative logical blocks, modules, and circuits described

in connection with the embodiments disclosed herein may be implemented or

performed with a general purpose processor, a digital signal processor (DSP),
an application specific integrated circuit (ASIC), a field programmable gate array

(FPGA) or other programmable logic device, discrete gate or transistor logic,
discrete hardware components, or any combination thereof designed to perform

the functions described herein. A general purpose processor may be a

microprocessor, but in the alternative, the processor may be any conventional

processor, controller, microcontroller, or state machine. A processor may also
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be implemented as a combination of computing devices, e.g., a combination of
a DSP and a microprocessor, a plurality of microprocessors, one or more
microprocessors in conjunction with a DSP core, or any other such
configuration.

[1091] The steps of a method oralgorithm described in connection with the

embodiments disclosed herein may be embodied directly in hardware, In a
software module executed by a processor, or in a combination of the two. <A

software module may reside in RAM memory, flash memory, ROM memory,

EPROM memory, EEPROM memory,registers, hard disk, a removable disk, a

CD-ROM,or any other form of storage medium knownin the art. An exemplary

storage medium is coupled to the processor such the processor can read

information from, and write information to, the storage medium. In the

. alternative, the storage medium may be an integral part of the processor. The

processor and the storage medium may reside in an ASIC. The ASIC. may

reside in a user terminal. In the alternative, the processor and the storage

medium may reside as discrete componentsin a user terminal.

. [1092] - The previous description of the disclosed embodiments is provided to

enable any person skilled in the art to make or use the present invention.

Various modifications to these embodiments will be readily apparent to those

skilled in the art, and the generic principles defined herein may be applied to

other embodiments without departing from the spirit or scope of the invention.

Thus, the present invention is not intended to be limited to the embodiments

shown ‘herein but is to be accorded the widest scope consistent with the
principles and novelfeatures disclosed herein.

[1093] WHAT IS CLAIMEDIS:
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CLAIMS

1. In a wireless communication system having a base station controller and a

plurality of base stations, .a method comprising:
segmenting a message into a plurality of segments;

dividing the segments into a plurality of fragments; and
transmitting the fragments.

2. The method asin claim 1, further comprising:

retransmitting one of the plurality of fragments.

3. The method as in claim 1, further comprising:

applying a segment parameter to each segment.

4, The methodasin claim 1, further comprising:

applying a segmentindicator to each fragment.

5. In a wireless communication system having a base station controller and a

plurality of base stations, a base station, comprising:

meansfor building segments of a message from a plurality of transmitted

frames;

meansforidentifying a missing segmentof the message; and

meansfor requesting a retransmission of the missing segment.

6. The basestation as In claim 5, further comprising: ;

means for segmenting a message to form a plurality of segments;

meansfor fragmenting the segments to formaplurality of fragments;

meansfor transmitting the plurality of fragments; and

meansfor retransmitting one of the plurality of fragments.

7. Amethod for receiving transmissions in a wireless communication system,

comprising:
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receiving a transmission frame having a plurality of segments, each
- segment having a plurality of fragments;

determining if any of the pluralityof segments is missing;
ifno segmentis missing, reconstructing the message; and

if a segmentis missing, requesting retransmission of the missing
segment.

8. The method asin claim 7, further comprising:

processing fragments of the transmission frame.

9. The method asin claim 7, further comprising:

10.

11.

12.

13,

14,

determining an end of a segment; and

reconstructing the segment. -

The method asin claim 7, further comprising:

if a segmentis missing, sending a negative acknowledge messageto the

transmitter of the transmission frame.

The method as in claim 7, further comprising:

.If no segmentis missing, sending an acknowledge messageto the

transmitter of the transmission frame.

The method asin claim 7, further comprising:

determining a start of a segment; and

storing information in a buffer from the start of the segment.

The method as in claim 12, further comprising:

if the buffer is not empty at the start of a segment, flushing the buffer.

The method asinclaim 13,further comprising:

if a fragmentis not a start of segment and the buffer is empty, marking

the fragmentas missing.
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15. Awireless apparatus, comprising:

receiverfor receiving a plurality of transmission frames;

segmentextraction unit coupled to the fragment extraction unit, adapted

to identify and reconstruct segmentswithin a transmission frame;

‘and

message reconstruction unit coupled to the segment extraction unit,

adapted to detarmine any missing segmentwithin a message and

to request retransmission of the missing segment.

16. A computer data signal embodied on a carrier wave, characterized by:

a plurality of segments, each segment comprising:

@ segment parameter; and

a plurality of fragments.

17. The computer data signal as in claim 16, wherein each of the fragments,

comprising:

segmentidentifier; and

an information portion.

18. The computer data signal as in claim 17, wherein the segmentidentifier

indicates if segmentation is active for transmission of the computer data

signal.

19. The computer data signal as in claim 16, wherein the segmenterrorrate is

given as:

SER=1-(1-FER)*

wherein FERIs a frame error rate of the computer data signal, and x is the

numberof fragmentsin the plurality of fragments.

20. The computer data signal as in claim 19, wherein the messageorrorrate is

given as:

MER=1-(1-SER)*

wherein k is the number of segments in the plurality of segments.

04278



04279

PCT/US02/26040WO 03/017691

L“Sld3901Ceg90lO90aise\VV0}

1/16

 

YATIOULNODWALSAS

 
 

@ACONoH:
YIHLOOLAOl

001

ake,ae
04279



04280

PCT/US02/26040

2/16

‘WO 03/017691TothnaanArteAAEMEeENGAESSCRRPNOPEPEIAEGEBMTREPLPC
¢‘Slsfeaishud  

ran

[O1U04yi,/|SS800yWUNIPSY\|OUODQLLSS8D0YYur]
 ‘ou

04280



04281

NeeAOAbonshePhehed

dé“Sid

PCT/US02/26040

veeCoGOANIWOS
Q6eLN3SW5VHS

3/ 16

Ve“SisO12gos902702WLvivasajald*sa7ais
WO 03/017691

FePeetScrNLROPNICENROAANEATENPCEDemaor

z;
20

Y30VSH\002ADVSSSIN

 

04281



04282

iPecangeeiteeteNA
=27Rz&Qo&

©=~,T

=acS)re=5oe©z

aoeetPallenannyietsAOEKNORTIH

 

a?‘SidOle806
h908

VP‘Sis€GINSWDSVedINANSVHSa9VSS3aN

 
v0ebINSAWDSSNNane 

 

04282



04283

VS‘Dia

PCT/US02/26040

Boe -oe

vseootLINNV.LYOSSIAKSSLINNVLVGADIAYSSaneLINNVLVdS0IAYaSLINAVL¥GSOIAYSS  
poeCoeNSWLOO=IS

 
XDoy

5/ 16

OePw||hawa|Pema|Poo| sqrale
 

WO 03/017691

04283



04284

PCT/US02/26040WO 03/017691

6/16

JS‘Sis

asAuSSaYGNLNSW53STIGGINLNAWDASJAILOWNINOILVINAWDASJAAILOVNINOLLVINAWDASJALLOVNINOLLVLNAWD3SSALLOVNINOLLYLINSAND3S  
04284



04285

Renpbneatigne“tort
PCT/US02/26040WO 03/017691

7/16

3S“DidNOLLVANILNODLNAWS3SFoofook|JALLOVNINOLLVLINSNWS3SPoafoSAILOVNINOILVLNANDSS|oo|o|as‘Sid3S13-0AALLOVNIFOLYVLSLNSNS3AS=1SALLOV=1LYVLSLNANDSSSNOVLINSAWSDAS  
  

  

 

04285



04286

PCT/US02/26040WO 03/017691

8/ 16

9Did

  Y3AV1OVWOLISHLIMLNAWSVesSSvd
 

INSW9VusHOVEOLISGav
 
 

YAAVTOVWOLLNSWDVsSSVd

 

S.LNAWOVHSWuOsO1dSHLIMLNAWD3SHOVaACIAIG  
INSWOVdsWYOdOLJDVSSAWSHLAONOILWOdHOVAOLISGav

 

LINSIWND3SHOVaOLdSdav
 

JDVSSAWACIAIG
 

JOVSSININSWORS967
 
 

NOISSINNSNVYLLYOdJOVSSAWAAIZOaYcovLUVLS

\00+
 

aeaes

04286



04287

WO 03/017691 PCT/US02/26040

9/ 16

START

422

RECEIVE FRAME (B)
424

420

™

 
 YES 442SEGMENTATION

PROCESS

FRAGMENT

START OF

ACTIVE?

PROCESS

FRAGMENT
YES

SEGMENT?

BUFFER , NO
STORE INFO IN

BUFFER

= 430 cesai 449
STORE!NFO INRECONSTRUCT “@ 450 BUFFER

MSG

RECONSTRUCT

  

 444 

 
 
 

 
 
 
 

 
 

 

SEGMENT AND PLACEIN 434 ORDER

ERROR?

436 452

DISCARD [Xeon NODELIVER MSG ~
MSG

SEND ACK (B)

 

 
 

aB

 (c) SEND NACK
454

FIG. 7A

04287



04288

PCT/US02/26040WO 03/017691

10/ 16

 

pdp

 

Y344N4NiOANISHOLS

 

@Z‘Sis
¥3d3andHSN

éALdWsW345Nd
OLp—/

ZLNANDSSSSA40LHVILSAS]

LYEVLS

 aqyvosidON

 

Wa4sn¢NIOJNISHOLS
 

bALdINSHAIINEoy \09¢

 

04288



04289

 

PCT/US02/26040WO 03/017691

66¢86696¢b6Eo6EO68       
LINAVLVQJOINSysOANI|LOL=IS

LINDVLVaJOIAWSS

LINNVLVOJOSS

LINAVLVdJOIAYAS

LINNViVdSOIANSS

LINAVLVGSJOIAYSAS

     

11/ 16

 

EE

¥LNAWDSS@LNANDIS
 

 

 

04289



04290

PCT/US02/26040WO 03/017691

renesepaegetnete
12/16

a6‘SisonShionSINIL8oy]ShopzoeaMW ‘‘WO|"'.’

.-j.*>7*.4‘.+>.’e.*..‘’‘‘’.'.1..a‘ea..
‘

‘:..’’,.‘,‘...e;\
.

’ :’‘,é‘
e*

‘.’a.’...’!>..’
,

*e.‘.‘.’‘‘.*’’.‘:e.: 

XL

.STYNDISSINaa4°9gt}V6‘SIA€lotby
XY

 

MOV

  

{

STIVNDIS

04290



04291

PCT/US02/26040WO 03/017691

13/ 16

Ot

 

ors

LINN|NOISSINSNVYL
g

“ai
80S

LINNSNINVYAs

  
i)

OF‘Sis ersALNANOI

90S
LINN

AVINGOWiNOLLV.LNSWND3S=  
=

qo

ors

YOLVYANSSMOAHSYdOWdSs
i

0SHOL

 
VYANASAVSSSM

BTS43544Ndii
0a

YOSSA900"dTOULNOD
 

NN00S

04291



04292

PCT/US02/26040WO 03/017691

14/16

 LbSid

  

ors

  
orgLINNLINNaygoayKY)NOlwindowad=)LsLe

LINN

ONININaWOzS
4INAMOSHOHOWHS

 

34nd

    
Od

LONULSNOOSYaSvVSsaw

 09i—YOSSA0O"dJOULNOD

809

   

ma=

_009

04292



04293

WO 03/017691 PCT/US02/26040

702

 

 
 

RECEIVE

FRAME?

 
 

RESET TIMERi

722

  
 

TIMERi

EXPIRED? ..

712

 
YES ADJUSTE 714

SEGMENT

NUMBER TO

INCLUDE

ERASURES

728

eae. REQUEST
SEGMENT RETRANSMISSION (c)

730

FIG. 12

04293



04294

*lpneatbceeX:
PCT/US02/26040WO 03/017691emaASMe

16/ 16ETENpRNttyAE

 

SWiL
SWE

Zi

vi

aeb‘Sisel

Vel‘Dida

Ht
4

STWWNDIS

 
STVNOIS

04294



04295

coPteaE
cashnininmNAent

postahehssHPNATTnerMaREALEon
hoeLeneee

SeAaateseeeSeptee

CAOa
O03/043259Al

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
' International Bureau _

(43) International Publication Date
22 May 2003 (22.05.2003)

 
PCT

(£0) Internatioual Publication Number

WO 03/043259 Al 
(58) International Patent Classification’: HO4L 1/18

(21) International Application Number;=PCT/HPO1/13063

(22) Interwational Filing Date:
12 November 2001 (12.11.2001)

(25) Filing Language: English

(26) Publication Language: English

(71) Applicant (for all designated States except US): NOKIA
CORPORATION [FL11}; Keilalahdentie 4, FEN-02150
Bspoo (FD).

(72) Inventors; and
(75) Inventors/Applicants (for US only): EKLUND, Cart

(TIT); Stahtbergintie 3 GB 48, FIN-00570 Helsinki
(FD. SALOKANNEL, Juha {HI/F1]; ‘Toikantie 6 B 13,
FIN-36240 Kangasala (FI).

(74) Agent: COHAUSZ, & FLORACK; Kanzlerstrasse 8a,
40472 Disseldorf (DE).

(81) Designated States (national); AE, AG, AL, AM,AT, AU,
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU,
CZ, DE, DK, DM, DZ, EC, EE, BS, Fi, GB, GD, GH, GH,
GM,IIR, HU,ID,IL, IN, 1S, JP, KE, KG, KP, KR, KZ, LC,
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW,
MX, MZ, NO, NZ, PL, PT, RO, RU, SD, SH, SG, SI, SK,
SL, TJ, TM,TR, TT, TZ, UA, UG, US, UZ, VN, YU, ZA,
ZW.

(84) Designated States (regional): ARIPO patent (GH, GM,
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZW), Eurasian

patent (AM,AZ, BY, KG, KZ, MD, RU, TJ, TM), European
patent (AT, BE, CH, CY, DE, DX,ES, FI, FR, GB, GR, IE,
Tt, LU, MC, NL, PT, SE, TR), OAPI patent (BF, BJ, CF,
CG, Cl, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD,
TG).

Published:

—__with international search report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes andAbbreviations” appearing at the begin-
ning ofeach regular issue ofthe PCT Gazette.

 

(54) Title: METHOD AND DEVICE FOR RETRANSMISSION OF ‘TRANSMITTED UNITS

  
  

 
  

SheOxd
FO=16, FO*10

FSN=0x04, FSN'0x04
 

Retransmission of OxF2 :

 
mir g

FO=11, FCs0tFSN=0n0A, FSN'Ox0S.

FCadt, FCiaft
ESNe®O8, FSN'0x08.

ENetnt
FCOxdt. FCe0t

FSN=0x08, FSN'    

(87) Abstract: The invention relates to a method for retransmitting a transmission unit (12) via an air interface in a wireless access
system employing fragmentation for transmissions, wherein the available transmission capacity on said air interface is variable, and
wherein said transmission unit (12) was transmitted a first time together with fragmentation information. In order to enable such a
retransmission, it is proposed that the transmission unit (12) is retransmitted alter a refragmentation with information FC, FSN on
this refragmentation and with at least some of the fragmentation information FC’, FSN’, TSN that was transmitted before with said
transmission unit (12) in the first transmission. The invention equally relates to a corresponding wireless access system and to a
corresponding transmitting unit for such a wireless access system.

04295

 



04296

8etyetlaaneTESgtSTgD
eanadeft»

WO 03/043259 PCT/EPO1/13063

METHOD AND DEVICE FOR RETRANSMISSION OF TRANSMITTED UNITS

PIELD OF THE INVENTION

The invention relates to a method for retransmitting a

transmission unit via an air interface in a wireless

access system employing fragmentation for transmissions.

The transmission capacity on the air interface is assumed

to be variable in this system and a transmission unit

that is to be retransmitted was transmitted a first time

together with fragmentation information. The invention

equally relates to a transmitting unit for such a

wireless access system and to a corresponding wireless

access system.

BACKGROUND OF THE INVENTION

A wireless access system employing fragmentation and an

adaptive modulation for transmitting signals is specified

e.g. in the IEEE draft P802.16/D5-2001: "Local and

Metropolitan Area Networks - Part 16: Standard Air

Interface for Fixed Broadband Wireless Access Systems",

which is incorporated by reference herein. The standard

specifies the air interface, including the medium access

control layer (MAC) and a physical layer (PHY), of fixed

point-to-multipoint broadband wireless access systems

providing multiple services. In this system, MAC SDUs

(service data units) that are to be transmitted from a

tranamitting unit to a receiving unit are fragmented for

CONFIRMATION COPY
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transmission into MAC PDUs (protocol data units). The

defined system operates at frequencies of 10-66 GHz.

An amendment 802.16a of this standard is currently under

development for systems operating between 2 GHz and 11

GHz. The amendment introduces new functionality for this
frequency range, such as an Automatic Repeat Request

(ARQ). With ARQ, a receiving unit may request a

retransmission of transmission units that were for

instance lost during transmission over the air interface

by transmitting an ARQ feedback to the transmitting unit.

The proposed algorithm for repeating a transmission is a

selective repeat algorithm, i.e. only those fragments are

retransmitted which are not received satisfactorily at

the receiving unit after the first transmission. A

selective repeat ARQ mechanism will often require a

packet reordering.

Variations of the environmental conditions on the

transmission path are compensated in a system according

to the 802.16a standard with a variation of the

modulation and with a forward error correction (FEC). The

transmission capacity of the radio link can thus vary

significantly between the time of a first transmission

and the time of a retransmission. In case the

environmental conditions deteriorate, it might be

necessary for the retransmission to refragment the

fragments that are to be retransmitted into shorter MAC

PDUs. The conventional method of sequence numbering

employed for a single fragmentation is not suited for

handling such a refragmentation.
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The currently proposed solution for refragmentation in

the 802.16a system mandates that the MAC SDUs are chopped

into fixed sized ARQ blocks. Only the last block will be

a shortened block if the MAC SDU size is not an exact

multiple of the ARQ block size. Each ARQ block is
identified by an ARQ block number assigned to it by the

MAC. A set of ARQ blocks that are to be transmitted or

retransmitted are included in a MAC PDU. The block number

of the first block is carried in a subheader in each MAC

PDU, or in each packing element in case a MAC PDU carries

packed MAC SDUs or MAC SDU fragments. The MAC level

fragmentation function is restricted to fragment MAC SDUs

on ARQ block boundaries.

The restriction put on the fragmentation protocol in the

current proposal, however, is incompatible with the

fragmentation procedure specified in the 802.16 standard,

Since it does not allow a variable fragmentation. The

block numbering scheme also limits the possibilities of

using implementations designed for a 802.16 system also

for 802.16a systems.

SUMMARY OF THE INVENTION

It is an object of the invention to enable a

retransmission of a transmission unit in a wireless

access system which has a variable available transmission

capacity and which employs fragmentation for

transmissions. It is moreover an object of the invention

to enable a retransmission of transmission units which is

compatible with the fragmentation protocol defined in the

IEEE standard 802,16.

reer)
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The objects of the invention are reached with a method

for retransmitting a transmission unit via an air

interface in a wireless access system employing

fragmentation for transmissions. The available

transmission capacity on the air interface is variable,

and the transmission unit is transmitted a first time

together with fragmentation information. It is proposed

that the transmission unit is retransmitted after a

refragmentation with information on this refragmentation

and with at least some of said fragmentation information

that was transmitted before with said transmission unit

in said first transmission.

The objects of the invention are equally reached with a

transmitting unit for a wireless access system which

transmitting unit comprises means for realizing the

proposed method. Finally, the objects of the invention

are reached with a wireless access system comprising such

“a transmitting unit and a receiving unit for receiving

transmitted transmission units and for requesting a

retransmission of a transmission unit if necessary.

The invention proceeds from the idea that in case a
transmission unit which has to be retransmitted comprises

on the one hand fragmentation information of the original

transmission unit and on the other hand fragmentation

information describing the fragmentation employed for

retransmission, an easy refragmentation mechanism is

enabled which allows to rebuild and reorder the fragments

as required for a retransmission. In particular, the

fragments of a transmission unit resulting in
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refragmentation can be assigned their own fragmentation

information as any transmission unit which is transmitted

for the first time.

It is to be understood that the proposed method does not

require that each transmission unit that igs to be
retransmitted is refragmented into new fragments. For

example, if the available transmission capacity is the

same for a first transmission and for a repeated

transmissions of a transmission unit, the transmission

unit may be transmitted again without the necessity for a

different fragmentation than before,

It is an advantage of the invention that it provides a

simple solution for retransmitting transmission units.

It is moreover an advantage of the invention that it

provides a transmission unit numbering scheme that allows

the reuse of the 802.16 fragmentation protocol. The

invention further allows implementations more easily to

address both, the 802.16 standard and the amendment

802.16a.

Preferred embodiments of the invention become apparent

From the subclaims.

Since traffic is usually te be transmitted bi-

directionally, and since in most of the remaining cases

at least a feedback is to be enabled after a

transmission, the transmitting unit is advantageously

part of a first transceiver device. Accordingly, the

transmitting unit advantageously transmits the
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transmission units to a receiving unit which is part of a

second transceiver device.

Preferably, a retransmission of a transmission unit is
carried out upon request by a receiving unit, e.g.

because the receiving unit notes that a transmission unit

is missing or that a transmission unit was received with

too many errors, The request for a retransmission can be

for example the selective ARQ mechanism proposed in the

above mentioned amendment 802.16a.

The transmission unit of the invention can be in

particular a MAC SDU transmitted in a MAC PDU without

packing, a MAC SDU fragment transmitted in a MAC PDU

without packing, a MAC SDU transmitted in a MAC PDU with

packing, or a MAC SDU fragment transmitted in a MAC PDU

with packing.

Preferably, fragmentation information is included ina

subheader of each fragment that is to be transmitted. For

wireless access systems that are based on the IEBE

standard 802.16, this subheader has preferably an ARQ

subheader format that consists of the fragmentation or

packing subheader defined in this standard and of an

additional part. The additional part may comprise for

example a field extending the fragmentation sequence

number (FSN) field present in the 802.16 Fragmentation

Subheader and Packing Subheader, an FSN' field

replicating the FSN field of the respective first

transmission unit, an FC' field replicating the

fragmentation control (FC) field in the respective first
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transmission unit, and a transmission unit sequence

number TSN field.

The fields employed for a fragmentation control FC, FC'

preferably comprise 2 bits.The values assigned to the

fragmentation control fields FC and FC' may correspond

for example to the values defined in the above mentioned
IEEE standard 802.16. In this standard, a value of 00 is

used for transmission units that are not fragmented, a

value of 01 for a respective last fragment, a value of 10

for a respective first fragment, and a value of 11 for

each middle fragment.

The fields employed for a fragmentation sequence number >
FSN, FSN' preferably comprise 5 bits. The fields for the

transmission sequence number TSN preferably comprise 7

bits.

It is to be noted that the lengths of the fields and the

codings in the fragmentation control fields can be

selected differently. However, these lengths and codings

ensure that the method and the system according to the

invention comply with the definitions of the IEEE

standard 802.16.

The invention can be employed in particular, though not

exclusively, in wireless local area networks (LAN) or

metropolitan area networks (MAN).

The invention is moreover applicable for example in

point-to-multipoint wireless broadband access networks

04302
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and in point-to-point wireless broadband access networks,

but equally in other system.

The invention can further be employed in particular,

though not exclusively, in systems in which the

transmission capacity may change due to an adaptive

modulation which is applied to signals that are to be

transmitted,

BRIEF DESCRIPTION OF THE FIGURES

In the following, the invention is explained in more

detail with reference to drawings, of which

Pig. 1 illustrates an embodiment of the method of the

invention in a first gituation; and

Fig. 2 illustrates an embodiment of the method of the

invention in a second situation.

DETAILED DESCRIPTION OF THE INVENTION

Figure 1 and figure 2 illustrate transmissions and

retransmissions of transmitting units in a broadband

wireless access system according to the invention. The

wireless access system employs fragmentation and an

adaptive modulation for transmissions from a base station

of a network of the system to a subscriber station of the

system.

Figure 1 depicts in a first row two MAC SDUs #1 and #2

which are to be transmitted by a base station via the air

interface to a subscriber station. Both MAC SDUs are
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fragmented for a first transmission into MAC PDUs 11-15,

which are depicted in a second row of figure 1. The first

MAC SDU #1 is fragmented into two MAC PDUs 11, 12 as

indicated by arrows between the first and the second row.
The second MAC SDU #2 is fragmented into three MAC PDUs

13-15, which is equally indicated by arrows.

The number of fragments into which the MAC SDUs are

fragmented depends on the size of the respective MAC SDU

and on the size of the available MAC PDUs. In case of

good conditions, a modulation is selected that results in

larger MAC PDUs and that thus requires less fragments

than a modulation employed for bad conditions.

Bach of the MAC PDUs 11-15 comprises a subheader with

five fields containing fragmentation information.

The first field in each subheader is a TSN field of 7

bits, which is employed for identifying the respective

MAC PDU. The second field is an FC field of 2 bits

indicating for the current transmission the position of

the respective PDU among the PDUs comprising the

fragments of a single MAC SDU. The third field is an FC’

field of 2 bits indicating the position of the PDU

containing the same data as the PDU ina first

transmission. The fourth field is an FSN field of 5 bits

containing a fragmentation sequence number for the

respective PDU for the current transmission. The fifth

field, finally, is an FSN' field of S&S bits containing a

fragmentation sequence number for the PDU containing the

same data as the PDU in a first transmission. The values
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for the fields for the current transmission are selected

as specified in the above mentioned standard 802.16.

The first MAC PDU 11 for the first MAC SDU #1 is assigned

a TSN of OxF1, and an FC of 10, since this MAC PDU 11 is

the first fragment of the first MAC SDU #1.

The second MAC PDU 12 for the first MAC SDU #1 is

assigned a TSN of OxF2, and an FC of 01, since this MAC

PDU 12 is the last fragment of the first MAC SDU #1.

The first MAC PDU 13 for the second MAC SDU #2 is

assigned a TSN of OxF3, and an FC of 10, since this MAC

PDU 13 is the first fragment of the second MAC SDU #2.

The second MAC PDU 14 for the second MAC SDU #2 is

assigned a TSN of OxF4, and an FC of 11, since this MAC

PDU 14 is a middle fragment of the second MAC SDU #2.

The third MAC PDU 15 of the second MAC SDU #2 is assigned

a TSN of OxFS, and an FC of 01, since this MAC PDU 15 is

the last fragment of the second MAC SDU #2.

The respective value in the FC' fields is identical to

the respective value in the FC fields for each of the MAC

PDUs 11-15, since the transmission of the MAC PDUs 11-15

in the second row of figure I constitutes at the same

time the first transmission. For the same reason, the

respective value in the FSN' fields is identical for each

ef the MAC PDUs 11-15 to the respective value in the FSN

fields.
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The assembled MAC PDUs 11-15 are transmitted by the base

station via the air interface to the subscriber station.

During the transmission, the second MAC PDU 12 of the

first MAC SDU #1, i.e. fragment OxF2, is lost. This is

reported by the subscriber station to the network in an

ARQ feedback message. The lost fragment 12 thus has to be

retransmitted. In figure 1, MAC PDU 12 of the second row

is crossed out in order to indicate the loss during the

first transmission.

When a transmission unit is retransmitted, a copy of the

original fragmentation control information and of the

original fragmentation number is transmitted along with

the transmission unit itself. The transmission unit that

is to be retransmitted is treated like a new MAC SDU

called retransmission SDU and is inserted at an

appropriate position into the queue of MAC SDUs that are

to be transmitted. The retransmission SDU undergoes the

standard fragmentation process if necessary and obeys the

same rules for setting the FC and FSN field values as an

SDU which is transmitted for the First time.

In the example of figure 1, the applied modulation is not

changed between the first transmission and the

retransmission and the transmission capacity on the air

interface stays the same. Therefore, the retransmission

can be carried out without refragmentation. This means

that the MAC PDU 12 with the TSN value of OxF2 is

transmitted again as a single Fragment 21, which fragment

21 is depicted ina third row of figure 1. The relation
of this fragment 21 to the second MAC PDU 12 of the first

MAC SDU #1 is indicated in figure 1 by arrows. The values
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in some of the fields in the subheader of the fragment 21

are changed for retransmission, however, in order to

enable the subscriber station to make use of the

received, retransmitted fragment 21.

The TSN field in the subheader of the fragment 21 is

provided with the same value OxF2 as before, since this

field identifies the lost MAC PDU 12. Also the fields FC'

and FSN' contain the same values as before, these field

containing the information about the lost transmission.

The three fields TSN, Fc’ and FSN' enable the subscriber

station to relate the retransmitted fragment 21 to the

lost MAC PDU 12.

The value of the FC field, in contrast, is changed to 00,

since the retransmitted PDU 12 is not fragmented further,

fragment 21 thus constituting the only fragment. In
addition, the value of the FSN field is incremented

according to the conventional rules to 0x09, the last

transmitted MAC PDU 15 of the first transmission having

been assigned the value 0x08.

Figure 2 illustrates the retransmission for a different

situation. The retransmission is based on the same

embodiment of the method according to the invention as in

figure 1.

Again, two MAC SDUs #1 and #2 are to be transmitted by a

base station via the air interface to a subscriber

station. The first fragmentation of the MAC SDUs into MAC

PDUs 11-15 corresponds exactly to the first fragmentation

in the example of figure 1. This is depicted in figure 2
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by MAC SDUs and MAC PDUs in a first and a second row

which are identical to the first and the second row of

figure 1. Again, the second MAC PDU 12 of the first MAC

SDU #1 is lost during transmission, which is reported to

the network by an ARQ feedback message of the subscriber

substation.

In contrast to the first example, the employed modulation

is changed after the first transmission to be more

robust. With the new modulation, the content of the

second MAC PDU 12 of the first MAC SDU #1 can no longer

be transmitted in a single PDU. Therefore, the second MAC

PDU 12 has to be rearranged for retransmission.

The MAC PDU 12 with the TSN value OxF2 is refragmented

for retransmission into three new fragments 22-24, which

are depicted in the third row of figure 2. Arrows relate

the new fragments 22-24 to the lost MAC PDU 12 of the

second row.

The respective TSN field of the three fragments 22-24

contains again the same value OxF2, which identifies the

lost MAC PDU 12 that has to be retransmitted. Also the

fields FC' and FSN' contain the same values as before,

since these fields contain further information about the

lost MAC PDU 12.

Tne FC and FSN fields in the retransmitted fragments are

set according to the normal rules. Therefore, the first

fragment 22 is provided with a value of 10, the second

fragment 23 with a value of 11 and the third fragment 24

with a value of 01 for the respective FC field. Further,
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the first fragment 22 is provided with a value of 0x09,

the second fragment 23 with a value of Ox0A and the third

fragment 24 with a value of 0x0B for the respective FSN

field. :

The refragmentation mechanism of the invention thus makes

it possible to rebuild and reorder fragments in

retransmission.

It is to be noted that the described embodiment of the

invention constitutes only an example that may be varied

in any suitable way.
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Claims

Method for retransmitting a transmission unit (12)

via an air interface in a wireless access system

employing fragmentation for transmissions, wherein

the available transmission capacity on said air

interface is variable, wherein said transmission unit

(12) was transmitted a first time together with

fragmentation information (TSN,FC',FSN'), and wherein

said transmission unit (12) is retransmitted after a

refragmentation with information (FC,FSN) on said

refragmentation and with at least some of said

fragmentation information (TSN,FC',FSN') that was

transmitted before with said transmission unit (12)

in said first transmission.

Method according to claim 1, wherein said

fragmentation information on a fragmentation for a

first transmission comprises at least one of a

fragmentation control (FC'), a fragmentation sequence

number (FSN') and a transmission unit sequence number

(TSN) .

Method according to claim 1 or 2, wherein said

refragmentation information comprises at least one of

a fragmentation control (FC) and a fragmentation

sequence number (FSN) .
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Method according to one of the preceding claims,

wherein each fragment (21,22-24) of a refragmented

transmission unit (12) is provided with a subheader

comprising for the fragmentation and refragmentation

information:

- a field for a fragmentation sequence number (FSN')

assigned to said transmission unit {12) in the

£irst transmission;

- a field for a fragmentation sequence number (FSN)

assigned to said fragment (21,22-24) of said

transmission unit {12) for the retransmission;

- a field for a fragmentation control (FC') assigned

to said transmission unit (12) in the first

transmission;

- a field for a fragmentation control (FC) assigned

to said fragment (21,22-24) of said transmission

unit (12) for the retransmission; and

- a field for a transmission unit sequence number

{TSN) assigned to said transmission unit (12) in

the first transmission.

Method according to claim 4, wherein said fields for

a fragmentation sequence number (FSN,FSN') are fields

of 5 bits, wherein said fields for a fragmentation

control (FC,FC') are fields of 2 bits, and wherein

said field for a transmission unit sequence number

(TSN) is a field of 7 bits.

Method according to one of the preceding claims,

wherein each transmission unit (12) transmitted a

first time and each fragment (21,22-24) of a

transmission unit (12) refragmented for

retransmission is provided with a subheader
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comprising the same dedicated fields

(TSN, FC,FC',FSN,FSN') for fragmentation information.

Method according to one of the preceding claims,

wherein said transmission unit (12) is one of:

- a MAC {medium access control) SDU (service data

unit) transmitted in a MAC PDU (protocol data

unit) without packing;

- a MAC SDU fragment transmitted in a MAC PDU

without packing;

- a MAC SDU transmitted in a MAC PDU with packing;

and

- a MAC SDU fragment transmitted in a MAC PDU with

packing.

Method according to one of the preceding claims,

wherein said transmission unit (12) is retransmitted

upon a request by a receiving unit of said wireless

access system to which said transmission unit (12)

was to be transmitted.

Transmitting unit for a wireless access system

comprising means for transmitting transmission units

(11-15) and for retransmitting transmission units

(12) according to one of the preceding claims.

Transmitting unit according to claim 9, wherein said

transmitting unit is part of a first transceiver

device, and wherein said transmitting unit is

tranemitting transmission units (11-15) toa

receiving unit which is part of a second transceiver

device.
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12. Transmitting unit according to claim 9 or 10,

comprising:

means for fragmenting each data unit (MAC

SDU#1,MAC SDU#2) that is to be transmitted via an

air interface into at least one transmission unit

(11-15) and for providing each transmission unit

(11-15) with corresponding fragmentation

information (TSN,FC',FSN');

means for transmitting transmission units (11-15)

to a receiving unit via said air interface;
means for receiving a retransmission request by a

receiving unit requesting that a transmission unit

(12) is to be retransmitted; and

means for refragmenting a transmission unit (12)

for which a retransmission was requested by a

receiving unit, and for providing said

transmission unit (12) for retransmission with

information (FC,FSN) on said refragmentation and

with at least some of said fragmentation

information (TSN,FC',FSN') provided to said

transmission unit (12) for a First transmission.

