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Case 1:13-cv-01649—UNA Document 3 Filed 10/04/13 Page 1 of 2 PagelD #: 336
A0 120 (Rev. 08/10

  To Mail Stop 8 REPORT ON THE
' Director of the U.S. Patent and Trademark Office FILING OR DETERMINATION OF AN

P.O. Box 1450 ACTION REGARDING A PATENT OR
Alexandria, VA 22313-1450 TRADEMARK

In Compliance with 35 U.S.C. § 290 and/or 15 U.S.C. § 1116 you are hereby advised that a court action has been

filed in the US. District Court District of Delaware on the following
El Trademarks or [ZP-atents. ( [:1 the patent action involves 35 U.S.C . § 292.):

DOCKET NO. DATE FILED U.S. DISTRICT COURT
10/4/2013 District of Delaware

PLAINTIFF DEFENDANT

Intellectual Ventures l LLC and AT&T Mobility LLC, AT&T Mobility II LLC, New Cingular
Intellectual Ventures ll LLC Wireless Services. inc-

PATENT OR DATE OF PATENT . . .
TRADEMARK NO. OR TRADEMARK HOLDER OF PAT LNT OR TRADEMARK

2 
In the above—entit1ed case, the following patent(s)/ trademark(s) have been included:

DATE INCLUDED INCLUDED BY

El Amendment D Answer [3 Cross Bill D Other Pleading

TR§gE§E&{gRNO %’;T$R‘:5)};’:/Egg HOLDER OF PATENT OR TRADEMARK

_

 

 
  

  

 

In the above——entitled case, the following decision has been rendered or judgement issued:
DECISION/JUDGEMENT

(BY) DEPUTY CLERK 
Copy 1-Upon initiation of action, mail this copy to Director Copy 3-—Upon termination of action, mail this copy to Director
Copy 2—Upon filing document adding patent(s), mail this copy to Director Copy 4-—Case file copy
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Case 1:13-cv—O1649—UNA Document 3 Filed 10/04/13 Page 2 of 2 PagelD #: 337
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Case 1:13-cv—O1654-UNA Document 3 Filed 10/04/13 Page 1 of 2 PagelD #: 333

A0 120 Rev. 08/10

  
Mail Stop 3 REPORT ON THE

TO: Director of the U.S. Patent and Trademark Office FILING OR DETERMINATION OF AN
P.O. Box 1450 ACTION REGARDING A PATENT OR

Alexandria, VA 22313-1450 TRADEMARK

In Compliance with 35 U.S.C. § 290 and/or 15 U.S.C. § 1 l 16 you are hereby advised that a court action has been

filed in the U.S. District Court District of Delaware on the following

D Trademarks or !ZPatents. ( D the patent action involves 35 U.S.C. § 292.):

DOCKET NO. DATE FILED U.S. DISTRICT COURT
10/4/2013 District of Delaware

PLAINTIFF DEFENDANT

Intellectual Ventures I LLC and T-Mobile USA, Inc. and T-Mobile US, Inc.
Intellectual Ventures II LLC

 
In the above—entitled case, the following patent(s)/ trade1nark(s) have been included:

DATE INCLUDED INCLUDED BY

El Amendment E] Answer I] Cross Bill El Other Pleading

.I.R]l:’gg:;4T‘iE&RNO DO‘?{T,ERCl’z\FD1;’J‘VEE1'£ HOLDER or PATENT OR TRADEMARK
1

——
——

 

 
 

 

In the above~entitled case, the following decision has been rendered or judgement issued:

DECISION/IUDGEMENT

(BY) DEPUTY CLERK 
Copy l—l7pon initiation of action, mail this copy to Director Copy 3—Upon termination of action, mail this copy to Director
Copy 2——Upon filing document adding patent(s), mail this copy to Director Copy 4—Case file copy
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Case 1:13-cv—O1654—UNA Document 3 Filed 10/04/13 Page 2 of 2 Page|D #: 334

%?£:‘:‘;:’;5f£§E   
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Case 1:13-cv-01655-UNA Document 3 Filed 10/04/13 Page 1 of 2 Page|D #: 333

A0 120 (Rev. 08/10)

  TO Mail Stop 8 REPORT ON THE
' Director of the U.S. Patent and Trademark Office FILING OR DETERMINATION OF AN

P.O. Box 1450 ACTION REGARDING A PATENT OR

Alexandria, VA 22313-1450 TRADEMARK

In Compliance with 35 U.S.C. § 290 and/or l5 U.S.C. § ll 16 you are hereby advised that a court action has been
filed in the U.S. District Court District Of Delaware on the following

E] Trademarks or IZPatents. ( E] the patent action involves 35 U.S.C. 292.):

DOCKET NO. DATE FILED U.S. DISTRICT COURT
10/4/2013 District of Delaware

PLAINTIFF DEFENDANT

Intellectual Ventures I LLC and United States Cellular Corporation
Intellectual Ventures ll LLC

PATENT OR DATE OF PATENT . ,.
TRADEMARK NO. OR TRADEMARK HOLDER 01- PATENI OR TRADEMARK

1 See Attached Sheet

 

_—
——
—_
_—

In the aboVe—entitled case, the following patent(s)/ trademark(s) have been included:

DATE INCLUDED INCLUDED BY

[:l Amendment E] Answer [:1 Cross Bill El Other Pleading

TRj:’l;£1IE4“/LTIKERNO %’:{T$R(3fD};‘1‘VI/SE1: HOLDER or PATENT OR TRADEMARK

 

 

 
 
 

_—
_—
——
——
_—

In the above——entit1ed case, the following decision has been rendered or judgement issued:

DECISION/IUDGEMENT

(BY) DEPUTY CLERK 
Copy ]—I.'pon initiation of action, mail this copy to Director Copy 3——Upon termination of action, mail this copy to Director
Copy 2-[Tpon filing document adding patent(s), mail this copy to Director Copy 4——Case file copy
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Case 1:13-cv—01655—UNA Document 3 Filed 10/04/13 Page 2 of 2 Page|D #: 334

   
 

 
 
 
 
 

 
 
 
 

PATENT OR DATE OF PATENT

10/5/1999
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Case 1:13—cv—O1650-UNA Document 3 Filed 10/04/13 Page 1 of 2 PagelD #: 333

A0 120 (Rev. 08/10

  
Mail Stop 8 REPORT ON THE

TO: Director of the U.S. Patent and Trademark Office FILING OR DETERMINATION OF AN
P.O. Box 1450 ACTION REGARDING A PATENT OR

Alexandria, VA 22313-1450 TRADEMARK

In Compliance with 35 U.S.C. § 290 and/or 15 U.S.C. § lll6 you are hereby advised that a court action has been

filed in the U.S. District Court District of Delaware on the following

I] Trademarks or IZI’atents. ( [:I the patent action involves 35 U.S.C. § 292.):

DOCKET NO. DATE FILED U.S. DISTRICT COURT
10/4/2013 District of Delaware

PLAINTIFF DEFENDANT

Intellectual Ventures I LLC and Leap Wireless International, Inc. and
Intellectual Ventures ll LLC Cricket Communications, Inc.

PATENT OR DATE OF PATENT .

TRADEMARK NO. OR TRADEMARK HOLDER OF PATEN I OR TRADEMARK

5

In the above—entitled case, the following patent(s)/ trademark(s) have been included:

DATE INCLUDED INCLUDED BY

E] Amendment I:| Answer [:I Cross Bill C] Other Pleading

TR[':’l;g'/11‘/?§RNO 1?)"RT1F?R(3xFD};3‘l‘\/{$11 HOLDER OF PATENT OR TRADEMARK
1

  
—‘—
——
_—
_—
——

In the above~«3ntitled case, the following decision has been rendered orjudgement issued:

DECISION/IUDGEMENT

(BY) DEPUTY CLERK 
Copy l—lJpon initiation of action, mail this copy to Director Copy 3—Upon termination of action, mail this copy to Director
Copy 2———Upon filing document adding patent(s), mail this copy to Director Copy 4——Case file copy
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Case 1:13—cv—01650-UNA Document 3 Filed 10/04/13 Page 2 of 2 PageID #: 334
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Case 1:13-cv—01668—UNA Document 3 Filed 10/07/13 Page 1 of 2 PagelD #: 349
AU I30 Re\.0X 10)
 

 
 

 

Mail Stop 8 REPORT ON THE

Director of the U.S. Patent and Trademark Office FILING OR DETERMINATION OF AN

PO. BOX 1450 ACTION REGARDING A PATENT OR

Alexandria, VA 22313-1450 TRADEMARK

T0;

In Coinpliaiice with 35 U.S.C. § 290 and/or 15 U.S.C. § 1 l 16 you are licreby advised that a coun action has been

tiled in the U.S. District Conn District Of Delaware on the following

[:l 'l'i'adeiiizu’l<s or [ZPatents. ( D” the patent action involves 35 l,l.S.C. § 292.): llllllT

 
 

 

  

 
 

l)(_‘)CKI;"l' NO. DATE FILED U.S. DISTRICT COURT
10/7/2013

 
District of Delaware

   DFFIE NDANT

AT&T Mobility LLC, AT&T Mobility ll LLC, New Cingular
Wireless Services, lnc.

l’l,AlN'l ll"l-'

Intellectual Ventures l LLC and Intellectual Ventures ll
LLC

PATFNT OR DATE OF PATENT , c . .
TRADHWARK N0‘ OR TRADEMARK HOLDER OP PATENT OR TRADEMARK

   
  

   

 

 
 
 
 

l)i\Tl:‘ lNCI,llI,)l’7,l) INCl.,l.lI)EI.) BY

I:] Amendment D Answer CI Cmss Bill C] Other Pleading
l’A>l'I’iN'I OR DATE OI: PATENT

l R:\l.)I.§l\’lARK N0. OR TRADEMARK

 
In the above»— entitled case. the following decision has been rendered Ol'_l\ldgL‘ln€l1i issued:

DICClSl()Nw.lUl)(,iEMENT

Cl.l.-LRK (BY) DEPUTY CLERK 
(’opy l——I?pon initiation ofaction, mail this copy to Director Copy 3——llpon termination of action, mail this copy to Director
('op_v 2——llpon filing document adding patent(s), mail this copy to Director (fopy 4—(fase file copy
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Case 1:13—cv—O1668-UNA Document 3 Filed 10/07/13 Page 2 of 2 PageID #: 350

PATENT OR DATE OF PATENT 
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Case 1:13-cv—O1672—UNA Document 3 Filed 10/07/13 Page 1 of 2 PagelD #: 346
A0 120 (Rex. ()8 I0)

 

 

 

Mail Stop 8 REPORT ON THE

Director of the U.S. Patent and Trademark Office FILING OR DETERMINATION OF AN
P.O. Box 1450 ACTION REGARDING A PATENT OR

Alexandria, VA 22313-1450 '[‘RA])E1\/[ARK

T0:

In Compliance with 35 U.S.C. § 290 and/m" l5 U.S.C. § 1 l 16 you are hereby advised that a count action has been

tiled in the U.S. District Conn District Of Delaware on the following

E} 'l"1'ade1mu‘ks or |ZPatents. ( E] the patent action involve»; 35 U.S.C. § 292.):

DATE FILED US. DISTRICT COURT
10/7/2013

DEFENDANT
  
 

I)(.)CKE'li' NO.

 
District of Delaware

 
Pl ,AINTll”l-”

intellectual Ventures l LLC and
Intellectual Ventures ll LLC
     
  
 
 

 
 

 
 

 
 

 

United States Cellular Corporation

PATF-.;\IT OR DATE OF PATENT

'l'R/\l')FlVIARK N0 OR TRADEMARK HOLDER OF PATENT OR TRADEMARK

= see Attached sheet——
 
 
 
 
 

l).=\'l‘l‘i. INCl,l.lI')li,l)

I:] Cross Bill El Other Pleading

l’A'I'EN'I' (,)R DATE OF PATENT . , . “ fl . .
l’R;\l)I‘;M/\RK OR TRADEMARK HOLDER or PA1 ENT OR IRADEMARK

——
_—
——
——

In the abo\’e~— entitled case. the following decision has been rendered orjudgement issued:
l)l£ClSl(_.).\3,_llll)(_il{MEN'l'

 

(BY) DEPUTY CLERK 
Copy 1——l7pon initiation ofaction, mail this copy to Director Copy 3—Upon termination of action, mail this copy to Director
('0py 2———[i'pon filing document adding patent(s), mail this copy to Director (,'op_\' 4-——(?ase file copy
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Case 1:13—cv—O1672—UNA Document 3 Filed 10/07/13 Page 2 of 2 PageID #: 347
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Case 1:13—cv-01671-UNA Document 3 Filed 10/07/13 Page 1 of 2 PageID #: 346
A0 J30 (Rev, 08510)

Mail Stop 8 REPORT ON THE

Director of the U.S. Patent and Trademark Office FILING OR DETERMINATION OF AN

TO:

PO. BOX 1450 ACTION REGARDING A PATENT OR
Alexandria. VA 22313-1450 TRADEIHARK 

In Cmnpliznice with 35 U.S.C. § 290 and/or 15 U,S.C. § 1 l 16 you are hereby advised that a court action has been

tiled in the US. District Conn District Of Delaware on the following
C] Trademarks or [Z Patents. ( I:] the patent action involves 35 U .S.C. § 292.):

DATE FILED U.S. DISTRICT COURT
10/7/2013 District of Delaware

}’l.;\lI\l'l'lI“l7 DEFENDANT

lntellectual Ventures l LLC and
Intellectual Ventures ll LLC

  

   
 

I)(_‘)CKET NO.

  
  
 

 
 

T—Mobile USA, Inc. and T—Mobile US, Inc.

 
   P/\'l'F,N'i‘ OR DATE OF PATENT

TRADEMARK NO. OR TRADEMARK

l See Attached Sheet —

 

 
HOLDER OF PATENT OR TRADEMARK

In the ab0ve~~-~entiIled case, the following patent(s)./ trademark(s) have been included:
INCLUDED BY

  

  
 

l);\’l‘i._f lNCl.lll')I'",D

El Amendment E] Answer B Cross Bill C] Other Pleading
lv’A'I‘I3N'I' OR DATE OF PATENT _ , . _

TRA DEMARK N0’ OR TRADEMARK HOLDER OF PATENT OR TRADEMARK

In the 21bovc—~enlitled case. the following decision has been rendered or judgement issued:
DECISIOV‘.lI.ll)GEMEN’l’

 

 
 

 

  
(BY) DEPUTY CLERK 

("opy 1-—I='pon initiation ofaction, mail this copy to Director Copy 3-—Upon termination of action, mail this copy to Director
('opy 2—I?pon filing document adding patent(s), mail this copy to Director Copy 4——(.‘-ase file copy
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Case 1:13—cv—O1671-UNA Document 3 Filed 10/07/13 Page 2 of 2 PageID #: 347

PATENT OR DATE OF PATENT

TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK

I US6,640,248B1
2 5,602,831

6,023,783
4 US6,952,408B2
5 US 6,370,153 B1 Intellectual Ventures II
6 5,963,557
7 US8,310,993B2
8 US7,269,127B2

Us 7,848,353 B2
10 US 8,396,079 B2 3/12/2013 Intellectual Ventures II

11 US 7,787,431 B2 8/31/2010 Intellectual Ventures II

12 US 7,385,994 B2 6/10/2008 Intellectual Ventures II
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Case 1:13-cv-Ol669—UNA Document 3 Filed 10/07/13 Page 1 of 2 Page|D #: 346
A0120 Rex. ()8 T0)

  
Mail Stop 8 REPORT ON THE

T": Director of the U.s. Patent and Trademark Office FILING OR DETERMINATION OF AN
PO. BOX 1450 ACTION REGARDING A PATENT OR

Alexandria. VA 22313-1450 TRADEMARK

In Compliance with 35 U,S.C. § 290 and/or 15 USC. § 1 l 16 you are hereby advised that a Conn action has been

filed in the US. District Conn District Of Delaware on the following

D T1'ademarl<s or [ZPatents. ( [:I the patent action involve»; 35 U.S.C. § 292,):

I)(,)CKE"l‘ N0. DATE FILED U.S. DISTRICT COURT
10/7/2013 District of Delaware

Pl AINTIFI-' DEFENDANT

Intellectual Ventures I LLC and T Leap Wireless international, Inc. and Cricket Communications,
Intellectual Ventures ll LLC inc.

PATIZNT OR DATE OF PATENT
TR/\Dl.{lVlARK No. (')R TRADEMARK

l See Attached Sheet

HOLDER OF PATENT OR TRADEMARK

 
 
 
 

  l)s\Tl. lNC[,U[)El) INCI..UDT{D BY

 
 

I:] Amendment D Answer B Cross Bill I:] Other Pleading

DATE OF PATENT . I‘ _ , ‘\
OR TRADEMARK HOLDER OP PATEN F OR TRADEMARK
  
  
 
 

l’ATl'NT OR
l'RADT?,MARK N0.

 
In the 2ibo\’e——cIItillcd case. the following decision has been re1ILieI'cd orjudgcment issued:

DI-.ClS]()Nx.lUI)(jEMliN'l‘

(BY) DEPUTY CLERK 
(‘opy l———l='pon initiation ofaction, mail this copy to Director (Iopy }—-Upon termination of action, mail this copy to Director
(iopy 2—l7pon filing document adding pate-nt(s), mail this copy to Director (Topy 4—(?-ase file copy
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Case 1:13-cv-01669-UNA Document 3 Filed 10/07/13 Page 2 of 2 PagelD #: 347

PATENT OR DATE OF PATENT

I2 U8 7385.994 B2

    
  
    

  
  
  
     

ERIC-1008 I Page 18 of 160



ERIC-1008 / Page 19 of 160

Case 1:13-cv—01655—LPS Document 5 Filed 10/15/13 Page 1 of 4 PageID #: 337

A0 120 Rev. 08!'l0l

 

REPORT ON THE

FILING OR DETERMINATION OF AN

ACTION REGARDING A PATENT OR
TRADEMARK

Mail Stop 8
Director of the US. Patent and Trademark Office

P.O. Box 1450

Alexandria, VA 22313-1450

T0:

In Compliance with 35 U.S.C. § 290 and/or 15 U.S.C. § 1 l 16 you are hereby advised that a court action has been
filed in the U.S. District Court District of Delaware on the following

C] Trademarks or [Z Patents. ( CI the patent actioiiin\’olves 35 U.S.C. § 252.):

DOCKET NO. __ DATE FILED U.S. DISTRICT COURTM55” 10/4/2013 District of Delaware
PLAINTIFF DEFEN DANT

Intellectual Ventures I LLC and
Intellectual Ventures ll LLC

PATENT OR DATE OF PATENT
TRADEMARK NO. OR TRADEMARK

   

  

 
  

 

 United States Cellular Corporation

 
in the above—entitled case. the following patent(s)./ trademaIk(s) have been included:

DATE INCLUDED INCLUDED BY

D Amendment [:1 Answer B Cross Bill C] Other Pleading

TRIl$35v{NATR?(RNO l:)’:{T1liRC"AFDl:E’:/IT HOLDER or PATENT on TRADEMARK
1

  

 

———
——
——
——
——

In the abovc——entitled case, the following decision has been rendered orjudgcment issued:

DEC] SION/IUDGEMENT

Noll“, “P [)¢mu,(raL{

(BY) DEPUTY CLERK 
Copy l——Upon initiation of action, mail this copy to Director (Tony 3»-—Upon termination of action, mail this copy to Director
Copy 2—Upon filing document adding patent(s), mail this copy to Director Copy 4-——Case file copy
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Case 1:13-cv-01655—LPS Document 5 Filed 10/15/13 Page 2 of 4 Page|D #: 338

  

  

  

 
PATENT OR DATE OF PATENT

TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK

 
  
  8/31/201011 US 7,787,431 B2 Intellectual Ventures H
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9 ‘\—~' . , - *.'\Il-l"‘|pl'-' U.‘

s-Z009 l’.i.R I 3 Pi‘? I: I 7

IN THE UNITED S'I.‘A'l‘l-ZS PATENT AND TRADEMARK omen

Examiner: John Pczzlo

Art Unit: 2616

Docket No. 20070007

In re application of: Apurva' N. Mody et al.

Serial No: I0/264,546

Filed: 10/04/2002 .

For: PREAMBLE STRUCTURES FOR SINGLE

INPUT, SINGLE OUTPUT (SISO) AND MULTI-
INPUT, MUi..TI-OUTPUT (MIMO)

COMMUNICATIONS SYSTEMS

March I2, 2009

To: Mail Stop 16

Commissioner for Patents"

Box 1450 ’

Alexandria, VA 22313-l Q50

 

lnresponseto the Request for Acceptance of December 17, 2008, we are requesting a

refund the amount of $130 for the above captioned application to Deposit Account

1 901 30.

We believe this amount should be refunded for the following reason: A Notice regarding

our request for acceptance of a fee deficiency submission under 37 CFl{ 1.28 was sent to

us notifying us that we may request a refund of the petition. fee. This notice is attached

herein. Respectfully submitted,

/Daniel J. Long]

Daniel J. Long

Attorney for Applicant

Registration No. 29,404

BAE SYSTEMS "Information and Electronic Systems Integration Inc.
PO. Box 868

Nashua, NH 03061-0868
Tel: 603- 885-2643
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'2"

 
 

;::xs, 2 0

xv

 
‘\\\_\\ ~- __—.:—i

3?" . commissioner for Patents
United States Patent and Trademark Otfiee

P.O.Box145o
Alexandria, VA 22319-1450

RECEEVED

=22 2 0 2009
MAlLED

BAE SYSTEMS ‘ i=A'rrs:~s': ...==.%2‘f!\«1ENT
P0 BOXB68 . MAR 05 mean
NASHUA NH 03061-0868

omce or PET_lT1ONS
In re Patent No. 7,269,127

Issue Date: September 11, 2007 - , : —
Application No. 10/264,546 ; NOTICE
Filed: October 4, 2002 -

Attorney Docket No. 20070007

This is a notice regarding your request for acceptance of a fee deficiency submission under 37
CFR 1.28.

The_ Office no longer investigates or rejects original or reissue patent under 37 CFR 1.56. .1093
Off. Gaz. Pat. Office 502 (January 3, 1989). Therefore, nothing in this Notice is intended to
imply that an investigation was done.

Your fee deficiency submission under 37 CFR 1.28-is hereby ACCEPTED.

This patent is no longer entitled to small entity status; Accordingly, all future fees paid in this
patent must be paid at the large entity rate. ' -

There is'no fee for the filing of the above requestunder 37 CFR 1.28. Petitioner may request a
refund of the petition fee of$130.00 paid on December 17, 2008. A copy of this notice should
accompany the request.

. Inquiries related to this communication should be directed to the undersigned at (571) 272-3208.

/;/M,/_ Ma%/
Karen Creasy

Petitions Examiner

Office of Petitions
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c§..*_‘ “

net:-17-aaas 13:23 From:aaE LEmL DEPT A . sea ass E167 To:USPT0 . ‘ p,e,3..»-

7.269.127

IN UNITED srxras PATENT AND TRADEMARK omca

° - ' In re application of: - Examiner: John Pezzlo

Mooy et al. » Patent No.: 7.269.127
. ‘issued: 9./11‘/2007 ’ 7

Serial No: 10/264,546 ' Docltet No. 20070007
Filed: 10/04/2002 .
Fat: Paeamble Structures For Single-Input, Single-Output (SISO) and Multl-Input. Multi-

A output (MIMO) Communication systems . - -

_ Decetnberlilt zoos ’
0 0 0 . i e RECEIVED

To: Mail Stop Post Issue ~ '
Comniissionar forPatenl3 ‘ DEC 2 4'20“ »

’ iifxiiifit VA 2313-1450 A - OFHCE 0’: P"=Tm55'~'T‘-

 
I. On August 8, 2007 Applicant en-oneously and inadvertently paid the “small entity”
issue (‘cc of 8700 under 3'ICFR l.l8(a) on the above captioned application which is now

‘ US' Patent No. 7,269,127. On that date. the Assignee of this application was and the
Assignee still is BAE Systems Information and Electronic Systems Integration Inc. whi
was then andnow is a non-small entity corporation. 4 — -

. 2. It is requested that the deficiency in the amount of $810 be accepted. Please. charge
this amount oj'f88 10 and any other deficiency _due to Deposit Account 190130.

A 3. The deficiency payment is itemized as follows:

(A) The fee which was paid as a email entity wasthe issue fee. The conect

. fees amount fat at non-small entity issue fee under 37 CPR §l.18(a) is$1 '0. -

' (3) The small entity issue fee actually paidwaa$700.

(C) The deficiency owed for this issue fee is $810. .

l2/I9/3008 naunr 00000013190130’ toausas

Jl FC:H61 010.00 00 ' - ’ I 1
)2 scum 130.00 on .

- PAGElJ3'R¢VDAf12l1?l2l081:39:lllPlll|EaslemStamlaIdTlmersVR:Usl’T0-EXRF4l2l'Dlils:m6500'cSlD:6o3885216?‘DURAll0ll(mm4s):oI-50

‘ : 009 SDIRETR1
l3il3l333§ 3335003/33030013 190130 10204545
02 rc:14e.4 130.00 CR
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UNITED STATES PATENT AND TRADEMARK OFFICE UNITED STATES DEPARTMEVT OF COMMERCE
United States Patent and Trademark Office
Address. COMMISSIONER FOR PATENTS,. Box 1450

exandria,Vi.1gr.nia 22313-1450
 

WWVl.'.HSpt0 .goV
» ‘LII’

APPLICATION NUMBER F ING OR 371 (C) DATE FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE

10/264,546 10/04/2002 Apurva N. Mody 088245-6146
CONFIRMATION NO. 5338

23524 POA ACCEPTANCE LETTER

FOLEY & LARDNER LLP

150 EAST GILMAN STREET lllllllllllllllllIlllllllmllllllllllIllllIlllljjllllllllllllljjllIllllllllllllllllllllll
00000003 975 6

MADISON, WI 53701-1497

Date Mailed: 03/13/2009

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY

This is in response to the Power of Attorney filed 03/05/2009.

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the

above address as provided by 37 CFR 1.33.

/klee/

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101

page 1 of 1
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UNITED STATES PATENT AND TRADEMARK OFFICE UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Addiess. COMMISSIONER FOR PATENTS,. Box 1450

exandria, Viigtnia 22313-1450
 

WWVl.'.1lSpt0.g0V

10/264,546 10/04/2002 Apurva N. Mody 20070007
CONFIRMATION NO. 5338

22500 POWER OF ATTORNEY NOTICE

BAE SYSTEMS

PO BOX 868 lllllllllllllllllIllllIlllflllllllllllllllllIlllljllllllllllllllllllIllllllllllllllllllllll
NASHUA, NH 03061-0868 °°°°°°°3 975 23

Date Mailed: 03/13/2009

NOTICE REGARDING CHANGE OF POWER OF ATTORNEY

This is in response to the Power of Attorney filed 03/05/2009.

- The Power of Attorney to you in this application has been revoked by the assignee who has intervened as

provided by 37 CFR 3.71. Future correspondence will be mailed to the new address of record(37 CFR 1.33).

