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UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. : 7,293,217 B2 Page 1 of 2
APPLICATION NO. : 10/725779

DATED : November 6, 2007

INVENTOR(S) : Pietraski et al.

Itis certified that error appears in the above-identified patent and that said Letters Patent is
hereby corrected as shown below:

IN THE SPECIFICATION

" At column 4, line 44, before the word “problematic”, delete “avoids” and insert therefor
--avoid--.

At column 6, line 9, before the words “in a”, delete “deice” and insert therefor --devicé~-.
At column 6, line 32, before the word “includes™, delete “610” and insert therefor --605--.
At column 6, line 47, after the word “stage”, delete “630” and insert therefor --610--.

At column 7, line 42, after t-he word “combined”, delete “in to;’ and insert therefor -—inté--.
At column 8, line 7, after the word “number”, insert --of--.

At column 8, line 8, before the word “is”, delete “bits”.

At column 8, line 17, before “(HARQ)”, delete “‘request” and insert therefor --reQuest--.
At column 9, line 20, before the words “in TS”, delete “for” and insert therefor --forth--.

At column 12, lines 10 & 11, after the word “point™, delete “in to” and insert therefor
--into--. -

At column 12, line 37, before the words “used to”, insert --be--.

At column 16, line 65, after the word “bit,”, delete “xk.” and insert therefor --x--.

At column 16, line 67, after the word “encoder),”, delete “zk” and insert therefor --z,--.
At column 17, line 2, after the word “encoder),”, delete “z'k” and insert therefor --z'--.

At column 17, line 26, before the word “where”, delete “AN"" = Np-NT™’ and insert
therefor --AN;™ = Np—-NTT-. '

At column 18, line 36, after the word “puncturing”, delete “maybe” and insert therefor
--may be--.

IPR2023-01272 Page 4



UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. : 7,293,217 B2 Page 2 of 2
APPLICATION NO. : 10/725779

DATED : November 6, 2007

INVENTOR(S) : Pietraski et al.

It is certified that error appears in the above-identified patent and that said Letters Patent is
hereby corrected as shown below:

At column 20, delete lines 1 & 2, and insert therefor
—-Where Xoeq1=421 X798, Xe2=561 X/98J, Xegs=X; mod98--.

At column 21, line 43, before the words “the analysis”, delete “when” and insert
therefor --When--.

IN THE CLAIMS

At claim 12, column 26, line 9, insert missing copy -- N using--.

Signed and Sealed this

Fifteenth Day of April, 2008

o WD)l

JON W.DUDAS
Director of the United States Patent and Trademark Office

[PR2023-01272 Page 5



Cre

: PTO/SB/17 (10-07)
Approved for use through 06/30/2010.
DE(‘ -l &ngm . U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
. er thg Eemork Reduction Act of 1995 no persons are required to respond to a collection of information unless it displays a valid OMB control number
& Effactive on 12/08/2004, Complete if Known \

Fe uant to the Consolidated Appropriations Act, 2005 (H.R. 4818).

DEVMP Application Number | 10/725,779
E E T RAN S M ITTAL Filing Date December 2, 2003
FO[’ FY 2008 First Named Inventor | Pietraski et al.

- Examiner Name i
D Applicant claims small entity status. See 37 CFR 1.27 - Fritz Alphonse
Art Unit 2112

\ TOTAL AMOUNT OF PAYMENT | ($) 100 Attorney Docket No. | 1-2-0526.1US /
m

METHOD OF PAYMENT (check all that apply)

I::]Check DCredit Card DMoney Order DNone E]Other (please identify):

Deposit Account Deposit Account Number: 09-0435 Deposit Account Name:_InterDigital Comm. Corp.
For the above-identified deposit account, the Director is hereby authorized to: (check all that apply)
D Charge fee(s) indicated below [:] Charge fee(s) indicated below, except for the filing fee

Charge any additional fee(s) ar underpayments of fee(s) Credit "
under 37 CFR 1.16 and 1.17 recit any overpaymens

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 PTQ-2038.

FEE CALCULATION
1. BASIC FILING, SEARCH, AND EXAMINATION FEES
FILINGSFEF.;SE SEARCH FEES EXAMINATION FEES
mall Entity Small Entity Small Entity
Application Type Fee ($) ~ Fee ($) Fee ($) ~ Fee ($) Fee($) = Fee (3) Fees Paid ($)
Utility 310 155 510 255 210 105
Design 210 105 100 50 130 65
Plant 210 105 310 155 160 80
Reissue 310 155 510 255 620 310
Provisional 210 105 0 0 0 0 U  ——
2. EXCESS CLAIM FEES Small Entity f
Fee Description Eee ($) Fee (3) 6“9;»
Each claim over 20 (including Reissues) 50 25 ) é};*
Each independent claim over 3 (including Reissues) 210 105 & | %
Multiple dependent claims 370 185 Or 1¢ (4
Total Claims Extra Claims Fee ($) Fee Paid ($) Mﬂﬂe@.lmm_u‘_‘-ﬂﬂmﬁog 20
-20 orHP = x = 0 Fee ($) Fee Paid (§) —“/% o>
HP = highest number of total claims paid for, if greater than 20. Qi"}'
Indep. Claims Extra Claims Fee ($) Fee Paid ($) O/)
-30rHP = x = Q

HP = highest number of independent claims paid for, if greater than 3.

3. APPLICATION SIZE FEE

If the specification and drawings exceed 100 sheets of paper (excluding electronically filed sequence or computer
listings under 37 CFR 1.52(¢)), the application size fee due is $260 ($130 for small entity) for each additional 50
sheets or fraction thereof. See 35 U.S.C. 41(a)(1)(G) and 37 CFR 1.16‘5).

Total Sheets Extra Sheets Number of each additional 50 or fraction thereof Eee ($) Fee Paid ($)
-100= /50= ___ (round up to a whole number) x =
4. OTHER FEE(S) Fees Paid ($)
Non-English Specification, $130 fee (no small entity discount)
Other (e.g., late filing sprc harge): Request for Certificate of Correction 100.00
SUBMITTED BY /i
. Registration No. Telephone o1s.5a8.
Signature A {1’5 (AtiomeylAgent) 57,204 P 215-568-6400
Name (Print/Type)| Robert D. Leonard Date ”’I i Toq

This collection of information is required by 37 CFR 1.136. The information is required to obtain or retain a benefit by the public which is to file (and by the

USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 30 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 and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. 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 1
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. QQ

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2. EC '\_ &
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Patent Number

7,293,21

7

PTO/SB/21 (09-04)

Approved for use through 07/31/2006.
u.s. Paiem and Trademark Off ice; U. S DEPARTMENT OF COMMERCE

TRANSMITTAL lssue Date November 6, 2007
FORM First Named Inventor Pietraski et al.
Application Number 10/725,779
(ta be used for all comespondence after initial filing) Filing Date December 2' 2003
\_Total Number of Pages in This Submission Attomey Docket Number 1).5.0526,1US )
ENCLOSURES  (Check all that apply)

L]

Fee Transmittal Form

D Fee Attached

Amendment/Reply

After Final
D Affidavits/declaration(s)
Extension of Time Request

Express Abandonment Request

I:] Drawing(s)

Licensing-related Papers

Petition

Petition to Convert to a

Provisional Application

Power of Attorney, Revocation
Change of Correspondence Address

Terminal Disclaimer

Request for Refund

XUOO 0O

Request for Certificate of

After Allowance Communication to TC
Appeal Communication to Board
of Appeals and Interferences

Appeal Communication to TC
(Appeal Notice, Brief, Reply Brief)

Proprietary Information

Status Letter

Other Enclosure(s) (please ldentify
below):

Correction and

Information Disclosure Statement

Certified Copy of Priority

OO0Ddo O

CD, Number of CD(s)
I:] Landscape Table on CD

Form PTO/SB/44

| Remarks |

[
[
L]
L
[

Document(s)

Reply to Missing Parts/
Incomplete Application
Reply to Missing Parts
under 37 CFR 1.52 or 1.53

SIGNATURE OF APPLICANT, ATTORNEY, OR AGENT

_F'irm Name

voqu[ AND I;(OENIG, P.C.

Signature

Printed name

Ll

Robert D. Leonard

Date

I Reg. No. |57,204

iz [ !a?

(

CERTIFICATE OF TRANSMISSION/MAILING

~N

postage as first class mail in an envelope addrp ed
1450 on the date shown below:

| hereby certify that this correspondence is being facsimile transmitted to the USPTO or deposited with the United States Postal Service with sufficient
70: Cenrtificate of Corrections Branch, Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313~

Signature

%/://M

yped or printed name

i

Ro yert D. Leonard

| Date
This collection of information 1s requnred by 37 CFR 1.5. The information is required to obtain or retain a benefit by the public whi

leH éof\ /
ch 1S tofle (al y the to

process) an application. Confidentiality is governed by 35 U.S.C, 122 and 37 CFR 1.11 and1.14. This collection is estimated to 2 hours 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 and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. 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.

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In the PATENT of:
Pietraski et al.
Patent No.: 7,293,217
Issued: November 6, 2007
Appln. No.. 10/725.779 Our File:  1-2-0526.1US
Filed: December 2, 2003 Date: December 11, 2007

For: DETECTION, AVOIDANCE AND/OR
CORRECTION OF PROBLEMATIC
PUNCTURING PATTERNS IN PARITY BIT
STREAMS USED WHEN IMPLEMENTING
TURBO CODE

REQUEST FOR CERTIFICATE OF CORRECTION

Certificate of Corrections Branch
Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450
Sir:

A Certificate of Correction under 35 U.S.C. §§ 254, 255 and 37 C.F.R. §§1.322,
1.323 is requested for U.S. Patent No. 7,293,217. Correction of the following errors is
requested.

IN THE SPECIFICATION
At column 4, line 44, before the word "problematic", delete "avoids" and insert

therefor --avoid--.

At column 6, line 9, before the words "in a", delete "deice" and insert therefor --
12/13/2867 WBLANCO 8608897 99435 7293217

device--. 81 FC:1811 186.88 DR

DEC 14 2007

[PR2023-01272 Page 8



Patentee: Pietraski et al.
Patent No.: 7,293,217

At column 6, line 32, before the word "includes", delete "610" and insert therefor
--605--.

At column 6, line 47, after the word "stage", delete "630" and insert therefor
--610--.

At column 7, line 42, after the word "combined", delete "in to" and insert therefor
--into--.

At column 8, line 7, after the word "number", insert --of--.

At column 8, line 8, before the word "is", delete "bits".

At column 8, line 17, before "(HARQ)", delete "request" and insert therefor
--reQuest--.

At column 9, line 20, before the words "in TS", delete "for" and insert therefor --
forth--.

At column 12, lines 10 & 11, after the word "point", delete "in to" and insert
therefor --into--.

At column 12, line 37, before the words "used to", insert --be--.

At column 16, line 65, after the word "bit,", delete "xk." and insert therefor --xx--.

At column 16, line 67, after the word "encoder),", delete "zk" and insert therefor
-~ Zk--.

At column 17, line 2, after the word "encoder),", delete "z'k" and insert therefor --

AR

DEG14 200

I[PR2023-01272 Page 9



Patentee: Pietraski et al.
Patent No.: 7,293,217

At column 17, line 26, before the word "where", delete "ANiITTI = Nijg—NTT" and
insert therefor --ANyTT! = Njp—NTTL--,

At column 18, line 36, after the word "puncturing"”, delete "maybe" and insert
therefor --may be--.

At column 20, delete lines 1 & 2, and insert therefor

--Where Xeeg1=42 Xi/98 ], Xsege=561X1/98, Xeegs=X; mod98--.

At column 21, line 43, before the words "the analysis", delete "when" and insert
therefor --When--.

IN THE CLAIMS

At claim 12, column 26, line 9, insert missing copy -- N using--.

IPR2023-01272 Page 10



B

Patentee: Pietraski et al.
Patent No.: 7,293,217

REMARKS
Patentees believe that the above errors are of such a nature as to justify the
issuance of a Certificate of Correction. Patentees have enclosed a completed Certificate
of Correction Form PTO/SB/44.
Since at least one of the errors was caused by Applicants, please charge the
surcharge fee pursuant to C.F.R. §1.20(a) of $100.00 to the Deposit Account of
InterDigital Communications Corporation, Deposit Account No. 09-0435.

Patentees respectfully request that the Certificate of Correction be issued.

Respectfully submitted,

Pietraski et al.

o Ml

Robert D. Leonard
Registration No. 57,204
(215) 568-6400

Volpe and Koenig, P.C.
United Plaza, Suite 1600
30 South 17th Street
Philadelphia, PA 19103

RDL/dcb

IPR2023-01272 Page 11



PTO/SB/44 (04-05)
Approved for use through 04/30/2007.
U.8. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the f’aperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.
(Also Form PTO-1050)

UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

Page 1 of 3
PATENT NO. 1 7,293,217
APPLICATION NO.: 10/725,779
ISSUE DATE : November 6, 2007

INVENTOR(S)  : Pietraski et al.

It is certified that an error appears or errors appear in the above-identified patent and that said Letters Patent
is hereby corrected as shown below:

IN THE SPECIFICATION

At column 4, line 44, before the word "problematic", delete "avoids" and insert therefor
--avoid--.

At column 6, line 9, before the words "in a", delete "deice” and insert therefor --device--.
At column 6, line 32, before the word "includes", delete "610" and insert therefor --605--.
At column 6, line 47, after the word "stage", delete "630" and insert therefor --610--.

At column 7, line 42, after the word "combined", delete "in to" and insert therefor --into--,
At column 8, line 7, after the word "number", insert --of--,

At column 8, line 8, before the word "is", delete "bits".

At column 8, line 17, before "(HARQ)", delete "request” and insert therefor --reQuest--.

At column 9, line 20, before the words "in TS", delete "for" and insert therefor --forth--.

MAILING ADDRESS OF SENDER (Please do not use customer number below):

Volpe and Koenig, P.C.
United Plaza, Suite 1600
30 South 17th Street

Philadelphia, PA 19103

This collection of information is required by 37 CFR 1.322, 1.323, and 1.324. The information is required to obtain or retain a benefit by the public which is to file
(and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 1.0 hour 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 and/or suggestions for reducing this burden, should be sent to the Chief Information Officer,
U.S. 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: Attention Certificate of Corrections Branch, Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTQ-9199 and select option 2.

pEC14 2001

IPR2023-01272 Page 12



PTO/SB/44 (04-05)
* Approved for use through 04/30/2007.
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the E’aperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.
{Also Form PTO-1050)

UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

3

Page _2 of
PATENT NO. : 7,293,217

APPLICATION NO.: 10/725,779
ISSUE DATE : November 6, 2007

INVENTOR(S)  : Pjetraski et al.

It is certified that an error appears or errors appear in the above-identified patent and that said Letters Patent
is hereby corrected as shown below:

At column 12, lines 10 & 11, after the word "point", delete "in to" and insert therefor --into--.
At column 12, line 37, before the words "used to", insert --be--.

At column 16, line 65, after the word "bit,", delete "xk." and insert therefor --xy--.

At column 16, line 67, after the word "encoder),", delete "zk" and insert therefor --zy--.

At column 17, line 2, after the word "encoder),", delete "z'’k" and insert therefor --z'y--.

At column 17, line 26, before the word "where", delete "ANITT = Ng=NT™" and insert therefor
AN ™ = NN,

At column 18, line 36, after the word "puncturing", delete "maybe" and insert therefor
--may be--.

MAILING ADDRESS OF SENDER (Please do not use customer number below):

Volpe and Koenig, P.C.
United Plaza, Suite 1600
30 South 17th Street

Philadelphia, PA 19103

This collection of information is required by 37 CFR 1.322, 1.323, and 1.324. The information is required to obtain or retain a benefit by the public which is to file
(and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 1.0 hour 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 and/or suggestions for reducing this burden, should be sent to the Chief Information Officer,
U.S. 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: Attention Certificate of Corrections Branch, Commissioner for Patents, P.0O. Box 1450, Alexandria,

VA 22313-1450.
If you need assistance in completing the form, call 1-800-PT0O-9199 and select option 2.

NEC 14 2007

IPR2023-01272 Page 13



PTO/SB/44 (04-05)
A Approved for use through 04/30/2007.
! U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Papewvork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.
(Also Form PTO-1050)

UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

Page 3 of 3
PATENT NO. : 7,293,217
APPLICATION NO.: 10/725,779
ISSUE DATE : November 6, 2007

INVENTOR(S)  : Pijetraski et al.

It is certified that an error appears or errors appear in the above-identified patent and that said Letters Patent
is hereby corrected as shown below:

At column 20, delete lines 1 & 2, and insert therefor
--Where Xeg1=42L Xi/98 ], Xsegz=561 Xi/98 ], Xyegs=Xi mod98--.

At column 21, line 43, before the words "the analysis", delete "when" and insert therefor
--When--.

IN THE CLAIMS

At claim 12, column 26, line 9, insert missing copy -- N using--.

MAILING ADDRESS OF SENDER (Please do not use customer number below):

Volpe and Koenig, P.C.
United Plaza, Suite 1600
30 South 17th Street

Philadelphia, PA 19103
This collection of information is required by 37 CFR 1.322, 1.323, and 1.324. The information is required to obtain or retain a benefit by the public which is to file

(and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 1.0 hour 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 and/or suggestions for reducing this burden, should be sent to the Chief Information Officer,
U.S. 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: Attention Certificate of Corrections Branch, Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.

EC 1/ 2001,

IPR2023-01272 Page 14



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

\)\/WW.USplO gov

| APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
10/725,779 11/06/2007 7293217 1-2-0526.1US 3830
24374 7590 10/17/2007
VOLPE AND KOENIG, P.C.
DEPT. ICC

UNITED PLAZA, SUITE 1600
30 SOUTH 17TH STREET
PHILADELPHIA, PA 19103

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 681 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 hitp://pair.uspto.gov for additional applicants):

Philip J. Pietraski, Huntington Station, NY;
Gregory S. Sternberg, Great Neck, NY;

IR103 (Rev. 11/05)
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: , . . PARTB- FEE(S) TRANSMITTAL

- )

p - < i e N AT '
. ﬁnﬁe e andlsend this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE
Yo Commissioner for Patents -
‘ ' P.O. Box 1450 :
Alexandria, Virginia 22313-1450
or Fax (571)-273-2885

form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required% Blocks 1 through 5 should be completed where
0 er correspondence including the Patent, advance orders and notification of maintenance fees will be mailed (o the current correspondence address as
AQIENSSSO ‘tgctcgi below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for
g Tee notifications. . :
CURRENT CORRESPONDENCE ADDRESS (Note: Usc Black 1 for any change of address) Note: A certificate Of.malhf,iﬁ can only be used for domestic matlings of the
’ Fee(s) Transmittal. This certificate cannot be used for any other accompanying
Eaper_s, Each additional paper, such as an assignment or formal drawing, must
ave its own certificate of mailing or transmission.

24374 7590 06/12/2007
. Certificate of Mailing or Transmission
VOLPE AND KOENIG, P.C. 1 hereby certify that this Fec(rs Transmittal is being deposited with the United
DEPT. ICC States Postal Service with sufficient postage for first class mail in an envelope
. . addressed to the Mail Slog ISSUE FEE address above, or being facsimile
UNITED PLAZA, SUITE 1600 . transmiited to the USPTO (571) 273-2885, on the date indicated below.

30 SOUTH 17TH STREET
PHILADELPHIA, PA 19103

insky /2 (Depositor’s name)

{Signature)
September 10, 2607 (Date)
l APPLICATION NO.. r FILING DATE l _ FIRST NAMED INVENTOR IATTORNEY DOCKET NO. l CONFIRMATION NO.
10/725,779 12/02/2003 . Philip J. Pictraski 1:2-0526.1US 3830
TITLE OF INVENTION: DETECTION, AVOIDANCE AND/OR CORRECTION OF PROBLEMATIC PUNCTURING PATTERNS IN PARITY BIT
STREAMS USED WHEN IMPLEMENTING TURBO CODES
L APPLN. TYPE ©SMALL ENTITY I ISSUE FEE DUE ] PUBLICATION FEE DUE l PREV. PAID ISSUE FEE l TOTAL FEE(S) DUE l DATE DUE |
nonprovisional NO $1400 $300 . 30 $1700 09/12/2007
7 09
l EXAMINER l ART UNIT ] CLASS-SUBCLASS 1] _ /14/2007 HVUONG2 00000037 090435 10785779

ALPHONSE, FRITZ ‘ 2112 714-755000 8{, Eﬁfimﬁ 300.00 DA
1. Change of correspondence address or indication of "Fec Address" (37 2. For printing on the pétcni?&nﬁwns( 12, ’ .
CFR 1‘3g63)‘ (1) the names of up to 3 registered patent attorneys Mpe and Koenig, P.C.

{3 Change of correspondence address (or Change of Correspondence or agents OR, alternatively,
Address form PTO/SB/122) attached.

(2) the name of a singlc firm (having as a membera 2

{J “Fec Address” indication (or “Fee Address" Indication form registered attorney or agent) and the names of up to
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 2 registcred patent attorneys or agents. If no nameis 3
Number is required. listed, no name will be printed.

had

. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an ,HSS§§ﬂ°9 is identified below, no assignee data will appear on the patent. If an assignee is identificd below, the document has been filed for
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY) _
InterDigital Technology Corporation Wilmington, DE ‘

Please check the appropriate assignée category or categeries (will not be printed on the patent) : O Individuat & Corporation or other private group entity O Government

4a, The following fee(s) are submitted: 4b. Payment of Fec(s): (Please first reapply any previously paid issue fee shown above)
Issue Fee . U A check is enclosed. } '
@ Publication Fee (No small entity discount permitted) 0 Payment by credit card. Form PTO-2038 is attached. :
Advance Order - # of Copies TOUL (4) K] The Director is hereby authorized to charge the reguired fee(s), any deficiency, or credit any
. ) o - overpayment, to Deposit Account Number 09-04 35 i

enclose an extra copy of this form).

5. Charige in Entity Status (from status indicated above)
O Applicant clai-ms'SMALL ENTITY status. See 37 CFR 1.27. Ow. Applicant is no longer claiming SMALL ENTITY status. See 37 CFR 1.27(g)(2). .

NOTE: The iIssue Fee and Publication Fee (if required) will not be accepted from anyone other than the applicant; a registered attorney or agent; or the assignec or other party in
interest as shown by the records of the United States Patent and Tradeguark Office. ) .

Autl.xorized Signature Z : A Date September 10, 2007
46,413

Typed or printed name Scott WOllDSky Registration No.

This collection of information is required by 37 CFR 1.311. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to process)
an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR I.14. This collection is estimated to take 12 minutes to complete, including gathering, preparing, and
submitting the completed application form to the USPTO. Time will vary de, cndin§ upon the individual case. Any comments on the amount of time you rcquire to complete
this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O.
Box 1450, Alexandnia, Virginia 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450,
Alexandria, Virginia 22313-1450.

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.

PTOL-85 (Rev. 07/06) Approved for use through 06/30/2007. OMB 0651-0033 'U.S. Patent and Trademark Officc; U.S. DEPARTMENT OF COMMERCE
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S5

“
g’ PTO/SB/21 (04-07)
“@ Approved for use through 09/30/2007.
\ ‘5»1 ‘g U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
. y p N gt A or.
Application Number 10/725,779
RAR” TRANSMITTAL Filing Date December 2, 2003
Fo RM First Named. Inventor Pietraski et al.
Art Unit 2112

(to be used for all correspondence after initial filing)

Examiner Name

Fritz Alphonse

\ Total Number of Pages in This Submission

Attorney Docket Number 1-2-0526.1US

/

ENCLOSURES  (Check all that apply)

OO0 4od

Extension of Time Request

Express Abandonment Request

Fee Transmittal Form I:I Drawing(s) I:l
D Fee Attached D Licensing-related Papers D

D Amendment/Reply EI Petition D

Petition to Convertto a
D After Final D Provisional Application D
D D Power of Attorney, Revocation D
Affidavits/declaration(s) Change of Correspondence Address
L]

Information Disclosure Statement

Reply to Missing Parts/
Incomplete Application

Terminal Disclaimer

Request for Refund Form

CD, Number of CD(s)

D Landscape Table on CD

After Allowance Communication to TC

Appeal Communication to Board
of Appeals and Interferences

Appeal Communication to TC
{Appeal Notice, Brief, Reply Brief)

Proprietary Information

Status Letter

Other Enclosure(s} {please Identify
below):

PTOL-85

Certified Copy of Priority Remarks l
Document(s)

Reply to Missing Parts
under 37 CFR 1.52 or 1.53

SIGNATURE OF APPLICANT, ATTORNEY, OR AGENT

Firm Name
Volpe and Koenig, P.C.
y. 4
Signature M 9 2{ ;
Printed name Scoft Wolinsky
Date September 10, 2007 Reg.No. 146413

/

CERTIFICATE OF TRANSMISSION/MAILING

~

| hereby certify that this correspondence is being facsimile transmitted to the USPTO or deposited with the United States Postal Service with sufficient postage as
first class mail in an envelope addressed to: Mail Stop Issue Fee, Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450 on the date shown below.

Signature

wped or printed name | Scott Wolinsky

Mz/dég

Date |September 10, 2007 /

This collection of information is required by 37 CFR 1.5. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and1.14. This collection is estimated to 2 hours 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 and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. 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.

If you need assistance in completing the form, call 1-800-PT0-9139 and select option 2.

IPR2023-01272 Page
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By .
-~ [

.-
&

PTO/SB/17 (05-07)
Approved for use through 05/31/2007.
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

Effective on 12/08/2004. Complete if Known )
uant fo the Consolidated Appropriations Act, 2005 (H.R. 4818).
10/725,779

Application Number
E T RAN S M lTTAL Filing Date December 2, 2003
For FY 2007 First Named Inventor | Pietraski et al.

Examiner Name Fritz Alphonse
icant claims small entity status. See 37 CFR 1.27 - P
Art Unit 2112
TOTAL AMOUNT OF PAYMENT | (§) 1712 Attorney Docket No. | 1-2-0526.1US

METHOD OF PAYMENT (check all that apply)

D Check L__] Credit Card DMoney Order DNone DOther (please identify):

Deposit Account Deposit Account Number: 09-0435 Deposit Account Name:_InterDigital Comm. Corp.
For the above-identified deposit account, the Director is hereby authorized to: (check all that apply}
Charge fee(s) indicated below D Charge fee(s) indicated below, except for the filing fee

Charge any additional fee(s) or underpayments of fee(s) Credit any overpayments
under 37 CFR 1.16 and 1.17 ¥ overpay

WARNING: Information on this form may becomae public. Credit card information should not be Included on this form. Provide credit card
information and authorization on PTO-2038.

FEE CALCULATION
1. BASIC FILING, SEARCH, AND EXAMINATION FEES
FILINGSFEE“SE i SEARCH FEES EXAMINATION FEES
mall Entity Small Enti Small Enti

Application Type Fee($)  Fee($) Fee ($) 'TTﬂ (g)l Fee ($) 'E?%_ty (gl' Fees Paid ($)
Utility 300 150 500 250 200 100

Design 200 100 100 50 130 65

Plant 200 100 300 150 160 80

Reissue 300 150 500 250 600 300

Provisional 200 100 0 0 0 0

2. EXCESS CLAIM FEES Small Entity

Fee Description Fee ($) Fee ($)

Each claim over 20 (including Reissues) 50 25

Each independent claim over 3 (including Reissues) 200 100
Multiple dependent claims 360 180

Total Claims Extra Claims Fee (3} Fee Paid ($) Multiple Dependent Claims
-200orHP = X = Fee ($} Fee Paid ($)
HP = highest number of total claims paid for, if greater than 20.
Indep. Claims Extra Claims Fee ($) Fee Paid (3}
-30rHP = x =

HP = highest number of independent claims paid for, if greater than 3.
3. APPLICATION SIZE FEE
If the specification and drawings exceed 100 sheets of paper (excluding electronically filed sequence or computer
listings under 37 CFR 1.52(e)), the application size fee due is $250 ($125 for small entity) for each additional 50
sheets or fraction thereof. See 35 U.S.C. 41%1)( 1)(G) and 37 CFR Llégs).

Total Sheets Extra Sheets Number of each additional 50 or fraction thereof Eee () Fee Paid ($)
-100= /50= __ (round upto a whole number) x =
4. OTHER FEE(S) Fees Paid ($)
Non-English Specification, $130 fee (no small entity discount)
Other (e.g., late filing surcharge): Issue Fee, Publication Fee and Four (4) Advance Soft Copies 171200
SUBMITTED BY = yal
: Z /Z Registration No. h
Signature M @ “ (Attomey/Agent) 46,413 Telep ONE 215.568-6400
Name (PrintType)| Scott Wolinsky 4 Date September 10, 2007

This coliection of information is required by 37 CFR 1.136. The information is required to obtain or retain a benefit by the public which is to file {(and by the
USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 30 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 andfor suggestions for reducing this burden, should be sent to the Chief information Officer, U.S, 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.

If you need assistance in completing the form, call 1-800-PT0O-9199 and select option 2.
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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.0. Box 1450

Alexandria, Virginia 22313-1450

WWW.USPLO.goV

NOTICE OF ALLOWANCE AND F EE(S) DUE

24374 "7590 06/12/2007 . l EXAMINER l
VOLPE AND KOENIG, P.C. ’ ' ALFHONSE, FRITZ
DEPT.ICC . [ ART UNIT PAPER NUMBER I

UNITED PLAZA, SUITE 1600
30 SOUTH 17TH STREET
PHILADELPHIA, PA 19103

2412
DATE MAILED: 06/12/2007

| APPLICATION NO. FILING DATE ] FIRST NAMED INVENTOR ‘ ATTORNEY DOCKET Noi CONFIRMATION NO. l

10/725,779 12/02/2003 Philip J. Pielraski. 1-2-0526.1U8 : 3830

TITLE OF INVENTION: DETECTION, AVOIDANCE AND/OR CORRECTION OF PROBLEMATIC PUNCTURING PATTERNS IN PARITY BIT
STREAMS USED WHEN IMPLEMENTING TURBO CODES

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

nonprovisional NO $1400 $300 ' $0 $1700 09/12/2007

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
PROSECUTION ON THE MERITS IS 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 MONTHS FROM THE
MAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS
STATUTORY PERIOD CANNOT BE EXTENDED. SEE 35 US.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 TO REPLY 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:
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 5b on Part B - B. If applicant claimed SMALL E-NTlT_Y status before, or is now
Fee(s) Transmittal and pay the PUBLICATION FEE (f requtred) claihing 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 requiréd) and 1/2

the ISSUE FEE shown above.

11. PART B - FEE(S) TRANSMITTAL, or iis equivalent, must be completed and returned to the United States Patent and Trademark Office
(USPTOQ) 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
lhe paper as an equivalent of Part B.

I11. All communications regarding this application must give the application number. Please dxrect 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. '
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PART B - FEE(S) TRANSMITTAL

Complete and 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 Fax (571)-273-2885 :

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required%. Blocks I through 5 should be completed where
appropriale. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as
indicated uniess corrected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for
maintenance fee notifications. .

CURRENT CORRESPONDENCE ADDRESS {Note: Use Biock | for any change of address) Note: A certificate of mailing can only be used for domestic mailings of the
. Fee(s) Transmittal. This certificate cannot be used for any other accompanying

Eaper}s, Each additional paper, such as an assignment or formal drawing, must

ave its own certificate of mailing or transmission.

24374 75%0 06/12/2007 Certif
. ) ertificate of Mailing or Transmission
VOLPE AND KOEN]G, P.C. I hereby certify that this Feeg’s Transmittal is being deposited with the United
DEPT. ICC . States Postal Service with sufficient postage for first class mail in an envelope
M addressed to the Mail Stog ISSUE FEE address above, or beinF facsimile
UNITED PLAZA, SUITE 1600 transmitted to the USPTO (571) 273-2885, on the date indicated befow.

30 SOUTH 17TH STREET
PHILADELPHIA, PA 19103

{Dcpositor’s name)

{Signaturc)
(Date)
I APPLICATION NO. l FILING DATE. l FIRST NAMED FNVEN:TOR l ATTORNEY DOCKET NO. l CONFIRMATION NO.
10/725,779 12/02/2003 : Philip J. Pielrask{ 1-2-0526.1US T 3830
TITLE OF INVENTION: DETECT!ON, AVOIDANCE AND/OR CORRECTION OF PROBLEMATIC PUNCTURING PATTERNS IN PARITY BIT
STREAMS USED WHEN IMPLEMENTING TURBO CODES
[ APPLN, TYPE | SMALL ENTITY 1 ISSUE FEE DUE lPUBLlCATION FEE DUE lPREv. PAID ISSUE FEE [ TOTAL FEE(S) DUE [ DATE DUE _ l
nonprovisional NO $1400 $300 . : $0 §1700 09/12/2007
l EXAMINER l ARTUNIT I CLASS-SUBCLASS }
ALPHONSE, FRITZ 2112 714-755000
1. Chante of correspondence address-or indication of “Fee Address” (37 2. For printing on the patent front page, list
CFR 1.363). . (1) the names of up to 3 registered patent attorneys ]
(3 Change of correspondence address (or Change of Correspondence or agents OR, alternatively,
Address form PTO/SB/122) attached. *1  (2) the name of a single firm (having as a member a 2
O “Fee Address” indication (or "Fee Address” Indication form registered attorney, or agent) and the names of up to
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer | 2 registered patent-attomneys or agents. If no name is 3
Number is required. listed, no name will be printed.

w

. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for
recordation as set forth in 37 CFI% 3.11. Completion of this form is NOT a substitute for filing an assignment.

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

Please check the appropriate assignee category or categories (will not be printed on the patent) . O Individeat O Corporation or other private group entity O Government

4a. The following fee(s) are submitied: ’ . 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)

O issue Fee [ A check is enclosed.

O publication Fee (No small entity discount permitted) a Payment by credit card. Form PTO-2038 is attached.

{3 Advance Order - #of Copies {J The Director is hereby authorized to charge the required feegs}, any deficiency, or credit any
overpayment, to Deposit Account Number enclose an extra copy of this form).

5. Change in Entity Status (from status indicated above)
3 a. Applicant claims SMALL ENTITY status. See 37 CFR 1.27. {J b. Applicant is no longer claiming SMALL ENTITY status. See 37 CFR 1.27(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 in
interest as shown by the records of the United States Patent and Trademark Office.