12. Wireless access system comprising a transmitting unit

according to one of claims 9 to 11 and a receiving

unit comprising means for receiving transmission

units transmitted by said transmitting unit and means

for requesting a retransmission of transmission units

(12) if required.
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METHOD AND DEVICE FOR DOWNLINK PACKET ACCESS SIGNALLING FOR TIME DIVISION DUPLE

X (TDD) MODE OF A WIRELESS COMMUNICATION SYSTEM

The present invention related to a method, a device and a system for High-Speed Downlink

Packet Access (HSDPA) for Time Division Duplex (TDD) mode of a wireless communication

system, especially of a Universal Mobile Telecommunication System (UMTS)Terrestrial Radio

Access Network (UTRAN). More particular, the present invention relates to a,method, a device

and a system employing a Paging Indicator Channel (PICH) for signaling High-Speed Downlink

Packet Access (HSDPA) for Time Division Duplex (TDD) mode.

The 3 Generation Partnership Project (3GPP) currently discusses methods for downlink
signaling of Universal Mobile Telecommunication System (UMTS) Terrestrial radio access

network (UTRAN) High-Speed ‘Downlink Packet Access (HSDPA) for Time Division Duplex

(TDD) mode. ,

For dedicated (transport) Channel (DCH)associated two-step signaling, the associated dedicated

channel (DCH) and High-Speed Shared Control Channel (HS-SCCH)are needed for each mobile

terminal device employing high-speed downlink services to transmit downlink signaling

information. The Dedicated Channel (DCH) carries High-Speed ‘Indicator (AD bits used to
indicate or designate a mobile terminal device to receive downlink signaling information on the

High-Speed Shared Control Channel (HS-SCCH). This High-Speed Shared Control Channel

CHS-SCCH)carries data comprising a mobile terminal device identification (UE ID), Transport

Format Resource Indicator (TFRD, Hybrid Automatic Repeat Request (HARQ) mode and further
signaling information for the mobile terminal device. These signaling information carried on the

High-Speed Shared Control Channel (HS-SCCH) may be employed for receiving and decoding

the packet data transmitted through the Downlink Shared Channel (DSCH).

This method for signaling High-Speed Downlink Packet Access (HSDPA) for Time Division

Duplex (TDD) mode includes several disadvantages.
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Each mobile terminal device employing High-Speed Downlink Packet Access (HSDPA) should

have one associated Dedicated Channel (DCH) to transmit High-Speed Indicator (HI) bits. The

number of Dedicated Channel (DCH) supported by the system will be matching the numberof

mobile terminal devices employing High-Speed Downlink Packet Access (HSDPA). Since these
associated Dedicated Channels (DCH) are exclusively involved to carry High-Speed Indicator

(HI) information comprising a few single bits (for example one or twobits) resources are not

efficiently used and overall performanceis wasted.

Further, the associated Dedicated Channel (DCH) is shared in the time domain upon the mobile

terminal devices employing High-Speed Downlink Packet Access (HSDPA).A packet scheduler
controlling the sequence in time of the associated Dedicated Channel (DCH) may have to be

rescheduled if a mobile terminal device employing High-Speed Downlink Packet Access

(HSDPA)exits and/or accesses the network for sharing the Dedicated Channel (DCH) in the time

domain in Time Division Duplex (TDD) mode. The rescheduling is time consuming and lacks of

flexibility in case of fast changing conditions, particularly in case of a high numberof exiting

mobile terminal devices employing High-Speed Downlink Packet Access (HSDPA).

The present invention offers a new approach for sending High-Speed Indicator (HI) information

in the downlink signaling of High-Speed Downlink Packet Access (HSDPA) for Time Division
Duplex (TDD) mode, particular for Universal Mobile Telecommunication System (UMTS)
Terrestrial radio access network (UTRAN). The present invention aims to overcome the above

described disadvantages of the methodofstate of the art. The basic idea of the present invention

resides in that reserved and currently unused bits on the Paging Indicator Channel (PICH) are

used to transmit High-Speed Indicator (HD information to indicate a mobile terminal device to
receive and decode signaling information on the High-Speed Shared Control Channel (HS-

SCCH).

The usage of the Paging Indicator Channel (PICH) and the reserved bits thereon offers the

possibility to establish a High-Speed Downlink Packet Access (HSDPA) without involving

associated the Dedicated Channel (DCH)for each mobile terminal device employing the access

service and thus saving Dedicated Channel (DCH) resources. Further, the implementation ofa
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scheduler controlling the High-Speed Downlink Packet Access (HSDPA)and signaling thereof

may beeasier. Different coding of the reserved bits of the Paging Indicator Channel (PICH) used

for signaling may offer additional flexibility since the coding may allow different mapping with

respect to the configuration of the system. Moreover, the Paging Indicator Channel (PICH)is

transmitted with high power. The high power transmission ensures that all mobile terminal
devices within a cell may receive an adequate signal for decoding.

According to a first aspect of the present invention, a High-Speed Downlink Packet Access

(HSDPA) for Time Division Duplex (TDD) mode of a wireless communication system,

preferably of a Universal Mobile Telecommunication System (UMTS) and more preferably of a
Universal Mobile Telecommunication System (UMTS) Terrestrial Radio Access Network

(UTRAN) based on the usage of a Paging Indicator Channel is provided. The sender, i.e. a base

station (node B)first sends indication information to a mobile terminal device (UE). The mobile

terminal device (UE) identified by the said indication information further receives signaling

information. Said mobile terminal device then, based on said signaling information, decodes

packet data information. The invention is characterized by including a High-Speed Indicator (HI)
into the slot structure of the Paging Indicator Channel (PICH). Therefore, the High-Speed

Indicator (HI) comprises a plurality of identification bits. The identification bits are assigned to

certain values.

The High-Speed Indicator (HD is used to determine a specific mobile terminal device out of a

plurality of mobile terminal devices. The mobile terminal device may be a participant of the

corresponding mobile communication network and the High-Speed Downlink Packet Access

(HSDPA)service provided by a sender. The sender may be a Base Station (BS) of a Universal

Mobile Telecommunication System (UMTS), preferably a Node B Base Station (BS). The

determined mobile terminal device is accessible in a downlink channel.

Conveniently, the High-Speed Indicator (HI) comprising identification bits may define an

identification address. The address may be codedin different ways.

Preferably, the plurality of identification bits are four identification bits. The identification bits

may be arranged adjacent to a midamble of the Paging Indicator Channel according to the slot
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structure thereof. The identification bits may be groups in two pairs each comprising two bits.
Thepairs are arranged oneitherside of the midamble.

Additionally, a plurality of mobile terminal devices may be divided upon a plurality groups and
assigned thereto. Each group may comprise several mobile terminal devices. The dividing of the
mobile terminal devices upon several groups may be dynamical which means that mobile

terminal devices may exit and/or access a group. The dividing upon groups may be rearranged
accordingto certain operational conditions.

Preferably, each group may have assigned periods of time. Within the assigned periods of time
certain services may be offered to the mobile terminal devices of the group and these mobile
terminal devices may haveto listen on certain channels in order to beableto receive information

and/or data which are destined to one or more mobile terminal devices of the group. Mobile

terminal devices of the remaining groups do not have to listen to the corresponding channels
since the services are provided to the first mobile terminal devices.

Theassigning of the groupsto certain periods of time mayinstruct the mobile terminal devices of

the groups only to listen, receive and decode information transmitted on the Paging Indicator

Channel (PICH) within the assigned periods. Further, the assigning of the groups to certain

periods of time may instruct the mobile terminal devices of the groups only to listen, receive and

decode information transmitted on the High-Speed Shared Control Channel (HS-SCCH) within
the assigned periods of time and/or the assigning of the groupsto certain periods of time may
instruct the mobile terminal devices of the groups onlyto listen, receive and decode information

transmitted on the Downlink Shared Channel (DSCH)within the assigned periods of time

An address coded in the High-Speed Indicator using the identification bits may be used to code

an address of the mobile terminal device which is preferably unique within a group. Addresses of
mobile terminal devices assigned to different groups may beequal.

The periods of time assigned to a group maybeperiodical. Correspondingly, a repetition time

may be assigned to each group and may define the respective periodsoftime for the groups. The
repetition time of the groups may vary analog to the periods of time described above. The
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repetition time may be a static repetition time or a dynamic repetition time. The dynamic

repetition time may be adaptedto traffic load. A static repetition time may be assigned to each

group while dividing the plurality of mobile terminal devices upon the plurality of groups.

Further, accessing and exiting mobile terminal devices of the groups may make an adaptation of

the repetition time necessary.

A mobile terminal device may receive information on the Paging Indicator Channel (PICH)

including said identification bits. The receiving of identification bits included in the Paging

Indicator Channel (PICH) may indicate a following transmission of high-speed downlink

packets. The identification bits representing an address of a mobile terminal device may have to
match to an address assigned to a mobile terminal device, wherein the address of the mobile
terminal device may be coded according to the coding of the address with respect to the
identification bits.

A mobile terminal device may receive signaling information on a High-Speed Shared Control
Channel (HS-SCCH). Preferably, the mobile terminal device may also receive a High-Speed
Indicator (AT) on the Paging Indicator Channel (PICH) and the High-Speed Indicator (HI)

comprises an address coded by the identification bits, determining the receiving mobile terminal
device.

Morepreferably, the High-Speed Indicator (HI) comprises an address determining a mobile

terminal device and instructing this mobile terminal device to receive and decode signaling

information transmitted ona High-Speed Shared Control Channel (HS-SCCH).

Additionally, the High-Speed Shared Control Channel (HS-SCCH) may comprise mobile

terminal device identification (user identification or UE ID), Transport Format and Resource

related Information (TFRD, Hybrid Automatic Repeat Request (HARQ) information, Uplink

Synchronization information and Transport Power Control (TPC) information.

 nlitik, Shared‘Channel

(DSGH). The signaling information received on the High-Speed Shared Control Channel (HS-

SCCH) before may be employed for receiving and decoding of the data packets. Especially the
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transmission related information comprised in the signaling information transmitted on a High-

Speed Shared Control Channel (HS-SCCH) may be employed for decoding.

The mobile terminal device may transmit a transmission related information. Preferably, the

mobile terminal device may transmit transmission related information on a High-Speed

Information Channel (HICH). The transmission related information may comprise an

acknowledgement / non acknowledgement (ACK/NAK)indicating if the transmission on the

Downlink Shared Channel (DSCH) may have been received and decoded correctly or

erroneously. Further, the transmission related information may also comprise a quality indicator

and a Transport Power Control (TPC).

The identification bits may be used to code an address of a mobile terminal device, preferably of

a mobile terminal device within a group.

Preferably, the address coding may be based on a binary coding. Since four identification bits

may be reserved for coding the address the binary coding may enable to code 2° = 16 different

addresses. Certain addresses, such as 00002 and 11112 may be dedicated to special functions,

wherein the index 2 may denote the binary coding. For example, the address 00002 may indicate

that no mobile terminal device is addressed and the address11112 may indicate that all mobile

terminal devices are addressed. Each mobile terminal device of a group may have assigned a

unique address.

Moreover, the address coding may be based on a logic coding. Each bit may be assigned to a

corresponding mobile terminal device. Since a bit may represent two different states the logic

one state, e.g. the state “1”? may indicate that the corresponding mobile terminal device is

addressed whereas the state “0” may indicate that the corresponding mobile terminal device is
not addressed. Address coding may enable to address a selection of mobile terminal devices at

the same time. The four identification bits may allow to address four mobile terminal devices

according to the logic address coding.

The grouping of the mobile terminal devices into different groups may be based on the data

_ traffic generated by the mobile terminal devices. Further, the grouping of the mobile terminal
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devices into different groups may be based on N channel Hybrid Automatic Repeat Request

(HARQ) scheme.

According to a second aspect of the present invention, a computer program for carrying out the

method for High-Speed Downlink Packet Access (HSDPA) for Time Division Duplex (TDD)
mode of a wireless communication system is provided, which comprises program code meansfor

performing all of the steps of the preceding method description when the program is run on a

computer, a network device, a mobile terminal device or an application specific integrated

circuit.

According to a third aspect of the present invention, a computer program product is provided

comprising program code means stored on a computer readable medium for carrying out the

method for High-Speed Downlink Packet Access (HSDPA) for Time Division Duplex (TDD)

mode of a wireless communication system of the preceding description, when the computer

program product is run on a computer, a network device, a mobile terminal device or an

application specific integrated circuit.

According to a fourth aspect of the present invention, a mobile terminal device for the High-

Speed Downlink Packet Access (HSDPA) for Time Division Duplex (TDD) mode of a wireless

communication system is provided, which is adapted to perform a method for the High-Speed

Downlink Packet Access (HSDPA) for Time Division Duplex (TDD) mode of a wireless
communication system as described in the aforementioned description. The mobile terminal

device can be a computer, a network device or a mobile terminal device such as a mobile phone.

Preferably, the mobile terminal device may comprise means for decoding information transmitted

on the Paging Indicator Channel (PICH) which enables to extract the included identification bits
determining a specific mobile terminal device. An address corresponding to the coding of the

identification bits may be assigned to the mobile terminal device. The address coding is

described above in detail. In case of matching received signaling information transmitted on a

High-Speed Shared Control Channel (HS-SCCH) may be employed to receive and decode data
packet on a Downlink Shared Channel (DSCH). |
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The mobile terminal device may be assigned to a certain group according to the above described

dividing of a plurality ofmobile terminal devices uponaplurality of groups.

According to a fifth aspect of the present invention, a wireless communication system for the

High-Speed Downlink Packet Access (HSDPA) for Time Division Duplex (TDD) mode is

provided, which is adapted to perform a method for the High-Speed Downlink Packet Access

(HSDPA) for Time Division Duplex (TDD) mode of a wireless communication system as

described in the aforementioned description.

The wireless communication system may comprise a plurality of mobile terminal devices for the
High-Speed Downlink Packet Access (HSDPA) for Time Division Duplex (TDD) mode
described abovein detail. Further a sender comprised by the wireless communication system may

generate a signal according to the signal structure of the Paging Indicator Channel (PICH)

comprising identification bits using an adequate generating means. The identification bits may be

a High-Speed Indicator (HI) determining a specific one of the plurality of mobile terminal

devices. The Paging Indicator Channel (PICH) may be transmitted to a plurality of mobile
terminal devices. The plurality of mobile terminal devices may be grouped according to the

aforementioned grouping procedure.

Moreover, the wireless communication system may also provide and transmit signaling

information on a High-Speed Shared Control Channel (HS-SCCH) and/or data packets on a
Downlink Shared Channel (DSCH). Corresponding means for generating and transmitting of

corresponding radio signals may preferably provided by a sender of the mobile communication

system.

Additionally, the sender may also provide meansto divide or group a plurality ofmobile terminal

devices, respectively, to assign addresses according to the coding ofthe identification bits of the

High-Speed Indicator andto assign periodsoftime for accessing for the grouped mobile terminal

devices to the mobile communication network. The meansfor dividing or grouping, respectively

and for assigning addresses and periods. of time may be operated according to the above
described operational procedures for dividing or grouping, respectively and for assigning

addresses and periodsoftime.
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in the following, the invention will be described in detail by referring to the enclosed drawing in
which:

Fig. 1 showsa slot structure of a Paging Indicator Channel (PICH) according to an embodiment
of the invention.

Fig. 2 shows a grouping of a plurality of mobile communication terminals according to an
embodiment of the invention.

Fig. 3. shows frame diagram ofa high data transmitting situation according to an embodiment of

the invention.

Fig. 1 showsa slot structure of a Paging Indicator Channel (PICH) according to an embodiment

of the invention. The shown slot structure depicts a Paging Indicator Channel (PICH) burst with

respect to the 3GPP (3Generation Partnership Project) and the number of bits and their

arrangement within the burst structure.

The communication of data via a time duplex division (TDD) radio frequency communication
system between a plurality of communication members such as base stations and mobile

communication terminal is based on timeslotted transmission structure within the time domain

whereupon the certain periods of time are dedicated and assigned for the communication of a

certain member of the time duplex division (TDD) radio frequency communication system.
According to a standard defined by the 3GPP (3" Generation Partnership Project) a time duplex

division (TDD) radio communication system, especially time duplex division (TDD) based
universal mobile telecommunication services terrestrial radio access network (UTRAN), the time

structure of a time duplex division radio communication network may be described by radio
frames and time slots, wherein each radio frame comprises a plurality of time slots. According to
the 3GPP standard definition each time division multiple access (TDMA)frame has duration of

10 ms and is subdivided into fifteen time slots (TS), whereas each time slot may be further

subdivided into 2560.

The time slots may be allocated to either an uplink or a downlink transmission between a mobile

terminal device and a base station. The time slot may be allocated completely to one of the
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transmission direction so that a frame may comprise an arbitrary sequence of uplink and

downlink transmissions. The 2560 chips of a time slot may be primarily used for coding or

spreading the communicated data within a time slot, respectively. The spreading of

communicated data within a time slot is out of the scope of this invention and known to those

skilled in the art and described in available standard documents of the 3Generation Partnership
Project (3GPP).

A burst of data may be designated as a physical channel of a time division duplex radio

communication system. A burst may be transmitted in a time slot within an allocated frame and

its duration is one time slot. Each burst may include a first data part, a midamble, a second data
part and a guard part. Different type of burst may be available for data communication,

particularly a type 1, type 2 and type 3, wherein the both burst types 1 and 2 may be employed for

uplink and downlink data communication whereas burst type 3 may be employed exclusively for

uplink data transmission. Type 2 burst may be distinguished by a larger data amount in

comparison with type 1 burst. At maximum, a type 1 burst may comprise 1952 symbols of data

(or bits, respectively) at spread factor 1 (SF 1) whereas a type 2 burst may comprise 2208

symbols of data (orbits, respectively) at spread factor 1. Correspondingly, at a spread factor 16
(SF 16) the burst may comprise 122 or 138 symbols ofdata, respectively.

The midamble may comprise training sequences. Sincethetotal length of a burst may be defined

by a timeslot the training sequence or midamble of a type 1 burst comprisesatraining sequence

of more data symbols than a type 2 burst. The guard period of botli the type 1 and type 2 burst

may comprise the same numberofdata symbols.

The Paging Indicator Channel (PICH) indicates or designates a mobile terminal device for which

it is provided that a Paging Message might be accepted thereby on the Paging Channel (PCH).

The mobile terminal devices may be assigned to a paging group whenit is registered with the

network. These paging groups maybeindicated by the use of Paging Indicators (PI) carried on

the Paging Indicator Channel (PICH).

Twodifferent burst types, type 1 and type 2, are employed for defining different numbersofbits

Npi» or number of data symbols within the structure, respectively. The burst type 1 may carry a
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Paging Indicator (PI) with a numberof bits Npiv = 240, whereas the burst type 2 may carry

another Paging Indicator (PI) with a numberofbits No = 272. The bits sypme, ..., SNPBe

adjacent to the midamble are reserved up to now for future usage. The usage of the remaining
bits s1, ..., Ser are defined by the 3GPP standard.

These four reserved bits snpmpit, ..., SNPrBi4 may be used for addressing an individual mobile

terminal device out of a group of mobile terminal devices and indicating to the mobile terminal

device to receive a high-speed downlink packet. Therefore, the four reserved bits may be

designated in the following description as an address or a High-Speed Indicator (HT). Two

different coding may be employed for enabling an addressing of a mobile terminal device.

A first address coding may be based on a binary coding of an individual address of each mobile

terminal device out of the group of mobile terminal devices. The first address coding may be

based on a binary coding of the addresses. This coding method may be employed in case of one

device which may be allowed to transmit high-speed downlink packets in each frame. The

employed four bits for coding an individual address of a mobile terminal device may allow to
assign 2*= 16 different addresses for addressing. In the following binary coded numbers and
hence also the binary coded addresses may be indicated by a subscript “2”, whereas the

respective decimal spelling is indicated by a subscript “10”. In thefollowing description of this

invention the states of the four bits may be denoted enclosed within quotation marks, such as
“0010”.

The addresses 00002 = O10, 11112 = 15,9 may be reserved for special addressing operations and

not assigned to any certain mobile terminal device. The address 00002 = 019 may indicate that no

one of the mobile terminal devices of the group thereof may is addressed, whereas the address

11112=1510 may indicate that all mobile terminal devices of the group thereof may be
addressed.

Thus, fourteen remaining addresses may be used for addressing individual mobile terminal

devices when the both addresses 00002 =0j9, 11112 = 1510 may be employed for the above

described special operations. The remaining addresses 00012 = 119, 0010. = 219, 00112 = 30, -..,
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11102 = 14,9 may allow to address maximum fourteen different mobile terminal devices and may

be assigned correspondingly thereto.

A second address coding may be based on a non binary coding of addresses. Each bit of the

reserved four identification bits may be assigned to a certain mobile terminal device for

addressing. This coding method may be employed advantageously in case of several devices

which may be allowed to transmit high-speed packet data in each frame. Therefore, it may be

possible to address four different mobile terminal devices and hence, the group of mobile

terminal devices may comprise maximal four different mobile terminal devices. Each bit may

offer two differentbits states, a bit state “1” andabit state “O”, respectively.

The address “1000” may indicate that, for example, the first mobile terminal device out of the

group of the four mobile terminal devices may be addressed, whereas the remaining three mobile

terminal devices (second, third and fourth) may be not addressed. Correspondingly further, the

address “0100” may indicate that, for example, the second mobile terminal device out of the

group of the four mobile terminal devices may be addressed, whereas the remaining three mobile
terminal devices (first, third and fourth) may be not addressed. Correspondingly further, the

address “ 0010” mayindicate that, for example, the third mobile terminal device out of the group

of the four mobile terminal devices may be addressed, whereas the remaining three mobile

terminal devices (first, second and fourth) may be not addressed. Correspondingly further, the

address “ 0001” may indicate that, for example, the fourth mobile terminal device out of the

group of the four mobile terminal devices may be addressed, whereas the remaining three mobile

terminal devices (first, second and third) may be not addressed.

This second address coding allowsto address a selected subgroup out of the group of four mobile
terminal devices. For example, the address coding “1001” may indicate that, for example, the
first and fourth mobile terminal devices are addressed whereas the second and the third mobile

terminal devices are not addressed. For example, the address coding “1011” mayindicate that,

for example, the first, third and fourth mobile terminal devices are addressed whereas the second
mobile terminal device is not addressed.
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The usage and functionality connected to the addresses “0000” and “1111” is the samelike

described in combination with the first address coding procedure. A coded address “0000” may

indicate that no one of the mobile terminal devices is addressed to initiate a data transmission.

Correspondingly, an address ‘1111’? may indicate an initialization of a data transmission to all

four mobile terminal devices of the group.

In the following description, the address coding of the mobile terminal devices may be based on

the first address coding mentioned and described above. The below presented description may be

employed in a similar manner in combination with the above mentioned second address coding.

Fig. 2 shows a grouping of a plurality of mobile communication terminal according to an

embodiment of the invention. A plurality of mobile terminal devices is shown in Fig. 2. The

mobile terminal devices are grouped in five separate groups each comprising a subsetofplurality

of mobile terminal devices. The grouping and the number of mobile terminal devices within the

different groups is exemplary and the grouping may performed in another arrangement. Since the

address coding is based on thefirst address coding procedure the different groups may comprise

maximal fourteen mobile terminal devices. Further, the number of groups mayalso be exemplary

and not limited to the depicted five different groups.

A first group designated as group 1 may comprise exemplary four mobile terminal devices and

the mobile terminal devices may be designated as UE 1, UE 2, UE3 and UE 4, respectively.
According to the address coding procedure, the addresses “00017’, “0010”, “0011” and “0100”

maybe assignedto the corresponding mobile terminal devices UE 1, UE 2, UE 3 and UE 4. |

A second group designated as group 2 may comprise exemplary six mobile terminal devices and

the mobile terminal devices may be designated as UE 5, UE 6, UE7, UE 8, UE9 and UE 10,

respectively. According to the address coding procedure, the addresses “0001”, “0010”, “0011”

“0100” “0101” and “0111” may be assigned to the corresponding mobile terminal devices UE 5,

UE 6, UE 7, UE 8, UE 9 and UE 10.

A third group designated as group 3 may comprise exemplary three mobile terminal devices and

the mobile terminal devices may be designated as UE 11, UE12 and UE 13, respectively.
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According to the address coding procedure, the addresses “0001”, “0010” and “0011” may be

assigned to the corresponding mobile terminal devices UE 11, UE 12 and UE 13.

A fourth group designated as group 4 may comprise exemplary six mobile terminal devices and

the mobile terminal devices may be designated as UE 14, UE 15, UE 16, UE 17, UE 18 and
UE 19, respectively. According to the address coding procedure, the addresses “0001”, “0010”,

“0011” “0100” “0101” and “0111” may be assigned to the corresponding mobile terminal

devices UE 14, UE 15, UE 16, UE 17, UE 18 and VE 19.

A fifth group designated as group 5 may comprise exemplary four mobile terminal devices and

the mobile terminal devices may be designated as UE 20, UE 21, UE 22, UE 23 and UE 24,
respectively. According to the address coding procedure, the addresses “0001”, “0010”, “0011”,

“0100”and “0101” may be assigned to the corresponding mobile terminal devices UE 20, UE 21,

UE 22, UE 23 and UE 24.

The plurality of mobile terminal devices are divided into a plurality groups. The number of
groups mayandthe division thereupon may be performed dynamically orstatically. For example,

the grouping (arrangement and/or number of groups) may be based on traffic load or N channel

Hybrid Automatic Repeat Request CHARQ) scheme.

The following Fig. 3 may represent a time flow diagram according to an embodiment of the

method of the present invention. The time flow diagram is based on the grouping presented

aboveaccording to Fig. 2.

Fig. 3 shows frame diagram of a high data transmitting situation according to an embodiment of

the invention. The five groups each comprising mobile terminal devices, shown in Fig. 2 may

listen to the Paging Indicator Channel (PICH). According to this embodiment of the invention,

the mobile terminal devices of one group maylisten to the Paging Indicator Channel (PICH)

every fifth frame. Correspondingly, group 1 maylisten to frame 1, group 2 to frame2, group 3 to

frame 3, group 4 to frame 4 and group 5 to frame 5. Beginning with frame 6 group 1 maylisten

again thereto and further group 2 may follow in listening to frame 7. This sequencing of the

groups may be continued. Analog to the grouping of the mobile terminal devices, the period of
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repetition may be defined both dynamically or statically. For example, the period of repetition

may be based ontraffic load or N channel Hybrid Automatic Repeat Request (HARQ) scheme.

Further, the groups may have the same periodsofrepetition.

The following channels may be involved in and used by the embodiment of the present
invention. A short describing introduction of the channels will be given since the complete

definition of the respective channels may be known to thoseskilled in theart.

The Paging Indicator Channel (PICH) mayindicate to a mobile terminal device that a Paging

Message might be expected thereby on the Paging Channel (PCH). The mobile terminal devices
may be assigned to a paging group whenit is registered with the network. These paging groups

maybeindicated by the use of Paging Indicators (PI) carried on the Paging Indicator Channel

(PICH). Herein the invention, the reserved bits as in Fig. lare used as High Speed Indicator (HI)

which comprise the coded address of a mobile terminal device of the respective group for

initialing a high-speed downlink transmission.

The High-Speed Shared Control Channel (HS-SCCH) may be used to carry indicator and

signaling information to be employed for receiving and decoding information transmitted

through a Downlink Shared Channel (DSCH).

The Downlink Shared Channel (DSCH) is used to carry dedicated user data or control signal to

one or more mobile terminal devices in a communication cell. The decoding of the dedicated

user data or control signal may be enabled and controlled by information transmitted via the

above mentioned High-Speed Shared Control Channel (HS-SCCH)

The Uplink High-Speed Downlink Packet Access (HSDPA) Information Channel (UL-HICH)

may be used to carry indicator and signaling information to a base station or Node B,

respectively. Three different fields may be comprised, an acknowledge / negative acknowledge

(ACK/NAK)field, a Quality Indicator field and a Transmit Power Control (TPC)field.

Each mobile terminal device of a corresponding group according to a specific frame assigned to

the corresponding group may listen to the Paging Indicator Channel (PICH) of this frame while
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the mobile terminal device of the other groups do not listen. Further, the mobile terminal device

of this group may share the Downlink Shared Channel (DSCH).

In the following, the time sequence provided in Fig. 3 will be described with respect to each

single frame.

In a frame 1, all mobile terminal devices comprised by the group 1 may listen to the Paging

Indicator Channel (PICH). An address of a mobile terminal device out of group 1 may be

comprised in the high speed indicator (HD carried by the Paging Indicator Channel (PICH) and

received by the mobile terminal devices of group 1. The address “0001” may be coded in the

High speed indicator (HI) according to the above described first coding procedure (shownin Fig.
1). The mobile terminal device UE 1 which mayhavebeen assigned the address “0001” decodes

its address and hence may be indicated to receive and decode the downlink signaling information

which may be transmitted through and obtained on the High-Speed Shared Control Channel (HS-

SCCH). The downlink signaling information may enable the mobile terminal device to receive

and decode the high-speed packet data in the Downlink Shared Channel (DSCH) by using this
received and decoded downlink signaling information. A confirmation may be transmitted to the

high-speed downlink packet sender, such as a Node B. The confirmation may comprise an

acknowledge / negative acknowledge (ACK/NAK) and measurement report. Preferably the

confirmation may betransmitted via the Uplink High-Speed Downlink Packet Access (HSDPA)
Information Channel(UL-HICH) carrying the above described information.

The operations of the following frames are carried out analog to the operations described with

respect to frame 1.

In a frame 2, the mobile terminal devices of group 2 maylisten to the Paging Indicator Channel

(PICH) which may transmit an address of a mobile terminal device “0101” corresponding to

mobile terminal device UE 9 of group 2. The mobile terminal device UE 9 which may have been

assigned the address “0101” decodes its address and hence may be indicated to receive and
decode the downlink signaling information which may be transmitted through and obtained on

’ the High-Speed Shared Control Channel (HS-SCCH). The downlink signaling information may

enable the mobile terminal device to receive and decode the high-speed packet data in the
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Downlink Shared Channel (DSCH) by using this received and decoded downlink signaling

information. A confirmation may be transmitted to the high-speed downlink packet sender, such

as a Node B. The confirmation may comprise an acknowledge / negative acknowledge

(ACK/NAK) and measurement report and preferably transmitted via the Uplink High-Speed

Downlink Packet Access (HSDPA) Information Channel (UL-HICH). .

In a frame 3, the mobile terminal devices of group 3 may listen to the Paging Indicator Channel

(PICH) which may transmit an address of a mobile terminal device “0010” corresponding to

mobile terminal device UE 12 of group 3. The mobile terminal device UE 12 which may have

been assigned the address “0010”decodesits address and hence maybe indicated to receive and
decode the downlink signaling information which may be transmitted through and obtained on

the High-Speed Shared Control Channel (HS-SCCH). The downlink signaling information may

enable the mobile terminal device to receive and decode the high-speed packet data in the

Downlink Shared Channel (DSCH) byusing this received and decoded downlink signaling

information. A confirmation may be transmitted to the high-speed downlink packet sender, such

as a Node B. The confirmation may comprise an acknowledge / negative acknowledge

(ACK/NAK) and measurement report and preferably transmitted via the Uplink High-Speed
Downlink Packet Access (HSDPA) Information Channel (UL-HICH).

In a frame 4, the mobile terminal devices of group 4 may listen to the Paging Indicator Channel

(PICH) which may transmit an address of a mobile terminal device “0010” corresponding to

mobile terminal device UE 15 of group 4. The mobile terminal device UE 15 which may have

been assigned the address “010” decodes its address and hence may be indicated to receive and
decode the downlink signaling information which may be transmitted through and obtained on

the High-Speed Shared Control Channel (HS-SCCH). The downlink signaling information may

enable the mobile terminal device to receive and decode the high-speed packet data in the

Downlink Shared Channel (DSCH) by using this received and decoded downlink signaling

information. A confirmation may be transmitted to the high-speed downlink packet sender, such

as a Node B. The confirmation may comprise an acknowledge / negative acknowledge

(ACK/NARB) and measurement report and preferably transmitted via the Uplink High-Speed
Downlink Packet Access (HSDPA) Information Channel (UL-HICH).
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In a frame 5, the mobile terminal devices of group 5 may listen to the Paging Indicator Channel

(PICH) which may transmit an address of a mobile terminal device “0100” corresponding to

mobile terminal device UE 23 of group 5. The mobile terminal device UE 23 which may have

been assigned the address “0100” decodes its address and hence may be indicated to receive and

decode the downlink signaling information which maybe transmitted through and obtained on

the High-Speed Shared Control Channel (HS-SCCH). The downlink signaling information may

enable the mobile terminal device to receive and decode the high-speed packet data in the

Downlink Shared Channel (DSCH) by using this received and decoded downlink signaling

information. A confirmation may be transmitted to the high-speed downlink packet sender, such

as a Node B. The confirmation may comprise an acknowledge / negative acknowledge
(ACK/NAK) and measurement report and preferably transmitted via the Uplink High-Speed

Downlink Packet Access (HSDPA) Information Channel (UL-HICH).

In a frame 6, the mobile terminal devices of group 1 maylisten to the Paging Indicator Channel

(PICH) which may transmit an address of a mobile terminal device “0011” corresponding to

mobile terminal device UE 3 of group 1. The mobile terminal device UE 3 which may have been
assigned the address “ 0011” decodes its address and hence may be indicated to receive and

decode the downlink signaling information which may be transmitted through and obtained on

the High-Speed Shared Control Channel (HS-SCCH). The downlink signaling information may

enable the mobile terminal device to receive and decode the high-speed packet data in the

Downlink Shared Channel (DSCH) by using this received and decoded downlink signaling
information. A confirmation may be transmitted to the high-speeddownlink packet sender, such

as a Node B. The confirmation may comprise an acknowledge / negative acknowledge

(ACK/NAK) and measurement report and preferably transmitted via the Uplink High-Speed
Downlink PacketAccess (HSDPA) Information Channel (UL-HICH).