/klee/

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101

page 1 of 1
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Electronic Acknowledgement Receipt

International Application Number: 

PREAMBLE STRUCTURES FOR SINGLE-INPUT, SINGLE-OUTPUT (SISO) AND

1-me °f "“'e"t'°"‘ MULTI-INPUT, MULTI-OUTPUT (MIMO) COMMUNICATION SYSTEMS

First Named Inventor/Applicant Name:

Application Type: Utility under 35 USC111(a)

Payment information:

File Listing:

Document Document Description File Size(Bytes)/ Multi Pages
Number Message Digest Part /.zip (if appl.)

552905

Refund Request 20070007-requestforrefund.pd 5c6b95bfd6e22ceebb144adc1858dbcf073
Zbcca

Information:
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Total Files Size (in bytes) 552905

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO ofthe indicated documents,

characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

lfa new application is being filed and the application includes the necessary components for a filing date (see 37 CFR

1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this

Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

lfa timely submission to enter the national stage of an international application is compliant with the conditions of 35

U.S.C. 371 and other applicable requirements a Form PCT/DO/E0/903 indicating acceptance of the application as a

national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

lfa new international application is being filed and the international application includes the necessary components for

an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number

and ofthe International Filing Date (Form PCT/R0/105) will be issued in due course, subject to prescriptions concerning

national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of

the application.
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Examiner: John Pezzlo

Art Unit: 2616

Docket No. 20070007

In re application of: Apurva N. Mody et al-.

Serial No: 10/264,546

Filed: 10/04/2002

For: PREAMBLE STRUCTURES .FOR SINGLE March 12,2009

INPUT, SINGLE OUTPUT (SISO) AND MULTI-

INPUT, MULTI-OUTPUT (MIMO)
COMMUNICATIONS SYSTEMS

To: Mail Stop 16

Commissioner for Patents

Box 1450

Alexandria, VA 22313-1450

REQUEST FOR REFUND

In response to the Request for Acceptance of December 17, 2008, we are requestinga

refund the amount of $130 forithe above captioned application to Deposit Account

190130.

We believe this amount should be refunded for the following reason: A Notice regarding

our request for acceptance of a fee deficiency submission under 37 CFR 1.28 was sent to

us notifying us that we may request a refund of the petition fee. This notice is attached

herein. Respectfully submitted,

/Daniel J. Long/

Daniel J. Long

Attorney for Applicant

Registration No. 29,404

BAE SYSTEMS Information and Electronic Systems Integration Inc.
P.O. Box 868

' Nashua, NH 03061-0868
Tel: 603- 885-2643
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UNITED STATES PATENT AND TRADEMARK OFFICE
 

Commissioner for Patents
United States Patent and Trademark Otfice

P.O. Box 1450
Alexandria, VA 22313-1450

www.u:pio.9ov

RECEIVED

i‘ ".'>_-7 0

' MAILED

BAE SYSTEMS PATEN: RARTMENT
PO BOX 868 MAR 0 5 2009
NASHUA NH 03061-0868

OFFICE OF PETITIONS

In re Patent No. 7,269,127

Issue Date: September 11, 2007

Application No. 10/264,546 NOTICE

Filed: October 4, 2002

Attorney Docket No. 20070007

This is a notice regarding your request for acceptance of a fee deficiency submission under 37
CFR 1.28.

The Office no longer investigates or rejects original or reissue patent under 37 CFR 1.56. 1098

Off. Gaz. Pat. Office 502 (January 3, 1989). Therefore, nothing in this Notice is intended to

imply that an investigation was done.

Your fee deficiency submission under 37 CFR 1.28 is hereby ACCEPTED.

This patent is no longer entitled to small entity status. Accordingly, all future fees paid in this

patent must be paid at the large entity rate.

There is no fee for the filing of the above request under 37 CFR 1.28. Petitioner may request a

refund of the petition fee of $130.00 paid on December 17, 2008. A copy of this notice should
accom an the re uest.P

Inquiries related to this communication should be directed to the undersigned. at (571) 272-3208.

Karen Creasy W
Petitions Examiner

Office of Petitions

ERIC-1008 I Page 29 of 160
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PTOISBIBD (11-OB)
Approved for use through 11/30l2011. OMB 0651-D035

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Underthe Paperwork Reduction Act of1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

POWER OF ATTORNEY TO PROSECUTE APPLICATIONS BEFORE THE USPTO

i hereby revoke all previous powers of attorney given in the application identified in the attached statement under
37 CFR 3.73 b .

I hereby appoint:

  
  

  
 

Practitioners associated with the Customer Number:
OR

  
  

as attorney(s) or agentls) to represent the undersigned before the United States Patent and Trademark Office (USPTO) in connection with
any and all patent applications assigned only to the undersigned according to the USPTO assignment records or assignment documents
attached to this form in accordance with 37 CFR 3.73(b).

Please change the correspondence address for the application identified in the attached statement under 37 CFR 3.T3(b) to: I

The address associated with Customer Number:

 
 

  
 
 

 

  
 

  
  

 

 
E‘ Firm orIndividual Name

Assignee Name and Address:

 
 

TaffCo Three Fund, L.L.C.
2711 Centerville Rd, Suite 400

Wilmington, DE 19808
USA

 
 

 
A copy of this form, together with a statement under 37 CFR 3.73(b} (Forrn PTOISBIQB or equivalent) is required to be
filed in each application in which this form is used. The statement under 37 CFR 3.73(b) may be completed by one of
the practitioners appointed in this form if the appointed practitioner is authorized to act on behalf of the assignee,
and must identify the application in which this Power of Attorney is to be filed.

SIGNATU RE of Assignee of Record
The individual whose signature and title is supplied below is authorized to act on behalf of the assignec

I , /§’7z9zu7r; Date 51/37/0?
Mary Bro-_Telephone _
Authorized Person for TaffCo Three Fund, L.L.C.

This collection ofinforrnation is required by 37 CFR 1.31. 1.32 and 1.33. The information is required to obtain or retain a benefit by the public which is to tile (and
by the USPTO to process) an application. Confidentiality is governed by 35 1.1.5.0. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 3 minutes to
complete. including gathering, preparing, and submitting the completed application form to the USPTO. Time Will vary depending upon the individual case. Any
comments on the amount of time you require to complete this form endlor suggestions for reducing this burden, shouirt be sent to the Chief Information Officer,
U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. Eox1450, Alexandria. VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS
TO THIS ADDRESS. SEND TO: Commissioner for Patents. P.0. Box 1450, Alexandria, VA 22313-1450.

 

   
 

l§
  

ifyou need assistance in completing the form, call 1-BOO-PTO-9199 and select option 2.

MADi_1810D26.1
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i)E£2LARAT§ON REGARDING RSYHGRETE‘ T0 $§$M¥‘§ ON BEHALF CF 33: LEs‘3£3z§.. E¥\§'§'§T‘£'

{3?’ C2.F.R. 3.?3{b}{?2}{ii}}

1, Mary Brown {wmsse {R16 is supgiied beiomr}, hereby deciare me: i am auimrizeci to Sign the

Paws: of Attorney to Prasecuie Appiécations before She LSSPTQ on behaif 01‘ T3520 Three Fund‘
L,L.{2\

E:__1iw;x;_...,s 5%3g:%::.mrf: .
Mary Brougffi Authorized Persan3' *
I? *‘ “'\ “*3 ‘E 4:?‘

;»~fi‘{{;>~i. ;’ gig ‘
{date}
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Electronic Acknowledgement Receipt

4909857

Application Number: 10264546

International Application Number:

Confirmation Number:

PREAMBLE STRUCTURES FOR SINGLE-INPUT, SINGLE-OUTPUT (SISO) AND

1-me °f "“'e"t'°"’ MULTI-INPUT, MULTI-OUTPUT (MIMO) COMMUNICATION SYSTEMS

First Named Inventor/Applicant Name: Apurva N. Mody

Customer Number: 22500

Paul S. Hunter/Bill Morris

Filer Authorized By: Paul S. Hunter

Attorney Docket Number: 20070007

Receipt Date: 05—MAR—2009

Filing Date: 04—OCT—2002

Time Stamp: 15:12:34

Application Type: Utility under 35 USC111(a)

Payment information:

Submitted with Payment

File Listing:

Document Document Description File Size(Bytes)/ Multi Pages
Number Message Digest Part /.zip (if appl.)

275932

PowerofAttorney6146.pdf 070e2bbfeb4f4568128cb7422c933ef5e41 ‘
05b
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Multipart Description/PDF files in .zip description

Assignee showing of ownership per 37 CFR 3.73(b).

Information:

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO ofthe indicated documents,

characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

lfa new application is being filed and the application includes the necessary components for a filing date (see 37 CFR

1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this

Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

lfa timely submission to enter the national stage of an international application is compliant with the conditions of 35

U.S.C. 371 and other applicable requirements a Form PCT/DO/E0/903 indicating acceptance of the application as a

national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

lfa new international application is being filed and the international application includes the necessary components for

an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number

and ofthe International Filing Date (Form PCT/R0/105) will be issued in due course, subject to prescriptions concerning

national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of

the application.
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STATEMENT UNDER 37 CFR 3.73]b[

Applicant/Patent Owner: Mody Apurva N., et al. Confirmation No. 5338

Application No.: 10/264,546 Filed: 10-04-2002

Patent No.: 7.269.127 Issue Date: 09-11-2007

Docket Number. 088245-6146

PREAMBLE STRUCTURES FOR SINGLE-INPUT. SINGLE-OUTPUT (SISO) AND
MULTI-INPUT, MULTI-OUTPUT §M|MOl COMMUNICATION SYSTEMS

TAFFCO THREE FUND. L.L.C. LLC
(Name of Asslgnee) (Type of Asslgnee, e.g., corporation, partnership. university,

government agency. etc.)

Entitled:

states that it is:

1. E the assignee of the entire right, title. and interest; or

2. El an assignee of less than the entire right, title. and interest

The extent (by percentage) of its ownership interest is %

in the patent application/patent identified above by virtue of either:

A. El An assignment from the inventor(s) of the patent application/patent identified above. The assignment was recorded in the
United States Patent and Trademark Office at ReelIFrame or for which a copy thereof is attached.

OR

B. E A chain of title from the inventor(s), of the patent application/patent identified above, to the current assignee as shown below:

1. From: Mggy Aggy; N, gt gl. To: QEORQIA TECH RESEARCH CORPQRATIQN
The document was recorded in the United States Patent and Trademark Office at

Reel 913590, Frame 0021, or for which a copy thereof is attached.

2. From: QEQRGIA TECH RESEARCH CORPORATIQN To: BAE SYST MS I RMATI N A E ECTRONI
S1§I§M§ INTEGETION, INC.
The document was recorded in the United States Patent and Trademark Office at

Reel 9;9_1_§. Frame 9640. or for which a copy thereof is attached.

3. From: B YS MS IN RMATI NA ELECTR IC YST MS IN RAT! N IN .
FUN_D_, LLC
The document was recorded in the United States Patent and Trademark Office at

Reel 022277, Frame 9511. or for which a copy thereof is attached.

E] Additional documents in the chain of title are listed on a supplemental sheet.

El Copies of assignments or other documents in the chain of title are attached.
[NOTE: A separate copy (i.e.. a true copy of the original document(s)) must be submitted to Assignment Division in
accordance with 37 CFR Part 3. if the assignment is to be recorded in the records ofthe USPTO. See MPEP 302.08]

' e i s pplied below) is authorized to act on behalf of the assignee.

A/L/—’i~E.¢l«L_‘:(')’ot-:2
Signature Date

Paul S. Hunter gReg. No. 44,782! §608l 258-4292

Printed or Typed Name Telephone Number

Attorney for Applicant
Title

This collection of inforrnation is required by 37 CFR 3.73(b). The information is requ'red to obtain or retain a benefit by the public which is to file (end by the USPTO to process) an
applition. confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. ‘l'tI's collection is estirmated to take 12 minutes to complete, including gathering, preparing. and submitting the
completed application torrn to me USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to complete this form andlor suggestions
tor reducing this burden, should be sent to the Chief Information Offioer, US Patent and Trademark Office, U.S. Department of Commerce. P.O. Box 1450, Alexandria, VA 22313-1450.
DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

ADI 1 8217221
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UNITED STATES PATENT AND TRADEMARK OFFICE
 

Commissioner for Patents
United States Patent and Trademark Office

' P.0. BOX 1450

Alexandria, VA 22313-1450

DBAE SYSTEMS MAILE

PO BOX868 MAR 0152009
NASHUA NH 03061-0868

' OFFICE OF PETITIONS

. -In re Patent No. 7,269,127

Issue Date: September ll, 2007

Application No. 10/264,546 NOTICE

Filed: October 4, 2002

Attorney Docket No. 20070007’

This is a notice regarding your request for acceptance of a fee deficiency submission under 37
CFR 1.28.

The Office no longer investigates or rejects original or reissue patent under 37 CFR 1.56. 1098

Off. Gaz. Pat. Office 502 (January 3, 1989). Therefore, nothing in this Notice is intended to
imply that an investigation was done. .

Your fee deficiency submission under 37 CFR‘ 1.28 is hereby ACCEPTED.

This patent is no longer entitled to small entity status. Accordingly, all future fees paid in this

patent must be paid at the large entity rate.

There is no fee for the filing of the above request under 37 CFR 1.28. Petitioner may request a
refund of the petition fee of $130.00 paid on December 17, 2008. A copy of this notice should

accompany the request. »

www.uspio.gov

Inquiries related to this communication should be directed to the undersigned at (571) 272-3208. 1

Karen Creasy
Petitions Examiner

Office of Petitions

ERIC-1008 I Page 35 of 160



ERIC-1008 / Page 36 of 160

DEC-1‘?-E828 14:89 From:BFlE LEGRL DEPT 683 885 816? To:USF’TD 1/3

RECEWED
Please submit to: ‘ '

_ DEC 2 4 2008 _
Mail Stop M Corrgspondencc __
Director of the US Patent and Trademark Othcc ~ @FHCE OF PET1T£5£{;'
PO Box 1450

Alexandria. VA 22313-1450

or by fax to: Status & Entity Branch.‘ Office. of Finance at 571-273-6500.

"Re: USA Application Putent,1.2.‘§.9..-121.:
Your Ref: 062020- I20 A '

Please note that the referenced putcnt(s) qualify as a ._T.._/1l_1Q_E._ entity.

I Sincerely. . 4 '
C‘ ‘ _ »*’’‘’‘‘‘’?“§' $32  

Dggigl ,1, Lg"gg ’

Printed Name: - ’

2 .

Reg. No.3

PAGE 113* RCV_D AT 1211712008 1:39:20 PM Eastern Standard Time] ‘ SVR:USPT0-EFXRF-4121 * DNlS:2735500 ’ 128101603 885 216? 1 DUAATION (mm-ss):01-50
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i H .' c1.2s'c1 ‘c2
I

N-....."-‘. ‘‘

DEC-1?-EEI@8 14:29 From:-BFIE LEGRL DEPT _ 5:23 385 2167 To:USPTD 9 Fna/3

7,269.12?

IN UNITED STATES PATENT AND TRADEMARK OFFICE

‘ In re application of: - Examiner: John Pezzlo

‘ Mom] eta], Patent No.: 7,269,127 P
_ Issued: 9/11‘/2007 ' -

Serial No: 10/264,545 ' Doclcet No. 20070007

Filed: 10/04/2002 .

For: Preamble Structures For Single-Input, Single-Output (SISO) and Multi-Input, Multi-

Output (MIMO) Communication Systems . ' -

b December l7i20t)8 T
 s s A lFiECEl\/ESE)

To: Mail Stop Post issue - i
‘ DECommissioner for Patents C 2 4 "2008 -

_ Box 1450 . - ..,. _
Alexandria, VA 22313-1450 ’ an-‘CE OF Pflmj »

Dear Sir

' DE ICTENCY  

I. On August 8. 2007 Applicant erroneously and inadvertently paid the “small entity”
issue fee of 3700 under 37CFR l.l8(a) on the above captioned application which is now

« US Patent No. 7.269.127. On that date, the Assignee of this application was and the

Assignce still is BAE Systems Information and Electronic Systems Integration Inc. which
was then and ‘now is a non-small entity corporation. - » -

. 2. It is requested that the deficiency in the amount of $810 be accepted. Please. charge
this amount of $810 and any other deficiency _due to Deposit Account 190130.

3. The deficiency payment is itemized as follows:

(A) The fee which was paid as a small entity wasithe issue fee. The correct
. fee amount for a non-small entity issue fee under 37 CPR §].i8(a) is

. $1510. '

i _ ’ (B) The small entity issue fee actually paid was $700.

(C) The deficiency owed for this issue fee is $810.

‘ ‘12/19/E008 DnLLEN' 00000013190130. 10254545

in rcmei e1o.oo on ' A T 1
pa rc:14s4 13o.oo on _

’ 5 - PAGE ZI3 * RCVD AT'12l17l2(l08 1:39:20 PM [Eastern Standard Time] ‘ SVR:USiT0-EFXRF-4121 " DN|S:2736500 ‘ CSlD260(l 885 2167 * DURATION (mm-ss):01-50 _ _
' ' ' - é ‘ ERIC-1008 I Page 37 of 160
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14..., .. ‘w

' E')EC-1?-E888 14:89 From:BRE LEGRL DEPT 683 885 2167 ' To:USPTD _ P_3/3

7.269.127

(D) The total deficiency owed is $810.

4. Please charge the processing fee of $130 due under 37 CFR§1.]7(i) and any other
amount due to Deposit Account No. 190130. A

Respectfully submitted,

% . 
Daniel J. Long, Reg. . 29,404

BAE svsmms

PO Box 358, NI-IQI-719
Nashua. NH 03061-0868

Tel. No. (503) 335-2543

Fax No. (603) 885-2167

I hereby certi‘[.'y that this correspondence is being transmitted by facsimile (S71) 273-6500
to Commissioner of Patents, Box 1450. Alexandria, VA 22313-1450 on December 17. _
2008. .

Nnnc§A.l€Eung A '

12.

Date 0 Si ture

Nancy A. Young

PAGE 313‘ RCVD AT 1211712008 1:39:20 PM [Easlem standard Time] * SVR:USPTO-EFXRF-4!21 * DN|S:273550D * CS|D:603 885 2167 * DURATION "mm-ss):01-50
ERIC-1 08 I Page 38 of 160
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UNITED STATES PATENT AND TRADEMARK OFFICE
UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

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

APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.

10/264,546 09/11/2007 7269127 20070007 5338

 

22500 7590 08/22/2007

BAE SYSTEMS INFORMATION AND
ELECTRONIC SYSTEMS INTEGRATION INC.
65 SPIT BROOK ROAD

P.O. BOX 868 NHQ1—719
NASHUA, NH 03061-0868

ISSUE NOTIFICATION

The projected patent number and issue date are specified above.

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)

(application filed on or after May 29, 2000)

The Patent Term Adjustment is 970 day(s). Any patent to issue from the above—identified application will

include an indication of the adjustment on the front page.

If a Continued Prosecution Application (CPA) was filed in the above—identified application, the filing date that

determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information

Retrieval (PAIR) WEB site (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the

Office of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee

payments should be directed to the Customer Service Center of the Office of Patent Publication at

(571)-272-4200.

APPLICANT(S) (Please see PAIR WEB site http://pair.uspto.gov for additional applicants):

Apurva N. Mody, Atlanta, GA;
Gordon L. Stuber, Atlanta, GA;

IR103 (Rev. 11/05)
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Page 1 of 1

UNITED STATES PATENT AND TRADEMARK OFFICE
UNITED STAT DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Addreu: COMMISSIONER I-UR PATENTSPO. Box I450

Alexandria, Vuginin 22313-N50
wwvv.u:pt.o.gtN

*B”3DATASH EET* CONFIRMATION NO. 5338
Bib Data Sheet

 

FILING OR 371(c)

SERIAL NUMBER DATE GROUP ART UNIT
10/254_545 10/04/2002 2616

RULE

ATTORNEY

DOCKET NO.

20070007

A PPLICANTS

Apurva N. Mody, Atlanta, GA;
Gordon L. Stuber, Atlanta, GA;

i **k'kk'k**kl'***'k'k**'k*******

This appln claims benefit of 60/327,145 10/04/2001

it k**i*i****i******ii*

IF REQUIRED, FOREIGN FILING LICENSE GRANTED... SMALL ENTITY .4.

' DDRESS

2500

ITLE I

PREAMBLE STRUCTURES FOR SINGLE-INPUT, SINGLE-OUTPUT (SISO) AND MULTI-INPUT, MULT|-

OUTPUT (MIMO) COMMUNICATION SYSTEM

Cl 1.16 Fees ( Filing)

;=n_mc; FEE FEES: Authority has been given in Paper 1.17 Fees ( Processing Ext. of
REcE|vED No. to charge/credit DEPOSIT ACCOUNT time)

forfonowingz D 1 18 Fees( Issue)

'3 Other

Cl Credit
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Ff.‘ Page 1 ofl

UNITED STATES PATENT AND TRADEMARK OFFICE
UNITED STATIE DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
AddI¢u:COMMISSlONER FOR PATENTS P.0.Box.l4S0 _ _Alexn.nd11a,Vuguua 22313-I450

www,uxp1n.guv

10/264,546 10/04/2002 Apurva N. Mody 062020-1120

CONFIRMATION NO. 5338

24504 * *

THOMAS, KAYDEN, HORSTEMEYER & RISLEY, LLP
100 GALLERIA PARKWAY, NW
STE 1750

ATLANTA, GA 30339-5948

Date Mailed: 08/14/2007

NOTICE REGARDING CHANGE OF POWER OF ATTORNEY

This is in response to the Power of Attorney filed 08/06/2007.

o The Power of Attorney to you in this application has been revoked by the assignee who has intervened as

provided by 37 CFR 3.71. Future correspondence will be mailed to the new address of record(37 CFR 1.33).

 

Office of Initial Patent Examination (571) 272-4000, or 1-800-PTO-9199
OFFICE COPY
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YI Page 1 of 1

UNITED STATES PATENT AND TRADEMARK Omoe
UNITED STATIE DEPARTMENT OF‘ COMMERCE
United States Patent and Trademark Office
Addxeu:COlVE|\/IISSIONER FOR PATENTS

R0. Box I450
Alexandria, Virginia 22313-1450wwvv.urpto.gov

10/264,546 10/04/2002 Apurva N. Mody 20070007

 

CONFIRMATION NO. 5338

*OC0OOOO0025363449*
"OC000000025363449‘

22500
BAE SYSTEMS INFORMATION AND

ELECTRONIC SYSTEMS INTEGRATION INC.

65 SPIT BROOK ROAD
P.O. BOX 868 NHQ1-719

NASHUA, NH 03061-0868

Date Mailed: 08/14/2007

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY

This is in response to the Power of Attorney filed 08/06/2007.

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the
above address as provided by 37 CFR 1.33.

Office of Initial Patent Examination (571) 272-4000, or 1-800-PTO-9199
OFFICE COPY
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PART B - FEE(S) ‘TRANSMITTAL

. send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE
. Commissioner for Patents

P.O. Box 1450

Alexandria, Virginia 22313-1450
or @ (571)-273-2885 ' ‘

‘ ' is form should be_ used_for transmitting the ISSUE FEE and PUBLICATION FEE (if required. Blocks I through 5 should be completed where
: ' . (A t . her correspondence including the Patent, advance orders and _notification of maintenance fees WIII e mailed to the current corres ondenee address as
_ -I < - rrccted below or directed otherwise in Block I, by (a) specifying a new correspondence address; and/or (b) indicating a separate " ‘EB ADDRESS" formaintenance fee notifications.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block I foruny change ofaddress) N030: A 00111 Icatc 0 ma! It] can 0n y 0 U50 or Omcstlc mm Ings 0 _l C
Fee(s) Transmittal. This eerti icate cannot be used for any other accompanying

papers. Each additional paper, ‘such as an assignment or fonnal drawing, mustave its own certificate of mailing or transmission.

 

 
 

 
 
 

 

 

 

24504 i 7590 ' 06/ I 9/2007
' Certificate of Mailing or Transmission

THOMAS, KAYDEN, HORSTEMEYER & RISLEY, LLP - lshereb cerltif that this hrccpg Transmittal isf befi_ng delpositcdlwith the Unlitedtatcs osta ervicc wit su ieient osta e or irste ass mai in an enveo e

100 GALLERIA PARKWAY’ NW addressed to the Mail Stop ISSUEpFEEgaddrcss above, or bcin faesimiieSTE 1750 transmitted to the USPTO( 71) 273-2885, on the date indicated be ow.

ATLANTA, GA 30339-5948  

 
Mau e en S ‘ (Depositofs name)

-111. . -_ - 1..

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.

I0/264,546 I0/04/2002 Apurva N. Mody . 062020-I I20 5338

TITLE OF INVENTION: PREAMBLE STRUCTURES FOR SINGLE-INPUT, SINGLE-OUTPUT (SISO) AND MULTI-INPUT, MULTI-OUTPUT
(MIMO) COMMUNICATION SYSTEMS

APPLN. TYPE SMALL ENTITY I ISSUE FEE DUE PUBLICATION FEE DUE PREV. PAID ISSUE FEE TOTAL FEE(S) DUE ‘ DATE DUE

. YES $0$700 $300 $1000 09/ l 9/2007

B8/B9/EH07 CNEGR2 30093035198130 18264546
EXAMINER ' ART UNIT CLASS-SUBCLASS ‘ ,_

01 F(2:d561 708.00 Illl
PEZZLO, JOHN 'v . 2616 370—2I0000 B2 I-'I,‘,:1§B4 IIII

2. For printing on the patent from p ge, is 2 3-Y en 9

(I) the names of up to 3 registered patent attorneys I LP
or agents OR, alternatively, _ _
(2) the name ofa single firm (having as a member a 2 Danlel J ' L0“
registered attomey or agent) and the names of up to
2 registered patent attorneys or agents. If no name is 3
listed, no name WIII be printed.

  
  

iionprovisional

  
 

 

 
 

  

    
  

1. Chan e of correspondence address or indication of "Fee Address" (37
CFR I. 63).

CI Chan e of corres ondenee address (or Change of Correspondence
Address orm PTOI B/I22) attached.

D "Fee Address" indication (or "Fee Address" Indication form
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer
Number is required. ,
  
3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assilgnee is identified below, no assignee data will appear onvthe patent. If an assignee is identified below, the document has been filed forrecordation as set forth in 37 CF 3.1 1. Completion ofthis fomi is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

BAE Systems Information And Nashua, NH
Electronic Systems Integration Inc. ‘

Please check the appropriate assignee category or categories (will not be printed on the patent) 2 D Individual XCorporation or other private group entity D Government 

4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please Iirst reapply any previously paid issue fee shown above)
E Issue Fee D A check is enclosed.

8 Publication Fee (No small entity discount permitted) 0 Payment by credit card. Form PTO-2038 is attached.
3 Advance Order — # of Copies 4 XThe Director is hereby authorized to charge the re uired fee s), any deficiency, or credit anM overpayment, to Deposit Account Number 1 90‘I 30 Ienclose an extra copy of this lglrm). 