Authorized Signature Date

Typed or printed name : Registration No.

This collection of information is required by 37 CFR 1.311. The information is re(Luired to obtain or retain a benefit by the public which is to file (and by the USPTO to process)
an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated 1o take 12 minutes to complete, including gathering, preparing, and
submitting the completed application form to the USPTQ. Time will vary de endin§ upon the individual case. Any comments on the amount of time you require to complete -
this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O.
Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450,
Alexandria, Virginia 22313-1450. : .

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 numbser.

PTOL-85 (Rev. 07/06) Approved for use through 06/30/2007. OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSICNER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.USPLo.gov

L APPLICATION NO. l FILING DATE FIRST NAMED INVENTOR 1 ATTORNEY DOCKET NO. ] CONFIRMATION NO. I
10/725,779 12/02/2003 Philip J. Pietraski 1-2-0526.1US 3830
24374 7590 06/12/2007 : l EXAMINER l
VOLPE AND KOENIG, P.C. ALPHONSE, FRITZ
DEPT. ICC [ ART UNIT ] PAPER NUMBER l

UNITED PLAZA, SUITE 1600
30 SOUTH 17TH STREET
PHILADELPHIA, PA 19103

2112
DATE MAILED: 06/12/2007

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 682 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 682 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) WERB 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.
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N

Application No. Applicant(s})
. e 10/725,779 PIETRASKI ET AL.
Fritz Alphonse 2112

-- The MAILING DATE 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. X] This communication is responsive to the amendment filed on 3/02/2007.

2. The allowed claim(s) isfare 1,2,4-7,9-11,13-18,25 26,28-31,33-36,38, 39,43 and 45-54.

3. [0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).

a)[J Al by} Some* c)[None ofthe:
1. (O Centified copies of the priority documents have been received.
2. [ Certified copies of the priority documents have been received in Appliéation No.
3. [] 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: __
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Amendments to the Claims:

This listing of claims will replace all prior versions, and listings, of claims in the
application:

Listing of Claims:

1. (currently amended): In a communications system employing a
plurality of rate matching stages for processing a plurality of individual parity bit
streams derived through puncturing a selected number of bits, a method of avoiding
problematic Turbo code puncturing patterns, the method comprising:

(a) determining whether or not a desired code rate, used to process the parity
bit streams, results in a problematic puncturing pattern; and

(b) if a problematic puncturing pattern results in step (a), adjusting the
number of bits punctured in each of the parity bit streams by increasing the number
of bits punctured in one of the parity bit streams and decreasing the number of bits

punctured in another one of the parity bit streams;

(¢) determining a number of bits _](L using N:\‘%+%J wherein I is the

number of bits at the input to each branch of rate matching and P is the total

number of the P1 and P2 bits at the output of rate matching;

.. 1 N N |N . .
(d)if ——-—<1-—+|—|, calculating the bias
(P/2) 2 2 {2J
A =| max --—-AL——-—E , P_ AI sand
TN -1 22 TN +1
2 2
9
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I 7N|. N | N
- isnot <l——+|—1|.
(P/2) 2 2 2

2. (previously amended): = The method of claim 1 wherein degradations

(e) setting A =0if

in the quality of punctured error correction coded transmissions having a first group
of parity 1 (P1) bits and a second group of parity 2 (P2) bits are identified, and step
(b) further comprises:

(b1) adding punctured bits to the first group of P1 bits; and

(b2) removing punctured bits from the second group of P2 bits, wherein the
puncturing rates of the P1 and P2 bits are biased by adding a number of non-
punctured P1 bits to the first group and decreasing the number of non-punctured P2

bits in the second group by the number of non-punctured P1 bits added to the first
group.

Claim 3 (canceled)

4. (currently amended): The method of claim 2 elaim-3, wherein non-

puncturing patterns with a period of 71\7/2 cause degradation in performance

results and N is a whole number.

5. (currently amended): The method of claim 4 wherein the non-puncturing
patterns perieds will be employed whenever the average non-puncturing period of

P1 or P2 bits is within %1 or +% of 7N/2 for even and odd N respectively.

6. (currently amended): In a communications system employing a

plurality of rate matching stages for processing a plurality of individual parity bit

.3-
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streams derived through puncturing a selected number of bits, a method of avoiding
problematic Turbo code puncturing patterns, the method comprising:

(a) adjusting the number of bits punctured in each of the parity bit streams
by increasing the number of bits punctured in one of the parity bit streams and
decreasing the number of bits punctured in another one of the parity bit streams;
and

(b) adjusting the puncturing rates of each of the parity bit streams while
maintaining a constant overall effective coding rate by biasing the puncturing rates;

(¢c) _determining a number of bits _1\1 using ]\7——-{%4-—3 wherein I is the

number of bits at the input to each branch of rate matching and P is the total
number of the P1 and P2 bits at the output of rate matching;

— <1 ) + {%J .calculating the bias

A =| max I _f,f_, AI | |;and
IN-1| 2 2 |7N+1
2 2
o 1IN N |N
e) setting A =0 if [————— isnot <1-—+| —|.
(e 1ng_____(P/2) > is no 5 {ZJ
7. (previously amended):  The method of claim 6 wherein degradations

in the quality of punctured error correction coded transmissions having a first group
of parity 1 (P1) bits and a second group of parity 2 (P2) bits are identified, step (a)
further comprises:
(al) adding punctured bits to the first group of P1 bits; and
4-
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(a2) removing punctured bits from the second group of P2 bits; and step (b)
further comprises:

(b1) biasing the puncturing rates of the P1 and P2 bits by adding a number of
non-punctured P1 bits to the first group and decreasing the number of non-
punctured P2 bits in the second group by the number of non-punctured P1 bits
added to the first group.

Claim 8 (canceled)

9. (currently amended): The method of claim 7 eleim-8, wherein non-

puncturing patterns with a period of 71\7/2 cause degradation in performance

results and N is a whole number.

10. (currently amended): The method of claim 9 wherein the non-

puncturing patterns perieds will be employed whenever the average non-puncturing

period of P1 or P2 bits is within +1 or +4 of 71§’/ 2 for even and odd N i'espectively.

11.  (currently amended): A method of identifying degradations in
quality of punctured error correction coded transmissions, the method comprising:

(a) identifying a puncturing pattern which approximates a particular code
rate; and

(b) adjusting a value for anticipated degradation in accordance with the
matching of the puncturing pattern and the particular code rate by increasing and

decreasing the number of bits punctured in respective parity bit streams, and

biasing the particular code rate, wherein degradations in the quality of punctured
error correction coded transmissions having a first group of parity 1 (P1) bits and a

second group of parity 2 (P2) bits are identified, and step (b) further comprises:
5-
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(bl) adding punctured bits to the first group of P1 bits;

b2) removing punctured bits from the second group of P2 bits; and

(b3) biasing the puncturing rates of the P1 and P2 bits to avoid
problematic puncturing patterns by:

(i) adding a number of non-punctured P1 bits to the first group; and
(ii) decreasing the number of non-punctured P2 bits in the second

group by the number of non-punctured P1 bits added to the first group.

Claim 12 (canceled)

13. (currently amended): The method of claim 11 elaim—32 further

comprising:

(¢c) determining a number of bits _1\:/'_ using N =[—;—%+—;—J wherein I is the

number of bits at the input to each branch of rate matching and P is the total
number of the P1 and P2 bits at the output of rate matching;

I 7N N |N .
() if |————]<1-=—+| — | _calculating the bias
(PI2) 2 2 {2} .
TN -1 22 TN +1
2 2

I

. . IN
(e} setting A=0if |-—————
— (P/2) 2

. N |N
isnot <l——+| —
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47 1

ée)—detem&aing—a—m&mber—e#bits—_]_\?_using N =[——-+

1] borein L ietl
7P2J

14. (original): The method of claim 11 further comprising:

(c) using Turbo code to implement the error correction coded transmissions.

15. (original): The method of claim 14 further comprising:

(d) identifying when a non-punctured bit pattern of the transmissions
exhibits a periodic characteristic, with a period equal to a period of a semi-periodic
impulse response of recursive encoding blocks of the Turbo code; and

(e) using the identified non-punctured bit patterns which exhibit a

periodic characteristic to identify puncturing patterns with degraded performance.

16.  (currently amended): A method of identifying degradations in the
quality of punctured error correction coded transmissions having a first group of
parity 1 (P1) bits and a second group of parity 2 (P2) bits, the method comprising:

(a) adding punctured bits to the first group of P1 bits;

(b) removing punctured bits from the second group of P2 bits; and
.
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(c) biasing the puncturing rates of the P1 and P2 bits to avoid problematic
puncturing patterns by:
(1) adding a number of non-punctured P1 bits to the first group; and
(i1) decreasing the number of non-punctured P2 bits in the second

group by the number of non-punctured P1 bits added to the first group;

(d) determining a number of bits _ISJ_ using N =[%+—;—J wherein I is the

number of bits at the input to each branch of rate matching and P is the total

number of the P1 and P2 bits at the output of rate matching:

(e)if (Pi 2 - %V‘{ <1- %,- + [%I-} . calculating the bias

A =| max AI _E , _I_)_ AI and
7N -1 22 |7IN+1
2 2
(f) setting A =0_if ! N isnot<l——]-;£+[—g/—J.

P/2) 2

17. (currently amended): The method of claim 16 further comprising:
(g) & wusing Turbo code to implement the error correction coded

transmissions.

18. (currently amended): The method of claim 17 further comprising:
(h) ¢ identifying when a non-punctured bit pattern of the transmissions
exhibits a periodic characteristic, with a period equal to a period of a semi-periodic

impulse response of recursive encoding blocks of the Turbo code; and

-8-
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(i) ¢® using the identified non-punctured bit patterns which exhibit a

periodic characteristic to identify puncturing patterns with degraded performance.

Claims 19-24 (canceled)

25. (currently amended): A communications system for avoiding
problematic Turbo code puncturing patterns, the system comprising:

(a) a plurality of rate matching stages for processing a plurality of individual
parity bit streams;

(b) means for adjusting the number of bits punctured in each stage of rate
matching; and

(c) means for adjusting the number of bits punctured in each of the plurality
of parity bit streams by increasing the number of bits punctured in one of the parity
bit streams and decreasing the number of bits punctured in another one of the
parity bit streams, and biasing the puncturing rate of a problematic puncturing
pattern;

(d) means for determining a number of bits N using N= {-;% + —H wherein

I is the number of bits at the input to each branch of rate matching and P is the

total number of the P1 and P2 bits at the output of rate matching;

(e) means for calculating the bias A =|maxd— £ £ P__ 1 if
2 3

17N
(P/2) 2
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I N

(f) means for setting bias A = 0_if

26. (previously amended):  The system of claim 25 wherein degradations
in the quality of punctured error correction coded transmissions having a first group
of parity 1 (P1) bits and a second group of parity 2 (P2) bits are identified, the
means for adjusting the number of bits punctured in each of the plurality of parity
bit streams further comprising:

(c1) means for adding punctured bits to the first group of P1 bits;

(c2) means for removing punctured bits from the second group of P2 bits; and

(c3) means for biasing the puncturing rates of the P1 and P2 bits to avoid
problematic puncturing patterns, the biasing means including:

(i) means for adding a number of non-punctured P1 bits to the first
group; and
(i1) means for decreasing the number of non-punctured P2 bits in the

second group by the number of non-punctured P1 bits added to the first group.
Claim 27 (canceled)

28.  (currently amended): The system of claim 26 elaim—27, wherein

non-puncturing patterns with a period of 71\7/ 2 cause degradation in performance

results and N is a whole number.

29. (currently amended): The system of claim 28 wherein the non-

puncturing patterns perieds will be employed whenever the average non-puncturing

period of P1 or P2 bits is within +1 or % of 7]V/ 2 for even and odd N respectively.

-10-
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30. (currently amended): A communications system for avoiding
problematic Turbo code puncturing patterns, the system comprising:

(a) a plurality of rate matching stages for processing a plurality of individual
parity bit streams;

(b) means for adjusting the number of punctured bits in each of the parity bit
streams by increasing the number of bits punctured in one of the parity bit streams
and decreasing the number of bits punctured in another one of the parity bit
streams; and

(c) means for biasing the puncturing rates of each of the individual parity bit

streams while maintaining a constant overall effective coding rate;

d) means for determining a number of bits N using N= {;—}{)— + %—J wherein

I is the number of bits at the input to each branch of rate matching and P is the

total number of the P1 and P2 bits at the output of rate matching;

(e) means for calculating the bias A - | maxd — L p P ! if

m-1] 272 [ina]|
2 2

I__N|_, N |¥
(P/2) 2 2

(f) means for setting biasA =0 if r __IN 21——]\-,-+ N .
(P/2) 2 2 |2
-11-
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31. (previously amended):  The system of claim 30 wherein degradations
in the quality of punctured error correction coded transmissions having a first group
of parity 1 (P1) bits and a second group of parity 2 (P2) bits are identified, wherein
the means for adjusting the number of punctured bits comprises:

(b1) means for adding punctured bits to the first group of P1 bits; and

(b2) means for removing punctured bits from the second group of P2 bits; and
the means for biasing the puncturing rates comprises:

(c1) means for biasing the puncturing rates of the P1 and P2 bits to avoid
problematic puncturing patterns, the biasing means including:

(1) means for adding a number of non-punctured P1 bits to the first
group; and
(ii) means for decreasing the number of non-punctured P2 bits in the

second group by the number of non-punctured P1 bits added to the first group.
Claim 32 (canceled)

33. (currently amended): The system of claim 31 elaim—32, wherein

non-puncturing patterns with a period of 7]\7/2 cause degradation in performance

results and N is a whole number.

34. (currently amended): The system of claim 33 wherein the non-

puncturing patterns perieds will be employed whenever the average non-puncturing

period of P1 or P2 bits is within +1 or +% of 71\7/2 for even and odd N respectively.

35. (currently amended): A communications system for identifying
degradations in quality of punctured error correction coded transmissions, the
system comprising:

-12-

IPR2023-01272 Page 43



Applicant: Pietraski et al.
Application No.: 10/725,779

(a) means for identifying a puncturing pattern which approximates a
particular code rate; and

(b) means for adjusting a value for anticipated degradation in accordance
with the matching of the puncturing pattern and the particular code rate by
increasing and decreasing the number of bits punctured in respective parity bit

streams, and biasing the puncturing rate of a problematic puncturing pattern;

(c) means for determining a number of bits _]_\/_ using N= B‘—IIJ + —;—J wherein

I is the number of bits at the input to each branch of rate matching and P is the

total number of the P1 and P2 bits at the output of rate matching;

d) means for calculating the bias A - |maxd — 2 £ £__ 1 if

I N N |N
—————]<1-—+|—|iand
(P12) 2 2 2
(e) means for setting biasA =0 _if L __TN _1—ﬂ+ N
(P/2) 2 2 2

36. (previously amended):  The system of claim 35 wherein degradations
in the quality of punctured error correction coded transmissions having a first group
of parity 1 (P1) bits and a second group of parity 2 (P2) bits are identified, the
means for adjusting a value for anticipated degradation further comprising:

(b1) means for adding punctured bits to the first group of P1 bits;

(b2) means for removing punctured bits from the second group of P2 bits;

13-
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and
(b3) means for biasing the puncturing rates of the P1 and P2 bits to avoid
problematic puncturing patterns, the biasing means including:
(i) means for adding a number of non-punctured P1 bits to the first
group; and
(ii) means for decreasing the number of non-punctured P2 bits in the

second group by the number of non-punctured P1 bits added to the first group.
Claim 37 (canceled)

38. (currently amended): The system of claim 35 further comprising:
(@ ¢ means for using Turbo code to implement the error correction coded

transmissions.

39. (currently amended): The system of claim 38 further comprising:

(g) ¢d) means for identifying when a non-punctured bit pattern of the
transmissions exhibits a periodic characteristic, with a period equal to a period of a
semi-periodic impulse response of recursive encoding blocks of the Turbo code; and

(h) ¢e) means for using the identified non-punctured bit patterns which
exhibit a periodic characteristic to identify puncturing patterns with degraded

performance.
Claims 40-42 (canceled)

43.  (currently amended): A communications system for reducing -
degradations in quality of punctured error corrected code transmissions, the system

comprising:

-14-
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(a) means for identifying a puncturing pattern which approximates a
particular code rate; and

(b) means for adjusting the parameters of the transmissions sufficiently to
cause a mismatch in the puncturing pattern and the particular code rate by
increasing and decreasing the number of bits punctured in respective parity bit

streams, and biasing the particular code rate;
(c) means for determining a capacity of a wireless transmit and receive

unit (WTRU), including buffer sizes that are supported by the WTRU;
(d) means for using puncturing to remove sufficient bits to fit into the
buffer; and
(e) means for adjusting an overall code rate so as to provide sufficient
error correction capability, thereby providing a first rate in a first stage of
puncturing and providing a second rate in a second stage of puncturing.

Claim 44 (canceled)

45. (currently amended): The system of claim 43 elaim—44; further
comprising:

(f) means for increasing non-punctured bits in one of the first stage and
second stage of puncturing, and decreasing non-punctured bits in another of the
first stage and second stage of puncturing, thereby adding additional puncturing to

one stage and removing it from the other stage.

46. (currently amended): The system of claim 43 elaim—44 further
comprising:
(f) means for increasing non-punctured bits in the first stage and decreasing

non-punctured bits in the second stage.

-15-
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47.  (currently amended): The system of claim 43 elaim—44 further
comprising:
(f) means for decreasing non-punctured bits in the first stage and increasing

non-punctured bits in the second stage.

48. (currently amended): The system of claim 43 elaim—44 further
comprising:

() means for interleaving parity bits before rate matching occurs; and

(g) means for subsequently de-interleaving the parity bits, thereby
avoiding a need to periodically sample the parity bits when performing periodic
sampling in rate matching, thereby mitigating the effect of the periodicity of the

puncturing pattern.

49. (new): In a communications system employing a plurality of rate
matching stages for processing a plurality of individual parity bit streams derived
through puncturing a selected number of bits, wherein degradations in the quality
of punctured error correction coded transmissions having a first group of parity 1
(P1) bits and a second group of parity 2 (P2) bits are identified, and the puncturing
rates of the P1 and P2 bits are biased by adding a number of non-punctured P1 bits
to the first group and decreasing the number of non-punctured P2 bits in the second
group by the number of non-punctured P1 bits added to the first group, the method
including:

(a) determining a number of bits Nusing N ={%+%J wherein I is the

number of bits at the input to each branch of rate matching and P is the total
number of the P1 and P2 bits at the output of rate matching; and

-16-
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(b) if I S— < 1——]Y-+ N , calculating the bias

(P/2) 2 2 |2

A =| max{ — _P , P__ AI ; and
IN-1| 2 2 |7N+1

2 2

(c) setting A=0 if LN isnot<l—--—1Y-+ N .
(P/2) 2 2 |2

50. (new): The method of claim 49 wherein non-puncturing patterns

with a period of 7]\7/ 2 cause degradation in performance results and N is a whole

number.

51. (new): The method of claim 50 wherein the non-puncturing

patterns will be employed whenever the average non-puncturing period of P1 or P2

bits is within +1 or +% of 7N/2 for even and odd N respectively.

52. (new): A wireless communication system employing a plurality of
rate matching stages for processing a plurality of individual parity bit streams
derived through puncturing a selected number of bits, wherein degradations in the
quality of punctured error correction coded transmissions having a first group of
parity 1 (P1) bits and a second group of parity 2 (P2) bits are identified, and the
puncturing rates of the P1 and P2 bits are biased by adding a number of non-
punctured P1 bits to the first group and decreasing the number of non-punctured P2
bits in the second group by the number of non-punctured P1 bits added to the first
group, the system including:

-17-
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(a) means for determining a number of bits N using N = [% + %J wherein I is

the number of bits at the input to each branch of rate matching and P is the total
number of the P1 and P2 bits at the output of rate matching; and

(b) means for calculating the bias

A=lmad—L 2 P __ I L]if LN <1——N—+{~N-J;and
IN-1| 272 [78N+1 (P12) 2 2 |2
2 2
(c) means for setting A=0 if e isnot<1—£+ N .
(P/2) 2 2 |2
53. (new): The system of claim 52 wherein non-puncturing patterns

with a period of 7N/2 cause degradation in performance results and N is a whole

number.

54. (new): The system of claim 53 wherein the non-puncturing

patterns will be employed whenever the average non-puncturing period of P1 or P2

bits is within +1 or +%% of 7}V/ 2 for even and odd N respectively.

-18-
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Amendments to the Specification:

Please replace paragraph [0055] with the following amended paragraph:
[0055] When non-puncturing patterns with period 7N/2 (N =1, 2, 8...) are

used, degradation in performance results. These non-puncturing patterns perieds

will be employed whenever the average non-puncturing period of P1 or P2 bits is

within 1 or +% of 7N/2 for even and odd N respectively.

-19-
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REMARKS

After the foregoing Amendment, claims 1, 2, 4-7, 9-11, 13-18, 25, 26, 28-31,
33-36, 38, 39, 43 and 45-54 are pending in this application. Claims 1, 6, 11, 16, 25,
30, 35 and 43 have been amended and new claims 49-54 have been added to
incorporate subject matter deemed allowable by the Examiner into independent
claim form, and to more distinctly claim subject matter which the Applicants regard
as the invention. Claims 3, 8, 12, 19-24, 27, 32, 37, 40-42 and 44 have been canceled
without prejudice. Paragraph [0055] of the specification has been amended to
correct a typographical error. The Applicants submit that no new matter has been
added by the Amendment.

The Examiner is thanked for indicating that claims 3-5, 8-10, 12, 13, 27-29,
32-34, 37 and 44-48 include allowable subject matter.

Claim 1 has been amended to incorporate the allowable subject matter of
claim 3. Thus, the Applicants submit that claim 1, and dependent claims 2, 4 and 5,
are allowable over the prior art of record.

Claim 6 has been amended to incorporate the allowable subject matter of
claim 8. Thus, the Applicants submit that claim 6, and dependent claims 7, 9 and
10, are allowable over the prior art of record.

Claim 11 has been amended to incorporate the allowable subject matter of
claim 12. Thus, the Applicants submit that claim 11, and dependent claims 13-15,
are allowable over the prior art of record.

Claim 16 has also been amended to incorporate the allowable subject matter
of claim 8. Thus, the Applicants submit that claim 16, and dependent claims 17 and

18, are allowable over the prior art of record.

-20-
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Claim 25 has also been amended to incorporate the allowable subject matter
of claim 27. Thus, the Applicants submit that claim 25, and dependent claims 26,
28 and 29, are allowable over the prior art of record.

Claim 30 has also been amended to incorporate the allowable subject matter
of claim 32. Thus, the Applicants submit that claim 30, and dependent claims 31,
33 and 34, are allowable over the prior art of record.

Claim 35 has also been amended to incorporate the allowable subject matter
of claim 37. Thus, the Applicants submit that claim 35, and dependent claims 36,
38 and 39, are allowable over the prior art of record.

Claim 43 has also been amended to incorporate the allowable subject matter
of claim 44. Thus, the Applicants submit that claim 43, and dependent claims 45-
48, are allowable over the prior art of record.

New claims 49-54 also include subject matter which the Examiner indicated

as being allowable.

Conclusion

If the Examiner believes that any additional minor formal matters need to be
addressed in order to place this application in condition for allowance, or that a
telephone interview will help to materially advance the prosecution of this
application, the Examiner is invited to contact the undersigned by telephone at the

Examiner's convenience.

-21-
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In view of the foregoing amendment and remarks, Applicants respectfully
submit that the present application, including claims 1, 2, 4-7, 9-11, 13-18, 25, 26,
28-31, 33-36, 38, 39, 43 and 45-54, is in condition for allowance and a notice to that

effect is respectfully requested.

Volpe and Koenig, P.C.
United Plaza, Suite 1600
30 South 17th Street
Philadelphia, PA 19103
Telephone: (215) 568-6400
Facsimile: (215) 568-6499

SW/bbf

-29-

Respectfully submitted,

Pietraski et al.

Scott Wolinsky

Registration No. 46,413
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DEVICE ANDMETHOD FOR INSERTING PREVIOUSLY KNOWN BITS ININPUT
STAGE OF CHANNEL ENCODER

BACKGROUND OF THEINVENTION

1. Field of the Invention

The present invention relates generally to a channel encoding device and
method for a communication system, and in particular, to a device and a method

for inserting previously known bits in an input stage of a channel encoding device.

2. Description of the Related Art

In communication systems for processing voice, character, image and
video signals, data is generally transmitted on a frame unit basis. A frame is
defined as a basic timing interval in the system. Further, in a system for
communicating such frame data, a channel encoder for error correction should
also encode data on the frame unit basis. In this case, the channel encoder
performs zero tail biting to indicate the termination of each frame so that a

decoder can efficiently decode the frames using that information. Encoder tail

- bits represent a fixed sequence of bits added to the end of a data frame to reset

the convolutional encoder to a known state. An IS-95 system typically uses a
non-recursive systemic convolutional encoder, which adds a sequence of zero (0)

bits to the end of each frame equal to the number of delays, to implement frame
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termination. However, in contrast to the non-recursive systemic convolutional
encoder, a recursive systemic encoder cannot add the zero bits to the end of the
frame to implement the frame termination, because input bits are fed back to the

delays.

FIG. 1 illustrates a block diagram of a conventional parallel turbo
encoder, which is disclosed in U.S. Pat. No. 5,446,747 issued to Berrou. The
encoder of FIG. 1 is one type of conventional recursive systemic encoder. The
turbo encoder encodes an N-bit input frame into parity symbols using two simple
constituent encoders, and can be configured to have either a parallel or serial
structure. In addition, the turbo encoder of FIG. 1 uses recursive systemic

convolutional codes as constituent codes.

The turbo encoder of FIG. 1 includes an interleaver 120 interposed
between a first constituent encoder 110 and a second constituent encoder 130.
The interleaver 120 has the same size as a frame length, N, of input data bits and
re-arranges the order of the data bits input to the second constituent encoder 130

to reduce the correlation between the outputs of the first and second encoders.

The first constituent encoder 110 encodes the input data bits and the
interleaver 120 interleaves (or randomizes) the bits in the input data stream
according to a specified rule so that burst errors introduced by the channel can be

converted to random errors. The second constituent encoder 130 encodes the
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output of the interleaver 120.

FIG. 2 is a diagram illustrating a termination scheme in the recursive

systemic convolutional encoder of FIG. 1. For more detailed information, see D.

Divsalar and F. Pollara, On the Design of Turbo Dodes , TDA Progress

5 Report 42-123, Nov. 15, 1995. Here, frame data input to the first and second

constituent encoders 110 and 130 is assumed to be 20-bit data. In FIG. 2, D1-D4
denotes delays and XOR1-XOR6 exclusive OR gates.

Referring to FIG. 2, the operative steps to perform encoding are as
follows. A switch SW1 is maintained in the ON position and a switch SW2 is
10 maintained in the OFF position. Then, the 20-bit input frame data is applied in
sequence to the delays D1-D4 and exclusively ORed by the exclusive OR gates
XOR1-XOR6, thus outputting encoded bits at the output of exclusive OR gate
XOR6. When the 20 data bits are all encoded in this manner, the switch SW1 is
switched OFF and the switch SW2 is switched ON, for frame termination. Then,
15 the XOR gates XOR1-XOR4 exclusively OR the output data bits of the delays
and the corresponding fed-back data bits, respectively, thereby outputting zero
bits. The resulting zero bits are again input to the delays D1-D4 and stored
therein. These zero bits input to the delays D1-D4 become tail bits, which are

applied to a multiplexer.

20 The multiplexer multiplexes the encoded data bits and the tail bits output
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from the constituent encoder. The number of generated tail bits depends on the
number of delays included in the constituent encoders 110 and 130. The
termination scheme of FIG. 2 generates 4 tail bits per frame plus additional
encoded bits generated for each of the respective tail bits, undesirably increasing
the overall final encoded bit count, which leads to a decrease in the bit rate. That

is, when the bit rate is defined as;

Bit Rate = (the Number of Input Data Bits)/(the Number of Output Data
Bits),

a constituent encoder having the structure of FIG. 2 has a bit rate of

Bit Rate = (the Number of Input Data Bits)/{(the Number of Encoded
Data Bits)+ (the Number of Tail Bits)+(the Number of Encoded Bits for the Tail
Bits)}.

Accordingly, in FIG. 2, since the frame data is composed of 20 bits and the

number of delays equals 4, the bit rate becomes 20/28.

It is therefore apparent that the recursive systemic convolutional
encoder s performance depends upon the tailing method, because it is difficult

to perfectly tail the turbo codes.

SUMMARY OF THE INVENTION
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It is, thérefore, an object of the present invention to provide a device and
method for inserting bits in each channel frame at positions having a higher error
occur range probability having a specific value at a last position of frame data
bits, wherein the last position has a high error occurrence probability during

decoding in a turbo coding device.

It is another object of the present invention to provide a device and
method for inserting specific bits at the tail positions of data bit streams being
respectively input to a first constituent encoder and a second constituent encoder

in a turbo coding device.

It is a further object of the present invention to provide a device and
method for inserting specific bits at the tail positions of data bit streams being
respectively input to a first constituent encoder and a second constituent encoder
in a wrbo coding device, wherein a position of the specific bit inserted in the
second constituent encoder is shifted forward when the positions of the specific

bits inserted in the first and second constituent encoders overlap each other.

To achieve the above objects, a turbo coding device according to the
present invention includes a bit inserter for inserting one or more specific bits at
tail positions of a data bit stream being input to a first constituent encoder, and
inserting at least one specific bit at a last position of an interleaved data bit stream

being input to a second constituent encoder; the first constituent encoder for
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encoding the specific bit-inserted data bits to generate first parity symbols; an

interleaver for interleaving the specific bit-inserted data bits; the second

constituent encoder for encoding the interleaved data bits to generate second

parity symbols; and a multiplexer for multiplexing outputs of the bit inserter, the

first constituent encoder and the second constituent encoder.
BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and advantages of the present
invention will become more apparent from the following detailed description
when taken in conjunction with the accompanying drawings in which like
reference numerals indicate like parts. In the drawings:

FIG. 1 is a block diagram illustrating a prior art channel encoder for use
in a wireless communication system;

FIG. 2 is a detailed block diagram illustrating a prior art constituent
encoder of FIG. 1;

FIG. 3 is a diagram illustrating a channel encoder according to a first
embodiment of the present invention;

FIG. 4 is a detailed diagram illustrating a bit inserter of FIG. 3;

FIG. 5 is a detailed diagram illustrating a constituent encoder of FIG. 3;

FIG. 6 is a diagram illustrating a bit processing procedure according to
the first embodiment of the present invention;

FIG. 7 is a diagram illustrating a channel encoder according to a second
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embodiment of the present invention;

FIG. 8 is a detailed diagram‘illustrating a multiplexer of FIG. 7;

FIG. 9 is a diagram illustrating a bit processing procedure according to a
second embodiment of the present invention;

FIG. 10 is a diagram illustrating a channel encoder according to a third
embodiment of the present invention;

FIG. 11 is a detailed diagram illustrating a constituent encoder of FIG.
10;

FIG. 12 is a detailed diagram illustrating a multiplexer of FIG. 10;

FIG. 13 is a diagram illustrating a bit processing procedure according to
a third embodiment of the present invention; and

FIG. 14 is a diagram illustrating a procedure for inserting previously
known bits in an input stage of a channel encoder according to an embodiment of

the present invention.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Preferred embodiments of the present invention will be described herein
below with reference to the accompanying drawings. In the following description,
well known functions or constructions are not described in detail since they
would obscure the invention in unnecessary detail. The term “data bit” as used
herein refers to data which is not encoded, and the term “parity bit” refers to

data which is encoded by a constituent encoder.

[PR2023-01272 Page 68



WO 00/11791 _ PCT/KR99/00472

-8-

Generally, in a communication System, a transmitter encodes
transmission data using a channel encoder and transmits the encoded data; a
receiver then demodulates the data received from the transmitter to convert the

_ received data into the original data. The channel encoder encodes the
5 transmission data on a frame unit basis and generates tail bits, which are added to
each frame to indicate a termination of the frame. The present invention discloses

a frame structure having a termination effect in the channel encoder.

The frame structure having the termination effect can be implemented in

accordance with several embodiments as described below:

10 First Embodiment: A number of specific bits are inserted in each

channel frame at positions having a higher error occurrence probability, where
the number of bits to be inserted is defined by the number of tail bits. Because
the recursive systemic constituent encoders are not configured to generate tail bits,
the error occurrence probability is determined by way of experiment, and the
15 insert positions should be known to both the channel encoder and a channel
decoder. The specific bits to be inserted should preferably be insignificant bits
which have little or no impact on communication performance, whether they are
transmitted or not. Also, they can be encoded bits or data bits predetermined with

a receiver. Herein, they are assumed to be zero bits.

20 Second Embodiment: A number of bits are inserted in each channel
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frame at positions baving a higher error occurrence probability, where the
number of bits to be inserted is determined by the number of tail bits. The
specific bits are inserted to exceed a predefined frame length. The bit-inserted
data bits are encoded using the constituent encoders. Then, when outputting the
5 channel encoded data, the bits exceeding the frame length of the channel encoded
data are punctured at the bit-inserted positions of the input data. Here, the
recursive systemic encoder does not generate tail bits and the channel decoder

should have prior knowledge of the bit-inserted positions.

Third Embodiment: A number of specific bits are inserted in each

10 channel frame at positions having a higher error occurrence probability, where
the number of bits to be inserted is determined by the number of tail bits. The
constituent encoder generates tail bits for termination and associated encoded data
for the tail bits and thereafter, punctures the data bits at specific insert positions
in each channel frame to insert the tail bits and the encoded data for the tail bits

15 in the punctured positions selected for bit insertion.

First Embodiment

An encoder according to a first embodiment of the present invention
does not generate tail bits, but rather, inserts specific bits at predetermined
positions to perform the termination function. In this embodiment, one 24-bit

20 frame includes 16 data bits, and 8 specific bits, where each of the 8 specific bits
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are zero bits inserted in the frame at bit positions having a higher error
probability. Here, the bit insert positions are determined by experimentally
detecting the positions where most errors occur while decoding the encoded data.

Further, each constituent encoder uses a 1/3 coding rate.