In a frame 7, the mobile terminal devices of group 2 maylisten to the Paging Indicator Channel

(PICH) which may transmit an address of a mobile terminal device “0010” corresponding to

mobile terminal device UE 6 of group 2. The mobile terminal device UE 6 which may have been

assigned the address “ 0010” decodes its: address and hence may be indicated to receive and
decode the downlink signaling information which may be transmitted through and obtained on

the High-Speed Shared Control Channel (HS-SCCH). The downlink signaling information may
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enable the mobile terminal device to receive and decode the high-speed packet data in the

Downlink Shared Channel (DSCH) by using this received and decoded downlink signaling

information. A confirmation may be transmitted to the high-speed downlink packet sender, such

as a Node B. The confirmation may comprise an acknowledge / negative acknowledge

(ACK/NAK) and measurement report and preferably transmitted via the Uplink High-Speed
Downlink Packet Access (HSDPA) Information Channel (UL-HICH).

This specification contains the description of implementations and embodiments of the present

invention with the help of examples. It will be appreciated by a person skilled in the art, that the

present invention is not restricted to details of the embodiments presented above, and that the

invention can be also implemented in another form without deviating from the characteristics of

the invention. The embodiment presented above should be considered as illustrative, but not

restricting. Thus, the possibilities of implementing and using the invention are onlyrestricted to

the enclosed claims. Consequently, various options of implementing the invention as determined

by the claims, including equivalent implementations, also belong to the scope of the invention.
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Claims

- Method for High-Speed Downlink Packet Access (HSDPA) signaling for Time Division

Duplex (TDD) modeof a wireless communication system, comprising the following steps:

a base station (node B) sending indication information to a mobile terminal device (UE);
the mobile terminal device (UE) identified by the said indication information receiving

signaling information;

said mobile terminal device, based on the said signaling information, decoding packet data

information;

characterized by the steps of : :

- including a High-Speed Indicator (HI) into the slot structure of a Paging Indicator
Channel (PICH), said High-Speed Indicator (HI) comprising a plurality of identification

bits, each identification bit being assigned,

- said High-Speed Indicator (HD) designating a specific mobile terminal device accessible

in a downlink channel.

. Method according to claim 1, wherein said plurality of identification bits are four

identification bits arranged in two pairs each of two bits on cither side of and adjacent to a

midamble area of said Paging Indicator Channel (PICH).

. Method according to anyoneofthe preceding claims, comprising following furthersteps:

- dividing a plurality of mobile terminal devices upon a plurality of groups.-

. Method according to claim 3, comprising following furthersteps:

- assigning certain periods oftime to each group,

wherein each mobile terminal device of a group receives data transmitted within said periods

of time assignedto said respective group via said Paging Indicator Channel (PICH).

. Method according to claim 3 or claim 4, comprising following furthersteps:

- assigning a High-Speed Indicator (HI) to each mobile terminal device of a group.
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Method according to anyoneofthe claims 3 to 5, wherein said periodsof time of a group are

assigned accordingto the data traffic ofthe group..

Method according to anyone of the preceding claims, comprising following furthersteps:

- receiving information on said Paging Indicator Channel (PICH) by a mobile terminal
device.

Method according to anyoneofthe preceding claims, comprising the following further steps:
- receiving signaling information on a High-Speed Shared Control Channel (HS-SCCH) by

a mobile terminal device.

Method according to claim 7, comprising the following further steps:

- receiving and decoding data packets on a Downlink Shared Channet (DSCH) by a mobile

terminal device,

wherein the receiving and decoding step employs said signaling information received on said

High-Speed Shared Control Channel (HS-SCCH).

Method according anyoneofthe preceding claims, comprising following further steps:

- transmitting transmissionrelated information.

Method according anyone of the preceding claims, wherein said identification bits codes a

binary address of a mobile terminal device.

Method according claim 1 to 11, wherein said identification bits codes a logical address of a

mobile terminal device.

Method according anyone of the preceding claims, wherein said dividing a plurality of

mobile terminal devices upon a plurality ofgroups is based on the datatraffic.

Method according anyone of the preceding claims, wherein said dividing a plurality of

mobile terminal devices upon a plurality of groups is based on an N channel Hybrid

Automatic Repeat Request (HARQ) scheme.
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Computer program for executing method for High-Speed Downlink Packet Access (HSDPA)

for Time Division Duplex (TDD) mode of a wireless communication system, comprising

program code means for carrying out the steps of anyone of claims 1 to 14 when said
program is run on a computer, a network device, a mobile device, oran application specific
integrated circuit.

Computer program product comprising program code means stored on a computer readable

medium for carrying out the method for High-Speed Downlink Packet Access (HSDPA)for

Time Division Duplex (TDD) modeofa wireless communication system of anyone ofclaims
1 to 14 when said program product is run on a computer, a network device, a mobile device,

or an application specific integrated circuit.

Mobile terminal device for High-Speed Downlink Packet Access (HSDPA) for Time

Division Duplex (TDD) mode of a wireless communication system, comprising means

adapted to perform a method for High-Speed Downlink Packet Access (HSDPA) for Time

~ Division Duplex (TDD) mode of a wireless communication system according to anyone on

18.

the claims 1 to 14.

Wireless communication system for High-Speed Downlink Packet Access (HSDPA) for

Time Division Duplex (TDD) mode, comprising means adapted to perform a method for

High-Speed Downlink Packet Access (HSDPA)for Time Division Duplex (TDD) mode of a

wireless communication system according to anyone on the claims 1 to 14.
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(DESCRIPTION]

[INVENTIONTITLE]

A METHOD FOR REQUESTING AND REPORTING CHANNEL QUALITY :

INFORMATION IN WIRELESS PORTABLE INTERNET SYSTEM

(TECHNICALFIELD]

The present invention relates to a mobile communication system. More

specifically, the present invention relates to a method and apparatus for

requesting and reporting channel quality information (CQI) in a wireless portable
Internet system.

[BACKGROUND ART]

The wireless portable Internet is a next generation communication

system for further supporting mobility, in addition to a short range data

communication system which uses stationary access points (APs) such as the

conventional wireless local area network (LAN). Various standards have been

proposed for the wireless portable Internet, and the international standardization

on the portable Internet is in progress by the IEEE 802.16.

The wireless LAN system such as the conventional [EEE 802.11

provides a data communication system which allows short-range radio

communication with reference to stationary access points, which provides no

mobility of the subscriber station (SS) but which supports wireless LAN data

communication in a local area other than wired LAN data communication.
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Meanwhile, a new wireless portable Internet system currently .
progressed by the IEEE 802.16 working group is designed to support the:
mobility. to the subscriber station and thus provide a seamless data -
communication service thereto when the subscriber station moves from onecell

to anothercell.

The mobile communication systems including the above-described

wireless portable tnternet system have been developed for communication

systems which support speech services and high-speed packet data services.

Reported information on the radio channel quality of a link to a

subscriber station on the moveis very important since the information is used to

determine an appropriate adaptive modulation and channel coding (AMC)level

for the corresponding link to the subscriber station in the system for supporting

high-speed mobility. Since the reported information on the radio channei quality

is found to be erroneous,a resource allocated to thelink to the subscriberstation

may be wasted, it is accordingly very important to provide reliable channel

quality information (CQI) to a schedulerof the base station.

In order to collect information on the channel quality, the base station

selects a predetermined subscriber station for each slot from among a plurality

of subscriber stations, transmits packet data thereto, and receives channel

quality information on a forward channel!from the selected subscriber station to

determine transmission parameters such as data rates, channelcoding rates,

and modulation orders.
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In order that the subscriber station reports channel quality information to.
the base station, when the basestation transmits a CQI report message to a
plurality of subscriber stations, each subscriber station requestsbandwidth for. .
reporting channel quality information. When the bandwidth is allocated, each
subscriber station reports a channel quatity measurement result to the base

station in an additional message format.

FIGs. 1 to 3 show general flowcharts for measuring and reporting

channel quality information in a mobile communication system. In FIGs, 1 to 3,

the transverse axis stands for the time passage, BS symbolizes the base station,

and SS symbolizes the subscriberstation.

Referring to FIG. 1, in order to measure the radio channel quality

between a base station and a subscriber station, the subscriber station receives

a CQI request (REP-REQ) message from the base station and requests a

bandwidth for a channel measurement report therefrom (S10 to S13), the base

station aliocates an uplink resource (UL-MAP)to the subscriber station (S14 and

$15), and the subscriber station uses the uplink resource and transmits the

channel measurement report (REP-RSP) messageto the base station (S16 and

$17). The REP-REQ/RSP message is a channel measurement report

request/response message from among media access control (MAC) managed

messages defined in IEEE 802.16.

However, a delay of a predetermined time occurs because of the

request andallocation of the uplink bandwidth until the subscriber station reports
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the channel measurementinformation to the base station, since the base station

aliccates no uplink resource to be usedfor the channel measurement report in

advance whenrequestingchannelquality information from the subscriberstation,

thereby very probably failing to quickly process the varied channel. condition and —

satisfy the quality of service (QoS)criteria.

FIG. 2 shows a process for the subscriber stations to competitively

request a bandwidth from the base station. The respective subscriber stations
competitively request a bandwidth for a channel measurement report from the

base stations in steps S20 to S23, and when the request. has failed, the

subscriber stations attempt a competitive bandwidth request again through a

backoff processin steps $24 to S27. When the attemptis found to be successful,

the base station allocates an uplink resource to the corresponding subscriber

station, and the subscriber station transmits a channel measurement report to

the base station through the allocated uplink resource in steps S28 to $30. In

this case, a delay is generated by the backoff, and the request and allocation of

the uplink bandwidth.

| FIG. 3 shows a process for a subscriber station to transmit a random

code for a bandwidth request to the base station in the general case of

requesting and reporting the channel quality information.

When the subscriber station transmits a competitive random codefor a

bandwidth request to the base station according to the channel quality

information provided by the base station in steps S40 to S43, the base station
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cannot determine from the bandwidth request code whether the subscriber |
station will transmit bandwidth request information (i.e., an amount of data

stored in a transmission buffer of uplink data) or transmit the message for the |
channel. measurement report. Accordingly, the subscriber: station may be.

§ delayed in transmitting the message for the channel measurement report to the
base station even though the subscriber station has successfully transmitted the

random codeto the basestation, and hence, the time delayis inevitable.

As shown in FIG. 3, when the base station allocates a resource for a

: bandwidth request and the subscriber station transmits a bandwidth request

10 message before the subscriber station transmits the channe! measurement

report io the base station, the base station must allocate the uplink resource in

steps S44 to S49, and hence, a time delay is generated andit is difficult to

guarantee the QoS because of the undesired delay.

Aliso, the base station must transmit a CQi request message to eachSAepinherniectheicndtahateuna
15 subscriber station that will generate a channel measurement report. Hence,

when transmitting the CQI request messageto a plurality of subscriber stations

in a frame, the base station respectively transmits the same unicast message

j - (e.g., a basic connection identifier (CID) according to the IEEE 802.16 standard)

to the subscriber stations, thereby increasing overheads.

20 However, the method for the base station to request the channel quality

information from a plurality of subscriber stations in the case of one frame may

exhaust downlink resources since the base station transmits similar messagescomeAGRACUcMetcctN
ssLivnawineinabirerpeta
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to the subscriber stations individually. Further, when the base station transmits

the message to the subscriber station by using an inadequate AMC level, in

' detail, when the base station transmits the CQI request message thereto by

using the AMC level determined based on the existing channel status even.

| though the channei has already been degraded, ‘some subscriber stations may.
+

fail to receive the CQI request message.

Also, overheads of messages are increased when the respective

subscriber stations individually transmit a response message for the channel

quality measurementresult to the base station.

In addition, the mobile system does not guarantee allocation of uplink

resources for transmitting the response message of the channel quality

measurement result, and hence, heavy delay may be generated when the

subscriber station transmits the response message to the base station. As a

result, the subscriber stations mayfail to transmit the on-time response message

thereto, and ihe base station may not adaptively process the message following

the mobile environment. |

[DISCLOSURE]

[TECHNICAL PROBLEM]

It is an advantage of the present invention to provide a method for

quickly adapting to the most recent channel state andapplying the mostefficient

modulation and channel coding level when transmitting/receiving data to/from a

corresponding subscriberstation.

 Spb cee ea
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It is another advantage of the present invention to provide an efficient

method for minimizing an overhead of an uplink resource and. increasing

reliabitity of a CQ! report for an REP-RSP. | |
It is another advantage of the present inverition to provide a method for

efficiently receiving the CQI by quickly adapting to the channel environment

whentransmitting/receiving of data to/from a corresponding subscriber station.
It is another advantage of the present invention to provide a method for

using CQI values to determine period and frequency of channel quality report,

efficiently perform downlink adaptive modulation, and allocate an encodinglevel

and a radio resource.

[TECHNICAL SOLUTION]

In one aspect of the present invention, a method for requesting channel

quality information (CQI) ina wireless portable internet system comprises: a) a
base station determining timing of a channel! quality information request; b)

requesting an automatic repeat request acknowledgement (ARQ-ACK) message

of downlink data upon requesting the CQI from a subscriber station; c) allocating

a radio resource for the ARQ-ACK message and the channet quality report to the

subscriber station; d) receiving information on the ARQ-ACK message and the

channel quality report; and e) determining a modulation and coding level of

downlink data by extracting the channel quality report information from the

ARQ-ACK.

The method further comprises: a-1) determining whether uplink data to
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be received by the base station exists, after a); b-1) transmitting a piggyback -
identifier of uplink data to be used to request the cal to the subscriber station
whenthe uplink data exists; c-1} allocating a radio resource for reporting the CQI

to the subscriber station; d-1)} receiving the channel quality report ‘information

piggybacked on the uplink data; and 6-1) extracting the CQt from the uplink data,.
and determining a modulation and coding level of downlink data based on the

reported COQ.

The method further comprises: a-2) determining whether the ARQ-ACK

message exists in a-1), when no uplink data to be received by the base station

exists; b-2) transmitting an REP_REQ medium access control (MAC) message

to the subscriber station when no ARQ-ACK message exists; c-2) allocating the

radio resource for reporting the CQI to a dedicated channel; d-2) receiving the
REP_REQ MAC message through the dedicated channel; and e-2) determining

a modulation and coding level of downlink data based on the reported CQ.

in another aspect of the present invention, a method for reporting

channetquality information in a wireless portable Internet system, comprises: a)

determining whether transmission of an ARQ-ACK message and a REP-REQis

provided from a base station; b) updating the two valuesinto latest values by

measuring the CQi when the transmission is provided; c) acknowledging a radio

resource allocated for the ARQ-ACK message and the CQI; and d) transmitting

the CQI to a base station while being included in the ARQ-ACK message.

The method further comprises: a-1) determining whether a piggyback

(04351  
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identifier for transmitting the CQI is transmitted from the base station; b-1)
measuring the CQI and updating the same into ‘the latest values when the

piggyback identifier is transmitted: c-1) acknowledging a radio resource
allocated for the CQI among the radio resources piggybacked onthe uplink data;
and d-1)} transmitting the CQI piggybacked on the uplink data to the basestation.

The method further comprises: a-2) determining whether the REP_REQ

MAC messageis transmitted from the base station; b-2) measuring the CQI and

updating the same into the latest value when the REP_REQ MAC messageis

transmitted; c-2) acknowledging a radio resource of a dedicated channel

allocated for the CQ! report; and d-2) transmitting the CQ/ through the dedicated

channel to the basestation.

[ADVANTAGEOUS EFFECTS]

CQI information is quickly received without an additional bandwidth

request from a subscriber station to determine an AMC levei and efficiently
transmit downlink databy allocating a CQI channel to the subscriberstation by a

base station. .

In addition, CQ! period and frequency are determined based on CQI of

the REP-RSP.

[DESCRIPTION OF DRAWINGS]

FIGs. 1 to 3 show general flowcharts for requesting and reporting

channel quality information;

_ 04352.  
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FIG. 4 shows a flowchart for requesting and reporting channel quality |

information according to one exemplary embodiment of the present invention; | .

- FIG. 5 shows a flowchart for requesting and reporting channel quality

information according to another exemplary embodiment of the present
invention;

FIG. 6 shows a fiowchart for requesting and reporting channel quality

information according to another exemplary embodiment of the present

invention;

FIG. 7 shows a schematic diagram for a wireless portable Internet

system:

FIG. 8 shows a hierarchical diagram of a wireless portable Internet

system;

FIG. 9 shows a schematic diagram of a connection structure between a

base station and a subscriberstation in a wireless portable internet system;

FIG. 10 showsa flowchart for requesting and reporting channel quality

information according to an exemplary embodiment of the present invention;

FIG. 11 shows a flowchart for requesting and reporting channel quality

information according to an exemplary embodiment of the present invention

when the subscriber station has uplink data to be transmitted;

FIG. 12 shows a flowchart for requesting and reporting channel quality

information according to an exemplary embodiment of the present invention

when the subscriber station has no uplink data to be transmitted; and

10
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FIG, 13 shows uplink and downlink resource allocation structures shown

in FIG.5. |

(BEST MODE]

In the following detailed description, only the preferred embodiment of

the invention has been shown and described, simply by wayofillustration of the

best mode contemplated by the Inventor(s) of carrying out the invention. As will

be known, the invention is capable of modification. in various obvious respects,

all without departing from the invention. Accordingly, the drawings and

description are to be regarded asillustrative in nature, and not restrictive. To

clarify the present invention, parts which are not described in the specification
are omitted, and parts for which same descriptions are provided have the same

reference numerals.

A subsequent method will now be described in order to resolve the

above-described problems generated while requesting and reporting the

channel quality information in the mobile communication system.

FIG. 4 shows a flowchart for requesting and reporting channel quality

information according to an exemplary embodimentof the present invention.

As shown in FIG. 4, the base station (BS) aliocates a dedicated channel

(a CQI channel) for reporting channel quality information (S101). The CQI

channel allocation information is included in uplink radio resource allocation

information (referred to as a UL-MAP hereinafter), and is transmitted to the

subscriberstation (SS).

11
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The base station transmits the REP_REQ message through a basic

connection identifier to the subscriber station ($102). The subscriber station |
measures mean value and standard deviation of the downlink carrier to.
interference noise ratio (CINR), and updates the given mean value and standard

deviation (S103). |

The updated CINR mean value and standard deviation is compressed

and encoded as a REP_RSP message ora CQ] codeword to be transmitted to

the base station ($104).

Then, the subscriber station (SS) transmits the REP-RSP through the
allocated CQI channel (S105). As noted above, the REP-RSP message includes

the latest mean vatue and standard deviation of the downlink CINR.

The base station (BS) receives the REP-RSP messages, performs

scheduling based on the CQI, and applies the scheduling to the downlink MAP

information (DL-MAP) (S106).

That is, when the channel quality is degraded in the adaptive modulation

and channel coding (AMC), the stronger AMC is used so that the DL-MAPis

transmitted to the corresponding subscriber station ($107).

Accordingly, the base stationallocates the additional CQ! channelto the

subscriber station so that the AMC level is determined based on the received

CQl before the subscriber station requests the additional bandwidth, thereby

quickly and efficiently transmitting the DL-MAP.

Also, the period and frequency can be determined based on the CQ!

12
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included.in the REP-RSP.

FIG. 5 shows a flowchart. for requesting and reporting channel quality .
information. according. to another exemplary embodiment of the present
invention. |

In. this embodiment, when the downlink data to be transmitted to the

subscriber station exists, the base station requests the CQI report. Also, when.

the downlink data Is transmitted to the subscriber station, the base station”

acknowledges whether the subscriber station successfully receives the CQI, and |
applies an automatic repeat request (ARQ) when a repetition is needed.

The base station acknowledges the success of the subscriber station

receipt thereof and applies an automatic repeat request (ARQ) algorithm as

necessary for retransmitting. According to the ARQ algorithm, the subscriber

station transmits the ARQ_ACK messageof transmitted downtink data so that

the base station is provided with acknowledgement of receiving and

retransmitting.

The base station transmits the downlink data to the subscriber station,

and simultaneously transmits the ARQ_ACK message and subheader for

requesting the CQI report ($110).

The subscriber station receives the subheader, measures the mean

value and standard deviation, and updates the existing values ($111).

Meanwhile, the base station allocates the uplink resource for transmitting

the ARQ-ACK message and CQI message through the UL-MAP (S142). In order

13
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to report the channel quality more exactly, the base’station can update the CINR| |

mean value and the standard deviation and generates information for reporting .
the ARQ_ACK message and channel quality information (S113, $114) when
allocating the uplink resource. |

The subscriber station transmits the ARQ_ACK message and the

channel quality information report message through the allocated uplink

resource to the base station ($115).

The base station performs scheduling based on the received channel

quality information and applies it to the downlink MAP information (DL-MAP)

(S416).

When the channel quality is degraded, the downlink data is transmitted

to the corresponding subscriber station by a stronger channel modulating and

coding method (S117).

According to this embodiment of the invention, when the base station

transmits the downlink data and receives the ARQ_ACK message, the base

_ station simultaneously requests the ARQ_ACK message and channel quality

information and receives the channel quality information through the radio

resource for the ARQ_ACK message,therebyefficiently reporting the CQI.

FIG. 6 shows a flowchart for requesting and reporting channel quality

information according to another exemplary embodiment of the present

invention;

In this embodiment, when the subscriber station has uplink data to be

14
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transmitted to the basestation, the subscriber station transmits the uplink data

while adding the channel quality report information to the protocol data unit.
(PDU) ofthe available uplink data. Such a transmission methodis referred to as.
piggybacking.

The subscriber station transmits a piggyback identifier for reporting the

channel quality information using the UL-MAP (S120).
The subscriber station receives the piggyback identifier, measures the

CINR mean values and standard deviation, and updates the same as the latest

values (S121). The updated mean value and standard deviation are

piggybacked on the uplink data PDU to report the CQ! ($122).

The CQIis transmitted whenthe uplink data is transmitted, and off-set

information of the CQl is marked in the UL-MAP (S123).

The base station receives the channel quality information, performs

scheduting based on the CQI, and applies the scheduling to the downlink link

MAPinformation (DL~MAP) (S124). .

When the channel quality is degraded, the downlink data is transmitted

to the corresponding subscriber station by using a stronger channe! modulating

and coding method ($125).

Accordingly, the subscriber station can report the CQI efficiently using

the uplink data PDU without additional channel allocation.

A wireless portable Internet system according to the exemplary

embodiment of the present invention will be described in more detail.

15
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FIG. 7 shows a schematic diagram for a wireless portable Internet

system according to an exemplary embodimentof the presentinvention.

The wireless portable Internet system includes a subscriber station 100,

base stations 200 and 210 for performing radio communication with the

subscriber stations routers 300 and 310 connected to the base station through a

gateway, and the Internet.

The wireless portable Internet system guarantees mobility and provides

seamless data communication services when the subscriber station 100 shown

in FIG. 5 moves from a cell covered by a first base station 200 to anothercell

covered by a second base station 210, supports a handover function, and

allocates dynamic iP addresses as the subscriber station moves.

The wireless portable Internet subscriber station 100 and each of the

base stations 200 and 210 communicate with each other through the orthogonal

frequency division multiple access (OFDMA) method which is resistant against

fading generated by multi-paths and has high data rates, and the exemplary

embodimentis not restricted to the OFDMA method.

The lEEE 802.16e standard applies the AMC scheme to select an

adaptive modulation and coding scheme by means of request/acceptance

betweenthe subscriber station 100 and the base stations 200 and 210.

FIG. 8 shows a hierarchical diagram of a wireless portable internet

system.

The 1EEE 820.16e wireless portable Internet system is classified into a

. 04359.  
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physical layer L10, and media access control (MAC) layers L21, L22, and L23,
The physical layer L10 performs radio communication functions such as :

modulation/demodulation, coding/decoding, etc. as performed by a normal
physical layer.

Meanwhile, the wireless portable Internet system does not have

function-specific MAC layers as a wired Internet system, but rather has a single

MAC fayer in charge of different functions. The MAC layer includes a privacy

sublayer L21, a MAC common part sublayer L22, and a service specific

convergence sublayer L23.

The service specific convergence sublayer £23 performs payload header
suppression and QoS mapping functions in consecutive data communication.

The MAC commonpart sublayer L22 is the core of the MAC layer which

is in charge of system access, bandwidth allocation, connection establishment

and maintenance, and QoS control.

The privacy sublayer L21 performs functions of equipment

authentication, security key exchange, and encryption. The device

authentication is carried on by the privacy sublayer L241, and the user

authentication by an upperlayer of the MAC (not illustrated).

FIG. 9 shows a schematic diagram of a connection structure between a

base station and a subscriber station in the wireless portable internet system.

A connection is provided between the MAC layers of the subscriber
station and the base station. The term “connection C1” as used herein does not

04360.   
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refer to a physical connection, but to a togical connection that is defined as a

mapping relationship between the MAC peers of the subscriber station and the

base station for traffic transmission of one service flow. |

Hence, the parameter/message defined on the connection.C1 refers to a

function executed between the MAC peers. Actually, the parameter/messageis

processed into a frame, which is transferred through the physical layer and

analyzed so as to control the MAClayer to execute.the function corresponding to

the parameter/message. The MAC message includes various messages for

performing request (REQ), response (RSP), and acknowledgment (ACK) for

various operations. |

FIG. 10 shows a flowchart for requesting and reporting channel quality

information according to an exemplary embodimentof the present invention;

The methods for requesting/reporting the channe! quality information as

shown in FIGs. 4 through 6 will be selectively determined according to the

various conditions between the base station and the subscriber station. For

example, when there are no uplink/downlink transmission data and available

resources, the CQI may be reported using the REP-REQ and REP-RSP as

shown in FIG. 4. Also, when there are uplink transmission data and uplink

resource allocation, the CQI may be reported by piggybacking the message on

the uplink data PDU. Also, when the subscriber station has no uplink

transmission data and has the ACK message including retransmission

information of the transmitted downlink data without the uplink transmission data,

18
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the channel quality information may be transmitted using the corresponding

ARQ_ACK message as shownin FIG. 5.

The base station determines timing to request the channel quality report

from the predetermined subscriber station (S200), which is controlled according

the mean value and standard deviation of the transmitted CINR.

The base station determines the existence of uplink data to be

transmitted from a predetermined subscriber station upon necessity of the

channel quality report (S210). When there is no uplink data to be transmitted

during the predetermined period, the step 220 (S220) is progressed.

Alternatively, when there is uplink data, the step 300 (S300) is progressed.

The methodfor reporting/requesting the channel quality of the (S300)will

be described faterin detail.

The base station determines the ARQ_ACK message reception for the

transmitted downlink data (S220). When the ARQ_ACK message must be

received, the step 230 (S230) is progressed, and when there is no ARQ_ACK

message to be transmitted during the predetermined period, the step S400 is

progressed.

The method for reporting/requesting the channe! quality of the step $400

will be described later in detail.

The base station transmits the channel allocation information for

reporting the channel quality information for the ARQ_ACK message to the

subscriber station. The base station can include sub headers of the ARQ_ACK

19
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and CQI request messages in the downlink data;.and the resource allocation

information for ARQ_ACK and CQ/ request messages in the UL-MAP, and

transmit the same.

The subscriber station provided with the channel quality information

5 report request measures the channel quality information, updates the same, and

prepares the CQI report {S240). The CQI may be the mean values and standard

deviation of the CINR of the measureddownlink channel.

The subscriber station acknowledges the radio resource of the

ARQ_ACK message used to the CQI report (S250). The radio resource for

10 reporting the CQI are arranged at the predetermined part of the uplink sub-frame

according to the UL-MAPinformation transmitted from the base station.

The subscriber station includes the CQ! in the ARQACK message and

: transmits the same to the base station (S260). The base station extracts the CQI

from the transmitted ARQ_ACK messageto thus receive the CQI (S270).

15 The base station receives the CQI including the mean values or standard

deviation of the CINR, determines the AMC level, and performs scheduling

based on the received CQI (S280). For example, when the channel quality is

degraded, the stronger channel modulating and coding may be applied. Also,

when the subscriber station is determined for the radio channel environment to

20 be too variable by a large standard deviation of the CINR, the subscriber station

may have resources for the CQI report allocated at the front time slot of the

uptink resource.

20
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Aiso, the channel quality report period and frequency of the step 200

may be controlled according to the CQI. For example, when the radio channel

environment is determined to have a small variance by a small standard 
deviation of the CINR, the base station determines the channel environmentto

be relatively stable so that the base station may control the channel quality.
report period and frequency to be low. The base station transmits the modulatedsiakesanedeot ur

; and coding downlink burst according to the modulating and coding level
. determined in step 280to the subscriber station (S290).

Accordingly, when the base station receives the ARQ-ACK message

10 from the subscriber station, the base station may have the CQIreport efficiently
without allocation of the additional channel or bandwidth.

: FIG. 11 shows a flowchart for requesting and reporting channel quality

information according to an exemplary embodiment of the present invention

when the subscriber station has uplink data to be transmitted.

15 When the subscriber station has uplink data to be transmitted at the step
$210 of FIG. 10, the step S300 is progressed.

The following method for reporting/requesting the channel quality ofthe
5 step S300 will be described in detail.

As above-noted, when the subscriber station has uplink data to be

20 ‘transmitted, the base station allocates the piggyback messageidentifier for the

CQ! report to the subscriber station ($310). The piggyback messageidentifier

requests the channel quality report and supplies the PDU identifier piggybacked

2!

 _ 04364.



04365

reneecitarernWhaceCadiARigeRirepsaedeaRauccianaS ~ WO 2005/074312 , PCE/KR2005/000314

15

20

throughthe UL_MAPto the subscriberstation.

Whenthe subscriber station receives the piggyback message identifier,

the subscriber station measures the channel quality and updates the sameinto

the latest values (S320). The CQ! may be the mean values and/or standard

deviation of the CINR of the downlink channel.

When the CQI is updated, the subscriber station uses the piggyback

message identifier to acknowledge the piggyback message for the channel

quality report and insert the CQI into the uplink data PDU to perform the

piggybacking ($330).
The subscriber station includes the CQI in the PDU of the uplink data,

and transmits the same to the base station ($340). The base station extracts the

CQl from the PDU ofthe transmitted uplink data to thus receive the CQI (S350).

The base station determines the AMC level and performs scheduling

based on the received CQI including the mean values or standard deviation of

the CINR (S360). For example, when the channel quality is degraded, the

stronger AMC may be applied. Also, when the radio channel environmentis

determined to be too variable by the large standard deviation of the CINR, the

subscriber station may have resources for the CQI report allocated at the front

time slot of the uplink resource.

Also, the channel quality report period and frequency of the step 200

may be controlled according to the CQ! (S370). For example, when the standard

deviation of the CINR of the downlink reported from the subscriberstation is less,

22
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the base station determines the channel environment to be relative stable

becauseof less variation of the radio condition so that the base station may

control the channel quality report period and frequency to be low. The base
station transmits bursts generated by modulating and encoding the downlink

data according to themodulating and coding level determined in step S360 to

the subscriber station (S380).

Accordingly, according to the exemplary embodiment shownin FIG.11,

when the subscriber station has the uplink data to be transmitted to the base

station, the base station requests CQ] through a piggyback identifier, and the

subscriber station transmits the CQI along with the PDU of the uplink data

corresponding to the piggybackidentifier, thereby reporting the CQ#efficiently.

FIG. 12 showsa flowchart for requesting and reporting channel quality

information according to an exemplary embodiment of the present invention

when the subscriber station has no uplink data to be transmitted or need not

transmit an ARQ_ACK message.

At the step $220, when the subscriber station has no data to transmit to

the base station and it is not necessity to have an ARQ_ACK messagefor the

received data, the step S400 is progressed.

The next method for reporting/requesting the channel quality of the step

$400 will be described in detail.

Since the base station and the subscriber station has no data or

message to transmit/receive therebetween, the base station allocates the

23
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channet and requests the CQ! report ($410). The CQI request uses the —

REP-REQ message, which is the MAC managing message, marks the

dedicated channel for CQI (a CQ! channel), andtransmits the sameto the
UL-MAP. When the subscriber station receives the REP-REQ,the subscriber

station measures the CQIt and updates the CQIinto the latest values (S420).

The CQI includes CINR means values or CINR standard deviation of the

downlink channel.

Whenthe CQ! is prepared to transmit by updating, the subscriberstation

conforms the Cal channel for reporting the channel quality (S430), and
transmits the CQI through the CQ! channel to the base station (S440). The

_ subscriber station, of which the basic CID of the REP-REQ messageis known,

recognizes the detail resource location to use at the CQI channel designated in

the UL-MAP according to the sequence ofthe identifier.

The base station receives the CQI transmitted through the dedicated CQI

channel (S450).

The base station receives such CQI as mean values or standard

deviation of the CINR, determines AMC ievel based on the CQI, and performs

scheduling (S460). For example, when the channel quality is degraded, the |

stronger channel modulating level or coding level may be applied. Also, when

the subscriber station is determined for the radio channel environment to be too

variable by the large standard deviation of the CINR,the subscriber station may
have resources for the CQI report allocated at the front time slot of the uplink

24
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resource.

Also, the channe! quality report period and frequency of the step (S200)

can be. controlled based on the CQi (S470). In more detail, when the radio —

channel! environment is determined to have a small variance by the small
standard deviation of the CINR, the base station determines the channel

environment to be relative stable so that the base station may control the

channelquality report period and frequencyto be low.

The base station transmits the bursts generated by modulating and

coding the downlink data according to the modulating and coding level

determined in step (S460) to the corresponding subscriber station (S480).

With the embodiment as shown in FIG.12, reliable channei quality

information can be quickly and efficiently reported without delay and the

overheads of message transmission can be reduced by the dedicated channel,

when the subscriber stations transmit a CQI request message to the base

station.

The methods for requesting and reporting the channe! quality can be

selectively applied according to transmitting/receiving the uplink/downlink data

shownin FIGs. 10 to 12. Therefore, the reliable channel quality information can

be quickly and efficiently reported by appropriately selecting the one from the

above-described three embodiments.

FIG. 13 shows uplink and down tink resource allocation structures shown

in FIG.5.

25

04368

 

 

 

 



04369

OpinAAGtitbtnino

ssianciennononaeiacatotucietterroanfCeren
patiWsEAEI

stadFanedaraseotiN

SeeeeOFRahiesanwomen
10

15

20

WO 2005/074312 PCT/KR2005/000314

in the OFDMA system, a radio resource frame can be realized as a

two-dimensional structure including the sub channel in the frequency domain|

and the symbol in the time domain. |
The downlink frame includes UL-MAPinformation. The UL-MAPincludes

the channel allocation information for the CQi and the ARQ_ACK message. The

burst of the downlink frame may include a REP-REQ.