5. Change in Entity Status (from status indicated above)

[I a. Applicant claims SMALL ENTITY status. See 37 CFR 1.27. CI b. Applicant is no longer claiming SMALL ENTITY status. See 37 CFR l.27(g)(2). 

NOTE: The Issue Fee and Publication Fee (if required) will not be accepted from anyone other than the applicant; a registered attorney or agent; or the assignee or other party ininterest as shown b the records of the United States Patent and Trademark Offiee.

Date 7 I 3 I K O 7

Typed or printed name Daniel J . Long Registration No. 29 9 404 

This collection ofinformation is required by 37 CFR 1.3] I. The information is re uired to obtain or retain a benefit bg the public which is to file (and by the USPTO to processan application. Confidentiality is governed by 35 U.S.C. I22 and 37 CFR l.l4. T is collection is estimated to take I minutes to complete, including gathering, preparing, an
submitting the completed application form to the USPTO. Time will va dc endin upon_ the individual case. Any comments on the amount of time you require to com lete

this form and/or Sl:FgCS1lOl’IS_ for reducing this burden, should be sent to t e C ief In orrnation Officer, U.S. Patent and Trademark Offiee, U.S. Department of Commerce, .0.
/liclix I430, Axllexan _riai,2I7’/ii‘3gilri‘;a§(223l3-I450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box I450.exan na, irginia - . - -

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

, ER|C-1008 I Page 43 of 160
PTOL-85 (Rev. 07/06) Approved for use through 06/30/2007. OMB 0651-0033 u.s. Patent and Trademark Office; u.s. DEPARTMENT or COMMERCE

 

Authorized Signature  
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RUG-B6 B? 12:69 FRUWBQELEGFIL . 683-885-E167 TC]:85?1E‘7383BB PFlGE:@1

RECEIVED .
CENTRAL FAX CENTER

AUG 0 6 2007
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of: Mody, et 211. Serial .No.: 10/264,546

Filed: 04-Oct-2002 Docket No: 20070007

For: Preamble Structures For Single-Input, Single-Output (SISO) and Multi-Input,

Multi-Output ('M‘lM'.O) Communication Systems

CL“-,R’1"[Fl('.'A’l"E OF FACSIMILE 37 CFR l.6(d): I certify that this correspondence is being faxed to 571-273-8300 on the
below date addressed to: Coinm.i.s.-sicmer for Patents, PO Box 1450. Alexandria. _VA 22313-1450.

Date: - -fl
Maureen Mil 5

Dear Examiner:

LETTER OF TRANSNEITTAL

Transmitted herewith is the following:

>14 1 page roan ‘PTO/SB/96 Statement Under 37 CFR 3.730;),

E 1 page fonn PTO/SB/82 Revocation Of Power Of Attorney And Change of Correspondence
- Address

PAYMENT: Authcmzation is hereby given to charge filing fee to Deposit Account 190130. All
necessary fees relating to the attached submittal, if any, are intended to be included. However, the

Office is hereby authorized to charge any deficiency or credit any overpayment in the Fees to deposit
account 190130.

Please cnmrnunicate, through our customer number 22500, with the undersigned attorney if there are

any questions. ' '

Respectfully submitted,

A ‘ _~e
BAE Systems aniel J". Long, Re No.
PO "Box 868

Nashua. NH. ()3()6l.—086B V

Tel. No. (603) 885-2643; Fax. No. (603) 885-2167

PAGE 1l3* RCVD AT 8l6l20lJ? 10:09:35 AM [Eastern Daylight Time] * SVRIUSPTO-EFXRF-6l15 * DlllS:2?38300 * CSIDIGO3 885 216? * DURATION (mm-ss):01-52
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RUG-86 or 12:09 FRUM:BPtELEGFiL 4 61213-885-ate? To:35?1e?393ao PnGE:@a
PTOISBI96 toe-on

Approved for use through 09/30/2007. OMB 0851 0031
US, Patent and Trademark Office‘, US. DEPARTMENT OF COMMERCE

eaucuon of 1395 no - mm-'5 are [gum-_ag 1;; rfigpond tn 3 coilection of information unless ll diaolavsl 8 Valid OMB control number.

STATEMENT UNDER 37 CFR 3.73

Appncant/pmentowner; Mody, Apurva N. and Stuber, Gordon l... EN ER
. . .1 254,545 - ; 10/04/2002 AUGU 00A°°"°a"°15'rNe°ai:i§'ieen‘ §3iu eF3fg§§??D§?n 

Entitled: Multi-Input. Mulci—0utput: (MIMO) Communication Systems

 

  
 

  
  
  
  
  

Uncter the Pa en~orl<. R
    

 

BAE Systems Information and Elec'l:ron'ic
"}_y5tem-_-s Integration Inc. 3 C-°1‘P0175t1°“ 

(Name or Assgonag) ' (Type of Assignee, e.g., corpctratiort. l:I9l‘l|'|9f$7‘iF*. U"'iV|3|'5'W. 9°V'-‘l""""‘9“‘ 35°“?! 915-3

 states that it is:

1. the assignee of the entire right. title. and interest; or

2. |:] an assignee of less than the entire right. title and "T197951
(The extent (by percentage) of its ownership interest is "/0)

 

in the patent application/patent identified above by virtue of either:

A.[:] An assignment from the inventor(s) of the patent application/patent identified above. The assignment W?_-‘S let‘-°|'d9d
in the United States Patent and Trademark Office at Reel . . Frame . or forwhlch a copy
thereof is attached.  

  
  
  

  

OR ,

Big] A chain of title. from the inventor(s), of the patent applicationlpatent identified above. to the current asstgnee as follows:
Mody, Apurva N.

tlpmm; Ember Gamma 1 To; Geo: ia Tech Research Cor oration
The document was recorded in the United States Patent and Trademark Office at    

  
  

 

  
 

Reei Q1 3590 _ Frame 0021 , or for which a copy thereof is attached.
Georgia Tech BAE. Systems Information and Electronic

2. From: Research Corjgogggiog To:
The document was recorded in the United States Patent and Trademar Office at
Reel 019 183 , Frame 0640 . or for which a copy thereof is attached.

 
  

3. From: To:
The document was recorded in the United States Patent and Trademark Office at
Reel . Frame * _ or for which a copy thereof is attached.

T-T

    

  
  
  

{:1 Additional documents in the chain 01 title are listed on a supplemental sheet.

As required by 37 CFR 3.73(b)(1)(i), the documentary evidence of the chain of title from the original owner to the assignee
was, or concurrently is being. submitted for recordation pursuant to 37 CFR 3.11.

[NOTE: A separate copy (i.e.. a true copy of the original assignment document(s)) must be submitted to Assignment
Division in accordance with 37 CF 3, to record the assignment in the records of the USPTO. S_ee MPEP
302.08] 
 

    
 

  
The undersig ' edto act on behalf of the aseignee.

  
 

 

3 3

Signature ‘ Date
Kevin M. Perkins 6o3_335__-3270

Printed or Typed Name Telephone Number

   
   

Vice President
Title

This collection or information is required by 37 CFR 3.73(o). The Intolrnetion is required to obtain or retain a benefit by the Oublic which is to tile (and by the
USPTO to DTO(E_35'; an appticatlon. gonfidentlalny is governed ray as U.s.c. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 1:: minutes to
complete, Including gathering, preparing, am: submitting the onmpteiecl application fnmt la the USPTO. Time will vary depending Upon the Individual case. Any
cxmirnents or-. the amount at time you require to complete lhis form andlor suggestions for reducing thin burden. should oe sent to that Chief information Ofltaer.
u.s. Patent ‘and Trademark Office. U.$. Department ol‘ Commerce. F'.0. licx 1450. Alexandria. VA 22313-1-150. DO NOT SEND FEES OR COMPLETED
FORMS TO Tl-Us ADDRESS. SEND TO: commissioner for Patents. Po Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the (anti, call 1-80D—PTO-9199 and Select Option 2.

PAGE 213 ‘ RCVD AT W200? 10:09:35 AM [Eastern Daylight Time] * SVR:USPTO-EFXRF-6115 " DNlS:273830ll “ CSlD'603 885 2167 * DURATION (mm-ss)'01-52
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V-W‘-‘" "v 4-», , .

QUGTIZS B7 131 39 FROM: BQELEGRL ‘ , 6B3‘335'E'167 TD: 85718733399 PQGE: B3
F‘TC1I5E3I83 (U1-05)

Appwuea for use through '|2r'31r'.';‘DC|B. OMB 0135"-0035
U 3 F”|e'I1lflnd T,,,d,;_,m,t; orr,.;e_ u_5, :)Ei=iAR1‘MENT OF COMI»/iEP.CE

' ' ' o{|nWmElIo,, “"1535 .1 U|::pIu\1[_ 3 URHFJ OM51 i:c»ni.'o| ruumae:.
 

I M 1.3.95 rm l,,.__._r,(-M5 are n,-qu.rac_I to r¢_:!,:noi1E! tI:- it IT.Ci||fiCl|IZ‘|"

"""'*' "'° °”““‘“”'"" F‘°°"°""" A‘ V r Appticatiun Number 10/264,556
re,5vocATiON OF POWER OF , Fiiing Date 10/04/2092

ATTORNEY WITH First Named Inventor !Mod A

NEW POWER OF ATTORNEY _ Art um: - 2616
AND Examiner Name Pezzlo , John

CHANGE OF CORRESPONDENCE ADDRESS Attorney Docket Number 20070007

  

 
 
 

 

 
 

 

 
 

 
 

 
 

 

 

 

 

\/

rs of attornev criven in the above—icientified aooiicaticnm 
guts " ‘L"

CENTRAL FA
 

 

 

  
 

thereby revoke all previous DOWE.‘

 
 D A Pctwer of Attorney is submitted herewiti'i.

OR _

I her-eby appoint the practitioners associated with the Customer Number: 
 Please change the correspondence address for the a'bOve—identified atapiicaliofi A01

The address associated with A 22500 '
Customer Number:

E’ Firm orinr.iividLia| Name

_

"9‘e”“““‘ —
i am the:

 

 
 
  
 
 

 
  

   
D Applicant/inventor.

 
D Aesignee of record Of the entire intere . e 37 CFR 3.71.

Statement under 37 CF 730;) is ncloed. (Form PTO/SB/96)

Name Kr: 1. Perkins, Vice President:

  
 

 
 

 
 

 

 
ant or Assignee of Record

      
  

TIBIBDHOHE 603__88s_3270
NUT I1. !'ivgn:1IHri=s ni rill IIH: inw: mu .r Hz‘-:'-igilicos cit rr,-curci oi int: entire interest or tnair repraseniativets) are reatiircci. Submit multiple forms it more man mm
signature is reciuirea. see below‘.  
  

 
 
 

luirn$ are !;;ubmiIlr,-(I.

‘Inn: milrzttilnn n1 Intnrrnrmnn in reqtinrnn ny .17 [EFF-‘u’ 1.3:: ‘I :13 inmi'rnatrc.n IE required to Obtain Or retain a taenatil By the punlir: wiiuzli is lL\ Ian: it-.tIIiJ Lly llu; USPTO
to process) an application. L3(.\i'iTICIiErIlI£i|Ily I‘; governed by 35 UISACI 172 and 37 CFR 1,11 .'_ind 1.14, Thi;; collection is csiimared up take 3 minutes to compi::tr.-_
mr.iminiu g:aliIr:rinri. nrcpnririg. nun .'sunrni1nng1 the completed appiicaiicuri term tome USF-T0. Time will vary depending upon me inuwiauei case. Any commamg
on the amount 01 time yDLi I‘I‘:quIi‘E to complete WIIB tnrm errdiar iuggaziiianu fur ri,-ciucing this r,u,irdr:rI, 5hr,-iuid ht; :_;r,:riI to the Cl-rial Information Dfi'|r:ar_ U_S_ Ffltcnl,
and Trzlciomarit Ciffica. LI..'3. Department oi" flornmerce. F.O. Box ‘M50, Aiexanaria, VA 32313-1450. DD NOT SEND FEES OR t‘.OMF‘i_ETEi" FORMS TO THIS
ADt.ii-:'r:SL-i. SEND TO: Commissioner for Patents, PO. Box 1450, Alexandria, VA 22313-1450.

 

1/ ran ni:‘iCrl cissislancc in cornpieimg the harm. call i-£r‘OO-PTO-D199 Eild.’:8lE>GI opiron 3'.

PAGE 3!?! * RCVD AT 8!fii20il7 10:09:35 AM [Eastern Daylight Time] ‘ SVR:USPTO-EFXRF-6115 * DN|S:2738300 " CS|D:6i)3 885 216? * DURATION (mm-ss):01-52
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCEUnited Slates Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450 _
Alexandria, Virginia 22313-1450
www.usplo.gov

 
NOTICE OF ALLOWANCE AND FEE(S) DUE

24504 ‘ mo om/zoov
THOMAS, KAYDEN, HORSTEMEYER & RISLEY, LLP ' "Elm ’°““

100 GALLERIA PARKWAY, NWSTE 1750 2616

ATLANTA’ GA 303395948 DATE MAILED: 06/I9/2007

' APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.

‘I0/264,546 I0/04/2002 Apurva N. Mody ' 062020-l 120 5338

TITLE OF INVENTIONEPREAMBLE STRUCTURES FOR SINGLE-INPUT, SINGLE-OUTPUT (SISO) AND MULTI-INPUT, MULTI-OUTPUT
(MIMO) COMMUNICATION SYSTEMS

APPLN. TYPE SMALL ENTITY ISSUE FEE DUE PUBLICATION FEE DUE PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE

YES $700 ‘ $300 $0nonprovisional $ l 000 09/19/2007

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
PROSECUTION Q_N THE MERITS E CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS.
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MQNTHS FROM THE
MAILING DATE OF THIS NOTICE OR THIS ‘APPLICATION SHALL BE REGARDED AS ABANDONED. [HIS
SIAIILEQRX PERIOD QANNQI BE . SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES
NOT REFLECT A CREDIT FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS
PREVIOUSLY BEEN PAID IN THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM
WILL BE CONSIDERED A REQUEST TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW
DUE.

HOW TOREPLY TO THIS NOTICE:

I. Review the SMALL ENTITY status shown above.

If the SMALL ENTITY is shown as YES, verify your current If the SMALL ENTITY is shown as NO:
V SMALL ENTITY status:

A. If the status is the same, pay the TOTAL FEE(S) DUE shown A. Pay TOTAL FEE(S) DUE shown above, or
above. -

B. If the status above is to be removed, check box Sb on Part B - B. If applicant claimed SMALL ENTITY status before, or is now
Fee(s) Transmittal and pay the PUBLICATION FEE (if required) claiming SMALL ENTITY status, check box 5a on Part B - Fee(s)
and twice the amount of the ISSUE FEE shown above, or Transmittal and pay the PUBLICATION FEE (if required) and 1/2

- the ISSUE FEE shown above.

II. PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b"
of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. If an equivalent of Part B is filed, a
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing
the paper as an equivalent of Part B. '

III. All communications regarding this application must give the application number. Please direct all communications prior to issuance to
Mail Stop ISSUE FEE unless advised to the contrary. ’

IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of
maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due. ~

Page 1 of 3

PTOL-85 (Rev. 07/06) Approved for use through 06/30/2007. ' ERIC-1008 I Page 47 of 160



ERIC-1008 / Page 48 of 160

PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: E! Mail Stop ISSUE FEE
Commissioner for Patents

P.O. Box 1450
Alexandria, Virginia 22313-1450

or@ (571)-273-2885

INSTRUCTIONS: This fonn should be_ used for transmitting the ISSUE FEE and ‘PUBLICATION FEE (if required)’. Blocks I through 5 should be completed whereap ropriatc. All further correspondence including the Patent, advance orders and notification of maintenance fees will e mailed to the current corres ondencc address as
in _icated unltfyss corrtected below or directed otherwise in Block I, by (a) specifying a new correspondence address; and/or (b) indicating a separate EE ADDRESS formaintenance ee noti ieations.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block I for any change ofnddrcss) NOICI A Cmlllcalc OI mall"! 03" Onl)’ 50 U503 I07 a0m°S1|° mailings 01 ‘lie
Fee(s) Transmitta_|._ This eerti icate cannot be _used for any other accompanying

papers. Each additional paper, ‘such as an assignment or fonnal drawing, mustave its own certificate of mailing or transmission.24504 7590 06/ I 9/2007

' Certificate of Mailing or Transmission

THOMAS, KAYDEN, HORSTEMEYER & RISLEY, LLP IS hereb cerpf that this ll-‘cogs? Transmittal is‘ befi_ng d<iposited_|vvith the Unlitedtatcs osta ervice w t s icicnt osta c or irst c ass mai in an enve 0 e

100 GALLERIA PARKWAY’ NW addressed to the MaillStou ISSUEpFEEgaddress above, or bein facsimile
STE 1750 transmitted to the USPTO ( 71) 273-2885, on the date indicated be ow. '

 
 

ATLANTA, GA 30339-5948 I  

 

 

(Depasitofs name)

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.

IO/264,546 I0/04/2002 Apurva N. Mody 062020-I I20 5338

TITLE OF INVENTION: PREAMBLE STRUCTURES FOR SINGLE-INPUT, SINGLE-OUTPUT (SISO) AND MULTI-INPUT, MULTI-OUTPUT
(MIMO) COMMUNICATION SYSTEMS I »

APPLN; TYPE ' SMALL ENTITY ISSUE FEE DUE PUBLICATION FEE DUE PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE

YES
nonprovisional $700 . $300 $0 S I000 09/ I 9/2007

PEZZLO, JOHN 2616 37o—2ioooo

   
 

 

 

I. Change of correspondence address or indication of "Fee Address" (37CFR I. 63).

El Chan e of corres ondencc address (or Change of Correspondence
Address orm PTO/ Bl I22) attached.

D "Fee Address" indication (or "Fee Address" Indication fomi
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer-
Number is required. .

2. For printing on the patent front page, list

(I) the names of up to 3 registered patent attorneys I
or agents OR, alternatively,

(2) the name ofa single firm (having as a member a 2
registered attorney or agent) and the names of up to
2 registered patent attorneys or agents. If no name is 3
listed, no name will be printed.
 
3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assiignee is identified below, no assignce data will appear on the patent. If an assignce is identified below, the document has been filed forrecordation as set forth in 37 CF 3.1 1. Completion of this fonn is NOT a substitute for filing an assignment. '

(A) NAME OF ASSIGNEE I (B) RESIDENCE: (CITY and STATE OR COUNTRY)

Please check the appropriate assignce category or categories (will not be printed on the patent) : D Individual D Corporation or other private group entity D Government 

4a. The following fec(s) are submitted: I 4b. Payment of Fcc(s): (Please first reapply any previously paid issue fee shown above)
D Issue Fee El A check is enclosed. -
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Alexandria, Virginia 223l3g-I450.
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

ERIC-1008 I Page 48 of 160

PTOL-85 (Rev. 07/06) Approved for use through 06/30/2007. ' OMB 0651-0033 "US. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

 



ERIC-1008 / Page 49 of 160

UNITED STATES PATENT AND TRADEMARK OFFICE
UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

I’.O. Box I450
Alexandria, Virginia 22313-I450
www.usplo.gov

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. .

I0/264,546 IO/04/2002 Apurva N. Mody . 062020-I I20 5338

 

24504 7590 06/ I 9/2007 EXAMINER

THOMAS, KAYDEN, HORSTEMEYER & RISLEY, LLP ' "Elm 10"“
100 GALLERIA PARKWAVNW
STE 1750 2616

-ATLANTA’ GA 30339'5948 DATE MAILED: 06/I9/2007

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment to date is 970 day(s). If the issue fee is paid on the date that is three months after the

mailing date of this notice and the patent issues on the Tuesday before the date that is 28 weeks (six and a half
months) after the mailing date of this notice, the Patent Term Adjustment will be 970 day(s).

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that
determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information Retrieval
(PAIR) ,WEB site (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of

Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be

directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or

(571)-272-4200.

Page 3 of 3 .

PTOL-85 (Rev. 07/06) Approved for use through 06/30/2007. . I Page of



ERIC-1008 / Page 50 of 160

Application No. Applicant(s)

_ _ _ 10/264,546 MODY ET AL.
Notice of Allowability Examine, An unit
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-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable. PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1. E This communication is responsive to amendment filed 4/19/07.

2. E The allowed c|aim(s) is/are 2, 4, 6-23, 25-29 renumbered 1-25 respectively.

3. E] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)—(d) or (f).
a) [I All b) [:1 Some‘ c) [I None of the:

1. C] Certified copies of the priority documents have been received.

2. El Certified copies of the priority documents have been received in Application No.

3. Cl Copies of the certified copies of the priority documents have been received in this national stage application from the

International Bureau (PCT Rule 17.2(a)).

* Certified copies not received:

Applicant has THREE MONTHS FROM THE “MAILING DATE" of this communication to file a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

4. I] A SUBSTITUTE OATH OR DECLARATION must be submitted. Note the attached EXAMINER’S AMENDMENT or NOTICE OF
INFORMAL PATENT APPLICATION (PTO-152) which gives reason(s) why the oath or declaration is deficient.

5. El CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.

(a) C] including changes required by the Notice of Draftsperson's Patent Drawing Review ( PTO-948) attached

1) [3 hereto or 2) E] to Paper No./Mail Date

(b) [:1 including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./Mail Date

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6. D DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)

1. IX} Notice of References Cited (PTO-892) 5. U Notice of Informal Patent Application

2. El Notice of Draftperson's Patent Drawing Review (PTO-948) 6. L] Interview Summary (PTO-413),
Paper No./Mail Date .

3. E] Information Disclosure Statements (PTO/SB/08), 7. I] Examiner's Amendment/Comment
Paper No./Mail Date

4. El Examiner's Comment Regarding Requirement for Deposit 8. [:1 Examiner's Statement of Reasons for Allowance
of Biological Material

9. El Other .

OHN PEZZl.O

PRIMARY EXAMINER
U.S. Patent and Trademark Office

PTOL-37 (Rev. 08-06) Notice of Allowability Part of Paper No./Mail Date 20070502
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RECEIVED
CENTRAL FAX .

[N THE UNITED STATES PATENT AND TRADEMARK OFFICE APR 1 9 2007

l.n re application of: Examiner: John Pezzlo 5

Apurva N. Mody

A11 Unit: 2616

Sen':i| No: 10/264,546 Docket No. 20070007

Filed‘. 10/04/2002

For: PREAMBLE STRUCTURES FOR SIENGLE April 19. 2007

INPUT, SINGLE OUTPUT (SISO) AND MULTI-

INPUT, MULTI-OUTPUT (MEMO)

COM MU NICATIONS SYSTEMS

To: Commissioner for Patents

Box 1450

Alexandria, VA 22313-1450

AMENDMENT

ln response to the office action of 10/24/2006, please amend the above captioned

application as Follows.

In the claims

Please amend the claims in the way shown on the attached sheets.
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RECEIVED 4
CENTRAL FAX CENTER '

sense APR 19 2007

The application has been amended to more clearly define the invention.

Reconsideration is respectively requested.

Applicants thank theuexaminer for his indication that claims 3, 5 — 22, and 24 — 29

contain allowable subject matter. The claims have been amended accordingly to put

them in condition for allowance.

It is believed. that the application is now in condition for allowance. If the

examiner believes that any matters are still at issue, he is requested to contact applicant’s

undersigned attorney.

Respectfully submitted,

@-
Attorney for Applicant

Registration No. 29.404

BAE SYSTEMS Information and Electronic Systems Integration Inc.
P.O. Box 868

Nashua. NH 03061-0868
Tel; 603- 885-2643

I hereby certify that this correspondence is being transmitted by facsimile (571) 273-8300

to Commissioner of Patents, Box 1450, Alexandria, VA 223 l3- l450 on April 19, 2007.

my. dxibcuo cram
Gloria Abbasciano

. H , ( q . o 7
Date of Signature
Gloria Abbasciano
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CLAIMS

APR 1 9 2007
I. (cancelled) .

2. (currently amended) A H=&nsia(~9r—trans‘mitter of a communication system, the transmitter

comprising: 3

an encoder having a pilot/training symbol inserter. the pilotftraining symbol insertcr

configured to insert pilot symbols into data blocks and to combine training symbols with the data

blocks;

at least one modulator, each modulator having an inverse discrete Fourier transform

(TDFT) stage ‘and it cyclic prefix inserter, each modulator outputting a frame structure comprising

a preamble structure and a data structure, the preamble structure comprising at least one training

symbol and an enhanced training symvboi; and

at least one transmit antenna. each transmit antenna corresponding to a respective one or

the at least one modulator. each transmit antennzrtransmitting the frame structure output from the _

corresponding modulator wherein the enhanced trainin v s mbo is a sin le mbol.

3. (cancelled)

4. (currently amended) The transmitter of claim 2. wherein the data structure comprises a

plurality of data symbols, each data symbol having a data block and a cyclic prefix, the cyclic

 
prefix being inserted by the cyclic prefix insener and each of the at least one training symbol

block the c clic re'l"ix bein -inserted b the c clic retix and a tminin   

 

c clic   comprises it

r the trninin .v block bein inserted b the ilot/trainin s mbol inserter.  prefi x inserte
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5. (cancelled)

6. (currently amended) The transmitter of claimég wherein the enhanced training symbol

comprises a cyclic prefix and a training block, the cyclic prefix being inserted by the cyclic

prefix inserter, the training block inserted by the pilot/training symbol inserter.

7. (previously presented) The transmitter of claim 6, wherein each data block has a number

of samples N, each training block of the at lease one training symbol has a number of samples

N., and the training block of the enhanced symbol has a number of samples N., whereby N. =

.N/1. where l is an integer.

8. (previously presented) The transmitter of claim 6, wherein the training block of the

enhanced training symbol is divided into 21 number of sections having a number of samples N,

such the N,=N/J, where J is an integer.

9. (previously presented) The transmitter of claim 8, wherein J equals 4.

IO. (previously presented) The transmitter of claim 6. wherein the cyclic prefixes have a

number of samples such that G = N/1, where I is an integer.

11. (previously presented) The transmitter of claim 2, wherein the enhanced training symbol

comprises is cyclic prefix and a training block, the cyclic prefix having a number of samples G,
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the training block having a number of samples Ni, whereby N. = N/I, where N is equal to the

number of samples of data blocks of the data structure and I is an integer, and whereby G = N./4.

12. (previously presented) The transmitter of claim 11, wherein the training block is divided

into four sections. each section having a number of samples N./4.

l3. (previously presented) The transmitter of claim 12. wherein the cyclic prefix and each of

the four sections comprises the same sequence.

14. (previously presented) The transmitter of claim 13, wherein the cyclic prefix and the first

section provide time synchronization and coarse frequency offset estimation. the second and

third sections provide channel estimation and noise variance estimation. and the cyclic preix and

first, second. and third sections further provide fine frequency offset estimation.

15. (previously presented) The transmitter of claim 14, wherein the communication system

is a single-input, single-output (S150) communication system.  