In this embodiment, the positions having the higher error probability
during decoding are experimentally determined, when the 24-bit frame data (i.e.,
16 frame data bits plus the 8 specific bits) is encoded using a turbo enboder
having a 1/3 coding rate. Eight bit positions having the relatively higher error
probability are determined, and the specific bits are inserted at the determined
positions. Here, the decoder knows the bit-inserted positions, when decoding the

encoded frame data in which the specific codes are inserted.

In practice, all “0” bits are actually transmitted as “-1”. When the
inserted specific bits are zero bits, the zero bits at the insert positions are changed
to a large negative value (e.g., -5) before decoding, in order to increase
reliability. This is to improve decoding performance due to variations which can
occur during transmission in a radio environment. However, since the decoder
previously knows the position of the specific bit to be received, the decoder
inserts a higher value other than -1  for the specific bit in the actual decoding
process. In this case, the decoder can improve decoding performance by virtue of
the inserted specific value. This decoding operation will be described in detail
with reference to FIG. 14. In this manner, the decoder decoding the bits, knows
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at least 8 bits of the 24 by virtue of them being transmitted as a large negative
value, thereby increasing decoding performance. In this embodiment, decoding

performance increases as the frame becomes shorter.

FIG. 3 is a diagram illustrating a turbo encoder having a bit inserter for
inserting the specific bits according to the first embodiment of the present
invention. A bit inserter 310 includes a bit generator for generating specific bits
by processing input data bits, and generates data bits in the frame unit by
inserting the specific bits generated by the bit generator in the received data bit
stream at predefined bit insert positions. In the embodiment, it is assumed that a
position where the bit inserter 310 inserts a specific bit is the latter portion of the
data bit stream. Insertion of the specific bits are determined by an undepicted
controller. A first constituent encoder 320 encodes the data bits output from the
bit inserter 310. An interleaver 330 interleaves the data bits in the frame unit,
output from the bit inserter 310, according to a predetermined rule so as to re-
arrange the sequence of the data bits. In the exemplary embodiment, a diagonal

interleaver is used for the interleaver 330.

A second constituent encoder 340 encodes the interleaved data bits in the
frame unit, output from the interleaver 330. Recursive systemic convolutional
encoders can be used for the first and second constituent encoders 320 and 340.
A multiplexer 350 muitiplexes outputs of the bit inserter 310, the first constituent

encoder 320 and the second constituent encoder 340, under the control of the
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undepicted controller. Here, the bit inserter 310 outputs the data bits I,. The first
constituent encoder 320 outputs the first parity bits P1,, and the second

constituent encoder 340 outputs the second parity bits P2,,

FIG. 4 is a detailed block diagram illustrating the bit inserter 310 in the

5 turbo encoder of FIG. 3. Referring to FIG. 4, a bit generator 430 generates
specific bits to be inserted amongst the data bits. Here, the specific bits are
assumed to be zero bits. Delays 412-426, which may be embodied as memory
elements such as flip-flops, may have a serial shift register structure for shifting

an input data bit according to a bit clock.

10 A switch 432 is switched to select the outputs of the delays 412-426,
under the control of the undepicted controller. Also, the switch 432 is switched
to an output of a next delay at the positions where a specific bit output from the
bit generator 430 is inserted in the data bits, under the control of the undepicted
controller. That is, the switch 432 selects a data bit being delayed by one bit,

15 when the selected specific bit is inserted in the data bits. The switch 432 can be
implemented by a multiplexer. A switch 434 is switched to outputs of the bit
generator 430 and the switch 432 to generate data bits I, under the control of the
undepicted controller. The switch 434 selects either the specific bits or the data

bits for insertion at the predefined positions, under the control of the controller.

20 Referring to FIG. 4, a description will be made directed to the operation
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of inserting the specific bits. The input data bits are delayed by the delays 412-
426 according to the bit clock. Initially, the switch 432 selects the input data bits
(i.e., Pole 1) and the switch 434 is initially connected to the switch 432 (i.e.,
Pole B). Then, the input data bits are output via the switches 432 and 434. In the
meantime, when a bit insert position is determined, the switch 432 is connected
to the output of the delay 412 (i.e., Pole 2) and the switch 434 is connected to the
output of the bit generator 430 (i.e., Pole A), under the control of the controller.
As a result, a path for the data bits is cut off and the zero bit output from the bit
generator 430 is inserted in the corresponding bit position. In the case where the
data bits are continuously output after insertion of the zero bit, the switch 434 is
again connected to the switch 432 by the controller. That is, since the one bit-
delayed data bit is selected after insertion of the zero bit, the zero bit can be

inserted at the predefined position without loss of the data bit.

The zero bits are inserted in the data bits for one frame by repeating this
process. Upon reception of data bits for the next frame after insertion of the zero
bits, the switch 432 is again connected to an input bit node (Pole 1) and the above
process is repeated again. In the case where data bits are encoded for
communication, an error probability is statistically relatively higher at the rear
portion of the data bit stream input to the respective constituent encoders.
Accordingly, the positions where the zero bits output from the bit generator 430
are inserted, can be mostly located at the rear portion of the data bit stream as

shown in Table 1, by way of example.
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TABLE 1

where Ix denotes data bits and Ibx inserted bits.

The data bits of Table 1, output from the bit inserter 310, are applied to

both the first constituent encoder 320 and the interleaver 330 in parallel. The

5 interleaved data bits in the frame unit, output from the interleaver 330, are
encoded by the second constituent encoder 340. FIG. 5 illustrates a structure of

the first and second constituent encoders 320 and 340 of FIG. 3 in accordance
with the first embodiment. As illustrated, the first and second constituent
encoders 320 and 340 are recursive systemic convolutional encoders. In addition,

10 the constituent encoders 320 and 340 are configured not to generate tail bits, as

shown in FIG. 5.

The first constituent encoder 320 encodes the data bits of Table 1, output
from the bit inserter 310. The encoded data bits output from the first constituent

encoder 320 are shown in Table 2.

15 TABLE 2
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where Cx denotes symbols output from the first constituent encoder 320, and
Cbx denotes symbols of the inserted bits, output from the first constituent
encoder 320. Here, in the case where the first constituent encoder 320 has the
1/3 coding rate, each symbol C becomes three symbols. Note, however, that
Table 1 does not show the redundant symbols.

In the meantime, the interleaver 330 interleaves the data bits output from
the bit inserter 310 and the second constituent encoder 340 encodes the
interleaved data bits output from the interleaver 330. The encoded data bits

output from the second constituent encoder 340 are shown in Table 3.

TABLE 3

where Dx denotes symbols output from the second constituent encoder 340 and
Dbx symbols of the inserted bits, output from the second constituent encoder 340.
Here, in the case where the second constituent encoder 340 has the 1/3 coding
rate, each symbol D becomes three symbols. Although the sequence of the data
bits was actually rearranged by interleaving, the sequence remains unchanged in

Table 3, for the convenience of explanation.

The multiplexer 350 then multiplexes the outputs of the bit inserter 310,

the first constituent encoder 320 and the second constituent encoder 340, under
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the control of the undepicted controller. Shown in Table 4 are the specific bit
inserted-data bits and outputs of the first and second constituent encoders 320 and
340. The multiplexer 350 can multiplex input symbols in the sequence of the data
symbol, the first parity symbol and the second parity symbol either on a frame

unit basis as shown in Table 4, or on a symbol unit basis.

TABLE 4

FIG. 6 is a timing diagram of the turbo encoder of FIG. 3 according to
the first embodiment of the present invention. Referring to FIG. 6, in an interval
T1, the bit inserter 310 inserts the zero bits in the frame at the predefined bit
positions to generate a bit inserted data bit stream I, where the inserted bits are
zero valued of Table 1 (see 611). In an interval T2, the zero valued bit-inserted
data bits I, are simultaneously applied to the multiplexer 350, the first constituent
encoder 320 and the interleaver 330. Then, in the T2 interval, the first
constituent encoder 320 encodes the zero valued bit-inserted data bits I, to
generate first encoded data bits C, which are the first parity bits (see 612), and in
the same T?2 interval, the interleaver 330 interleaves the zero bit-inserted data bits

I, according to the predefined rule (see 613).

Thereafter, in an interval T3, the multiplexer 350 delays the data bits I,
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output from the bit inserter 310 by one frame period, the first constituent encoder
320 inputs the first encoded data bits C, to the multiplexer 350 and the second
constituent encoder 340 encodes the interleaved data bits I, output from the
interleaver 330 to generate second encoded data bits D, which are the second
parity bits. Upon completion of generating the second parity bits D, by the
second constituent encoder 340, the multiplexer 350 multiplexes the data bits I,

the first parity bits C, and the second parity bits D,, in an interval T4.

Although FIG. 6 shows an example of parallel processing the data bits I,
the first parity bits C, and the second parity bits D,, it is also possible to serially
output the outputs of the bit inserter 310, the first constituent encoder 320 and the

second constituent encoder 340 in the order of bit generation.

As can be appreciated from the foregoing descriptions, in the recursive
systemic turbo encoder according to the first embodiment, the respective
constituent encoders do not generate tail bits for termination, but instead, insert
some number of specific bits (i.e., zero bits) at bit positions having a determined

higher error probability.

Second Embodiment

Like the first embodiment, a channel encoder according to a second

embodiment of the present invention inserts specific bits at bit positions having a
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higher error occurrence probability. However, the second embodiment may be
differentiated from the first embodiment in that the number of the inserted bits is
set to exceed the frame size (or length). In this exemplary embodiment, each
frame is assumed to include 16 input data bits I, and 12 inserted bits. This
embodiment adds four additional inserted bits. Since the output data bits I,, parity
bits C, and D, should equal 24 bits and 28 bits are generated in total, the surplus
parity bits C, and D, are punctured from the data bits I, at the bit-inserted

positions.

FIG. 7 is a diagram illustrating the channel encoder according to the
second embodiment of the present invention. A bit inserter 710 includes a bit
generator for generating specific bits by processing input data bits, and generates
data bits exceeding the frame size by inserting the specific bits generated by the
bit generator at predefined bit positions. A first constituent encoder 720 encodes
the data bits output from the bit inserter 710 to generate first parity bits C,. An
interleaver 730 interle#ves the data bits in the frame unit, output from the bit
inserter 710, according to a predetermined rule so as to change the arrangement
(or sequence) of the data bits. In the exemplary embodiment, a diagonal

interleaver is used for the interleaver 730.

A second constituent encoder 740 encodes the interleaved data bits in the
frame unit, output from the interleaver 730, to generate second parity bits D,. A

recursive systemic convolutional encoder can be used for the first and second
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constituent encoders 720 and 740. A multiplexer 750 multiplexes outputs of the
bit inserter 710, the first constituent encoder 720 and the second constituent
encoder 740 to generate a data frame of a predefined length, under the control of
a undepicted controller. Here, the bit inserter 710 outputs the data bits I,, the first
constituent encoder 720 outputs the first parity bits P1, and the second constituent

encoder 740 outputs the second parity bits P2,.

In operation, upon receipt of the 16 input data bits I,, the bit inserter 710
operates in the same manner as the bit inserter 310 of the first embodiment. The
bit inserter 710 has a structure similar to that of FIG. 4 except that it is composed
of 12 delays instead of 8. Therefore, the bit inserter 710 inserts 12 zero bits in
the frame at 12 bit positions having the higher error probability by controlling the
internal switches under the control of the undepicted controller. Accordingly, in
this embodiment, the bit inserter 710 outputs the 28 data bits I, (i.e., 16 data bits
and 12 zero bits), which are simultaneously applied to the multiplexer 750, the
first constituent encoder 720 and the interleaver 730. Further, the interleaved
data bits I, output from the interleaver 730 are applied to the second constituent
encoder 740. Here, the first and second constituent encoders 720 and 740 have

the structure of FIG. 5, which does not generate the tail bits for termination.

The first constituent encoder 720 then encodes the 28 data bits I, output
from the bit inserter 710 with the 12 zero bits inserted therein, and outputs 28

first parity bits C, to the multiplexer 750. The interleaver 730 interleaves the 28
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data bits I, output from the bit inserter 710, and the second constituent encoder

740 encodes the interleaved data bits in the same manner as the first constituent

encoder 720 to generate 28 second parity bits D,, which are applied to the
multiplexer 750. The multiplexer 750 punctures the data bits I, to insert the four
first parity bits C, and the four second parity bits D, in the punctured positions
and then, outputs the remaining 24 first parity bits C, and the remaining 24

second parity bits D,.

Referring to FIG. 8, the multiplexer 750 first receives the 28 data bits I,
output from the bit inserter 710. Then, a switch 812 in the multiplexer 750 is
connected to a delay 822 until the first 24 data bits out of the 28 data bits I, are
received from the bit inserter 710. The delay 822 delays the first 24 received
data bits I,. Thereafter, the switch 812 is connected to a delay 824 until the
remaining 4 data bits out of the 28 data bits I, are received from the bit inserter

710. The delay 824 delays the remaining 4 data bits.

In the same manner, the multiplexer 750 receives the 28 first parity bits
C, output from the first constituent encoder 720. Then, a switch 814 in the
multiplexer 750 is connected to a delay 826 until the first 24 data bits out of the
28 first parity bits Cy are received from the first constituent encoder 720, and the
delay 826 delays the received first parity bits C,. Thereafter, the switch 814 is
connected to a delay 828 until the remaining 4 first parity bits out of the 28 first

parity bits C, are received from the first constituent encoder 720, and the delay
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828 delays the received remaining 4 first parity bits.

Thereafter, the multiplexer 750 receives the 28 second parity bits Dy
output from the second constituent encoder 740. Then, a switch 816 in the
multiplexer 750 is connected to a delay 830 until the first 24 data bits out of the

5 28 second parity bits D, are received from the second constituent encoder 740,
and the delay 830 delays the received second parity bits D,. Thereafter, the
switch 816 is connected to a delay 832 until the remaining 4 second parity bits
out of the 28 second parity bits D, are received from the second constituent
encoder 740, and the delay 832 delays the received remaining 4 second parity

10 bits.

As described above, the multiplexer 750 sequentially receives the 28
data bits I, the 28 first parity bits C, and the 28 second parity bits D, and
separately stores the first 24 bits and the remaining 4 bits out of the respective
bits in the corresponding delays. The switches 812-816 are controlled by the

15 undepicted controller. Further, the delays 822-832 each are composed of
cascaded memory elements and store the input bits until the corresponding delay

process is completed.

Upon completion of the delay process, the switch 844 is connected to a
switch 842 and the switch 842 is connected to the delay 822. Therefore, an
20 output of the delay 822 is output via the switches 842 and 844. When one data bit
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stored in the delay 822 is output, the switch 842 is connected to the delay 824,
maintaining connection with the switch 844. Then, one of the remaining data bits
stored in the delay 824 is output via the switches 842 and 844. That is, the data
bit stored in the delay 822 is punctured and the data bit stored in the delay 824 is
output in its place. Thereafter, the switch 842 is connected to the delay 822,
continuously maintaining connection with the switch 844. By repeating the above
process 4 times, the data bits stored in the delay 822 are punctured and the four

data bits stored in the delay 824 are inserted in the four punctured positions.

Subsequently, the switch 842 is connected to the delay 822, maintaining
connection with the switch 844. Then, the output of the delay 822 is output via
the switches 842 and 844. When one data bit stored in the delay 822 is output,
the switch 842 is connected to the delay 828, maintaining connection with the
switch 844. Then, one of the remaining four first parity bits stored in the delay
828 is output via the switches 842 and 844. Thereafter, the switch 842 is
connected again to the delay 822, continuously maintaining connection with the
switch 844. By repeating the above process 4 times, the data bits stored in the
delay 822 are punctured and the four first parity bits stored in the delay 828 are

inserted in the punctured positions.

In this manner, the data bits and the remaining four first parity bits are
alternately output. Next, the switch 842 is connected to the delay 822,

maintaining connection with the switch 844. Then, the output of the delay 822 is
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output via the switches 842 and 844. When one data bit stored in the delay 822 is
output, the switch 842 is connected to the delay 832, maintaining connection with
the switch 844. Then, one of the remaining four second parity bits stored in the
delay 832 is output via the switches 842 and 844. Thereafter, the switch 842 is
5 connected again to the delay 822, continuously maintaining connection with the
switch 844. By repeating the above process 4 times, the data bits stored in the
delay 822 are punctured and then, the remaining four second parity bits stored in

the delay 832 are inserted in the punctured positions.

By way of the foregoing procedure, the 24 data bits stored in the delay

10 822 are punctured and then, the 4 data bits stored in the delay 824, the 4 first
parity bits stored in the delay 828 and the 4 second parity bits stored in the delay
832 are inserted in the punctured positions. Accordingly, the multiplexer 750
punctures the data bits I, output from the bit inserter 710 and inserts the 8 parity

bits in the punctured insert positions, thereby outputting 24 data bits.

15 Upon completion of the above process, the switch 844 is connected to
the delay 826. Then, the 24 first parity bits C, stored in the delay 826 are output.
Thereafter, the switch 844 is connected to the delay 830 to output the 24 second
parity bits D, stored in the delay 830.

Referring to FIG. 9, in the encoder of FIG. 7 according to the second

20 embodiment, the bit inserter 710 inserts 12 bits in the 16 input data bits to
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generate the 28 data bits I,. The first and second constituent encoders 720 and
740 generate the 28 first parity bits C, and the 28 second parity bits D,
respectively. The multiplexer 750 punctures the 28 data bits I, at 12 insert
positions and then, inserts therein the surplus data bits, i.e., 4 surplus data bits, 4

5 surplus first parity bits and surplus 4 second parity bits. Thereafter, the
multiplexer 750 sequentially outputs the data bits I,, the first parity bits C, and
the second parity bits D,.

In the decoding process, the output values of the multiplexer 750 are

demultiplexed into a data bit portion, a first parity bit portion and a second parity

10 bit portion, wherein the data bit portion is punctured with a value of -5 at

the bit inserting portion. Such processed data bits are decoded by an existing

decoder. (See Claude Berrou, Alain Glavieux and Punya Thitmajshima Near
Shannon Limit Error-Correction Coding and Decoding: Turbo-Codes (1) .)

Third Embodiment

15 An encoder according to a third embodiment of the present invention
inserts data bits having a specific logic among the data bits at bit positions having
a higher than normal error occurrence probability, wherein the constituent
encoders encode the speciﬁc bit-inserted data bits and generate tail bits to be
added to encoded data bits. That is, the encoder according to the third

20 embodiment performs the termination function by both bit insertion and tail bit
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adding.

FIG. 10 is a diagram illustrating the encoder according to the third
embodiment of the present invention. Referring to FIG. 10, a bit inserter 1010
receives 16 input bits and has the same structure as the bit inserter 310 according

5 to the first embodiment. The bit inserter 1010 inserts 8 zero bits in each frame at
8 data bit positions having a higher than normal error probability, under the
control of a undepicted controller. Accordingly, in this exemplary embodiment,
the bit inserter 1010 outputs 24 data bits I,, which are applied in common to a

multiplexer 1050, a first constituent encoder 1020 and an interleaver 1030.

10 Further, the interleaved data bits I, output from the interleaver 1030 are
applied to a second constituent encoder 1040. The first constituent encoder 1020
is a recursive systemic constituent encoder shown in FIG. 11, having a structure
for generating tail bits to be added to the encoded data bits. In addition, the first
constituent encoder 1020 has a structure which does not generate the tail bits for

15 termination, as that in FIG. 5 of the first embodiment.

Referring to FIG. 11, operation of the first constituent encoder 1020 will
be described. For encoding, a switch 1111 connects an input node to an exclusive
OR gate 1131, a switch 1113 maintains an OFF state, and a switch 1115 is
connected to an exclusive OR gate 1135. Then, the 24 data bits I, are

20 sequentially applied to delays 1121-1127 via the switch 1111, the exclusive OR
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gate 1131, and the exclusive OR gate 1135 outputs encoded data bits. When the
data bits I, are all encoded by the delays 1121-1127 and the exclusive OR gate
1135 in this manner, the switch 1111 is connected to exclusive OR gates 1133
and 1131, the switch 1113 is ON, and the switch 1115 is connected to the switch
1113. Then, zero bits are generated by exclusive ORing the outputs being fed
back, stored in the delays 1121-1127 and output via the switch 1115. Here, the
zero values stored in the delays 1121-1127 become the tail bits and are output
through the switch 1115. The number of tail bits generated corresponds to the
number of delays in the constituent encoder 1020. In FIG. 11, the constituent
encoder 1020 generates 4 tail bits per frame and also generates encoded bits for

the respective tail bits.

Accordingly, the first constituent encoder 1020 generates 24 first parity
bits C, and, upon processing the last data bit (i.e., the 24™ data bit), switch 1111
connected to the exclusive OR gate 1133, the switch 1113 is connected to the
switch 1111 and the switch 1115 is connected to the switch 1113; the same
process is repeated four times to generate 4 tail bits. Through this procedure, the

28 first parity bits C, and the 4 tail bits are output to the multiplexer 1050.

In addition, the interleaver 1030 interleaves the 24 data bits I, output
from the bit inserter 1010 and provides the interleaved data bits to the second
constituent encoder 1040. The second constituent encoder 1040 then encodes the

interleaved data bits in the same manner as the first constituent encoder 1020 to
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generate 24 second parity bits D,, which are applied to the multiplexer 1050.

The interleaved data bits in the frame unit, output from the interleaver
1030, are encoded by the second constituent encoder 1040 which has the same
structure as that shown in FIG. 5. The second constituent encoder 1040 is a
recursive systemic convolutional encoder, as shown in FIG. S. In addition, the
second constituent encoder 1040 has a structure which does not generate the tail

bits.

The multiplexer 1050 then punctures the data bits I, and inserts the 4
first parity bits C, in the punctured positions, and selectively outputs the

remaining 24 first parity bits C, and the 24 second parity bits D,.

FIG. 12 is a diagram illustrating the multiplexer 1050. Referring to FIG.
12, the multiplexer 1050 first receives the 24 data bits I, output from the bit
inserter 1010. A delay 1222 in the multiplexer 1050 then stores the received 24

data bits I,.

Thereafier, the multiplexer 1050 receives the 28 first parity bits C,
output from the first constituent encoder 1020. A switch 1212 in the multiplexer
1050 then is connected to a delay 1224 until the first 24 bits out of the first parity
bits C, are received from the first constituent encoder 1020, and the delay 1224
stores the received first parity bits C,. Subsequently, the switch 1212 is
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connected to a delay 1226 until the remaining 8 bits out of the 32 first parity bits
C, are received from the first constituent encoder 1020, and the delay 1226 stores

the remaining 8 bits of the first parity bits C,.

Next, the multiplexer 1050 receives the 24 second parity bits D, output
5 from the second constituent encoder 1040. A delay 1228 in the multiplexer 1050

then stores the received 24 second parity bits D.

Such sequentially generated 24 data bits I,, 28 first parity bits C, and 24

second parity bits D, are applied to the multiplexer 1050. The multiplexer 1050
then stores the sequentially received data bits I, first parity bits C, and second

10 parity bits D, in corresponding delays in the order of reception, wherein the first
24 bits and the remaining 4 bits out of the 28 first parity bits C, are separately
stored in the corresponding delays. The delays 1222-1228 each are composed of
cascaded memory elements and store the corresponding input bits until the above

delay process is compieted.

15 After the above delay process, a switch 1236 is connected to a switch
1234, and the switch 1234 is connected to delay 1222. Thus, an output of the
delay 1222 is output via the switches 1234 and 1236. After a data bit at a pre-
specified position is stored in the delay 1222 is output, the switch 1234 is
connected to the delay 1226, maintaining connection with the switch 1236. Then,

20 one of the surplus first parity bits stored in the delay 1226 is output via the
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switches 1234 and 1236. That is, the data bit stored in the delay 1222 is
punctured and the first parity bit stored in the delay 1226 is inserted in the
punctured position. Thereafter, the switch 1234 is connected again to the delay
1222, maintaining connection with the switch 1236. The above operation is
repeated 8 times to puncture eight data bits stored in the delay 1222 and insert in
the punctured positions the surplus 8 first parity bits stored in the delay 1226. As
a result, the 24 data bits I, are punctured to insert the 8 first parity bits in the

punctured positions (i.e., bit insert positions), thereby outputting 24 bits.

Thereafter, the switch 1236 is connected to an output of the delay 1224.
Then, the 24 first parity bits C, stored in the delay 1224 are output via the switch
1236. Next, the switch 1236 is switched to the delay 1228 to output the 24
second parity bits D, stored in the delay 1228.

Referring to FIG. 13, in the encoder of FIG. 10 according to the third
embodiment, the bit inserter 1010 inserts 8 bits in the 16 input data bits to
generate the 24 data bits I,. A recursive systemic constituent encoder which
generates the tail bits, is used for the constituent encoder. In this case, the
constituent encoder generates 32 data bits in total, composed of 24 encoded data
bits, 4 tail bits and encoded data of the 4 tail bits. When outputting the 24
encoded data bits, the input data bits I, are first punctured to insert the remaining
8 first parity bits (i.e., 4 tail bits and encoded data of 4 tail bits) in the bit

punctured positions.
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The channel coded specific bit-inserted symbols are transmitted through
a channel, and a receiver then receives and decodes the channel coded symbols.
In the decoding process, the output values of the multiplexer 1050 are
demultiplexed into a data symbol portion, a first parity symbol portion and a
second parity symbol portion, wherein the data symbol porﬁdn is punctured to
insert therein a specific value of, for example, -5 at the bit inserting portion.
Such processed data bits are decoded by an existing decoder. (See Claude Berrou,
Alain Glavieux and Punya Thitmajshima  Near Shannon Limit Error-
Correction Coding and Decoding: Turbo-Codes (1) .)

In the respective embodiments stated above, it is assumed that the
encoder inserts the specific bits at the latter portion of the data bit stream. That is,
the encoder inserts the specific bits at an end portion of a frame data to be
transmitted. Since the data bits input to the second constituent encoder of the
channel encoder are interleaved by the interleaver prior to being applied to the
second constituent encoder, the last position of the data bit input to the first
constituent encoder may not coincide with the last position of the data bit input to
the second constituent encoder. In addition, since the insert positions of the
specific bits being input to the second constituent encoder depend on the size and
type of the interleaver, there is a demand for a method which can determine the
last portion of the data bit stream to be input to the first and second constituent

encoders in the channel encoder.
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The present invention provides a method for determining an insert
position of a specific bit, which depends on the interleaver of the channel encoder.
FIG. 14 illustrates a procedure for determining an insert position of the specific
bit in the channel encoder. The flowchart of FIG. 14 describes a program to be
performed by the channel encoder of FIG. 3. In the following description, a first
constituent encoder corresponds to the first constituent encoder 320, a second
constituent encoder corresponds to the second constituent encoder 340, and an-
interleaver corresponds to the interleaver 330. Further, the flowchart of FIG. 14
controls operation of the bit inserter 310 to insert the specific bits. When the bit
inserter 310 has the structure of FIG. 4, the flowchart of FIG. 14 can be
performed by a undepicted controller which controls the operation of the switch
434 in the bit inserter 310. That is, the program of FIG. 14 controls the switch
434 to designate an insert position of a specific bit such that the specific bit output
from the bit generator 430 should be located at the last portion of the data bit

stream.

Referring to FIG. 14, in step 141, the following are provided as input: a
data bit number Ninfo, an MIL interleaver’s size Ny, the number of specific
bits to be inserted at the last position of the data bit input to the first constituent
encoder (Pinsl), the number of specific bits to be inserted at the last position of
the data bit input to the second constituent encoder (Pins2), arrays Addrinfo[],
and Addrdeint[] for storing data bit positions of deinterleaved data bits and

variables, array Addrturbof] for storing positions of the data bits, and variables i
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and k initialized to “0”. Thereafter, in step 142, it is determined whether the
variable i is higher than the data bit number Ninfo. When i > Ninfo, the
program proceeds to step 144; otherwise, the program goes to step 143. Step 143
is repeated as many times as the data bit number Ninfo. In step 143, the
deinterleaved data bit positions Addrinfo[] are stored in the array Addrturbof].
Step 143 is repeated as many times as the data bit number Ninfo to store all the
data bit positions Addrinfo[] in the variables Addrturbo[] for storing positions of
the data bits, and thereafter, the program proceeds to step 144 to initialize the

variable i to “0”.

After initialization of the variable i, it is determined in step 145 whether
the variable i is higher than Pinsl the number of bits to be inserted at the last
position of the data bit stream input to the first constituent encoder. Step 146 is
repeated as many times as the numbér, Pins1, of bits to be inserted at the last
position of the data bit stream. When i < Pinsl, the program proceeds to step
146 where the last position of the data bit stream input to the first constituent
encoder is designated as an insert position of a specific bit and is then stored in a
variable NTPOSi. When the above operation is repeated as many times as Pinsl,
the number of specific bits to be inserted at the last position of the data bit stream
being input to the first constituent encoder, the process continues to step 147
where the position of the specific bit to be inserted at the last position of Pins1 =4
data bits being input to the first constituent encoder is stored and thereafter, the

variables k and j are initialized to zero.
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After initialization of the variables k and j, it is determined in step 148
whether the variable k is higher than Pins2, the number of the specific bits to be
inserted at the last position of the data bit stream being input to the second
constituent encoder. Steps 149, 150 and 151 are repeated as many times as the
number, Pins2, of specific bits to be inserted at the last position of the data bit
stream. When j < Pins2, the process continues to step 149 where the positions of
the bits located at the last portion of the data bit stream being input to the second
constituent encoder are selected as insert positions of the specific bits and stored
in a variable ITPOSj. Thereafter, in step 150, it is determined whether the
position values stored in the variable ITPOS]j overlap the position values stored in
the variable NTPSOi. That is, the variable ITPOS;j stores the positional
information of the specific bits to be inserted at the last position of the data bits
being input to the second constituent encoder, and the variable NTPOSi stores
the positional information of the specific bits to be inserted at the last position of
the data bits being input to the first constituent encoder. Therefore, when the
information stored in ITPOS;j overlaps the information stored in the NTPOS;, it
means that the same specific bits are overlappedly inserted at the last portion of

the data bits being input to the firs and second constituent encoders.

Therefore, in step 150, it is judged whether the positions, stored in
ITPOS;, of the bits to be inserted at the last position of the data bits being input to
the second constituent encoder overlaps with the positions which were selected

and stored in NTPOSI at step 146. When ITPOSj overlaps with NTPOSi, the

IPR2023-01272 Page 94



10

15

20

WO 00/11791 PCT/KR99/00472

-34 -

variable k is increased by one in step 153. After increment of the variable k, the
program returns to step 148. Therefore, when the positions of the specific bits to
inserted at the last positions of the data bits being input to the first and second
constituent encoders overlap each other, insert positions of other specific bits to
be inserted at the last position of the data bits being input to the second encoder
are stored in ITPOSj and then, the step 150 is performed again to determine
whether the bit positions stored in ITPOSj overlap with the bit positions stored in
NTPOSi. When the bit positions stored in ITPOS;j do not overlap with the bit
positions stored in NTPOS;, the variables k and j are increased by one in step
151, respectively. Thereafter, the program returns to step 148. The steps 148 to
153 are repeated as many times as Pins2. After repetition of the above steps as
many times as Pins2 (i.e., when j > Pins2), the step 148 proceeds to step 152
where are output the variables ITPOSk and NTPOSk in which the insert

positions of the specific bits are stored.

Therefore, in steps 148 and 152, when the bit positions stored in ITPOS;j
overlap with the insert positions of the specific bits stored in NTPOSi, the
position of a specific bit to be inserted at the last portion of the data bit stream
being input to the second constituent encoder is shifted to be designated to the
other position. However, when they do not overlap each other, the designated
position located at the last position of the data bit stream being input to the second
constituent encoder is maintained, as it is. In the embodiment, when the bit

positions stored in ITPOSj overlap with the insert positions of the specific bits,
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stored in NTPOSi, the specific bit insert position of the data bit stream being
input to the second constituent encoder is changed. However, it is also possible to
change the specific bit insert position of the data bit stream being input to the first

constituent encoder.

For a better understanding of the program shown in FIG. 14, a detailed
description will now be made as to how the program actually determines the

insert position of the specific bit according to the interleaver.

First, if it is assumed that the input data bit stream has a length of 16 bits
and the number of the specific bits to be inserted is 8, the size of the interleaver
in use becomes (the length of data bit stream) + (the number of the specific bits
to be inserted) =16+8=24 bits. Therefore, it will be assumed herein that the

interleaver has a length of 24 bits, as shown in Table 5.

TABLE 5

06121817131928142039152141016225 1117 23

Table 5 shows the positions of the bits arranged in the order they are
output from the interleaver. That is, “0” appearing at the first bit position means
that a O-th input bit is first output; “6” appearing at the second bit position means
that a sixth input bit is output next; and “12” appearing at the third bit position

means that a twelfth input bit is output next.
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With reference to FIG. 14, a description will be made regarding a
method for determining the insert positions for the interleaver. In step 141, the
length of the data bit stream is input as Ninfo=16, an MIL interleaver’s size
Nur=24, the number of specific bits to be inserted at the end of the data bit
stream input to the first constituent encoder (Pins1=4), the number of specific
bits to be inserted at the end of the data bit stream input to the second constituent
encoder (Pins2=4), data bit positions Addrinfo[24], positions of deinterleaved
data bits, and variables Addrdeinst[24], Addrturbo[24] for storing positions of

the data bits, and variables i and k are initialized to “0”.

Thereafter, in step 142, it is determined whether the variable i is higher
than the data bit number Ninfo=16. When i > Ninfo(=16), the program
proceeds to step 144; otherwise, the program goes to step 143. At this point, step
143 is repeated 16 times which correspond to the data bit number Ninfo=16, and
the 16 data bit positions Addrinfo[16] are sequentially stored in the array
Addrturbo[16]. Thereafter, the program proceeds to step 144 to initialize the

variable i to “0”.