A REP-RSPis transmitted in response to the REP-REQ message by

using the burst of the uplink frame corresponding to the channel allocation

information.

The measured channel quality information may be reported to the COl

dedicated channel in a Compressed-REP-RSP message or a CQ! Codeword

format.

As stated, when the corresponding subscriber station quickly receives

and transmits the data corresponding to the variance of the channel environment

in a mobile communication system, the most adaptive modulation and channel

coding level is applied to increase the transmission amount of the downlink,

thereby enhancing the performance..

Although embodiments of the present invention have been described in

detail hereinabove in connection with certain exemplary embodiments,it should

be understood that the invention is not limited to the disclosed exemplary

embodiment, but, on the contrary is intended to cover various modifications
and/or equivalent arrangements included within the spirit and scope of the

26
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present invention, as defined in the appendedclaims.

With the structure of the present invention, the subscriber station |

allocates the resources in advance, which can transmit the channel quality

information result upon transmitting the CQI request message so that the delay

time (that it takes for the subscriber station to report the channel measurement
result) is reduced as much as possible thereby quickly processing the fast

changes of the channel environment.

Also, with the structure of the present invention, when the upiink data or.

the downlink data is provided, the channel! quality information can be reported

efficiently by using an ARQ_ACK message or uplink data PDU, and the

overheadof the uplink resource is minimized.

Also, the frequency and period of the channel quality report may be

. determined by using the channel quality information values so that the downlink

adaptive modulation, coding level, and radio resource allocation may be

performedefficiently.
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[CLAIMS]

1. A method for requesting channel quality information (CQl) in a-

wireless portable Internet system, comprising:

a) a base station determiningtiming of a channel quality information

request;

b) requesting an automatic repeat request acknowledgement

(ARQ-ACK) message of downlink data upon requesting the CQI from a

subscriber station;

c) allocating a radio resource for the ARQ-ACK message and the

channel quality report to the subscriber station;

d) receiving information on the ARQ-ACK message and the channel

quality report; and

e) determining a modulation and coding tevel of downlink data by

extracting the channel quality report information from the ARQ-ACK.

2. The method for reportingthe channel quality information of claim

1, further comprising:

a-1) determining whether uplink data to be received by the base station

exists, after a);

b-1) transmitting a piggyback identifier of uplink data to be used to

request the CQI to the subscriber station when the uplink data exists;

c-1) allocating a radio resource for reporting the CQI to the subscriber

station;
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d-1) receiving the channel quality report information piggybacked on the

uplink data; and

e-1) extracting the CQ! from the uplink data, and determining a

modulation and coding level of downlink data based on the reported CQI.

3. The method for reporting the channel quality information of claim

2, further comprising:

a-2) determining whether the ARQ-ACK message exists in a-1), when

no uplink data to be received by the base station exists;

b-2) transmitting an REP_REQ medium accesscontrol (MAC) message

to the subscriber station when no ARQ-ACK message exists;

6-2) allocating the radio resource for reporting the CQI to a dedicated

channel,

d-2) receiving the REP_REQ MAC message through the dedicated

channel; and

e-2) determining a modulation and coding level of downlink data based

on the reported CQl.

4, The method for reporting the channelquality information of one of

claims 1 to 3, wherein the CQ! is a mean value or standard deviation of a carrier

to interference noise ratio (CINR) of the downlink.

5. The method for reporting the channel quality information of one of

claims 1 to 3, wherein information on the radio resource allocated for reporting

the CQis transmitted while being included in the UL-MAPof a downlink frame.
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6, The methodfor. reporting the channel quality information of one of
claims 1 to 3, further comprising: |

controlling the period and frequency of the CQI based on the received es
cal. -

7. The method for reporting the channel quality information of claim

4, further comprising:

allocating a radio resource for reporting the CAI at the front time slot of

the uplink resource for the subscriber station having the larger standard

deviation of the CINR.

8. A method for reporting channe! quality information in a wireless

portable Internet system, comprising:

a) determining whether transmission of an ARQ-ACK message and a

REP-REQ is provided from a base station;

b) updating the two valuesinto latest values by measuring the CQ] when
the transmission is provided;

c) acknowledging a radio resource allocated for the ARQ-ACK message

and the CQ!; and

d) transmitting the CQi to a base station while being included in the

ARG@-ACK message.

9. The methodfor reporting the channel quality information of claim

8, further comprising:

a-1) determining whether a piggyback identifier for transmitting the CQ!
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is transmitted from the basestation,

b-1} measuring the CQI and updating the same into the latest values
whenthepiggybackidentifier is transmitted;

c-1) acknowledging a radio resource allocated for the CQ among the
5 radio resources piggybacked onthe uplink data; and |

d-1) transmitting the CQI piggybacked on the uplink data to the base

station.

10. The method for reporting the channel quality information of claim
8, further comprising:

10 a-2) determining whether the REP_REQ MAC message is transmitted

from thebase station;

b-2) measuring the CQ! and updating the same into the jatest value

when the REP_REQ MAC messageis transmitted;

c-2) acknowledging a radio resource of a dedicated channe! allocated for
15 the CQI report; and

d-2) transmitting the CQthrough the dedicated channel to the base

station.

41. The method for reporting the channelquality information of one of

claims 8 to 10, wherein the CQI is a mean value or standard deviation of a

20 carrier to interference noise ratio (C!INR) of the downlink.

12. The method for reporting the channel quality information of one of

claims 8 to 10, wherein the radio resource allocation information for reporting the

31

 04374,



04375

paleofmngPvect2CtlnDensaapleedag
acsaeicmpal

-aaraboentineesineadbiak?Set
PPS

10

WO 2005/074312 ~  PCT/KR2005/000314

CQ! transmitted to the base station is included in the UP-MAP of an uplink

frame.

13. A method for requesting and_reporting channel quality |
information in a wireless portable Internet system, comprising: |

a) a base station determining whetheruplink data to be received exists

within a predetermined period, and whether an ARQ-ACK message for a
transmitted downlink exists;

b) requesting to piggyback the CQI on the uplink data and to transmit the

CQI therewith when the uplink data exists;

c) requesting to include the CQI in the ARQ-ACK message and to

transmit the CQI therewith when the ARQ_ACK messageexists;

d) transmitting the REP-REQ through a channel allocated for CQi when

neither the uplink data nor the ARQ-ACK messageexists; and

e) reporting the CQI to the base station according to the request of b) to

d}.
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FIG. 6
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METHOD FOR OPERATION OF HARQ INA BROADBAND‘WIRELESS
ACCESS COMMUNICATION SYSTEM 

BACKGROUNDOFTHE INVENTION

1. Field of the Invention

The present invention relates generally to a method for operating a

Hybrid Automatic Repeat Request (HARQ) scheme in a broadband wireless
access communication system and, more particularly, to a method for operating
an uplink/downlink transmit response for effective utilization of a HARQ scheme.

2. Description of the Related Art

In a 4" generation (4G) communication system, which is the next
generation communication system, research has been actively pursued to provide
users with services having various qualities of service (QoS) at a high

transmission speed of 100 Mbps: The current third generation (3G)
communication system supports a transmit speed of about 384 kbps in an outdoor
environment having relatively bad channel conditions and a transmit speed of a

maximal 2 Mbps in an indoor environment having relatively good channel
conditions

A wireless Local Area Network (LAN) communication. system and a

wireless Metropolitan Area Network (MAN) communication system generally

support transmission speeds of 20 to 50 Mbps. Because the wireless MAN
communication system has a wide service coverage and supports a high
transmission speed, it is suitable for supporting a high speed communication
service. However, the wireless MAN system does not accommodate the mobility
of a user, i.e., a subscriber station (SS), nor does it perform a handover according

to the high speed movementof the SS. The wireless MAN system is a broadband
wireless access communication system having a wider service area and

supporting a higher transmission speed than the wireless LAN system.

Accordingly, in a current 4G communication system, a new type of
communication system ensuring mobility and QoS for the wireless LAN system

and the wireless MAN system supporting relatively high transmission speedsis
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currently being developed to support a high speed service to be provided by the

4G communication system. In this context, many studies are being conducted on
using an Orthogonal Frequency Division Multiplexing (OFDM) schemefor high-
speed data transmission over wired/wireless channels in the 4G mobile
communication system. The OFDM scheme, which transmits data using multiple

carriers, is a special type of a Multiple Carrier Modulation (MCM) scheme in

which a serial symbol sequence is converted into parallel symbol sequences and

the parallet symbol sequences are modulated with a plurality of mutually

orthogonal subcarriers (or subcarrier channels) before being transmitted.

The Orthogonal Frequency Division Multiple Access (OFDMA) scheme

is a Multiple Access scheme based on the OFDM scheme.In the OFDMAscheme,
subcarriers in one OFDM symbol are distributed to a plurality of users (or SSs).

Communication systems using the OFDMA scheme include an Institute of
Electrical and Electronics Engineers (IEEE) 802.16a communication system and
an IEEE 802.16e communication system. The IEEE 802.16 communication
systems utilize the OFDM/OFDMA scheme in order to support a broadband
transmit network for a physical channel of the wireless MAN system. Further, the
IEEE 802.16 communication systems are broadband wireless access

communication systems using a Time Division Duplex (TDD)-OFDMAscheme.

Therefore, in the IEEE 802.16. communication systems, because the

OFDM/OFDMA scheme is applied to the wireless MAN system, a physical

channel signal can be transmitted using a plurality of sub-carriers, thereby

achieving data transmission of high speed and high quality.

The OFDMA scheme can be defined by a two-dimensional access

scheme, which is a combination of the Time Division Access (TDA) technology

and Frequency Division Access (FDA) technology. Therefore, in data

transmission using the OFDMAscheme, each OFDMA symbolis distributed to
sub-carriers and transmitted through predetermined sub-channels. Herein, the
sub-channel is a channel including a plurality of sub-carriers. In a communication

system using the OFDMA scheme (OFDMA communication system),
predetermined number of sub-carriers according to system conditions are
included in one sub-channel.
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FIG. 1 schematically illustrates a frame structure of a conventional TDD-

OFDMA communication system. Referring to FIG. 1, the frame used in the TDD-

OFDMA communication system is divided between downlink (DL) 149 and
uplink (UL) 153, according to the time unit. In the frame, a protection time
interval named ‘Transmit/receive Transition Gap (TTG) 151’ is arrangedat a time

interval for transition from the downlink 149 to the uplink 153 anda protection
time interval named ‘Receive/transmit Transition Gap (RTG) 155’ is arranged at a

time interval for transition from the uplink 153 to the next downlink. In FIG. 1,
the horizontal axis represents the OFDM symbol number 145 of the OFDMA
symbols and the vertical axis represents the sub-channel logical number 147 of

the multiple sub-channels.

As illustrated in FIG. 1, one OFDMA frame includes a plurality of

OFDMA symbols (for example, 12 OFDMA symbols). Also, one OFDMA

symbol includes a plurality of sub-channels (for example, L sub-channels).

In the IEEE 802.16 communication system described above, all sub-

carriers (especially, data sub-carriers) are distributed to all frequency bands, in
order to obtain the frequency diversity gain. Further, in the IEEE 802.16

communication system, during the transmit/receive time interval, ranging is

performed in order to adjust time offset and frequency offset, and adjust the

transmit power.

Referring to the downlink 149, a preamble 111 for synch acquisition is
located at the k-th OFDMA symbol, and broadcast data information such as a

Frame Control Header (FCH) 113, a downlink MAP (DL-MAP) 115, and an

uplink MAP (UL-MAP) 117, which must be broadcast to the subscriber stations,
is located at the (k+1)-th or (k+2)-th OFDMA symbol. The FCH 113 includes two
sub-channels to transfer basic information about the sub-channel, the ranging and

the modulation scheme, etc. Downlink bursts (DL bursts) 121, 123, 125, 127, and

129 are located at the OFDMA symbols from the (k+2)-th OFDMA symbolto the

(k+8)-th OFDMA symbol, except for the UL-MAP located at the (k+2)-th
OFDMAsymbol.

Referring to the uplink 153, preambles 131, 133, and 135 are located at
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the (k+9)-th OFDMAsymbol and uplink bursts (UL bursts) 137, 139, and 141 are
located at the OFDMA symbols from the (k+10)-th OFDMA symbol to the
(k+12)-th OFDMA symbol. Further, a ranging sub-channel 143 is located at the
OFDMA symbols from the (k+9)-th OFDMA symbolto the (k+12)-th OFDMA
symbol.

In the JEEE 802.16 communication system, the transition from the

downlink to the uplink is performed during the TTG 151. Further, the transition

from the uplink to the downlink is performed during the RTG 155. Further, after
the TTG 151 and the RTG 155, separate preamble fields 111, 131, 133, and 135
may be allocated to acquire synch between the transmitter and the receiver.

According to the frame structure of the IEEE 802.16 communication
system, the downlink frame 149 includes a preamble field 111, an FCH field 113,
a DL-MAPfield 115, UL-MAPfields 117 and 119, and a plurality of DL burst

fields (including a DL burst #1 field 123, a DLburst #2 field 125, a DL burst #3

field 121, a DL burst #4 field 127, and a DL burst #5 field 129).

The preamble field 111 is a field for transmitting a preamble sequence,

which is a synch signal for synch acquisition for the transmit/receive time interval.

Further, the FCH field 113 includes two sub-channels to transfer basic

information about the sub-channel, the ranging, the modulation scheme,etc. The

DL-MAP field 115 is a field for transmitting the DL-MAP message. The UL-

MAPfields 117 and 119 are fields for transmitting the UL-MAP messages. Here,
the DL-MAP message includes Information Elements ([Es) as shown in Table 1
below.

Table 1
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|__.} else _|

The DL-MAP starts with INC_CID=0, INC_CID Is
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0) (See 802.16a/162 OFDMA PHY Specifications)
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411: -12 dB
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:ia
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i3z
as  
  
  

 
 

 Boosting

 otterescinedeanNtetnar
No. OFOMA Symbols
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As shown in Table 1, a DIUC(DownlinkInterval Usage Code) represents

the object of a currently transmitted message and the modulation scheme in which
5 the currently transmitted message is modulated before being transmitted. A CID

| (connection Identifier) represents the CID of each subscriber station
corresponding to the DIUC.

$

OFDMA Symbol Offset represents the offset of a symbol resource
10 allocated to each DL burst. Subchannel Offset represents the offset of a sub-

channel resource allocated to each DL burst. Boosting represents a power value

increased in the transmit power. ‘No. OFDMA Symbols’ represents the number of
allocated OFDMA symbols. ‘No. Subchannels represents the numberofallocated
sub-channels.

15
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As noted from Table 1, the downlink information of the IEEE 802.16.

communication system is expressed in combination with information about each
subscriber station according to the DIUC. Therefore, each subscriber station can

analyze the data targeting the subscriberstation itself, only after demodulating the

5 entire DL-MAP message.

The UL-MAP message includes Information Elements (IEs) as shown in
Table 2 below.

10 Table 2
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Syntax|SizeNotes
OUMAPEOT
[cDts

uluc attsPO
[__muiuG==12) { {
[OFDMASymbolOffset|ibts|
[__SubchamelOffset[6bits[
P_No.OFDMASymbols[abitsPO
|__No,Subchanneis(|Sbits|

G00: Initial Ranging over two symbols
004: Initial Ranging over four symbols

010: BW Request/Perodic Ranging aver one sysbol
Ranging Method 9 bits O11: BW Request/Periodic Ranging over three

symbois.
100-111: reserved

[JeeqUNICmICd
CDOMA,_AllacationJE ()

} alse if(DIUC==15) ¢

Extended DIUC dependent
iE

} else {

OFDMA Symbol Offset
Subdchannel Offset

No, OFDMA Symbols
No, Subshannels

vaftiable |See 802.1Ga/169 OFDMA PHY Specifications

o g=2

ow =a

G00; no mini-sybchannels used

004: starting with mini-subchannel 4

010: staring with mini-subchannel 2

Mini-subchannel index O11: starting with mini-subchannel 3

100: starting with mini-subchannel 4

+04: starting with minisubchannel 5

110, 114: raserved

 
As shown in Table 2, a CID (connection Identifier) represents the CID of

each corresponding subscriber station and an UFUC (Uplink Interval Usage Code)

represents the object of the message to be transmitted by the corresponding
subscriber station and the modulation scheme in which the message is modulated

before being transmitted. The other information elements are similar to those in
Table 1, so description of them will be omitted here.

According to the frame structure of the IEEE 802.16 communication
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system as described above, the uplink frame 153 includes a ranging sub-channel

field 143, a plurality of preamble fields 131, 133, and 135, and a plurality of UL
_ burst fields (a UL burst #1 field 137, a UL burst #2 field 139, and a UL burst #3

field 141).

The ranging sub-channel field 143 is a field for transmitting ranging sub-
channels for the ranging, and the preamble fields 131, 133, and 135 are fields for .

transmitting preamble sequences, i.e. synch signals for synch acquisition for the
transmit/receive time interval.

According to the prior art as described above, each subscriber station

(SS) cannot be identified by the bursts. transmitted from the base station (BS) to

the SS but can be identified by the bursts transmitted from the SS to the BS.

Accordingly, the prior art described above is not proper for use of a Hybrid

Automatic Repeat Request (HARQ) scheme in order to increase the transmission
throughput when high speed transmission is required in adigital communication
system. Therefore, in the prior art, transmission efficiency may be degraded due
to errors in the wireless data transmission.

Further, the IEs, as described above, must be transmitted to all SSs

through the MAP messageby the most robust modulation scheme, such that they
can be delivered to an entire cell area covered by the BS. However, as noted from

the above discussion, the IEs are inefficiently included in the MAP message, that
is, control data of an over burdensomesize in the high speed data transmission

system must be maintained. Such inefficient control data decreases the proportion
of the actual data traffic in the entire traffic.

SUMMARYOF THE INVENTION

Accordingly, the present invention has been designed to solve the above

and other problems occurringin the prior art. An object of the present invention is
to provide a method for operating an uplink/downlink transmission response for
efficient utilization of the HARQ scheme in a broadband wireless access

communication system.
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it is another object of the present invention to provide an operation

method of an ACK channel for supporting HARQ, transmitting a ‘downlink
HARQ enabled burst result report field through an uplink map, and transmitting

an uplink HARQ enabled burst result in the form of bitmap.

In order to accomplish the above and other objects, there is provided a

method supporting a Hybrid Automatic Repeat Request (H-ARQ) between a
subscriber station and a base station in a broadband wireless access

communication system including. The method comprises the steps of transmitting

at least one H-ARQ enabled uplink burst from the subscriber station to the base

station; generating ACK or NACKinformation according to the received H-ARQ
enabled uplink burst at the base station; mapping the generated ACK or NACK

information to a bitmap at the base station; transmitting the bitmap through a
downlink information from the base station to the subscriberstation.

In accordance with another aspect of the present invention, there is

provided a method supporting a Hybrid Automatic Repeat Request (H-ARQ)
between a subscriber station and a base station in a broadband wireless access

communication system including. The method comprises the steps of: generating
a downlink information indicating a H-ARQ ACK region and at least one H-ARQ

enabled downlink burst at the base station; transmitting the downlink information
from the base station to the subscriber station; generating ACK or NACK

information according to the received H-ARQ enabled downlink burst at the
subscriber station; transmitting the generated ACK or NACKinformation through
theH-ARQ ACKregion from the subscriber station to the base station.

In accordance with another aspect of the present invention, there is

provided a method for operating a Hybrid Automatic Repeat Request (HARQ)
scheme for a downlink by a subscriber station in a broadband wireless access

communication system including the subscriber station and a base station. The
method comprises the steps of: determining the type of HARQ enabled downlink
burst being transmitted by analyzing an information element corresponding to a
connection identifier of the subscriber station, after receiving a downlink MAP

message belonging to a corresponding frame; when the HARQ enabled downlink
burst being transmitted is a new burst, confirming transmission of the new burst
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and information of the HARQ enabled downlink burst, and receiving the HARQ
enabled downlink burst in a downlink data region; when the HARQ enabled
downlink burst being transmitted is a retransmitted burst, confirming

retransmission of an already transmitted burst and. information of the HARQ
enabled downlink burst, and receiving the HARQ enabled downlink burst in a

downlink data region; determining if the received HARQ enabled downlink burst
has an error; and transmitting one of an acknowledgement (ACK) message and a

negative acknowledgement (NACK) message through a sub-channel in
accordance with the determining for the error.

In accordance with another aspect of the present invention, there is

provided a method for operating a Hybrid Automatic Repeat Request (HARQ)
scheme for an uplink by a base station in a broadband wireless access

communication system. The method comprises the steps of: determining at least
one subscriber station to which a base station will transmit a HARQ enabled burst

througha corresponding uplink frame; determining information of the HARQ
enabled burst of the at least one subscriber station; determining a type of the

HARQenabled burst by analyzing an information element corresponding to the
determined subscriber station; when the HARQ enabled burst being transmitted is

a new burst, preparing an uplink MAP message to be transmitted to the subscriber
station, preparing an information element corresponding to the uplink MAP
message, and receiving the HARQ enabled burst targeting the base station in an
uplink data region; when the HARQ enabled burst being transmitted is a
retransmitted burst, preparing an Incremental Redundancy (IR) scheme, preparing

the uplink MAP messageto be transmitted to the subscriber station, preparing an
information element corresponding to the uplink MAP message, and receiving the
HARQ enabled burst targeting the base station in the uplink data region;
determining if the received HARQ enabled burst has an error; preparing one of an
ACK message and a NACK message in a form of bitmap, in accordance with a
result of the determining; and transmitting the one of the ACK message and the

NACK message.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features, and advantages of the present
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invention will be more apparent from the following detailed description taken in

conjunction with the accompanying drawings,in which: .
FIG. 1 schematically illustrates a frame structure of a conventional TDD-

- OFDMA communication system;

FIG. 2 schematically illustrates a frame structure including a dedicated
uplink control channel of a TDD-OFDMA communication system according to

the present invention;

FIG. 3 is a view for illustrating a method for operation of HARQ

' ACK/NACK of a TDD-OFDMA communication system according to an

embodiment of the present invention;

FIG. 4 is a flowchart of a process for operation of downlink HARQ in a

HARQ ACK/NACKoperation method according to the present invention; and

FIG. 5 is a flowchart of a process for operation of uplink HARQ in a

HARO ACK/NACKoperation method according to the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Preferred embodiments of the present invention will be described in

detail herein below with reference to the accompanying drawings. In the

following description, a detailed description of known functions and

configurations incorporated herein will be omitted when it may obscure the
subject matter of the present invention.

The present invention proposes a new TDD-OFDMaAframestructure for

a TDD-OFDMA communication system (an OFDMA communication system

using a TDD scheme). More specifically, the present invention proposes an
uplink/downlink transmission control method, in which an ACK channel for
supporting the HARQ schemeis newly constituted and an uplink HARQ enabled
burst result is transmitted as a bitmap through an uplink map, so the method can
efficiently use the HARQ scheme.

The method of the present invention reduces the size of the entire MAP
because the ACK/NACKinformation is transmitted in the form of bitmap. Further,

such reduction in the size of the entire MAP reduces the control data in a system

intended to perform high speed data transmission (for example, the TDD-
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OFDMA communication system). Moreover, such a reduction can increase the
proportion of the actual data traffic in the entire traffic, thereby improving

transmission efficiency.

The present invention discloses a method for transmitting/receiving
uplink/downlink data for high speed data transmission in a broadband wireless
access system including an SS and a BS providing service to the SS. In the

system according to the present invention, in high speed data transmission
between the BS and the SS, control information for HARQ is carried through

HARQControl JE in the burst information of each SS in the DL-MAP message

and the UL-MAP message broadcast to each SS from the BS, and ACK/NACK

information for the data which the BS has received from the SSis carried through

HARQACKBITMAPIEin the UL-MAPofthe BS.

Further, in the system according to the present invention, the channel

through which the SS can transmit the ACK/NACK information for the data that
the SS has received from the BS is determined according to an ACK/NACK

information transfer scheme. Therefore, the present invention enables efficient

use of thie HARQ scheme, rapid and exact transmission of ACK/NACK for the

uplink/downlink data, and an efficiency increase thereof.

FIG. 2 schematically illustrates a frame structure including a dedicated

uplink control channel of a TDD-OFDMA communication system according to
the present invention. The present invention proposes a new common control
information channel, that is, a System Information Channel (SICH), in order to

overcome the problems due to the transmission of the SS information in the form

of messages such as the DL-MAP message and the UL-MAP message in the
downlink frame in the conventional IEEE 802.16 communication system.

In FIG. 2, the horizontal axis represents the OFDMA symbol number and

the vertical axis represents the sub-channel number. Further, one OFDMA frame
includes a plurality of OFDMA symbols and one OFDMA symbolincludes a

plurality of sub-channels. Also, one sub-channel includes a plurality of sub-
carriers distributed over all frequency bands.
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Referring to FIG, 2, reference numeral 211 designates a downlink

preamble (DL preamble), and the OFDMAframestructure does not include an

uplink preamble. Reference numeral 213 designates the SICH to which the

OFDMAsymbolis exclusively allocated. The SICH contains system information

such as the frame number, BS identifier (ID), etc.

Reference numeral 215 designates three OFDMA symbols exclusively

allocated to an Uplink Control Channel (UCC), which includes a ranging channel,

a Channel Quality Indicator Channel (CQI-CH) for reporting the wireless state,

and an ACK channel for HARQ.

Further, the SICH includes an Uplink Control Channel Indicator (UCC]T)

representing if the MAP includes a UCC_Region IE containing region
information of the UCC. As described above, the UCC region 215 of FIG. 2

includes three divided regions.

Table 3 showsthe structure of the UCC_Region IE.

Table 3

UCCRegioneg¢
|__RangingGhamelRegion[2bits|
1Sbits

i

 
 

 

  
 
 
 
 
 

This iE axists only Hf UCC! bit is 1

HARQ ACK Channel Region PC  
Referring Table 3, the UCC_Region IE includes a Ranging Channel

Region representing the size of the ranging channel and a HARQ ACK Channel
Region representing the size of the ACK channel for HARQ. The CQI-CH can be
calculated from the size ofthe ranging channel and the size of the ACK channel.
Whenthe SS receives the information about the UCC region as described above,

the SS can utilize the UCC region according toits object.

The HARQfunction control is performed by a HARQControl IE among
information elements of bursts allocated to each SS. Table 4 below shows the

structure of the HARQControl IE.
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Table 4

| Syntex seo[Neg
HARQ Control_1E0 | fin DLAUL-MAP
|SPIO2fits [Subpacket 1D |

ACIDC2bits [ARQ Comection 1D
Continuation fat

Referring Table 4,it is noted that the HARQControl IE includesfive bits

in total. In Table 4, ‘SPID’ represents a sub-packet identifier, which is used to

identify each sub-packet generated during application of the HARQaccording to
an Incremental Redundancy (IR) scheme. However, the characteristic and the

operation of the IR scheme have been widely known to the public, so detailed
description thereof will be omitted here.

In the TDD-OFDMA communication system, because the TDD-OFDMA

communication system includes three sub-packets, the SPID can be expressed by
two bits.

ACID represents a connection identifier used in order to effectively
indicate transmission delay generated during the application of the HARQ.

Usually, it is difficult to process without delay the ACK/NACK for the HARQ-
applied data even in a system capable of transmitting data at high speed for both
the uplink and the downlink. Therefore, it is difficult to regard an ACK/NACK
carried by a specific frame as relating to the data having been transmitted by the
specific frame, so such an identifier is necessary. In the TDD-OFDMA
communication system, the ACID can be expressed by two bits, because the
maximum delay of the ACK/NACKis considered as being about three frames.

‘Continuation’ is a field representing if a new HARQ enabled burst is

being transmitted or an already transmitted HARQ enabled burst is being
retransmitted. ‘Continuation’ is used to detect errors in the transmission of the

ACK/NACKof the HARQ type, thereby improving the reliability.

FIG. 3 illustrates a method for operation of HARQ ACK/NACKof a
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TDD-OFDMAcommunication system according to an embodimentof the present

invention. Referring to FIG. 3, the DL-MAP 311 in the K-th frame expresses the

location and the size of a HARQ enabled downlink burst 315 (a downlink burst
transmitted at the K-th frame from the BS to the SS). Further, in transmitting the
DL-MAP 311, control information of the HARQ enabled downlink burst is

carried by the HARQControl JE as defined in Table 4.

The UL-MAP 313 in the K-th frame expresses the location and the size of

an HARQenabled uplink burst 319 (an uplink burst transmitted ‘at the K-th frame

from the SS to the BS). In transmitting the UL-MAP 313 also, control
information of the transmitted HARQ enabled uplink burst is carried by the
HARQ_Control IE as defined in Table 4.

In the UL-MAP313, a channel for carrying the ACK/NACKinformation

for the HARQ enabled downlink burst 315 transmitted at or before the K-th frame
from the BS to the SS may be arranged in the UCCregion 317.

In arranging the channel for carrying the ACK/NACKinformation, the

number of HARQ enabled downlink bursts is counted, the ordinal numberof the

HARQ enabled downlink burst 315 is checked, a HARQ ACK channel is
atranged and occupied in the UCC region 317, and the ACK/NACKinformation
is then transmitted. For example, if the HARQ enabled downlink burst 315 is

transmitted at the m-th time in the downlink data region, the ACK/NACK

information for the HARQ enabled downlink burst 315 is transmitted through the
m-th HARQ ACKchannel.

The ACK/NACKinformation of the HARQ enabled uplink burst 319

transmitted from the SS to the BS is expressed as a bitmap (ACK MAP) 325 in

the UL-MAP message 323 broadcast at the (K+1)-th frame or after the (K+1)-th

frame to the SSs by the BS.

Further, information of the bit to which the ACK/NACKinformation for

the SS correspondsin the bitmap 325 is controlled in the same way as the method
of transmitting the downlink ACK/NACK information described above. Thatis,

the number ofHARQ enabled uplink bursts is counted, the ordinal number of the

© 04405  
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HARQenabled uplink burst 319 is checked, one bit in the bitmap 325 of the UL-
MAP message 323 is occupied, and the ACK/NACK information is then
transmitted: For example, if the HARQ enabled uplink burst 319 is transmitted at
the n-th time in the uplink data region, the ACK/NACK information for the
HARQenabled uplink burst 319 is transmitted through the-n-th bit.

The IEs included in the bitmap 325 are shown in Table 5 below.

Table 5

ne SytOX|Size
HARQ_ACK,BETMAP_IE(} Fo

     
  
  
  

In UL-MAP

Length of ACK biimap 8&*(n+1} bitmap, n#O~15

ACK bitmap variable ]The ACK bit-map field ia a variable length field

In Table 5, ‘Length of ACK bitmap’ represents the length of the HARQ

ACKbitmap. ‘ACK bitmap’ expresses a variable length.

As described above, the HARQACKBITMAP IEis transmitted
according to the most robust modulation scheme by the UL-MAP message

broadcast from the BS to all SSs. Therefore, in order to achieve efficient
transmission in a system including variable SSs, it is more efficient to use a
bitmap having a variable length than to use a bitmap having a fixed length.

Further, by using the bitmapin transmitting the ACK/NACKinformation,

the size of the entire MAP can be largely reduced as described above. Therefore,

use of the bitmap can reduce the size of the control data in a high speed data

transmission system such as the TDD-OFDMA communication system. Thatis,
use of the bitmap can increase the proportion of the actual data traffic in the entire
traffic, thereby improving the transmission efficiency.

FIG. 4 is a flowchart of a process for operation of a downlink

HARQ in a HARQ ACK/NACKoperation method according to the present

invention. More specifically, FIG. 4 illustrates anoperation of an SS for the
downlink in a process of operating the HARQ ACK/NACK.
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Referring to FIG. 4, the SS confirms the DL-MAP in the corresponding

frame currently assigned to the SS and then analyzes the HARQControl IE

corresponding to the CID of the SS in step 411. Based on the analysis of the

HARQControl IE, the SS confirms the continuation field in the HARQControl

IE in step 413. When the continuation field has a value of ‘0’, the SS confirms

that current transmission is transmission of a new HARQ enabled downlink burst

and then checks information including the location, size, and sequence of the

HARO enabled downlink burst in step 415.

After checking the HARQ enabled downlink burst information, the SS

receives the HARQ enabled downlink burst forwarded to the SS in a downlink

data region in step 417. The SS checks whether the received HARQ enabled

downlink burst has an error in steps 419 and 421.

When the HARQ enabled downlink burst has no error the SS codes the

ACK information in step 423. However, when the HARQ enabled downlink burst

has an error the SS codes the NACKinformation in step 451.

After coding the ACK or NACK information, the SS transmits the coded

signal through the sub-channel (ACK-CH)allocated to the SS in the uplink UCC

region of the frame in step 425.

As a result of the confirmation of the continuation field in the

HARQControl IE in step 413, when the continuation field has a value of ‘1’, the
SS confirms that current transmission is a retransmission of an already

transmitted HARQ enabled downlink burst and then prepares the Incremental

Redundancy (IR) scheme in step 431. After preparing the IR scheme, the SS

confirms information including the location, size, and sequence of the HARQ

enabled downlink burst in step 433. Thereafter, the SS receives the HARQ

enabled downlink burst targeting the SS itself and applies the IR scheme by

combining the already received sub-packet and the burst in step 435.

Hereinafter, an operation of the SS for the downlink in the HARQ

ACK/NACK. operation process of the TDD-OFDMA communication system

having the above-described construction will be described.
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In step 411, the SS confirms theDL-MAP in the corresponding frame and
then analyzes the HARQContrel JE corresponding to the CID ofthe SS. In step -
413, the SSrefers to the value ofthe continuation field in the HARQControl IE
and determines if the current transmission is transmission of a new HARQ

enabled downlink burst or retransmission of an already transmitted HARQ

enabled downlink burst. The continuation field is (shown in Table 4) used for
determining if the current transmission is transmission of a new HARQ enabled
downlink burst or retransmission of an already transmitted HARQ enabled

downlink burst, and is used in order to detect an error in the ACK/NACK

transmission of the HARQ scheme, thereby improving the reliability.

When the continuation field has a value of ‘0’, that is, when the current

transmission is transmission of a new HARQ enabled downlink burst, the SS

proceeds to step 415. In step 415, the SS confirms that the transmitted burst is a

new HARQ enabled downlink burst and then checks information including the

location, size, and sequence of the HARQ enabled downlink burst by analyzing
the DL-MAP IE.