16. (previously presented) The transmitter of claim 11, wherein the cyclic prefix is divided

into first and second sections having a number of samples N./8, the training block is divided into

third, fourth, fifth, sixth. seventh. and eighth sections, the third. fourth. seventh, and eighth

sections having a number of samples N;/8, the fifth and sixth sections having a number of

samples N ./4.
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I7. (previously presented) The transmitter of claim 16, wherein the first. second. third,

fourth. seventh, and eight sections comprise a first sequence, and the fifth and sixth sections

comprise a second sequence.

18. (previously presented) The transmitter of claim l7, wherein the first. second. third, and

fourth sections provide time synchronization and coarse frequency offset estimation, the fifth and

sixth sections provide channel estimation and noise variance estimation, and the first through

sixth sections further provide fine Frequency offset estimation.

.19. (previously presented) The transmitter of claim 18, wherein the communication system

is a single-input. single-output (SISO) communication system.

20. (previously presented) The transmitter of claim ll, wherein the number of modulators

and transmit antennas is two. afirst training block corresponding to a first transmit antenna being

divided into four sections. each section having a number of samples Ni/4, and a second training

V block corresponding to a second transmit antenna being divided into four sections, each section

having a number of samples N./4.

21. (previously presented) The transmitter of claim 20. wherein the cyclic prefixes of each

transmit antenna and the first and fourth sections of the first and second training blocks comprise

a first. sequence. the second and third sections of the first training block comprising a second

sequence that is the negative of the complex conjugate of the first sequence, and the second and
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third section.-2 of the second training block comprising a third sequence that is the complex

conjugate of the first sequence.

22. (previously presented) The transmitter of claim 2|, vvherein the cyclic prefixes and first

sections of the first and second training blocks providing time synchronization and coarse

frequency offset estimation, the first, second, and third sections of the first and second training

blocks providing channel estimation and noise variance estimation, and the cyclic prefixes and

first, second, and third sections of the first and second training blocks further providing fine

frequency offset estimation.

23. (currently amended) A method of forming a frame structure that is transmitted in :1

communication system, the method comprising the steps of:

providing data blocks;

providing training blocks;

combining the data blocks and training blocks in a parallel format to provide a parallel

combination:

taking an inverse discrete Fourier transfonri ('[DFT) of the parallel combination to form

IDFT blocks;

inserting the cyclic prefixes between the IDFT blocks to form parallel symbols;

converting the parallel symbols to serial format to form a preamble structure and a data

structure, the preamble structure comprising at least one training symbol and an enhanced

training symbol; the data structure comprising a plurality of data symbols; [.]
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forming data symbols such that each data symbol comprises 3 cyclic prefix and a data

block, the cyclic arefix havin a number of sam les.G the data block htwin a number of 

samples N; and

formin ti areamble structure havin an enhanced tr-aininv s mhoi the enhanced tainina  

a number ofsymbol comprisin -.1 c clic refix and -.1 trainin block the c clic refix havin  

samples G, the training block having at number of samples N‘ such that N! = E/I where ‘[ is an

integer and G = mg

24. (cancel led)

25. (previously presented) The method of claim 23, wherein the step of taking an IDFI‘

comprises receiving an input to an IDFT stage such that the enhanced training symbol is formed

having five sections, each section having the same sequence.

26. (previously presented) The method of claim 23. wherein the step of ‘taking an IDFT

comprises receiving an input to an IDIFT stage such that the enhanced training symbol is fomied

having eight sections. each of the first, second, third. fourth, seventh, and eight sections

comprising a first sequence, each of the fifth and sixth sections having a second sequence.

27. (previously presented) The method of claim 23, wherein the step of combining further

comprises dividing the data blocks and training blocks onto two transmit diversity brances

(TDBS), and forming a frame structure further comprises forming two frame structures, each

frame structure being formed on a respective TB.
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28. (previously presented) The method of claim 27. wherein a first enhanced training symbol

on a first TDB is formed having five sections, and 21 second enhanced training symbol on a

second TDB is formed having five sections.

29. (previously presented) The method of claim 28, wherein the First, second, and fifth

sections of each of the first and second enhanced training symbols are formed such that each

comprises a first sequence, the third and fourth sections of the first enhanced training symbol are

formed such that each comprises a second sequence that is the negative of a complex conjugate

of the firs: sequence, and the third and fourth sections of the second enhanced training symbol

are formed such that each comprises a third sequence that is the complex conjugate of the first

SCQUCHCC.

30. — 4|. ' (cancelled)
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Under the paperwork Reduction Act of 1995, no persons are required to respond to a collection of irifarmetion Lrileee if cliepleya a valid OMB control number.

PETITION FéR EXTENSION OF T|ME UNDER 37 CFR 1.136(3)
FY 2006

Docket Number (Optional)

200 70007

For P“i"amb1e stru tut for single in ut, single output (SISO), and multi-input,' 1 N W CI‘ DI I ' I I I. - 1'4 .

An Unit 2616 Examiner John Pezzlu

This is a request under the provisions of 37 CFR 1.136(3) to extend the period for filing a reply in the above identified
application.

The requested extension and fee are as follows (check time period desired and enter the appropriate fee below):

i-‘J §m 

One month (37 CFR l.17(a)(1)) $120 $60 5;

$225 $

$ 1020.00

Two months (37 CFR 1.17(a)(2)) $450

$1020

$1590

$2160

Three months (37 CFR 1.17(a)(3)) 5510‘

Four months (37 CFR 1.17(a)(4)) 5795 S

Five months (37 CFR 1.l7(a)(5)) $1080 S

Applicant claims small entity status. See 37 CFR 1.27.

A check in the amount of the fee is enclosed.

Payment by credit card. Form PTO-2038 is attached.

The Director has already been authorized to charge fees in this application to a Deposit Account.

The Director is hereby authorized to charge any fees which may be required, or credit any overpayment. to
Deposit Account Number 190130 l have enclosed a duplicate copy of this sheet.
WARNING: Iniormation on this form may become public. Credit card information should not be included on this form.
Provide credit card information and authorization on PTO-2038.

I am the [:1 applicantlinventor.

assignee of record of the entire interest. See 37 CFR 3.71,
Statement under 37 CFR 3.73(b) is enclosed (Form PTOISB/96).

attomey or agent of record. Registration Number

Oi’ agent UnderRegistration number if acting under 37 CFR 1.34 ’

r ‘ i Z (2( 2.¢ 0 2
Signature . Date

Daniel J. Long 603-B85-2643

Typed or printed name Telephone Number

NOTE: Signatures of all the inventors or aeeigneea oi record or the entire interest or their repree.en1ai|ve(s.) are required, sum-nil muiiipie forms if more than one
eignet-.iro is i‘t:I.|uirt‘:I3, see i:-elm:

D Total 01 forum are subiniued.
This collection ofiriromnaiicn is required by .37 CFR 1.136(u). The lnrorrnalicn is required to obtain or retain a benefit by me puniio which is re me (and by me
LISPTCI to process) an application. Contlirntiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14 This collncljon i: eslirnaloa in [aka 6 minutes to
nm‘npinare_ mniudmg -_:_pelnering, preparing, and nubmining me compieied application term to lhe USPTO. Time will vary depending upon the individual case Any
comrncnte on the amount of time you i‘t5(||.lii‘C In complete this form and/or suggestions ior reducing this burden. should be sent to the China! intorrnetion Officer,
|J.8. Patent and Trademark Oifrce. U.S. Department of Commerce. PO. Box ‘M50. Aiexanona, VA 223134450. DO NOT SEND FEES OR COMPLETED
FORMS TO THIS ADDRESS. SEND TO: commissioner for Patents. P.O. Ban 1460, Alexandria, VA 223$-1460.

if you need assistance In completing the lbmt, coil 1-W0-PTO-9199 and sofoct option 2.
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"’ " Effective October 1, 2001
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.. . cl-NM .. .. .

REMAINING LAFTER ‘
 

PREVIOUSLY , - ’ TIONAL
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______& AMENDMENT ;____________ PAID FOR

AMENDMENT3  
  

LAIMS ' " ' HIGHEST

    

 

 
   

0 . REMAINING NUMBER paessm , ADD‘-
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UNITED STATES PATENT AND TRADEMARK OFFICE
UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450
Alexandria, Virginia 223 I 3-I450
www.uspto.gov

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.

 
10/264,546 I0/04/2002 Apurva N. Mody 062020-l 120 5338

' W "0/m°°6
THOMAS, KAYDEN, HORSTEMEYER & RISLEY, LLP PEZZLO, JOHN -
100 GALLERIA PARKWAY, NW

STE 1750 _
ATLANTA, GA 30339-5948 2616

DATE MAILED: 10/24/2006

Please find below and/or attached an Office communication concerning this application or proceeding.
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sf
Application No. AppIicant(s)

10/264,546_ MODY ET AL.

Office Action Summary Examine, An Unit

John Pezzlo 2616

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address -- '
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) OR THIRTY (30) DAYS,
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION.
- Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed

after SIX (6) MONTHS from the mailing date of this communication.
- If NO period for reply is specified above. the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any
earned patent term adjustment. See 37 CFR 1.704(b).

Status

1)IZ Responsive to communication(s) filed on 17 December 2002.

2a)l:] This action is FINAL. 2b)Xl This action is non-final.

3)I:] Since this application is in condition for allowance except for formal matters, prosecution as to the merits is

closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims

4)EI C|aim(s) _2_-fl is/are pending in the application.

4a) Of the above cIaim(s)j islare withdrawn from consideration.

' 5)E] C|aim(s)T is/are allowed.

6)IZ C|aim(s) 2 4 23 and 30-41 is/are rejected.

DE CIaim(s) 3 5-22 and 24-29 is/are objected to.

8)I:I C|aim(s) - are subject to restriction and/or election requirement.

Application Papers

9)I] The specification is objected to by the Examiner.

10)E The drawing(s) filed on 04 October 2002 is/are: a)X accepted or b)[j objected to by the Examiner.

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121 (d).

11)[j The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.S.C. § 119

12)[:] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).

a)I:I All . b)I:] Some * c)l:] None of:

ID Certified copies of the priority documents have been received.

2.[] Certified copies of the priority documents have been received in Application No. . -

3.I:] Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).

* See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)

1) IX Notice of References Cited (PTO-892) 4) E] Interview Summary (PTO-413)
2) D Notice of Draftsperson's Patent Drawing Review (PTO-948) Paper N0(5)/M3" D3te- __ -
3) IX lnforrnation Disclosure Statement(s) (PTO/SB/08) 5) E] Notice of informal Patent Application

Paper No(s)/Mail Date 2/10/03. 6) D Other: .
U.S. Patent and Trademark Office .

PTOL-326 (Rev. 08-06) — Office Action Summary Part of Paper No./Mail Date 20061020
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Application/Control Number: 10/264,546 Page 2
Art Unit: 2616’

DETAILED ACTION

Claim Rejections - 35 USC § 1 01

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

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

I. Claims 31-41 are rejected under 35 U.S.C. 101 because the claimed invention is directed

to non-statutory subject matter. Claims 31-33 are directed to a space-time signal structure and

claims 34-41 are directed to a preamble structure. Structures are not statutory, a structure is not a

device or machine or process.

Claim Rejections - 35 USC § 102

The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that form the

basis for the rejections under this section made in this -Office action:

A person shall be entitled to a patent unless —

(e) the invention was described in (1) an application for patent, published under section 122(b), byanother filed
in the United States before the invention by the applicant for patent or (2) a patent granted on an application for
patent by another filed in the United States before the invention by the applicant for patent, except that an
international application filed under the treaty defined in section 35l(a) shall have the effects for purposes of this
subsection of an application filed in the United States only if the international application designated the United
States and was published under Article 21(2) of such treaty in the English language.
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Application/Control Number: 10/264,546 Page 3
Art Unit: 2616

II. Claims 2, 4, 23, and 30-34 are rejected under 35 U.S.C. 102(e) as being anticipated by

Ma et al. (US 2002/0122382 A1) hereinafter Ma.

1. Regarding claims 2 and 23 and 30-34 — Ma discloses an encoder having a pilot/training

symbol_inserter, the pilot/training symbol inserter configured to insert pilot symbols into data

blocks and to combinetraining symbols with the data blocks, refer to Figure 1 and paragraphs

[0021], [0033], [0034], [OO39], [0040], and [0042]. I

Ma discloses at least one modulator, each modulator having an inverse discrete Fourier transfonn

(IDFT) stage and a cyclic prefix inserter, each modulator outputting a frame structure comprising

a preamble structure and a data structure, the preamble structure comprising at least one training

symbol and an enhanced training symbol, refer to Figure 1 and paragraphs [0021], [0023],

[0027], [0033], [0034], [OO39], [0040], and [0042].

Ma discloses at least one transmit antenna, each transmit antenna corresponding to a

respective one of the at least one modulator, each transmit antenna transmitting the -frame

structure output from the corresponding modulator, refer to Figure 1 and [0029] and [003 1].

2. Regarding claim 4 — Ma discloses the data structure comprises a plurality of data

symbols, each data symbol having a data block and a cyclic prefix, the cyclic prefix being

inserted by the cyclic prefix inserter, refer to Figure 1 and paragraphs [0021], [O023], [0027],

[o033], [oo34], [e039], [0040], and [0042].
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Application/Control Number: 10/264,546 Page 4

Art Unit: 2616.

Allowable Subject Matter

Claims 3, 5-22, and 24-29 are objected to as being dependent upon a rejected base claim,

but would be allowable if rewritten in independent form including all of the limitations of the

base claim and any intervening claims.

Conclusion

The prior art made of record and not relied upon is considered pertinent to applicant's

disclosure.

- 1.’ Wu et al. (US 2002/0122381 A1) discloses channel estimation for MIMO OFDM system.

Any inquiry concerning this communication or earlier communications from the

examiner should be directed to John Pezzlo whose telephone number is (571) 272-3090. The

examiner can normally be reached on Monday to Friday from 8:30 AM to 4:30 PM.

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

supervisor, Wellington Chin, can be reached on-(571) 272-3134. The fax phone number for the

4 organization where this application or proceeding is assigned is (571) 273-8300.

Any inquiry of a general nature or relating to the status of this application or proceeding

should be directed to the receptionist whose telephone number is (571) 272-2600.

Any response to this action should be mailed to:

Commissioner of Patents and Trademarks
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Application/Control Number: 10/264,546 Page 5
Art Unit: 2616

Washington, D.C.

or faxed to:

(571)273-8300

For informal or draft communications, please label "PROPOSED" or "DRAFT" '

Hand delivered responses should be brought to:

Receptionist (Sixth floor)

I Crystal Park 2

2121 Crystal Drive

Arlington, VA.

John Pezzlo

20 October 2006

JOHN PEZZLO

PRIMARY EXAMINER
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SHBBI EXBMHIBI’ Name ,H‘ oszozo-mo

OTHER PRIOR ART - NON PATENT LITERATURE DOCUMENTS
Include name ofthe author (in CAPITAL LETTERS). title of the article (when appropriate). title of the ite . k.  

magazine. journal. serial. symposium. catalog. etc.) date. page(s). volume-issue number(s). publisher. cityr
country where published 0

SIAVASH M. ALAMOUTI. "A Simple Transmit Diversity Technique for Wireless

Communications," IEEE Journal on Select Areas in Communications. October 1998, pp. S;
1451-1458, Vol. 16 No. 8.

VAHID TAROKH. HAMID JAFARKHANI. A R. CALDERBANK. "Space-Time Block Cod =-.

from Orthogonal Designs." IEEE Transaction on lnforrnation Theory, July 1999. pp. 1456-_'?.

1467 Vol. 45 No. 5. __
VAHID TAROKH. HAMID JAFARKHANI. A R. CALDERBANK. "Space-Time Block Coding
for Wireless Communications: Performance Results," IEEE Journal on Selected Areas in
Communications, March 1999 o . 451-460 Vol. 17 No. 3.

YE (GEOFFREY) Ll. NAMBIRAJAN SESHADRI, SIRIKIAT ARIYAVISITAKUL. "Channe|

Estimation for OFDM Systems With Transmitter Diversity in Mobile Wireless Channels." IEEE
Journal on Selected Areas in Communications March 1999 - . 461-471 Vol. 17 No. 3.

APURVA N. MODY. GORDON L. STUBER, "Synchronization for MIMO OFDM Systems." ./
2001 - . 509-513 Vol. 1 Proceedin s of GLOBECOM 2001 San Antonio. '

APURVA N. MODY. GORDON L. STUBER, "Parameter Estimation for OFDM Wrth Transmit /
Receive Divers’ " 2001. Proceedins of WC Rhodes. Greece. -

APURVA N. MODY. GORDON L. STUBER, "Efficient Training and Synchronization
Sequence Structures for MIMO 0FDM." 2001. Proceedings of 6"‘ OFDM Workshop 2001, \/
Pa er 16 Hambu . German . ~

TIMOTHY M. SCHMIDL, DONALD C. COX. "Robust Frequency and Timing Synchronization
for OFDM." IEEE Transactions on Communications. December 1997. pp. 1613-1621. Vol. 45. ‘/
No. 12.

APURVA N. MODY. GORDON L. STUBER, "Receiver Implementation for a MIMO OFDM ‘ ./
S stem " November 2002 Proceedins of GLOBECOM 2002. Taiel. Taiwan.

Date

Signature ‘Considered 

‘EXAMINER; Initial it reference considered. whether or not citation is in conformance with MPEP 609. Drew line through citation it not in conformance and not
considered. Include copy of this form with next communication to applicant
‘Applicants unique citation designation number (optional). ‘Applicant is to place a check mark here it English language Translation 8 attached.
Burden Hour Statement: This form is estimated to take 2.0 hours to complete. Time will vary depending upon the needs of the individual case. Any comments on the
amount of time you are required to complete this form should be sent to the Chief Information Ofiicer. U.S. Patent and Trademark Office. Washing. DC 20231. DO
NOT SEND FEES OR COMPLETED FORMS To ‘IHIS ADDRESS. SEND TO. Assistant Commissioner for Patents. Washington. oc 20231.
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Application/Control No. App|icant(s)/Patent Under
Reexamination

10964-545 MODY ET AL. 
Notice of References Cited

  
Examiner Art Unit

John Pezzlo 2616 Page 1 °f1

u.s. PATENT DOCUMENTS ‘ 0

Document Number Date . .
Country Code-Number-Kind Code MM-YYYY C'3S5'fi°3"°”

* A Us-2002/0122301 00-2002 070/200
US-2002/0122382 09-2002 370/208

  
 

 
FOREIGN PATENT DOCUMENTS

Document Number Date

Country Code-Number-Kind Code MM-YYYY C°“""Y
   Classification

  

 
NON-PATENT DOCUMENTS

 
‘A copy of this reference is not being furnished with this Office action. (See MPEP § 707.05(a).)
Dates in MM-YYYY format are publication dates. Classifications may be US or foreign.
U.S. Patent and Trademark Office

PTO-892 (Rev. 01-2001) Notice of References Cited Part of Paper No. 20061020
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Fi t ed Inventor: Mody, at al. Group Art Unit: 2131 RECEIVED
1 CENTRAL FAX CENTER

A Iicaion No.2 101264.546 Examiner: TBA APR 0 6 2006
Confirmation No.1 5338 

  

  . = amble Structures for Single-Input, Single-Output (SISO) and Multi-Input, Multi-
I - u (MIMO) Communication Systems .

sioner for Patents -
P. ii! «i 1450 ‘
-3} I: ria. Virinia 22313-1450

Ii

i NING: Submission of a status letter after a Notice ofAllowance may subject an application to a reduction
- :1 nt term adjustment under 37 C.F.R. 1.704(c)(10). See Notice of May 29, 2001, 1247 0G 111-112, June

- 01.I

ore than Forty (40) months have passed since
K1 NEW APPLICATIONS

the filing of this application on .
i No communication has been received from the Patent and Trademark Office
a indicating action on this application.

: (Note: Do not file a status inquiry until at least 18 months has elapsed with no communicationfrom the PTO)

:I AMENDED APPLICATIONS
I the filing of a response on .
E No further communication has been received from the Patent and Trademark office.

! (Note: Do not file a status Inquiry until 6 months has elapsed with no response from the PTO)I
I

E. APPEALED APPLICATION

The Appeal Brief was filed on

CERTIFICATE OF MAILING 37 CFR 1.813)

13- . J-osited with the United States Postal Service on the date shown below with aufficient postage as first class

 

PAGE 10‘ RCVD AT.IfiI200 1:38:29 PM [Eastern Daylight Time] ‘ SVR:USPTO-EFXRF-6145 ' DIIIS2733300 ’ CSlD:7709510933 ' DURATION (mm-ss):00-44
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l

E

! [Page 1 of 2]

E] An Examiner's Answer was mailed on

I
I

iI

lag ; . (check and complete applicable items below)

i I

‘l E] A Reply to the Examiner's Answer was submitted on
i !

' E] ALLOWED APPLICATIONS
. i the mailing of FORM POL-327 and/or Examiner's Amendment on

i

E Kindly advise the undersigned of the present status of this application.
i l
l  '3’. .~ ._-. O .»

ate

Te phne Number: (770) 933-9500 Scott A. Horstemeyer, Reg. NO. 34,133

E Typed or printed name
Thomas. Kayden, Horstemeyer & Rlsley LLP
100 Galleria Parkway
Suite 1750

Atlanta, GA 30339

[Page 2 of 2]
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IN THE UNITED STATES PATENT TRADEMARK OFFICE

RECENED
GroupArtUnit: 2131 1 g I K

Examiner: To Be Assigned _ .— —— ._..~ .._..

 
Apurva N. Mody et al.

Serial No.: 10/264,546

Filed: 10/04/2002

Docket No.: 062020-1120

For: PREAMBLE STRUCTURES FOR SINGLE-INPUT, SINGLE-OUTPUT (SISO) AND MULTI-INPUT, MULTI-OUTPUT

(MIMO) COMMUNICATION SYSTEMS

INFORMATION DISCLOSURE STATEMENT

Commissioner for Patents

Washington, D.C. 20231

Sir:

This information disclosure statement is filed in accordance with 37 C.F.R. §§ 1.56, 1.97, and 1.98, and specifically:

IX under 37 CFR 1.97(b), or
(within Three months of filing national application; or date ofentry of intemational application; or before
mailing date of first oflice action on the merits; whichever occurs last)

C] under 37 CFR 1.97(c) together with either a:
I: Statement Under 37 C.F.R. 1.97(e), or
E] a $180.00 fee under 37 CFR l.l7(p), or

(After the CFR l.97(b) time period, but before the final ofiice action or notice of allowance, whichever
occurs first)

C] under 37 CFR 1.97(d) together with a:
E] Statement under 37 CFR l.97(e), and

D a $180.00 petition fee set forth in 37 CFR 1.l7(p).
(Filed afier final ofiice action or notice of allowance, whichever occurs flrst, but before payment of the
issue fee)

Enclosed is a check in the amount of $ . Please charge $ to deposit account . At any time during the
pendency of this application, please charge any fees required to Deposit Account 20-0778 pursuant to 37 CFR 1.25. The

Commissioner is hereby requested to credit any overpayment to Deposit Account No. 20-0778.

8 Applicant(s) submit herewith Form PTO 1449A - Information Disclosure Statement by Applicant together with copies of
patents, publications or other information of which applicant(s) are aware, which applicant(s) believe(s) may or may not
be material to the examination of this application and for which there may be a duty to disclose in accordance with 37

CFR 1.56. As required by 37 C.F.R. §1.98(a), a legible copy of each document is provided.

E] A concise explanation of the relevance of foreign language patents. foreign language publications and
other foreign language information listed on PTO Fonn 1449, as presently understood by the individual(s) designated in
37 CFR 1.56(c) most knowledgeable about the content is given on the attached sheet, or where a foreign language patent
is cited in a search report or other action by a foreign patent office in a counterpart foreign application, an English

language version of the search report or action which indicates the degree of relevance found by the foreign office is listed
on the fonn PTO 1449 and is enclosed herewith.

The following rights are reserved by the Applicant(s): the right to establish the patentability of the claimed invention

over any of the listed documents should they be applied as reference, and/or the right to prove that some of these documents
may not be prior art, and/or the right to prove that some of these documents may not be enabling for the teachings they purport
to offer.
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This statement should not be construed as a representation that an exhaustive search has been made, or that

information more material to the examination of the present application does not exist. The Examiner is specifically requested

not to rely solely on the materials submitted herewith. The Examiner is requested to conduct an independent and thorough

review of the documents, and to fomi independent opinions as to their significance.

It is requested that the information disclosed herein be made of record in this application and that the Examiner initial and

return a copy of the enclosed PTO-1449 to indicate the documents have been_considered.

Respectfully Submitted,

THOMAS, KAYDEN, HORSTEMEYER

& RISLEY, L.L.P.

By: 1/lief LG nn W. Brown, Reg. No. 51,310

100 Galleria Parkway, Suite 1750

Atlanta, Georgia 30339-5948
770-933-9500
TKHR Docket No. 062020-1120

CERTIFIED MAILING

I hereby certify that this correspondence is being deposited
with the United States Postal Service as “First Class Mail,”

in an envelope addressed to: Co issioner of Patents,

Washington,D‘.C. 20231 on 1.g"E‘_«a_goa 3,9093

Slgnatuge ~ _ .
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CERTIFICATE OF MAILING 
a N9?’ hereby certify that the below listed items are being deposited with the U.S. Postal-‘*'x:..-.~:-.'~

“Service as first class-mail in an envelope addressed to:

Box:

Commissioner for Patents

Washington, D.C. 20231

-W ‘on , FEB 122003

Evelyn Sanders

In Re Application of:

Apurva N. Mody et al. ‘

Group Art Unit: 2131

Serial No.: 10/264,546

‘ Examiner: To Be Assigned
Filed: 10/04/2002

Docket No.: 062020-1120

For: PREAMBLE STRUCTURES FOR SINGLE-INPUT, SINGLE-OUTPUT (SISO) AND
MULTI-INPUT, MULTI-OUTPUT (MIMO) COMMUNICATION SYSTEMS

The following is a list of documents enclosed:

Return Postcard

Information Disclosure Statement

Form PTO-1449

Copies of Cited Prior Art References A-U

Further, the Commissioner is authorized to charge Deposit Account No. 20-0778 for any

additional fees required. The Commissioner is requested to credit any excess fee paid to Deposit
Account No. 20-0778.
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Com - Iete IfKnown

|NF0RMAT|0N DISCLOSURE
STATEMENT BY APPLICANT
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U.S. PATENT DOCUMENTS

 
   

 
 
 

 

Examiner Publication Date Name of Patentee or Applicant of Pages, Columns, Lines, Wherelures ‘ - ear

: 
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2-}:—
2-:—
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2—
:—
_=————
—:—_—
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—————
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FOREIGN PATENT DOCUMENTS

Examin Cite No. Publication Date Name of Patentee or Applicant of Pages, Columns, Lines, ‘
er Country Code -Number —Kind MM-DD-YY Cited Document Where RelevantInitials‘ I Codeslifknown) ‘ Passages or Relevant -Fi ures A ear

22————-:-
“————-§-
_2————E-
_2—_——:-
:-—_——E-
_—————I§-
_—————E
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Examiner , Date

Si y nature Considered

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

‘Applicant's unique citation designation number (optional). ‘See Kinds Codes of USPTO Patent Documents at www.uspto.gov or MPEP 901.04. ‘Enter Office
that issued the document. by the two-letter code (VVIPO Standard ST.3). ‘ For Japanese paten documents, the indication of the year of the reign of the Emperor must
precede the serial number of the patent document. 5 lfind of document by the appropriate symbols are indicated on the document under WIPO Standard ST. 16 if
possible. ° Applicant is to place a check mark here if English language Translation is attached.
Burden Hour Statement This form is estimated to take 2.0 hours to complete. Time will vary depending upon the needs of the individual case. Any comments on the
amount of time you are required to complete this fonn should be sent to the Chief lnforrnation Offioer. U.S. Patent and Trademark Oltice_ Washing. DC 20231. 00 NOT
SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Assistant Commissioner for Patents, Washington. DC 20231.
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10/264,546
10/04/2002

STATEMENT BY APPLICANT Aurva N. Mod etal.