After initialization of the variable i, it is determined in step 145 whether
the variable i is higher than the number of bits to be inserted at the end of the
data bit stream input to the first constituent encoder (Pins1=4). Step 146 is
repeated as many times as the number (Pins1=4) of bits to be inserted at the end

of the data bit stream. When i < Pins1(=4), the program proceeds to step 146
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where the last position of the data bit stream input to the first constituent encoder
is designated as an insert position of a specific bit and is then stored in variables
NTPOSi. That is, the positions of the last 4 bits prior to interleaving are stored in
the variables NTPOSi. When the above operation is repeated as many times as
the number, Pinsl =4, of specific bits to be inserted at the last position of the
data bit stream being input to the first constituent encoder, the process ocntinues
to step 147 where the position of the specific bit to be inserted at the last position
of Pins1=4 data bits being input to the first constituent encoder is stored and
thereafter, the variables k and j are initialized to zero. Shown in Table 6 are
positions of the 4 i)its inserted at the last position of the data bit frame prior to

interleaving (i.e., 20, 21, 22 and 23).

TABLE 6

01234567891011121314 151617 18 19 20 21 22 23

Next, it is determined in step 148 whether the variable k is higher than
the number, Pins2=4, of specific bits to be inserted at the last position of the
daté bit stream being input to the second constituent encoder. Steps 149, 150 and
151 are repeated four times which correspond to the number of the specific bits
to be inserted at the last position of the data bit stream (Pins2=4). When j <
Pins2(=4), the process continues to step 149 where the positions of the last 4 bits

located at the last portion of the data bit stream being input to the second
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constituent encoder are selected as insert positions of the specific bits and stored
in variables ITPOSj. Table 7 shows the insert positions of the last 4 bits, shown
in Table 6, determined for the first constituent encoder prior to interleaving,
together With the insert positions of the last 4 bits determined for the second

constituent encoder after interleaving.

TABLE 7

012345678910g_1213141516L7__1819202122@

Here, the insert positions of the last 4 bits prior to interleaving,
determined for the first constituent encoder, are {20, 21, 22, 23}, and the insert
positions of the last 4 bits after interleaving, determined for the second
constituent encoder, are {5, 11, 17, 23}.  Itis noted that an insert position “23”
out of the determined insert positions are only insert position “23” is overlapped.
Therefore, the total number of the determined insert positions is not 8 but 7.
Accordingly, in order to determine one more bit, it is determined in step 150
whether the positions, stored in the variable ITPOSj, of the bits to be inserted at
the last position of the data bit stream being input to the second constituent
encoder overlap the positions which are selected in step 146 and stored in the
variable NTPSOi. Here, since the 23™ position is overlapped in Tables 6 and 7,
the program proceeds to step 148 through step 151. Then, the process continues

to step 149 where another insert position of a bit to be inserted at the last position
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of the data bit stream being input to the second constituent encoder is stored in
ITPOSj to determine a 19™ bit position as an insert position. Thereafter, in step
150, it is determined again whether the bit positions stored in ITPOS;j overlaps
with the bit positions stored in NTPOSi. Here, since the 19™ bit position is not
S overlapped, this selected position is constantly stored. Thereafter, the steps 148,
149, 150, 151 and 153 are repeated as many times as Pins2. After repetition of
the above steps, the variables ITPOSk and NTPOSk are output, which store the
stored insert positions, in step 152. Table 8 shows the 8 insert positions output

from the variables ITPOSk and NTPOSk.

10 TABLE 8

01234567891011 1213 14 1516 17 18 19 20 21 22 23

Here, the program of FIG. 14 can be expressed as:

<Stepl >
Store input (information) bits
i=0
15  dowhilei < Ninfo
Addrturbo[i] = Addrinfo[i]
i=i+1

end do
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<Step2 >
i=0
do while i < Pinsl
NTPOSi = Addrturbo[NMIL- 1 - i] ; insertion positions for end part of
5 RSCI1 input
insert zero bits to the Addrturbo[NTPOSi] ; insert known (e.g., 0) bits to
the
i=i+1
end do ; pre-determined positions
10
<Step3 >
k=0
j=0
do while j < Pins2
15 ITPOSj = AddrdeintfNMIL- 1 - k] ; insertion positions for end part of
RSC2 input
if {TPOSj = (NTPOSi) | | {ITPOSO, ITPOS], ... , ITPOSk-1})) ;exclude

overlapping
ITPOSj = ITPOSk + m ; for the pre-processed positions
20 k=k+1
else ; m is certain integer value

insert zero bit to the Addrturbo[ITPOSK]
k=k+1
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j=j+1

end do

Legend:

| | :or

As described above, the novel channel encoder including the recursive
systemic constituent encoders can perform a channel coding function using a

frame structure having the termination effect.

While the invention has been shown and described with reference to a
certain preferred embodiment thereof, it will be understood by those skilled in
the art that various changes in form and details may be made therein without
departing from the spirit and scope of the invention as defined by the appended

claims.
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CLAIMS :

1. A turbo coding device comprising:

a bit inserter for inserting at least one specific data bit at a last position of
a data bit stream being input to a first constituent encoder, and inserting at least
one specific data bit at a last position of an interleaved data bit stream being input
to a second constituent encoder;

the first constituent encoder for encoding the bit-inserted data bit stream
to generate first parity symbols;

an interleaver for interleaving the bit-inserted data bit stream;

the second constituent encoder for encoding the interleaved data bit
stream to generate second parity symbols; and

a multiplexer for multiplexing outputs of the bit inserter, the first

constituent encoder and the second constituent encoder.

2. The turbo coding device as claimed in claim 1, wherein the bit
inserter inserts at least two specific data bits, wherein half of the specific data bits
are inserted at the end of the data bit stream being input to the first constituent
encoder and a remaining half of the specific data bits are inserted at the end of

the data bit stream being input to the second constituent encoder.

3. The turbo coding device as claimed in claim 2, wherein the bit

inserter shifts forward a position of a specific bit to be inserted in the second
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constituent encoder, when a position of a specific bit to be inserted in the first
constituent encoder overlaps with a position of a specific bit to be inserted in the

second constituent encoder.

4, A method for inserting a specific bit in a turbo coder having a
first constituent encoder for encoding received data bits to generate first parity
symbols, an interleaver for interleaving the specific bit-inserted data bits, and a
second constituent encoder for encoding the interleaved data bits to generate
second parity symbols, the method comprising the steps of:

storing positions of the data bits having the same size as a size of a
received frame;

inserting a predetermined number of specific bits at a last position of
data bits being input to the first constituent encoder; and

determining a last position of data bits being input to the second
constituent encoder after interleaving, and inserting the predetermined number of

specific bits at the determined last position.
5. The method as claimed in claim 4, wherein the number of the
specific bits inserted in the first constituent encoder is identical to the number of

the specific bits inserted in the second constituent encoder.

6. The method as claimed in claim 4, wherein a position of a
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specific bit to be inserted in the second constituent encoder is shifted forward,
when a position of a specific bit to be inserted in the first constituent encoder
overlaps with a position of a specific bit to be inserted in the second constituent

encoder.

IPR2023-01272 Page 105



WO 00/11791

1/14

PCT/KR99/00472

DATA BIT ”20 140
1ST ENCODER
SELECTOR—>
INTERLEAVER |- 120
132’0

2ND ENCODER

FIG. 1

IPR2023-01272 Page 106



PCT/KR99/00472

WO 00/11791

2/14

=2X

(1)

¢

e —— e, —— - -

:_m/
03009 mmox

GYOX

H 70 o] cafer] 2a g 10 |« A

N

PHOX  £HO0X 20X  LHOX

Viva 1NdNI

IPR2023-01272 Page 107



WO 00/11791 PCT/KR99/00472

3/14
310 350
BT 2
INPUT BIT—>
INSERTER 32(0
IST ENCODER |—>
CODED
T 340 MUX T bata
4 |
330 ~INTERLEAVER}->{2ND ENCODER|—>

FIG. 3

IPR2023-01272 Page 108



PCT/KR99/00472

WO 00/11791

4/14

e e o e St e e o 4t A o o T T T A e S et > e e e o e e e )

430~ BIT GEN |—=

4

FIG.

IPR2023-01272 Page 109



PCT/KR99/00472

WO 00/11791

5/14

—>Ck or Dk

320 AND 340

NU

517

515

513

{

523

[

!

5

FIG.

IPR2023-01272 Page 110



PCT/KR99/00472

WO 00/11791

6/14

9 O

1 ol L L
ONIXIWJIINN : Z# ONIGOON3 | If ONIGOONI | ¥3LY3SNI Lig
| INIAVITHALNI 118 NOLLY3SNI
/ONICOON3 118 vLv¥a; 118 V1vQ a3qon -
cee o . .__.. vee o . e e e . Nw._._mf_._wzn_ N—O
| 118 NOLYISNI
m XNK OL 1NdNI a3aod -

.

i 1g ALlgvd 219

XNN NI AV130

XNN 0L 1NdNI

NOILY3SNI 118

118 NOWY3SNI -

.
.

118 vivad 119

|
|
|
t
|
]
!
]
|
]
i
!
T
|
!
|
I
I
I
I
|
1
I
¥
|
f
t
|
i
1
|
|
T
|
;
|
|
!
i

34NA3004d INISS3J0¥d Lig

———e— e e e e - —

\

[PR2023-01272 Page 111



WO 00/11791 PCT/KR99/00472

7/14
e
| 710 7120 |
L —L“lsn B Ik E
| INSERTER 730 |
i | 5fsT ENCODER}-%> i
| 740 i
e Y L s
| 730 ~—INTERLEAVER}->{2ND ENCODER}—=> i
o ]

IPR2023-01272 Page 112



WO 00/11791

8/14

PCT/KR99/00472

750
822
DATA BIT—e—\—+—>{ DELAY
812 S04 %42
o—> DELAY II -
——8
826
i SOy -
814
828
o—> DELAY —
| 830 * a4
816
832
o—> DELAY

FIG. 8

IPR2023-01272 Page 113



PCT/KR99/00472

WO 00/11791

9/14

XN

6 "Old

¥3QOON3 QGNZi ¥IAVITNILNI | ¥IQOINI LS|

d3LY3SNI
118

Slig 2L

1
|
!
I
1
1
|
!
)
|

o s sos eve .

—

* » ses ese .

1

Slig ¥8

s o 080 e .

o & sas ses .

Siig 9§

o » 000 ses »

!
J
I
t
I
]
i}
1
1
o 1
i
t
)
|
i
|
t

e ]

b

S1ig 8¢

.

s o sss sms

.

X

Slig 8¢

[oovee vee 0w

)

44—t

| su 82/

Sliig 8¢

0o o | o6 oo soe

i

e s

A

)

O R O T B el ads

——————— e e e —

|Siig 91

616

LL6

Gl6

¢16
116

IPR2023-01272 Page 114



WO 00/11791 PCT/KR99/00472

10/14

| e 1

1010 1050 !

BT lk |
T INSERTE 7020 |

; | 5/1ST ENCODER}-CE> ;

| MUX —=—>

; | 1040 ;

' 1030~ INTERLEAVER|->|2ND ENCODER 2> i

e — J

FIG. 10

IPR2023-01272 Page 115



WO 00/11791 ' PCT/KR99/00472

11/14
1020 or 1040
i fj%-’ﬁ """"" l
a T
131 11)21 11223 11i5 11i7 |
INPUT |
. p l— 0 > D i
BIT 1111 |
| 1113 523 |
| | PARITY BIT
| o115 I TALBIT

IPR2023-01272 Page 116



WO 00/11791

12/14

1222

PCT/KR99/00472

DATA BIT

1212 1224
PARITY

PARITY

» DELAY

Y 1226
+—> DELAY

—

1234

1236

'/1228

BIT #2

> DELAY
4

FIG. 12

IPR2023-01272 Page 117



PCT/KR99/00472

WO 00/11791

[}

Ll

13/14

el "OId

XNN ¥300ON3 ONZ! ¥3IAVIWILNI ~m_un_oozu 1St

EIR-EN |
118

S1i8 Nn

J

3
1
e o vee s o _
_

s 5 s00 s e o

—
]
[}

m._._mom« b

s » see oes . .. o

L ¥
sl 96

e o 9s0 »

1
[}
1
|
4
o |
J
!
]
[}
|
|

Siig vN

A

_m:m vw

Slie ¢g

> o 008 oo

A L)

. .

___________-_-_____b_LT
.

JRRNIP P SNy N SR S &

|SLg 91

IPR2023-01272 Page 118



WO 00/11791

14/14

[ INPUT Ninfo,Pins,Pins2, |
NmiL,Addr_info [ ],

PCT/KR99/00472

141 —  Addr_rurbo [ ],
AND Addr demt []
|... =
w NO 1:;,3
Addr tur iJ]=Addr
infol i
144 — =it
145
i>Pins1? NO ”[6
YES NTPOSI=Add turbo
- [NmL -1 —=i]
147 — k=0, j=0 i=i+1
|
1?2
T
ITPOS j =Addr deint K
1 " INw -1 -
0 rosee
K
INTPOSI| i=0,... >TES 153
Pins1}? v |
=K+1
151 — KK
y

FIG. 14

IPR2023-01272 Page 119



INTERNATIONAL SEARCH REPORT

International application No.

PCT/KR 99/00472

A. CLASSIFICATION OF SUBJECT MATTER
IPC’: H 03 M 13/00

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

IPC”: H 03 M 13/00, 13/12, 13/22; G 06 F 11/10

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

WPI

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

T EP 0952673 A1 NTT MOBILE COMMUNICATIONS NETWORK) 1-6
27 October 1999 (27.10.99) description.
AP |GB 2330501 A (SAMSUNG ELECTRONICS) 21 April 1999 1-6
(21.04.99) description, fig. 4.
A US 5446747 A (C. BERROU) 29 August 1995 (29.08.95) description. 1-6

D Further documents are listed in the continuation of Box C.

E See patent family annex.

*  Special categories of cited documents:

+A* document defining the general state of the art which is not
considered to be of particular relevance

,E* earlier application or patent but published on or after the international
filing date

L* document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

,,O* document referring to an oral disclosure, use, exhibition or other
means

P document published prior to the international filing date but later than
the priority date claimed

T later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

X document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive step
when the document is taken alone

. Y* document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

«&* document member of the same patent family

Date of the actual completion of the international search

29 October 1999 (29.10.99)

Date of mailing of the international search report

13 December 1999 (13.12.99)

Name and mailing adress of the ISA/AT
Austrian Patent Office
Kohlmarkt 8-10; A-1014 Vienna
Facsimile No. 1/53424/200

Authorized officer
Zugarek
Telephone No. 1/53424/383

Form PCT/ISA/210 (second sheet) (July 1998)

IPR2023-01272 Page 120




INTERNATIUNAL SEAKCH KEFYUK 1

Information on patent family members

International application No.

PCT/KR 99/00472

1m Recherchenbericht Datus der Hiigé!i'edter) der Datus der
m§fuhrbes Patentdokument HYaniftent]ichung Patenttamilie Veraffentlichung
atent docusent cited Publication Patent family Publicatian
in ssarch report date wauder (s) date

Document de brevet cité ie e Meebre(s) de la Bate de
dans le rapport de recherche pubtication famille de brevets publication
EF ail RE2LTI 27-10~1999 GR2ATGLS 20--05-1999
GR A 2270301 =)

£)2

GH

£}

JF
us A S446747 27-08-199% DE 2219743

DE T2 QRL5T747

EF Al 211141

EF 42 TI5694&

EF B1 S11141

EF AD _ TmahTé

FR AL 26735971

FR ORI RE7TERT L

HE Al 1007841

Form PCT/ISA/210 (patent family annex) (July 1998)

[PR2023-01272 Page 121



. _ PCT WORLD INTELLECTUAL PROPERTY ORGANIZATION w

International Bureau

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification 7 :- (11) International Publication Number: WO 00/41343
Al
H4B 7726 (43) International Publication Date: 13 July 2000 (13.07.00)
(21) International Application Number: PCT/KR99/00851 | (81) Designated States: BR, CA, CN, IN, JP, RU, European patent
(AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, IT,
(22) International Filing Date: 31 December 1999 (31.12.99) | LU, MC, NL, PT, SE).
(30) Priority Data: Published )
1998/62725 31 December 1998 (31.12.98) KR With international search report.

(71) Applicant: SAMSUNG ELECTRONICS CO., LTD. [KR/KR];
416, Maetan—dong, Paldal-gu, Suwon-shi, Kyungki-do
442-370 (KR).

(72) Inventors:  LEE, Young-Hwan; 237-7, Chongja-dong,
Puntang-gu, Songnam-shi, Kyonggi-do 463-010 (KR).
KIM, Min-Goo; 973-3, Youngtong~dong, Paltal-gu,
Suwon-shi, Kyonggi-do 442-470 (KR). KIM, Beong-Jo;
201, Kumi-dong, Puntang-gu, Songnam-shi, Kyonggi-do
463-500 (KR).

| (74) Agent: LEE, Keon-Joo; Mihwa Building, 110-2, Myon-
gryun—dong 4-ga, Chongro-gu Seoul 110-524 (KR).

(54) Title: PUNCTURING DEVICE AND METHOD FOR TURBO ENCODER IN MOBILE COMMUNICATION SYSTEM
(57) Abstract

A puncturing device for a turbo encoder in a mobile communica-
tion system having a turbo encoder which turbo encodes input source
data into a plurality of information frames and tail symbols at a given
code rate is disclosed. The puncturing device comprises a frame gener-
ator for generating a transmission frame by performing puncturing and
adding invalid symbols; and a controller for performing puncturing on
the information frames according to the code rate, puncturing the tail
symbols only when the number of punctured information frames and
tail symbols exceeds a bit number according to a symbol rate, and oth-
erwise, controlling the frame generator by reading a puncturing pattern
according to the code rate and information about the number of invalid
symbols.

SYMBOL RATE MATCHING
(PUNCTURING &
INSERTING CODE BIT

IPR2023-01272 Page 122



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT.

Albania
Armenia
Austria
Australia
Azerbaijan
Bosnia and Herzegovina
Barbados
Belgium
Burkina Faso
Bulgaria

Benin

Brazil

Belarus

Canada

Central African Republic
Congo
Switzerland
Cbte d'Ivoire
Cameroon
China

Cuba

Czech Republic
Germany
Denmark
Bstonia

FOR THE PURPOSES OF INFORMATION ONLY

Spain

Finland

France

Gabon

United Kingdom
Georgia

Ghana

Guinea

Greece

Hungary

Ireland

Israe!

Iceland

Ttaly

Japan

Kenya
Kyrgyzstan
Democratic People's
Republic of Korea
Republic of Korea
Kazakstan

Saint Lucia
Licchtenstein

Sri Lanka

Liberia

Lesotho

Lithuania
Luxembourg

Latvia

Monaco

Republic of Moldova
Madagascar

The former Yugoslav
Republic of Macedonia
Mali

Mongolia

Mauritania

Malawi

Mexico

Niger

Netherlands

Norway

New Zcaland

Poland

Portugal

Romenia

Russian Federation
Sudan

Sweden

Singapore

Slovenia

Slovakia

Senegal

Swaziland

Chad

Togo

Tajikistan
Turkmenistan
Turkey

Trinidad and Tobago
Ukraine

Uganda

United States of America
Uzbekistan

Viet Nam
Yugoslavia
Zimbabwe

IPR2023-01272 Page 123




10

15

20

25

30

35

‘WO 00/41343 PCT/KR99/00851

-1-

PUNCTURING DEVICE AND METHOD FOR TURBO ENCODER IN
MOBILE COMMUNICATION SYSTEM

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to a puncturing device and
method for a turbo encoder in a mobile communication system, and in particular,
to a puncturing device and method for minimizing puncturing of tail symbols.

2. Description of the Related Art

In mobile communication systems such as satellite, ISDN (Integrated
Services Digital Network), digital cellular, W-CDMA (Wideband Code Division
Multiple Access) and IMT-2000 communication systems, a channel codec
punctures encoded data in order to match symbol rates during transmission of
data having different data rates. In particular, the IMT-2000 system can use either
a convolutional encoder or a turbo encoder. However, in either case, the rates of
the output symbols should be identical to one another because an interleaver
typically follows the encoder and has the same memory capacity for storing the
symbols.

Generally, the number of output nodes of the convolutional encoder is
equal to a code rate. However, in the turbo specific encoder, the number of output
nodes is not equal to the code rate and therefore puncturing should be performed
to match the code rate. At this point, the tail symbols output from the turbo
encoder are also punctured according to the same puncturing pattern as that used
for the parity part of the code symbol.

In the convolutional encoder and the turbo encoder, the number of tail
symbols required for termination varies depending on the code rate. For example,
a constraint length K=9 convolutional encoder requires (8x(1/code rate)) tail
symbols, Column A of Table 1, and a K=4 turbo encoder requires 3x6=18 tail
symbols regardless of the code rate (when using two component encoders and
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separate termination), Column B of Table 1. Therefore, turbo encoder has extra
symbols (or reserved symbols, Column C of Table 1) except for the case of the
code rate 1/2, as compared with the convolutional encoder. The extra symbols
correspond to the difference between Columns A and B and are equal to 0 if
negative. When using the turbo encoder, for symbol rate matching, invalid
information (‘0’ or ‘1’ which is known to the receiving side) is added to the
reserved symbols to create a frame. Herein, the invalid information added for
symbol rate matching will be referred to as invalid symbols. Column Cof Table 1
below shows the invalid number of symbols.

[Table 1]
Tail Symbols for .
Code Rate Convolutional T;ii::rg:;ls (;o)r Riz:;:rsyzg;d
Code (A)
R=1/2 16(= 8 x 2) 18(=3 x 6) 0 bit
R=1/3 24(=8x 3) 18(=3 x 6) 6 bits
R=1/4 32(=8x4) 18(=3 x 6) 14 bits

FIG. 1 shows a conceptional block diagram of a common turbo encoder.
A description will be made of an operation of puncturing a turbo code, with
reference to FIG. 1.

The turbo encoder comprises a first encoder 110, an interleaver 130 and a
second encoder 120, and receives an L-bit information frame X. The first encoder
110 encodes the L-bit one information frame X, which is source data, into a first
systematic symbol L, a first L-bit parity symbol Y0, a second L-bit parity symbol
Y1, and m bit tail symbols for each of the parity signals Y0, Y1 and m tail
symbols for first systematic symbol X. The m tail symbols for first systematic
symbol L are a tail bit itself, generated by first encoder terminating memory of
the encoder. The m tail symbols are generated when the first encoder receives the
last three bits of the tail bit, thereby to reset a shift register in the first encoder 110.
Further, the information frame X is output, as it is, without coding, and only the
m tail symbols for the information frame X are created by the first encoder 110.
The interleaver 130 interleaves the input one frame data X and outputs
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interleaved source data X’. The second encoder 120 encodes the interleaved
source data X’ into a third parity symbol Y’0, a fourth parity symbol Y’1, and m
tail symbols for each of the parity symbol Y’0, Y’1 and m tail symbols for second
systematic symbol L’. The m tail symbols for second systematic symbol L’ are a
tail bit itself, generated by second encoder terminating memory of the encoder.
The second encoder can output second systematic symbol X’, but all of the
second systematic symbol X’ is punctured at all of the code rate. Therefore, it is
equal to do not output the second systematic symbol X’. In this specification, we
describe the turbo encoder outputs several coded symbol frames X, Y0, Y1, Y’0
and Y’1 in response to an input frame, and excluding the interleaved information
frame X’, and m tail symbols for each of the signals X, YO0, Y1, Y’0,Y’1 and X’.
Commonly, there are provided 3 tail symbols for each of the coded symbol frame.
However, it is also possible to output the interleaved frame X’, as it is, and then
delete it in the following stage by puncturing.

Such a turbo encoder internally creates the five coded symbol frames and
six set of tail symbols using one input information frame. The five coded symbol
frames and six set of tail symbols should undergo the same puncturing pattern
during creation of a transmission frame, for transmission at a previously defined
code rate.

For code rate matching, the proposed IMT-2000 system performs select
(inversely say puncturing) as shown in Table 2.

[Table 2]
R=1/2 R=1/3 R=1/4
X(t) & X(t) t=m+1 t=m+1 t=m+1
(Tail Bit)
YO(t) None None t=m+2
Y1(t) Alternate at t=m+2 t=m+2 Alternate at t=m+3
X'(t) (Info Frame) None None None
X’(t) (Tail Bit) t=m+3 t=m+4 t=m+5
(when tail bit X’(t)
selection)
Y’'0(t) None None t+=m+4
Y’'1(t) Alternate at t=m+2 t=m+3 Alternate at t=m+3

In Table 2, ‘m’ denotes a given time point, and ‘i’ in m+i (i=1,2,3,4,5,..)
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denotes the order of selection at the time m. For example, for a code rate R=1/2,
at the time m, the systematic frame X is first selected, the encoded information
frame YO is punctured all, and one of the encoded symbols Y1 and Y'l is
selected and the non selected one (Y1 OR Y’1) is punctured. Further, after the tail
symbols for the systematic frame X are selected, one of the tail symbols for the
encoded parity symbol frames Y1 and Y’1 are selected and the non selected one
(Y1 OR Y’1) is punctured and thereafter, the tail symbols for the interleaved
frame X’ are selected. After puncturing in this manner, multiplexing is performed
to transmit the frame.

FIGS. 2A to 2C show puncturing methods according to Table 2, for
R=1/2, 1/3 and 1/4, respectively. In the drawings, the hatched boxes denote the
tail symbols, and the ‘X’-marked boxes denote the punctured bits. The boxes
corresponding to X’(t) are surrounded by a dashed line as they are not output.
This can be expressed with the factors output from the turbo encoder as follows,
wherein the underlined factors denote the punctured factors (i.e. not selected).

1) For the case of R =1/2:

X(0),Y0(0),Y1(0),Y'0(0),Y'1(0), X(1),YOo(D.YI1(DY'0(1),Y'1(1),....,
X(L-1),YO(L-1),Y1(L-1),Y'O(L-1),Y'1(L-1),

T1(0),TP11(0),TP12(0),T2(0),TP21(0),TP22(0),

T1(1),TP11(1),TP12(1),T2(1),TP21(1),T22(1)...

T1(m-1),TP11(m-1),TP12(m-1),T2(m-1),TP21(m-1),T22(m-1)

where T1 is tail symbol for systematic symbol, TP11 is tail parity for
parity YO , TP12 IS tail parity for parity Y1, TP21 is tail parity for Y0, TP22 is
tail parity for Y’1.

2) For the case of R=1/3:

X(0),Y0(0),Y1(0),Y'0(0),Y'1(0), X(1),YO(1),Y1(1),Y'0O(1),Y'1(1), ..,
X(L-1),YO(L-1),YI(L-1),Y'O(L-1),Y'1(L-1),

T1(0),IP11(0),TP12(0),T2(0),TP21(0),T22(0),...

T1(m-1),TP11(m-1),TP12(m-1),T2(m-1),TP21(m-1),T22(m-1),

RVB(0),RVB(1)......,RVB(h).

where RVB() means reserved bits.

3) For the case of R=1/4:

X(0),Y0(0),Y1(0)Y'0(0),Y'1(0), X(1),YO(1),Y1(1),Y'0(1),Y'1(1), ...,
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X(L-2),YO(L-2),Y1(L-2),Y'0(L-2),Y'1(L-2),
X(L-1),YO(L-1),Y1(L-1),Y'0(L-1),Y'I(L-1),
T1(0),TP11(0),TP12(0),T2(0),TP21(0),T22(0),
T1(1),TP11(1),TP12(1),T2(1),TP21(1),T22(1)...
T1(m-1),TP11(m-1),TP12(m-1),T2(m-1),TP21(m-1),T22(m-1),
RVB(0),RVB(1).......RVB(h).

Table 1 has shown the number of the reserved symbols at every code rate,
and Table 2 has shown the puncturing methods. As shown in Tables 1 and 2, even
when the tail symbols of the turbo code are punctured, the reserved symbols are
generated except for the case of R=1/2. When the tail symbols are punctured, 6
invalid symbols are inserted for R=1/3 as shown in FIG. 2B, and the 3 tail
symbols are punctured, 14 invalid symbols are inserted for R=1/4 as shown in
FIG. 2C and Table 1.

As described above, even though there remain the reserved symbols, a
method for punctuﬁng the encoded information frame is equally applied to the
tail symbols in order to match a rate of the symbols added to increase a decoding
accuracy, thereby decreasing the decoding capability of the receiver.

SUMMARY OF THE INVENTION

It is, therefore, an object of the present invention to provide a puncturing
device and method for a turbo encoder, which minimizes or avoids puncturing of
tail symbols using reserved symbols generated while performing turbo encoding.

It is another object of the present invention to provide a
selection(puncturing) device and method for a turbo encoder, witch
selection(puncturing) rule is different at the coded symbol frame period and tail
symbol selection period for minimize puncturing of tail symbol.

To achieve the above object, there is provided a puncturing device for a
turbo encoder in a mobile communication system having a turbo encoder which
turbo encodes input source data into a plurality of coded symbol frames and tail
symbols at a given code rate. The puncturing device comprises a frame generator
for generating a transmission frame by performing puncturing and adding invalid
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symbols; and a controller for performing puncturing on the symbol frames
according to the code rate, puncturing the tail symbols only when the number of
selected symbol frames and tail symbols. exceeds a bit number according to a
symbol rate.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and advantages of the present
invention will become more apparent from the following detailed description
when taken in conjunction with the accompanying drawings in which:

FIG. 1 is a block diagram illustrating a common turbo encoder according
to the prior art;

FIG. 2A is a diagram illustrating a puncturing method of a general R=1/2
turbo encoder according to the prior art;

FIG. 2B is a diagram illustrating a puncturing method of a general R=1/3
turbo encoder according to the prior art;

FIG. 2C is a diagram illustrating a puncturing method of a general R=1/4
turbo encoder according to the prior art;

FIG. 3 is a block diagram illustrating a puncturing device for a turbo
encoder according to an embodiment of the present invention;

FIG. 4A is a diagram illustrating a puncturing method of an R=1/2 turbo
encoder according to an embodiment of the present invention;

FIG. 4B is a diagram illustrating a puncturing method of an R=1/3 turbo
encoder according to an embodiment of the present invention;

FIG. 4C is a diagram illustrating a puncturing method of an R=1/4 turbo
encoder according to an embodiment of the present invention; and

FIG. § is a flow chart illustrating a puncturing method for a turbo encoder
according to an embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

A preferred embodiment of the present invention will be described herein
below with reference to the accompanying drawings. In the following description,
well-known functions or constructions are not described in detail since they
would obscure the invention in unnecessary detail.
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FIG. 3 shows a block diagram of a puncturing device for a turbo encoder
according to an embodiment of the present invention. Referring to FIG. 3, upon
receiving 5 symbol frames and 6 tail symbols part encoded by the turbo encoder
of FIG. 1, a frame generator 133 performs puncturing for code rate matching and
symbol rate matching on the received encoded symbols to output a frame of the
symbol rate. However, since the total encoded symbols number is larger than the
transmission symbol number according to the predetermined code rate, it is
necessary to match the code rate and symbol rate by puncturing some of the
encoded symbols. At this point, the frame generator 133 according to the present
invention is controlled to perform puncturing for code rate matching on the
symbol frame and perform puncturing for symbol rate matching on the tail
symbols. Further, the frame generator 133 adds invalid symbols to the reserved
symbols to generate a frame according to the symbol rate. A memory 137 has
information about a puncturing pattern for the code rate and information about the
number of the added invalid symbols. A controller 135, which may previously
know the code rate of the turbo encoder, controls the frame generator 133
according to the information about the puncturing pattern and the number of the
added invalid symbols, thereby performing puncturing for code rate matching,
puncturing for symbol rate matching, and invalid symbol inserting.

FIGS. 4A to 4C show puncturing methods of the puncturing device for a
turbo encoder according to an embodiment of the present invention. More
specifically, FIG. 4A shows a puncturing method of an R=1/2 turbo encoder
according to an embodiment of the present invention; FIG. 4B shows a
puncturing method of an R=1/3 turbo encoder according to an embodiment of the
present invention; and FIG. 4C shows a puncturing method of an R=1/4 turbo
encoder according to an embodiment of the present invention.

In FIG. 4A, puncturing for code rate matching is performed on the coded
symbols frame corresponding to the input information frame, and then two
symbols are punctured from 18 coded tail symbols for the tail bits to output 16
tail symbols that the convolutional code can transmit. That is, there are no
reserved symbols. However, in FIG. 4B, puncturing for code rate matching is
performed on the coded frame symbols corresponding to the input information
frame, and then 6 invalid symbols are inserted without puncturing the tail
symbols, because there remain 6 reserved symbols when the 18 tail symbols for

IPR2023-01272 Page 130



10

15

20

25

30

35

WO 00/41343

-8-

PCT/KR99/00851

the turbo code are smaller than the 24 tail symbols for the convolutional code can
transmit. Further, in FIG. 4C, when compared with the convolutional code, the
turbo code has 14 reserved symbols. Therefore, 14 invalid symbols are inserted
without puncturing the tail symbols. That is, puncturing the tail symbols is
minimized to increase the decoding accuracy. Generally, the tail symbol is more
important than parity symbol at decoding. Therefore, it is preferable to repeat the
tail symbols, rather than insert the invalid symbols.

This can be expressed with the factors output from the turbo encoder as

1) For the case of R=1/2:

X(0),Y0(0),Y1(0),Y'0(0).Y'1(0), X(1),YO(1),Y1(1)Y'0(1),Y'1(1), ...... ,

X(L-1),YO(L-1),Y1(L-1),Y'0(L-1),Y'1(L-1),

T1(0),TP11(0),TP12(0),T2(0),TP21(0),TP22(0),
T1(1),TP11(1),TP12(1),T2(1),TP21(1),T22(1)...
T1(m-1),TP11(m-1),TP12(m-1),T2(m-1),TP21(m-1),T22(m-1)

2) For the case of R=1/3:

X(0),Y0(0),Y1(0),Y'0(0),Y'1(0), X(1),YO(1),Y1(1),Y'0(1),Y'1(1), wrr..,

X(L-1),YO(L-1),Y1(L-1),Y'0(L-1),Y'1(L-1),

T1(0),TP11(0),TP12(0),T2(0),TP21(0),T22(0),...
T1(m-1),TP11(m-1),TP12(m-1),T2(m-1),TP21(m-1),T22(m-1),
RVB(0),RVB(1),RVB(2)......RVB(h).