In step 417, the SS receives the HARQ enabled downlink burst forwarded

to the SS itself in a downlink data region. In steps 419and 421, the SS determines

if the received HARQ enabled downlink burst has an error. Here, in determining

if the received HARQ enabled downlink burst has an error, a Cyclic Redundancy

Check (CRC) schemeis utilized. The CRC scheme uses cyclic binary codes in

order to detect errors during usual data transmission. According to the CRC

scheme, the determination of a transmission error is based on whether, when a

transmitter-side has divided data into blocks and then transmitted the blocks

together with a cyclic code attached after each block, which is obtained through a

special calculation using a binary polynomial, a receiver-side obtains the same

cyclic code by the same calculation method.

Whenthe continuation field has a value of ‘1’, that is, when the current

transmission is retransmission of an already transmitted HARQ enabled downlink
burst, the SS proceeds to step 431. In step 431, the SS confirms that current

transmission is retransmission of an already transmitted HARQ enabled downlink
burst and then prepares the IR scheme. In step 433, the SS confirms the location,
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size, and sequence of the HARQ enabled downlink burst by analyzing the DL-
MAPIEand then proceedsto step 435.

In step 435, the SS receives the HARQ enabled downlink burst targeting

the SS and applies the IR scheme by combining the already received sub-packet
and the HARQ enabled downlink burst.

In steps 419 and 421, the SS determines if the received HARQ enabled
downlink burst has an error. When the received HARQ enabled downlink burst

has no error, the SS proceeds to step 423. In step 423, the SS prepares an ACK.

message by coding ACK information in accordance with the recerved HARQ
enabled downlink burst.

When the received HARQ enabled downlink burst has an error, the SS
proceedsto step 451.In step 451, the SS prepares a NACK message by coding
NACKinformation in accordance with the HARQ enabled downlink bursterror.

Finally, in step 425, the SS transmits the message (prepared through the
ACK/NACK coding in step 423 or 451) through a sub-channel (ACK-CH)

allocated to the SS in an uplink UCC region of the corresponding frame or a

frame one or two frame-delayed after the corresponding frame.

FIG. 5 is a flowchart illustrating a process for operation of an uplink
HARQ in a HARQ ACK/NACK operation method according to the present

invention. More specifically, FIG. 5 illustrates an operation of a BS for the uplink
in a process ofoperating the HARQ ACK/NACK.

Referring to FIG. 5, the BS determines the location, size, and sequence of

the bursts of the SSs in step 511 and then checks the value of the continuation

field in step $13.

Whenthe continuation field- has a value of ‘0’, the BS confirms that

current transmission is transmission of a new HARQ enabled uplink burst and

then prepares a UL-MAP to be transmitted to the SS and a corresponding

HARQControl IE in step 515. Thereafter, the BS receives the HARQ enabled
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uplink burst of the SS in step 517 and checks whether the received HARQ

enabled uplink burst has an error in steps 519 and 521.

When the received HARQ enabled uplink: burst has no error the BS

prepares the ACK information in step 523. However, when the received HARQ
enabled uplink burst has an error the BS prepares the NACK information in step
551. Thereafter, the BS prepares a bitmap to carry the prepared ACK/NACK
message through the UL-MAPin step 525 and transmits the bitmap through the

UL-MAPin step 527.

When the continuation field has a value of ‘1°, the BS confirms that

current transmission is retransmission of an already transmitted HARQ enabled

uplink burst and then prepares an IR scheme in step 531. Thereafter, the BS

prepares the UL-MAPto be transmitted to the SS and prepares a corresponding

HARQControl JE in step 533. The BS receives the burst targeting the BS and

applies the IR scheme by combining the already received sub-packet and the burst
in step 535.

Hereinafter, an operation of the BS for the downlink in the HARQ

ACK/NACE operation process of the TDD-OFDMA communication system

having the above-described construction will be given.

In step 511, the BS determines SSs to which the BS will transmit the

HARQ enabled uplink bursts through a corresponding uplink frame and then

determines the location, size, and sequence of the bursts of the SSs. In step 513,

the BS checks the value of the continuation field, thereby determining if the

HARO enabled uplink burst to be received is a retransmitted HARQ enabled

uplink burst. The continuation field (shown in Table 4) is used for determining if

the current transmission is transmission of a new HARQ enabled uplink burst or

retransmission of an already transmitted HARQ enabled uplink burst, and is used

to detect an error in the ACK/NACKtransmission of the HARQ scheme, thereby

improving the reliability.

When the continuation field has a value of ‘0’, that is, when the current

transmission is transmission of a new HARQ enabled uplink burst, the BS

04410  



04411

ceaReteoanStrAfCANERdteenheoPsanaMeancodSEMAOseSaeatAeHa

eenstb!readae

10

15

20

25

30

35

WO 2005/088886 PCT/KR2005/000707

-21-

proceeds to step 515. In step 515, the BS prepares a UL-MAP to be transmitted to

the SS and a corresponding HARQControl IE. In step 517, the BS receives the

HAROenabled uplink burst targeting the BS in the uplink data region. In steps

519 and 521 the BS determines if the received HARQ enabled uplink burst has an
error. Here, in determining if the received HARQ enabled uplink burst has an

error, the BS uses the CRC schemeas described above with reference to FIG. 4.

When the continuation field has a value of ‘1’, that is, when the current

transmission is retransmission of an already transmitted HARQ enabled uplink

burst, the BS proceeds to step 531. In step 531, the BS confirms that current
transmission is a retransmission of an already transmitted HARQ enabled uplink

burst and then prepares an IR scheme. In step 533, the BS prepares the UL-MAP

to be transmitted to the SS and prepares a corresponding HARQ_Control IE.

In step 535, the BS receives the burst targeting the BS in the uplink data

region and applies the IR scheme by combining the already received sub-packet
and the burst..

In steps 519 and 521, the BS determines if the received HARQ enabled

uplink burst has an error. When the received HARQ enabled uplink burst has no
error, the BS proceeds to step 523. In step 523, the BS prepares an ACK message

corresponding to the received HARQ enableduplink burst.

When the received HARQ has anerror, the BS proceeds to step 551. In

step 551, the BS prepares a NACK message corresponding to the HARQ enabled

uplink burst error.

Thereafter, in step 525, the BS prepares a bitmap, which includes the

ACK/NACK. information prepared in step 523 or step 551 and will be transmitted

through a UL-MAP ofthe next frame or a after frame one or two frame-delayed.

Finally, In step 527, the BS transmits the bitmap through the UL-MAP of the
’ corresponding frame.

According to a method for operating an HARQ scheme in a broadband
wireless access communication system of the present invention, the ACK/NACK
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information is transferred by a bitmap. Asa result, the size of the control data can
be reduced in a high speed data transmission system such as the TDD-OFDMA |
communication system. .

Further, the reduction above can increasethe. proportion of the actual data
traffic in the entire traffic, thereby improving the transmission efficiency.

Moreover, the present invention proposes an methodfor efficient use of

the HARQ scheme in order to increase the transmission efficiency in
uplink/downlink high speed data transmission. The proposed method achieves
rapid and exact control of the ACK/NACK information, thereby achieving exact

transmission and reception of only the necessary information together with

reduction of the MAP message.

While the present invention has been shown and described with reference

to certain preferred embodiments thereof, it will be understood by those skilled in

the art that various changes in form and details may be made therein without

departing from the spirit and scope of the present invention as defined by the

appended claims.

04412

 

 



04413

seiavenbdcecrrbehOitibiaetessceneouMaNeTceewenecrsiabiowditalnthptinegedadOBLEBaaccatnsaiAteordsoaaO
atasentbdnmncasoepeesaebat

beSareeaileSAMEEBT91
vetttnfedwnbniewiimaaeast

etnREEESRSiRTESet

10

15

20

25

30

35

WO 2005/088836 oO PCT/KR2005/000707

- 23 -

WHATIS CLAIMEDIS:

1. A method supporting a Hybrid Automatic Repeat Request (H-ARQ)
between a subscriber station and a base station in a broadband wireless access
communication system including, the method comprisingthe stepsof:

transmitting at least one H-ARQ enabled uplink burst from the subscriber
stalion to the base station; .

generating ACK or NACKinformation according to the received H-ARQ

enabled uplink burstat the base station;

mapping the generated ACK or NACK information to a bitmap at the
base station;

transmitting the bitmap through a downlink information from the base
station to the subscriberstation.

2. The methodas claimed in claim 1, wherein a bit position in the bitmap
is determined by the order of the H-ARQ enabled uplink bursts.

3. The methed as claimed in claim 1, wherein the broadband wireless

access communication system is TDD(Time Division Duplex)-

OFDMA(Orthogonal Frequency Division Multiple Access) system.

4, The method as claimed in claim 1, wherein a size of the bit map is

variable according to the number of H-ARQ enabled uplink bursts.

5. The method as claimed in claim 1, wherein the downlink information is

a downlink broadcasting message.

6. A method supporting a Hybrid Automatic Repeat Request (H-ARQ)
between a subscriber station and a base. station in a broadband wireless access

communication system including, the method comprising thestepsof:
generating a downlink information indicating a H-ARQ ACK region and

at least one H-ARQ enabled downlink burst at the base station;

transmitting the downlink information from the base station to the

subscriber station;

generating ACK or NACK information according to the received H-ARQ
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enabled downlink burst at the subscriberstation;

transmitting the generated ACK or NACKinformation through the H-

ARQ ACKregion from the subscriber station to the base station.

7. The method as claimed in claim 6, wherein the downlink informationis

a downlink broadcasting message.

8. The method as claimed in claim 6, wherein the H-ARQ ACKregion is

a H-ARQ ACK channel.

9. The method as claimed in claim 6, wherein the broadband wireless

access communication system is TDD(Time Division Duplex)-

OFDMA(Orthogonal Frequency Division Multiple Access) system.

10. A method for operating a Hybrid Automatic Repeat Request

(HARQ) scheme for a downlink by a subscriber station in a broadband wireless

access communication system including the subscriber station and a basestation,
the method comprising the steps of:

determining the type of HARQ enabled downlink burst being transmitted

by analyzing an information element corresponding to a connection identifier of

the subscriber station, after receiving a downlink MAP message belonging to a

corresponding frame;

when the HARQ enabled downlink burst being transmitted is a new burst,

confirming transmission of the new burst and information of the HARQ enabled
downlink burst, and receiving the HARQ enabled downlink burst in a downlink

data region;

when the HARQ enabled downlink burst being transmitted is a

retransmitted burst, confirming retransmission of an already transmitted burst and

information of the HARQ enabled downlink burst, and receiving the HARQ

enabled downlink burst in a downlink data region;

determining if the received HARQ enabled downlink burst has an error;

and

transmitting one of an acknowledgement (ACK) message and a negative

acknowledgement (NACK) message through a sub-channel in accordance with
the determining for the error.
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11. The method as claimed in claim 10, wherein, when the HARQ

enabled downlink burst being transmitted is the retransmitted burst, the method

further comprises the steps of:
preparing an Incremental Redundancy (IR) scherne;
confirming the information of the HARQ ‘enabled downlink burst by

analyzing the downlink MAPinformation element;
receiving the HARQ enabled downlink burst in the downlink data region;

and

applying the IR scheme by combining an already received sub-packet and

the HARQ enabled downlink burst.

12. The method as claimed in claim 10, wherein the downlink MAP

message includes information about a location and a size of the HARQ enabled

downlink burst in a predetermined frame, the HARQ enabled downlink burst
being a downlink burst transmitted from the base station to the subscriberstation.

13. The method as claimed in claim 10, wherein, the step of

determining the type of HARQ enabled downlink burst being transmitted is

performed by confirming a value of a continuation field included in the
information element.

14. The method as claimed in claim 10, wherein the step of
transmitting one of the ACK message and the NACK message comprises the

steps of:

‘when the received HARQ enabled downlink burst has no error,

transmitting the ACK message through a sub-channel allocated to the subscriber

station, the ACK message being obtained by coding ACK information; and

when the received HARQ enabled downlink burst has an error,

transmitting the NACK message through the sub-channel allocated to the

subscriber station, the NACK message being obtained by coding NACK
information.

15, The method as claimed in claim 10, wherein the one of the ACK

message and the NACK messageis transmitted through a sub-channel allocated

to the subscriber station in an uplink control channel region of a corresponding
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frame.

16. The method as claimed in claim 10, wherein theone of the ACK.
_ messageand the NACK messageis transmitted through a sub-channelallocated

to the subscriber station in an uplink control channel region of a frame after a
corresponding frame.

17. The method as claimed in claim 10, wherein, in transmitting the
one of the ACK message and the NACK message, a number of HARQ enabled

downlink bursts are counted, alocation of the HARQ enabled downlink burst is

determined, a HARQ ACK channel is appointed in an uplink control channel

region, and one of ACK information and NACKinformation is then transmitted

through the HARQ ACKchannel.

18. The method as claimed in claim 10, wherein the HARO enabled

downlink burst and one of ACK information and NACK information for the

HARQenabied downlink burst are transmitted through a HARQ ACK channel at

a same position in the downlink data region.

19, The method as claimed in claim 10, wherein the sub-channel is

an ACK channel.

20. A method for operating a Hybrid Automatic Repeat Request
(HARQ) scheme for an uplink by a base station in a broadband wireless access

communication system, the method comprising the stepsof:

determining at least one subscriber station to which a base station will

transmit a HARQ enabled burst through a corresponding uplink frame;

determining information of the HARQ enabled burst of the at least one

subscriber station;

determining a type of the HARQ enabled burst by analyzing an
information element corresponding to the determined subscriberstation;

when the HARQ enabled burst being transmitted is a new burst,

preparing an uplink MAP message to be transmitted to the subscriber station,

preparing an information element corresponding to the uplmk MAP message, and

receiving the HARQ enabled burst targeting the base station in an uplink data
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region;

when the HARQ enabled burst being transmitted is a retransmitted burst,

preparing an Incremental Redundancy (IR) scheme, preparing the uplink MAP

message to be transmitted to the subscriber station, preparing an information

element corresponding to the uplink MAP message, and receiving the HARQ

enabled burst targeting the base station in the uplink data region;

determining if the received HARQ enabled burst has an error;

preparing one of an ACK message and a NACK message in a form of

bitmap, in accordance with a result of the determining; and

transmitting the one of the ACK message and the NACK message.

21. The method as claimed in claim 20, wherein, when the HARQ

enabled burst being transmitted is the retransmitted burst, the method further

comprisesthe steps of:

confirming retransmission of an already transmitted burst and preparing

an Incremental Redundancy (IR) scheme;

preparing an uplink MAP message to be transmitted to the subscriber

station and preparingan information element corresponding to the uplink MAP

message; -

receiving the HARQ enabled burst targeting the base station itself in the

uplink data region; and

applying the IR scheme by combiningan already received sub-packet and

the HARQ enabled burst.

22. The method as claimed in claim 20, wherein the uplink MAP

message in a corresponding frame includes information about a location and a

size of the HARQ enabled burst in the corresponding frame, the HARQ enabled

burst being an uplink burst transmitted from the subscriber station to the base

station.

23. The method as claimed in claim 20, wherein the uplink MAP

message appoints a channel in the uplink control channel region, such that one of
ACK information and NACK information for the HARQ enabled burst from the

base station to the subscriber station can be transmitted through the channel by at

least the corresponding frame.
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24. The method as claimed in claim 23, wherein, in appointing the

channel through which the one of the ACK information and the NACK

information can be transmitted, a number of uplink HARQ enabled bursts are

counted, a location of the HARQenabled burst is determined, one bit is appointed

in the bitmap of the uplink MAP message, and the one of the ACK information

and the NACKinformation is then transmitted by said one bit.

25. The method as claimed in claim 20, wherein, the step of

determining the type of the HARQ enabled burst being transmitted is performed

by confirming a value of a continuation field included in the information element.

26. The method as claimed in claim 20, wherein the step of

transmitting the one of the ACK message and the NACK message comprises the

steps of:

when the received HARQ enabled burst has no error, preparing ACK
information, performing HARQ bitmap coding for the prepared ACK information,
and transmitting the coded ACK information in a form of a bitmap through the

uplink MAP messagein the corresponding frame; and

when the received HARQ enabled burst has an error, preparing NACK

information, performing HARQ bitmap coding for the prepared NACK
information, and transmitting the coded NACK information in a form of a bitmap

through the uplink MAP messagein the corresponding frame.

27. The method as claimed in claim 20, wherein the one of the ACK

message and the NACK messageis transmitted in a form of a bitmap through an
uplink MAP messageofa frame after the corresponding frame.

28. The method as claimed in claim 20, wherein the HARQ enabled

burst and one of ACK information and NACKinformation for the HARQ enabled

burst are transmitted through a HARQ ACK channel at a same position in the

uplink data region.

29, The method as claimed in claim 20, wherein one of ACK

information and NACK information for the HARQ enabled burst transmitted

from the subscriber station to the base station is expressed in a form of a bitmap
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29.

in an uplink MAP message broadcasted from the base station to the subscriber

station at a frame after the corresponding frame. .

30. The method as claimed in claim 20, wherein the bitmap includes
a field representing a fixed length and a field representing a variable length of a
transmitted bitmap.
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Description

BACKGROUNDOF THE INVENTION

Field of the Invention:

[0001] The presentinvention relates generally to an asynchronous wideband codedivision multiple access (WCDMA)
communication system. More particularly, the present invention relates to a scheduling method and apparatus for
supporting an enhanced uplink dedicated channel (E-DCH).

Description of the Related Art:

[0002] A universal mobile telecommunication service (UMTS) system serving as the third generation mobile com-
munication system uses wideband codedivision multiple access (WCDMA) based onaglobal! system for mobile com-
munications (GSM) serving as a European mobile communication system and general packet radio services (GPRS).
The UMTSsystem performs packet-based transmission of text, digitized voice, video, and multimedia at data rates up
to 2 megabits per second (Mbps) thatoffers a consistent set of services to mobile computer and phone users no matter
wherethey are located in the world. In UMTS,a packet-switched connection using a packetprotocol such as an Internet
Protocol (IP) uses a virtual connection that is always available to any other end point in the network.
[0003] In uplink (UL) communications from a user equipment (UE) to a Node B, the UMTS system uses an enhanced
uplink dedicated channel (E-DCH) to improve the performanceof packet transmission. The E-DCH supports technol-
ogies such as adaptive modulation and coding (AMC), hybrid automatic retransmission request (HARQ), Node B contro!
scheduling, and others in order to support stable high-speed data transmission.
[0004] The AMC determines modulation and coding schemesof a data channel according to channel states between
a Node-B and a UE, and improves resource use efficiency. A combination of the modulation and coding schemesis
referred to as a modulation and coding scheme (MCS). Various MCSfevels can be defined by supportable modulation
and coding schemes. The AMC adaptively changes an MCSlevel according to channel! states between a Node-B and
a UE, and improves resource useefficiency.
[0005] The HARQ is a schemefor re-transmitting a packet to compensate for an erroneous packet when an error
occursin an initially transmitted data packet. The HARQ schemeis divided into a chase combining (CC) schemefor
re-transmitting a packet with the same formatas thatof the initially transmitted data packet when an error occurs, and
an incremental redundancy (IR) schemefor re-transmitting a packet with a format different from that of the initially
transmitted data packet when an error occurs.

[0006} According to the Node B control scheduling, a Node B determinesuplink data transmission and an upper limit
of a data rate when multipie UEs transmit data using the E-DCH, and sendsinformation to the UEs through a scheduling
command. The UEsrefer to the scheduling command,and determine a data rate of an uplink E-DCH.
[0007] FIG. 1 illustrates uplink packet transmission through the E-DCH in the conventional wireless communication
system. In FIG. 1, reference numeral 100 denotes a NodeBfor supporting the E-DCH, and reference numerals 101,
102, 103, and 104 denote UEs using the E-DCH.As illustrated in FIG. 1, the UEs 101 to 104 transmit data to the Node
B 100 through E-DCHs 111, 112, 113, and 114, respectively.
[0008] Using a data buffer status, requested data rate, or channel status information of the UEs 101 to 104, the Node

B 100 provides each UE with information indicating if E-DCH data transmission is possible, or performs a scheduling
operation for controlling an E-DCH data rate. To improve the overall performanceof the system, the scheduling oper-
ation assignsrelatively low data rates to the UEs 103 and 104 that are far away from the Node B 100 such that a noise
rise value measured by the Node B 100 does not exceed a target value. However, the scheduling operation assigns
relatively high data rates to the UEs 101 and 102 close to the Node B 100.

[0009] FIG. 2 is a call flow diagram illustrating a transmission and reception procedure through the conventional
E-DCH.

[0010] Referring to FIG. 2, the Node B and the UE establish the E-DCHin step 202. Step 202 includes a process
for sending messages through a dedicated channel. When the E-DCH hasbeenestablished, the UE notifies the Node
B of scheduling information in step 204. The scheduling information includes UE transmission power information for
an uplink channel, remaining UE transmission powerinformation, information about an amountof transmission data
accumulated in a buffer of the UE, and others.

[0011] When receiving the scheduling information from a plurality ofUEs currently performing communication, the
Node B monitors scheduling information of the UEs to schedule data transmission of the UEs in step 206.In step 208,
the Node B determines whetherto allow the UE to transmit an uplink packet, and sends a scheduling assignment
commandto the UE. The scheduling assignment commandincludesinformation about an allowed data rate and allowed
transmission timing, and others. In step 210, the UE determines the amountof radio resources to be assigned to the
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E-DCHusing the scheduling assignment command.In steps 212 and 214, the UE transmits uplink (UL) packet data
through the E-DCH and simultaneously sends,to the NodeB, radio resource assignment informationincluding a trans-
port format resourceindicator (TFRI) necessary to demodulate the E-DCH.In step 214, the UE selects an MCSlevel
by considering radio resources assigned by the Node B and a channel state, and transmits the UL packet data using
the MCSlevel.

[0012] In step 216, the Node B determinesif an error is present in the TFRI and/or the packet data. In step 218, the
Node B sends non-acknowledge (NACK)information to the UE through an NACK channel whenanerroris present,
and sends acknowledge (ACK) information to the UE through an ACK channel when noerror is present. When the
ACKinformation is sent, the packet data transmission is completed, and the UE transmits new userdata through the
E-DCH. However, when the NACKinformationis sent, the UE re-transmits the same packet data through the E-DCH.
[0013] Representative services capable of being provided through the E-DCHare a streaming service, interactive
service, and background service. The streaming serviceis a quasi-realtime service sensitive to delay, and corresponds
to, for example, video streaming. In this streaming service, data is generated regularly, butthe utility value of the data
is lost when the data is delayed for a predeterminedtime. The interactive service is not sensitive to delay, but a user
is inconvenienced when data transmission or reception is delayedfor a relatively long time. For example, a web brows-
ing service correspondstothe interactive service. In this interactive service, data is irregularly generated, and the utility
value of the data is not lost due to delay. The background service is not sensitive to delay as inafile transfer protocol
(FTP), and does not have a serious problem even though data transmissionor reception is delayed for a relatively long
time. In this background service, data is irregularly generated, but the utility value of the data is not lost due to delay.
(0014] Because data generation is irregular and not predicted in the case ofthe interactive or background service,
a method for reporting a buffer status to the Node B is useful whenever data is generated. However, because data is
regularly generated in the streaming service, the method for reporting a buffer status to the Node B wheneverdata is
generatedis inefficient.

{0015] For example, in the case of a service in which video is coded according to the H.263 standard whichis incor-
porated herein by reference, 128 75-byte packets are generated per second. Alternatively, in the case of a service in
which voice is coded at a 12.2 kbps adaptive multi-rate, 50 32-byte packets are generated per second. In the case
where data is generated regularly, an operation for reporting a buffer state whenever data is generated is an important
factor causing radio resources to be wasted.

SUMMARYOF THE INVENTION 

[0016] tis, therefore, an aspectof the present invention to preventthe inefficient use of radio resources due to buffer

status reporting by suitably selecting buffer state reporting according to a type of service in a user equipment (UE).
[0017] It is another aspect of the present invention to exactly estimate uplink data generation without buffer status
reporting of a user equipment (UE) by providing advance information about regularly generated data from a radio
network controller (RNC) to a Node B scheduler.

{0018] It is yet another aspect of the present inventionto efficiently provide a service sensitive to delay by sending
a scheduling assignment commandbefore the utility value of data is lost.
{0019] The above and other aspects of the present invention can be achieved by a method for performing scheduling
in a NodeBfordata transmission of a user equipment (UE)in a mobile communication system supporting an enhanced
uplink dedicated channel (E-DCH). The method comprisesthe stepsof receiving, from a radio network controller (RNC),
scheduling assistance information for an uplink service to be provided from the UE; estimating a data amountfor the
uplink service on a basis of the scheduling assistance information in each scheduling period; and scheduling data
transmission for the uplink service according to the estimated data amount.
[0020] The above and other aspects of the present invention can also be achieved by an apparatusfor performing
scheduling in a NodeBfor data transmission of a user equipment (UE)in a mobile communication system supporting
an enhanced uplink dedicated channel (E-DCH). The apparatus comprises a Node B scheduler for receiving, froma
radio network controlier (RNC), scheduling assistance information for an uplink service to be provided from the UE,
estimating a data amountfor the uplink service on a basis of the scheduling assistance information in each scheduling
period, and scheduling data transmission for the uplink service using the estimated data amount; and an E-DCH proc-essor.

{0021} The above and other aspects of the present invention can also be achieved by a scheduling method for
transmitting data according to a scheduling operation of a Node B in a mobile communication system supporting an
enhanceduplink dedicated channel (E-DCH). The scheduling method comprises the steps of receiving a radio bearer
setup message from a radio network controller (RNC) and establishing radio bearers for the E-DCH according to
configuration information included in the radio bearer setup message; examining indication information associated with
a buffer status report for at least one uplink service included in the configuration information; and limiting buffer status
reporting for an uplink service notrequiring the buffer status report, and performing buffer status reporting for an uplink
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service requiring the buffer status report according to a result of the examination.
{0022] The above and other aspects of the present invention can also be achieved by an apparatus for performing
scheduling in a user equipment (UE)for transmitting data according to a scheduling operation of a Node B in a mobile
communication system supporting an enhanceduplink dedicated channel (E-DCH). The apparatus comprises a service
discriminator for detecting and outputting data according to uplink services to be used by a user; a buffer for storing
service data output from the service discriminator; a buffer manager for determining if a buffer status report must be
sent according to a buffer status and typesof the uplink services, sending the buffer status report according to a result
of the determination, and receiving a scheduling assignment command; and an E-DCHprocessorfor transmitting data
stored in the buffer to the Node B through the E-DCHin response to the scheduling assignment command.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] The above and other aspects and advantages of the present invention will be more clearly understood from
the following detailed description taken in conjunction with the accompanying drawings, in which:

FIG. 1 illustrates uplink packet transmission in a conventional mobile communication system;
FIG. 2 is a call flow diagram illustrating a transmission and reception procedure through a conventional enhanced
uplink dedicated channel (E-DCH);
FIG. 3 is a block diagram illustrating the operation between a Node B and a user equipment (UE) in accordance
with an embodimentof the present invention;
FIG. 4 is a call flow diagram illustrating contro! signal flows between a Node B and a UE in accordance with an
embodiment of the present invention;
FIG.Sis a flow chart illustrating the operation of the VE in accordancewith an embodimentof the present invention;
and

FIG. 6 is a flow chart illustrating the operation of the Node B in accordance with an embodiment of the present
invention.

[@024} Throughout the drawings, the same or similar elements are denoted by the same reference numerals.

 
DETAILED DESCRIPTION OF EXEMPLARYPREFERRED EMBODIMENTS

[0025] Embodiments of the present invention will now be described in detail herein below with reference to the ac-
companying drawings. In the following description, a detailed description of known functions and configurations incor-
porated herein will be omitted for conciseness. It is to be understood that the phraseology and terminology used herein
are for the purpose of description and should not be regardedaslimiting.
[0026] First, interfaces between a user equipment (UE) and a NodeBin a wideband codedivision muitiple access
(WCDMA)system to which the present invention is applied will be described.
[0027] An interface between the UE and a wireless communication networkis referred to as a Uu interface. The Uu
interface is divided into a contro! plane used to exchange a control signal and a user plane used to transmit data.
[0028] The control plane comprises a radio resource control (RRC) layer, a radio link control (RLC) layer, a media
access control (MAC)layer, and a physical (PHY)layer. The user plane comprises a packet data convergence protocol
(PDCP)layer, a broadcast/multicast control (BMC) layer, an RLC layer, a MAC layer, and a PHY layer. The PHY layer
is located in each Node B orcell, and the MAClayer, the RRC layer, and others are located in a radio network controller
(RNC).
[0029] The PHYlayer provides an information transmission service using the radio transfer technology, and corre-
spondstothefirst layer of an open system interconnection (OS!) model. Transport channels are connected between
the PHY and MAClayers. The transport channels are defined by a schemefor processing specific data in the PHY
layer. The transport format of the transport channels is referred to as TF. The transport format of a PHY layer mapped
to a plurality of transport channels is indicated by a TFC indicator (TFC) indicating one of transport format combinations
(TFCs).
£0030] The MACand RLC layer are connected through logical channels. The MAC layer receives data through a
logical channelfrom the RLC jayer, and delivers the received data to the PHYlayer through a suitable transport channel.
Moreover, the MAClayer receives data through a transport channel from the PHY layer, and delivers the received data
to the RLC tayer through a suitable logical channel. Moreover, the MAClayerinserts additional information into data
delivered through a logical or transport channel, or interprets inserted information to take a suitable operation and
controls a random access operation. Jn the MAC layer, an entity relating to a dedicated service is referred to as a MAC-
d entity, and an entity relating to a common service is referred to as a MAC-c entity. in relation to an embodimentof

the present invention, an entity responsible for controlling the E-DCH and transmitting data through the E-DCH is
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referred to as a MAC-e entity.
[0031] The RLC layer is responsible for establishing and releasing a logical channel. The RLC layer can operate in
oneof three operating modes an acknowledged mode (AM), unacknowledged mode (UM), and transparent mode (TM).
These three operating modes provide different functions. Conventionally, the RLC tayer is responsible for dividing or
assembling a service data unit (SDU) received from a higher layer to a suitable size, and an error correction function.
[0032] The PDCPlayeris located in a higherlevel of the RLC layer on the user plane. The PDCPlayeris responsible
for compressing or decompressing a headerof Internet protocol (IP) packet data, and a lossless transfer function in a
state in which a RNC providing a service to a specific UE is changed.
[0033] Characteristics of a transport channel connected between PHY and higherlayers are defined by the TF pre-
scribing processing schemessuch as convolutional channel encoding,interleaving, and service-specific rate matching.
[0034] As described above, the E-DCH used for a WCDMA communication system supports adaptive modulation
and coding (AMC), hybrid automatic retransmission request (HARQ), Node B control scheduling, and others. UEs
send, to the Node B, scheduling information such as a UE buffer status, a UE powerstatus, and the like such that all
available resources of the NodeBare assignedto selected optimal terminals at each time interval, and Node B control
scheduling is efficiently performed.
[0035] The UEsfor providing a plurality of services through the E-DCHs configure a plurality of priority queues (PQs)
therefor, and temporarily store service data in the PQs. Then, the UEs report, to the Node B, an amountof data stored
in each PQ. The Node B performs scheduling on the basis of reporting of the UEs.
{0036] FIG.3 illustrates the operation between the Node B and the UE in accordance with an embodimentof the
present invention.

[0037] UE-1 305 transmits streaming service data 310 and background service data 315 detected and output by a
service discriminator 307 using an E-DCH processor335. The streaming service data 310 is stored in PQ-1 320 within
a buffer 327 before being transmitted through the E-DCH, and the background service data 315 is stored in PQ-2 325
within the buffer 327. A buffer manager 330 monitors the statuses of PQ-1 320 and PQ-2 325. Becausethe streaming
service data 310 is regularly input to PQ-1 320, the buffer manager 330 does not report the buffer status for PQ-1 320.
[0038] The buffer manager 330 determines that service data not requiring buffer status reporting is stored in PQ-1
320. Even whenthe buffer status for PQ-1 320 is varied, the buffer manager 330 does not send a buffer status report
350. Alternatively, the buffer manager 330 determines that service data requiring buffer status reporting is stored in
PQ-2 325. When the buffer status for PQ-2 325 is varied, the buffer manager 330 sendsa buffer status report 355.
(0039) For example, the buffer manager 330 sends the buffer status report 355 when new datais stored in PQ-2
325 or a data amount of PQ-2 325 exceeds a threshold valuc.

{0040] Similarly, a Node B scheduler 345 receives buffer status reporting 365 from other UEs.
£0041] The Node B scheduler 345 assigns radio resources to the UEs on the basis of the buffer status reports 355
and 365 received from the UEs including the UE 305, and scheduling assistance information 375 for a streaming
service. Information about the assigned radio resourcesis sent to corresponding UEs through scheduling assignment
commands 360 and 370.

(0042] Specifically, the Node B scheduler 345 receives, from a radio network controller (RNC)(notillustrated), the
scheduling assistance information 375 comprising information about regular data generation in PQ-1 320 of LTE-1 305
and information about how to schedule data of PQ-1 320. For example, when data of an amountvalue E is generated
from PQ-1 320 of UE-1 305 in a period D, the scheduling assistance information may include information indicating
that transmission resources capable of transmitting the data of the amount value E in the period D must be assigned
for PQ-1 320. Accordingly, the scheduler 345 estimates a data amount of PQ-1 320 through the scheduling assistance
information 375.

[0043] The scheduler 345 determines basic radio resources to be assignedto transmit data of PQ-4 320 using the
estimated data amount of PQ-1 320, and determines radio resources to be assigned to transmit data stored in PQ-2
325 on the basis of the buffer state report 350 sent from UE-1 305. The scheduling assignment command 360 to be
sent to UE-1 305 comprises information about a sum of radio resources determined for PQ-1 320 and PQ-2 325.
[0044] The UE 305to which the radio resources are assigned through the scheduling assignment command 360
sends data stored in the PQs 320 and 325 to the E-DCH processor 335. The E-DCH processor 335 transmits data
through the E-DCH. An E-DCH processor 340 of the Node B delivers the data received through the E-DCH to the RNC.
The E-DCHprocessors 335 and 340 are associated with PHY layer implementation, and are not directly associated
with the present invention. Accordingly, a detailed description of these E-DCH processors 335 and 340is omitted.
[0045] For the above-described streaming service, the Node B estimates an amountof streaming service data from
scheduling assistance information. The RNC determines the scheduling assistance information on the basis of quality
of service (QoS) parameters of radio bearers (RBs) for providing the streaming service. The scheduling assistance
information is assistance information necessary to perform scheduling such that the utility value of generated data is
not lost as a data generation status is reported to the schedulerin the streaming service. For example, the scheduling

assistance information includes information about a data amount (hereinafter, referred to as Data_Amount) and a
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repetition period (hereinafter, referred to as Repetition_Period).
[0046] Data_Amountindicates an amountof streaming data generated for Repetition_Period. Repetition_Period is
a period for maintaining the utility value of the streaming data.
[0047] if the Node B has received, from the UE, the scheduling assistance information for an E-DCH service,it
assigns, to the UE, transmission resources capable of transmitting data of Data_Amount in Repetition_Period.
[0048] Data_Amount depends upon a guaranteed bit rate (GBR) and Repetition_Period asin the following.