To Be Assi - ned

062020-1120
.__

OTHER PRIOR ART — NON PATENT LITERATURE DOCUMENTS 0
Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the ite . : e k,

magazine, journal, serial, symposium, catalog, etc.) date, page(s), volume-issue number(s), publisher, city flier
country where published 0

SIAVASH M. ALAMOUTI, "A Simple Transmit Diversity Technique for Wireless ~<

Communications," IEEE Journal on Select Areas in Communications, October 1998, pp. 9
1451-1458, Vol. 16, No. 8. :3

VAHID TAROKH, HAMID JAFARKHANI, A. R. CALDERBAN K, "Space-Time Block Cod :-.

from Orthogonal Designs," IEEE Transaction on lnfonnation Theory, July 1999, pp. 1456-52
1467, Vol. 45, No. 5. O

VAHID TAROKH, HAMID JAFARKHANI, A. R. CALDERBANK, "Space-Time Block Codin
for Wireless Communications: Performance Results," IEEE Journal on Selected Areas in

Communications, March 1999, o . 451-460, Vol. 17, No. 3.

  
   

Examiner Cite
Initials‘ No.‘

 
 

 

 

 

 

  

  
 

   
   
 YE (GEOFFREY) Ll, NAMBIRAJAN SESHADRI, SIRIKIAT ARlYAVISlTAKUL, "Channel

Estimation for OFDM Systems With Transmitter Diversity in Mobile Wireless Channels," IEEE
Journal on Selected Areas in Communications, March 1999, - . 461-471, Vol. 17, No. 3.

APURVA N. MODY, GORDON L. STUBER, "Synchronization for MIMO OFDM Systems,"
2001, - . 509-513, Vol. 1, Proceedins of GLOBECOM 2001, San Antonio.

APURVA N. MODY, GORDON L. STUBER, "Parameter Estimation for OFDM With Transmit fl ’

  
   

 

   
  Receive Diversi ," 2001, Proceedins ofVTC Rhodes, Greece.

S APURVA N. MODY, GORDON L. STUBER, "Efficient Training and Synchronization

Sequence Structures for MIMO OFDM," 2001, Proceedings of 6"‘ OFDM Workshop 2001,
Paer 16 Hambur German

T|MOTH\'( M. SCHMIDL, DONALD C. COX, "Robust Frequency and Timing Synchronization
for OFDM," IEEE Transactions on Communications, December 1997, pp. 1613-1621, Vol. 45,

  
  

 
 APURVA N. MODY, GORDON L. STUBER, “Receiver Implementation for a MIMO OFDM

S stem,” November 2002, Proceedins of GLOBECOM 2002, Tai  ei, Taiwan.  

Examiner ‘ Date

Signature Considered

‘EXAMINER: Initial if reference considered, whether or not citation is in oonfonnance with MPEP 609. Draw line through citation if not in confcnnance and not
considered. Include copy of this form with next communication to applicant
‘Applicants unique citation designation number (optional). ‘Applicant is to place a check mark here if English language Translation is attached.
Burden Hour Statement This fcnn is estimated to take 2.0 hours to complete. Time will vary depending upon the needs ofthe individual case. Any comments on the
amount of time you are required to complete this form should be sent to the Chief lnforrnaticn Olficer, U.S. Patent and Trademark Office, Washing, DC 20231. DO
NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Assistant Commissioner for Patents, Washin on DC 20231.
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PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
In Re Application of:

Modir et al.
Group Art Unit: 2131

Serial No.: 10/264,546

Examiner: To Be Assigned

Filed: October 4, 2002

Docket No. 062020-1 120

For: PREAMBLE STRUCTURES FOR

SINGLE-INPUT, SINGLE-OUTPUT

(SISO) AND MULTI-INPUT,

MULTI-OUTPUT (MIMO)
COMMUNICATION SYSTEMS

PRELIMINARY AMENDMENT

Commissioner for Patents

Washington, DC 20231

_ Sir:

In regard to the above-referenced application, the Applicants submit the following

preliminary amendments and remarks to be respectively entered and considered prior to

examination.

It is not believed that extensions of time or fees for net addition of claims are required,

beyond those that may otherwise be provided for in documents accompanying this paper. However,

in the event that additional extensions of time are necessary to allow consideration of this paper,

such extensions are hereby petitioned under 37 C.F.R. § 1.136(a), and any fees required therefor

(including-fees for net addition of claims) are hereby authorized to be charged to Deposit Account

No. 20-0778.
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/2.’ (Newly Added)

‘ ‘

AMENDMENTS

Please amend the application as indicated hereafler.

In the Claims

Please cancel claim 1 without prejudice, waiver, or disclaimer, and add the following new

claims:

 

A transistor of a communication system, the transmitter

comprising:

an encoder having a pilot/training symbol inserter, the pilot/training symbol inserter

configured to insert pilot symbols into data blocks and to combine training symbols with the data

blocks;

at least one modulator, each modulator having an inverse discrete Fourier transform (IDFT)

stage and a cyclic prefix inseiter, each modulator outputting a frame structure comprising a

' preamble structure and a data structure, the preamble structure comprising at least one training

symbol and an enhanced training symbol; and

at least one transmit antenna, each transmit antenna corresponding to a respective one of the

at least one modulator, each transmit antenna transmitting the flame structure output from the

corresponding modulator.

3. (Newly Added) The transmitter of claim 2, wherein the enhanced training symbol is

a single symbol.
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- 7. (Newly Added)

4. (Newly Added) The transmitter of claim 2, wherein the data structure comprises a

plurality of data symbols, each data symbol having a data block and a cyclic prefix, the cyclic prefix

being inserted by the cyclic prefix inserter.

5. (Newly Added) The transmitter of claim 4, wherein each of the at least one training

symbol comprises a cyclic prefix and a training block, the cyclic prefix being inserted by the cyclic

prefix inserter, the training block being inserted by the pilot/training symbol inserter.

6. (Newly Added) The transmitter ofclaim 5, wherein the enhanced training symbol

comprises a cyclic prefix and a training block, the cyclic prefix being inserted by the cyclic prefix

inserter, the training block being inserted by the pilot/training symbol inserter.

The transmitter ofclaim 6, wherein each data block has a number of

samples N, each training block of the at least one training symbol has a number of samples N1, and

the training block of the enhanced training symbol has a number of samples N1, whereby N1 = N/I,

where I is an integer.

8. (Newly Added) The transmitter of claim 6, wherein the training block of the

enhanced training symbol is divided into a number of sections having a number of samples N; such

that N; = N/J, where J is an integer.

9. (Newly Added) The transmitter of claim 8, wherein J equals 4.

-3-
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- 13. (Newly Added)

10. (Newly Added) The transmitter of claim 6, wherein the cyclic prefixes have a

-number of samples G such that G = N/I, where I is an integer.

11. (Newly Added) The transmitter of claim 2, wherein the enhanced training symbol

comprises a cyclic prefix and a training block, the cyclic prefix having a number of samples G, the

training block having a number of samples N; , whereby N. = NH, where N is equal to the number

of samples of data blocks of the data structure and I is an integer, and whereby G = N1/4.

12. (Newly Added) The transmitter ofclaim 1 1, wherein the training block is divided

into four sections, each section having a number of samples N1/4.

The transmitter of claim 12, wherein the cyclic prefix and each of the

four sections comprises the same sequence.

14. (Newly Added) The transmitter of claim 13, wherein the cyclic prefix and the first

section provide time synchronization and coarse frequency offset estimation, the second and third

sections provide channel estimation and noise variance estimation, and the cyclic prefix and first,

second, and third sections fiirther provide fine frequency offset estimation.

15. (Newly Added) The transmitter of claim 14, wherein the communication system is a

single-input, single-output (SISO) communication system.

-4-
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16. (Newly Added) The transmitter of claim 1 1, wherein the cyclic prefix is divided into

first and second sections having a number of samples N; /8, the training block is divided into third,

fourth, fifih, sixth, seventh, and eighth sections, the third, fourth, seventh, and eighth sections

having a number of samples N;/8, the fifth and sixth sections having a number of samples N1/4.

17. (Newly Added) The transmitter of claim 16, wherein the first, second, third, fourth,

seventh, and eighth sections comprise a first sequence, and the fifih and sixth sections comprise a

second sequence.

18. (Newly Added) The transmitter of claim 17, wherein the first, second, third, and

fourth sections provide time synchronization and coarse frequency offset estimation, the fifth and

- sixth sections provide charmel estimation and noise variance estimation, and the first through sixth

sections fi1rther provide fine frequency offset estimation.

19. (Newly Added) The transmitter ofclaim 18, wherein the communication system is a

single-input, single output (SISO) communication system.

20. (Newly Added) The transmitter of claim 11, wherein the number ofmodulators and

transmit antennas is two, a first training block corresponding to a first transmit antenna being

divided into four sections, each section having a number of samples N; /4, and a second training
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block corresponding to a second transmit antenna being divided into four sections, each section

having a number of samples N; /4.

21. (Newly Added) The transmitter of claim 20, wherein the cyclic prefixes of each

transmit antenna and the first and fourth sections of the first and second training blocks comprise a

first sequence, the second and third sections of the first training block comprising a second

sequence that is the negative of the complex conjugate of the first sequence, and the second and

third sections of the second training block comprising a third sequence that is the complex

conjugate of the first sequence.

22. (Newly Added) The transmitter ofclaim 21, wherein the cyclic prefixes and first

sections of the first and second training blocks providing time synchronization and coarse frequency

' offset estimation, the first, second, and third sections of the first and second training blocks

providing channel estimation and noise variance estimation, and the cyclic prefixes and first,

second, and third sections of the first and second training blocks further providing fine frequency

offset estimation.
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}2./ (Newly Added)
communication system, the method comprising the steps of:

A method of forming a frame structure that is transmitted in a

providing data blocks;

providing training blocks;

combining the data blocks and training blocks in a parallel fonnat to provide a parallel

combination;

taking an inverse discrete Fourier transform (IDFT) of the parallel combination to form

IDFT blocks;

inserting cyclic prefixes between the IDFT blocks to form parallel symbols;

converting the parallel symbols to serial format to form a preamble structure and a data

structure, the preamble structure comprising at least one training symbol and an enhanced training

symbol, the data structure comprising a plurality of data symbols.

24. (Newly Added) The method of claim 23, further comprising the steps of:

forming data symbols such that each data symbol comprises a cyclic prefix and a data block,

the cyclic prefix having a number of samples G, the data block having a number of samples N; and

forming a preamble structure having an enhanced training symbol, the enhanced training

symbol comprising a cyclic prefix and a training block, the cyclic prefix having a number of

samples G, the training block having a number of samples N; such that N; = N/I, where I is an

integer and G = N1/4.
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25. (Newly Added) The method of claim 23, wherein the step of taking an IDFT

comprises receiving an input to an IDFT stage such that the enhanced training symbol is formed

having five sections, each section having the same sequence.

26. (Newly Added) The method of claim 23, wherein the step of taking an IDFT

comprises receiving an input to an IDFT stage such that the enhanced training symbol is formed

having eight sections, each of the first, second, third, fourth, seventh, and eighth sections

comprising a first sequence, each of the fifth and sixth sections having a second sequence.

27. (Newly Added) The method ofclaim 23, wherein the step of combining further

comprises dividing the data blocks and training blocks onto two transmit diversity branches

(TDBs), and forming a frame structure fitrther comprises forming two frame structures, each frame

- structure being formed on a respective TDB.

28. (Newly Added) The method ofclaim 27, wherein a first enhanced training symbol on

a first TDB is formed having five sections, and a second enhanced training symbol on a second

TDB is formed having five sections.
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29. (Newly Added) The method of claim 28, wherein the first, second, and fifih sections

of each of the first and second enhanced training symbols are formed such that each comprises a

-first sequence, the third and fourth sections of the first enhanced training symbol are formed such

that each comprises a second sequence that is the negative of a complex conjugate of the first

sequence, and the third and fourth sections of the second enhanced training symbol are formed such

that each comprises a third sequence that is the complex conjugate of the first sequence.

p\ (Newly Added) A computer program stored on a computer-readable medium, the\
computer program comprising:

logic configured to combine data blocks and training blocks in a parallel format to provide a

parallel combination;

logic configured to take an inverse discrete Fourier transform (IDFT) of the parallel

- combination to form IDFT blocks;

logic configured to insert cyclic prefixes between the IDFT blocks to form parallel symbols;

logic configured to convert the parallel symbols into a serial format to form a preamble

structure and a data structure, the preamble structure comprising at least one training symbol and an

enhanced training symbol, the data structure comprising a plurality of data symbols.
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' 32. (Newly Added)

‘ .

}( (Newly Added) A space-time signal structure transmitted in a communication

system, the space-time signal structure comprising:

at least one frame structure, each fiame structure comprising a preamble structure and a data

structure;

the preamble structure comprising:

at least one training symbol and an enhanced training symbol, each training

symbol comprising a cyclic’ prefix and a training block, the enhanced training

symbol comprising a cyclic prefix and an enhanced training block; and

the data structure comprising:

a plurality of data symbols, each data symbol comprising a cyclic prefix and

a data block.

The space-time signal structure of claim 31, wherein the

communication system is a single-input, single-output (SISO) communication system, the space-

time signal structure comprises one frame structure, and the preamble strucutre comprises one

training symbol and one enhanced training symbol.

33. (Newly Added) The space-time signal structure of claim 31, wherein the

communication system is a multi-input, multi-output (MIMO) communication system, and the

space-time signal structure comprises a plurality of frame structures.

-10-
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;4./ (Newly Added)
communication system, the preamble structure comprising:

A preamble structure transmitted along with data blocks in a

at least one training symbol, each training symbol comprising:

a cyclic prefix; and

a training block;

an enhanced training symbol, the enhanced training symbol comprising:

a cyclic prefix; and

an enhanced training block.

35. (Newly Added) The preamble structure of claim 34, wherein the training blocks of

the at least one training symbol and the enhanced training block of the enhanced training symbol

each comprise a number of samples N. such that N; = N/I, where N is the number of samples of

' each data block and I is a positive integer, and the cyclic prefixes of the at least one training symbol

and the cyclic prefix of the enhanced training symbol each comprise a number of samples G such

that G = N;/4.

36. (Newly Added) The preamble structure of claim 35, wherein the enhanced training

block is divided into four equal sections such that each section has a number of samples N; /4.

37. (Newly Added) The preamble structure of claim 36, wherein the cyclic prefix of the

enhanced training symbol and the four sections of the enhanced training block each comprise the

same S€qU€I'1CC.

-11-
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38. (Newly Added) The preamble structure of claim 37, wherein the sequences have

good correlation properties and low peak to average power ratio (PAPR).

'39. (Newly Added) The preamble structure of claim 35, wherein the cyclic prefix of the

enhanced training symbol is divided into two equal N. /8 sections, and the enhanced training block

is divided into six sections, the first, second, fifth and sixth sections having N; /8 samples, and the

third and fourth sections having N1/4 samples.

40. (Newly Added) ' The preamble structure of claim 35, wherein the communication

system is a 2 x 2 multi-input, multi-output (MIMO) communication system, the enhanced training

block being divided into four equal sections each having N1/4 samples, a second enhanced training

block being divided into four equal sections each having N; /4 samples.

41. (Newly Added) The preamble structure of claim 40, wherein each ofthe second and

third sections of the enhanced training block comprise a sequence that is the negative of the

complex conjugate of the sequence of the first and fourth sections, and each of the second and third

sections of the second enhanced training block comprise a sequence that is the complex conjugate

of the first and fourth sections. 

-12-
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 “

Applicants respectfully request that the above amendment be entered before examination of

this application. Upon entry of this Preliminary Amendment, Claim 1 has been canceled and

claims 2-41 have been newly added. It is believed that the foregoing amendments and additions

add no new matter to the present application.

Favorable action in regard to the application is earnestly solicited.

Respectfully submitted ,

THOMAS, KAYDEN, HORSTEMEYER

& RISLEY, L.L.P.

By:
Glenn W. Brown, Reg. No. 51,310

100 Galleria Parkway
. Suite 1750

Atlanta, Georgia 30339-5948

(770) 933-9500

Docket No. 062020-1 120
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5' '" GroupNo.: 2131

Serial N0.: 10/264,546

_ Docket No. 062020-1 120
Filed: 10/04/2002

For: PREAMBLE STRUCTURES FOR SINGLE—INPUT, SINGLE-OUTPUT (SISO)

AND MULTI-INPUT, MULTI OUTPUT (MIMO) COMMUNICATION SYSTEMS

ii‘ RESPONSE TO MISSING PARTS NOTICE

Box: Missing Parts
Commissioner for Patents

Washington, D.C. 20231

Sir:

In response to the Notice to File Missing Parts of Application, Filing Date Granted, dated

11/05/2002, please find enclosed:

1. Declaration for Patent Application (Executed);

‘ 1, 2. a copy of the Notice to File Missing Parts of Application, Filing Date Granted;

and

3. .a check in the amount of $65.00 to cover the additional surcharge fee for filing

this Response to the Missing Parts Notice.

The Commissioner is authorized to charge Deposit Account 20-0778 for any deficiencies

or credit any over payments.

Respectfully Submitted,

THOMAS, KAYDEN, HORSTEMEYER

& RISLEY, L.L.P.

By: f>’\40Lu’\/Ggnn W. Brown, Reg. No. 51,310
Suite 1750, 100 Galleria Parkway

Atlanta, Georgia 30339-5948

(770) 933-9500
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‘P am
Examiner: To Be Assigned 
Group No.: 2131

Filed: October 4, 2002

Docket No.: 062020-1 120

‘Title: PREAMBLE STRUCTURES FOR SINGLE-INPUT, SINGLE-OUTPUT

(SISO) AND MULTI-INPUT, MULTI-OUTPUT (MIMI) COMMUNICATION
SYSTEMS

AMENDMENT TRANSMITTAL LETTER

Commissioner For Patents

Box: Missing Parts

Washington, D.C. 20231

Sir: ‘

Transmitted herewith is an amendment in the above-identified application.

Response/Amendment Terminal Disclaimer

Fee as Calculated Below Corrected Drawings

No additional fee is required. Other: Preliminaiy Amendment
Small Entity status has been
established.

CLAIMS AS AMENDED FOR SMALL ENTITY

' Claims After Highest Prev. Additional
Amendment Paid For Extra Rate Fee

Total

Claims 40 - 20 20 x $9.00 = $180

Total Additional Fee for this Amendment = $264.00

Independent
Claims

@ A check in the amount of $329.00 is enclosed.

El

 
A Credit Card Payment Form PTO-2038 is attached in the amount of $

The Commissioner is hereby authorized to charge to our Deposit Account No. the

amount of $ for the fee identified above. A duplicate of this Amendment Transmittal
Letter is included herewith.

The Commissioner is authorized to charge any insufficiencies, and the

Commissioner is hereby requested to credit any overpayments to our Deposit Account No.
20-0778.

Customer No.: 24504 THOMAS, KAYDEN, HORSTEMEYER

& RISLEY, L.L.P.

Date; U«[(l«[°7r P)"~0‘-"-/Egkenn W. Brown, Reg. No. 51, 310
Attorney for Applicant(s)

ERIC-1008 I Page 102 of 160



ERIC-1008 / Page 103 of 160

 
. i . ‘- . ’

1

CERTIFICATE OF MAILING

hereby certify that the below listed items are being deposited with the U.S. Postal

-Service"as first class mail in an envelope addressed to:

BOX! Missing Parts
Commissioner for Patents

Washington, D.C. 20231

i. on /3 [I'2o[,200& .1

Evelyn anders

In Re Application Of: Mody et al.

Group No.2 2131

Serial No.: 10/264,546
Docket No. 062020-1 120

Filed: October 4, 2002

- For: Preamble Structures for Single-Input, Single Out-put (SISO) and Multi-Input, Multi-

' Output (MIMO) Communication Systems

The following is a list of documents enclosed:

Return Postcard

Response to Missing Parts

Copy of Notice of Missing Parts — Filing Date Granted

Declaration for Patent Application (Executed)

Amendment Transmittal Letter 1-

Preliminary Amendment
Fee Transmittal

Check for $329.00
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_ ' l7l'Ol82/I7 (ll l-Olg
_ . oved for use throu l0/3|/‘2002. OMB 065 -003U.S. Paten d T‘ ark Ofiice: U.S. D PARTMENT OF COMMERCE

ork Reduction Act of I995 no - isons are re uired to res nd to a collection of ‘ iformation unless it di la 5 a valid OMB control number.

$
' \

’ 6 TRADE\*"‘ Avvicanwaimssma=ienvwsta=us- seeaicm 1-27 fi_
T o AL AMOUNT or PAYMENT ($329.90 Attorney Docket No. os2o2o-1 1 20

METHOD OF PAYMENT check all that a l FEES CALCULATION continued

>24 I Credit Card I Money I Other I None 3. ADDITIONAL FEES
order La e Enti Small Enti

 
 

 
 
 
 
 

  
 

  
 

 Patentfees are subject to annual revision.

V

 

 
 
 

 

 

 
 

 
 

   
 

 
 
 
 
 

 

 
  
  

 
 

E Deposit Account Fee Fee Fee Description Fee
_ Code (S) Paid

D9905" Account Number 204,778 2051 65 Surcharge-late filing fee or oath
2052 25 Surcharge-late provisional filingfee or cover sheet
1053 I30 Non-English specification

1812 2,520 For filing a request for ex partereexamination
I804 920’ Requesting publication of SIR

prior to Examiner action
1805 1,840’ Requesting publication of SIRafler Examiner action
225] 55 Extension for reply within first

month
2252 200 Extension for reply within

second month
2253 460 Extension for reply within third

Thomas, Kayden, Horstemeyer Risley Deposit Account Name
  

 
 

  
 

  The Commissioner is authorized to: (check all that apply)

D Charge fee(s) indicated below E Credit any overpayments
Charge any additional fee(s) during the pendency of this application

E] Charge fee(s) indicated below, except for the filing fee to the above-identifiedde osit account

 
 
 

   
 

 

  

   
  

   

  

 

  
 
 

 FEE CALCULATION

  
 
 

 
 
 
 

   
 
 

 
 

 
 
 
 

 
 
 

 
 
 

 
 

 
  

 

Fee Description Fee month' 2254 720 Extension for reply within fourth
- - - . month

2001 370 Uumy Fllmg Fee 2255 980 Extension for reply within filthmonth
2002 165 Design Filing Fee

2003 255 Plant Filing Fee
 
 
 

2401 160 Notice of Appeal

2402 160 Filing a brief in support of an

 
 
 

2004 370 Reissue Filing Fee appeal
2005 80 P _ , ‘FT F 2403 140 Request for oral hearing'°‘"S"’"a “"3 cc 1451 1,510 Petition to instituteapublicuse

SUBTOTAL (1) P|'0_0§€d1“B _2452 55 Petition to revive-unavoidable
   

  
 

2. EXTRA CLAIM FEES FOR UTILITY AND REISSUE
Extra Fee From Fee

Claims Below Paid

Total Claims . W -20“: W X 9,00
independent Claims I -3“ = _ X 42,00
Multiple Dependent ‘ - 140,00

Small Enti

 

 
   
  

Utility issue fee (or reissue)
2502 230 Design issue fee
2503 310 Plant issue fee
1460 130 Petitions to the Commissioner
I807 50 Processing fee for provisional

application
1806 180 Submission of information

Disclosure Strnt

  
  

 
  

   
 
 
 
 
  

 

  
 
 
 

 

 
 

 
 
 

CF93 £¥L“ 8021 40 Recording each patent0 9 assignment per propert (times
2202 9 Claims in excess of 20 number of properties) y
2201 42 Independent claims in excess of 3 2809 370 ;'ns"b""s5‘°" am’ final
2203 140 Multiple dependent claim, if not paid (37 CFR § I-_1_29(8))_ .

” , , I , 2810 370 For eachadditional invention to
2204 42 Reissue independent c aims over be cxamlncd (37 cm §

original patent i_129(b)) ’

2205 9 “Reissue claims in excess of 20 and 230‘ 37° §§g:f§af§;nC(‘;{'gg§°d
over original patent

SUBTOTAL (2)

l 802 900 Request for expedited
examination of a design
application

SUBTOTAL (3)

‘Reduced b Basic Filin; Fee Paid 
  

 
  

 
    Submitted b Comlete if . - licable

Name (Print/1'ype) Glenn W. Brown Regisuation No’: 51310 Telephone Number  (Attorney/Agent)

(770) 933-9500

D“ 11/.» /oz _

WARNING: Information on this form may become public. Credit Card information should not be included on this form.
Provide credit card information and authorization on PTO-2038.