3) For the case of R=1/4:
X(0),Y0(0),Y1(0)Y'0(0),Y'1(0), X(1),YO(1),Y1(1)Y'0(1),Y'1(1),

X(L-2),YO(L-2),Y1(L-2),Y'0(L-2).Y'1(L-2),

X(L-1),YO(L-1),Y1(L-1),Y'0(L-1),Y'1(L-1),
T1(0),TP11(0),TP12(0),T2(0),TP21(0),T22(0),
T1(1),TP11(1),TP12(1),T2(1),TP21(1),T22(1)...
T1(m-1),TP11(m-1),TP12(m-1),T2(m-1), TP21(m-1),T22(m-1),
RVB(0),RVB(1),RVB(2)......RVB(h).

FIG. 5 shows a puncturing method of a turbo encoder according to an

embodiment of the present invention. Referring to FIG. 5, the controller 135
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examines in step 501 whether data is input from the turbo encoder. The controller
135 may either previously know a code rate of the turbo encoder, or detect the
code rate of the data. Upon receipt of data from the turbo encoder, the controller
135 detect a code rate of the received data in step 503 using the above methods.
Afier detecting the code rate, the controller 135 reads a puncturing pattern for the
detected code rate in step 504. For example, when the detected code rate is 1/3,
the controller 135 reads the puncturing pattern of FIG. 4B. After reading the
puncturing pattern, the controller 135 controls puncturing on the parity symbols
according to the read puncturing patten and inserts invalid symbols in the
reserved symbols, if any, in step 505. For example, when the detected code rate is
1/2, the controller 135 controls the frame generator 133 to puncture on the parity
symbols for code rate matching and on the tail parity symbol for symbol rate
matching. For the symbool rate matching two of the tail symbols for the parity
signals are punctured.. When the code rate matching is 1/4, the controller 135
controls the frame generator 133 to puncture the parity symbol for code rate
matching. There is no puncturing on the tail symbol but insert reserved bits.

As described above, the novel puncturing device can minimize or avoid
puncturing of tail symbols according to the code rate, thereby increasing the
decoding capability of the receiver. And this invention provide different
puncturing pattern on one frame period for minimizing or avoid puncturing of tail
symbol.

While the invention has been shown and described with reference to a
certain preferred embodiment thereof, it will be understood by those skilled in the
art that various changes in form and details may be made therein without
departing from the spirit and scope of the invention as defined by the appended
claims.
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CLAIMS:

1. A puncturing device for a turbo encoder in a mobile
communication system which encodes an input frame data into an encoded
symbols, a plurality of symbol frames including a systematic symbol frame and a
parity symbol frames and tail symbols at a given code rate, the device
comprising:

a frame generator for generating a transmission frame by puncturing the
encoded symbol; and

a controller for controlling said frame generator by controlling said
puncturing of the symbol frames according to the code rate, and puncturing the
tail symbols only when the number of selected symbol out of the symbol frames
and tail symbols exceeds a bit number according to a symbol rate.

2. The puncturing device as claimed in claim 1, wherein said frame
generator, under the control of said controlier, punctures two symbols out of the
tail symbols, the parity symbol frames according to the code rate when the code
rate is Y%, said tail symbols corresponding to the coded symbol frames.

3. The puncturing device as claimed in claim 1, wherein systematic
symbol is not punctured.
4. The puncturing device as claimed in claim 1, wherein said

controller further controls said frame generator by reading a puncturing pattern
according to the code rate and information about the number of invalid symbols.

5. A puncturing method in a mobile communication system
including an encoder for turbo encoding input source data into a plurality of
symbol frames and tail symbols at a given code rate, the method comprising the
steps of:

detecting the code rate of the turbo encoder;

reading from a memory information about the puncturing pattern for the
detected code rate and information about the number of invalid symbols to be
added; and

performing puncturing according to the information read.
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6. The puncturing method as claimed in claim 5, wherein two bits
out of the tail symbols of parity signals and the three of symbol of symbol frames
at a puncturing time are punctured, when the code rate is 1/2.

T The puncturing method as claimed in claim 5, wherein only bits
of the symbol frames are punctured, when the code rate is lower than 1/2.

8. A puncturing device in a communication system, comprising:

a turbo encoder for encoding an input information frame comprised of L serial
information bits and generating n encoded parallel symbols frames to output
n(L+M) encoded symbols comprised of nL encoded symbols and nM encoded tail
coded symbols; and

a frame generator having a code rate R, for puncturing (n(L+M))
(1/R)(L+M’) symbols from nL encoded symbols if n(L+M)= (1/R)(L+M’) to
generate a transmission frame comprised of transmission information symbol
((1/R)*L) and transmission tail coded symbols (1/R)*M’.

9. The puncturing device as claimed in claim 8, wherein for a
code rate R=1/2, two of the tail coded symbols of parity signals are punctured.

10.  The puncturing device as claimed in claim 8, wherein for a code
rate R=1/3, only bits of the symbol frames are punctured and (1/R)*M - nM
invalid symbols are inserted.

11. The puncturing device as claimed in claim 8, wherein for a code
rate R=1/4, only bits of the symbol frames are punctured and(1/R)*M - nM
invalid symbols are inserted.

12. The puncturing device as claimed in claim 10, wherein M=3.
13. The puncturing device as claimed in claim 10, wherein M’=38,
14. A puncturing method in a communication system, comprising:

a turbo encoder for encoding an input information frame comprised of L serial
information bits and generation n encoded parallel symbols frames to output
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n(L+M) encoded symbols comprised of nL encoded symbols and nM encoded tail
coded symbols; and :

puncturing (n(L+M))-(1/R)(L+M’) symbols from nL encoded symbols if
the number of coded symbol n(L+M) is more than the number of transmission
symbol (1/R)(L+M’) to generate a transmission frame comprised of transmission
information symbol ((1/R)L) and transmission tail coded symbols (1/R)M’

15. The puncturing device as claimed in claim 14, wherein for a
code rate R=1/2, two of the tail coded symbols of parity signals are punctured.

16.The puncturing method as claimed in claim 14, wherein for a code rate
R=1/3, only bits of the symbol frames are punctured and (1/R)*M — nM invalid
symbols are inserted.

17. The puncturing method as claimed in claim 14, wherein for a
code rate R=1/4, only bits of the symbol frames are punctured and (1/R)*M — nM
invalid symbols are inserted.

18. The puncturing device as claimed in claim 17, wherein M=3,
19. The puncturing device as claimed in claim 17, wherein M’=8.

20. A puncturing device for a turbo encoder in a mobile
communication system which encodes a input frame data into a systematic code
symbol frame, plurality of parity symbol frames and plurality sets of tail coded
symbol at a given code rate, the device comprising;

a frame generator for generating a transmission frame by puncturing at
least one of said symbols and;

a controller for controlling said frame generator to puncture said parity
symbol frames with the first puncturing pattern and said sets of tail coded symbol
with the second puncturing pattern, wherein, said number of punctured
symbols in the second puncturing pattern is less than that of the first puncturing
pattern..

21.The puncturing device as claimed in claim 20, wherein first
puncturing pattern is for code rate matching.
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22.The puncturing device as claimed in claim 20, wherein second
puncturing pattern is for symbol rate matching.

23. A puncturing device for a turbo encoder in a mobile communication
system which encodes a input frame data into a systematic code symbol frame,
plurality of parity symbol frames and plurality sets of tail coded symbol at a given
code rate, the device comprising;

a frame generator for generating a transmission frame by code rate
matching and symbol rate matching and,;

a controller for controlling said frame generatbr to puncture only said
parity symbol frames for code rate matching and to repeat said tail coded symbols
according to number of excess bit.
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GENERATING CODES IN A COMMUNICATION SYSTEM

BACKGROUND OF THE INVENTION

. Field of the I :

The present invention relates generally to an apparatus and method for
generating codes in a data communications system, and in particular, to an
apparatus and method for generating complementary codes with use of turbo
codes in a communications system employing a retransmission scheme.

> Descriotion of the Related /

In general, a system using a retransmission scheme (e.g., hybrid
ARQ[Automatic Repeat Request]) performs soft combining to improve
transmission throughput. The soft combining techniques are divided into
packet diversity combining and packet code combining. These two combining
schemes are usually called soft packet combining. Although the packet
diversity combining scheme is sub-optimal in performance relative to the packet
code combining scheme, it is favorable due to easy implementation when
performance loss is low.

A packet transmission system uses the packet code combining scheme to
improve transmission throughput. That is, a transmitter transmits a code with a
different code rate at each packet transmission. If an error is detected from the
received packet, a receiver requests a retransmission and performs soft
combining between the original packet and a retransmitted packet. The
retransmitted packet may have a different code from the previous packet. The
packet code combining scheme is a process of combining received N packets
with a code rate R to a code with an effective code rate of R/N prior to decoding,
to thereby obtain a coding gain.

With regard to the packet diversity combining scheme, on the other hand,
the transmitter transmits a code with the same code rate R at each packet
transmission. If an error is detected from the received packet, the receiver
requests a retransmission and performs soft combining between the original
packet and the retransmitted packet. The retransmitted packet has an identical
code to that in the previous packet. In this sense, the packet diversity
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combining scheme can be considered symbol averaging on a random channel.
The packet diversity combining scheme reduces noise power by averaging the
soft outputs of received symbols and achieves such a diversity gain as offered
by a multipath channel because the same code is repeatedly transmitted on a
fading channel. However, the packet diversity combining scheme does not
provide such an additional coding gain as obtained according to a code structure
in the packet code combining scheme.

Due to implementation simplicity, most packet communication systems
have used the packet diversity combining scheme, which is under study for
application to the synchronous IS-2000 system and the asynchronous UMTS
system. The reason is that the existing packet communication systems have
used convolutional codes and even packet code combining does not offer a great
gain when convolutional codes with a low code rate are used. If a system with
R=1/3 supports retransmission, there is not a wide difference in performance
between the packet code combining scheme and the packet diversity combining
scheme. Thus, the packet diversity combining scheme is selected considering
implementation complexity. However, the use of turbo codes as forward error
correction codes (FEC) requires a different packet combining mechanism
because the turbo codes are designed as error correction codes to have
performance characteristics very close to the “Shannon Channel Capacity Limit”
by iterative decoding and their performance varies obviously with the coding
rates unlike convolutional codes. Therefore, it can be concluded that packet
code combining is feasible for a packet communication system using turbo codes
in a retransmission scheme to achieve the goal of optimum performance.

SUMMARY OF THE INVENTION

It is, therefore, an object of the present invention to provide an apparatus
and method for generating sub-codes for optimal code combination in a
retransmission system using turbo codes.

It is another object of the present invention to provide an apparatus and
method for generating complementary codes using turbo codes in a
communications system.,

The above and other objects can be achieved by providing an apparatus .
and method for generating sub-codes from turbo codes in a communications
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system. In the sub-code generating apparatus, a turbo encoder generates
information symbols, first parity symbols, and second parity symbols for the
input of an information bit stream and a sub-code generator generates sub-codes
from the information symbols, the first parity symbols, and the second parity
symbols using puncturing matrixes. Here, the number of the sub-codes is
identical to the number of the puncturing matrixes. To generate an initial
puncturing matrix for the first sub-code, the sub-code generator selects as many
information symbols as the number of columns in the initial puncturing matrix
from the information symbols from the turbo encoder, if the difference between
the number Ns of selected symbols in the initial puncturing matrix and the
number of the columns in the initial puncturing matrix is equal to or greater than
the number of component encoders in the turbo encoder. Then, the sub-code
generator selects as many first and second parity symbols as the difference in
such a way that the number of the selected first parity symbols is equal to or
greater than the number of the selected second parity symbols.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and advantages of the present
invention will become more apparent from the following detailed description
when taken in conjunction with the accompanying drawings in which:

FIG. 1 is a graph showing the performance difference between packet
code combining and packet diversity combining in a packet data system using
turbo codes;

FIG. 2 is a block diagram of a sub-code generating apparatus according
to an embodiment of the present invention;

FIG. 3 is a graph showing the performances of a retransmission scheme
without using sub-codes, a retransmission scheme implementing diversity

m e blanian m vemtl aeihh nn dan nerd a wndvnarmarintan Anliacnn demnlammantieans Anda
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the embodiment of the present invention.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

A preferred embodiment of the present invention will be described
hereinbelow with reference to the accompanying drawings. In the following
description, well-known functions or constructions are not described in detail
since they would obscure the invention in unnecessary detail.

The present invention proposes a method of generating sub-codes for
optimal packet combining in a retransmission system using turbo codes and a
system that selectively employs a packet code combining scheme and a packet
diversity combining scheme according to the data rates. The advantages and
performance gain of the proposed system will be described.

First, there will be given a description of the operation of the system that
selectively uses the packet code combining scheme and the packet diversity
scheme combining according to the data rates.

In a system using R=1/5 turbo codes, for example, packet code
combining is applied until the overall code rate of codes produced by soft-
combining of retransmitted packets reaches 1/5. For the subsequent
retransmitted packets, packet diversity combining and then packet code
combining are performed. If the first packet is transmitted at a data rate of 1/3,
the required redundancy symbols are provided at a retransmission request to
make the overall code rate 1/5. Thus, when a receiver receives both packets,
the overall code rate becomes 1/5. Each of the following packets is repeated
prior to transmission and the receiver performs packet diversity combining and
then packet code combining on the retransmitted packets at the code rate 1/5.

FIG. 1 is a graph showing the performance difference between packet
code combining and packet diversity combining in the case of turbo codes. As
shown in FIG. 1, a turbo code with a low data rate of 1/6 exhibits a greater
performance gain than a turbo code with a high code rate of 1/3 with the same
symbol energy Es and obtains a performance gain of 3dB from the packet code
combining. Consequently, generation of R=1/3 turbo codes by packet code
combining of R=1/6 sub-codes produces a gain that turbo codes with a code
rate lower than 1/3 exhibits and a gain that code combining of different codes
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offers, contemporaneously.

More specifically, for the same code symbol energy Es and the same
given code rate, turbo codes provide performance close to the “Shannon Channel
Capacity Limit” according to the code rates only if iteration decoding is fully
implemented, unlike convolutional codes. It is known that a turbo code with a
low code rate offers a greater performance gain than a turbo code with a high
code rate with the same code symbol energy Es. For example, when R=1/3 is
reduced to R=1/6, the performance difference can be estimated by analyzing a
change in the “Shannon Channel Capacity Limit”. The reason for assuming the
same symbol energy irrespective of R=1/3 or 1/6 for the curves of FIG. 1 is that
the same symbol energy Es is used for each retransmission in a hybrid ARQ
system.

If an R=1/3 code is repeated once and the two codes are packet-
diversity-combined on an AWGN (Additive White Gaussian Noise) channel, a
maximum gain of 3dB is obtained in terms of a symbol energy-to-noise ratio
(Es/No). The same is the case with an R=1/6 code. Thus, a performance
curve for the R=1/3 turbo code shifts to the left in parallel by a +3dB scale due
to a packet diversity combining gain and a performance curve for the R=1/6
turbo code also shifts to the left in parallel by a +3dB scale when the same
symbol energy is given. Here, the performance curves are derived with respect
to the energy-to-noise ratio (Eb/No) which is measured to compare code
performances according to the code rates. As a consequence, the difference
between the turbo code performance curves is equivalent to the performance
difference between the packet diversity combining and the packet code
combining. The performance difference according to the code rates can be
estimated from the “Shannon Channel Capacity Limit” and a minimum
performance difference can be obtained using a minimum required signal-to-
noise ratio (SNR).

In a system using turbo codes with a code rate R and a very large

encoder block size L, a minimum Eb/No required to provide an error-free
channel is expressed as

Eb/No ) (4% -1)/2R
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According to the above equation, the minimum required Eb/No in
AWGN at each code rate for the turbo codes is listed in Table 1 below. In Table
1, a typical Eb/No indicates a required Eb/No for a bit error rate (BER) below
0.00001 when the encoding block size L of the turbo codes is 1024.

(Table 1)
Code rates Required Eb/No (dB) | Typical Eb/No (dB) for
BER=10"°
3/4 0.86 ‘ 3.310
2/3 0.57 2.625
12 0.00 1.682
3/8 -0.414 1.202
1/3 -0.55 0.975
1/4 : -0.82 0.756
1/5 -0975 0.626
1/6 ~-1.084 0.525
0 -1.62 NA

As shown in Table 1, required Eb/No are 0.86, 0.57, 0.0, —0.414, —0.55,
—0.82, —0.975, and —1.084dB respectively, for the code rates of 3/4, 2/3, 1/2, 3/8,
1/3, 1/4, 1/5, and 1/6. An at least 0.53dB performance difference exists
between a system using R=1/3 code and a system using R=1/6 code. = Thisis a
minimum performance difference based on the “Shannon Channel Capacity
Limit”. Considering implementation of a real decoder and system environment,
the difference becomes wider. From a simulation, approximately 1.12dB
performance difference was observed between a system using packet code
combining for R=2/3 codes and a system using packet diversity combining for
the R=2/3 codes. '

Table 2 shows the performance difference between packet code
combining and packet diversity combining after one retransmission in a system
with a sub-code code rate of 2/3. As shown in Table 2, a minimum
performance difference is 1.12dB and the packet code combining scheme

produces a higher performance gain in the system using turbo code. (Table
2
Items Packet combining Code combining
Mother code rate R, 1/3 1/3
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X, Y0,Y'0)inFIG.2 | (X, YO0, Y’0) in FIG. 2
Block size (L) 496 496
Maximum number of 8 8
iterations
Number of transmissions 2 2
Actual Tx code rate Re 2/3 (by puncturing) 2/3 (by puncturing)
for each transmission
Redundancy selection | Identical pattern for all | Different pattern for all
transmissions. transmissions.
Soft combining Packet diversity Packet code combining
combining
Gain through Symbol repetition gain | Coding gain for low rate
retransmissions codes
Minimum required +0.57 (dB) R-2/3 +0.57 (dB)
Eb/No in Table 1 R-2/6 -0.55(dB)
Required Eb/No at 2nd +0.57-3.0 (dB) —0.55-3.0 (dB)
retransmissions
Relative performance 0 1.12 (=0.57+0.55) dB
gain
Simulated relative gain 0 2.5 (dB)
(@ BER = 107

As described above, the packet code combining scheme shows excellent
performance in the retransmission system using turbo code.  Therefore, the
present invention provides a sub-code generating method for optimal packet
code combining in the retransmission system using turbo code .  Generation of
sub-codes for packet code combining according to a predetermined rule
produces the aforementioned code combining gain and maximizes the
performance of a system requesting sub-codes of the same size for each
retransmission.

FIG. 2 is a block diagram of a sub-code generating apparatus using turbo
codes according to an embodiment of the present invention. As shown in FIG.
2, the sub-code generating apparatus includes a turbo encoder, a sub-code
generator 204, and a controller 205.

First, with regard to the turbo encoder, a first component encoder (or a
first constituent encoder) 201 encodes an input information bit stream and
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outputs first code symbols, i.e., information symbols X and first parity symbols
Y0 and Y1. An interleaver 202 interleaves the input information bit stream
according to a predetermined rule. A second component encoder (or a second
constituent encoder) 203 encodes the interleaved information bit stream and
outputs second code symbols, i.e., information symbols X’ and second parity
symbols Y’0 and Y’1. Thus, the output symbols of the turbo encoder are the
first and second code symbols. Since the information symbols X’ generated

" from the second component encoder 203 are not transmitted in reality, the code

rate of the turbo encoder is 1/5.

The sub-code generator 204 generates sub-codes from the first and
second code symbols received from the first and second component encoders
201 and 203 by puncturing and repetition under the control of the controller 205.
The controller 205 stores puncturing (and repetition) matrixes generated from
algorithms shown in FIGs. 4, 5 and 6 and outputs symbol selection signals for
the puncturing matrixes to the sub-code generator 204. Then, the sub-code
generator 204 selects a predetermined number of code symbols within a
predetermined puncturing range according to the symbol selection signals.

The reference characters as used here, X, Y0, Y1, Y’0, and Y’1 are
defined as follows.

X: systematic code symbol or information symbol

YO: redundancy symbol from the upper component encoder of the turbo
encoder

Y1: redundancy symbol from the upper component encoder of the turbo
encoder |

Y’0: redundancy symbol from the lower component encoder of the turbo
encoder

Y’ 1: redundancy symbol from the lower component encoder of the turbo
encoder

FIGs. 4, 5 and 6 are flowcharts illustrating sub-code (or puncturing
matrix) generating procedures according to the embodiment of the present
invention. Specifically, FIG. 4 illustrates a procedure of generating the first .
sub-code C, in a sub-code set, FIG. 5 illustrates a procedure of generating
middle sub-codes C, to C,, in the sub-code set, and FIG. 6 illustrates a
procedure of generating the last sub-code C,_; in the sub-code set.
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Hereinbelow, ENC1 (referred to as first code symbols) indicate the
information symbols X and the first parity symbols YO and Y1 output from the
first component encoder 201 and ENC2 (referred to as second code symbols)
indicate the second parity symbols Y’0 and Y’l output from the second
component encoder 203.

Referring to FIG. 4, a maximum code rate (Rmax) available to a
transmitter is set in step 401. This value is mostly given according to the data
rate used in the system. A minimum code rate (Rmin) is set to be an integer-
multiple of Rmax (=k/n). Here, k is the number of input symbols and n is the
number of output symbols. Although Rmin can be determined arbitrarily, it is
usually 1/6, 1/7 or lower Because a coding gain is saturated due to the decrease
of code rates at or below R=1/7 in turbo codes. In addition, the real code rate,
i.e., mother code rate (R) of a decoder in a receiver, is determined. R is set to
be greater than Rmin.

In real system implementation, Rmax and Rmin are preset. In some
sense, Rmax is the code rate of the sub-codes to be generated and Rmin is a
target code rate after code combining of the sub-codes. In general, Rmin is the
code rate of an encoder in the transmitter.

In step 403, the number of sub-codes (S) is calculated by the following
equation using Rmax and Rmin. Here, the number of the sub-codes or the
number of puncturing matrixes is a minimum integer exceeding the ratio of
Rmax to Rmin.

8 =R [ Rea |

where [ * | represents a minimum integer equal to or larger than *,

A variable m is set to an initial value of 1 in step 405 and C (= mx k) is
determined in step 407. C is the number of the columns of each puncturing
matrix, determined by Rmax. For example, for Rmax = 3/4, C can be 3, 6,
9, ... and is set to a minimum available value for the first sub-code to be
transmitted. Here, C is set to 3 for Rmax=3/4.

In step 407, the number of symbols to be selected from the puncturing
matrix ,Ns, 1s calculated by multiplying the variable m by the code length i.e.,
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the number of code symbols n from Rmax=k/n. Ns is the number of selected
symbols or the number of selected positions in each puncturing matrix and
calculated by C/Rmax.

In step 409, (Ns—C) is compared with the number of the component
encoders of the turbo encoder in the transmitter. The present turbo encoder is
generally provided with two component encoders. Thus, it is supposed that
two component encoders are used. It is determined whether (Ns—C) is 2 or
greater in step 409 because the turbo encoder has two component encoders
connected in parallel with the interleaver interposed as shown in FIG. 2 unlike
conventional encoders using other single codes. In other words, at least one
parity symbol from each component encoder must be transmitted after the
information symbols are all transmitted in order to preserve the characteristics
inherent in the turbo encoder.

If (Ns—C) is less than 2, only one symbol is selected from either the first
parity symbol set or the second parity symbol set. From the perspective of
turbo codes, either case may face problems. In the first case, sub-codes
generated without second parity symbols are not turbo codes but convolutional
codes with constraint length K=4 from an encoder having only the first
component encoder and offers no interleaver gain that is available in the turbo
encoder, On the other hand, in the second case , transmission of only
systematic symbols without parity symbols from the first component encoder
results in sub-codes with a code rate of 1. This is equivalent to an uncoded
system without any coding gain. Accordingly, (Ns—C) must be equal to or
greater than 2 to provide turbo encoder performance.

If (Ns—C) is equal to or greater than 2 in step 409, C systematic
information symbols are selected from the puncturing matrix in step 411 and the
other symbols are selected according to a predetermined type . For type 1, the
other symbols are selected from the first and second parity symbols by Eq. (3) in
step 413. The number of selected first parity symbols is equal to or greater
than that of selected second parity symbols. For example, if the number of the
other symbols , (Ns—C), is 3, first and second parity symbols are selected by Eq.
(3) and then one more symbol is selected from the first parity symbols.

[(Ns—-C)/2| ENCI(parity)
|(Ns-C)/2]| ENC2(parity)
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where | * | represents a maximum integer equal to or less than *.

For type 2, the other symbols are selected from the first and second
parity symbols by Eq. (4) in step 415. If a and b are given as symbol
distribution rates for the first parity symbols and the second parity symbols,
respectively, as many symbols as a minimum integer equal to or larger than the
ratio of a(Ns—C) to (a+b) are selected from the first parity symbols and as many
symbols as a maximum integer equal to or less than the ratio of b(Ns—C) to
(ath) are selected from the second parity symbols.

[a(Ns-C)/(a+b)| ENCi(parity)
|6(Ns —C)(a+b)| ENC2(parity)
..... @
where a+b =1 and a and b indicate the symbol distribution ratios for ENC1 and
ENC?2, respectively. »

If the condition given in step 409 is not satisfied, that is, (Ns—C) is less
than 2, the variable m is incremented by 1 in step 417 and the procedure returns
to step 407. The purpose of step 409 is to determine whether sub-codes
capable of preserving the nature of turbo codes can be generated within the
present puncturing range (the size of the puncturing matrix). If the nature of
the turbo codes cannot be preserved, the puncturing range is enlarged in step 417.

As described above, the initial puncturing matrix is so constructed that
all information symbols are selected and at least one symbol is selected from
each of the first and second parity symbol sets in the turbo encoder.

Now there will be given a description of a middle puncturing matrix
generation method referring to FIG. 5. By repeating the procedure of FIG. 5,
puncturing matrices C, to C,, are generated.

Referring to FIG. 5, step 501 or 503 is performed according to a
predetermined type. For type 1, Ns symbols are selected from the first and
second parity symbol sets by Eq. (5) in step 501. N is the product of m and n
given from Rmax (=k/n). The number of selected first parity symbols is equal to
or greater than that of selected second parity symbols. Here, unselected
symbols from the previous puncturing matrices are selected.
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[Ns/2] ENC\(parity)
|Ns/2| ENC2(parity)

For type 2, Ns symbols are selected from the first and second parity
symbol sets according to predetermined ratios by Eq. (6) in step 503. Ifaand b
are given as symbol distribution ratios for the first parity symbols and the second
parity symbols, respectively, as many symbols as a minimum integer equal to or
greater than the ratio of a(Ns) to (atb) are selected from the first parity symbols
and as many symbols as a maximum integer equal to or less than the ratio of
b(Ns) to (at+b) are selected from the second parity symbols. Here, unselected
symbols from the previous puncturing .matrices are selected.

[a(Ns)/(a+B)] ENCl(parity)
| b(Ns) /(@ +Db)| ENC2(parity)

A last puncturing matrix C,, generating method will be described below
referring to FIG. 6.

Referring to FIG. 6, the remaining unselected symbols from the previous
puncturing matrices are all selected in step 601. The number of the selected
symbols is defined as Ns2. In step 603, a new Ns is defined by (Ns—Ns2).
Since symbols at all positions are selected from the puncturing matrices in the
process of the operations shown in FIGs. 4, 5 and 6, the new N is the number of
symbols to be repeatedly selected. In step 605, it is determined whether the
new Ns is greater than 0. If the new Ns is 0, the procedure ends. If it is
greater than 0, as many symbols as the new Ns are selected repeatedly from the
information symbols. In other words, the selected symbols are transmitted
repeatedly ..

The above-described sub-code generation method according to the
present invention will be made clear below with specific numerical citations.

For Rmax=3/4 and R=1/5, Rmin=1/6 and S=6/(4/3)=4.5—5. Thus,
five puncturing matrices are produced.
{Cy, Cy, Cy, G5, C4}: Rmax=3/4.
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Since the code rate of sub-codes is 3/4 and the number of sub-codes is 5,
the sub-codes have a code rate 3/20 ((1/S)xRmax=(1/5)x(3/4)=3/20) after code
combining. This implies that for 3 information bits, a receiver receives 20 code
symbols. However, since 15 symbols are generated from Sxn=5x4=20 and
Sxk=5x3=15, 5 symbols among the 15 symbols are repeatedly transmitted.
The repeated symbols are preferably information symbols. In the above
example, if an information symbol X is repeated once in each sub-code, a
decoder receives turbo codes with R=1/5 in which information symbols occur
twice for each of S sub-codes when S sub-codes are all received.

The resulting sub-codes from the procedures shown in FIGs. 4, 5 and 6
are a kind of complementary codes, but they are not in a strict sense of the term
because repeated symbols exist and each sub-code exhibits a different
characteristic. In view of the sub-codes being produced from turbo codes, they
will be called quasi-complementary turbo codes (QCTCs). A hybrid ARQ
system using QCTCs employs the following retransmission scheme

The hybrid ARQ system is the major example using packet code
combining. Packet code combining is available to the present hybrid ARQ
systems, HARQ type I, Type I, and Type III. In these systems, a
retransmission technique can be implemented using QCTCs. If a transport unit
(TU) is defined as an information bit block being a basic unit for packet
transmission, one sub-code C; is selected for each TU transmission in the hybrid
systems.

A retransmission unit and an initial transmission TU can be the same or
different in size. For an initial transmission and each retransmission, the
following QCTC set is used.

From a QCTC C, having a code set size S, a mother code C can be
reconstructed, or a new code Cq with a lower code rate than the mother code
rate Rm can be generated by combining (or code-combining) sub-codes C; (i =0,
1,2,...,5-1). Here, the mother code has a minimum code rate available in the
encoder. Then, the QCTC is defined as

Original code C with code rate R=Rm or code C with code rate R<Rm
8-1

o= Uci

=0
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..... %)

where S is the number of sub-codes with a code rate of Ri and Rm is the mother
code rate.

The operation of a system transmitting TUs of the same size for an
initial transmission and each retransmission using a QCTC will be described.
Needless to say, the transmission scheme using different TUs can also be
supported in the present invention. Here, the number of sub-codes S is 4 and
the mother code rate R is 1/5.

(Step 1) Transmission is performed on a TU basis and a sub-code C; of
the QCTC is transmitted at the initial transmission and each retransmission.

(Step 2) When the overall code rate of codes produced by soft
combining of the initially transmitted and retransmitted packets is greater than
1/5, each sub-code C; of the QCTC is transmitted in the order of Cy, C,, C,, . . .,
Cs., at each retransmission request.  This is packet code combining.

(Step 3) When the overall code rate of codes produced by soft
combining of the initially transmitted and retransmitted packets is less than or
equal to 1/5, each sub-code C; of the QCTC is repeatedly transmitted in the order
of Cy, Cy, C,, . . ., Cs., at each retransmission request. This is packet diversity
combining.

(Step 4) The QCTC set size can be an arbitrary value, determined by.the
mother code rate. For R=1/5 and a sub-code code rate of 2/3 for retransmission,
up to four sub-codes can be used.

Table 3 below lists QCTC sets for forward traffic channel packet data
rates that are expected to be available in the present IS-2000 1XEVDV system.
Here, a mother code rate R=1/5 and a sub-code code rate R=2/3, 1/3, or 1/6.

(Table 3)
Set size S Code set Sub-code rate set Data rates
1 {Co} Co: R=1/6 307.2kbps
153.6kbps
76.8kbps
38.4kbps
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19.2kbps
2 {Co, Ci} Cot Rg=1/3 1228.8kbps
Ci:R=1/3 921.6kbps
614.4kbps
307.2kbps
4 {Cp, C}, Cy, Cs} Co: Rg=2/3 2457.6kbps
Ci: R;=2/3 1843 .2kbps
C,: R;=2/3 1228.8kbps
Cy: Ry=2/3

As shown in Table 3, for a sub-code code rate of 1/6 less than the mother
code rate 1/5, the same code C, is used at each transmission. For a sub-code
code rate of 1/3, greater than the mother code rate 1/5, different code C, and C,
are used at each transmission. In this case, the code set size Sis 2. For a sub-
code code rate of 2/3, greater than the mother code rate 1/5, different code C,, C,,
C,, C; are used at each transmission. The code set size S is 4. When S sub-
codes are all transmitted, the receiver can recover the mother code rate R and
obtain the maximum coding gain offered by the encoder.

Table 4 below illustrates examples of puncturing matrices for each
sub-code code rate.

(Table 4)
Code Co C C, C;
rates
R=1/ X| |2 NA NA NA
6 Yo| 1
Ylj=1
yo |1
yy 1
R=1/ 1 1
3 1 1
0 0 NA NA
1 1
0 0
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R=2/ 0 1 1 0 0 1 1 0
3 1 0 0 1 0 0 0 0
0 0 0 0 1 0 0 1
0 1 1 0 0 0 0 0
0 0 0 0 0 1 1 0
R=2/ | |1 1 1 1| 0 0 0 off 10 0 0 0l i1 1 1 1
3 1 0 0 0] [0 1 1 1| {0 0 0 o (0 0 0 0
0 0 0 oif 10 0 0 of| 1 1 0 1] 10 0 1 0
0 0 1 oy 1 0 11} [0 0 0 0/ [0 0 0 0
0 0 0 0] 0 0 0 o[ {0 1 1 11 0 0 0

As shown in Table 4, when a rate 1/5 turbo code is used as a mother
code and a rate 2/3 sub-code is generated with code symbols output for 4
information bits, 20 code symbols are generated from the 4 information bits.
The rate 2/3 sub-code is generated by puncturing 14 symbols among the 20
symbols. For packet diversity combining of such sub-codes, C, produced from
the above puncturing matrices is repeatedly transmitted at each retransmission
request. On the other hand, for packet code combining, a different code symbol
is transmitted at each retransmission request. Afier transmitting all sub-codes
Cy, Cy, C,, C; in the set, the packet diversity combining is executed. For
HARQ Type III using packet code combining, full code symbols of the mother
code are decoded after four transmissions occur.

Meanwhile, “1”s in the puncturing matrices of Table 4 indicate that the
symbols at the positions are selected or transmitted and “0”s indicate that the
symbols at the positions are punctured. A “2” indicates that the symbol at the
position occurs twice. The puncturing (and repetition) matrices are designed to
satisfy the following conditions.

(Condition 1) An information symbol X is repeated in a sub-code of a
QCTC when repetition is used.