Data_Amount = (GBR + retransmission margin] * Repetition_Period

[0049] Here, the GBRindicates a bandwidth to be provided at any time for the streaming serviceorinteractive service.
[0050] The retransmission margin indicates an amountof data according to retransmission of the RLC. For example,
because one RLC packet data unit (PDU) out of 100 RLC packet data units (PDUs)is retransmitted when a block error
rate (BER) of the PHYlayeris 0.01, the retransmission margin becomes 0.01. The GBRindicates a bandwidth to be
always guaranteed for a corresponding service, and is defined in the form of bits per second (bps).
[0051] Repetition_Period is determined by a transfer delay. The transfer delay is a parameter determined by delay
sensitivity of a corresponding service. Repetition_Period is a maximum delay value for a service data unit (SDU) input
to a corresponding RB endurabie within a Universal Mobile Telecommunications Service (UMTS) Terrestrial Radio
Access Network (UTRAN), and is given in milliseconds. In other words, when data does not reach a destination within
an allowed transfer delay time, the utility value of the data is lost. In this case, a transmitting side releases the data
transmission. The transfer delay and the GBRare defined only for the streaming service.
{0052} Repetition_Period indicates a time interval until the utility value of data is lost after one packet reaches a PQ.
That is, because the packet must be transmitted within Repetition_Period, the Node B scheduler schedules the packet
within RepetitionPeriod. However, the Node B scheduler cannottrack ail individual packet generation statuses. In
other words, the UE reports packet arrival whenever a packet arrives at a PQ, but it is almost impossible for the Node
B scheduler to schedule all packets within Repetition_Period on the basis of the packet arrival report. Whenit is taken
into accountthat data is regularly generated in the streaming service, the Node B scheduler can approximate an amount
of data generated in each Repetition_Period. The GBRindicates an amountof data per secondin the streaming service,
and the amount of data generated in each Repetition_Period is a value obtained by multiplying the GBR with
Repeition_Period. When the obtained value is added to an amount of retransmission data, Data_Amount to be trans-
mitted in the streaming service is computed. Thatis, data of Data_Amount is generated in Repetition_Period for the
streaming service, and the Node B scheduler determines that Data_Amount must be scheduled in each
Repetition_Period.
{0053} Repetition_Period is affected by operating mode of the RLC layer.If the streaming service does not support
retransmission in the RLC layer, Repetition_Period has a value close to a transfer delay. Alternatively,if the streaming
service supports two retransmissions, Repetition_Period is a half of the transfer delay.
[0054] FIG. 4 is a ladder diagram illustrating control signal flow between a Node B and a UEin accordancewith an
embodimentof the present invention.
[0055] In step 405, the RNC determines whetherto establish two RBs of RB x and RB y with the UE using the E-DCH.
The RBsare established to provide a specific service. The RBs comprise a packet data convergence protocol (PDCP)
entity and a radio link control (RLC) entity configured suitably to provide the service. The streaming service is provided
through RB x, and the background or interactive service is provided through RB y. The RNC sets PQs for RB x and
RBy. For exampie, PQ z is set for RB x, and PQ wisset for RB y. Conventionally, because the streaming service and
the background service are assigneddifferentpriorities, different PQs are assigned for RB x and RBy. Upon determining
scheduling assignment information to be applied to PQ z mapped to the streaming service on the basis of a GBR and
transfer delay of the streaming service, the RNC sends an E-DCH setup message to the NodeB in step 410. The
message includes E-DCHconfiguration information for RB x and RB y, and PQ z and PQ w configuration information,
and further includes scheduling assignmentinformation.
[0056] In step 415, the RNC sends, to the UE, a message comprising the configuration information of the E-DCH
for RB x and RB y. The message may be, for example, a RB setup message. The RB setup message comprises
indication information (RB x: BRR = off) for limiting buffer status reporting for RB x of the streaming service, and
indication information (RB y : BRR = on) for enabling buffer status reporting for RB y of the background orinteractive
service.

{0057} Thatis, buffer status reporting required (BRR) for RB x is set to ‘off, and a BRR for RByis set to ‘on’. The
RB setup message comprises mapping information (RB x : PQ z and RB y : PQ w) between RBs and PQs. The RB
setup message may comprise GBRinformation in place of BRR information. For example, the RB setup message may
comprise GBRinformation as indication information (RB x) for limiting buffer status reporting for RB x of the streaming
service, and may not comprise GBRinformation as indication information (RB y : GBR = y kbps) for enabling buffer —
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status reporting for RB y of the backgroundorinteractive service.
[0058] When the GBRis used in indication information for enabling buffer status reporting, the UE can determine
buffer status reporting according to a predetermined condition. For example,if an amount of generated RB data included
in the GBRinformation is less than the GBR, the buffer status is not reported. Otherwise, a difference between the
GBR and generated buffer data may be reported.
[0059] The present invention supports both a BRR signaling method and a GBR signaling method to control the
above-described buffer status reporting, but only the BRR signaling method will be described for convenience.
[0060] Scheduling assistance information for the streaming service is sent to the Node B, and the UEis notified of
the presence of the buffer status reporting. When an E-DCHis established between the Node B and the UE, they
initiate E-DCH communication. Even when the UE generates data for a RB not requiring buffer status reporting as in
the streaming service,it does not notify the Node B of the data generation. The Node B estimates the buffer status for
PQ z by taking into account data generation corresponding to Data_Amount in each Repetition_Period in the UE
according to the scheduling assistance information received from the RNC. Whenbuffer state reporting is not received
from the UE, the Node B assigns,to the UE, radio resources associated with the estimated Data_Amountin step 420.
[0061] [tn step 425, when the UE generates data of an amount ‘a’ for RB y requiring a buffer status report as in the
interactive or background service, the data is stored in PQ w, and reports the buffer status for PQ w.
[0062] In step 430, the NodeBassigns,to the UE, transmission resources capable of transmitting all data based on
the estimated Data_Amount for PQ z and the data amount ‘a’ reported for PQ w.
{0063} Similarly, in step 435, when the UE sends a buffer status report of ‘PQ w = b’, the Node B assigns, to the UE,
transmission resources capable of transmitting all data based on the estimated Data_Amount and the data amount 'b'
reported for PQ w in step 440.
fo064] FIG. 5 is a flow chart illustrating the operation of the UE in accordance with an embodimentof the present
invention.

[0065] In step 505, the UE receives an RB setup message. The message comprises RB configuration information
(RLC configuration information, BRR information, and others) and E-DCH configuration information.
[0066] In step 510, the UE establishes RBs according to the configuration information. In this case, two layer entities
such as PDCP and RLCare established, and a suitable transport channel is connected. In an embodimentof the
presentinvention, the transport channel is an E-DCH. The UE establishes the E-DCH according to the setup message.
In this case, an E-DCH processoris established, and various physical channels are established.
[0067] In step 515, the UE examines a BRR of the established RB, or examines the presence of a GBR of the
established RB. If the BRR is off or the GBRis included, the UE proceeds to step 520. However,if the BRR is on or
the GBRis not included, the UE proceeds to step 525.
0068] Ifthe BRRis off, the UE applies Buffer Status Reporting Method 1 for an RB. Buffer Status Reporting Method
1 is applied for RBs to which scheduling assignment informationis set.

Buffer Status Reporting Method 1
 

[0069]

Alternative 1: No buffer status reporting is performed for a corresponding RB.
Alternative 2: if untransmitted data is still present until the utility value of the data associated with a corresponding
RBis lost and discarded, buffer status reporting is performed. Otherwise, no buffer status reporting is performed.
Alternative 3: Buffer status reporting is performedif an amountof data associated with a corresponding RB exceeds
a GBR.Otherwise, no buffer status reporting is performed.

[0070] If the BRRis on, the UE applies Buffer Status Reporting Method 2 for the corresponding RB in step 525.
Buffer Status Reporting Method 2 is applied for RBs to which scheduling assistance information is not set.

Buffer Status Reporting Method 2

[0071] When data is generated from a conesponding RB and a predetermined condition is satisfied, the UE performs
buffer status reporting. The predetermined condition is aimed to prevent excessively frequent buffer status reporting.
For example, the predetermined condition can use a threshold value associated with an amount of data stored in a
buffer for an RB, and others.

[0072] FIG. 6 is a flow chart illustrating the operation of the Node B in accordance with an embodimentof the present
invention.

[0073} In step 605, the Node B receives an E-DCH setup message associated with the UE. The E-DCH setup mes-
sage comprises configuration information of various physical channels associated with an E-DCH, andothers. In step

04439



04440

10

20

25

30

35

40

45

50

55

EP 1 599 063 A1

610, the Node B establishes the E-DCH with the UE according to the setup message.In step 615, the Node B determines
if the message comprises scheduling assistance information. If the message includes the scheduling assistanceinfor-
mation, the Node B proceedsto step 620. Otherwise, the Node B proceeds to step 625.
[0074] In step 620, when the scheduling assistance information is set, the Node B assigns radio transmission re-
sources capable of transmitting data of an amount estimated from the scheduling assistance information and a buffer
status report received from the UE. Streaming data of Data_Amountis generated in each Repetition_Period, regardless
of data reported through the buffer status report from the UE, because the streaming data is sensitive to delay. That
is, when a buffer status report is not received from the UE, the Node B basically assigns radio resources of Data_Amount
in each Repetition_Period in step 620. Whenthe buffer status report is present, the Node B assigns additional trans-
mission resources on the basis of the buffer status report. In step 625, when the scheduling assistance information is
not set, the Node B assigns transmission resources on the basis of the buffer status report from the UE.
{0075] Asis apparent from the above description, the present invention has a numberof advantages.
{0076] For example, the present invention can reduce transmission resources according to a buffer status report
between a user equipment (UE) and a Node B. Moreover, the present invention can smoothly provide a service by
scheduling data of a streaming service sensitive to delay before the utility value of datais lost.
{0077] Although embodiments of the present invention have been disclosed for illustrative purposes, those skilled
in the art will appreciate that various modifications, additions, and substitutions are possible, without departing from
the scopeof the present invention. Therefore, the present inventionis not limited to the above-described embodiments,
but is defined by the following claims, along with their full scope of equivalents.

Claims

1. A method for scheduling, in a Node B, data transmission of a user equipment (UE) in a mobile communication
system supporting an enhanced uplink dedicated channel (E-DCH), comprising the steps of:

receiving, from a radio network controller (RNC), scheduling information for an uplink service to be provided
from the UE;

estimating a data amountfor the uplink service based on the scheduling information in each scheduling period;
and

scheduling the data transmissionfor the uplink service according to the estimated data amount.

2. The method of claim 1, wherein the uplink service is a streaming service whose data is generated regularly.

3. The method of claim 1, wherein the scheduling information comprises information about a predetermined repetition
period and an amountof data to be generated for the predetermined repetition period.

4. The method of claim 1, wherein the scheduling step comprises the step of:

assigning radio resources capable of transmitting all data based on a data amountinctuded in information of
a buffer status report and the estimated data amount, when the buffer status report is received from the UE.

5. An apparatus for scheduling, in a Node B, data transmission of a user equipment (UE) in a mobile communication
system supporting an enhanced uplink dedicated channel (E-DCH), comprising:

a Node 8B schedulerfor receiving, from a radio network controfler (RNC), scheduling information for an uplink

service to be provided from the UE, estimating a data amountfor the uplink service based on the scheduling
information in each scheduling period, and scheduling the data transmission for the uplink service using the
estimated data amount; and

an E-DCHprocessorfor performing the data transmission for the uplink service according to the scheduling
result.

6. The apparatus of claim 5, wherein the uplink service is a streaming service whose data is generated regularly.

7. The apparatus of claim 5, wherein the scheduling information comprises information about a predetermined rep-
etition period and an amountof data to be generated for the predetermined repetition period.

8. The apparatusof claim 5, wherein the Node B schedulerassigns radio resources capable of transmitting all data
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based on a data amountincludedin information of a buffer status report and the estimated data amount, when the
buffer status report is received from the UE.

A method for reporting a buffer status in a user equipment(UE) in a mobile communication system supporting an
enhanced uplink dedicated channel (E-DCH), comprising the steps of:

receiving a control message from a radio network controller (RNC) and establishing radio bearers according
to configuration information included in the control message;
examining information associated with a buffer status report for at least one service included in the configu-
ration information; and

limiting the buffer status reporting for the service not requiring the buffer status report, and performing buffer
status reporting for the service requiring the buffer status report according to a result of the examination.

The scheduling method of claim 9, further comprising the steps of:

determining a streaming service whosedata is regularly generated as the service that does not require the
buffer status report; and
determining a background service whosedata is not regularly generated as the service that requires the buffer
status report.

The scheduling method of claim 9, wherein the examining step comprises the step of.

determiningif the buffer status report is required according to ‘on’ setup information of buffer status reporting
required (BRR) included in the indication information or guaranteed bit rate (GBR) information.

The scheduling method of claim 9, wherein the step of performingthe buffer status reporting comprises the step of:

sending the buffer status report to the Node B, wherein the buffer status report comprises information about
an amount of data for at feast one different service rather than a streaming service whosedata is generated
regularly.

The scheduling method of claim 12, wherein the step of performing the buffer status reporting comprises the step of:

sending, to the Node B, the buffer status report comprising information about the amount of data for the at
jeast onedifferent service, when new data for the at least one different service is generated or the amountof
data for the at least one different service exceeds a threshold value.

The scheduling method of claim 9, further comprising the step of:

sending, to the Node B, the buffer status report comprising information about an amount of data to be trans-
mitted for the at feast one uplink service, when untransmitted data is still present until a utility value of the data
for the at least one uplink service not requiring the buffer status report is lost and discarded.

An apparatus for scheduling, in a user equipment (UE), data transmission in a mobile communication system
supporting an enhanced uplink dedicated channel (E-DCH), comprising:

a buffer for storing service data output;
a buffer manager for determining if a buffer status report must be sent according to a buffer status and types
of services, sending the buffer status report according to a result of the determination, and receiving a sched-
uling assignment command; and
an &-DCHprocessorfor transmitting data stored in the buffer to the Node B in responseto the scheduling
assignment command.

16. The apparatus of claim 15, wherein the service discriminator detects streaming service data regularly generated

17.

and service data irregularly generated.

‘The apparatus ofclaim 15, wherein the buffer managerreceives,from a radio network controller (RNC), information
indicating if the buffer status report for an uplink service is required.
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The apparatus of claim 17, wherein the buffer manager examinesindication information indicating if the buffer
status report for an uplink service is required, timits buffer status reporting for an uplink serviceif the buffer status
reportis not required, and performs buffer status reporting for an uplink serviceif the buffer status report is required.

The apparatus of claim 18, wherein the buffer manager determinesif the buffer status report is required according
to ‘on' setup information of buffer status reporting required (BRR)includedin the indication information or quaran-
teed bit rate (GBR) information.

The apparatus of claim 15, wherein the buffer manager sendsthe buffer status report to the Node B, wherein the
buffer status report comprises information about an amount of data for at least one different service rather than a
streaming service whose data is generated regularly.

The apparatus of claim 20, wherein the buffer manager sends,to the Node B, the buffer status report comprising
information about the amount of data for the at least one different service, when new data for the at least one

different service is generated or the amountof data for the at least one different service exceeds a threshold value.

The apparatus of claim 15, wherein the buffer manager sends, to the NodeB, the buffer status report comprising
information about an amountof data to be transmitted for an uplink service, when untransmitted datais still present

until a utility value of the data for the uplink service not requiring the buffer status report is lost and discarded.

10

04442



04443

1.

114

EP 1 599 063 At

-.

113i.
12

11

100

why

11

04443

‘.

NODEB

FIG.1



04444

EP 1 599 063 A1

Node &

' ee :
204

Scheduling Information

PERFORM SGHEDULING
USING SCHEDULING

INFORMATION

   
206

  
  

  
GENERATE ACK/NACK

INFORMATION ACCORDING TO
PRESENCE OF ERROR
  

04444



04445

EP 1 599 063 A1

Sosas

OUJWEORS104VORBWIO;U|.eynpayag@SponJosse90idHOO-38SON 
 

UeSaf)eNO0}sjuawutissyOuynpeysses8ee
S30)flowos}BujyodeysnjeigJayingcont

 
}|1!

|rs—tfpf(80bUetodPod||‘poeoee|i|{(etepiedeeeeewesadcomenonenone.J\iOesees\a0(Aa8Gd\Nes{punolsyoegButweasssled,oe,HOLWNINIUOSIG|JOIANSS|beepentaaronniej
13

04445



04446

EP 1 599 063 A1

  

Ovq+JUNOUNYEIEQ=Ff)10)\uawusissyBunpsyos
 

   
poueduopnadey

Q=MOdJO)WOdeYsnyelsJeyng
 

8+JUNOUNYeyEg=3/1JO}weurudyssyGuynpeyag
 
 

eduortiade

povedUortadeyB=#OdJO}YodeysnyeigJafing 0erJUNOByEq=3/40)\uewuByssySuynpeyos=HUB:XGH]Anialemego;pay
   

SIP[MOd“UO=BU:AYZOd‘Hd
   

 

poursuonnday‘junouyBeg=UOWUNO|UjBoUESISSyBUyNpayos]dnjesyurowpeyot

 
 

punoiy2eq=AgyGujweegs=xayuoisioapdnjesgy
0p

p

JI

14

04446



04447

EP 1 599 063 A1

 
 

RECEIVE RADIO
BEARER SETUP MESSAGE

ESTABLISH RADIO BEARERS

515

orr GBR negtnclude

505

510

 
 
 

  
 

PERIODICALLY PERFORM
BUFFER STATUS REPORTING  LIMIT BUFFER

STATUS REPORTING 525 

FIG.5

15

04447



04448

EP 1599 063 A1

 
 
 

 RECEIVE E-DCH
SETUP MESSAGE

ESTABLISH E-DCH

605
 

  
 
 
 
 

 
 
 
 

 

ASSIGN RADIO TRANSMISSION
RESOURCES ACCORDING TO

SCHEDULING ASSISTANCE
INFORMATION AND

BUFFER STATUS REPORT

ASSIGN RADIO TRANSMISSION
RESOURCES ACCORDING TO

BUFFER STATUS REPORT 625

 

FIG.6

16

04448



04449

EP 1 599 063 A1

O )) European Patent EUROPEAN SEARCH REPORT Application NumberOffice EP 05 O1 0890

DOCUMENTS CONSIDEREDTO BE RELEVANT

Citation of documentwith indication, where appropriate, Relevant
of relevant passages to claim

3GPP: “3GPP TR 25.896 v6.0.0 (2004-03) 1-22
3rd Generation Partnership Project;
Technical Specification Group Radio Access
Network; Feasibility Study for Enhanced
Uplink for UTRA FDD (Release 6)"(On1ine]
March 2004 (2004-03), page 1,2,16-26,
XPO02342959
Retrieved from the Internet:

URL: http://www. 3gpp.org/ftp/Specs/html - inf
0/25896.htm> [retrieved on 2005-08-31]
* page 16, line 38 - page 18, line 33 *
* page 20, line 1 - page 22, line 34 *
* page 24, tines 4-29 *

A 3GPP: "3GPP TS 23.107 v6.1.0 (2004-03) 1-22
3rd Generation Partnership Project;
Technical Specification Group Services and
System Aspects; Quality of Service (QoS)
concept and architecture (Release
6)"[Online} March 2004 (2004-03), page
1-41, XP002342960 TECHNICAL FIELDS
Retrieved from the Internet: SEARCHED fintct7)
URL: http://www. 3gpp.org/ftp/Specs/html -inf HO4Q
0/23107.htm> [retrieved on 2005-08-31}
* page 14, line 8 - page 17, line 30 *
* page 20, Tine 22 - page 26, line 21 *

   
 
 

CLASSIFICATION OF THE
APPLICATION {Int.Cl.7)

H04Q7/38

    

  
  
  
  

  

     
 

The present search report has been drawn up forall claims
Place of search Date of compilation of the search Examiner

Berlin 31 August 2005 Alonso Maleta, J
CATEGORY OF CITED DOCUMENTS T : theory or principle undertying the invention

E: earlier patent dooument, but published on, or
X%: partioularly relevant # taken alone after the fiing date
Y : partioularty relevant if combined with another D: documentofted in the application

document of the same category : document olted for other reasona

ho

A:technologicalbackground—esnannntettsentnneranetnanacntececcnannnen es neamecnsnenere tisstasrasanes seaneatarseseneneaten
O: non-written disclosure & : member of the same patent family, corresponding
P ; intermediate dooument dooumentEPOFOAM160303.82(P04C0t)

17

04449



04450

04/034656A2VINININNURIININIINNNUKORTEAIEAI:
S

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY(PCT)

(19) World Intellectual Property
Organization

Intemational Bureau

(10) International Publication Number

WO 2004/034656 A2
(43) International Publication Date

22 April 2004 (22.04.2004)
 
 

(51) International Patent Classification’: HO4L 12/56 (81) Designated States (national): AE, AG, AL, AM, AT, AU,
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU,

(21) International Application Number: CZ, DE, DK, DM,DZ, EC, EE, ES, FI, GB, GD, GE, GH,
PCT/US2003/03 1498 GM,HR, HU,ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC,

LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW,
(22) International Filing Date: 6 October 2003 (06.10.2003) Mx, MZ, NI, NO, NZ, OM,PG,PH,PL, PT, RO, RU, SC,

SD, SE, SG, SK, SL, SY, TJ, TM, TN, TR, TT, TZ, UA,

(25) Filing Language: English UG, UZ, VC, VN, YU, ZA, ZM, ZW.

(26) Publication Language: English (84) Designaled Stales (regional): ARIPO patent (GH, GM,
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW),

(30) Priority Data: Eurasianpatent (AM, AZ, BY, KG, KZ, MD, RU, TJ, T™),
60/4 16,256 7 October 2002 (07.10.2002) US Europeanpatent (AT, BE, BG, CH, CY, CZ, DE, DK,EE,

ES, Fl, FR, GB, GR, HU, TR, IT, LU, MC, NI, PT, RO,

(71) Applicant: GOLDEN BRIDGE TECHNOLOGY,INC. SE, SL, SK, TR), OAPIpatent (BF, BJ, CF, CG, CI, CM,
[US/US]; 198 Brighton Avenue, Long Branch, NJ 07740 GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).
(US).

Published:

(72) Inventor: KANTERAKIS, Emmanuel, 740 Hoover without international search report and to be republished
Drive, North Brunswick, NJ 08902 (US). upon receipt of that report

(74) Agents: GEORGE, Keith, E. et al., McDermott, Will=For two-letter codes and other abbreviations, refer to the “Guid-
& Emery, 600 13th Street, N.W., Washington, DC 20005- ance Notes on Codes and Abbreviations" appearing at the begin-
3096 (US). ning ofeach regular issue of the PCT Gazette.
 

(S4) Title) ENHANCED UPLINK PACKET TRANSFER

 
CORE NETWORK

Radio Network Radio Network
Subsystem (RNS} Subsystem (RNS)

 
(UL) |

ms
a opts

(57) Abstract: An enhanced spread-spectrum uplink technique provides more efficient packet transfer in a wireless network. A
mobile station requests to utilize an uplink channel, typically, a physical dedicated channel. If the network will grant access, a
base station sends back a channel-request-granted message, which specifies a transmission start time and length. The base station
starts related downlink transmissionsat the start time, andat a time thereafter, the mobile station starts sending packet data over the
uplink physical dedicated channel. After a transmission of no more that the specified length, the mobile station ceasesits uplink
transmission on the dedicatedchannel, and the base station and/or the mobile station can immediately release one or more channel
resources. The grant message and/or the subsequentsignaling communications from the basestation may also specify a modulation
schemeand a channelization code for the uplink channel.
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ENHANCED UPLINK PACKET TRANSFER

Related Applications

(0001] This application claims the benefit of U.S. Provisional Application No.

60/416,256 Filed October 7, 2003 entitled “Enhanced Uplink Packet Transfer Method,” the
disclosure of which is entirely incorporated herein by reference.

Technical Field

[0002] The present subject matter relates to techniques and equipment for wireless

spread-spectrum communications, and more particularly for implementation in code-division-

multiple-access (CDMA)cellular, packet-switched communication systems. In a spread-

spectrum system, compnising a plurality of base stations and a plurality of remote stations, the

subject matter particularly relates to techniques and/or equipment for enhancing the

performance of one or moreof the dedicated uplink packet channels.

Background

{0003] Recent developments in wireless communications technologies have allowed

expansion of service offerings from the original voice telephone service model to include a

number of services supporting packet data communications, including for broadband

applications. As customers become increasingly familiar with data services offered through
landline networks, they are increasingly demanding comparable data communications in the

wireless domain, for example to maintain service while mobile subscribers roam freely or to

provide remote service in locations where wireless loops are preferable to landline subscriber

loops. A numberof technologies support packet data communications in the wireless domain.

[0004] Under the currently proposed W-CDMA technical specification, there is a

dedicated transport channel, the Dedicated Channel (DCH), which can be either a downlink or

an uplink transport channel. The DCH is the channel of choice in services where long delays

cannot be tolerated, e.g. for low delay constrained packet: services and services which require
longer than 640 ms packet transmission times. The DCHis also the preferred channel for
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certain network protocol methods, like TCP/IP, which operate much more efficiently under

small packet delays rather than long ones.

[0005] However, the current uplink DCH,as with any circuit-switched packet channel,

requires a lot of overhead resources. As shown in Fig. 17, under the current uplink DCH

method, once a link is set up between a user j and the base station, the communication will

require an associated uplink physical dedicated channel (Associated UL-PDCH) and an

associated downlink physical dedicated channel (Associated DL-PDCH)for closed-loop power

control. When communications for the user j start on these two associated channels, there is a

period of time when the basestation is still attempting to lock in on the Associated UL-PDCH

from user j, during which no data can be transferred to the base station yet. This period of time

is called the set-up time. The length of this delay is indeterminate and varies depending on how

long it takes for the base station to lock onto the Associated UP-PDCH. After the data is sent

from user j to the base station, there is again a period of time called the inactivity time before

the two associated channels are released. Also, under the current uplink DCH method, while

the data is power-controlled, it does not adapt its modulation, coding and channelization code

according to the quality of the link, resulting in additional wastage.

[0006] Hence a need exists for a technique to deal with these deficiencies in the current

uplink DCH. ,

Summary

(0007} The concepts disclosed herein alleviate the above noted problems with the

current uplink DCH. The concepts and improvements described herein can also be generalized

and applied to similar channels in other packet-switched communication systems.

{0008] The techniques and network equipment discussed here introduce an uplink

transmission method for a more efficient packet transfer. Hence a general objective is to

removethe inefficiencies associated with the current UL DCH method.

[0009] Another objective is to provide a fast mechanism to control the modulation,

coding and/or the channelization code of data transmission based on the quality of the link

[0010] A further objective is to provide a fast mechanism to facilitate the base station in
detecting the Associated UL-PDCH andtherefore shortening the set-up time.
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(001 1] A further objective is to reduce the power of the Associated UL-PDCH and

Associated DL-PDCH whennodata is being transferred to the base station.

{0012] A further objective of the invention is to have the network node, typically the

basestation, makeall the decisions of assigning and de-assigning uplink packet communication

resources via the MAC controller residing in the network.

[0013] The uplink methodology provides an improvementto a code-division-multiple-

access (CDMA) system employing spread-spectram modulation. The CDMAsystem typically

has a radio network controller (RNC) and a plurality of base stations, which serve a plurality of

mobile or remote stations. Each base station (BS)has a BS-spread-spectrum transmitter and a

BS-spread-spectrum receiver. Each mobile station (MS) has an MS-spread-spectrum

transmitter and an MS-spread-spectrum receiver.

[0014] The concepts disclosed herein relate to methods of operations as well as base

and mobile stations, for implementing the enhanced uplink. For example, from an overall

perspective, the communications involve signaling and data communications exchanged

between a base station and a mobile station. The MS-spread-spectrum transmitter of the one

mobile station transmits a spread-spectrum signal, signifying a request to utilize an uplink

channel. This request signal is received at the BS-spread-spectrum receiver, and processed to

determine whether or not to grant the requested access. If access is to be granted, the BS-

spread-spectrum transmitter sends a spread spectrum signal comprising a channel-request-

granted message for the one mobile station. This channel-request-granted message contains a

transmission start time parameter and specifies a transmission length. At the start time, the

base station begins downlink signaling transmissions to the mobile station. A time after

receiving the downlink signaling transmissions, at the mobile station, the MS spread-spectrum

transmitter will start sending a spread spectrum signal containing packet data over the uplink

channel. The mobile station will transmit packet data of no more than the specified length.

[0015] _ In several examples, the request-granted message and/or the subsequent control

Signaling transmissions may include one or more of Hybrid-ARQ (Automatic Repeat reQuest)

information, data identifying an uplink modulation scheme, and an uplink channelization code

related to an uplink physical dedicated channel! assigned for use by the one mobilestation.

[0016] Additional objects, advantages and novel features of the examples will be set
forth in part in the description which follows, and in part will become apparent to those skilled
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‘in the art upon examination of the following and the accompanying drawingsor may belearned

by production or operation of the examples. The objects and advantages of the present subject

matter may be realized and attained by means of the methodologies, instrumentalities and

combinations particularly pointed out in the appended claims.

Bnef Description of the Drawings

[0017] The drawing figures depict one or more implementations tn accord with the

present concepts, by way of example only, not by wayof limitations. In the drawing figures,

like reference numerals refer to the sameor similar elements.

[0018] Fig. 1 is a functional block diagram of a simplified CDMA Terrestrial Radio

Access network architecture, capable of implementing the enhanced uplink communications.

(0019] Fig. 2 is a basic enhanced uplink dedicated packet channelsignal flow diagram.

[0020] Fig. 3 is a basic enhanced uplink dedicated packet channel signal flow diagram

where a PDCHis used to carry all signaling and control information.

{0021] Fig. 4 is an enhanced uplink dedicated packet channel signal flow diagram

showing transmission from the base station for multiple users.

(0022) Fig. 5 is an uplink dedicated packet channel signal flow diagram with a channel

acquire message.

[0023] Fig. 6 is an uplink dedicated packet channel signal flow diagram with immediate
release.

[0024] Fig. 7 is an uplink dedicated packet channel signal flow diagram with an uplink

preamble.

{0025] Fig. 8 is an uplink dedicated packet channel signal flow diagram with a channel

release message.

{0026) Fig. 9 is an enhanced uplink dedicated packet channel signal flow diagram with

multiple data packet transfer.

[0027] Fig. 9a is an enhanced uplink dedicated packet channel signal flow diagram with

multiple data packet transfer via different radio links. ;

. [0028] Fig. 10 is an uplink dedicated packet channel signal flow diagram with a channel

power reduction message.
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{0029} Fig. 11 1s an uplink dedicated packet channel signal flow diagram with channel

powerresumption requested by mobilestation.

[0030] Fig. 12 is an uplink dedicated packet channel signal flow diagram with channel

power resumption requested by base station

{0031} Fig. 13 is an uplink dedicated packet channel signal flow diagram with a channel

power reduction and power resumption with gating as the reduction mode.

(0032] Fig. 14 is an uplink dedicated packet channel signal flow diagram with modified

CPCH access procedure.

{0033} Fig. 15 is a functional block diagram of a spread spectrum remoteor mobile
station transceiver.

[0034] Fig. 16 is a functional block diagram of a spread spectrum basestation

transceiver.

[0035] Fig. 17 is a signal flow diagram illustrating an existing uplink dedicated packet
channel.

Detailed Description

[0036] The various concepts disclosed herein relate to networks, components and

methods of operation thereof for providing an enhanced uplink channel capability, for wireless

packet data communications. Reference now is made in detail to the examplesillustrated in the

accompanying drawings and discussed below. In understanding of these concepts, it may be

helpfulfirst to briefly consider the architecture of an exemplary network.

[0037] Fig. 1 illustrates one simplified example of a mobile wireless communication

system, that may implement the enhanced dedicated uplink communications, for example, in

the form of a simplified CDMA Terrestrial Radio Access network architecture. As such, Fig. 1

provides a relatively higher level illustration, with a core network 9 providing two-way
communications to and from a plurality of radio network subsystems (RNSs) 10. The
illustrated network includes a number of the Radio Network Subsystems (RNSs) 10, two of

which are shown. The RNSs10 typically provide mobile communication services in different

geographic regions, although there may be some overlap, particularly, if the systems 10 are .
operated by competing service providers. The core network 9 provides communications
between the RNS subsystems 10, for éxample, for transport of packet .switched data and/or
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time-division multiplexed (TDM) voice information. Each RNS subsystem 10 comprises a

radio network controller (RNC) 11, a plurality of base stations 13 serving a plurality of mobile

Stations 15. The RNCs 11 in the radio network subsystems 10 may be interconnected, for

example by the line 12, for signaling and/or traffic communications in addition to those

transported through the core network 9.

[0038] Each base station (BS) 13 has a BS-spread-spectrum transmitter and a BS-

spread-spectrum receiver, shown together as a single transceiver (XSCV'R) system 17 for

simplicity in this drawing. Each of the mobile stations (MS) 15 has an MS-spread-spectrum

transmitter and an MS-spread-spectrum receiver forming a transceiver (not separately shown)
that is comphmentary to the transceivers 17. Exemplary transmitters and receivers for use in

the MS and BS network elements are discussed in more detail below with regard to Figs. 15
and 16.