Burden Hour Statement: This form is stimated to take 0.2 hours to complete. Time will vary d 'ng upon the needs of the individual case. Ana comments on the amount ofU are required to complete this form should
be sent to the Chief lnforniation Ofiicer. U.S. Patent and Trademark Office, Washington, DC 2 I. DO NOT SEND Fl-‘£8 OR COMPLETED F RMS TOTHIS ADDRESS. S TO: Assistant Commissioner for Patents.Washington. DC 2023 l.
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 are H

Cornrnlssloner for Patent:
Washington. DC 2023iwww.uspto.gav

“‘ APPLICATION NUMBER FILING/RECEIPT DATE FIRST NAMED APPLICANT ATTORNEY DOCKET NUMBER

10/264,546 I0/04/2002 Apurva N. Mody 062020-1 I20

'PAT'ENT AND

   

. CONFIRMATION N0. 5333
‘ 24504 r FORMALITIES LETTER

THOMAS’ KAYDEN HORSTEMEYER & R'SLEY' “P lllillllllllllilllllllllIlllllilIllilllillillllllllllllllllllllllllllillllllllllllllll
gg.()E(i%3ER'A PARKWAY’ NW *ocoooooooo9o551o9*
KTLANTA, GA 30339-5948

Date Mailed: 11/05/2002

NOTICE TO FILE MISSING PARTS OF NONPROVISIONAL APPLICATION

12/18/2002 SIIIHIISS1 00000071 10264546

01 FC:205l 65.00 OP

FILED UNDER 37 CFR 1.53(b)

Filing Date Granted

Items Required To Avoid Abandonment:

An application number and filing date have been accorded to this application. The item(s) indicated below,
however, are missing. Applicant is given TWO MONTHS from the date of this Notice within which to file all
required items and pay any fees required below to avoid abandonment. Extensions of time may be obtained by
filing a petition accompanied by the extension fee under the provisions of 37 CFR 1.136(a).

o _The oath or declaration is unsigned.
0 To avoid abandonment, a late filing fee or oath or declaration surcharge as set forth in 37 CFR 1.16(e) of

$65 for a small entity in compliance with 37 CFR 1.27, must be submitted with the missing items identified
in this letter. '

SUMMARY OF FEES DUE:

Total additional fee(s) required for this application is $65 for a Small Entity

0 $65 Late oath or declaration Surcharge.

 fx
00100

«.1 o' '

A copy of this notice MUST be returned with the reply. 3% 9-3
.3.
K

. ' a g
Customer Service Center

Initial Patent Examination Division (703) 308-1202 "‘
PART 2 - COPY TO BE RETURNED WITH RESPONSE gI-I

E

E E3
2‘-:.
E 22
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‘V _ 1’ 3&3- r

DECLARATION FOR PATENT APPLICATION 
Attorney Docket No: 062020-1 120

Our residences, post omce addresses and citizenships are as stated below next to our names.
We believe we are the original, first, and joint inventors of the subject matter which is claimed and for

which.a patent is sought on the invention entitled Preamble Structures for Single-Input, Single-Output
(SISO) and Multi—Input, Multi-Output (MIMO) Communication Systems, the specification of which:

is attached hereto.

was filed on October 4 2002 as Application Serial No. 10/264,546.
was filed on under U.S. Express Mail No. .
is set forth in PCT International Application No. ;
filed on and as amended Under PCT Article 19 on . (if any).

 

I/we hereby state that I/we have reviewed and understand the contents of the above-identified
specification, including the claims, as amended by any amendment referred to above.

I acknowledge the duty to disclose information which is material to patentability as defined in 37 CFR
1.56, including for continuation-in-part applications, material information which became available between
the filing date of the prior application and the national or PCT international filing date of the continuation-in-
part application.

I/we hereby claim foreign priority benefits under Title 35, United States Code, 1l9(a)-(d) or (f), or
365(b) of any foreign application(s) for patent, inventor’s or plant breeder’s rights certificate(s), or 365(a) of
any PCT international application which designated at least one country other than the United States of
America listed below and have also identified below any foreign application for patent, inventor’s or plant
breeder’s rights certificate(s), or any PCT international application having a filing date before that of the
application on which priority is claimed: NOT APPLICABLE.

I_/we hereby appoint all attorneys of Thomas, Kayden, Horstemeyer & Risley, LLP, who are listed
under the USPTO Customer Number shown below as my/our attorneys to prosecute this application and to
transact all business in the United States Patent and Trademark Office connected therewith, recognizing that

the specific attorneys listed under that Customer Number may be changed from time to time at the sole
discretion of Thomas, Kayden, Horstemeyer & Risley, LLP, and request that all correspondence be addressed
to the address filed under the same USTPO Customer Number.

24504

Please address all telephone calls, in the first instance, to Scott A. Horstemeyer, at telephone number:
(770) 933-9500.

Address all correspondence to: Scott A. Horstemeyer
THOMAS, KAYDEN, HORSTEMEYER

& RISLEY, L.L.P.

100 Galleria Parkway, N.W., Suite 1750
Atlanta, Georgia 30339-5948
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A I‘
.

Docket No. 062020-1 120

I/we hereby declare that all statements made herein of my/our own knowledge are true and that all
statements made on information and belief are believed to be true; and further that these statements were

made with the knowledge that willful false statement and the like so made are punishable by fine or

imprisonment, or both, under Section 1001 of Title 18 of the United States Code and that such willful false

statements may jeopardize the validity of the application or any patent issued thereon.

Inventor's Signature: 
Full Name of First or Sole Inventor: A urva N. Mod

Residence: 327155 Geor ia Tech Station Atlanta GA 30332

Citizenship: U.S.A. , .
Post Office Address: 327155 Geor ia Tech Station Atlanta GA 30332

 

 

 

Inventor's Signature: Date: /l’/Qg Qé , 2002.

Full Name of Second Inventor: Gordon L. Stuber

Residence: 1052 Arbor Trace Atlanta GA 30318

Citizenship: U.S.A.
Post Office Address: 1052 Arbor Trace Atlanta GA 30318
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PATENT APPUCATION FEE DETERMINATION RECORD
" " Effective October 1, 2001
 

CLAIMS AS FILED - PART I SMALL mm, OTHER THAN
TYPE E OR SMALL ENTITY

7o.oo- OH 740.00 
* If the difference in column 1 is less than zero. enter "0" in column 2

 OI XE
II

 

 

 CLAIMS AS AMENDED - PART II OTHER THAN

~ SMALL ENTITY OR SMALL ENTITY
CLAIMS IGHEST .

REMAINING : NUMBER ADD.‘ AUDI‘
AF-[Ea ‘ ; pfiEv;oUsLy ‘ . HATE TIONAL RATE TIONAL

AMENDMENT ;_ _ _ I ; PAID FOR FEE

wégmutlr-3‘
 ‘
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM I

:" “1 CLA MS ‘ HIGHEST
. I REMAINING ' NUMBER pngsgm

I AFTER I PREVIOUSLY exrm
2 AMENDMENT 2 ‘ PAID FOR

. - X51 8=

X34:
AMENDNIENTA4Ir EENIIIIII 3S39 aaélll

 
 

ADDI-

TIONAL
FEE

 
RATE

AMENDMENT8  
 

 
 

_- on xs1e= -
I on X34: -

I

on -
TOTAL

‘OR ADDIT. FEE

CLAIMS ‘ HIGHEST

REMAINING NUMBER PRESENT ADD" ADDI-
AFTER PREVIOUSLY EXTRA FIATE TIONAL RATE TIONAL

AMENDMENT mo FOR FEE

OH X$18=_Wfl-
 f
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM I

AMENDMENTC  
_OR

ll’

ITI

gs5:‘LE2+ 140= OR +280:

‘ II the entry In cotumn I is less than the entry In column 2, write '0' In column 3.
" II the ‘Highest Numbet Previousty Paid For IN THISSPACE is Iess than 20; entet '20.‘ ADD“. FEE V
"‘II the ‘Highest Number Previously Paid For‘ IN THIS SPACE is less than 3. enter '3.’ '

The 'Hlghest Number Previously Paid For‘ (Total or Independent) isthe highest number found In the appropriate box in coIumn I.

9'.F
'0

II

FORM PTO-875 (REV. SDI) I Palem and Trademark 0155. U5. DEPARTMENT OF COMMERCEAu 3 mo mu cant: I .19»!
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R UNITED STZATES
r PATENT AND
4» '[‘RAD£MAp.xOx=1=IcE Oornrnlssloner for Patent

Washington. DC 20231www.usp!D.Qov

APPLICATION NUMBER FILING/RECEIPT DATE FIRST NAMED APPLICANT ATTORNEY DOCKET NUMBER

10/264,546 10/04/2002 Apurva N. Mody 062020-I 120

CONFIRMATION NO. 5338

24504 FORMALITIES LETTER

THOMAS’ KAYDE“ HORSTEMEYER 8‘ R'SLEY’ “P llllllllllllllllllllIllllllllIIIllllllllilllilllllllllllllllllllllllllllllllllllllllllll
g9r%(:'$‘I5':)‘ER'A PARKWAY’ NW ‘OC0000000O9065109"
ATLANTA, GA 30339-5948

Date Mailed: 11/05/2002

NOTICE TO FILE MISSING PARTS OF NONPROVISIONAL APPLICATION

FILED UNDER 37 CFR 1.53(b)

Filing Date Granted

Items Required To Avoid Abandonment:

An application number and filing date have been accorded to this application. The item(s) indicated below,
however, are missing. Applicant is given TWO MONTHS from the date of this Notice within which to file all
required items and pay any fees required below to avoid abandonment. Extensions of time may be obtained by
filing a petition accompanied by the extension fee under the provisions of 37 CFR 1.136(a).

o The oath or declaration is unsigned.

a To avoid abandonment, a late filing fee or oath or declaration surcharge as set forth in 37 CFR 1.16(e) of
$65 for a small entity in compliance with 37 CFR 1.27, must be submitted with the missing items identified
in this letter.

SUMMARY OF FEES DUE:

Total additional fee(s) required for this application is $65 for a Small Entity

0 $65 Late oath or declaration Surcharge.

 

A copy ofthis notice MUST be returned with the reply.

~ ' fig};Customer Service Center .

Initial Patent Examination Division (703) 308-1202
PART 3 - OFFICE COPY
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IL

 :‘:=: g‘,1:?’ C1

‘C5 4'? ca PTOlSBlO5 (03-01)
B""—=’=E C Please type a plus sign (+) inside this box -> Approved for use through 10/31/2002. OMB 0651-0032

,.;-.~.-"_%_ - U.S. Patent and Trademark Office: U.S. DEPARTMENT OF COMMERCE
#% Under the Paperwork Reduction Act of 1995. no persons are required to respond to a collection of information unless it displays a valid OMB control number

 

   
 

 
 

ziil
lllllllllll

Attorney Docket No 0520204 1 20

Mod et al-
T"’9 PREAMBLE STRUCTURES FOR SINGLE-INPUT,

SINGLE-OUTPUT (SISO) AND MULTI-INPUT, MULTI-
OUTPUT MIMO COMMUNICATION SYSTEMS ,

: - ‘ :

APPLICATION ELEMENTS ADDRESS TO: g::*:;g;,$;';;,;*:::;,1,="°' Pam
See MPEP Chapter 600 conceming utility patent application contents washin ton Dc 20231 i n‘

I APPLICANT REQUESTS EARLY PUBLICATION UNDER 37 CFR 1.219 (additional fee) kg-. I L

 UTILITY

PATENT APPLICATION

TRANSMITTAL
(Only for new nonpmvisianal applications under 37 CFR 1.53(b))

 

   

 
  
  

  
 

 
 
 

 

 
 
 

 
 
  

  

 

 
 
 

 

 

10/04/02
  

1 Fee Transmittal Fonn (e g., PTO/SB/17) ‘ CD-ROM or CD-R in duplicate, large table or Conipwpfi‘- (Submit an original, and a duplicate for fee processing) ' 7' Program (Appendix) I M 1

2‘ Applicant claims small entity status. See CFR 1.27 5 Nucleotide andlor Amino Acid Sequence Submission 211
(if applicable, all necessary) '1

3 Specification [Total Pages ]- (piefened anangement set forth below) 3- Computer Readable COPY (CRF)
- Descriptive title of the invention

- Cross Reference to Related Applications b Specification Sequence Listing on‘- Statement Regarding Fed Sponsored R&D '
— Reference to sequence listing. a table. or a .

computer program listing appendix |- QDROM °r CD‘R (2 °°p‘e5)' °r
— Background of the Invention ii paper- Brief Summary of the Invention

' Bnef Descnptbn of the D.'aw'”95 M med) C :1 Statements verifying identity of above copies- Detailed Description
A COMPANYING APPLICATION PARTS- Claim(s)

- Abstract of the Disclosure
Assignment Papers (cover sheet & Documents(s))

37 CFR 3 73(b) Statement Power of
4' El Draw'"9(S) (35 USO 113) [Total Sheets 1 (when there is an assignee) Attorney

El 15, Oath or Declaration [Total Pages

a_ [El Unexecuted
Copy from a prior application (37 CFR §1 63(d))
(for continuation/divisional with Box 18 completed)

 
 
   
  

  
  

English Translation Document (if applicable)

Information Disclosure Copies of IDS
Statement (lDS)lPTO—1449 Citations

b. Preliminary Amendment

Return Receipt Postcard (MPEP 503)
(Should be specifically itemized)
Certified Copy of Priority Document(s)
(if foreign pnonty is claimed)

Nonpublication Request under 35 U S.C 122(b)(2)(B)(i)
Applicant must attach form F‘TOISBl35 or its equivalent
Other

 

 
 

|:l DELETION or INVENTOR sSigned statement attached deleting inventor(s)
named in the prior application,
see 37 CFR 1.63(d)(2) and 1 33(b)

6‘ |:' Application Data Sheet. See 37 CFR 1 76
Assignee

Name and Address

DDDEBDEED
 

 18. If a CONTINUING APPLICATION. check appropriate box, and supply the requisite information below and in a preliminary amendment,
or in an Application Data Sheet under 37 CFR 1. 76:

El Continuation [3 Divisional D Continuation-in-part (CIP) of prior application No: /
Prior application information: Examiner Group / Art Unit:

For CONTINUATION OR DIVISIONAL APPS only the entire disclosure of the prior application, from which an oath or declaration is supplied under Box 5b. is considered a part of the
disclosure of the accompanying continuation or divisional application and is hereby incorporated by reference This incorporation can only be relied upon when a portion has been
inadvertently omitted from the submitted application parts

18. CORRESPONDENCE ADDRESS

g [3 ICustomer Number or Bar Code Label (Insert Customer No or Attach bar code label hem) or Correspondence address below

NAME Scott A. Horstemeyer
Thomas, Ka den, Horsteme er & Risle . L.L.P.

ADDRESS 100 Galleria Parkway
Suite 1750

0'" Atlanta STATE 30339-5948
COUNTRY U.S.A. TELEPHONE 770-933-9500 FAX 770-951-0933

Name (Print/Type) Glenn w_ Brown Registration No. (Attomey/Agent) 51,310

Signature r ' . In , flm~ —
Bnrdtn Hour Stnlcmellli This form is estimaied to rake 0.1 hours to complete. Time will vary depending upon ihi: needs of [he individual case. Any comments on iiu: amnunl uriimc you are required to complex: this fonn should be sent in me
Chief Information Ofiiocr, U.S. Patent and Tmdenlark Oflioe. Washington. DC 1023 I. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS SEND TO: Assistant Cnmmiuimier for Parents. Bow Patent Application.
Washington, DC 202:. -
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 :4 tfihi; <1
‘T " fifo/SB/17 (1 1-01Approved for use throu h 10/31/2002. OMB 0651-003

U S Patent and Trademark Office U 5 DEPARTMENT OF COMIVIERCE

 

Ca letel Known

To Be Assigned

for FY 2003 10/4/02
First Named Inventor Mody et a|_

Patentfees are subject /0 annual VZVISIDII Examiner Name To Be Assigned

M Applicant claims small entity status See 37 CFR 1 27 GWUP A" Uni‘ TO Be Assigned

METHOD OF PAYMENT check all that u I FEES CALCULATION continued

I Credit Card 4 3. ADDITIONAL FEES
Large Entity Small Entity

E Déposit Account gfltfiie :<‘$e)e gefde f$e)e Fee Description
Deposit Accoiiiii Niiiiibei 20-0778 1051 130 2051 65 Surcharge-late filing fee at oath

I052 50 2052 25 Surchargenlate provisional filing
Deposit Account Name Thomas, Kayden, Horstemeyer Risley . fee or cover sheet1053 130 1053 130 Non-English specification

The Commissioner is authorized to: (check all that apply) 1812 Z520 l 812 2520 :‘:x:::::§a?l:nq“eSt for ex pane
Charge fcc(s) indicated belowg Credit any Overpiiyments I804 920* 1304 920* Requesting publication of SIR

Charge any additional fce(s) during the pendency ofthis application 1805 1,840’ 1805 L840‘ l1;::;;:t§li;a;iL§l::‘f::i;fSmCharge fee(s) indicated below, except for the filing fee to the above-identified age, Examme, action
de osit account 1251 l 10 2251 55 Extension for reply within first

“‘FEE CALCULATION I252 400 2252 E)?t[L:.ns1on for reply within1. BASIC FILING FEE second mom},
Large Entity Sim!“ Entity 1253 920 2253 Extension for reply within third
Fee Fee Fee Fee Fee Description month

Code (5) Code (5) ' 1254 1,440 2254 Extension for reply within fourth

1001 740 2001 370 UtIlItyFllIngFee 1255 1960 2255 '“°“"‘Extension for reply within fifth
1002 330 2002 165 Design Filing Fee momh' 1401 320 2401 Notice of Appeal

I003 510 2003 255 Plant Filing Fee 1402 320 2402 Filing a brief in support of an
1004 740 2004 370 Reissue Filing Fee 11179681

1005 160 2005 80 P , I F I F 1403 280 2403 Request for oral hearing
mvlslona I mg ee 1451 1,510 1451 Petition to institute a public use

SUBTOTAL (1) Pi'0C€€diii81452 1 I0 2452 Petition to revive-unavoidable

2' EXTRA CLAIM FEES FOR UTILITY ':§::aREIS]S_—‘.:JeEFrom Fee 1453 1,280 2453 Petition to revive-unintentional
(jiaims Below paid 1501 1,280 2501 Utility issue fee (or reissue)

Total Claims‘ .20“: K X 9.00 1502 460 2502 Design Issue fee
independent Claims _3t* = X 4100 1503 620 2503 Plant issue fee

Mumple Dependem - I460 130 I460 Petitions to the Commissioner
140.00

I 807 50 1307 Processing fee for provisional
application

Large Entity Small Entity 1806 180 1806 %u;)£1l1(;:sli;nSo't;1lnfonnation
Fee Fee Fee Fee  l 8021 40 8021 Recording each patent

C0119 ($) C0dC ($) assignment per property (times
1202 18 2202 9 Claims in excess of20 number of properties)

1201 84 2201 42 Independent claims in excess of 3 1809 740 2809 “mg 3 submlssmn an” finall'C_]ClJllUll

1203 280 2203 140 Multiple dependent claim, if not paid [810 740 28“) 1:37 CF}; §d1d 129011))
1

1204 84 2204 42 “Reissue independent claims over i,§Z::f,1,f,'ed‘(‘§‘$"EF';'{V§°"'°"'°
original patent 1 |2i)(b))

1205 18 2205 9 “Reissue claims in excess of 20 and '80‘ 740 2801 §°q“°5‘ f°' C°'""“'°d- .X?lIlIlll3lI()ll (RCE)
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PREAMBLE STRUCTURES FOR SINCLE—INPUT, SINGLE—OUTPUT (SISO) AND

MULTI—INPUT, MULTI—OUTPUT (MIMO) COMMUNICATION SYSTEMS

CROSS-REFERENCE TO RELATED APPLICATIONS

5 This application claims priority to co-pending U.S. provisional application entitled

“Preamble Structures for SISO and MIMO OFDM Systems,” having serial no. 60/327,145,

filed on October 4, 2001, which is entirely incorporated herein by reference.

This application is related to U.S. provisional application entitled “Efficient

Training and Synchronization Sequence Structures for MIMO OFDM,” having serial no.

10 T 60/322,786, filed September 17, 2001, which is entirely incorporated herein by reference.

TECHNICAL FIELD OF THE INVENTION

The present invention is generally related to communication systems and, more

particularly, to single-input, single-output (SISO) and multi-input, multi-output (MIMO)

15 cornmunication systems.

BACKGROUND OF THE INVENTION

Significant developments in communications have been made by the introduction of

technologies that increase system operating efficiency (i.e., system “throughput”). One

20 example of these technologies is the use of two or more transmit antennas and two or more

receive antennas (i.e., multiple antennas) in a wireless communication system. Such

systems are typically referred to as mu1ti—input, multi-output (MIMO) communication

systems. In contrast, traditional wireless communication systems typically employ one
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transmit antenna and one receive antenna, and such systems are referred to accordingly as

single—input, sing1e—output (SISO) systems.

In addition, traditional communication systems typically use one of two types of

signal carrier systems. One such system uses only one carrier for the transmission of

5 information and is known as a single carrier (SC) system. A system that uses multiple

carriers to transmit information in parallel is known as a multi—carrier (MC) system. MC

systems divide the existing bandwidth into a number of sub—channel bandwidths and each

bandwidth is modulated individually by a respective sub—earrier. The method of dividing

the bandwidth into sub—channel bandwidths is referred to as frequency division multiplexing

10 (FDM). Therefore, either SISO or MI1\/IO communications may use a SC or an MC signal

carrier system.

In a MIMO communication system, signals are typically transmitted over a common

path (i. e., channel) by multiple antennas. The signals are typically prc—processed to avoid

interference from other signals in the common channel. There are several techniques that

15 may be used to pre—pr0cess the signals in this regard, and some of these techniques may be

combined to further improve system throughput. One such technique, known as space-time

processing (STP), processes and combines “preamble structures” and “data structures” into

77

groups referred to herein as “frame structures. Wireless communication systems typically

transmit data, or information (e.g., voice, video, audio, text, etc.), as formatted data symbols

20 (or infonnation symbols), which are typically organized into groups referred to herein as

data structures. The preamble structure contains an overhead for providing synchronization

and parameter estimation, allowing a receiver to decode signals received from a transmitter.

In a MIMO communication system, multiple frame structures are transmitted by a
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corresponding number of transmit antennas. The combination of the multiple frame

structures is generally refened to space—ti1ne signal stiuctures. Each frame structure

generally includes a preamble structure followed by a data structure.

Training symbols are typically added as prefixes to the data structures (e.g., at the

5 beginning of frame structure) to enable training (i.e., time and frequency synchronization)

between the transmitter and receiver of a MIMO communication system. These training

symbols can be referred to as preambles and are part of the preamble structures. Space-time

signal structures are constructed using STP for training symbols and data symbols

individually. Furthermore, pilot structures (or pilots) are symbols that are also constructed

10 by STP and have the same structure as preambles. However, instead of being placed as a

prefix to the data structure, the pilot structures are periodically arranged within groups of

data symbols. Certain properties incorporated into space—time signal structures make it

possible to recover the data structures by post-processing the space—time signal structures

with a receiver. Moreover, the fonnation and processing of space—time signal structures in a

15 wireless communication system may provide increased strength (i. e., gain) in the recovered

signal, which typically enhances the performance of the communication system.

Another technique that may be used to pre-process signals in a MIIVIO

communication system is FDM as mentioned earlier. FDM involves dividing the frequency

spectrum of a wireless communication system into sub-channels and transmitting

20 modulated data, or infonnation (i.e., formatted signals for voice, video, audio, text, etc.),

over these sub—channels at multiple signal carrier frequencies (“sub-carrier frequencies”).

Communication systems involving orthogonal frequency division multiplexing

(OFDM) have emerged as a popular form of FDM in which the sub-carrier frequencies are
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spaced apart by precise frequency differences. The application of the OFDM technology in

a SISO communication system (i. e., a SISO OFDM system) provides the capability, among

others, to efficiently transmit and receive relatively large amounts of information. The

application of OFDM in a M~ll\/IO communication system (i. e., a MIMO OFDM system)

5 increases the system’s capacity to transmit and receive information using approximately the

same amount of bandwidth (z'.e., transmission line capacity) as used in a SISO OFDM

systems. A MIMO OFDM communication system also offers improved performance to

overcome some of the difficulties experienced in other FDM communication systems, such

as performance degradation due to multiple versions of a transmitted signal being received

10 over various transmission paths (i. e., multi-path channel interference).

In SISO and MHVIO wireless communication systems, synchronization of data

symbols is typically required in both the time domain and the frequency domain.

Estimation of parameters such as noise variance and other channel parameters is also

typically required. Thus, an efficient preamble structure for use in wireless communication

15 systems should provide both synchronization and parameter estimation. Furthermore, an

efficient preamble structure should possess a low peak-to-average power ratio (PAPR) (i. e.,

at or approaching unity) to facilitate efficient system operation.

In their application to SISO and Mll\/IO communication systems, however, various

shortcomings have been identified in existing preamble structures. For example, the IEEE

20 Standard 802.l1a preamble structure includes a short sequence, which provides time

synchronization and coarse frequency offset estimation, followed by a long sequence, which

provides fine frequency and channel estimation. Although this preamble has application to

SISO communication systems, it is not directly applicable to a M]]\/IO communication
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system to provide the above mentioned fiinctions, without the need for significant

modifications. Moreover, there is considerable redundancy in the IEEE Standard 802.11a

preamble structure, which reduces the system throughput and hence the system efficiency.

Therefore, there is a need for an efficient preamble structure that provides time and

5 fi'equency synchronization, estimation of parameters such as noise variance and channel

parameters, and low PAPR when used with SISO and MIMO communication systems.

SUMMARY OF THE INVENTION

The present invention provides a system for providing efficient preamble structures

10 for use in sing1e—input, single-output (SISO) and multi—input, multi—output (M1l\/IO)

communication systems. Briefly described, one embodiment of the present invention,

among others, includes providing a communication system for transmitting space—time

signal structures across a channel. The space—time signal structures may be transmitted

using a SISO communication system and/or a MIMO communication system. One such

15 space—time signal structure includes at least one training symbol, each training symbol

having a cyclic prefix and a training block. The length of N1 samples of the training block is

equal to a fraction of the length of N samples of a data block such that N1 = N/I, where I is a

positive integer. Furthermore, the length of G samples of the cyclic prefix is a fraction of

the length N1. For example, G may be equal to N./4, or 25% of N1. The training symbols

20 provide coarse and fine time synchronization, coarse and fine frequency synchronization,

channel estimation, and noise variance estimation.

The present invention can also be viewed as providing a method for providing

efficient preamble structures for SISO and MIl\/IO communication systems. In this regard,
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one embodiment of such a method, among others, can be broadly summarized by the

following: providing a space—time signal structure having at least one training symbol, each

training symbol having a cyclic prefix and a training block. The length of N1 samples of the

training block is equal to a fraction of the length of N samples of a data block, i. e., N1 = N/I.

5 Furthermore, the length of G samples of the cyclic prefix is a fraction of the length of N1.

For example, G may be equal to NI/4, or 25% of N1. The training symbols provide coarse

and fine time synchronization, coarse and fine frequency synchronization, channel

estimation, and noise variance estimation.

Other systems, methods, features and advantages of the present invention will be or

10 become apparent to one with skill in the art upon examination of the following drawings

and detailed description. It is intended that all such additional systems, methods, features,

and advantages be included within this description, be within the scope of the present

invention, and be protected by the accompanying claims.

15 BRIEF DESCRIPTION OF THE DRAWINGS

Many aspects of the invention can be better understood with reference to the

following drawings. Moreover, in the drawings, like reference numerals designate

corresponding parts throughout the several views.

FIG. 1 is a block diagram of an exemplary multi-input, multi-output (MIMO)

20 communication system.

_FIG. 2 is a block diagram of an exemplary encoder with respect to the

communication system depicted in FIG. 1.
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FIG. 3 is a block diagram of an exemplary modulator with respect to the

communication system depicted in FIG. 1.

FIG. 4 is a diagram illustrating exemplary signal transmissions and associated signal

sample matrices with respect to the communication system depicted in FIG. 1.

5 FIG. 5 is a three—dimensional graphical illustration of a version of the receive sample

matrix shown in FIG. 4 that is applicable to the MIMO communication system of FIG. 1

when employing Orthogonal Frequency Division Multiplexing (OFDM).