(Condition 2) If the information symbol X is repeated in a sub-code of
the QCTC using repetition, the repeating period is set to be a minimal constant

in the QCTC having all sub-codes in combination.

(Condition 3) If puncturing is used, redundancy symbols except the
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information symbol X are punctured if possible in the sub-codes of the QCTC.

(Condition 4) If puncturing is used, redundancy symbols except the
information symbol X are uniformly punctured if possible in the sub-codes of
the QCTC.

A puncturing and repetition matrix with R=1/6 satisfying the above
conditions will be described. Decoding is carried out after the symbols X that
occur twice are soft-combined and so the real code rate for the decoder is 1/5.
The rate 1/5 code, having the energy of the information symbol X increased, has
an improved performance, as compared to a rate 1/5 code having a uniform
symbol energy across the symbols. In other words, the most 5ppropriate
symbol to be repeated is an information symbol. It can be said that the
puncturing and repetition matrices shown in Table 4 are constructed in such a
way that information symbol energy is increased through uniform repetition of
the information symbols.

In Table 4, for R=1/6, the sequence of transmission code symbols is

given as
CooX,X,Y0,YL,Y0,YLX X Y0, YLYOYL,...

Because six code symbols are generated for the input of one information
symbol, the code rate of the sub-code is 1/6.

For R=1/3, the sequences of transmission code symbols are given as
Co: X, Y0, Y0, X, Y0, Y0, X, YO, Y0, X, YO, YO, ...
CtXYLYLX YLYLX YLYLXYLY],...

Because three code symbols are generated for the input of one
mformation symbol, the code rate of the sub-code is 1/3. A different code is
transmitted at each transmission due to the use of a different puncturing matrix.
After soft combining of C; and C,, X occurs twice and each of YO0, Y1, Y’0 and
Y’1 occurs once. Thus, the decoder with a code rate 1/5 can be used in this
case and the puncturing matrices satisfy the above-described conditions,
ensuring performance.

In the first case with R=2/3 of Table 4, the sequence of transmission
code symbols are given as
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Cy: Y0, X, Y0, YO, X, Y0, Y0, X, Y°0, YO, X, Y°0, . ...
C,: X, Y°0, YO0, X, Y’0, Y0, X, Y’0, Y0, X, Y°0, YO, . ..
C,a YL X, Y’1,YL,X Y1, YL,X Y1 YLXY]L,...
C:X Y'LYLX Y1 YLX Y1 YLX YLYL...

Because three code symbols are generated for the input of two
information symbols, the code rate of the sub-code is 2/3. A different code is
transmitted at each transmission due to the use of a different puncturing matrix.
After soft combining of Cy, C,, C,, C;, X occurs twice and each of YO0, Y1, Y’0
and Y’1 occurs once. Thus, the decoder with a code rate 1/5 can be used also
in this case as for R=1/6 and the puncturing matrices satisfy the above-described
conditions, ensuring performance.

In the second case with R=2/3 of Table 4, the sequence of transmission
code symbols are given as

Co: X, Y0, X, X, Y’0, X, X, Y0, X, X, Y’0, X, X, Y0, X, X, Y°0, X, . ..
C,: Y’0, YO0, Y°0, YO, YO, Y°0, Y°0, YO, Y°0, YO, YO, Y°O, .. .

C,: Y1, YL YL Y'L YL YL YL YLYLY1YLY]L...
GXYLXXYLXXYLXXYLX,...

Because six code symbols are generated for the input of four
information symbols, the code rate of the sub-code is 2/3. A different code is
transmitted at each transmission due to the use of a different puncturing matrix.
After soft combining of C,, C,, C,;, C;, X occurs twice and each of YO, Y1, Y’0
and Y’1 occurs once. Thus, the decoder with a code rate 1/5 can be used also in
this case as for R=1/6 and the puncturing matrices satisfy the above-described
conditions, ensuring performance.

FIG. 3 is a graph showing a comparison between the performance of
HARQ using packet code combining and the performance of HARQ using
packet diversity combining in terms of data throughput for a QCTC with R=2/3
and S=4 according to the present invention. As shown in FIG. 3, an HARQ
301 using packet code combining for the QCTC and an HARQ 302 using packet
diversity combining for the QCTC show better performance than an HARQ 303
without the QCTC. For the same real time data throughput (e. g., 0.25), about
—4dB of Es/No is required in the HARQ 301, about —1.3dB in the HARQ 302,
and about 1dB in the HARQ 303. Consequently, the use of the QCTC
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according to the present invention ensures a higher data throughput with less
symbol energy.

As described above, sub-codes generated for optimum packet code
combining according to a predetermined rule remarkably improves transmission
throughput in a packet retransmission system using turbo codes according to the
present invention.

While the invention has been shown and described with reference to a
certain preferred embodiment thereof, it will be understood by those skilled in
the art that various changes in form and details may be made therein without
departing from the spirit and scope of the invention as defined by the appended
claims.
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WHAT IS CLAIMED IS:

1. A method of generating an initial puncturing matrix from which
a first sub-code is produced in a communication system having a turbo encoder
for generating information symbols, first parity symbols, and second parity
symbols for the input of an information bit stream and a sub-code generator for
generating sub-codes from the information symbols, the first parity symbols, and
the second parity symbols using puncturing matrices , a number of the sub-
codes being identical to a number of the puncturing matrices, comprising the
steps of:

selecting as many information symbols as a number of columns in the
initial puncturing matrix from the information symbols output from the turbo
encoder, if a difference between a number Ns of selected symbols in the initial
puncturing matrix and the number of the columns in the initial puncturing matrix
is equal to or greater than a number of component encoders in the turbo encoder;
and

selecting as many first and second parity symbols as the difference, a
number of the selected first parity symbols being equal to or greater than a
number of the selected second parity symbols.

2. The method of claim 1, further comprising the step of increasing
the number of the columns in the puncturing matrix by an integer multiple if the
difference is less than the number of the component encoders.

3. The method of claim 1, further comprising the step of selecting
the Ns symbols from unselected first and second parity symbols in the initial
puncturing matrix in generating a second puncturing matrix, wherein the number
of the selected first parity symbols is equal to or greater than the number of the
selected second parity symbols.

4. The method of claim 3, further comprising the step of selecting
remaining unselected first and second parity symbols in the other puncturing
matrices except for a last puncturing matrix and repeating (Ns—Ns2) information
symbols, Ns2 being a number of the other unselected parity symbols in the
other puncturing matrices.

5. The method of claim 1, wherein the communication system uses
the sub-code to hybrid ARQ (Automatic Repeat Request).
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6. The method of claim 1, wherein the number Ns of selected
symbols is determined by C/Rmax, C being the number of the columns and
Rmax being a code rate of the sub-code.

7. A method of generating a first sub-code to be transmitted by
selecting a predetermined number of symbols from information symbols and
first and second parity symbols within a predetermined puncturing range in a
communication system having a turbo encoder for generating information
symbols, first parity symbols, and second parity symbols for the input of an
information bit stream, the predetermined number of symbols being Ns symbols,
comprising the steps of:

selecting all the information symbols within the puncturing range, if a
difference between Ns and a number of the information symbols is equal to or
greater than a number of component encoders in the turbo encoder; and

selecting as many first and second parity symbols as the difference,
anumber of the selected first parity symbols being equal to or greater than a
number of the selected second parity symbols.

8. The method of claim 7, further comprising the step of increasing
the puncturing range by an integer multiple if the difference is less than the
number of the component encoders.

9. The method of claim 7, further comprising the step of selecting
the Ns symbols from unselected first and second parity symbols in the first sub-
code in generating a second sub-code, wherein the number of the selected first
parity symbols is equal to or greater than the number of the selected second

parity symbols.

10. The method of claim 9, further comprising the step of selecting
remaining unselected first and second parity symbols in the other sub-codes
except for a last sub-code and repeating (Ns—Ns2) information symbols, Ns2
being a number of the other unselected parity symbols in generating the last
sub-code.

11. The method of claim 7, wherein the communication system uses
the sub-codes to hybrid ARQ (Automatic Repeat Request).

12. The method of claim 7, wherein the number Ns of selected
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symbols is determined by C/Rmax, C being a number of columns in a
puncturing matrix and Rmax being a code rate of the sub-code.

13. A method of generating puncturing matrices by which
information symbols and first and second parity symbols are punctured in a
communication system having a turbo encoder for generating information
symbols, first parity symbols, and second parity symbols for the input of an
information bit stream, and a sub-code generator for generating sub-codes from
the information symbols, the first parity symbols, and the second parity symbols
by puncturing, comprising the steps of:

determining a number S of the puncturing matrices by calculating a
minimum integer equal to or greater than a ratio of Rmax to Rmin, Rmax being
a given maximum code rate and Rmin being a given minimum code rate for the
turbo encoder;

determining a number Ns of symbols to be selected from each
puncturing matrix by C/Rmax, C being a number of columns of the puncturing
matrix; and

generating a first puncturing matrix for which C information symbols
are selected, as many first parity symbols as a minimum integer equal to or
greater than a ratio of a(Ns—C) to (atb) are selected, and as many second parity
symbols as a maximum integer equal to or less than a ratio of b(Ns—~C) to (a+b)
are selected, if a difference between Ns and C, (Ns—C), is equal to or greater
than a number of component encoders in the turbo encoder, a and b being
symbol distribution ratios for the first and second parity symbols.

14. The method of claim 13, further comprising the step of
increasing the number of the columns in the puncturing matrix
by an integer multiple if the difference is less than the number of
the component encoders.

15. The method of claim 13, further comprising the step of
generating middle puncturing matrices except for the first and a last puncturing
matrices by selecting as many first parity symbols as a minimum integer equal
to or greater than a ratio of aNs to (atb) and as many second parity symbols as a
maximum integer equal to or less than a ratio of bNs to (a+b) without selecting
any information symbols, so that the first and second parity symbols differ in the
first and other puncturing matrices,
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16. The method of claim 15, further comprising the step of
generating the last puncturing matrix by selecting remaining unselected first and
second parity symbols in the other puncturing matrices except for the last
puncturing matrix and repeating (Ns—Ns2) information symbols, Ns2 being a
number of the other unselected parity symbols in the other puncturing matrices.

17. The method of claim 13, wherein the communication system
uses the sub-codes to hybrid ARQ (Automatic Repeat Request).

18. An apparatus for generating a sub-code in a communication
system, comprising:

a turbo encoder for encoding an input information bit stream with a
given code rate and generating information symbols, first parity symbols, and
second parity symbols; and

a sub-code generator for generating a first sub-code to be transmitted by
selecting all information symbols within a predetermined puncturing range and
selecting as many first and second parity symbols as a difference between a
predetermined number Ns of symbols to be selected and a number of the
information symbols within the predetermined puncturing range, a number of
the selected first parity symbols being equal to or greater than a number of the
selected second parity symbols, if the difference is equal to or greater than a
number of component encoders in the turbo encoder.

19. The apparatus of claim 18, wherein the sub-code generator
generates a second sub-code by selecting Ns symbols from the first and second
parity symbols without selecting information symbols, the number of the
selected first parity symbols being equal to or greater than the number of the
selected second parity symbols.

20. The apparatus of claim 19, wherein the sub-code generator
generates a last sub-code by selecting remaining unselected first and second
parity symbols in the other sub-codes except for the last sub-code and
repeating (Ns—Ns2) information symbols, Ns2 being a number of the other
unselected parity symbols in the other sub-codes.

21. The apparatus of claim 18, wherein the sub-code generator
generates the sub-codes by increasing the puncturing range by an integer
multiple if the difference is less than the number of the component encoders.
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a set of first unpunctured trellis
sections. A next step (104) includes

l

puncturing a data stream for a
second transmission to provide a
set of second unpunctured trellis

104 —

PUNCTURING A DATA STREAM FOR A SECOND
TRANSMISSION TO PROVIDE A SET OF SECOND
UNPUNCTURED TRELLIS SECTIONS

sections. A next step (106) includes
incremental redundancy combining
the first and second transmissions of
the trellises to provide non-adjacent
first and second unpunctured trellis
sections. The above arrangement

l

results in a uniform distribution of
punctured and unpunctured bits to
provide lower errors.
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IMPROVED TURBO CODE BASED INCREMENTAL REDUNDANCY

FIELD OF THE INVENTION

This invention relates generally to communication systems, and more

particularly to coding in a turbo coded communication system.
BACKGROUND OF THE INVENTION

Convolutional codes are often used in digital communication systems to
protect transmitted information from error. Such communication systems include the
Direct Sequence Code Division Multiple Access (DS-CDMA) standard IS-95, the
Global System for Mobile Communications (GSM), and next generation wideband
communication systems. Typically in these systems, a signal is convolutionally coded
into an outgoing code vector that is transmitted. At a receiver, a decoder, such as a
Viterbi decoder as is known in the art, uses a trellis structure to perform an optimum
search for the transmitted signal bits based on maximum likelihood criterion.

More recently, turbo codes have been developed that outperform conventional
coding techniques. Turbo codes are generally composed of two or more recursive
systematic convolutional codes and turbo interleavers. Correspondingly, turbo
decoding is iterative and uses a soft output decoder to decode the individual
convolutional codes. The soft outputs of the decoders are used in the decoding
procedure to iteratively approach the converged final results.

FIG. 1 shows an overview of typical turbo encoder that is constructed with one
interleaver and two constituent codes, which are recursive systematic convolutional
(RSC) codes, but can be block codes, also. A turbo encoder is shown whichis a
parallel concatenation of two RSCs with an interleaver, m, between them. The output
of the. turbo encoder is generated by multiplexing (concatenating) the systematic
information bits, x;, and parity bits, p; and P2 from the two encoders. Typically, the
parity bits are punctured in some manner for the first transmission and combined to

increase code rate. The puncturing mechanism occurs in the Rate Matching block. In

-1 -
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the case subsequent transmissions are allowed and transmissions with different
puncturings can be combined at the receiver, puncturing may also be preformed on the
systematic bits.

Typically, the encoded data is transmitted to a receiver, which uses error
correction typically provided by the turbo code, followed by error detection typically
provided by a CRC code. If an error is detected, the receiver can request that the
transmitter, such as a base station for example, retransmit the data using an Automatic
Repeat Request (ARQ). In other words, if a receiver is not able to resolve the data
bits in time, the radio can request the transmitter to resend either an identical
transmission as the first, or one punctured different from the first transmission but
encoded based on same message (i.e. based on the same information bit sequence
input to the turbo encoder). Since this process is a hybrid form of error correction
coupled with error detection feedback through the ARQ mechanism it is commonly
referred to as Hybrid Automatic Repeat Request (HARQ).

Two known forms of HARQ are Chase combining and Incremental
Redundancy (IR). In addition, the IR scheme can be full or partial. Chase combining
is a simplified form of HARQ wherein the receiver simply requests retransmission of
the original codeword again. IR is more complicated in that it provides for a
retransmission of the code word using more or different parity bits (than were present
during the previous transmission), lowering the overall combined code rate. A
repetition or puncturing pattern in the parity bits can be defined using a classical code
puncturing matrix, as is known in the art, or a rate matching algorithm to maintain the
code rate of the physical channel. However, previous rate matching algorithms do not
maintain a homogenous puncturing pattern after incremental redundancy even if
orthogonality is retained (i.e. even if each transmission contains unique bits not
contained in other transmissions), thereby presenting a higher than necessary frame
error rate (FER). In particular, existing rate matching algorithms provide differing
error degradations depending on the redundancy version being used. Moreover, there
is no method for determining redundancy parameters for HARQ.

What is needed is an improved turbo coder that utilizes a unified puncturing

scheme, which provides an improved frame error rate using an incremental

-2 -
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redundancy technique whereby orthogonal redundancy versions are available for
transmission, the combination of which result in an uniform puncturing pattern
throughout the decoder trellis. It would also be advantageous to provide this
improvement using any of the available redundancy versions. It would also be of
benefit, to provide a technique for determining redundancy parameters to provide a

turbo coder with minimized computational complexity.
BRIEF DESCRIPTION OF THE DRAWINGS

The features of the present invention, which are believed to be novel, are set
forth with particularity in the appended claims. The invention, together with further
objects and advantages thereof, may best be understood by reference to the following
description, taken in conjunction with the accompanying drawings, in the several
figures of which like reference numerals identify like elements, and in which:

FIG. 1 shows a simplified block diagram for a turbo encoder as is known in
the prior art; .

FIG. 2 shows a simplified flow chart for a prior art coding structure;

FIG. 3 shows a simplified flow chart for a coding apparatus, in accordance
with the present invention;

FIG. 4 shows a simplified block diagram for the rate matching of FIG. 3;

FIG. 5 shows simplified graphic representation for prior art puncturing;

FIG. 6 shows simplified graphic representation for puncturing, in accordance
with the present invention;

FIG. 7 shows a graphical representation of the improvement provided by the
present invention;

FIG. 8 shows a chart for bit priority mapping, in accordance with the present
invention;

FIG. 9 shows a chart for block interleaver management, in accordance with the
present invention;

FIG. 10 shows a simplified flow chart of a method, in accordance with the

present invention.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

The present invention provides a method and apparatus for a turbo coder that
supports Chase and incremental redundancy (IR) as a form of ARQ combining, using
a single, unified puncturing scheme. In particular, the present invention uses an
improved rate-matching technique for puncturing. The nature of the rate matching
ensures a regular puncturing distributed throughout the encoded trellis ensuring good
code performance. The puncturing approach of the present invention has the
advantage of ease of implementation as well as retaining the orthogonality in adapting
to any selected redundancy version without an increase in frame errors.

In application, The High Speed Downlink Packet Access (HSDPA) feature of
the Third Generation Partnership Project (3GPP) UTRA (UMTS Terrestrial Radio
Access) or Wideband Code Division Multiple Access (WCDMA) system features
adaptive modulation and coding and details a hybrid-ARQ scheme based on
Incremental Redundancy (IR) methods applied to a rate-1/3 turbo-code. The present
invention defines the High Speed Downlink Shared Channel (HS-DSCH) coding
modulation using incremental redundancy in user equipment (UE), such as a cellular
radio communication device. The present invention describes a specific method for
applying IR to HSDPA.

IR methods are known in the art, and have been applied before to systems such
as Enhanced Data for GSM Evaluation (EDGE). However, the HSDPA problem is
novel, in that, all possible coding rates must be supported and only under certain
conditions such as in some cases, retransmissions of equal size, is there the potential
for orthogonal transmissions. Moreover, the present invention allows for a change in
the final coding rate according to the available coded symbol memory or Soft Metric
Locations (SMLs) available to the HARQ process. Also, unlike the present invention,
prior systems, such as EDGE, utilized convolutional codes rather than turbo codes,
and supported a different number of redundancy versions.

The present invention provides a flexible IR puncturing scheme specifically
applicable to HSDPA. In particular, the puncturing scheme of the present invention

supports a variable set of possible redundancy versions using a novel implementation
- 4 -
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of a rate-matching puncturing technique. Prior art implementations for rate-matching,
while providing orthogonal puncturing patterns in the individual parity bit streams, do
not result in a uniformly patterned (and orthogonal) puncturing scheme in the
composite of the parity transmissions. This results in increased FER for the different
redundancy version used. The present invention accounts for these problems by
retaining orthogonality between redundancy versions and provides uniform spacing
(i.e. equally spaced unpunctured trellis sections) throughout the composite IR
combined trellis. This can include puncturing of parity and systematic bits.
Moreover, the present invention provides a method of selecting redundancy
parameters as will be described below.

FIG. 2 shows the existing reference channel coding model for High Speed
Downlink Packet Access (HSDPA) in accordance with the 3GPP specification
protocols of section 4.2, “Technical Specification Group Radio Access Network;
Multiplexing and Channel Coding (FDD) (Release 1999)”, TS 25.212 v3.5.0 (2000~
12), which is hereby incorporated by reference. Data is input from a single transport
block. To this stream, cyclic redundancy check (CRC) is added 202, and then the
stream is segmented 204 to produce Ncp code blocks 206. The detailed functionality
of these blocks 200-206 is presented in TS 25.212. At this point, each of the code
blocks are individually subjected to channel coding 208 and rate matching 210
according to the puncturing and incremental redundancy used. The blocks are then
subject to physical channel segmentation 212, interleaving 214, and physical channel
mapping 216, where physical channels 1 through K are output.

FIG. 3 shows a channel coding model for the HSDPA turbo coder in
accordance with the present invention. The first four operations (transport block
concatenation 200, CRC attachment 202, code block segmentation 204, and channel
coding 208) proceed according to the 3GPP protocols previously described. '
Preferably, channel coding 208 proceeds according to a channel coder operable to
code an input data stream into systematic bits and parity bits at a rate-1/3 turbo
encoding function. In addition, the last three stages (physical channel segmentation
312, (symbol) interleaver 314, and physical channel mapping 316) also proceed

similarly to the 3GPP protocols with the exception of operation on symbols instead of

- 5.
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bits. The present invention occurs in the redundancy version selector 309, rate
matching/incremental redundancy block 310, and the optional bit priority
mapper/interleaver 311, as detailed in FIG. 4.

The functionality of HARQ uses two rate-matching stages. The matching
block 310 matches the number of bits at the output of the channel coder 208 to the
total number of bits of the HS-DSCH physical channels through puncturing or
repeating incoming systematic, parity 1 and parity 2 bits, and is controlled by the
redundancy version (RV). The rate matching algorithm is applied differently to
different set of systematic and parity inputs bits, depending on the parameters of the
redundancy version. The rate matching block 310 punctures a data stream (that can
include parity and systematic bits) for a first transmission to provide a set of first
unpunctured trellis sections and punctures a data stream. A redundancy version
selector 309 is coupled to the rate matching block 310 and provides rate-matching
parameters thereto. The rate matching block 310 provides incremental redundancy to
combine the first and second transmissions of the data stream trellises to provide non-
adjacent first and second unpunctured trellis sections.

The first rate-matching stage 316 matches the number of input bits to the
number of soft bits available at the user equipment. If the number of soft bits
available at the user equipment is greater than or equal to the number of bits output
from the channel encoder 208 then all the bits can be stored and the first rate-matching
stage is transparent. However, if the number of soft bits available at the user
equipment ié less than the number of bits output from the channel encoder 208, as is
typical, then puncturing occurs so that the number of encoder output bits matches the
available soft-buffering capability of the user equipment, represented by buffer stage
317.

The second rate-matching stage 318 matches the number of bits output from
the first rate-matching stage 316 to the number of bits available in the HS-DSCH
physical channel. The same basic technique is used as for the first rate-matching
stage. However, compared to first stage rate matching, the rate-matching algorithm
may use different values for the rate-matching parameters, depending on the RV
parameters: s, which can take the value 0 or 1 to distinguish self-decodable (1) and

- 6 -

IPR2023-01272 Page 185



10

15

20

25

WO 03/069784 PCT/US03/01699

non self-decodable (0) transmissions, and the RV parameter r (range 0 to 7,4, Which
is the maximum number of redundancy versions supported by the communication
system) which changes the initial error variable e;,;.

For example, the number of bits before second rate matching can be denoted
as Ny for the systematic bits, N, for the parity 1 bits, and N, for the parity 2 bits,
respectively. The number of available physical channel bits per transmit time interval
(TTY) is Nyae. Bit separation is used and the rate matching parameters are determined

as follows. For N, <N, + N, + N ,, puncturing is performed in the second rate

matching stage 318. The number of transmitted systematic bits in a retransmission is

N, =min{vaNdma}

5y
for a transmission of self-decodable type (s = 1) and

N,,, =max{N,, - (N, +N,,)o}

1,3ys

in the non self-decodable case, i.e., s = 0.

For Nyy, >Ny, + N, +N

»2 Tepetition is performed in the second rate

matching stage. A similar repetition rate in all bit streams is achieved by setting the

number of transmitted systematic bits to

N,

sys

N,

s

[Ndala _(Nsys +Npl+Np2)]
3 .

The available room for parity bits in a transmission is:

N,.-N, N,.—-N,
N"pl :l data 2 £,sys J alld N"pz =l‘ data 2 f,-f_}’:‘(

for the parity 1 and parity 2 bits, respectively.

Table 1 summarizes the resulting parameter choice for the second rate
matching stage 318. The parameter a in Table 1 is chosen such that a = 2 for parity 1
and a = 1 for parity 2.

Table 1
Parameters for Second Rate Matching Stage

-7 -
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Xl €plus €minus
Systemati
Sysematic | N\ Ny, | [Ny =N
Parity 1
R?\/Imlzll ) N, |aN, a-INP,-—N,'p,]
ity 2
Py | Ve | @ Ny | a N, =N,

where Ny, is the number of systematic bits, N, is the number of parity 1 bits, Ny, is
the number of parity 2 bits, N,y is the number of transmitted systematic bits, N, p; is
the number of transmitted parity 1 bits, and N,y is the number of transmitted parity 2
bits.

In the prior art, the rate matching parameter e;,; is calculated for each bit stream

according to the e, variation parameter#, r € {O, 1} using

i (r)= {[X; =7 € s -l]mode }+1

plus
in the case of puncturing , i.e, N, <N,, +N, +N,,, and
€ni (r) = {[XI - (2 s+ r)' Coninus ™ I]mOdepIus }+1

for repetition, i.e., N,

ata > Ny + N,y +N,,. While varying r does result in mutually
orthogonal puncturing patterns, their composite does not result in a uniformly
patterned puncturing scheme as shown in the example of FIG. 5. In the scenario
shown in FIG. 5, both transmissions are self-decodable with the Parity 1 codeword
bits of the first transmission consisting of the 4™ 10", 16™ , ... trellis sections and
those of the second transmission consisting of the 3",9M 15M ... sections. The IR
combined trellis based on the first two transmissions is therefore concerned with the
39, 4™ o 10™,15® 16", ... stages in the trellis. In practice, this non-uniform
grouping of punctured and unpunctured bits results in a higher FER.

In contrast, in the present invention, e, is calculated for each bit stream
according to the e, variation parameter 7, r € {0,1}, using

e (r)={[ X, (r- € /2) ~1]mode,,, } +1
in the case of puncturing , i.e., N, SNy, + N, + N, , and

p2?

- 8 -
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e, (7)= {[X‘ ~((s+27)- € /4)—-1:|modep,,,,} +1
for repetition, i.e., Ny, >N, + N, +N,.
In its more general form where » €{0,:+,7,,, —1} and r,,, is the total number
of redundancy versions allowed by varying 7, then e, is calculated for each bit

stream according to the e,, variation parameter r, r €{0,---,7,,, ~1}, using

e (r)= {[X, —~(r "€ s /rmax)—l]mod ep,,,,} +1
in the case of puncturing and/or repetition, and

e (r)-:{[X, —-((s+2-r)-ep,w /(2-rm))-—l]modep,m}+l

also in the case of puncturing and/or repetition. In other words, the rate matching
equations can be chooses such that either one of the equations is used to rate match for

both the case of puncturing (i.€., Ny, SN, + N, + N ,,) and the case of repetition

(i€, Ny >Ny + N, +N,,), or one of the equations is chosen to rate match for

ata
puncturing and the other equation to rate matching for repetition.

The resulting puncturing pattern both retains orthogonality between
redundancy versions of the same s value, but is now uniformly spaced throughout the
composite IR combined trellis as shown in the example of parity trellises of FIG. 6,
which results in improved FER over that of the trellis of FIG. 5. The invention is
applicable to both parity bits and systematic bits.

FIG. 7 shows the improvement provided improved puncturing technique of the
present invention. Both the prior art and proposed rate-matching e;,; variation
schemes were simulated, using known techniques, over an additive white Gaussian
noise (AWGN) channel using BPSK modulation with a codeword length of 960 and
Ninfo = 720, and using two transmission. Curves 60 and 62 represent the FER for the
prior art puncturing method after first and second transmissions, respectively. Curves
64 and 66 represent the FER for the puncturing method of the present invention after
first and second transmissions, respectively. As can be seen from the simulation

results, there is about a 0.2-0.3dB improvement in FER performance of the present

- 9.
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invention over the prior art after two transmissions. In view of the above, the present
invention provides a useful improvement over the prior art with no increase in
complexity. '

In a preferred embodiment, the present invention also provides a method and
apparatus to select optimized s and » parameters based on the redundancy scheme
chosen (Chase, Partial IR, or Full IR), referring back to redundancy version selector
309 of FIG. 3. The selection of the redundancy version depends on the redundancy
scheme being utilized. Currently, three schemes are expected to be support in
HSDPA: Chase, Partial Incremental Redundancy (IR) and Full IR. For each

redundancy scheme the following methods are used for calculating s, s € {0,1} and
r,re{0,1,2,...,r, —1}.
If the Chase redundancy scheme is used, s =1 and » =1 for all transmissions.

If a Partial IR redundancy scheme is used, a first step includes calculating the

possible number of unique redundancy versions as

b

ZNPJ

— i=]

Fy = )

ZNl_p_i

=1

where N, ; represents the number of parity bits at the output of the turbo encoder from
the i* parity stream, N, ,, ; represents the number of parity bits to be transmitted from
the i" parity stream, and P is the number of parity streams. Also, if 7y > Fmathen ry
= Fmax. In a next step, for transmjssion index, n, from 1,2,...,r, ,sets=1and r =n-1.
I n>ry,,teset nto 1 and repeat the previous step.

If a Full IR redundancy scheme is used, a first step includes calculating the

possible number of unique redundancy versions as

¥, = mi l><k—-—-1-~><i]
NTUVLR BR

where BR is the base code rate, R is the transmit code rate, and k& and i are positive

integers. Note that k& and i are chosen such that exactly & transmissions will equal i

- 10 -
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output blocks (systematic and parity) from the turbo encoder. Also, if 7y > ruq then
*N = Fmae In a next parameter setting step, for transmission index n=1,sets=1,r=

0,and N, =N,

trans ?

or for transmission index » from 2,...,r, , repeat the remaining

substeps of: a) a first substep sets N, = N, + N, , b) in a next substep, if
(N, 2 E%x N,,)thenset flag=1and(N, =N, ——EIEX N,,)where N, is the number

of systematic bits generated by the turbo encoder. Otherwise set flag = 0, ¢) in a next
substep, if (N, 2 N,,,) & (flag =1)) then set s = 1. Otherwise set s =0, d) in a next
sub step set » =r + 1, €) in a next substep, if n > r,,, reset # to 1 and repeat parameter
setting step.

The above schemes automatically select the self-decodable parameter (s) and
the redundancy version (r) for the Incremental Redundancy scheme adopted by 3GPP.
The values are chosen based on the pre-selected redundancy scheme, which includes
Chase, Partial IR, and Full IR, and can be used in conjunction with any adaptive
modulation and coding scheme (AMCS) assuming synchronization between the Node
B and UE. Otherwise the (s) and (r) parameters can be transmitted to the UE using
one of the following two schemes, a) explicitly specifying the value of “s” and “r” and
transmitting these values using the High Speed Shared Control Channel (HS-SCCH)
or (b) setting up a table of “s” and “r” values and communicating the table at call
initiation to UE through higher level signaling. The specific entry in the table is then
signaled over the HS-SCCH at each transmission.

In a separate embodiment, where 7, is not necessarily known then e;,; can be

defined as follows
e (r)= {[X, ~(£(r)-epus)~1]mod ep,m} +1

where
/ (r) = bin2dec(flipir(dec2bin(r-1)))/2M 41
where “bin2dec” denotes binary to decimal conversion, “dec2bin” denotes decimal to
binary conversion, and “fliplr”” denotes bit order reversion of the binary sequence.
In a preferred embodiment, the present invention provides a bit priority

mapper (311 referring back to FIG. 3) coupled to the rate matching block. The bit
- 11 -
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priority mapper is for mapping to systematic bits to position of higher reliability in the
modulation constellation, which further improves the performance of IR. Bit priority
mépping (BPM) is based on utilizing the differing bit reliability offered by higher
order constellations (16-QAM or higher). It is well known that systematic portions of
a turbo codeword are of greater importance to decoder performance than the parity
portions. It naturally follows that system performance can be further improved by
placing systematic bits in positions of high reliability if a higher order constellation is
used. To achieve this a simple interleaver (reference 311 in FIG. 3) of size

N, xN_, is used. The numbers of rows and columns are determined from:

Nrow = IOgZ (M)

Ncol =Ntram /N

row

where M is the modulation size (constellation order) and Ny is the number of coded
and rate-matched bits to be transmitted. For example, Ny,» = logz(16) = 4 in the case
of 16-QAM. In the general turbo encoder case a codeword is separated into a
systematic stream and parity streams denoted by xs, P14 p2x Where k € {1, ..., N.
wans}, O in the preferred case a systematic stream and combined parity stream denoted
by xsx and xp (see FIG. 1). Data is read into the interleaver row by row, and out of
the interleaver column by column. To perform priority mapping, the whole stream of
systematic bits from the turbo enc¢oder is read in first (code block-wise and then from
left-to-right), followed by combined alternating bits from the two parity streams.
Systematic codeword bits 700 are read code block-wise and then from left-to-right
into the BPM array. Once all systematic codeword bits have been read in, the
combined alternating bits from the two parity streams are read in, continuing from
where the systematic codeword bits left off, again code block-wise and then from left-
to-right. In the case of full IR where no systematié bits form part of the transmission
codeword, only parity codeword bits fill up the array. The BPM array is a sequence of
QAM symbols or bit vectors (a vector of four bits in the case of 16-QAM and a vector
of two bits in the case of QPSK) given by the columns of the BPM array, read in
sequence from lefi-to-right. Advantageously, this results in systematic bits being
mapped into the first rows of the bit mapper followed by subsequent mapping of

parity bits.
- 12 -
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Interleaving is determined in the same manner as the turbo code internal
interleavers, such as is described in section 4.2.3.2.3.1 of “Technical Specification
Group Radio Access Network; Multiplexing and Channel Coding (FDD) (Release
1999)”, TS 25.212 v3.5.0 (2000-12), which is hereby incorporated by reference.

The symbol mapping is dependent on the type of modulation and the number
of systematic and parity bits used in transmission. As an example, if an effective code
rate of 3/4 and 16-QAM modulation is used, each QAM symbol comprises of three
systematic bits and one parity bit, while if the same version is used with a code rate of
1/2 and 16-QAM modulation, each QAM symbol then comprises of two systematic
and two parity bits. FIG. 8 illustrates the bit distribution process for 16-QAM and rate
1/2, where S represents systematic bits and P represents parity bits.