[0039] In a typical embodimentoffering packet switched data communicationsservices,

the radio network controllers (RNCs) 11 provide two-way packet switched data

communications through the core 9 to a wide area network (not shown), for example a packet-

switched network such as an Intranet and/or the public Internet. The RNCs 11, the core

network 9 and the wide area packet network provide the MS units 15 with two-waypacket data

communications to and from an array of data communication devices, for example IP

telephones, personal computers (PCs), host computers and servers. Although shown as

handsets, the mobile stations 15 may be embodied as any user device that may conveniently

incorporate or connect to an appropriate mobile/portable transceiver. Examples of other types

of mobiles stations include but are not limited to personal digital assistants (PDAs), laptop PCs
and handheld PCs.

[0040] The exemplary CDMA system provides a numberoflogically different channels

for upstream and downstream communications over the airlink interface. Each channelis

defined by one or more of the codes, for example the spreading code and/or the scrambling

code. Several of the channels are common channels, but most of the channels are used for

uplink or downlink packet communications between the base stations 13 and the mobile

stations 15. As will be discussed, certain channels are signaling or control channels, whereas

other channels. carry the actual packet: data traffic for users’ communications services.
Although some traffic channels of the CDMA network may be shared or common access
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channels, discussion here will focus of transport of traffic packets over dedicated channels, that

is to say traffic channels that are allocated to a particular user or mobilestation, and as such, are

dedicated to that user or station for at least some time or length of transmission.

{004 1] In operation, the RNC 11 measurestraffic through the base stations 13 going to

and from the mobile stations 15. In this way, the radio network controller (RNC) 11 monitors

traffic demandin the illustrated network subsystem 10. The RNC 11 assigns physical channel

resources to the mobile stations 15 within each cell of each base station 13. In general, each

user's mobile station 15 continuously monitors the EP-DL-FACH channel. The EP-DL-FACH

is a time-multiplexed channel, however, the slot location for the iuser is not predefined. A

time-out timer will ensure a mobile station gives up on an over-due response from base station

13. This could be caused by errors on the Uplink. A mobile station 15 could monitor the

activity on the EP-DL-FACH. Its access capabilities (probability of transmitting access

packets) could be reduced in order to lower the aggregate uplink (UL) load. The node
controlling the base station 13 could also periodically transmit the loading on the EP-UL-

PDCH,in order to regulate the UL accesses. Multiple EP-DL-FACH channels could operate

simultaneously. Similarly, multiple associated EP-DL-PSCCHscould operate simultaneously.

[0042] Fig. 2 illustrates the signal flow between a mobile station 15 and a basestation

. 13, implementing an enhanced packet (EP) uplink, using a packet transfer protocol (PTP). To

appreciate the operations represented by the example, it may help first to briefly review the

relevant channel nomenclature. Although the network (Fig. 1) may provide other types of

channels, for purposes of this discussion, the transmission channel types in the example

include: a PSCCH or "Packet Sharing Control CHannel," a PDCH or "Physical Dedicated

CHannel," a PCCH or "Packet Control Channel," and a FACH or "Forward Access CHannel."

To distinguish the direction of transmission, channels transmitted from a mobile station 15 to a

base station 13 are designated as UL for UpLink channels, whereas channels transmitted from a

base station 13 to a mobile station 15 are designated DL for DownLink channels. In both

directions, channels providing enhanced packet-related services also are designated as EP

channels, for purposes of this discussion.

[0043] _ Hence, the top line of the diagram (Fig. 2) showsthe signals sent from a base

Station 13 on the associated downlink physical dedicated channel (associated DL-PDCH). The

next line showsthe signals sent from a base station 13 on the enhancedpacket downlink Packet
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sharing control channel (EP-DL-PSCCH). Thethird line of the diagram showsthe signals sent

from a base station 13 on the enhanced packet downlink forward access channel (EP-DL-

FACH). The lower three lines in the drawing represent uplink (UL) signals, on the enhanced

packet uplink Packet Control! Channel (EP-UL-PCCH), the enhanced packet uplink physical

dedicated channel (EP-UL-PDCH) and the associated uplink physical dedicated channel

(associated UL-PDCBH).

{0044} As noted, in a CDMAtype network, channels are defined by different codes

used in the direct-sequence spread-spectrum processing of the transmitted signals. Hence, in

the example of Fig. 2, there are three codes used for three uplink channels and three codes used

for downlink channels. Of course, the base station my be sending and receiving on other code

channels, e.g. for common channel communications, for common access communications with

other mobile stations, and/or for dedicated communications with other mobile stations.

{0045] In this example, once a link is set up between a mobile station 15 of user } and a

base station 13, the base station transmits power control signals over the associated downlink

channel, e.g. the Associated DL-PDCH; and the mobile station transmits power control signals

over an associated uplink channel, e.g. the Associated UL-PDCH. These transmissions provide

two-way closed loop transmit power control. In accord with the present concepts, the mobile

station 15 of user j will imitate the packet communication procedure by sending a data channel

initialization request to the base station 13 through an uplink channel designed for control

signaling associated with the data transmission, e.g. the EP-UL-PCCH in the illustrated

example. The data channelinitialization request is basically a request to allow this user, userj,

to start an uplink transmission of the data packet(s), although the request may also contain other

information such as the buffer state of the mobile station and the priority or quality of service

desired for the uplink data transmission.

[0046] The network, upon receipt of the data channel initialization request by the base

station 13, decides whether to grant the data channelto the requesting user. The decision may

be performed by the RNC 11, by the base station or by another control node of the radio

network subsystem (RNS) 10, although for convenience of discussion here, it is assumed that

the decision functionality resides at the serving base station 13. If the base station decides to

grant the request,it will send back a data channel request-grantedmessage to the mobile station
of the particular user, in this case for the userj. In the example, the base station 13 sends the
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data channel request-granted message for user j back over the downlink forward access channel

(EP-DL-FACH). The data channel request-granted message contains the length of the allowed

transmission and the scheduled start time of the transmission (TO), if TO has not been

determined beforehand. It can also contain other information that the mobile station needs to

have for the data packet transfer, such as HARQ-related information and channelization code

information. .

[0047] The start time could be related to the time for start of the uplink transmission.

However, in the example, at the allotted time TO, the base station will start transmission ofat

least control information pertinent to the uplink data packet transmission over a downlink

shared control channel, e.g. the EP-DL-PSCCH, and the mobile station will start uplink

transmission at a predetermined time thereafter. In the example, the control signaling

transmission over the EP-DL-PSCCH includes one or more of "HARQ" or Hybrid-ARQ

(Automatic Repeat reQuest) information, an uplink modulation scheme, and an uplink

channelization code.

[0048] Hybrid ARQ is an implicit link adaptation mechanism. The amount of energy

transmitted per packet of information depends on whether the channel is reliable during the

transmission of the packet, by transmitting additional information about the packet once the

received packet was considered to have been received in error. There are different types of

HARQ. Chase combining involves the retransmission of the same coded packet. The receiver

then combines the multiple received copies normally weighted by their received SNRs(signal

to noise ratios).

[0049] For every received packet, the receiver provides an indication whether the

packet was received correctly or not by transmitting back ACKsfor correct packet receptions

and NACKs for incorrect packet receptions. There are two main ways for transmitting ACK.

and NACKinformation to the receiver. Oneis selective-repeat (SR) and the other is stop-and-

wait (SAW). Typically in SR, the transmitter sends a numberof packets while waiting for a

response (or lack thereof) about the correct or incorrect reception of the transmitted packets.

Stop-and-Wait is one of the simplest forms of ARQ requiring verylittle overhead. In stop-and-

wait, the transmitter operates on the current packetuntil the packet has been correctly received.

In the example, the mobile station is transmitting packets over an uplink channel, and the base ;
" station is sending the ACK/NACKsignals, in this case, over the EP-DL-PSCCH.
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[0050} In a typical network, the wireless communications may utilize a number of

different modulation techniques, e.g. to support different data rates. Also, the network typically

provides a numberof channels for use as the UL-PDCH,and for each such channelthere is a

different channelization code. Hence, the base station 13 can direct the mobile station to use a

particular modulation scheme and uplink channelization code for sending the data packet, by

specifying an uplink modulation and channelization code in the data channel request-granted

message. The ability to specify and change the modulation schemeand coding rate provides
increased flexibility in adjusting the information data rate without greatly impacting the

operation of the receiver. This is known as an explicit Link Adaptation (LA) mechanism andit

is referred to as Adaptive Modulation and Coding (AMC).

[0051] As outlined above, the base station started transmission over the EP-DL-PSCCH

for this user’s communication session at the specified start time TO. At time T2, a pre-

determined time after TO, the mobile station will begin its transmission of the data packet over

the uplink channel. During the entire data packet transmission, the base station will continue

sending back control information relating to the uplink data packet transmission over the shared

downlink channel (on the EP-DL-PSCCH channel in this example). Based on the control

information received over the shared downlink channel, the mobile station will adjust the

modulation scheme and channelization code of the data packet transfer.

[0052] Optionally, at time Tl, a pre-determined time between TO and T2, the mobile

station can also send over the other uplink channel (EP-UL-PCCH), which is designed for
control signaling associated with the data transmission (EP-UL-PCCH), transport format

information (TFI). The TFI can enable the base station receiver to determine the manner by

which the transmitted data has been formatted into a packet. Both the transmitter and receiver

knowa predefined set of possible ways of formatting a packet. The mobile station transmitter

sends the TFI along with the transmitted packet to the base station receiver.

[0053] In an alternative embodiment, the data channel mitialization request from the

mobile station (user j) may already contain the start time of the data transmission and length of

transmission, and the mobile station will start its transmission at TO without any data channel

request-granted message from the basestation. ;

[0054] : In practice, it is possible that the uplink power control channel (e.g. the
Associated UL-PDCH) andthe uplink control-signaling channel (e.g. the UL-PCCH) are the.
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same channel. The use of different names of the channels in this example is for separation and

easy understanding of their functionality only. The different functionality can well be carried

on a commonphysical channel, to reduce hardware and channel resource requirements,etc., as

illustrated in Fig. 3.

[0055] - Fig. 4 is an enhanced uplink dedicated packet channel system block diagram
showingtransmission from the base station 13 for multiple users' mobile stations 15. Like the

earlier example of Fig. 2, the multiple user example, utilizes three downlink code channels

from the base station to the mobile station and three uplink code channels from the mobile

stations to the base station. The downlink channels include the associated physical dedicated

channel (associated DL-PDCH), the enhanced packet downlink Packet Sharing Control

CHannel (EP-DL-PSCCH)and the enhanced packet downlink forward access channel (EP-DL-

FACH). The uplink (UL) channels include the enhanced packet uplink Packet Control Channel

(EP-UL-PCCH), the enhanced packet uplink physical dedicated channel (EP-UL-PDCH) and

the associated uplink physical dedicated channel (associated UL-PDCH).

[0056] In this example, each user is allocated usage for some amount of time, and use

by or for the user j appears as slots on respective channels. For example, on the EP-DL-

PSCCHchannel transmissions intended for the user j follow those for user j0 and precede those

for user j1. The transmissions on the EP-DL-FACH may not follow the same order, as this

channel carries signaling that may not lead to communications on the EP-DL-PSCCH and UP-

UL-PDCH channels, for example, to tell certain users’ mobile stations to defer a requested

communication. .

{0057] However, once a link is set up between a mobile station 15 of user(e.g. user j)

and a base station 13, the base station transmits power control signals over an associated

downlink channel, e.g. the Associated DL-PDCH, and the mobile station transmits power

_control signals over an associated uplink channel, e.g. Associated UL-PDCH. In accord with

the present concepts, the mobile station will then send a data channelinitialization request to

the base station through an uplink channel designed for control signaling associated with the

data transmission, ¢.g. the EP-UL-PCCH in the illustrated example. The data channel

initialization request is basically a request to allow this user, user j, to start an uplink

transmission of the data packet(s), although the request may also contain other information
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such as the buffer state of the mobile station and the priority or quality of service desired for the

uplink data transmission. —

(0058] The base station 13, upon receiving the data channel initialization request

decides whether to grant the data channel to the requesting user. If the base station decides to

grant the request, it will send back a data channel request-deferred message. However, if the

base station decides to grant the request, it will send back a data channel request-granted
message to the mobile station of the particular user, in this case user j, on the EP-DL-FACH
channel in this example. The data channel request-granted message contains the length of the

allowed transmission and the scheduled start time of the transmission (TO), if TO has not been

determined beforehand. It can also contain other information that the mobile station needs to

have for the data packet transfer, such as HARQ-related information, modulation scheme

and/or channelization code information.

[0059] At the allotted time TO, the base station 13 will start transmission over a

downlink shared contro! channel, e.g. the EP-DL-PSCCH,andthis transmission will include

control information pertinent to the uplink data packet transmission. In the example, the

control information contains the "HARQ" or Hybrid-ARQ information, an uplink modulation

scheme, and an uplink channelization code. For every received packet, the base station receiver

provides an indication whether the packet was received correctly or not by transmitting back

ACKs for correct packet receptions and NACKs for incorrect packet receptions. In this

example, the base station 13 transmits the ACK/NACK signaling on the EP-DL-PSCCH

channel.

[0060] At time T2, a pre-determined time after TO, the mobile station will begin its

transmission of the data packet. During the entire data packet transmission, the base station

will continue sending back control information relating to the uplink data packet transmission
over the shared downlink channel (on the EP-DL-PSCCHchannelin this example). Based on
the control information received over the shared downlink channel, the mobile station will

adjust the modulation scheme and channelization code of the data packet transfer. The mobile

station also adjusts its packet transmissions as needed, e.g. to re-send packets that have not

been properly received, based on receipt of the ACK/NACKsignaling on the EP-DL-PSCCH
channel.
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[0061] Fig. 5 shows another .embodiment of the enhanced packet channel

communications,in this case, where an optional channel-acquired message is sent by the base

station to the mobile station to indicate that the base station has acquired the Associated UL-
PDCH.

[0062] Fig. 6 shows yet another embodiment, where the Associated UL-PDCH and

Associated DL-PDCH are immediately released after the scheduled data transmission.

Specifically, the data channel request-granted message specifies an allotted length of

transmission. The channel resources are released for reassignment to a mobile station

immediately after the end of the allocated transmission. In the example, the transmission

length ts specified as a time (duration from start or a specific end time), however, those skilled

in the art that the transmission length could be specified in other terms, for example, amount of

data (e.g. numberofpackets).

{0063] Fig. 7 shows yet another embodiment, where an optional preamble or headeris

added before the transmission over the Associated UL-PDCHin order to facilitate earlier

detection of such Associated UL-PDCHbythebasestation.

{0064] Fig. 8 shows yet another embodiment of the invention where a channel release

message is sent by the base station to the mobile station at a pre-determined timeafter the end

of the control information transmission.

{0065] Fig. 9 showsthe basic enhanced uplink dedicated packet channel method when

multiple data packets are sent during the samelink.

[0066] In Fig. 9a, two packet data transfers are implemented via the use of a two

Different Radio Links. After the MS completed a packet data transfer over Radio Link 0,

Radio Link 1 became more reliable for uplink transmissions. The RS then send a

Channel_Initialization_Request to Radio Link 1. Radio Link 1 responds over its own EP-DL-
FACH.

(0067) In Fig. 10, a new mechanism to reduce the power of the control channels (the
overhead) is introduced. This power control method can be applied to the enhanced uplink
discussed above or to other systems or methods. With this power control technique, after a
certain inactivity time Tinact following the transmission of the control information from the base
station (or in other methods,after the end ofthe data packet), the base station will send a power
reduction message to the mobile station and ask the mobile station is instruct the base station to
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reduce power. Uponreceipt of the power reduction message, the mobile station will send back

a power reduction confirmation message, after which both the mobile station and the base

station will instruct each other to lower their power of transmission of their control channels.

For simplicity of illustration, Fig. 10 does not show the uplink data channel and has combined

the powercontrol channel with the signaling control (see description for Fig. 3).

[0068] In Fig. 11, you can see how the data channel request subsequent to the power
reduction in the control channels is used also as a power resumption request. When the mobile
station 15 sends out the data channel request, it at the same time instructs the base station 13 to

increase its power of the downlink (DL) power contro! channel. When the data message
channel granted message is sent by the base station, the mobile station also instructs the mobile .

station to increase its power of the uplink (UL) powercontrol channel. After the data packetis

sent and a certain inactivity time Tinact, the mobile station and the base station can go to the

powerreduction stage again.

[0069] Altematively, as in Fig. 12, while the control channel power is reduced, the

mobile staion can send these periodic Buffer State Measurements Indicators to the basestation.

Whena Buffer State Measurements Indicator indicates that the data in the buffer of the MS has

exceeded a certain threshold, the base station will then send out a data packet transmission

request message to the mobile station to instruct the mobile station to send a data packet and

resume power of the UL power control channel. The mobile station will send back a

confirmation message and also resume power of the DL powercontrol channel.

[0070] Similarly, instead of reducing power in the powercontrol channelsas in Fig. 10-
12 after the reduction message, the reduction can be in the form of gated transmission of the
powercontrol channels, as in Fig. 13.

[0071] Fig. 14 teaches the use of a modified Common Packet Channel (CPCH)

approach to forinitial link set up. The link request resides in the CPCH message. Thelink

acknowledgment comes down in the CPCH downlink instead ofvia FACH.

[0072] Figs 15 and 16 illustrate elements of the stations, in an example of the system of

Fig. 1. For purposes ofthis discussionhere, it will be assumed that the examples ofFigs. 1, 15

and 16 implementa processing technique such a one of those shown in Figs. 2 or4.

[0073]. | Fig. 15 illustrates an example of a MS spread-spectrum transmitter and MS .
spread-spectrum receiver, essentially in the form of an MS base-band processor 207 for
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performing the PHY layer functions and an interface 208 for performing the MAC layer

functions, of the transceiver at a mobile station 15.

[0074] The MS spread-spectrum receiver includes an antenna 209 coupled to a

circulator 210, a receiver radio frequency (RF) section 211, a local oscillator 213, a quadrature

demodulator 212, and an analog-to-digital converter 214. The receiver RF section 211 is

coupled between the circulator 210 and the quadrature demodulator 212. The quadrature

demodulator is coupled to the local oscillator 213 and to the analog to the digital converter 214.

The output of the analog-to-digital converter 214 is coupled to a programmable-matchedfilter

215. An receiver 216 for the associated downlink physical dedicated channel (Associated DL-

PDCH), a receiver 217 for the enhanced packet downlink packet sharing control channel (EP-

DL-PSCCH) and a receiver 218 for the enhanced packet downlink forward access channel (EP-

DL-FACH) are coupled to the programmable-matchedfilter 215. A controller 219 is coupled

to the receiver's 216, 217 and 218. The controller 219 of the MS base-band processor 207 in

turn connects to the interface 208, for exchange of necessary signaling control information and

data. For example, in the upstream direction, the control 219 passes received data to the

interface 208 for MAC layer processing and communication thereof to the higher layer

elements within or connected to the mobile station 15.

[0075] The interface 208 also outputs uplink (UL) data (EP-UL-DATA). The MS

spread-spectrum transmitter includes a forward-error-correction (FEC) encoder 222 for

encoding this downlink data. The encoder 222 also provides encoding for the Hybrid

Automatic Repeat reQuest (HARQ)signal. The FEC/HARQ encoder 222 is coupled through

an interleaver 223 to a QAM modulator 224. The controller 219 controls the operation of the

FEC/HARQ encoder 222 and the interleaver 223. The controller 219 also provides various
signaling and/or control data to one or more modulators 225. In the mobile station, these

signals include preamble signals and the TFI signal, discussed above. The outputs from the

modulators 224 and 225 are added in a combiner 226.

[0076] A spreading-sequence generator 227 is coupled to a product device 226, which

receives the combined downlink information (modulated) from the combiner 226. A digital-to-

analog converter 229 is coupled between the product device 228 and a quadrature modulator
230. The quadrature modulator 230 is coupled to the local oscillator 213 and supplies a
modulated analog output signal to an transmitter RF section 231. The transmitter RF section
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231 is coupledto the circulator 210 so as to provide an RF single of the appropriate powerlevel
to the antenna for wireless transmission overthe air to one or more basestations 13.

[0077} The controller 219 has control links coupled to the analog-to-digital converter

214, the programmable-matchedfilter 215, the receivers 216, 217 and 218, the digital-to-analog

converter 229, the spreading sequence generator 227, the combiner 226, the interleaver 223, the
and the FEC/HARQencoder222.
[0078] A received spread-spectrum signal from antenna 209 passes through circulator

210 and is amplified and filtered by the receiver RF section 211. The local oscillator 213

generates a local signal, which the quadrature demodulator 212 uses to demodulate in-phase

and quadrature phase components of the received spread-spectrum signal. The analog-to-
digital converter 214 converts the in-phase component and the quadrature-phase componentto

digital signals. These functions are well known in the art, and variations to this block diagram

can accomplish the same functions.

[0079} The programmable-matched filter 215 despreads the received spread-spectrum

signal components. A correlator, as an alternative, may be used as an equivalent means for

despeading the received spread-spectrum signal.

{0080} The DL-PDCHreceiver 216 detects pilot and TPC (transmit power control)

Signaling in the received spread-spectrum signal. The EP-DL-PSCCHreceiver 217 detects the

various channel control signaling (ACK/NACK, modulation, code set, HARQ, etc.) in the

received spread-spectrum signal. The EP-DL-FACH receiver 218 detects and processes the
request-granted/deferred messages on the DL-FACH channelin the received spread-spectrum

signal. Detected data and signaling from the downlink are outputted from the controller 219 to

the interface 208, and the interface passes the data to the higher layer elements in or associated

with the MS 15.

{0081} _ The higherlevel elements of the mobile station (and/or a device connected to the
mobile station) supply uplink (UL) data and control information to the interface 208. In the

MStransceiver, the MAC layer elements, typically in the interface 208, supply data and

signalinginformation, intended for uplink transmission,to the input of the FEC/HARQencoder
222. The signaling and data are FEC encoded by the FEC encoder 222,interleaved by the
interleaver 223 and QAM modulated at 224. The combiner 226 produces a combined
modulated stream, containing the modulated uplink data from modulator 224 and the
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modulated signaling (preamble and TFI) and control from modulators 225 and supplies that

stream to the product device 226. The stream is spread-spectrum processed by the product

device 226, with a selected spreading chip-sequence from the spreading-sequence generator

227. The spread uplink stream is converted to an analog signal by the digital-to-analog

converter 228, and in-phase and quadrature-phase components are generated by the quadrature
modulator 230 using a signal from local oscillator 213. The modulated downlink packet is

translated to a carrier frequency,filtered and amplified by the transmitter RF section 231, and

then it passes throughthe circulator 210 andis radiated by antenna 209.

[0082] Fig. 16 illustrates an example ofa base station spread-spectrum transmitter and a

BS spread-spectrum receiver, essentially in the form of a BS base-band processor 307 for

performing the PHY layer functions and an interface 308 for performing the MAC (media
access control) layer functions, of the base station transceiver 17 at a base station 13.

{0083] The BS spread-spectrum receiver includes an antenna 309 coupled to a

circulator 310, a receiver radio frequency (RF) section 311, a local oscillator 313, a quadrature

demodulator 312, and an analog-to-digital converter 314. The receiver RF section 311 is

coupled between the circulator 310 and the quadrature demodulator 312. The quadrature

demodulator is coupled to the local oscillator 313 and to the anaiog to digital converter 314.

The output of the analog-to-digital converter 314 is coupled to a programmable-matched filter

315. A receiver 316 for the associated uplink channel (UL-PDCH), a receiver 317 for the

enhanced packet uplink physical dedicated channel (EP-UL-PDCH)andareceiver 318 for the

enhanced packet uplink packet control channel (EP-UL-PCCH) are coupled to the

programmable-matched filter 315. A controller 319 is coupled to the receiver's 316, 317 and

318. The controller 319 of the BS base-band processor 307 in turn connects to the interface

308, for exchange of necessary signaling control information and data. For example, in the

upstream direction, the control 319 passes received data to the interface 308 for MAC layer

processing and communication thereof to the higher layer elements at or within the network.

[0084] The interface 308 also outputs downlink (DL) data (EP-DL-DATA). The BS

spread-spectrum transmitter includes a forward-error-correction (FEC) encoder 322 for

encoding this downlink data. The encoder 322 also provides encoding for the Hybrid

Automatic. Repeat reQuest (HARQ) signal. -The FEC/HARQ encoder 322 is coupled through
an interleaver 323 to a QAM modulator 324. The controller 319 controls the operation of the
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FEC/HARQencoder 322 and the interleaver 323. The controller 319 also provides various

signaling and/or control data to one or more modulators 325. The outputs from the modulators
324 and 325 are added in a combiner326.

[0085] A spreading-sequence generator 327 is coupled to a product device 326, which

receives the combined downlink information (modulated) from the combiner 326. A digital-to-

analog converter 329 is coupled between the product device 328 and a quadrature modulator

330. The quadrature modulator 330 is coupled to the local oscillator 313 and supplies a -

modulated analog output signal to an transmitter RF section 331. The transmitter RF section

331 is coupledto the circulator 310 so as to provide an RF single of the appropriate power level
to the antenna for wireless transmission overthe air to one or more mobile stations.

[0086] The controller 319 has control links coupled to the analog-to-digital converter

314, the programmable-matchedfilter 315, the receivers 316, 317 and 318, the digital-to-analog

converter 329, the spreading sequence generator 327, the combiner 326, the interleaver 323, the

and the FEC/HARQencoder 322.

[0087] A received spread-spectrum signal from antenna 309 passes through circulator

310 and is amplified and filtered by the receiver RF section 311. The local oscillator 313

generates a local signal, which the quadrature demodulator 312 uses to demodulate in-phase

and quadrature phase components of the received spread-spectrum signal. The analog-to-

digital converter 314 converts the in-phase component and the quadrature-phase componentto

digital signals. These functions are well known in theart, and variations to this block diagram

can accomplish the samefunctions.

[0088] The programmable-matched filter 315 despreads the received spread-spectrum

signal components. A correlator, as an alternative, may be used as an equivalent means for

despeading the received spread-spectrum signal.

[0089] The associated UL-PDCHreceiver 316 detects pilot and TPC signaling in the
received spread-spectrum signal. The EP-UL-PDCH receiver 317 detects the enhanced uplink
packet transmissions in the received spread-spectrum signal. The EP-UL-PCCHreceiver 318

detects the transmission format information (optional) of the received spread-spectrum signal.

Detected data and signaling from the uplink channels are outputted from the controller 319 to

the interface 308, and the interface passes the data to the higher layer elements in or associated
- with the basestation 13 and through the link to the RNC 11.
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[0090] The RNC 11 supplies data and signaling overa link to the base station. In the

BS transceiver, the MAC(meadaccesscontrol) layer elements, typically in the interface 308,

supply downlink (DL) data and signaling information, intended for downlink transmission, to

the input of the FEC/HARQ encoder 322. The signaling and data are FEC encoded by the FEC
encoder 322, interleaved by the interleaver 323 and QAM modulated at 324. The combiner
326 produces a combined modulated stream, containing the modulated downlink data from

modulator 324 and the modulated signaling and control from modulators 325 and supplies that

stream to the product device 326. The stream is spread-spectrum processed by the product

device 326, with a selected spreading chip-sequence from the spreading-sequence generator

327. The spread downlink stream is converted to an analog signal by the digital-to-analog

converter 328, and in-phase and quadrature-phase components are generated by the quadrature

modulator 330 using a signal from local oscillator 313. The modulated downlink packetis

translated to a carrier frequency, filtered and amplified by the transmitter RF section 331, and

then it passes throughthe circulator 310 and isradiated by antenna 309.

[0091] The following is a summary of the HS-UL Packet-Mode Basic Operation

Attributes. The mobile station 15 requests an Enhanced Packet Uplink (EP-UL) connection

through a random access channel (RACH) or commonpacket channel (CPCH). The network

node (base station 15 and/or RNC 11) determines whether there are uplink resources available

and allows of disallows the mobile station an uplink connection, as indicated by a request-

granted or request-deferred message sent back through a forward access channel (FACH). If

the resources are granted, the network noderelays the parameters of the Associated DL-PDCH

through the FACH.

[0092] If connection is granted, both the mobile station 15 and the network node enact

an EP (Enhanced Packet) associated PDCH channel or EP- UL-PDCH. The EP-UL-PDCH

parameters are either explicitly relayed via RACH/CPCHsignaling or implicitly via the UE-ID

over the RACH/CPCH. The network node could optionally send an EP-UL_Channel_Acquired

message to the mobile station. This could be a simple an all 1’s sequence for a predetermined

time interval. After a predetermined time offset from the reception of the EP-

UL_Channel_Acquired message or the acquisition of the A_DL_PDCH,the mobile station

sends its Channel_Initialization.Request. :
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{0093] The network node will respond within a predetermined time interval with a

message over the EP-DL-FACH,directed towards that user's mobile station, only with specific
information about the HS_ULtransmission. The specific parameters could include Start of

Transmission, Time Duration of Transmission (End of Transmission), HARQ related
information like type of combining and Channelization Code Set information. Flexibility could
be given to the mobile station to choose from a subset of possible channelization codes and
transmission packet formats.

[0094] The Uplink packet transmission could be deferred to a later time if network node

determines that the requested resources are not currently available. By deferring the packet
transmission, the network node might or might not be required to assign UL channels to the
mobile station. If an assignment to a deferred transmission does not arrive within a

predetermined timeinterval, the mobile station will try a channelinitialization request again.
[0095] An UL_HS_Channel_Release message could be sent at any time over the
Associated DL-PDCH or the EP-DL-FACH. AH UL-HS associated transmissions are

discontinued immediately.

[0096] After transmission of the Channel_Request_Granted message from the network,
the network node will start transmitting the information on the EP-DL-PSCCHfor that mobile

station, relative to the Start Time relayed to the UE over the EP-DL-FACH. This information

could include (but is not limited to) ACK/NACKs, Uplink Modulation scheme and the Uplink
Channelization Code Set. This is information generated in response to the channel

measurements made by receiving the Associated EP-UL-PDCHorthe Associated UL-PDCH.

[0097] In response to the information received over the EP-DL-PSCCH, the mobile

station will generate packets of transport formats within the allowed subset as defines by the
EP-DL-PSCCH. The specific Transport Format information used by the mobile station to
transport its packets is transmitted over the EP-UL-PCCHorthe Associated EP-UL-PDCH.

The Transport Format information for each transmitted packet could be transmitted ahead or

earlier than the transmitted packet.

[0098] The Uplink Packet Data is transmitted over the EP_UL_PDCH. The Transport
Formatchosenis dictated in part by the EP-DL-PSCCH. The EP-UL-PDCHis transmit power
controlled by the Associated DL-PDCH.. The EP-UL-PDCHis transmitted at a constant power

04470



04471

WO 2004/034656 PCT/US2003/031498

21

offset in dB relative to the Associated UL-PDCH orthe controlpart of the Associated EP-UL-

PDCH. .

[0100] The control part of the Associated UL_PDCHorthe Associated EP-UL-PDCH

power controls the Associated DL-PDCH. All transmissions to the mobile station from EP-

DL-FACH and EP-DL-PSCCHare being power controlled implicitly by being transmitted at a

relative power offset in dB relative to the power transmitted over the Associated DL-PDCH

which is power controlled by the Associated UL-PDCHorthe control part of the Associated

EP-UL-PDCH.

[0101] An EP-DL_Channel_Power_Reduction_Message transmitted by the network

node, over either the Associated DL-PDCH or the EP-DL-FACH,signals the mobile station to

decrease the power level requirements on the received Associated DL-PDCH.

[0102] An EP-UL_Channel_Power_Reduction_ConfirmationMessage transmitted by

the mobile station over either the Associated UL-PDCH or the Associated EP-UL-PDCH

signals network that EP-DL_Channel_Power_Reduction_Message has been received and that

the mobile station will decrease the power level requirements on the received Associated DL-

PDCH. Also, network node will automatically decrease the power level requirements on the

received Associated UL-PDCHor the Associated EP-UL-PDCH.

[0103] Measurements of the mobile station buffer data size can be transmitted to base

station and/or the RNC,either over the Associate UL-PDCHorthe Associated EP-UL-PDCH.

[0104] While in the power saving mode, the mobile station could request an uplink

packet transmission by sending an EP-UL_Packet_TransmissionRequest. The network node

could respond positively by sending an EP-UL_Packet_TransmissionRequest _Granted

message. Both the mobile station and the network node then changetheir received powerlevel

requirements on the transmitted Associated DL-PDCH and Associated EP-PDCHor Associated

UL-PDCHcontrol parts.

[0105] The above process could be initiated by a base station transmission of an EP-

UL_Channel_Packet_Transmission_Request message. The mobilestation will respond with an

EP-UL_Packet_Transmission_Setup_Acknowledgement. Both base station and the mobile

station are appropriately taken outoftheir power saving modes.
[0106] An enhanced packet synchronization preamble (EP-SP) could be used to enable
thebase station an easier synchronization to the Associated EP-UL_PDCHorthe Associated
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UL-PDCH channels. This preamble could be transmitted over its own Enhanced Packet -

Synchronization Preamble Channel (EP-SPCH). The timing of the received EP-SP could then

be used to obtain the timing of the Associated EP-UL_PDCHor the Associated UL-PDCH

channels.

[0107] The RS while operating in a Soft Handoff mode, could request an UL packet

transmission to different base stations for different UL packet transfers.

[0108] While the foregoing has described what are considered to be the best mode

and/or other examples, it is understood that various modifications may be made therein and that

the subject matter disclosed herein may be implemented in various forms and examples, and

that they may be applied in numerous applications, only some of which have been described

herein. It is intended by the following claims to claim any and all modifications and variations

that fall within the true scope of the present concepts.
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What is ClaimedIs:

1. In a code-division-multiple-access (CDMA) system employing spread-spectrum

modulation comprising a base station (BS) comprising a BS-spread-spectrum transmitter and a

BS-spread-spectrum receiver, and at least one mobile stations (MS) comprising an MS-spread-

spectrum transmitter and an MS-spread-spectrum receiver, a method comprisingthe steps of:
transmitting from the MS-spread-spectrum transmitter of the one mobile station a

spread-spectrum signal signifying a request to utilize an uplink channel,

receiving the requestto utilize the uplink channel from the one mobile station at the BS-

spread-spectrum receiver;

processing the received request to determine whether or not to grant the requested
access;

if the processing results in a determination to grant access, transmitting from the BS-

spread-spectrum transmitter a spread spectrum signal comprising a channel-request-granted

message for the one mobile station, the channel-request-granted message comprising control

information specifying a transmission start time and a transmission length;

receiving the channel-request-granted message from the base station at the MS-spread-

spectrum receiver the one mobile station;

at the specified transmission start time, initiating transmission from the BS-spread-

spectrum transmitter of a spread spectrum signal comprising control signaling related to the

granted access over a downlink channel;

receiving the spread spectrum signal comprising contro! signaling at the MS-spread-
spectrum receiver the one mobile station;

at a predetermined timeafter the specified transmission start time, starting transmission

of a spread spectrum signal containing packet data over the uplink channel from the MS-
spread-spectrum transmitter of the one mobile station, in a manner in accord with the received

control information; and

ceasing the transmission of the spread spectrum signal containing packet data over the

uplinkchannel from the mobile station, upon completion of transmission of packetdata of the
specified transmission length.
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2. The method of claim 1, wherein when the transmission of the spread spectrum

signal containing packet data over the uplink channel ceases, the uplink physical dedicated
channel is immediately released.