FIG. 6 illustrates exemplary data frames that may be implemented in the MIMO

communication system depicted in FIG. 1.

10 FIG. 7 illustrates an embodiment of a preamble structure that maybe implemented

in a SISO communication system.

FIG. 8 illustrates another embodiment of a preamble structure that may be

implemented in a SISO communication system.

FIG. 9 illustrates an embodiment of a preamble structure that may be implemented

15 in a MHVIO communication system, e.g., the system depicted in FIG. 1.

DETAILED DESCRIPTION

The invention now will be described more fully with reference to the accompanying

drawings. The invention may, however, be embodied in many different forms and should

20 not be construed as limited to the embodiments set forth herein. Rather, these embodiments

are intended to convey the scope of the invention to those skilled in the art. Furthermore,

all “examples” given herein are intended to be non—limiting.
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FIG. 1 shows a block diagram of an exemplary multi—input, multi-output (MIMO)

communication system 10. The exemplary MIMO communication system 10 and its sub-

components will be described below to facilitate the description of the present invention. In

that regard, the exemplary M11\/IO communication system 10 may be implemented as a

5 wireless system for the transmission and reception of data across a wireless channel 12. For

example, the MIMO communication system 10 may be implemented as part of a wireless

local area network (LAN) or metropolitan area network (MAN) system, a cellular telephone

system, or another type of radio or microwave frequency system incorporating one-way or

two—way communications over a range of distances.

10 The MIl\/IO communication system 10 may transmit and receive signals at various

frequencies. For example, the MIMO communication system 10 may transmit and receive

signals in a frequency range from 2 to 11 GHZ, such as in the unlicensed 5.8 GHZ band,

using a bandwidth of about 3 to 6 MHz. Further, the MIMO communication system 10 may

employ various signal modulation and demodulation techniques, such as single-carrier

15 frequency domain equalization (SCFDE) or orthogonal frequency division multiplexing

(OFDM), for example. However, throughout this description, references will be made with

respect to a MIMO OFDM communication system merely to facilitate the description of the

invention.

The MI1\/IO communication system 10 may also be implemented as part of a

20 communication system (not shown) that includes an array of sub—channel communication

links, which convey one or more signals transmitted by one or more transmitting elements

to one or more receiving elements. The sub—channel communication links may include
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wires (e.g., in a wiring harness) or other forms of transmission medium that span between a

data source and a receiver within the communication system.

The MIMO communication system 10 includes a transmitter 14 and a receiver 16.

The transmitter 14 transmits signals across the channel 12 to the receiver 16. As depicted in

5 FIG. 1, the transmitter 14 typically includes several components. In this regard, the

transmitter 14 includes an encoder 18. The encoder 18 typically encodes data and/or other

types of signals received, for example, from a data source 20. Such signals may
9? 66

alternatively be referred to collectively as “data, signals,” or “data signals.” The data

source 20 may be a device, system, etc. that outputs such signals. The encoder 18 may also

10 perform functions such as employing a channel code on data for transmission and forming

sequence structures by STP techniques. Further, the encoder 18 may separate the signals

from data source 20 onto one or more signal paths, which are referred to as transmit

diversity branches (TDBS) 22-1, 22-2, ..., 22-Q, where Q is the number of transmit

antennas from which the signals are transmitted. The encoder 18 typically facilitates the

15 transmission of signals across the channel 12 by bundling the signals into groups, which are

typically referred to as space-time signal structures. Details of an exemplary space-time

signal structure, with respect to the present invention, is discussed below with respect to

FIG. 6.

Further shown in FIG. 1, the transmitter 14 also includes one or more modulators

20 24-1, 24-2, ..., 24-Q that are configured to modulate signals for transmission over the

channel 12. In this regard, the modulators 24 may employ various modulation techniques,

such as SCFDE or OFDM. The modulators 24 are typically connected to the encoder 18 by

the TDBs 22. The transmitter 14 also includes one or more transmit antennas 26-1, 26-2,
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..., 26-Q connected respectively to the one or more modulators 24-1, 24-2, ..., 24-Q. Thus,

each TDB 22 directs signals from the encoder 18 to a corresponding modulator 24, and the

modulator 24 modulates the signals for transmission by a respective transmit antenna 26.

An embodiment of a space-time signal structure transmitted by the transmitter 14 is

5 described below with reference to FIG. 6.

As discussed above, the exemplary MIIVIO communication system 10, shown in

FIG. 1, also includes a receiver 16. The receiver 16 also typically includes several

components. The receiver includes one or more receive antennas 28-1, 28-2, ..., 28-L,

where L is the number of receive antennas used to receive the Q transmitted space—time

10 signal structures. With Q transmit antennas 26 and L receive antennas 28, the MIMO

communication system 10 can be referred to as a Q x L system. In a SISO communication

system, the variables Q and L are both equal to one. In a MIMO system, Q and L are equal

to a number greater than one and may be equal to each other or non-equal. For example, a 2

X 2 MIIVIO communication system comprises two transmit antennas, i.e., Q=2, and two

15 receive antennas, z'.e., L=2.

The receive antennas 28-1, 28-2, ..., 28-L are connected to one or more

demodulators 30-1, 30-2, . . ., 30-L, respectively. The receive antennas 28 typically receive

modulated signals, i. e., space-time signal structures, that are transmitted across the channel

12 from the transmit antennas 26. The received signals are typically directed to the

20 demodulators 30 from the respective receive antennas 28. The demodulators 30 demodulate

signals that are received by the respective receive antennas 28.

The receiver 16 also includes a decoder 32, which is connected to the demodulators

30-1, 30-2, ..., 30-L via corresponding lines 31-1, 31-2, ..., 31-L. The decoder 32 typically

10
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combines and decodes the demodulated signals from the demodulators 30. In this regard,

the decoder 32 typically recovers the original signals that were provided by the data source

20. As depicted in FIG. 1, the original signals recovered by the decoder 32 may be

transmitted to a connected data sink 34, which may include one or more devices configured

5 to utilize or process the recovered signals.

As discussed above, the transmitter 14 of the MIMO communication system 10

includes one or more modulators 24 that are connected to one or more transmit antennas 26,

respectively. Further, the receiver 16 of the MIl\/IO communication system 10 includes one

or more demodulators 30 that are connected to one or more receive antennas 28,

10 respectively. In this regard, the number of modulators 24 and respective transmit antennas

26 that are implemented in the transmitter 14 may be represented by a first variable, “Q.”

Similarly, the number of demodulators 30 and respective receive antennas 28 that are

implemented in the receiver 16 may be represented by a second variable, “L.” In the

exemplary MIIVIO communication system 10, the number Q of modulators 24 and

15 respective transmit antennas 26 may be equivalent or non—equiva1ent to the number L of

demodulators 30 and respective receive antennas 28. In this regard, the MIMO

communication system 10 may be said to have “Q x L” transmit-receive diversity.

FIG. 2 is a block diagram of an exemplary encoder 18 of the MIl\/IO communication

system 10 depicted in FIG. 1. The elements of the encoder 18 shown in FIG. 2 will be

20 described below with respect to several elements that were described above for FIG. 1. The

exemplary encoder 18 includes a channel encoder 36. The channel encoder 36 typically

converts data and/or other types of signals to channel encoded versions of the signals, which

may also be referred to collectively as “channel encoded data” or “channel encoded

11
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99

signals. These signals may be received by the channel encoder 36 from a data source 20,

for example. The channel encoder 36 is typically configured to encode signals using an

encoding scheme that can be recognized and decoded by the decoder 32 of the receiver 16.

In the process of encoding signals, the channel encoder 36 typically adds parity to the

5 signals so that the decoder 32 can detect errors in the received channel encoded signals,

which may occur, for example, due to environmental conditions that affect the channel 12

or noise inadvertently injected into the signals by the transmitter 14 and/or receiver 16.

The exemplary encoder 18 depicted in FIG. 2 also includes a symbol mapper 38,

which receives channel encoded signals from the channel encoder 36. The symbol mapper

10 38 is typically configured to map channel encoded signals into data blocks. This mapping

may be done by grouping a predetermined number of bits of the data so that each group of

bits constitutes a specific data block that is selected from a pre—detern1ined symbol alphabet.

In this regard, a symbol alphabet typically includes a finite set of values. For example, a

symbol alphabet of a binary phase shift keying (BPSK) system typically comprises the

15 values +1 and -1, and a symbol alphabet for a quadrature phase shift keying (QPSK) system

typically comprises the values 1+j, —1+j, l—j, and -1—j. The symbol mapper 38 is also

typically configured to structure a stream of data blocks into data structures, which will be

discussed further below.

The exemplary encoder 18 also includes a space-time processor 40. The space-time

20 processor 40 is typically configured to encode a stream of data blocks, received from the

symbol mapper 38, through space-time processing to form the data block designated for

different TDBS 22 such that the processed data blocks have properties that enhance the

performance of the MIMO communication systems 10. The encoded data blocks are output

12
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from the space—time processor 40 over Q lines 42-1, 42-2, ..., 42-Q, where Q represents the

number of modulators 24 and respective transmit antennas 26 of the transmitter 14, as

discussed above.

As further illustrated in FIG. 2, the Q lines 42-1, 42-2, ..., 42-Q from the space—time

5 processor 40 input respectively to Q adders 44-1, 44-2, ..., 44-Q. The encoder 18 also

includes a pilot/training symbol inserter 46, which also has Q output lines 48-1, 48-2, ...,

48-Q that input respectively to the Q adders 44-1 , 44-2, ..., 44-Q. The Q adders 44-1, 44-2,

..., 44-Q combine, or mix, the inputs and provide an output to the Q TDBs 22-1, 22-2, ...,

22—Q, which input respectively to the Q modulators 24-1, 24-2, ...24-Q shown in FIG. 1.

10 The pilot/training symbol inserter 46 typically provides pilot blocks and training blocks that

are inserted into (or combined with) the data blocks by the adders 44.

The term pilot blocks, as used in this description, refers to symbols provided by the

pilot/training symbol inserter 46, which are inserted periodically into the data blocks.

Typically, pilot symbols may be inserted at any point in the data blocks. The term training

15 blocks refers to one or more continuous sections of symbols provided by the pilot/training

symbol inserter 46. Training blocks are preferably inserted into preamble structures at the

beginning of the frame structures and transmitted once per frame structure. However,

training blocks may also be inserted in other parts of the signal structures, such as the

middle or end of the frame structures. Preambles (or preamble structures) are symbol

20 structures formed of training blocks inserted at the beginning of the frame.

Pilot blocks are typically transmitted with data blocks to calibrate (i. e., synchronize)

the receiver 16 to the transmitter 14 on a small scale. This calibration, or synchronization,

accounts for the time varying nature of the channel 12, for example. Training symbols,

13

ERIC-1008 I Page 128 of 160 



ERIC-1008 / Page 129 of 160

 lLl’:.2:-L. . -ii mail .ilvii,,é§.,ll'§i gm"

‘ TKHR Docket No. 062020-1120
GTRC Docket No. 2552

however, are typically used to periodically calibrate the receiver 16 to the transmitter 14.

The training symbols may be unique for each sub—channel. Moreover, different sets of

training symbols and/or pilot blocks may be provided by the pilot/training symbol inserter

46, depending on the operating criteria of the communication system 10, which may be

5 determined by the user.

FIG. 3 is a block diagram of an exemplary modulator 24 from one of the modulators

24-1, 24-2, ..., 24—Q of the communication system of FIG. 1. The exemplary modulator 24

may be configured to modulate signals by various techniques, such as SCFDE or OFDM.

The input to the modulator 24 is from a corresponding TDB 22, which was discussed

10 above. As shown, the TDB 22 couples to a serial-to-parallel converter 50, which is one of

several components of the modulator 24. The serial-to-parallel converter 50 converts the

training blocks and data blocks from a serial formal to a parallel format for further

processing by other components of the modulator 24. Typically, the serial—to-parallel

converter 50 converts a number of samples “N” of each of the data blocks from a serial

15 format to a parallel format. The serial—to-parallel converter 50 also converts a number of

samples “N1” of each of the training blocks from serial samples to parallel samples.

The modulator 24 also includes an inverse discrete Fourier transform (IDFT) stage

52 that receives the parallel format of the training blocks and data blocks from the series—to—

parallel converter 50. The IDFT stage 52 converts these blocks from the frequency domain

20 to the time domain, as is known in the art. Typically, the IDFT stage 52 receives N samples

for each data block and N1 samples for each training block from the serial—to-parallel

converter 50 and converts the samples in the frequency domain to N samples for each data

block and N1 samples for each training block in the time domain. The time domain samples

14
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fi‘om the ]DFT stage 52 are input to a cyclic prefix inserter 54. The cyclic prefix inserter 54

inserts an additional number of samples “G” with each data block and training block to

form data symbols and training symbols. The G samples are inserted into the data symbols

and training symbols as guard intervals to reduce or eliminate inter—symbol interference

5 (ISI) in the N or N; samples.

The modulator 24 also includes a parallel—to—serial converter 56, which converts the

G+N or G+N1 samples received from the cyclic prefix inserter 54 from a parallel format to a

serial format for further processing by other components of the modulator 24. The

modulator 24 further includes a digital—to-analog converter (DAC) 58. The DAC 58

10 converts the digital symbols to analog symbols and inputs the analog symbols to a mixer 60.

A local oscillator 62 generates carrier signals, which are also input to the mixer The

mixer 60 mixes the analog symbols from the DAC 58 with the calrier signals from the local

oscillator 62 to generate up-converted versions of the signals for transmission as radio-

frequency (RF) signals. The mixer 60 inputs the up-converted signals to an amplifier 64

15 where the signals are amplified and then input to the transmit antenna 26, which transmits

the signals across the channel 12.

FIG. 4 is a schematic diagram illustrating exemplary signal transmissions and

associated signal sample matrices with respect to the modulator/demodulator configuration

of the MIMO communication system 10 of FIG. 1. As shown in FIG. 4, the configuration

20 includes one or more modulators 24 and one or more demodulators 30. Each modulator 24

is connected to one or more respective transmit antennas 26, and each demodulator 30 is

connected to one or more respective receive antennas 28, as discussed above with respect to

FIG. 1. Also discussed above, the transmit antennas 26 are typically configured to transmit

15
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modulated signals across a channel 12, and the receive antennas 28 are typically configured

to receive modulated signals via the channel 12. In this regard, exemplary signal

transmissions are depicted in FIG. 4, which will be discussed further below.

Similar to the above discussion with respect to the MIMO communication system 10

5 of FIG. 1, the number of modulators 24 and respective transmit antennas 26 that are

implemented in the modulator/demodulator configuration of FIG. 4 may be represented by

the variable, “Q.” Accordingly, the number of demodulators 30 and respective receive

antennas 28 in the arrangement of FIG. 4 may be represented by the variable, “L.” Thus the

modulator/demodulator arrangement depicted in FIG. 4 may also be described as having “Q

10 x L” transmit-receive diversity. Moreover, the variables, Q and L, may be equivalent or

non-equivalent in various MIMO communication system configurations.

Exemplary signal transmissions from the Q transmit antennas 26 across the channel

12 to the L receive antennas 28 are depicted in FIG. 4. For example, the first receive

antenna 28-1 receives each of the Q transmitted signals from the Q transmit antennas 26-1,

15 26-2, ..., 26—Q. These Q transmitted signals are typically transmitted over sub-channels

having an impulse response characterized by h I 1, hg], h3], . . ., hQ1 that are transmitted from

the 15‘ to the Q"‘ transmit antennas 26-1, 26-2, ..., 26-Q, respectively. In this regard, the

term hu (where i = 1, 2, ..., Q andj = 1, 2, ..., L) is used to refer to the impulse response, in

the time domain, of the sub-channels between the i"‘ transmit antenna 26 and the j"' receive

20 antenna 28. Thus, as a fi1rther example, the L"' receive antenna 28-L receives each of the Q

transmitted signals, over the sub-channels having impulse responses hu_, h2L, h3L, ..., hQL,

from the 15‘ to the Qm transmit antennas 26-1, 26-2, ..., 26-Q, respectively. Although, for

simplicity, exemplary signal transmissions are depicted in FIG. 4 from the Q transmit

16
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antennas 26 to the 15‘ and the L"‘ receive antennas 28-1 and 28—L only. However, it should

be understood that, in a typical MIMO communication system, all L receive antennas 28

receive the signal transmissions from the Q transmit antennas 26.

A transmit sample matrix S is illustrated in FIG. 4. The matrix S is associated with

5 the signals that are modulated by the Q modulators 24 and transmitted over the channel 12

from the Q transmit antennas 26. In this regard, the sample matrix S may be associated

with signals that are transmitted by the MIMO communication system 10. Thus, the

elements of the transmit sample matrix S may represent Q space—time signal structures,

which are simultaneously transmitted from the Q transmit antennas 26 during Q symbol

10 periods (“T3”). For example, the elements of the first row of the transmit sample matrix S

may represent the frame structures S1, S2, . . ., SQ, which are transmitted from the 15‘

through the Q“ transmit antennas 26, respectively, at a lirst instantaneous time (“t”).

Similarly, the elements of the second row of the transmit sample matrix S may represent the

frame structures SQ+1, SQ+2, . . ., SZQ, which are transmitted from the 15‘ through the Q“

15 transmit antennas 26, respectively, at a second time (“t + T3”). For the purpose of

illustration, the transmission times, e.g., t, t + T3, etc., are shown to the right of the transmit

sample matrix S. The elements of the last row of the transmit sample matrix S may

represent the final set of symbols, S(Q-1)Q+1, S(Q_1)Q+2, . . ., SQQ, which are transmitted from

the 15‘ through the Q“ transmit antennas 26, respectively, at a final time (“t + (Q-1)Ts”).

20 Additional transmission times may be needed if more frame structures are transmitted.

FIG. 4 also includes a receive sample matrix R, which is associated with the signals

that are received over the channel 12 by the L receive antennas 28 and demodulated by the

L demodulators 30. Similar to the elements of the transmit sample matrix S, the elements

17
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of the receive sample matrix R may represent L received space—time signal structures,

which are simultaneously received by the L receive antennas 28 during Q or more symbol

periods (“Ts”). For example, the elements of the first row of the receive sample matrix R

may represent the symbols R1, RQ-+-1, . . ., R(L-1)Q+], which are demodulated by the 1“ through

5 the Lt“ demodulators 30, respectively, at a first time (“t”). Similarly, the elements of the

second row of the receive sample matrix R may represent the symbols R2, RQ+2 . . ., R(L_

1)Q+2, which are demodulated by the 1“ through the L"‘ demodulators 30, respectively, at a

second time (“t + T3”). The elements of the last row of the receive sample matrix R may

represent the final set of symbols, R0, R20, . . ., RQL, which are demodulated by the 15‘

10 through the Lm demodulators 30, respectively, at a final time (“t + (Q-1)Ts”). It is noted

that although references are made to the same time instances (e.g., t, t + T3, etc.) in the

foregoing descriptions with respect to the transmit sample matrix S and the receive sample

matrix R, there is typically a time delay between the transmission and reception of the

space—time signal structures represented by these matrices.

15 In addition to the transmit sample matrix S and the receive sample matrix R, there

are at least two other matrices that are relevant to represent the transmission and reception

of signals in a MINIO communication system, such as the system depicted i11 FIG. 1. The

channel matrix 11 typically includes elements that represent channel coefficients, which are

detennined based on characteristics of the channel 12. The channel matrix 1] typically has a

20 dimension of Q x L. A noise matrix W typically includes elements that represent additive

white Gaussian noise, which typically causes distortion and corruption of received signals

that are represented, for example, by the receive sample matrix R. The noise matrix W

typically has a dimension of Q x L.

18
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The relationship between the receive sample matrix R, the transmit sample matrix S,

the channel matrix 1], and the noise matrix W can be expressed by the following equation:

Rk,T><L:Sk,T><Q'nk,Q><L+wk,T><L EQ-‘

With respect to EQ. 1, k represents the sub-carrier or sub—channel of received demodulated

5 signals and T represents a dimension variable that is typically equivalent to Q, although it

may have other values. As discussed above, Q and L represent, respectively, the number of

modulators 24 and respective transmit antennas 26 and the number of demodulators 30 and

respective receive antennas 28 with respect to a typical MIMO communication system 10.

FIG. 5 is a graphical illustration of a version of the receive sample matrix R’ shown

10 in FIG. 4 that is applicable to the MIl\/IO communication system of FIG. 1, when employing

OFDM. As shown, the x-axis represents space, the y—axis represents time, and the z-axis

represents frequency. Each receive sample matrix Rk that is depicted in the space—time

dimensions is similar to the receive sample matrix R discussed above with respect to FIG.

4. However, each element of the receive sample matrix R’ illustrated in FIG. 5 also has N

15 frequency components that are each represented by an index, “k”. As k varies from 0 to N-

1 for the elements of each receive sample matrix Rk in FIG. 5, the frequency component of

the received symbol varies accordingly. Thus, the three-dimensional receive sample matrix

R’ can be viewed as including N receive sample matrices Rk of dimensions Q x L or

alternatively can be viewed as including (Q times L) vectors Ri, j of length N. For example,

20 with respect to the symbol received by the first antenna and demodulated by the first

demodulator, there is a vector of elements Rm, Rm, . . ., R1,N.1, as depicted in FIG. 5.

19
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FIG. 6 is a diagram illustrating an exemplary space-time signal structure 66 that may

be implemented in a MIMO communication system that has Q transmit antennas, such as

the MIMO communication system 10 depicted in FIG. 1. As depicted in FIG. 6, the space-

time signal structure 66 typically includes Q frame structures 68. Each frame structure 68

5 corresponds to a respective TDB 22 and to a respective transmit antenna 26. Each frame

structure 68 typically includes a preamble structure 70 and a data structure 72.

The training blocks of the preamble structure 70 are typically inserted into the frame

structure 68 by the pilot/training symbol inserter 46. The preamble structure 70 typically

includes one or more training symbols 74. Usually the number of training symbols 74 is

10 equal to Q. Each training symbol 74 typically includes a cyclic prefix 76 of length G and a

training block 78 of length N1. The combination of a cyclic prefix 76 and a training block

78 forms the training symbol 74 that has a length of G+N; samples in the time domain. In

addition, the preamble structure 70 contains one symbol referred to herein as an enhanced

training symbol 79, located at the beginning of the preamble structure 70. The training

15 block 78 of the enhanced training symbol 79 is divided into several sections. Certain

sections are used for synchronization and other sections are used for channel parameter

estimation, as will be discussed in more detail below. The sections typically have a length

of N/4 or N/8, but other fractions of N may be used to form the sections of the enhanced

training symbol 79. The length of each section of the enhanced training symbol 79 is given

20 the value N], which is equal to N/J where J is an integer.

The cyclic prefix 76 may also be referred to as a guard interval, since the cyclic

prefix 76 typically functions to guard the signal structures 68 from inter—symbol interference

(ISI) during transmission of the space-time structure 66 across the channel 12. The time

20
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length Tg of the cyclic prefix 76 having G samples is typically greater than the maximum

time length of the charmel impulse response h.,J, which was discussed above for FIG. 4. In

the example of an OFDM communication system in accordance with the present invention,

the time length Tg is about 25% of the time length of one OFDM symbol. However,

5 depending on the time length of the channel 12, G may be less than 25% of one OFDM

symbol.

As also depicted in FIG. 6, the data structure 72 typically includes one or more data

symbols 80. Typically, the number of data symbols 80 is equal to a multiple of Q. Each

data symbol 80 includes a cyclic prefix 76 and a data block 82. The cyclic prefix 76 may

10 have a length G equal to the length of the cyclic prefix of the preamble structure.

Alternatively, the length of the cyclic prefix of the data structure 72 may be different from

the length of the cyclic prefix of the preamble structure 70. The data block 82 has a length

N. The relationship between N and N1 can be expressed by the equation N; = N/I, where I is

a positive integer.

15 The combination of a cyclic prefix 76 and a data block 82 fonns the data symbol 80

that has a length of G+N samples in the time domain. Therefore, the data structure 72 of

the frame structure 68 typically includes Q or more data symbols 80 that have an overall

length of P*Q*(G+N) samples in the time domain, as depicted in FIG. 6, where P is some

positive integer. Although omitted from FIG. 6 for simplicity, pilot symbols may also be

20 intermittently inserted into the data symbols 80 by the pilot/training symbol inserter 46, as

discussed above.

The time length N; of a training block 78 may be shorter than the length N of a data

block 82 in a frame structure 68. Typically, the length N; of a training block 78 in the

21
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preamble structure 70 is established as a fraction of the length N of a data block 82 in the

data structure 72 to provide the relationship of N1 being equivalent to N/I, where I is a

positive integer. For example, N1 may be equivalent to N/4 (i. e., I = 4). If the length N] of a

training block 78 is not established in the communication system, the length N; may be

5 assumed to be equivalent to N (z'.e., I = 1). Typically, the length of a training symbol 74

(i.e., G+N1) in the prior art is equivalent to the length of a data symbol 80 (i.e., G+N).

However, according to the present invention, the training symbol 74 may be shorter than the

data symbol 80 in the context of the frame structure 68.

The enhanced training symbol 79 of length G+N1 can be further subdivided into

10 smaller sections for efficient synchronization and to perform frequency offset estimation

over a wider range. The sequences contained in these sections are also known by the

receiver 16. When the receiver 16 receives a space—time signal structure 66, the known

sequence is compared with the enhanced training symbol 79 of the preamble structure 70

using a technique such as correlation, as is described in U.S. patent application serial

15 number 10/128,756, filed April 24, 2002, which is incorporated by reference in it entirety

herein.

The preamble structure 70 enables the receiver 16 (FIG. 1) to identify the arrival of

the frame structure 68. Thus, the preamble structure 70 may facilitate time synchronization,

frequency synchronization, channel parameter estimation, and noise variance estimation.

20 Efficient preamble structures 70, in accordance with the present invention, provide the

functions of time synchronization, frequency synchronization, channel parameter

estimation, and noise variance estimation through synchronization signals that have low

peak-to-average power ratios (PAPR) (e.g., at or approaching unity). These functions are

22
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achieved by the shortened preamble structures described herein, which are more efficient

than the longer prior art structures. The range of Frequency offset estimation can be

improved with the shortened preamble structures. By subdividing the length of the training

symbols in the time domain into integer multiples N], the range is increased.

5 A signal transmission matrix Sk having an effieient preamble structure should be a

unitary transmission matrix in the frequency domain and have a low PAPR in the time

domain. In this regard, effieient preamble structures provide enhanced performance in a

MIMO communication systems, requiring less overhead.

A unitary transmission matrix contains rows or columns that are orthogonal to each

10 other, and the energy of the signals represented by each row or column is unity. In

mathematical terms, a unitary transmission matrix has the properties represented by the

following equations:

* 1 i=i'

SW: 0 im" EQ-2A
Q

.ZSw'
J=1

* 1 f=]'Q

Z5z',j5z3J': 0 j¢j' EQ.2B
i=1

15 where S” represents the constituent symbols of the unitary transmission matrix.