In practice, the interleaver of the present invention is a symbol block
interleaver of size 16x30. The interleaving operation proceeds by reading the input

symbol sequence {y,,} into the interleaver row by row starting with column 0 of row. 0

and continuing on to column 30 of row 16, as shown in FIG. 9. The next step
includes performing inter-column permutation using the following permutation
pattern {0, 20, 10, 5, 15, 25, 3, 13, 23, 8, 18, 28, 1, 11, 21, 6, 16, 26, 4, 14, 24, 19, 9,
29,12,2,17,22,27, 17}, which provides a more homogenous and therefore desirable
distribution. In permuting the columns, it is ensured that no sub-block section of the
trellis is neglected when only a portion of a row is read out to form the transmitted
codeword. The last step is reading the output symbols, column by column.

Referring back to FIG. 3, the physical channel segmentation 312 proceeds
according to the 3GPP protocol of section 4.2.10 of TS 25.212, incorporated by
reference, but with a modification. Instead of applying the algorithm on bits as in
section 4.2.10, it is applied on the QAM symbols/bit vectors output from the BPM
described above.

Following channel segmentation 312, (second) interleaving 314, as described
in section 4.2.11 in TS 25.212 is applied, again with a modification. In this case,
instead of applying the interleaver on the bits comprising each physical channel, it is
applied on the QAM symbols values or symbol indices of each of the physical channel
which are output from the physical cﬁannel segmentation 312.

- 13 -
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Finally and similarly, the physical channel mapping 314 described in section
4.2.12 of TS 25.212 is applied, again with substitution of QAM data symbols for bits,

FIG. 10 shows a flow chart summarizing the method 100 of improved
puncturing for turbo code based incremental redundancy, in accordance with the
present invention. A first step 102 of the method includes puncturing a data stream
for a first transmission to provide a set of first unpunctured trellis sections. A next
step 104 includes puncturing a data stream for a second transmission to provide a set
of second unpunctured trellis sections. This can be applied to parity and systematic
bits. A next step 106 includes incremental redundancy combining the first and second
transmissions of the trellises to provide non-adjacent first and second unpunctured
trellis sections. Preferably, this provides uniformly patterned punctured and '
unpunctured trellis sections in the combined trellis. A next step includes outputting
the transmissions of the turbo code, for decoding in a turbo decoder, to obtain the
information contained within the turbo code, and providing the information to a user
over a user interface such as a speaker, display, and the like, or for storage in a data
storage device.

Although the invention has been described and illustrated in the above
description and drawings, it is understood that this description is by way of example
only and that numerous changes and modifications can me made by those skilled in
the art without departing from the broad scope of the invention. Although the present
invention finds particular use in portable cellular radiotelephones, the invention could
be applied to any two-way wireless communication device, including pagers,
electronic organizers, and computers. Applicants’ invention should be limited only by

the following claims.

- 14 -
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CLAIMS

‘What is claimed is:

1. A method for improving turbo code based incremental redundancy, the method
comprising the steps of:
5 puncturing a data stream for a first transmission to provide a set of first
unpunctured trellis sections;
puncturing a data stream for a second transmission to provide a set of second
unpunctured trellis sections; and
incremental redundancy combining the first and second transmissions of the

10 trellises to provide non-adjacent first and second unpunctured trellis sections.

- 15 -
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2. The method of claim 1, wherein the combining step provides a composite

puncturing pattern that is uniformly patterned with unpunctured trellis sections.

3. The method of claim 1, wherein the puncturing steps each provide a set of

respective first and second orthogonal unpunctured trellis sections.

4. The method of claim 1, wherein the puncturing steps each include a substep of
rate matching each bit stream using a rate matching parameter defined by the

equations

e (r)= {[X, —(r €t T )—-l]modep,m} +1
and
e (r)= {[X, ~((5427) g /(2 Ty ))-—l]modep,m} +1

where r €{0,--,7,, —1} and r,,, is the total number of redundancy versions allowed
by varying r , wherein e, is calculated for each bit stream according to the e,

variation parameter r, s is 0 or 1 depending on whether the transmission is non-self-
decodable or self-decodable, respectively, epus, and eminus are chosen according to the
table

X €plus Cminus
Systematic
Systa Ny | Ny | [N, =N,
Parity 1
RMtlz] 2 | Vo |2 N a-lN,,,—N,,,,1|
Parity 2
aarz2 | Ve |4 Nn a-|Npa =Ny

where a = 2 for parity 1 and a = 1 for parity 2, Ny, is the number of systematic bits,
Npyis the number of parity 1 bits, NV, is the number of parity 2 bits, N, s is the number
of transmitted systematic bits, NV, ,; is the number of transmitted parity 1 bits, and N2
is the number of transmitted parity 2 bits, and wherein rate matching equations are

selected from one of the group consisting of: choosing either one of the equations to
rate match for both the case of puncturing (i.€., Nyy, < N, + N, + N, ) and the case

of repetition (ie., N, > N,, + N,, + N, ), and choosing one of the equations to

rate match for puncturing and the other equation to rate matching for repetition.

- 16 -
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5. The method of claim 1, wherein the puncturing steps each include a substep of
rate matching each bit stream using a rate matching parameter defined by the

equations

e (r)= {[X, —(7-€ps /2)—11modep,m} +1

in the case of puncturing , i.e., N, SN, + N, +N,,, and

e (r)={{ X~ ((2-5+7) €1, 14)-1]mode,,, } +1
for repetition, i.e., Ny, > Ny, + N, + N ,,, where r is the ey, variation parameter,

s is 0 or 1 depending on whether the transmission is non-self-decodable or self-
decodable, respectively, and r ranges from 0 to 7, to vary the initial error variable

€ini» and X; , €ppus, and epinys are chosen according to the table

X €plus Erminus
iﬁtgmﬁc N, | N, |N o5 — Ny
gi/lﬁtgll_z Ny |aN, |a IN P N"P‘I
gfli\/lntl})lzzj N,, |aN, a-Isz—N,,pzl

where a =2 for parity 1 and a = 1 for parity 2, Ny is the number of systematic bits,
Np; is the number of parity 1 bits, N,z is the number of parity 2 bits, N, 5 is the number
of transmitted systematic bits, N;; is the number of transmitted parity 1 bits, and N, ,,

is the number of transmitted parity 2 bits.

- 17 -
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6. The method of claim 5, further comprising a step of selecting a redundancy
scheme, wherein:

if Chase redundancy is chosen, setting s = 1 and » = 1 for all transmissions;
if a partial IR redundancy is chosen, performing the substeps of:
calculating the possible number of unique redundancy versions as

P
2N,

—_ i=1

wWEE
ZNt-pJ

i=1

where N, ; represents the number of parity bits at the output of the turbo
encoder from the i*" parity stream, N, , ; represents the number of parity
bits to be transmitted from the i parity stream, and P is the number of
parity streams, wherein if ry > g, then 7y = 1y, ; and
for transmission index », from 1,2,...,r,, setting s = 1 and » = n-1, and
wherein if » > ry , resetting n to 1 and repeating this substep; and
if a full IR redundancy is chosen, performing the substeps of:
a) calculating the possible number of unique redundancy versions as

1 1 ]
ry =min| —xk = ——xi
k[R BR

where BR is the base code rate, R is the transmit code rate, and & and i are
positive integers chosen such that exactly 4 transmissions equal i
systematic and parity output blocks, wherein if 7y > 7y then ry = #pax;
b) for transmission index n =1, settings =1,r=0,and N, = N, , and
c) for transmission index » from 2,...,r, , repeating the substeps of:
setting N, =N, +N,...;
setting flag = 0;

if (N, .1-3-1-}-2- x N,,,) then setting flag = 1 and (N, = N, - 3§1E x N,,) where

N, is the number of systematic bits generated by the turbo encoder;

setting s = 0;
if (N, 2 N,,,) & (flag =1)) then setting s = 1;

setting 7= r+ 1; and
if n > ry, resetting n to 1 and repeating step b).

7. The method of claim 1, further comprising the step of bit priority mapping of

systematic bits to position of higher reliability in a modulation constellation.
- 18-
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8. The method of claim 7, wherein the mapping step includes providing an
x N, , where Nyow=l0g2(M) and Nyoj=Nirgns/Nrow, Where M is

interleaver of size N col »

the modulation size and Ny.4»s is the number of coded and rate-matched bits to be
transmitted and the upper rows of the array have a higher priority than the lower rows
of the array, and wherein data is read into the interleaver row by row starting in the
topmost row, filling the interleaver with all the systematic bits first, followed by the

parity bits, and reading data out of the interleaver column by column.

9. The method of claim 8, wherein the interleaver is of size 16x30, and wherein
the mapping step includes performing inter-column permutation using the following
permutation pattern {0, 20, 10, 5, 15, 25, 3, 13, 23, 8, 18, 28, 1, 11, 21, 6, 16, 26, 4,
14,24, 19,9, 29, 12,2, 7, 22, 27, 17}.

10. The method of claim 1, further comprising the step of transmitting a set of
parameters governing a selected incremental redundancy version sequence operable in
the puncturing steps, the transmitting step including one of the group consisting of:
explicitly specifying the redundancy version parameters and transmitting these
parameters using a control channel, and initially transmitting a table of redundancy
version parameters and then selecting a table entry as a means of identifying the

redundancy version parameters.

- 19 -
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DETAILED ACTION
0.1  This Office Action is in response to the preliminary amendment filed on 2/14/2005.
Claims 1-48 are pending.
' Claim Objections
1. Claimé 20-24 are objected to because of the following informalities: the letter (f) using in
claims 21, 22, 23 and 24 for adding further limitations to claim 20 is confusing. Appropriate
correction is required.
Claim Rejections - 35 USC § 102

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

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

A person shall be entitled to a patent unless —

(b) the invention was patented or described in a printed publication in this or a foreign country or in public use or on
sale in this country, more than one year prior to the date of application for patent in the United States.

3. Claims 1-2, 6-7, 11, 14-19, 25-26, 30, 31, 35-36, 38-43 are rejected under 35
U.S.C. 102(b) as being anticipated by Yun (U.S. Pat. No. 6,622,281).

As to claim 1, Yun (figs. 4-5) discloses a communications system employing rate
matching stages for processing a plurality of individual parity bit streams derived through
puncturing a selected number of bits, a method of avoiding problematic Turbo code puncturing
pattems, the method including determining whether or not a desired code rate, used to process
the parity bit streams, results in a problematic puncturing pattern (col. 3, lines 22-31); and if a
problematic puncturing pattern results in step (a), adjusting the number of Bits punctured in each

stage of the parity bit streams by increasing the number of bits punctured in one of the parity bit
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streams and decreasing the number of bits punctured in another one of the parity bit streams (col.
5, lines 30-40; col. 12, lines 14-37).‘

As to claims 2 and 7, Yun (figs. 4-5) discloses a method comprises: adding punctured bits
to the first group of bits; and removing punctured bits from the second group of bits; and step
further comprises: biasing the puncturing rates of the P1 and P2 bits by adding a number of non-
~ punctured P1 bits to the first group and decreasing the number of non-punctured P2 bits in the
second group by the number of non-punctured P1 bits added to the first group (col. 5, lines 30-
48).

As to claim 6, Yun (figs. 4-5) discloses a communications system employing a plurality
of rate matching stages for processing a plurality of individual parity bit streams derived through
puncturing a selected number of bits, a method of avoiding problematic Turbo code
puncturing patterns, the method comprising adjusting the number of bits punctured in each of the
parity bit streams by increasing the number of bits punctured in one of the parity bit streams and
decreasing the number of bits punctured in another one of the parity bit streams (col. 13, lines
28-37); and (b) adjusting the puncturing rates of each of the individual parity bit streams while
maintaining a constant overall effective coding rate by biasing the puncturing rates (figs. 13; col.
14, lines 43-55).

As to claim 11, Yun (figs. 4-5) discloses a method of identifying degradations in quality
of punctured error correction coded transmissions comprising identifying a puncturing pattern
which approximates a particular code rate (col. 3, lines 22-31); and adjusting a value for

anticipated degradation in accordance with the matching of the puncturing pattern and the
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particular code rate by increasing and decreasing the number of bits punétured in respective
parity bit streams, and biasing the particular code rate (col. 5, lines 30-40; col. 12, lines 14-37).

As to claims 14-15, Yun (figs. 4-5) discloses a method comprising using Turbo code to
implement the error correction coded transmissions (col. 2, lines 36-43); identifying when a non-
punctured'bit pattern of the transmissions exhibits a periodic characteristic, with a period equal
to a period of a semi-periodic impulse response of recursive encoding blocks of the Turbo code;
and using the identified non-punctured bit patterns which exhibit a periodic characteristic to
identify puncturing patterns with degraded performance (col. 31, lines 17-22).

As to claims 16 and 19, method claims 16 and 19 correspond to apparatus claim 1;
therefore, they are analyzed as previously discussed in claim 1 above.

As to claims 17-18, Yun (figs. 4-5) discloses a method comprising using Turbo code to
implement the error correction coded transmissions (col. 2, lines 36-43); identifying when a non-
punctured bit pattern of the transmissions exhibits a periodic characteristic, with a period equal
to a period of a semi-periodic impulse response of recursive encoding blocks of the Turbo code;
and using the identified non-punctured bit patterns Wl.liCh exhibit a periodic characteristic to
identify puncturing patterns with degraded performance (col. 31, lines 17-22).

As to claims 25, 30 and 43, Yun (figs. 4-5) discloses a communications system for
avoiding problematic Turbo code puncturing patterns, the system comprising a plurality of rate
matching stages for processing a plurality of individual parity bit streams (col. 3, lines 21-31);
means for adjusting the number of bits punctured in each stage of rate matching (col. 13, lines
28-37); and means for adjusting the number of bits punctured in each of the plurality of parity bit

streams by increasing the number of bits punctured in one of the parity bit streams and
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decreasing the number of bits punctured in another one of the parity bit streams, and biasing the
puncturing rate of a problematic puncturing pattern (col. 5, lines 30-40; col. 12, lines 14-37).

As to claims 26, 31, 36 the claims have substantially the limitations of claim 1; therefore,
they are analyzed as previously discussed in claim 1 above.

As to claims 38-39, Yun (figs. 4-5) discloses a system further comprising means for using
Turbo code to implement tﬁe errof correction coded transmissions (col. 2, lines 36-43); the
system further comprising means for identifying when a non-puncfured bit pattern of the
transmissions exhibits a periodic characteristic, with a period equal to a period of a semi-periodic
impulse response of recursive encoding blocks of the Turbo code; and means for using the
identified non-punctured bit patterns which - exhibit a periodic characteristic to identify
puncturing patterns with degraded performance (col. 31, lines 17-22).

As to claims 35, Yun (figs. 4-5) discloses a communications system for identifying
degradations in quality of punctured error correction coded transmissions, the system comprising
means for identifying a puncturing pattern which approximates a particular code rate (col. 3,
lines 22-31); and means for adjusting a value for anticipated degradation in accordance with the
matching of the ‘puncturing pattern and the particular code rate increasing and decreasing the
number of bits puhctured in respective parity bit streams, and biasing the puncturing rate of
problematic puncturing pattern (col. 5, lines 30-40; col. 12, lines 14-37).

As to claim 40, the claim has substantially the limitations of claims 25 and 30; therefore,
it is analyzed as previously discussed in claims 25 and 30 above.

As to claims 41-42, Yun (figs. 4-5) discloses a system further comprising means for using

Turbo code to implement the error correction coded transmissions (col. 2, lines 36-43); the
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system further comprising means for identifying when a non-punctured bit pattern of the
transmissions exhibits a periodic characteristic, with a period equal to a period of a semi-periodic
impulse response of recursive encoding blocks of the Turbo code; and means for using the
identified non-punctured bit patterns which exhibit a periodic characteristic to identify
puncturing patterns with degraded performance (col. 31, lines 17-22).
Allowable Subject Matter

4. Claims 3, 8, 12, 27, 32, 37, 44 are objected to as being dependent upon a rejected base
claim, but would be allowable if rewritten in independeﬁt form including all of the limitations of
the base claim and any intervening claims.

Claims 4-5, 9-10, 13, 28-29, 33-34, 45-48 are allowed by virtue of dependency.

Conclusion

S. The prior art made of record and not relied upon is considered pertinent to applicant's
disclosure. See PTO-892

Any résponse to this action should be mailed to:
Commissioner of Patents and Trademarks, Washington, D.C. 20231

or faxed to: (703) 872-9306 for all formal communications.

Hand-delivered responses should be brought to Cryétal Park II, 2121 Crystal Drive,
Arlington, VA, Fourth Floor (Receptionist).
6. Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Fritz Alphonse, whose telephone number is (571) 272-3813. The

examiner can normally be reached on M-F, 8:30-6:00, Alt. Mondays off.
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If attempts to reach the examiner by telephone are unsuccessful, the examiner's
supervisor, Albert De Cady, can be reached at (571) 272-3819.
Any inquiry of a general nature or relating to the status of this application or proceeding
should be directed to the Group receptionist whose telephone number is t703) 305-3900.
Information regarding the status of an application may also be obtained from the Patent
Application Information Retrieval (PAIR) system. Status information for published applications
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished
_applications is available through Private PAIR only. For more information about the PAIR
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR

system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free).
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Art Unit 2133

SUPERVISORY-P NEF
TECHNOLOGY CENTER 2100

December 7, 2006
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Amendments to the Specification:

Please replace paragraph [0051] with the following amended paragraph:

[0051] In one embodiment, puncture biasing for parity bits P1 and P2 is
implemented for one stage rate matching. Figure 10 is a schematic block diagram
showing circuitry 600 for 3GPP rate matching for HSDPA, using a Turbo coded
HS-DSCH. The circuitry 600 implements a 3GPP rate-matching scheme for
HSDPA. The circuitry 600 includes a bit separation circuit 605, a first rate
matching stage 610, a virtual incremental redundancy (IR) buffer 615, a second rate
matching stage 620 and a bit collection circuit 625. The first rate matching stage
605 610 includes a Parity 1 (P1) bit rate matching circuit 630 and Parity 2 (P2) bit
rate matching circuit 635. The second rate matching stage 620 includes a
systematic bits bit rate matching circuit 640, a Parity 1 (P1) bit rate matching
circuit 645 for the second rate matching and a Parity 2 (P2) bit rate matching
circuit 650 for the second rate matching. In operation, the systematic bits, Parity 1
(P1) and Parity 2 (P2) bits are processed through the first rate matching stage 610,
virtual IR buffer 615, second rate matching stage 620 and bit collection circuit 625.
Note that the Parity 1 (P1) and Parity 2 (P2) bits are treated separately. The
systematic bits, Parity 1 (P1) and Parity 2 (P2) bits are combined at the bit
collection circuit 625 to provide a single data output Naata. Also note that if the
number of coded bits is less than or equal to the size of the virtual IR buffer 615, the
first stage-of rate matching stage 630 is transparent. The transparent first stage

case and Rel-4 rate matching are considered.

Please replace paragraph [0053] with the following amended paragraph:
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[0053] The rate matching algorithm perforfns puncturing if the overall code
rate is greater than 1/3 and repetition if the code rate is less than 1/3. Currently
code rates greater than 1/3 are accomplished by applying the same puncturing rate
to both P1 and P2 bits (to within one bit) but with different puncturing pattern
phases. In order to avoid non-puncturing periodicities that have been shown to
degrade the Turbo code performance, the puncturing rates for P1 and P2 be
independently biased. For example, if the number of P1 bits is decreased by A and
the number of P2 bits is increased by A, the overall code rate is unchanged but the
problematic non-puncturing periods can be avoided. Given this approach to
avoiding the problematic code rates, an analytical expression for the requisite bias,

has been derived.
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Amendments to the Claims:

This listing of claims will replace all prior versions, and listings, of claims in the
application:

Listing of Claims:

1. In a communications system employing a plurality of rate matching
stages for processing a plurality of individual parity bit streams derived through
puncturing a selected number of bits, a method of avoiding problematic Turbo code
puncturing patterns, the method comprising:

(a) determining whether or not a desired code rate, used to process the parity

bit streams, results in a problematic puncturing pattern; and

(b) ¢ if a problematic puncturing pattern results in step (a), adjusting the
number of bits punctured in each stage-ofrate-matehing of the parity bit streams by
increasing the number of bits punctured in one of the parity bit streams and

decreasing the number of bits punctured in another one of the parity bit streams :

2. The method of claim 1 wherein degradations in the quality of
punctured error correction coded transmissions having a first group of parity 1 (P1)
bits and a second group of parity 2 (P2) bits are identified, and step (b) further
comprises:

(b1) adding punctured bits to the first group of P1 bits; and

(b2) removing punctured bits from the second group of P2 bitsi—and—b3)

2 299 1 o-aveoird-oreblem CDUIRE o
5562V b &t b
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patterns-by—@ , wherein the puncturing rates of the P1 and P2 bits are biased by
adding a number of non-punctured P1 bits to the first group;and-Gi) and decreasing

the number of non-punctured P2 bits in the second group by the number of non-

punctured P1 bits added to the first group.

3. The method of claim 2 further comprising:

.| 41 1J
=|—+
(c) determining a number of bits N using LP 21 wherein I is the

number of bits at the input to each branch of rate matching and P is the total

number of the P1 and P2 bits at the output of rate matching; and

@ if (L TN 1 N IV calculate the bias
(P/2) 2 2|2
A =| max AI P L 1 , otherwise setA =0.
IN-1| 2 2 |7N+1
2 2
4. The method of claim 3, wherein non-puncturing patterns with a period

of 7N/2 cause degradation in performance results and N is a whole number.

5.  The method of claim 4 wherein the periods will be employed whenever

the average non-puncturing period of P1 or P2 bits is within +1 or +% of 7N/2. for

even and odd N respectively.
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6. In a communications system employing a plurality of rate matching
stages for processing a plurality of individual parity bit streams derived through
puncturing a selected number of bits, a method of avoiding problematic Turbo code

puncturing patterns, the method comprising:

(a) adjusting the number of bits punctured in each stage-efrate-matehing of
the parity bit streams by increasing the number of bits punctured in one of the
parity bit streams and decreasing the number of bits punctured in another one of

the parity bit streams; and

(b) adjusting the puncturing rates of each of the individual parity bit
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streams while maintaining a constant overall effective coding rate by biasing the

puncturing rates.

7. The method of claim 6 wherein degradations in the quality of
punctured error correction coded transmissions having a first group of parity 1 (P1)
bits and a second group of parity 2 (P2) bits are identified, and step &) (a) further
comprises:

(al) 1) adding punctured bits to the first group of P1 bits; and

(a2) b2) removing punctured bits from the second group of P2 bits; and step
(b) further comprises:

(bl) b3} biasing the puncturing rates of the P1 and P2 bits te-aveid
preblematie-puneturing-patteras-by(d by adding a number of non-punctured P1 bits

to the first group;-and-i) and decreasing the number of non-punctured P2 bits in

the second group by the number of non-punctured P1 bits added to the first group.

8. The method of claim 7 further comprising:

. | 4l 1}
(c) determining a number of bits N using [7P 2] wherein I is the
number of bits at the input to each branch of rate matching and P is the total

number of the P1 and P2 bits at the output of rate matching; and

@ s --7-2{‘-’- < 1-%{%’-} calculate the bias
L p P ! , otherwise setA=0.

A=|maxy————-= , ==
IN-1| 2 2 |78 +1
2 2
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9. The method of claim 8, wherein non-puncturing patterns with a period

of 7N/ 2 cause degradation in performance results and N is a whole number.

10.  The method of claim 9 wherein the periods will be employed whenever

the average non-puncturing period of P1 or P2 bits is within +1 or +% of 7N / 2 for

even and odd N respectively.

11. A method of identifying degradations in quality of punctured error
correction coded transmissions, the method comprising:

(a) identifying a puncturing pattern which approximates a particular code
rate; and

(b) adjusting a value for anticipated degradation in accordance with the

matching of the puncturing pattern and the particular code rate by increasing and

decreasing the number of bits punctured in respective parity bit streams, and
biasing the particular code rate.

12.  The method of claim 11 wherein degradations in the quality of
punctured error correction coded transmissions having a first group of parity 1 (P1)
bits and a second group of parity 2 (P2) bits are identified, and step (b) further
comprises:

(b1) adding punctured bits to the first group of P1 bits;

(b2) removing punctured bits from the second group of P2 bits; and

(b3) biasing the punetured puncturing rates of the P1 and P2 bits to avoid
problematic puncturing patterns by:

(i) adding a number of non-punctured P1 bits to the first group; and

-8-
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(i1) decreasing the number of non-punctured P2 bits in the second

group by the number of non-punctured P1 bits added to the first group.

13.  The method of claim 12 further comprising:
. L41 1J
f R = | —— e —
(c) determining a number of bits N using 7P 2] wherein I is the

number of bits at the input to each branch of rate matching and P is the total

number of the P1 and P2 bits at the output of rate matching; and

d) I N <1—-1\—J-+ N , calculate the bias
(P12) 2 2 2
A=lmad L P P 1 , otherwise setA=0.
TN -1 2 2 TN +1
2 2

14. The method of claim 11 further comprising:

(c) using Turbo code to implement the error correction coded transmissions.

15. The method of claim 14 further comprising:

(d) identifying when a non-punctured bit pattern of the transmissions
exhibits a periodic characteristic, with a period equal to a period of a semi-periodic

impulse response of recursive encoding blocks of the Turbo code; and
(e) using the identified non-punctured bit patterns which exhibit a

periodic characteristic to identify puncturing patterns with degraded performance.

9.
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16. A method of identifying degradations in the quality of punctured error
correction coded transmissions having a first group of parity 1 (P1) bits and a
second group of parity 2 (P2) bits, the method comprising:

(a) adding punctured bits to the first group of P1 bits;

(b) removing punctured bits from the second group of P2 bits; and

(c) biasing the punetured puncturing rates of the P1 and P2 bits to avoid
problematic puncturing patterns by:

(i) adding a number of non-punctured P1 bits to the first group; and
(i1) decreasing the number of non-punctured P2 bits in the second

group by the number of non-punctured P1 bits added to the first group.

17.  The method of claim 16 further comprising:

(d) using Turbo code to implement the error correction coded transmissions.

18. The method of claim 17 further comprising:

(e) identifying when a non-punctured bit pattern of the transmissions
exhibits a periodic characteristic, with a period equal to a period of a semi-periodic
impulse response of recursive encoding blocks of the Turbo code; and

(f) using the identified non-punctured bit patterns which exhibit a

periodic characteristic to identify puncturing patterns with degraded performance.

19. A method for reducing degradations in quality of punctured error
corrected code transmissions, the method comprising:

(a) identifying a puncturing pattern which approximates a particular code

rate; and

(b) adjusting the parameters of the transmissions sufficiently to cause a

-10-
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mismatch in the puncturing pattern and the particular code rate by increasing and

decreasing the number of bits punctured in respective parity bit streams, and
biaging the particular code rate.

20. The method of claim 19 further comprising:

(c) determining a capacity of a wireless transmit and receive unit
(WTRU), including buffer sizes that are supported by the WTRU;
(d) using puncturing to remove sufficient bits to fit into the buffer; and
(e) adjusting an overall code rate so as to provide sufficient error
correction capability, thereby providing a first rate in a first stage of puncturing and

providing a second rate in a second stage of puncturing.

21.  The method of claim 20, further comprising: ’

(f) increasing non-punctured bits in one of the first stage and second stage of
puncturing, and decreasing non-punctured bits in another of the first stage and
second stage of puncturing, thereby adding additional puncturing to one stage and

removing it from the other stage.

22.  The method of claim 20 further comprising:

(0 increasing non-punctured bits in the first stage and decreasing
non-punctured bits in the second stage.

23. The method of claim 20 further comprising:

(f) decreasing non-punctured bits in the first stage and increasing

non-punctured bits in the second stage.

-11-
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24,  The method of claim 20 further comprising:
(f) interleaving parity bits before rate matching occurs; and
(g) subsequently de-interleaving the parity bits, thereby avoiding a need
to periodically sample the parity bits when performing periodic sampling in rate

matching, thereby mitigating the effect of the periodicity of the puncturing pattern.

25. A communications system for avoiding problematic Turbo code

puncturing patterns, the system comprising:

(a) a plurality of rate matching stages for processing a plurality of individual

parity bit streams;

(b) means for adjusting the number of bits punctured in each stage of rate
matching; and
(c) means for adjusting the number of bits punctured in each of the plurality

of parity bit streams by increasing the number of bits punctured in one of the parity

bit streams and decreasing the number of bits punctured in another one of the

parity bit streams, and biasing the puncturing rate of a problematic puncturing

26. The system of claim 25 wherein degradations in the quality of
punctured error correction coded transmissions having a first group of parity 1 (P1)
bits and a second group of parity 2 (P2) bits are identified, the means () for
adjusting the number of bits punctured in each of the plurality of parity bit streams
further comprising:

(c1) means for adding punctured bits to the first group of P1 bits;

(c2) means for removing punctured bits from the second group of P2 bits; and

-12-
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(c3) means for biasing the punetured puncturing rates of the P1 and P2 bits
to avoid problematic puncturing patterns, the biasing means including:
(1) means for adding a number of non-punctured P1 bits to the first
group; and
(ii) means for decreasing the number of non-punctured P2 bits in the

second group by the number of non-punctured P1 bits added to the first group.
27.  The system of claim 26 further comprising:

o | 41 1J
= | —— —
(d) means for determining a number of bits N using [713 2| wherein

I is the number of bits at the input to each branch of rate matching and P is the

total number of the P1 and P2 bits at the output of rate matching; and

(e) means for calculating the bias A - | max -

I N N |N
- —|<1-—+|—|; and
P12y 2 2 2
(f) ¢¢) means for setting biasA =0 if [__7Nl, _,.[Y.+ L
P12y 2 2 2

28.  The system of claim 27, wherein non-puncturing patterns with a period

of 7N / 2 cause degradation in performance results and N is a whole number.

13-
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29. The system of claim 28 wherein the periods will be employed whenever

the average non-puncturing period of P1 or P2 bits is within +1 or +% of 7N / 2 for

even and odd N respectively.

30. A communications system for avoiding problematic Turbo code
puncturing patterns, the system comprising:
(a) a plurality of rate matching stages for processing a plurality of individual

parity bit streams;
(b) means for adjusting the number of bits punctured bits in each stage-of

rate-matehing of the parity bit streams by increasing the number of bits punctured

in one of the parity bit streams and decreasing the number of bits punctured in

another one of the parity bit streams; and
(c) means for adjusting biasing the puncturing rates of each of the individual

parity bit streams while maintaining a constant overall effective

-14-
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coding rate.

31. The system of claim 30 wherein degradations in the quality of
punctured error correction coded transmissions having a first group of parity 1 (P1)

bits and a second group of parity 2 (P2) bits are identified, wherein the means ¢) for

adjusting the
eomprising: number of punctured bits comprises:
(bl) ¢eB means for adding punctured bits to the first group of P1 bits; and
(b2) ¢e2) means for removing punctured bits from the second group of P2 bits;
and the means for biasing the puncturing rates comprises:
(cl) e3> means for biasing the punetured puncturing rates of the P1 and P2
bits to avoid problematic puncturing patterns, the biasing means (e3> including:
(i) means for adding a number of non-punctured P1 bits to the first
group; and
(ii) means for decreasing the number of non-punctured P2 bits in the

second group by the number of non-punctured P1 bits added to the first group.

32.  The system of claim 31 further comprising:

N-—[ﬂﬁ

(d) means for determining a number of bits N using 7P ZJ wherein

I is the number of bits at the input to each branch of rate matching and P is the

total number of the P1 and P2 bits at the output of rate matching;

(e) means for calculating the bias g | maxd L P P__ I if
IN-1| 2 2 |7N+1
‘ 2 2
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I 7N| . N |N
——————|<1-—+|—|; and
(P12) 2 2 [ZJ
(f) ¢¢) means for setting biasA =0 if I __7Nfy __].Y.Jr..ly_
(P12) 2 2 |2

33. The system of claim 32, wherein non-puncturing patterns with a period

of 7N / 2 cause degradation in performance results and N is a whole number.

34. The system of claim 33 wherein the periods will be employed whenever

the average non-puncturing period of P1 or P2 bits is within +1 or +% of 7N / 2 for

even and odd N respectively.

35. A communications system for identifying degradations in quality of
punctured error correction coded transmissions, the system comprising:

(a) means for identifying a puncturing pattern which approximates a
particular code rate; and

(b) means for adjusting a value for anticipated degradation in accordance

with the matching of the puncturing pattern and the particular code rate by

increasing and decreasing the number of bits punctured in respective parity bit
streams, and biasing the puncturing rate of a problematic puncturing pattern.

36. The system of claim 35 wherein degradations in the quality of
punctured error correction coded transmissions having a first group of parity 1 (P1)
bits and a second group of parity 2 (P2) bits are identified, the means ) for
adjusting a value for anticipated degradation further comprising:

(b1) means for adding punctured bits to the first group of P1 bits;

(b2) means for removing punctured bits from the second group of P2 bits;
-16-
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and .
(b3) means for biasing the punetured puncturing rates of the P1 and P2 bits

to avoid
problematic puncturing patterns, the biasing means &3) including:

(i) means for adding a number of non-punctured P1 bits to the first

group; and

(ii) means for decreasing the number of non-punctured P2 bits in the

second group by the number of non-punctured P1 bits added to the first group.
37.  The system of claim 36 further comprising:

« |41 1J
=| —+4—
(c) means for determining a number of bits N using [7}) 2] wherein
I is the number of bits at the input to each branch of rate matching and P is the

total number of the P1 and P2 bits at the output of rate matching;

1

@

! if

TN +1
2

(d) means for calculating the bias A —| nax PP
2 2

A

1 N

(e) means for setting biasA =0 if -
P12y 2

ST )
2 |2

38.  The system of claim 35 further comprising:

-17-
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(c) means for using Turbo code to implement the error correction coded

transmissions.

39.  The system of claim 38 further comprising:
(d) means for identifying when a non-punctured bit pattern of the
transmissions exhibits a periodic characteristic, with a period equal to a period of a

semi-periodic impulse response of recursive encoding blocks of the Turbo code; and

(e) means for using the identified non-punctured bit patterns which
exhibit a periodic characteristic to identify puncturing patterns with degraded

performance.