3. The method of claim 1, wherein the channel-request-granted message further

comprises at least one of Hybrid-ARQ (Automatic Repeat reQuest) information, data

identifying an uplink modulation scheme, and an uplink channelization code related to an
uplink physical dedicated channel assigned for use by the MS spread-spectrum transmitter of

the one mobile station.

4, The method of claim 1, wherein:

the transmitting of the spread spectrum signal compnsing the channel-request-granted

message utilizes a downlink forward access channel; and

transmission from the BS-spread-spectrum transmitter of a spread spectrum signal

comprising control signaling related to the granted access uses a downlink packet sharing

channel.

5. The method of claim 4, wherein control information comprises at least one of

Hybrid-ARQ (Automatic Repeat reQuest) information, data identifying an uplink modulation

scheme, and an uplink channelization code related to the transmission by the one mobile station

on the uplink physical dedicated channel.

6. The method of claim 1, further comprising:

transmitting from the MS-spread-spectrum transmitter of the one mobile station a

spread-spectrum signal containing format information,

wherein the transmission signal containing the format information begins between the

specified transmission start time and the predetermined time after the specified start time.

7. The method of claim 6, wherein the transmitting of the spread-spectrum signal

containing format information utilizes an uplink packet contro! channel.

8. : The method of claim 1, wherein the uplink channel is a physical ‘dedicated
channel.
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9. The method of claim 1, wherein the uplink channel is a common packet channel.

10. The method of claim 1, wherein the request to utilize the uplink channel

comprises control information specifying a buffer state of the one mobilestation or a quality of

service level desired for the requested access.

11. In a_ wireless code-division-multiple-access (CDMA)  spread-spectrum

communication network compnising a base station for serving one or more mobile stations, a

method comprising:

receiving a data channelinitialization request, for access to an uplink channel, at the

base station from one mobilestation;

determining whetheror not to grant the mobile station the requested accessto the uplink

channel;

if it is determined to grant the mobile station the requested access to the uplink channel,

transmitting a channel-request-granted message for the one mobile station, the channel-request-

granted message comprising control information specifying a transmission start time and a

transmission length;

at the specified start time, initiating transmission of control signaling related to the

requested access, for the one mobile station; and

receiving a packet data transmission of the specified transmission length from the one

mobile station over the uplink channel.

12. The method of claim 11, wherein the control information in the channel-request-

granted message further comprises at least one of Hybrid-ARQ (Automatic Repeat reQuest)

information, data identifying an uplink modulation scheme, and an uplink channelization code

related to the transmission by the one mobile station on the uplink physical dedicated channel.

13. The method of claim 11, wherein the control signaling related to the requested

access, for the one mobile station, comprises a least one of Hybrid-ARQ (Automatic Repeat

reQuest) information, data identifying an uplink modulation scheme, and an uplink
channelization coderelated to the transmission by the one mobile station on the uplink channel.

14. - The method ofclaim 11, wherein —
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the transmitting of the channel-request-granted message utilizes a downlink forward

access channel; and

transmitting of the control signaling related to the granted access uses a downlink

packet sharing channel.

15. The method of claim 11, further compnsing releasing at least one resource

related to the uplink physical dedicated channel when the reception of the packet data over the

uplink channel ceases after receipt of the transmission of the specified length.

16. The method of claim 11, wherein the uplink channel is a physical dedicated

channel.

17. The method of claim 11, wherein the uplink channel is a common packet
channel.

18. In a_ wireless code-division-multiple-access (CDMA)_spread-spectrum

communication network comprising a base station for serving one or more mobile stations, a

method comprising:

transmitting a data channelinitialization request, for access to an uplink channel, to the

base station from one mobile station;

receiving a channel-request-granted message at the one mobile station, the channel-

request-granted message comprising control information specifying a start time and a

transmission length;

after the specified start time, receiving control signaling related to the requested access

at the one mobile station; and

transmitting packet data from the one mobile station over the uplink channel of the

specified transmission length, beginning at a time following initial reception of the control

signaling.

19. The method of claim 18, further comprising transmitting format information

associated with the packet data from the one mobile station, following receiving of the control
signaling and before beginningthe transmitting of the packet data overthe uplink channel.
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20. The method of claim 19, wherein the uplink channel comprises a physical
dedicated channel].

21. The method of claim 20, wherein the transmitting of the format information

utilizes an uplink packet control channel.

22. The method of claim 20, wherein:

the channel-request-granted message is received over a downlink forward access

channel; and

the control signaling related to the requested access is received over a downlink packet

sharing control channel.

23. A base station for use in a code-division-multiple-access (CDMA) system

employing spread-spectrum modulation, the base station (BS) comprising:

a BS-spread-spectrum transceiver system, for transmitting and receiving spread-

spectrum modulated signals to and from a mobile station; and

a media access control interface, coupled to the BS-spread-spectrumtransceiver system,

for receiving and sending packet data between a network and the BS-spread-spectrum

transceiver system, and for controlling signal communications of the BS-spread-spectrum

transceiver system in support of wireless communications operations of the base station, such

that in operation, the basestation is for performing the following sequence of operations:

receiving a data channelinitialization request, for access to an uplink channel, at the

base station from one mobilestation;

determining whetheror not to grant the mobile station the requested accessto the uplink

channel,

if it is determined to grant the mobile station the requested access to the uplink channel,

transmitting a channel-request-granted message for the one mobilestation, the channel-request-

granted message comprising control information specifying a transmission start time and a

transmission length;

. atthe specified start time, initiating transmission of control. signaling related to the
requested access, for the one mobilestation; and
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receiving a packet data transmission of the specified transmission length from the one

mobile station over the uplink channel.

24. The base station as in claim 23, wherein the BS-spread-spectrum transceiver

system compnises a base band processor.

25. The basestation as in claim 24, wherein the base band processor comprises:

a spread-spectrum transmitter;

a spread spectrum receiver;

a controller, responsive to signals from the spread-spectrum receiver and the media

access control interface, for controlling operations of the spread-spectrum transmitter.

26. The base station as in claim 25, wherein the spread-spectrum transmitter

transmits the channel request-granted message on a downlink forward access channel and

transmits the control signaling on a downlink packet sharing contro] channel.

27. A mobile station for use in a code-division-multiple-access (CDMA) system

employing spread-spectrum modulation, the mobile station (MS) compnsing:

an MS-spread-spectrum transceiver system, for transmitting and receiving spread-

spectrum modulated signals to and from a mobile station; and

a media access contro! interface, coupled to the MS-spread-spectrum transceiver

_ system, for receiving and sending packet data for the mobile station through the MS-spread-

spectrum transceiver system, and for controlling signaling communications of the MS-spread-

spectrum transceiver system in support of wireless communications operations of the mobile

station through with a base station of the CDMA system, such that in operation, the mobile

station is for performing the following sequenceofoperations:

transmitting a data channelinitialization request, for access to an uplink channel, to the

base station from one mobile station;

receiving a channel-request-granted message at the one mobile station, the channel-

request-granted message comprising control information specifying a start time and a

transmission length;

after the specified start time, receiving controlsignaling related to the requested access
at the one mobile station; and
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transmitting packet data from the one mobile station over the uplink channel of the

specified transmission length, beginning at a time following initial reception of the control

signaling.

28. The mobile station of claim 27, wherein the operations performed by the mobile

station further comprise transmitting format information associated with the packet data from

the one mobile station, following receiving of the control signaling and before beginning the

transmitting of the packet data over the uplink channel.

29. The mobile station of claim 27, wherein the MS-spread-spectrum transceiver

system comprises a base band processor.

30. The mobile station as in claim 27, wherein the base band processor comprises:

a spread-spectrum transmitter,

a spread spectrum receiver;

a controller, responsive to signals from the spread-spectrum receiver and the media

access control interface, for controlling operations of the spread-spectrum transmitter.

31. The mobile station as in claim 30, wherein the spread-spectrum transmitter

transmits the channel request message on an uplink packet control channel.

32. The mobile station as in claim 30, wherein the spread-spectrum transmitter

transmits format information associated with the packet data from the one mobile station to the

base station via the uplink packet control channel.

33. In a_ wireless code-division-multiple-access (CDMA)_spread-spectrum

communication network comprising a base station for serving one or more mobile stations, a

method comprising:

sending control signaling to and receiving a packet data transmission from, one mobile

station, over at least one CDMAspread-spectrum wireless channel;

detecting a length of inactivity on the at least one CDMA spread-spectrum wireless

- channel after the sending and receiving;
in responseto the detected inactivity, sending a power down request message to the one

mobile station;
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receiving a power downconfirmation message from the one mobile station; and

transmitting at least one further signal for the one mobile station at a reduced power.

34. The method of claim 33, wherein the step of sending control signaling to and

receiving a packet data transmission from, one mobile station comprises:

receiving a data channel initialization request, for access to an uplink channel, from the

one mobile station;

determining whetherornot to grant the mobile station the requested accessto the uplink
channel,

if it is determined to grant the mobile station the requested access to the uplink channel,

transmitting a channel-request-granted message for the one mobile station, the channel-request-

granted message comprising control information specifying a transmission start time and a

transmission length;

at the specified start time, initiating transmission of control signaling related to the

requested access, for the one mobile station; and

receiving a packet data transmission of the specified transmission length from the one

mobile station over the uplink channel.
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SYSTEM FOR UPLINK SCHEDULING PACKET BASED DATA TRAFFIC IN

WIRELESS SYSTEM

TECHNICAL FIELD

This invention relates generally to a system for allocating resources for data streams

and moreparticularly to a system for allocating transmission resources in a wireless system

where the data includes an indication of its own resource needs.

BACKGROUND ART

In networksand other arrangements, a situation often develops where a limited

number ofresources, such as bandwidth must be shared among a phurality of links. In

particular, in a wireless type network, a number of mobile stations may be connected to a base

station by wireless connections. Each base station may have only a limited number of

channels to make these connections. Since many such mobile devices nowutilize more than

basic voice data, the amount of data which flows can vary substantially. Thus in addition to

voice communications, wireless devices may include real time video, e-mail, web based

information, etc. In orderto fairly allocate the resources available, it is necessary for the base

station to make some judgmentas to which mobilestations can utilize the channels.

The simplest arrangement, and one used largely in the past for voice data, is merely to

dedicate a single channel for a single mobile station as long as it is connected. Only the

assigned mobile station can use the channel. Depending on the original request, it is possible

to assign more than a single channel but these multiple channels remain dedicated to that
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mobile station until the connection is terminated. No information is shared about the

instantaneous amountofdata waiting in the mobilestation.

Another mannerofhandling the situation is to utilize a polling scheme where the base

station polls each mobile station to leam the status of the data queue in each mobilestation.

This allowsthebasestation to determine howto share the bandwidth resources among the

different mobile stations. Thus, when polled the mobile station can send a response

indicating whetherit has deta to transmit. For example, in a global system for mobile devices
(GSM)time division multiple access (TDMA)system, the transmission opportunity fora

mobile station is granted n framesafter the base station receives the polling response from the

mobile station, where n is the numberof frames required to transmit a data block in the

channel. Thus, there is a delay of multiple framesafter polling, before an adjustment can be

made.

Unfortunately, real time traffic such as video conference has unpredictable

fluctuationsin the data rate. Thus, any delay in adjusting the resources may mean that a link

to a mobile station may not always have data in its transmission queue.

Since a dedicated channel assignment scheme does not allow any other mobile

stations to use the channel whenthe assigned mobile station uplink queue is empty, the
bandwidthassigned will not be used, which lowers overall spectrum efficiency. This leads to

poor bandwidth utilization which will only get worse as the numberof connections in the

system increases. Also, during high data rate periods, the numberofreal time packets waiting

in the uplink queuewill increase. Dueto the limited bandwidth share assigned to the mobile

station, packet congestion can occur and an increasing numberofpackets can exceed their

delay requirements.

04501



04502

WO 02/39760 PCT/US01/29959

While the polling schemeis moreefficient than a dedicated channel assignment

scheme from the perspective of bandwidth utilization, some bandwidth is still wasted because

the mobile station cannot send actual data when sending a polled response. Aspolling

becomes more frequency, more bandwidth is wasted. Further, additional delay is introduced

because the packet has to wait while the pol] is received and answered. Thus, the delay will

further slow downtransmission and counteracts any benefits gained by thepolling.

DISCLOSURE OF INVENTION

Accordingly, the present invention provides a systemforallocating transmission

resources betweenthe basestation and a series of mobile stations.

The present invention also provides a method for allocating resources based on the

amount of data waiting in a qucue in each mobile station.

Thepresent invention also provides a system for allocating bandwidth resources

between a plurality of mobile stations and a single basestation in a wireless network.

The present invention further provides a method for allocating bandwidth resources

between a plurality of mobile stations and a single base station in a wireless network.

The present invention further provides a system for transmitting information

concerning the amount of data in a queueso that resources may be allocated appropriately for

the mostefficient use of the resources.

The present inventionstill further provides a method for transmitting information

regarding the amountofdata stored in a queue in a mobile station in a wireless network.

Bniefly, this mvention is achieved by using a plurality ofbits in each data segment to

describe the size of the queuein that station. Oncethis is receivedin the basestation,

additional resources can beallocated if necessary.
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A more complete appreciation of the invention and many of the attendant advantages

thereof will be readily obtained as the same becomesbetter understood by reference to the

following detailed description when considered in connection with the accompanying

drawings, wherein:

BRIEF DESCRIPTION OF DRAWINGS

Figure | is a schematic diagram showing the arrangement ofthe present system;

Figure 2 is a block diagram showing a mobile station according to the present

invention;

Figure 3 is a block diagram showing a base station accordingto the present invention;

Figure 4 is a flow chart showing the method of determining the queue length; and

Figure 5 is a flowchart showing the method of utilizing the information.

BEST MODE FOR CARRYING OUT THE INVENTION

Referring now to the drawings, wherein hke reference numerals designate identica] or

corresponding parts throughout the severa] views and moreparticularly to Figure ! thereof,

wherein the wireless system 10 is shown as including a base station 12 and mobile stations

14. As indicated in the figure, the individual mobile stations may be connectedto the base

station by wireless connections. Since the basestation is allowed to use only a certain range

of frequencies, there is hmit to the bandwidth available to the mobile stations. Since this

resourceis limited, it is necessary to allocate this bandwidth so that the greatest amount of

data can be movedin the shortest time. This improves the quality of service and avoids

unnecessary delay for the users.

04503



04504

WO 02/39760 PCT/US01/29959

Thepresent invention improves on previous schemesby allocating the bandwidth

among the various mobile stations which are currently connected to the base station. In order

to do this, it is necessary for the base station to have some idea of the amountofdata in the

queuein the individual mobile stations. Prior art systems do not provide forthis information

to be given to the base station, nor are the resources allocated in rea] tyme based on this

information.

Data which is sent from the mobile stations to the base station is arranged in blocks

according to the protocol governing the apparatus. Thus, suchblocks includenotonly the

data itself, but identification information and other bits which may be used for other purposes

suchas error checking, etc. In particular, in the enhanced general packet data radio services

system (EGPRS), there is provided a field of four bits which are knownas the countdown

value of the block. Under the current scheme, the bandwidth allocated to the mobile station is

fixed and these four bits indicate the queueJength of that mobile station. In particular,it

indicates the numberof data blocksin the queueas Jong atit is less than 16. This provides an

estimate of when the current data transfer will be finished. However,this is not used in any

mannerto control the resources available.

In the present arrangement, these four bits imstead provide an indication of the data in

the queue sothat the base station may determine if additional resources are necessary in order

to movethe data at the optimum speed. While the particular data included in the four bits

may have various different meanings, the preferred arrangementis to let the values of0-8

indicate the number of data segments in the queue. These valueswill indicate a queue length

if it is less than or equal to the segmentrate. This segmentrate is the parameter which is

established between the mobile station and the base station duringthe set up phase. If the

queue length exceeds the segmentrate, the values of 9-15 in the four bit field indicate the

5
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additional bandwidth which is required in order to meet the delay/rate requirement of the

packet.

Thus, as the individual packetsare sent from the mobile station to the basestation, the

base station examinesthis four bit field and notes the situation in the queue at that mobile

station. If additional resources are necessary, the base station will allocate additional

bandwidth to that connection so that the data stored in the queue will move faster. This of

course assumes that sufficient resources are available to add resources to that connection.

Clearly, the base station must considerall of the requests ofall of the connections before

allocating these resources, Since the four bit field is sent with every packet, the base station

is constantly updated asto the situation in each mobile station. Accordingly, it can closely

monitorthe situation and adjust it over a very short time period to improve the utilization of

its resources. This arrangement is muchfaster than the polling scheme because the

information is provided in each packet without wasting bandwidth for the polling

communications. Further, the present arrangement utilizes a fourbit field whichis already

present according to the current protocols. It is only necessary to provide that the base station

and mobile station each have a proper system for adding the data and using the data.

Figure 2 showsa block diagram of a mobile station 14. While the station is shown as

including a numberofcircuits, in fact, these functions could also be performedbysoftwarein

a processor. A data generator 20 produces the data which is to be transmitted by the mobile

Station. This can include any of the normal devices which are utilized in a mobile station to

produce data including a microphoneto produce voice data, a keyboard to produce alpha

numenic data, a camera for producing video data, etc. The specific type of data generation is

notcritica] to the operation of the present invention. However, no matter whattype of data is

produced,it is sent to a data queue 22 to await its transmission. A queue length measuring

6
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device 24 observes the amount of data in the queue and determines the queue Iength. This

queue Jength information is sent to encoder 26 which determinesthe four bit codeto place in

the field based on the length of the queue. Thus, in the preferred system described above,if

the queueis less than the segmentrate, a value between zero and eight is encodedandif the

queuelength is greater than the segment rate a value between nine and fifteen is encoded.

The exact valuein either of these ranges depends on the length of the queue. Other schemes

of encodingcould easily be used also merely by changing the encoding scheme. Thus,it

would be possible to use a queue length value only if preferred or only a value for additional

bandwidth. Other values could also be utilized as long as they relate in some mannerto the

length of the queue and can be utilized in the basestation to allocate the bandwidth

appropniately. Obviously, some encoding schemes will provide better information and allow

for more appropriate allocation ofresources.

Once the four bit code has been generated,it is added to the data block in a combiner

28. Thus, the code is added to the data block only whenit reaches the front of the line in the

queue so that the most updated information about the length of the queue can be given.

Altermatively, the code can be added based on the length of the queue when the data block

enters the queue, but this information would be slightly less fresh. In this alternative

arrangement, the combiner would make the combination as the data enters the queue. In

either case, when the packet is ready for transmission,il is sent to transmitter 30 so as to be

connected to the base station through antenna 32.

As shown in Figure 3, base station 12 includes an antenna 34 and receiver 36 which

receive the packet transmitted from antenna 32. Of course, this antenna and receiver are in

communication with several mobile stations at the same time. For simplicity ofdiscussion,it

will, however, be discussed as ifonly a single mobile statton were connected at a time. The

7 .
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receiver 36 forwardsthe received data onto signal processor 38 for further handling of the

data and eventual connection of the data to output lines 40. However, decoder 42 looks at the

data signa] and determinesthe codein the fourbit field which represents the queue length

information. This decoder then provides the queue length information for the associated

mobile station to the resource controller 44. The resource controller determines the situation

in the data queue in the associated mobile station and determines whether additional resources

should be allocated to that mobile station connection andifthe resources are available. The

controller obviously must prioritize the needs of the various stations in view of the resources

available and distnbute them in the most effective manner. This controller then determines

the various bandwidth resources available for each mobile station and controls the receiver to

arrange this. The actual decision process as to how to allocate the resources based on this

information may vary. It may take into consideration the importanceofthe information,its

time sensitivity, the importance of the particular user, or other factors in addition to the

amount of data in each station. However, the allocation should be such asto give the best

quality of service to as many stations as possible. However, the simple manner of making

this choice is merely to allocate the most resources to the station with the largest queue .

without lowering the segment rate which has been guaranteed. Just as in the mobilestations,

the variouscircuitry indicated for the base station may actually be hardwired devices or may

be programmed functions of a processor.

In a preferable system, the real time data packet is split into data segments for the

purpose of transmission. In packet cellular systems, data segments correspond to a radio link

control/multiple access control (RLC/MAC)block, which is a layer 2 data block. Each data

segmentis transmitted individually over the transmission media when the opportunity is ©

granted. A transmission opportunity is defined as any method used to transport a data

8
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segmenton the transmission media. For example,in a time division multiple access system

(TDMA) the transmission opportunity is a time slot and in a wideband code division multiple

access (WCDMA)system it is the utilization of a unique WALSHcodeinaradio frame. The

‘radio frame is shared by multiple users using different WALSH codes. The basestation

schedules the data packets and organizes the transmission opportunities for current user

traffic. The present invention presents a modelthat will help the schedulingin the base

station to provide for optimuin service for all users in the uplink direction. Traffic

information is sent in each block in the uplink. By including this information in one field of

the block, rea] time information is provided to enable better scheduling.

While this arrangement has been described in terms of a wireless connection between

a mobile station and a basestation, it could also be applied to other systems where the

connections are made by wire, fiber optic cable, etc. The only requirementis that the queue

length information can be sent with the data block and that the resources can be allocated

based onthis data.

The method of operation of this systemis seen in the flow charts of Figures 4 and 5.

Figure 4 relates to the method ofdetermining the queue length and encoding the fourbit field

in the mobile station. In step 100, the data queue length is determined. In step 102 the

determined Jength is converted to a four bit code which is related to the queue length. This

codeis inserted in the data packet in step 104. The packetis then transmitted in step 106.

Figure 5 shows the methodofutilizing this information in the base station. In step

110, the signa! from a particular mobile station is received. In step 112 the data is forwarded.

In step 114 a decoderreceives the encoded fourbit field and decodesit. In step 116 the

resource controller receives the decoded information and determines the length of the queue.

In step 118, the resources are based on this information.
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Numerousadditional modifications and various ofthe present invention are possible

in light of the aboveteachings. It is therefore to be understood that within the scope of the

appended claims, the invention maybe practiced otherwise than 1s specifically described

herein.
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CLAIMS

Whatis claimed is:

h. A method ofcontrolling communication resources in a transmission from a

first network element fo a second network element, where the communication resources are

allocated by a controller, comprising:

monitoring an indication of future need of communication resources in said

first network element;

sending the indication from thefirst network element {o the controller;

controlling the communication resources between the first network element

and the second network element based on this indication.

2. The method according to claim |, wherein the first network elementis

connected to the controller by way of the second network element.

3. The method according to claim J, wherein the indication includes information

about a transmit buffer of the first network element.

4. The method according to claim 1, wherein the indication includes information

on the additional resources needed for said first network element.

5. The method according to claim 3, wherein the indication includes a

quantization scheme whose values correspondto predefined amounts of resources.

?
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6. The method according to claim 4, wherein the indication includes information

about a transmit buffer of the first network element.

7. Amethod according to claim 1, wherein the first network element is a mobile

station and the second network elementis a base station of a wireless communication

network.

8. A system for controlling communication resources in a network, compnsing:

a plurality of first stations;

a second station connected to said plurality of first stations through a plurality

of communication links;

a controller for controlling the allocation of said communication resources

among said links;

said allocation being performed in accordance with infonnation transmitted

fromsaid first stations which indicates a need for communication resources.

9. The system according to claim 8, wherein said controller is part of said base

station.

10. The system according to claim 8, wherein said first stations are mobile stations

in a wireless network.

12.
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1]. The system according to claim 8, wherein each of said plurality of first stations

includes:

a data generator;

a data queue;

an encoderfor generating a code representative of the length of the data queue;

a transmitter for transmitting said data with said code includedtherein as a

field.

12. The system according to claim 8, wherein said basestation includes a receiver

for receiving a transmission and producing data;

a decoder for decoding a field of said data and producingan indication of the

‘data queue in an associatedfirst station;

wherein said controller receives said information from said decoder and

allocates communication resources in accordance therewith.

13. The system according to claim 8, wherein said indication is provided for each

data block transmitted.

13
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(54)
corresponding radio terminal

(57)—The invention relates notably to a method for
allocating resourcesin the uplink of a wireless commu-
nication network supporting real-time packet data serv-
ices, said wireless communication network comprising
a centralized resource allocation module (13) and a piu-
rality of radio terminals (11).
According to the invention, the method comprises the
steps of:

+ generating and storing real-time data blocks at said
radio terminals (11);

- generating and storing frames encapsulating real-

 

Methodfor allocating resourcesin the uplink of a wireless communication network and

time data blocksor portions of real-time data block
at said radio terminals;

-_including in eachof said frames generated by said
radio terminal an indication on the numberof stored
real-time data blocks;

- transmitting said frames in the uplink of said wire-
less communication network upon authorization
from said resource allocation module (13);

- fowarding said indication to said centralized re-
source allocation module (13); and

- allocating resource to said radio terminal (11) de-
pending onsaid indication (22).

13

Printed by Jouve, 75001 PARIS (FR)

04515



04516

1 EP 1 261 222 A1 2

Description

Backgroundof the Invention

[0001] The presentinvention relates to radio commu-

nication and more precisely to a method for allocating
resourcesin the uplink of a wireless communication net-

work supporting real-time packet data services.
[0002] Inwireless communication networks, resource
allocationfortraffic data may be performed by acentral-
ized resource allocation module. This is especially the
case in GPRS (General Packet Data Services) or EDGE
(EnhancedData rate for GSM Evolution) networks.
[0003] Usually, a radio terminal which hastraffic data
to send requires the allocation of resources to the cen-

tralized resource allocation module. The Jatter, by taking
into accounta plurality of resource allocation requests
from different mobile users and specific parameters
contained in the resource allocation request message
(ie. user type) allocates resources to the mobile users.
[0004] The general term resources should be under-
stoodin the framework of the present invention as radio
resourcesi.e. either a frequency channel and/ora time
stot of a frame thatis / are reserved for a radio terminal
to communicate with the wireless radio network. Fre-

quency channels, respectively time slots, are usually re-
sources used in FDMA,respectively TDMA networks. A
resource Can be a cade in CDMA networks,it may also
be a combination of frequency channel, time slot and
code.

[0005] The present invention deals especially with
packet-oriented wireless communication networks
which support real-time data services. Such real time

data services may consist in the transmission of pack-
etized voice or video. Such real-time data services re-

quire that the transmission delay and the delay between
the reception of two consecutive data frames are bound-

ed for ensuring an acceptable quality of service. These
strict requirements are sometimesdifficult to fulfill since
the resource allocation module cannot react as fast as
necessary on each resource allocation request mes-
sage.

[0006] Moreover,if the wireless communication net-
work supports simultaneously real-time and non real
time data services, the resource allocation module is
even more demanded.

[0007] Several solutions can improve the resourceal-
location mechanism in wireless communication net-

works supporting real-time data services.
[0008] For example, a combination of circuit-oriented
resource allocation and packet-oriented resource allo-
cation helps the real-time requirements to be fulfilled.
Upon reception of a resource allocation request mes-
sage from a radio terminal having real-time data to
transmit, the resource allocation module grants resourc-
es for a predefine time period or for a predefined number
of real-time data frames.

{9009} A such mechanismis, for example, described
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in the ETSI standard GSM 04.60 and implemented by
means of Temporary Block Flow (TBF). A temporary
block flow is a physical connection between a transmit-
ter and a receiver of the wireless communication net-

work supporting the unidirectional transfer of a prede-
fined numberof layer-2 frames on traffic channels. A

TBFis openedby the resource allocation module upon
receipt of a “packet channel request" message from a
radio terminal. Before the termination of the TBF, the ra-
dio terminal may send a further “packet channel request
messageif further layer-2 frames should be transmitted.

In such a case, the resource allocation can be per-
formed right on time so that there is no delay between
the termination of one TBF and the opening of a further
TBF.

[0010] A further mechanismis providedfor in order to
better estimate when a TBF should terminate and then
further optimize the resource allocation. This mecha-
nism, called countdown procedure, consists in indicat-
ing in a field of the header of each layer-2 frame, short
before the termination of the TBF the exact numberof
layer-2 frames, the countdown value, which remain to
be sent before the termination of the TBF. The count-
down value is decremented each time a new frameis
transmitted on the radio interface.

[0011] The countdownprocedureis especially appro-
priate for acknowledged non-real time packet data serv-
ice where lost or badly received frames are retransmit-
ted. When a frame has to be retransmitted, the count-
down value is not decremented. The transmitter alone
knowsif a frame is retransmitted and informs the re-

source allocation module of such a situation by not de-
creasing the countdownvalue.

[00712] On the contrary, the unacknowledged modeis
usedfor reai-time packet data servicesi.e. lost or badly
received framesare not retransmitted at the initiative of

the layer2 protocolin order not to delay the wholetrans-
mission by retransmitting frames. The correction or
compensation of lost or badly received frames is dealt
with at higher protocol levels. To this extend the count-
down procedure does not improve the resource alloca-
tion for real time packet data services.
{0013] A particular object of the present invention is
to provide a method for optimizing the resource altoca-
tion procedure for real-time packet data services.
{0014} Another object of the invention is to provide a
radio terminal and a resource allocation module imple-
menting a such methed.

Summary of the Invention

[0015] These objects, and others that appear below,
are achieved by a method forallocating resourcesin the
uplink of a wireless communication network according
to claim 1, a radio terminal according to claim 6 and a
resource allocation module according to claim 7.
[0016] According to the present invention, a distinc-
tion is made betweenthe step of generating and storing
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real-time data block and the step of generating, storing
and transmitting frames encapsulating real time data
blocks correspondingto a layer-two protocol. According
to the invention, each frame comprises an indication
destined to the resource allocation module on the

numberof stored real time data blocks waiting for trans-
mission.

[0017] The present invention has the advantage to
give to the resource allocation module an upstream in-
dication which reflects the behavior of the real-time data

block source and not the behaviorof the layer-2 frame
buffer as knownin prior art. This indication better takes
in consideration the characteristics of the real-time data

blocks source and provides to the resource allocation
module with a faster reactivity. As a consequence, the
method according to the present invention contributes
to optimize the numberof simultaneous mobile users on
the radio link and better ensuresreal time requirements
for voice or video traffic.

[0018] In a preferred embodiment, this method is
used in relation with the radio link contro! protocol RLC
as specified in ETS! GSM04.60, the indication on the
numberof stored real time data blocks being contained
in the Countdown Valuefield of the RLC frame header.

This method is preferably used in GPRS (General Pack-
et Data Services) or EDGE (Enhanced Data rate for
GSM Evolution) networks.
[0019] Further advantageous features of the inven-
tion are defined in the dependent claims.

Brief Description of the Drawings

(0020] Other characteristics and advantagesofthein-
vention will appear on reading the following description
of a preferred embodiment given by way of non-limiting
illustrations, and from the accompanying drawings,in
which:

- Figure 1 shows a simplified radio communication
system where the method according to the present
invention can be used;

- Figure 2 shows an headerof a frame according to
the present invention;

- Figure 3 illustrates an embodiment of the resource
allocation module according to the present inven-
tion.

Detailed Description of the invention

[0021] Figure 1 represents a simplified radio commu-
nication system where the method according to the
present invention can be used. The radio communica-
tion system comprises a radio terminal 11, a radio com-
munication channel, a base station 12 connected to a
centrafized resourceallocation module 13.

[0022] The simplified radio communication networkis
preferably a GERAN (GSM/EDGE Radio Access Net-
work) functioning in a packet switched mode supporting
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real time services as voice or video services.

[0023] According to the present invention, radio ter-
minal 11 comprisesa first module 111 for generating and
storing real time data blocks. First module 111 compris-
es a real time data block source 1111 and a real time

data block queue 1112. The real time data blocks con-
tains preferably packetized voice or video data.
([0024} First moduie 111 is connected to a second
module 112 for generating and storing frames encapsu-
lating real time data blocks or portions of real time data
blocks. Second module 112 comprises a frame gener-
ator 1121 and a frame queue 1122. The output of frame
queue 1122 is connected to a transmission module
which transmit frames on the radio interface upon re-
ception of a transmit authorization from resource allo-
cation module 13. Second module 112 supports a layer-
2 communication protocol which deals with the trans-
mission of layer 2 frames encapsulating real time data
blocks.

[0025] According to the present invention, radio ter-
minal 11 further comprises a counting module 113 for
counting the numberof real time data blocks waiting for
transmissionin real time data block queue 1112. Count-
ing module 113 forwardsto an indication on the number
of real time data block to frame generator 1121. This
indication is preferably includedin a field of each frame
header generated at frame generator 1121.
[0026] The size of this field can be chosenarbitrary.
A mapping should be established between the number
of real time data blocks waiting for transmission and the
indication on the numberof real time data blocks con-

tained in the headerfield. It may be a one to one map-
ping or any more appropriate mapping aswill be imme-
diately clear for a person skilled in the art.
[0027] Upon reception of a frame from radio terminal
11 at base station 12, the headerof the frameis extract-
ed an the indication on the numberof real time data

blocks waiting for transmissionatfirst module 111 is for-
warded to resource management module 13.
{0028] In a preferred embodiment, second module
112 supports, as layer-2 communication protocol, the
Radio Link Control Protocol as specified in the standard
ETSI GSM04.60.This protocol is preferably used in the
unacknowledged modeto beableto fulfil real time con-
straints. Preferably, the field Countdown Value specified
in the in the standard ETS! GSM04.60is used for car-

rying the indication on the numberof real time data
blocks waiting for transmissionatfirst module 111. The
Countdown Valuefield as specified in the standard ETSI
GSM04.60 comprises four bits and can as a conse-
quencetake 16 different values.
[0029] However, any otherfield of the frame header
may be chosento carry the indication provided that the
positionof this field is predefined and knownatthe radio
terminal as well as at the radio network entity dedicated
to extract the indication out of the header.

[0030] Preferably, the choice of the unacknowledged
modeof transmission unambiguously indicates that the
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