Providing a unitary signal transmission matrix Sk reduces or eliminates noise

enhancement during channel estimation of the received signals. Moreover, providing a

unitary signal transmission matrix Sk with an effieient preamble structure that possesses a
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low PAPR reduces or eliminates signal non—linearities and spurious out—of—band signal

transmissions.

Furthermore, the enhanced training symbols of the transmitted signal is a short

sequence that includes periodically repeating patterns with good correlation properties. The

5 definition of a sequence having good correlation properties according to the present

disclosure refers to any sequence having a unique pattern that is compared with a

corresponding pattern of another sequence. For instance, using auto—correlation, when the

pattern is matched in time with a corresponding pattern in the receiver 16, the patterns

provide a peak output indicating a synchronization of the received signal.

10 Another advantage of the preamble structures described herein is that the shortened

length of the preamble structures can be maintained for both SISO and MIIMO

communication systems. With a length of one OFDM symbol period, the preamble

structures use far less bandwidth than used the prior art. The short preamble structures with

short periodic sequences can be contained within one symbol period to allow for a greater

15 amount of bandwidth available to transmit useful data or infonnation. 3

In FIGs. 7-9, examples of enhanced training symbols 79 of the preamble structures

are shown in accordance with the embodiments of the present invention. The enhanced

training symbols 79 have a length of G+N; in the time domain, as explained above with

respect to FIG. 6. The overhead for the enhanced training symbols 79 includes the cyclic

20 ‘prefix 76 having time length G. The length G is typically a fraction and is preferably equal

to one divided by an integer. The length G, for example, may be one-fourth, or 25%, of the

length of the training block 78. Furthermore, the time length N; of the training block 78 of

the enhanced training symbol 79 is equal to the length of only one symbol period in an
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OFDM or other space-time communication system. With the shortened overhead of the

enhanced training symbol 79, the efficiency of the communication system is improved in

that the transmission of training symbols requires minimal bandwidth, thereby allowing a

larger portion of the bandwidth for the transmission of data structures 72. Thus, more

5 useful data or information can be communicated in the available bandwidth. Moreover,

with the efficient preamble stmctures, time synchronization, frequency offset estimation,

channel estimation, and noise variance estimation is accomplished.

FIG. 7 illustrates an example of an enhanced training symbol 84 for a SISO system

that may be employed in a modulation/demodulation system, such as, for example, a

10 SCFDE or OFDM system. The enhanced training symbol 84 includes five sections 86-],

86-2, 86-3, 86-4, 86-5 each having length NT/4 in the time domain, where T is the sample

time at the input to the DAC 58. The training block 78 of the enhanced training symbol 84

includes four sections 86-2, 86-3, 86-4, 86-5, and may be referred to as a 4 x (NT/4)

training symbol. For example, ifN=256, then the training block 78 has 4 x 64T

15 configuration. The entire length of the enhanced training symbol 84 is T5. The length of the

cyclic prefix 76 is Tg and the length of the training block 78 is NT, as represented in interval

94. Cyclic prefix 76 has length G. In this example, G=NT/4. The sequence S1 in frequency

domain represents any sequence such that its modulation in the time domain s] has good

correlation properties and low PAPR. For instance, the sequence s1 may include a sequence

20 fomied using the exemplary modulator 24 shown in FIG. 3. In this example, each section

86 of the enhanced training symbol 84 is represented with the same type of sequence s1.

A first interval 88 of the enhanced training symbol 84 spans the first two sections

86-1, 86-2. In this interval 88, the enhanced training symbol 84 includes sequences for

25
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performing time synchronization and coarse frequency offset estimation. These sequences

may further be used for other functions. Coarse frequency offset estimation provides an

estimation of the frequency offsets in a frequency range up to 4/NT. A second interval 90

begins at the start of the third section 86-3 and spans to the end of the fourth section 86-4

5 and includes sequences for providing parameter estimation, such as channel estimation and

noise variance estimation. A third interval 92 spans the first four sections 86-1, 86-2, 86-3,

86-4. The portion of the enhanced training symbol 84 in the third interval 92 provides

sequences for fine frequency offset estimation. Fine frequency offset estimation can be

used to estimate the frequency offset up to a value of 1/NT. A fourth interval 94 spans over

10 the entire training block 78. This length is preferably equal to NT, wherein NT refers to the

time of the N samples of the N data block 82 shown in FIG. 6. The 4 x NT/4 training block

78 of the enhanced training symbol 84 may be used in a MIMO communication system as

well. In MIIVIO, this enhanced training symbol 84 may perform all the functions as

expressed above or may alternatively perform synchronization only.

15 FIG. 8 is another exemplary embodiment of an enhanced training symbol 96 for a

SISO system in a SCFDE, OFDM, or other type of modulation/demodulation system. The

enhanced training symbol 96 comprises eight sections 98-1, 98-2, 98-8 in which the first

four sections 98-1, 98-2, 98-3, 98-4 have sequences s1’(NT/8) which are N/8-point IDFT of

the sequence S1’ in the frequency domain. The first four sections are followed by two

20 sections 98-5, 98-6 having sequences s1(NT/4) the N/4 point lDFTs of sequence S; which

are further followed by two more sections 98-7, 98-8 of s] ’(NT/8) sequences. The cyclic

prefix 76 (first two sections 98-1, 98-2) and the remaining six sections 98-3, 98-4, ..., 98-8

(having length NT shown at the fourth interval 94) make up the enhanced training symbol

26
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96. Again, G is equal to N/4. The sequence S1’ is any sequence in the frequency domain

such that its N/8 point IDFT modulation in the time domain s. ’ has good correlation

properties and low PAPR. Again, a sequence with good correlation properties refers to

having a unique periodically repeating pattern such that one portion of the repeating pattern

5 is compared with another similar portion of the repeating pattern for determining an

accurate starting of training symbols. The sequence S1 is chosen such that its N/4 point

IDFT in the time domain s1 has good correlation properties and low PAPR.

In the embodiment shown in FIG. 8, the intervals 88, 90, 92, and 94 are substantially

the same as the intervals shown in FIG. 7. However, it should be noted that the intervals are

10 only shown for illustrated purposes and may be rearranged or extended if necessary. The

first interval 88 of the enhanced training symbol 96 spans the first four S1’ sections 98-1,

98-2, 98-3, 98-4. In this interval 88, the enhanced training symbol 96 includes the

sequences for performing time synchronization and coarse frequency offset estimation.

Coarse frequency offset estimation provides a frequency offset estimation range up to 8/NT,

15 which is a greater range than possible in the embodiment of FIG. 7. The second interval 90

begins at the start of the fifih section 98-5 and spans to the end of the sixth section 98-6.

The second interval 90 includes sequences for providing parameter estimation, such as

channel estimation and noise vari ance estimation. The third interval 92 spans the first six

sections of the enhanced training symbol 96 providing sequences for fine frequency offset

20 estimation. Fine frequency offset estimation in this embodiment can estimate the frequency

offset up to 1/NT.

FIG. 9 illustrates an example of first and second enhanced training symbols 100 and

102 for a 2 x 2 MIMO system using OFDM or other type of modulation/demodulation

27
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system. A first antenna (ANTENNA 1) transmits the first enhanced training symbol 100.

The first enhanced training symbol 100 has five sections 104-1 , 104-2, ..., 104-5 in which

the s; sequence is included in the first, second, and fifth sections 104-1, 104-2, 104-5 where

S; is the N/4 point IDFT of S1. The third and fourth sections include a sequence (—s1*) that

5 is the IDFT of the N/4 point sequence -S1* in the frequency domain. The sequence -S.* is

the negative of the complex conjugate of the sequence S1 in the frequency domain. As is

similar to the enhanced training symbol 84 shown in FIG. 7, the enhanced training symbol

100 includes five intervals each covering a NT/4 time period. The second antenna

(ANTENNA 2) transmits the second enhanced training symbol 102, which includes the

10 sequence s1 in the first, second, and fifth sections 105-1, 105-2, 105-5 and the sequence s1*

in the third and fourth sections 105-3, 105-4. The sequence s1* is the IDFT of the sequence

S1* in the frequency domain. The sequence S1* is the complex conjugate of the sequence

S1.

In the example of FIG. 9 for use in a 2 x 2 M11\/IO communication system, time

15 synchronization and coarse frequency offset estimation are performed using portions of the

enhanced training symbols 100 and 102 within the interval 88. In this interval 88, coarse

frequency offset is estimated up to a range of 4/NT. Parameter estimation is performed in a

time interval 106 during the second, third, and fourth sections. Parameter estimation may

iiiclude channel estimation, noise variance estimation, or both. Fine frequency offset

20 estimation is performed using the sections of the enhanced training symbols 100 and 102

within interval 92 and can be estimated up to 1/NT.

A method of forming the enhanced training symbols in the time domain will now be

described. The IDFT stage 52 includes a number of inputs N5. Given that N] = N and
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N=256, then the following sequence S1 may be input to the IDFT stage 52 to generate the

enhanced training symbol 84:

S1,256=sqrt(2)* {O 0 0 0 +1+j 0 0 0 —1—j0 0 0 +1+j O O 0 +1—j 0 O 0 +1+j O 0 0 +1+j 0 0 0 —

1+j0OO+1+jOOO—1—j000 +1+jOO0‘+1+j00O+1—j000+1+j000+1+j000+1—j O

5 00—1—j000+l+j000-1-j0O0-1-j000-1+j000+1+j000+1+j000+1—j0O0—1—j

00O—1+jOOO —1+jO...O(550’s)+1+j00O+1+j00O+1+j0OO—1+jOOO+1+j00O-

1—j000-1+j0OO—1—jO00—1—jOOO—1—j000+1+jO00—1+jO0O+1+j000-1—j0OO

+1—j0O0+1+j000+1+j000+1+j000-1-j0O0+1-jO00+1+j000-1-j000+1-jO

OO+1+j 000-1+j OO0+1-j 000}

10 As can be seen from this example, every fourth sub—carrier of the IDFT input is

excited whereas all the other inputs are set to zero. The output of IDFT will be an N-point

sequence with a periodicity ofN/4. A cyclic prefix is inserted in front of the sequence to

form complete the enhanced training symbol.

Another method for generating the enhanced training symbol shown in FIG 7. is to
1

15 have N] = N/4. Given that N=256, a sequence S] such as the one shown below is input to

the IDFT stage 52 to generate the enhanced training symbol:

S1,54={1l—11-11-111-1111-1-1-1-1111-11-1-110

00000O0O0OO0—11111-1111-1-111-11-1-1

l—11—l—1—11—1}

20 The output of the IDFT is an N/4 point sequence which is repeated 4 times and a

cyclic prefix is added to generate the enhanced training symbol having the fonn CP (cyclic
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prefix) + 4 x 64. In a similar manner, all the other training symbols can be generated by

generating the constituent subscctions and then combining them together.

The enhanced training symbol shown in FIG 7 may be further modified to be used in

the MIMO system such that the different sequences from different antennas are orthogonal

5 to each other. This orthogonality is achieved by keeping the constituents of the sequence S1

the same but altering the sub—carriers. For example, the sequence transmitted from antenna

1 has only its even sub—can1'ers excited as shown:

SL256’ ant5nna1=Sqrt(2)*{0 O 0 0 +1+j O O 0 -1-j O O O +1+j 0 0 0 +1-j 0 O 0 +1+j O O O

+1+jOO0-1+j0OO+1+jOOO—1-j000 +1+j000+1+j000+1-j000+1+j000+1+j

10 0OO+1—j000-1—j000+1+j00()-l-jO00-l-jO00-1+jOOO+1+j000+1+jOOO

+1-j000—1-j000—1+j000 —1+j O 0(55 0’s)+1+j000+1+j00O+1+j O00—1+jO

00+1+jO00-1—j000-1+j000—1—jO00-1-jO00-1-jOO0+1+j000-1+jO00+1+j

000-l-j00O+1-jOO0+1+jOO0+1+j000+1+j000-1—j000+1—j 000+1+j000-

1—j0O0+1—jOO0+1+jO00—1+jO00+1—j000}

15 i The sequence used for antenna 2 is the same as the one used for antenna 1 except

that its odd sub-caniers are excited as shown:

SL256, antem1a2=sqrt(2)*{O 0 0 +1+j O 0 O —1—j0 0 0 +1+j O 0 0 +1-j 0 0 0+1+j 0 0 0

+1+jOOO—1+j000+1+j000—1—j000 +1+j000+1+jO00+1—jOOO+1+j0OO+1+j

O00+1-j000-1-j000+1+jO00-1-j0O0—1-j0O0-1+j000+1+j000+1+jO00

20 +1-j 0 00 -1-j 00 0-1+j 000 -1+j 0 0 (55 0’s) +1+j OOO+1+j O 0 O+1+j 000-1+j 0

00+1+jO0O—1—jO00-1+jOOO—1—jO00-1-j00O—1-j000+1+j000-1+j0OO+1+j
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00O—1—j0OO+1—j O00+1+jO0O+l+j 0O0+1+j 000-1-j O00+1—j 000+1+j000—

l—j 0OO+1—j 000+l+j000-l+j000+1—j0000}

Thus, with the use of the enhanced training symbols 84 and 96 in a SISO

communication system, the synchronization can be enhanced and the system throughput

5 may be increased. Likewise, the use of the enhanced training symbols 100 and 102 in a

MIMO communication system also provides enhanced synchronization and hence increased

system throughput. These enhanced training symbols provide for more hierarchical frame

structures in communication systems.

It is noted that embodiments of the present invention, such as those described above,

10 may be implemented in hardware, software, firmware, or a combination thereof. For

example, in some embodiments, the present invention may be implemented as a computer

program or application in software or firmware that is stored in a memory and that is

executed by a suitable instruction execution system. In other embodiments the present

invention may be implemented, for example, with one or a combination of the following

15 technologies, which may be known in the art: one or more discrete logic circuit(s) having

logic gates for implementing logic functions upon data signals, an application specific

integrated circuit (ASIC) having appropriate combinational logic gates, a programmable

gate array(s) (PGA), a field programmable gate array (FPGA), etc.

Finally, it should be emphasized that the above-described embodiments of the

20 present invention are merely possible examples of implementations set forth for a clear

understanding of the principles of the invention. Many variations and modifications may be

made to the above—described embodiment(s) of the invention without departing

substantially from the spirit and principles of the invention. All such modifications and
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variations are intended to be included herein within the scope of this disclosure and the

invention, and protected by the following claims.
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CLAIMS

We claim:

1 1. A frame transmitted in a communication system, the frame comprising:

2 at least one signal structure, each signal structure comprising a preamble structure

3 having a first time length and a data structure having a second time length, each signal

4 structure being transmitted by a corresponding transmit antenna;

5 each preamble structure comprising at least one training symbol, each of the at least

6 one training symbol having a third time length, each of the at least one training symbol

7 comprising a first cyclic prefix having a time length G and a training block having a time

8 length N]; and

9 each data structure comprising at least one data symbol, each of the at least one data

10 symbol having a fourth time length, each of the at least one data symbol comprising a

11 second cyclic prefix having time length G and a data block having a time length N;

12 wherein N1 is a first integer fraction of N, and G is a second integer fiaction of N1.
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ABSTRACT OF THE DISCLOSURE

A communication system is provided herein for transmitting frames across a

channel. The frames may be transmitted in single—input, singlc-output (SISO) and/or multi-

input, mu1ti—output (MIMO) communication systems. One such frame includes at least one

5 training symbol, each having a cyclic prefix and a training block. The time length N1 of the

I training block is equal to an integer fraction 1 of the time length of a data block, z'.e., N1 =

N/I. Furthermore, the time length G of the cyclic prefix is an integer fraction of the time

length N]. For example, G may be equal to N1/4 or 25% of N1. The training symbols

provide coarse and fine time synchronization, coarse and fine frequency synchronization,

10 channel estimation, and noise variance estimation.

34

ERIC-1008 I Page 149 of 160 



ERIC-1008 / Page 150 of 160

fr

 

Title: Preamble Structures For Single-Input, Single;-{—~CQu§Qt{I.-;r‘ 5; M; 35”‘ K: { ;x Ling
(Siso) and Multi-Input, Multi-0utput(M|MO) Comm »sy§tems ‘ $5 .. Lu £2, K5,‘ .£.i<* -5- .

|nventor(s): Mody, et al.
Dkt. No.: 62020-1120; Page 1 of 7

mm

 

2

+8.._-mN.W8\
.moE.5oo_>_mo

}

N5EamoESoo_>m_o
>

ERIC-1008 I Page 150 of 160



ERIC-1008 / Page 151 of 160

/

‘ Title. Preamble Structure; For SIn9‘e""DUt. S'|n9le'0”‘E”t,,, _: J- “E _’ 0 _\ , :_ __ J _‘ H _, H
I (Siso) and Multi-Input, Mu|tI-Output (M|M0) Comm :33/§.“§I.“,5.;‘f %é:,.:: ~; 2 as “.3 3 »-
1 lnventor(s). Mod)’. 81 8'-
« Dkt. No.: 62020-1120; Page 2 of 7

18

 
  

 

ENCODER

38

 

 
 

CHANNEL SYMBOL SPACE—T|ME

ENCODER ' MAPPER PROCESSOR

  
  

 

P|LOT/

TRAINING

SYMBOL

INSERTER 22’2

22-0

24

I ‘ MODULATOR

22
SERIAL TO CYCUC
PARALLEL IDFT PREFIX

INSERTER

so 52 54 26

64
60 .

PARALLEL DAC 9 >T0 SERIAL ' '5
58

56 LOCAL 62
OSCILLATOR

FIG. 3

ERIC-1008 I Page 151 of 160



ERIC-1008 / Page 152 of 160

Title: Preamble Structures For $iflQ|5""PU1. 3i"9!e‘Q“:tPy't ea: 5,‘ . - «as :1 .; .== 32 .2 a. 2 ‘ x. _. I’
(Sis0) and Multi-Input, Multi-Out ut(M|M0)C°mm55SY$‘e-IT§§‘.~¢ *:‘ 2 ‘r’ ‘ .. 7.2 : 2 “ ~~_.

lnventor(s): ody. 613'-
Dkt. No.2 62020-1120; Page 3 of7

S1 o I 0 t

3Q+1 3Q+2 ' ' ' S20 “Ts

R1 RQ+1 ° ' ' R(L-1>Q+1 t

R2 RQ+2 ' ' ° R(L-1)Q+2 “Ts

RQ R2Q - - - R Q|_ t+(Q-1)TS

ERIC-1008 I Page 152 of 160



ERIC-1008 / Page 153 of 160

I

Title: Preamble Structures For Sing|e—lnput_ Single-Output‘

 . (Siso) and Multi-Input, Mu|tI—Output (MIMO) Comm. §ys§l_em§Ef 33:1‘; 6&3; -£%,jé,.».-,'1~§_ ';{ 3'
] lnventor(s). Mody, et al. “ “ " ' ’ ’ 'Dkt. No.2 62020-1120, Page 4 of 7

(D
0
(U
Q.
U)

ERIC-1 003 Page 153 of 160



ERIC-1008 / Page 154 of 160

  RmGE
    M3mm2+9?mmakoampmm_._m_>_<mEn_IAlllllhlnllmmioawcm<55IEomE4om__>_>m4'!|_O$</_>@<53._oms_>moz_z_<E

oz_z_<Eom_oz<:zm

 

ME“ {*3

 

m;'iS

.O<zzm._.z<

lnf>ut, Multi-Output (MIMO) Comnvenlor(s): Mody, et al.
Dkt. No.: 62020-1120; Page 5 of 7

 N<zzm._.z<\Y 0000I0
8

_.<zzm:z<

Title: Preamble Structures For SingIe—lnput, Single-Output
(Siso) and Multi-

ERIC-1008 I Page 154 of 160



ERIC-1008 / Page 155 of 160

_.._fi

Title: Preamble Structures For Single-Input, Single-Qytgult‘ _ .A I‘ , ‘ ,._ ‘ _ Y ,_
(Siso) and Multi-Input. Multi-Output (MIMO) Comm. Systexnsrtt? ‘iii? ff“:t, “'9' 93.1%‘ ;. §5"*--43-€53 -7-‘-'5‘

lnventor(s): Mody, et al. " “ ""‘
Dkt. No.: 62020-1120; Page 6 of 7

84\
76 78

s1(NT/4) s1(NT/4)

fig 86-3

 

s 1(NT/4)

86-1   
|‘"—@—.*‘*

88 ‘ 92 1

FIG. 7

76 J 96\ 78
 

 (NST1/8) (NST1/8) s 1(NT/4) s1(NT/4)

98-2 98-3 93-4 9&5 9%
| x

90

 
 

ERIC-1008 I Page 155 of 160



ERIC-1008 / Page 156 of 160

K __#_,,|

‘ Title: Preamble Structures For Single-Input, Sing];-Qutput _
(Siso) and Multi-Input, Multi-Out ut (MIMO) Cd[§1r¥gx.,§y§_ter}1ls*; e§._:31 == .'s,»;.:_ ;. ., ., ,—~.. .. ,‘ , ,

lnventor(s): ody. et al. ' “ ' " ” ‘ ’ :3 —‘L 5 I.‘ “
Dkt. No.2 62020-1120; Page 7 of 7

ANTENNA 1 A 100 W
76 73

31(NT/4) s1(NT/4)

3&2 104-5

' | 106

ANTENNA 2 102\
75 78

s 1(NT/4)

105-5

 

  
 

S1<NT/4) -s1*(NT/4)

104-1 1 04-3  

 

   
 

s1*(NT/4) S 1*(NT/4)

 
 

105-3 105-4

s1(NT/4) s1(NT/4)

105-1 _1o5-2

I

106

as

‘Q‘ 

ERIC-1008 I Page 1flf 160



ERIC-1008 / Page 157 of 160
  

DECLARATION FOR PATENT APi>i;‘iE;*:a:%TioN if-‘X :5: E? $3:

Attorney Docket No: 062020-1 120

As the below named inventor(s), I/we hereby declare that:

Our residences, post office addresses and citizenships are as stated below next to our names.
We believe we are the original, first, and joint inventors of the subject matter which is claimed and for

which a patent is sought on the invention entitled PREAMBLE STRUCTURES FOR SINGLE-INPUT,
SINGLE-OUTPUT (SISO) AND MULTI-INPUT, MULTI-OUTPUT (MIMO) COMMUNICATION
SYSTEMS, the specification of which:

is attached hereto.

was filed on as Application Serial No.
was filed on under U.S. Express Mail No.
is set forth in PCT International Application No. ;
filed on and as amended Under PCT Article 19 on (if any).

I/we hereby state that I/we have reviewed and understand the contents of the above—identified
specification, including the claims, as amended by any amendment referred to above.

I/we acknowledge the duty to disclose information which is material to the examination of this
application in accordance with Title 37, Code of Federal Regulations, §l.56.

l/we hereby claim the benefit under Title 35, United States Code, §l 19 of any United States
provisional patent application, foreign application(s) for patent or inventor's certificate listed below and have
also identified below any United States provisional patent application, foreign application for patent or
inventor's certificate having a filing date before that of the above-identified application on which priority is
claimed: Provisional Patent Application Serial No. 60/327,145, filed October 4, 2001

I/we hereby claim the benefit under Title 35, United States Code, §l2O of any United States patent
application(s) listed below and, insofar as the subject matter of each of the claims of this application is not
disclosed in the prior United States application in the manner provided by the first paragraph of Title 35,
United States Code, §l 12, I/we acknowledge the duty to disclose material information as defined in Title 37,
Code of Federal Regulations, §1.56 which occurred between the filing date of the prior application and the
national or PCT international filing date of this application: NOT APPLICABLE

I/we hereby appoint the following attomeys/agents to prosecute this application and to transact all
business in the Patent and Trademark Office connected therewith: George M. Thomas, Reg. No. 22,260;
James W. Kayden, Reg. No. 31,532; Scott A. Horstemeyer, Reg. No. 34,183; Stephen R. Risley, Reg. No.
35,659; Jeffrey R. Kuester, Reg. No. 34,367; Daniel R. McClure, Reg. No. 38,962; Daniel J. Santos,
Reg. No. 40,158; Dan R. Gresham, Reg. No 41,805; J. Scott Culpepper, Reg. No. 41,692; Michael J.
Tempel, Reg. No. 41,344; David R. Risley, Reg. No. 39,345; David L. Berdan, Reg. No. 41,614; Jon E.
Holland, Reg. No. 41,077; Ann I. Dennen, Reg. No. 44,651; M. Paul Qualey, Reg. No 43,024; Robert P.
Biddle, Reg. No. 35,826; Jennifer M. Gruber, Reg. No. 42,601; Peter A. Nieves, Reg. No. 48,173;
William F. Heinze, Reg. No. 36,161; Raymond W. Armentrout, Reg. No. 45,866; Robert A. Blaha, Reg.
No. 43,502; Cynthia J. Lee, Reg. No. 46,033; N. Andrew Crain, Reg. No. 45,442; Robert B. Dulaney III,
Reg. No. 47,539; Christopher B. Linder, Ph.D., Reg. No. 47,751; Adam E. Crall, Reg. No. 46,646;
Edwina T. Washington; Reg. No. 43,187; Scott M. Lohnes, Reg. No. 45,451; Sami O. Malas, Reg. No.
44,893; David Rodack, Reg. 47,034; Troy VanAacken, Reg. No. 50,847; Charles W. Griggers, Reg. No.
47,283; Robert E. Stachler II, Reg. No. 36,934; David P. Kelley, Reg. No. 17,420; Eric M. Ringer, Reg.
No. 47,028; Charles E. Thorpe, Jr., Reg. No. 48,782; Harold L. Marquis, Reg. No. 20,594; Sam I-Ian,
Reg. No. P51,771; Kenneth C. Bruley, Reg. No. P51,504; Glenn W. Brown, Reg. No. 51,310; and Curtis
W. Dodd, Reg. No. 37,314.

. Please address all telephone calls, in the first instance, to Scott A. Horstemeyer,
at telephone number: (770) 933-9500.

Address all correspondence to: Scott A. Horstemeyer
THOMAS, KAYDEN, HORSTEMEYER

& RISLEY, L.L.P.
100 Galleria Parkway, N.W., Suite 1750
Atlanta, Georgia 30339-5948
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Docket No. 062020-1120

I/we hereby declare that all statements made herein of my/our own knowledge are true and that all
statements made on information and belief are believed to be true; and further that these statements were
made with the knowledge that willful false statement and the like so made are punishable by fine or
imprisonment, or both, under Section 1001 of Title 18 of the United States Code and that such willful false
statements may jeopardize the validity of the application or any patent issued thereon.

Inventor's Signature: Date:  

Full Name of First or Sole Inventor: A urva N. Mod

Residence: 327155 Georgia Tech Station, Atlanta, GA 30332 Citizenship: U.S.A.
Post Office Address: 327155 Georgia Tech Station, Atlanta, GA 30332

Inventor's Signature: Date:
 

Full Name of First or Sole Inventor: Gordon L. Stuber

Residence: 1052 Arbor Trace, Atlanta, GA 30318 Citizenship: U.S.A.
Post Office Address: 1052 Arbor Trace, Atlanta, GA 30318
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