40. A communications system for identifying degradations in the quality of
punctured error correction coded transmissions having a first group of parity 1 (P1)
bits and a second group of parity 2 (P2) bits, the system comprising:

(a) means for adding punctured bits to the first group of P1 bits;

(b) means for removing punctured bits from the second group of P2 bits;
and

(c) means for biasing the punetured puncturing rates of the P1 and P2 bits to
avoid
problematic puncturing patterns, the biasing means ) including:

(i) means for adding a number of non-punctured P1 bits to the first
group; and
(ii) means for decreasing the number of non-punctured P2 bits in the

second group by the number of non-punctured P1 bits added to the first group.

41.  The system of claim 40 further comprising:

18-
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(d) means for using Turbo code to implement the error correction coded

transmissions.

42.  The system of claim 41 further comprising:

(e) means for identifying when a non-punctured bit pattern of the
transmissions exhibits a periodic characteristic, with a period equal to a period of a
semi-periodic impulse response of recursive encoding blocks of the Turbo code; and

() means for using the identified non-punctured bit patterns which
exhibit a periodic characteristic to identify puncturing patterns with degraded

performance.

43. A communications system for reducing degradations in quality of
punctured error corrected code transmissions, the system comprising:

(a) means for identifying a puncturing pattern which approximates a
particular code rate; and

(b) means for adjusting the parameters of the transmissions sufficiently to
cause a mismatch in the puncturing pattern and the particular code rate by

increasing and decreasing the number of bits punctured in respective parity bit

streams, and biasing the particular code rate.

44. The system of claim 43 further comprising:

(c) means for determining a capacity of a wireless transmit and receive
unit (WTRU), including buffer sizes that are supported by the WTRU;

(d) means for using puncturing to remove sufficient bits to fit into the

buffer; and

(e) means for adjusting an overall code rate so as to provide sufficient
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error correction capability, thereby providing a first rate in a first stage of

puncturing and providing a second rate in a second stage of puncturing.

45.  The system of claim 44, further comprising:

(f) means for increasing non-punctured bits in one of the first stage and
second stage of puncturing, and decreasing non-punctured bits in another of the
first stage and second stage of puncturing, thereby adding additional puncturing to

one stage and removing it from the other stage.
46. The system of claim 44 further comprising:
(f) means for increasing non-punctured bits in the first stage and decreasing

non-punctured bits in the second stage.

47.  The system of claim 44 further comprising:

-20-
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(f) means for decreasing non-punctured bits in the first stage and increasing

non-punctured bits in the second stage.

48.  The system of claim 44 further comprising:

(f) means for interleaving parity bits before rate matching occurs; and

(g) means for subsequently de-interleaving the parity bits, thereby
avoiding a need to periodically sample the parity bits when performing periodic
sampling in rate matching, thereby mitigating the effect of the periodicity of the

puncturing pattern.

21-
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REMARKS

After the foregoing Amendment, claims 1-48 are currently pending in this
application. The specification and claims have been amended in the same manner
as in the Reply to a Written Opinion for the corresponding PCT application
(PCT/US03/38223), after which a favorable International Preliminary Report on
Patentability was issued on December 16, 2002. A copy of the International
Preliminary Report on Patentability, which indicates that claims 1-48 meet the
criteria set out in PCT Article 33(2)-(3) with regard to novelty, inventive step and
industrial applicability is submitted herewith. The Applicants submit that no new
matter has been introduced into the application by the amendments.

The Applicants respectfully submit that the presently claimed invention is
patentable over the prior art. Prompt consideration and allowance of the pending

claims is respectfully requested.

Respectfully submitted,

Pietraski et al.

By /Q«’/fté Z/M

Scott Wolinsky J
Registration No. 46,413
(215) 568-6400

Volpe and Koenig, P.C.
United Plaza, Suite 1600
30 South 17tk Street
Philadelphia, PA 19103

SW/dmm
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What is claimed is:

1. In a communications system employing a plurality of rate matching
stages for processing a plurality of individual parity bit streams derived through
puncturing a selected number of bits, a method of avoiding problematic Turbo
code puncturing patterns, the method compriéing:

(a) determining whether or not a desired code rate, used to process the
parity bit streams, results in a problematic puncturing pattern; and

(b) if a problematic puncturing pattern results in step (a), adjusting the
number of bits punctured in each of the parity bit streams by increasing the
number of bits punctured in one of the parity bit streams and decreasing the

number of bits punctured in another one of the parity bit streams.

2. The method of claim 1 wherein degradations in the quality of
- punctured error correction coded transmissions having a first group of parity 1
(P1) bits and a second group of parity 2 (P2) bits are identified, and step (b)
further comprises:

(b1) adding punctured bits to the first group of P1 bits; and

(b2) removing punctured bits from the second group of P2 bits, wherein the
puncturing rates of the P1 and P2 bits are biased by adding a number of non-
punctured P1 bits to the first group and decreasing the number of non-punctured
P2 bits in the second group by the number of non-punctured P1 bits added to the
first group.

3. The method of claim 2 further comprising:
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. |41 1 J
— + .
(c) determining a number of bits N using |~7P 2] wherein I is the

number of bits at the input to each branch of rate matching and P is the total
number of the P1 and P2 bits at the output of rate matching; and
N

<1 Y + [%J , calculate the bias

I N

(d) if 7D 2

. £ P I , otherwise setA=0.
2

4, The method of claim 3, wherein non-puncturing patterns with a
period of 7]\7/2 cause degradation in performance results and N is a whole

number.

5. The method of claim 4 wherein the periods will be employed whenever

the average non-puncturing period of P1 or P2 bits is within +1 or +% of 7N / 2 for

even and odd N respectively.

6. In a communications system employing a plurality of rate matching
stages for processing a plurality of individual parity bit streams derived through
puncturing a selected number of bits, a method of avoiding problematic Turbo
code puncturing patterns, the method comprising:

(a) adjusting the number of bits punctured in each of the parity bit streams
by increasing the number of bits punctured in one of the parity bit streams and
decreasing the number of bits punctured in another one of the parity bit streams;
and

(b) adjusting the puncturing rates of each of the parity bit streams

-40-

IPR2023-01272 Page 250



1-2-0526.1WO

while maintaining a constant overall effective coding rate by biasing the

puncturing rates.

7. The method of claim 6 wherein degradations in the quality of
punctured error correction coded transmissions having a first group of parity 1
(P1) bits and a second group of parity 2 (P2) bits are identified, step (a) further
comprises:

(al) adding punctured bits to the first group of P1 bits; and

(a2) removing punctured bits from the second group of P2 bits; and step (b)
further comprises:

(b1) biasing the puncturing rates of the P1 and P2 bits by adding a number
of non-punctured P1 bits to the first group and decreasing the number of non-
punctured P2 bits in the second group by the number of non-punctured P1 bits
added to the first group.

8. The method of claim 7 further comprising:

~ | 41 1J
— + p—
(c) determining a number of bits N using 'jP 2] wherein I is the

number of bits at the input to each branch of rate matching and P is the total

number of the P1 and P2 bits at the output of rate matching; and

(d) if L __N <1__]Y_+ N , calculate the bias
rr2) 2 2 2
A =| max AT O R | , otherwise setA=0.
2
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9. The method of claim 8, wherein non-puncturing patterns with a
period of 71\7/2 cause degradation in performance results and N is a whole

number.

10. The method of claim 9 wherein the periods will be employed

whenever the average non-puncturing period of P1 or P2 bits is within +1 or +'%

of 7]\7/ 2 for even and odd N respectively.

11. A method of identifying degradations in quality of punctured error
correction coded transmissions, the method comprising:

(a) identifying a puncturing pattern which approximates a particular code
rate; and

(b) adjusting a value for anticipated degradation in accordance with the
matching of the puncturing pattern and the particular code rate by increasing
and decreasing the number of bits punctured in respective parity bit streams,

and biasing the particular code rate.

12. The method of claim 11 wherein degradations in the quality of
punctured error correction coded transmissions having a first group of parity 1
(P1) bits and a second group of parity 2 (P2) bits are identified, and step (b)
further comprises:

(b1) adding punctured bits to the first group of P1 bits;

(b2) removing punctured bits from the second group of P2 bits; and

(b3) biasing the puncturing rates of the P1 and P2 bits to avoid
problematic puncturing patterns by:

(i) adding a number of non-punctured P1 bits to the first group; and
(ii) decreasing the number of non-punctured P2 bits in the second

group by the number of non-punctured P1 bits added to the first group.

13. The method of claim 12 further comprising:

-42-

IPR2023-01272 Page 252



1-2-0526.1WO

|41 1J
—_— + —
(c) determining a number of bits N using [71) 2] wherein I is the

number of bits at the input to each branch of rate matching and P is the total

number of the P1 and P2 bits at the output of rate matching; and

(d) if L 7N <1___]Y_+ N , calculate the bias
(P12) 2 2 2
Aslmad— L 2 P___ 1 , otherwise setA=0.
2 2

14. The method of claim 11 further comprising:
(¢) using Turbo code to implement the error correction coded

transmissions.

15. The method of claim 14 further comprising;:

(d) identifying when a non-punctured bit pattern of the transmissions
exhibits a periodic characteristic, with a period equal to a period of a
semi-periodic impulse response of recursive encoding blocks of the Turbo code;
and

(e) using the identified non-punctured bit patterns which exhibit a
periodic characteristic to identify puncturing patterns with degraded

performance.

16. A method of identifying degradations in the quality of punctured
error correction coded transmissions having a first group of parity 1 (P1) bits and
a second group of parity 2 (P2) bits, the method comprising:

(a) adding punctured bits to the first group of P1 bits;
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(b) removing punctured bits from the second group of P2 bits; and
(c) biasing the puncturing rates of the P1 and P2 bits to avoid problematic
puncturing patterns by:
(i) adding a number of non-punctured P1 bits to the first group; and
(i1) decreasing the number of non-punctured P2 bits in the second

group by the number of non-punctured P1 bits added to the first group.

17.  The method of claim 16 further comprising:
(d) using Turbo code to implement the error correction coded

transmissions.

18. The method of claim 17 further comprising:

(e) identifying when a non-punctured bit pattern of the transmissions
exhibits a periodic characteristic, with a period equal to a period of a
semi-periodic impulse response of recursive encoding blocks of the Turbo code;
and ‘

(f) using the identified non-punctured bit patterns which exhibit a
periodic characteristic to identify puncturing patterns with Adegraded

performance.

19. A method for reducing degradations in quality of punctured error
corrected code transmissions, the method comprising:

(a) identifying a puncturing pattern which approximates a particular code
rate; and

(b) adjusting the parameters of the transmissions sufficiently to cause a
mismatch in the puncturing pattern and the particular code rate by increasing
and decreasing the number of bits punctured in respective parity bit streams,

and biasing the particular code rate.

20. The method of claim 19 further comprising:
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(c) determining a capacity of a wireless transmit and receive unit
(WTRU), including buffer sizes that are supported by the WTRU;

(d) using puncturing to remove sufficient bits to fit into the buffer; and

(e) adjusting an overall code rate so as to provide sufficient error
correction capability, thereby providing a first rate in a first stage of puncturing

and providing a second rate in a second stage of puncturing.

21.  The method of claim 20, further comprising:

(f) increasing non-punctured bits in one of the first stage and second stage
of puncturing, and decreasing non-punctured bits in another of the first stage and
second stage of puncturing, thereby adding additional puncturing to one stage

and removing it from the other stage.

22. The method of claim 20 further comprising:
() increasing non-punctured bits in the first stage and decreasing

non-punctured bits in the second stage.

23.  The method of claim 20 further comprising:
(f) decreasing non-punctured bits in the first stage and increasing

non-punctured bits in the second stage.

24. The method of claim 20 further comprising:

(f) interleaving parity bits before rate matching occurs; and

(g) subsequently de-interleaving the parity bits, thereby avoiding a need
to periodically sample the parity bits when performing periodic sampling in rate
matching, thereby mitigating the effect of the periodicity of the puncturing

pattern.

25. A communications system for avoiding problematic Turbo code

puncturing patterns, the system comprising:
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(a) a plurality of rate matching stages for processing a plurality of
individual parity bit streams;

(b) means for adjusting the number of bits punctured in each stage of rate
matching; and

(c) means for adjusting the number of bits punctured in each of the
plurality of parity bit streams by increasing the number of bits punctured in one
of the parity bit streams and decreasing the number of bits punctured in another
one of the parity bit streams, and biasing the puncturing rate of a problematic

puncturing pattern.

26. The system of claim 25 wherein degradations in the quality of
punctured error correction coded transmissions having a first group of parity 1
(P1) bits and a second group of parity 2 (P2) bits are identified, the means for
adjusting the number of bits punctured in each of the plurality of parity bit
streams further comprising:

(c1) means for adding punctured bits to the first group of P1 bits;

(c2) means for removing punctured bits from the second group of P2 bits;
and

(c3) means for biasing the puncturing rates of the P1 and P2 bits to avoid
problematic puncturing patterns, the biasing means including:

(i) means for adding a number of non-punctured P1 bits to the first
group; and
(ii) means for decreasing the number of non-punctured P2 bits in the

second group by the number of non-punctured P1 bits added to the first group.

27. The system of claim 26 further comprising:

=201
P 2

(d) means for determining a number of bits N using J wherein
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I is the number of bits at the input to each branch of rate matching and P is the

total number of the P1 and P2 bits at the output of rate matching;

(e) means for calculating the bias A -|max P P I liif

IN-1] 272 [7N+1
2 2

——{———7—]\2 <1——]\z+ AA[— ; and
(P12) 2 2 2/
() means for setting biasA =0 if L 21~—]Y-+ -]—V—
(P/2) 2 2 |2

28.  The system of claim 27, wherein non-puncturing patterns with a
period of 71\7/2 cause degradation in performance results and N is a whole

number,

29. The system of claim 28 wherein the periods will be employed

whenever the average non-puncturing period of P1 or P2 bits is within x1 or +'2

of 7N/2 for even and odd N respectively.

30. A communications system for avoiding problematic Turbo code
puncturing patterns, the system comprising:

(a) a plurality of rate matching stages for processing a plurality of
individual parity bit streams;

(b) means for adjusting the number of punctured bits in each of the parity
bit streams by increasing the number of bits punctured in one of the parity bit
streams and decreasing the number of bits punctured in another one of the parity
bit streams; and

(c) means for biasing the puncturing rates of each of the individual parity

bit streams while maintaining a constant overall effective
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coding rate.

31. The system of claim 30 wherein degradations in the quality of
punctured error correction coded transmissions having a first group of parity 1
(P1) bits and a second group of parity 2 (P2) bits are identified, wherein the
means for adjusting the number of punctured bits comprises:

(b1) means for adding punctured bits to the first group of P1 bits; and

(b2) means for removing punctured bits from the second group of P2 bits;
and the means for biasing the puncturing rates comprises:

(c1) means for biasing the puncturing rates of the P1 and P2 bits to avoid
problematic puncturing patterns, the biasing means including:

(i) means for adding a number of non-punctured P1 bits to the first
group; and
(ii) means for decreasing the number of non-punctured P2 bits in the

second group by the number of non-punctured P1 bits added to the first group.

32, The system of claim 31 further comprising:

gl
(d) means for determining a number of bits N using TP 2] wherein

I is the number of bits at the input to each branch of rate matching and P is the

total number of the P1 and P2 bits at the output of rate matching;
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I N

(f) means for setting biasA =0 if
(P12) 2

N |N
2l——+|—|.
33.  The system of claim 32, wherein non-puncturing patterns with a

period of 71\7/2 cause degradation in performance results and N is a whole

number.

34. The system of claim 33 wherein the periods will be employed

whenever the average non-puncturing period of P1 or P2 bits is within +1 or %4

of 7N/2 for even and odd N respectively.

35. A communications system for identifying degradations in quality of
punctured error correction coded transmissions, the system comprising;:

(a) means for identifying a puncturing pattern which approximates a
particular code rate; and

(b) means for adjusting a value for anticipated degradation in accordance
with the matching of the puncturing pattern and the particular code rate by
increasing and decreasing the number of bits punctured in respective parity bit

streams, and biasing the puncturing rate of a problematic puncturing pattern.

36. The system of claim 35 wherein degradations in the quality of
punctured error correction coded transmissions having a first group of parity 1
(P1) bits and a second group of parity 2 (P2) bits are identified, the means for
adjusting a value for anticipated degradation further comprising:

(b1) means for adding punctured bits to the first group of P1 bits;

(b2) means for removing punctured bits from the second group of P2 bits;
and

(b3) means for biasing the puncturing rates of the P1 and P2 bits to avoid

problematic puncturing patterns, the biasing means including:
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(i) means for adding a number of non-punctured P1 bits to the first
group; and
(ii) means for decreasing the number of non-punctured P2 bits in the

second group by the number of non-punctured P1 bits added to the first group.
37. The system of claim 36 further comprising:

o |4 1 J
=|—4—
(¢) means for determining a number of bits N using [71) 2] wherein
I is the number of bits at the input to each branch of rate matching and P is the

total number of the P1 and P2 bits at the output of rate matching;

(d) means for calculating the bias 5 - | paxd — 2 £
2

I 1IN

(P/12) 2

<1—--—]Y-+{—{V~J;and
2 |2

I 1IN

(e) means for setting biasA =0 if
(P12) 2

38. The system of claim 35 further comprising:
(c) means for using Turbo code to implement the error correction coded

transmissions.

39. The system of claim 38 further comprising:

(d) means for identifying when a non-punctured bit pattern of the
transmissions exhibits a periodic characteristic, with a period equal to a period of
a semi-periodic impulse response of recursive encoding blocks of the Turbo code;

and
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(e) means for using the identified non-punctured bit patterns which
exhibit a periodic characteristic to identify puncturing patterns with degraded

performance.

40. A communications system for identifying degradations in the quality
of punctured error correction coded transmissions having a first group of parity 1
(P1) bits and a second group of parity 2 (P2) bits, the system comprising:
(a) means for adding punctured bits to the first group of P1 bits;
(b) means for removing punctured bits from the second group of P2 bits;
and
(c) means for biasing the puncturing rates of the P1 and P2 bits to avoid
problematic puncturing patterns, the biasing means ¢} including:
(1) means for adding a number of non-punctured P1 bits to the first
group; and
(ii) means for decreasing the number of non-punctured P2 bits in the

second group by the number of non-punctured P1 bits added to the first group.

41. The system of claim 40 further comprising:
(d) means for using Turbo code to implement the error correction coded

transmissions.

42. The system of claim 41 further comprising:

(e) means for identifying when a non-punctured bit pattern of the
transmissions exhibits a periodic characteristic, with a period equal to a period of
a semi-periodic impulse response of recursive encoding blocks of the Turbo code;
and

(f) means for using the identified non-punctured bit patterns which
exhibit a periodic characteristic to identify puncturing patterns with degraded

performance.
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43. A communications system for reducing degradations in quality of
punctured error corrected code transmissions, the system comprising:

(a) means for identifying a puncturing pattern which approximates a
particular code rate; and

(b) means for adjusting the parameters of the transmissions sufficiently to
cause a mismatch in the puncturing pattern and the particular code rate by
increasing and decreasing the number of bits punctured in respective parity bit

streams, and biasing the particular code rate.

44, The system of claim 43 further comprising:

(c) means for determining a capacity of a wireless transmit and receive
unit (WTRU), including buffer sizes that are supported by the WTRU;

(d) means for using puncturing to remove sufficient bits to fit into the
buffer; and

(e) means for adjusting an overall code rate so as to provide sufficient
error correction capability, thereby providing a first rate in a first stage of

puncturing and providing a second rate in a second stage of puncturing.

45.  The system of claim 44, further comprising:

(f) means for increasing non-punctured bits in one of the first stage and
second stage of puncturing, and decreasing non-punctured bits in another of the
first stage and second stage of puncturing, thereby adding additional puncturing

to one stage and removing it from the other stage.
46. The system of claim 44 further comprising:
(f) means for increasing non-punctured bits in the first stage and

decreasing non-punctured bits in the second stage.

47.  The system of claim 44 further comprising:
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(f) means for decreasing non-punctured bits in the first stage and

increasing non-punctured bits in the second stage.

48. The system of claim 44 further comprising:

(f) means for interleaving parity bits before rate matching occurs; and

(g) means for subsequently de-interleaving the parity bits, thereby
avoiding a need to periodically sample the parity bits when performing periodic
sampling in rate matching, thereby mitigating the effect of the periodicity of the

puncturing pattern.
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Box No. V  Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial
applicability; citations and explanations supporting such statement

1. Statement
Novelty (N) Claims 1-48 YES
Claims NONE NO
Inventive Step (IS) Claims 1-48 YES
Claims NONE ) NO
Industrial Applicability (IA) Claims 1-48 YES
Claims NONE NO

2. Citations and Explanations (Rule 70.7)

Claims1-48 meet the criteria set out in PCT Article 33(2)-(3), because the prior art does not teach or fairly suggest adjusting the
number of bits punctured in each of the parity bit streams by increasing the number of bits punctured in one of the parity bit streams
and decreasing the number of bits punctured in another one of the parity bit streams (as in claims 1, 6, 10, 19, 25, 30, 35, 43) and
biasing puncturing rates of Pi and P2 bits to avoid puncturing patterns by adding a number of non-punctured bits to the first group
and decreasing the number of non-punctured P2 bits in the second group by the number of non-punctured P1 bits added to the first
group (as in claims 16 and 40).

Claims 1-48 the criteria set out in PCT Article 33(4), and thus have industrial applicability because the subject matter claimed can be
made or used in industry.

--------------- —~ NEW CITATIONS ---coemmeemmmmmeee
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Additionally, methods are described hereinafter for modifying the puncturing
patterns such that performance of degraded Turbo code is restored.
[0046] In accordance with the present invention, the methods disclosed
herein may be implemented in a wireless transmit/receive unit (WTRU) and/or a
base station. Hereinafter, a WTRU includes but is not limited to a UE, mobile
station, fixed or mobile subscriber unit, pager, or any other type of device capable
of operating in a wireless environment. When referred to hereafter, a base
station includes but is not limited to a base station, Node-B, site controller,
access point or other interfacing deice in a wireless environment.
[0047] Figure 8 graphically depicts the SNR required to successfully decode
-a data block (critical SNR) with high probability versus Code Rate when biasing
— of parity bits P1/P2 is applied. As shown in Figure 7, it has been found that
- particular codes created by puncturing the rate 1/3 3GPP Turbo code exhibit
’ poorer than expected performance, as can be seen from the peaks in the figure.
[0048] Figure 9 is a plot of the problematic regions with respect to an
ordered pair (r1,r2) which are the rates of puncturing the parity streams in the
first and second stages of rate matching, respectively. As can be seen, there are
particular regions where the rates of puncturing of the parity streams are such
that some combinations of rates are particularly problematic.
[0049] In one embodiment, puncture biasing for parity bits P1 and P2 is
implemented for one stage rate matching. Figure 10 is a schematic block
diagram showing circuitry 600 for 3GPP rate matching for HSDPA, using a
Turbo coded HS-DSCH. The circuitry 600 implements a 3GPP rate-matching

scheme for HSDPA. The circuitry 600 includes a bit separation circuit 605, a
first rate matching stage 610, a virtual incremental redundancy (IR) buffer 615, a
second rate matching stage 620 and a bit collection circuit 625. The first rate
matching stage 610 includes a Parity 1 (P1) bit rate matching circuit 630 and
Parity 2 (P2) bit rate matching circuit 635. The second rate matching stage 620
includes a systematic bit rate matching circuit 640, a Parity 1 (P1) bit rate
matching circuit 645 for the second rate matching and a Parity 2 (P2) bit rate

matching circuit 650 for the second rate matching. In operation, the systematic
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bits, Parity 1 (P1) and Parity 2 (P2) bits are processed through the first rate
matching stage 610, virtual IR buffer 615, second rate matching stage 620 and
bit collection circuit 625. Note that the Parity 1 (P1) and Parity 2 (P2) bits are
treated separately. The systematic bits, Parity 1 (P1) and Parity 2 (P2) bits are
combined at the bit collection circuit 625 to provide a single data output Naata.
Also note that if the number of coded bits is less than or equal to the size of the
virtual IR buffer 615, the first rate matching stage 630 is transparent. The
transparent first stage case and Rel-4 rate matching are considered.

{0050} In its actual implementation, it is anticipated that the different
circuit functions will be executed by a common circuit or circuits, such as
microprocessor circuitry, and in accordance with program instructions. The
specific circuit functions used to implement the invention would therefore be a
matter of choice of those configuring the circuitry within the rate matching
circuitry 600.

[0051] The rate matching algorithm performs puncturing if the overall code
rate is greater than 1/3 and repetition if the code rate is less than 1/3. Currently
code rates greater than 1/3 are accomplished by applying the same puncturing
rate to both P1 and P2 bits (to within one bit) but with different puncturing
pattern phases. In order to avoid non-puncturing periodicities that have been
shown to degrade the Turbo code performance, the puncturing rates for P1 and
P2 be independently biased. For example, if the number of P1 bits is decreased
by A and the number of P2 bits is increased by A, the overall code rate is
unchanged but the problematic non-puncturing periods can be avoided. Given
this approach to avoiding the problematic code rates, an analytical expression for
the requisite bias, has been derived.

[0052] A simple and efficient method of modifying the puncture patternsis
biasing the number of punctured bits in P1 and P2 by adding additional
puncturing to one and removing it from the other. The amount of the bias should
be no more than is needed to avoid certain periodicities. In biasing the

puncturing rates of P1 and P2 bits,' two constraints must be met.

-10-
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What is claimed is:

1. In a communications system employing a plurality of rate matching
stages for processing a plurality of individual parity bit streams derived through
puncturing a selected number of bits, a method of avoiding problematic Turbo
code puncturing patterns, the method comprising:

(a) determining whether or not a desired code rate, used to process the
parity bit streams, results in a problematié puncturing pattern; and

(b) if a problematic puncturing pattern results in step (a), adjusting the
number of bits punctured in each of the parity bit streams by increasing the
number of bits punctured in one of the parity bit streams and decreasing the

number of bits punctured in another one of the parity bit streams.

2. The method of claim 1 wherein degradations in the quality of
punctured error correction coded transmissions having a first group of parity 1
(P1) bits and a second group of parity 2 (P2) bits are identified, and step.(b)
further comprises:

(b1) adding punctured bits to the first group of P1 bits; and

(b2) removing punctured bits from the second group of P2 bits, wherein the
puncturing rates of the P1 and P2 bits are biased by adding a number of non-
punctured P1 bits to the first group and decreasing the number of non-punctured
P2 bits in the second group by the number of non-punctured P1 bits added to the
first group.

3. The method of claim 2 further comprising:
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(c) determining a number of bits N using ij 2} wherein I is the
number of bits at the input to each branch of rate matching and P is the total

number of the P1 and P2 bits at the output of rate matching; and

@ if L= IM NN calculate the bias
(P/2) 2 2 |2 :
A =1 max +_£ , ﬁ__f_ , otherwise setA=0.
TN -1 2 2 TN +1
2 2
4. The method of claim 3, wherein non-puncturing patterns with a

period of 7]0/2 cause degradation in performance results and N is a whole

number.

5. Themethod of claim 4 wherein the periods will be employed whenever

the average non-puncturing period of P1 or P2 bits is within +1 or +'4 of 719/ 2 for

even and odd N respectively.

6. In a communications system employing a plurality of rate matching
stages for processing a plurality of individual parity bit streams derived through
puncturing a selected number of bits, a method of avoiding problematic Turbo
code puncturing patterns, the method comprising:

(a) adjusting the number of bits punctured in each of the parity bit streams
by increasing the number of bits punctured in one of the parity bit streams and
decreasing the number of bits punctured in another one of the parity bit streams;
and

(b) adjusting the puncturing rates of each of the parity bit streams
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while maintaining a constant overall effective coding rate by biasing the

puncturing rates.

7. The method of claim 6 wherein degradations in the quality of
punctured error correction coded transmissions having a first group of parity 1
(P1) bits and a second group of parity 2 (P2) bits are identified, step (a) further
comprises:

(al) adding punctured bits to the first group of P1 bits; and

(a2) removing punctured bits from the second group of P2 bits; and step (b)
further comprises:

(b1) biasing the puncturing rates of the P1 and P2 bits by adding a number

of non-punctured P1 bits to the first group and decreasing the number of non-

punctured P2 bits in the second group by the number of non-punctured P1 bits
added to the first group.

8. The method of claim 7 further comprising:

A}%ﬂ,&

(c) determining a number of bits N using 7P ZJ wherein 7 is the

number of bits at the input to each branch of rate matching and P is the total

number of the P1 and P2 bits at the output of rate matching; and

L __IN < 1—£+|\%{' , calculate the bias

W - e ?

A = max ! p P ! , otherwise setA=0.

IN-1] 272 [7N+1
2 2
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9. The method of claim 8, wherein non-puncturing patterns with a
period of 71\7/ 2 cause degradation in performance results and N is a whole

number.

10. The method of claim 9 wherein the periods will be employed

whenever the average non-puncturing pericd of P1 or P2 bits is within +1 or +%4

of 7N/2 for even and odd N respectively.

11. A method of identifying degradations in quality of punctured error
correction coded transmissions, the method comprising:

(a) identifying a puncturing pattern which approximates a particular code
rate; and

(b) adjusting a value for anticipated degradation in accordance with the
matching of the puncturing pattern and the particular code rate by increasing
and decreasing the number of bits punctured in respective parity bit streams,

and biasing the particular code rate.

12. The method of claim 11 wherein degradations in the quality of
punctured error correction coded transmissions having a first group of parity 1
(P1) bits and a second group of parity 2 (P2) bits are identified, and step (b)
further comprises:

(b1) adding punctured bits to the first group of P1 bits;

(b2) removing punctured bits from the second group of P2 bits; and

(b3) biasing the puncturing rates of the P1 and P2 bits to avoid
problematic puncturing patterns by:

(i) adding a number of non-punctured P1 bits to the first group; and
(ii) decreasing the number of non-punctured P2 bits in the second

group by the number of non-punctured P1 bits added to the first group.

13. The method of claim 12 further comprising:
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(b) removing punctured bits from the second group of P2 bits; and
(c¢) biasing the puncturing rates of the P1 and P2 bits to é.void problematic
puncturing patterns by:
(i) adding a number of non-punctured P1 bits to the first group; and
(ii) decreasing the number of non-punctured P2 bits in the second

group by the number of non-punctured P1 bits added to the first group.

17. The method of claim 16 further comprising:
(d) using Turbo code to implement the error correction coded

transmissions.

18. The method of claim 17 further comprising:

(e) identifying when a non-punctured bit pattern of the transmissions
exhibits a periodic characteristic, with a period equal to a period of a
semi-periodic impulse response of recursive encoding blocks of the Turbo code;
and

(f) using the identified non-punctured bit patterns which exhibit a
periodic characteristic to identify puncturing patterns with degraded

performance.

19. A method for reducing degradations in quality of punctured error

corrected code transmissions, the method comprising:

(a) identifying a puncturing pattern which approximates a particular code
rate; and

(b) adjusting the parameters of the transmissions sufficiently to cause a
mismatch in the puncturing pattern and the particular code rate by increasing
and decreasing the number of bits punctured in respective parity bit streams,

and biasing the particular code rate.

20. The method of claim 19 further comprising:

-44-
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(a) a plurality of rate matching stages for processing a plurality of
individual parity bit streams;

(b) means for adjusting the number of bits punctured in each stage of rate
matching; and

(c) means for adjusting the number of bits punctured in each of the
plurality of parity bit streams by increasing the number of bits punctured in one
of the parity bit streams and decreasing the number of bits punctured in another
one of the parity bit streams, and biasing the puncturing rate of a probleniatic

puncturing pattern.

26. The system of claim 25 wherein degradations in the quality of
punctured error correction coded transmissions having a first group of parity 1
(P1) bits and a second group of parity 2 (P2) bits are identified, the means for
adjusting the number of bits punctured in each of the plurality of parity bit
streams further comprising:

(c1) means for adding punctured bits to the first group of P1 bits;

(c2) means for removing punctured bits from the second group of P2 bits;
and

(¢3) means for biasing the puncturing rates of the P1 and P2 bits to avoid
problematic puncturing patterns, the biasing means including:

(i) means for adding a number of non-punctured P1 bits to the first
group; and
(ii) means for decreasing the number of non-punctured P2 bits in the

second group by the number of non-punctured P1 bits added to the first group.

27. The system of claim 26 further comprising:

-~ |4r 1 J
={ —+—
(d) means for determining a number of bits N using LP 2] wherein
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I is the number of bits at the input to each branch of rate matching and P is the

[N

total number of the P1 and P2 bits at the output of rate matching;

(e) means for calculating the bias p _|max) L P P [ if
IN-1] 2 2 [7N+1
2 2

! —71\7 <1—ﬁ+ E ; and
P/2) 2 2 {27V

(f) means for setting biasA =0 if

I 7N N |N
AL PN DAY [0
(P12) 2 2

28. The system of claim 27, wherein non-puncturing patterns with a
period of 7N/2 cause degradation in performance results and N is a whole

number.

29. The system of claim 28 wherein the periods will be employed

whenever the average non-puncturing period of P1 or P2 bits is within %1 or +%

of 7A7/2 for even and odd N respectively.

30. A communications system for avoiding problematic Turbo code

puncturing patterns, the system comprising:

(a) a plurality of rate matching stages for processing a plurality of
individual parity bit streams;

(b) means for adjusting the number of punctured bits in each of the parity
bit streams by increasing the number of bits punctured in one of the parity bit
streams and decreasing the number of bits punctured in another one of the parity
bit streams; and

(c) means for biasing the puncturing rates of each of the individual parity

bit streams while maintaining a constant overall effective

—-_— —— =
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coding rate.

31. The system of claim 30 wherein degradations in the quality of
punctured error correction coded transmissions having a first group of parity 1
(P1) bits and a second group of parity 2 (P2) bits are identified, wherein the
means for adjusting the number of punctured bits comprises: '

(b1) means for adding puﬁctured bits to the first group of P1 bits; and

(b2) means for removing punctured bits from the second group of P2 bits;
and the means for biasing the puncturing rates comprises:

(c1) means for biasing the puncturing rates of the P1 and P2 bits to avoid
problematic puncturing patterns, the biasing means including:

(i) means for adding a number of non-punctured P1 bits to the first

)

group; and
(ii) means for decreasing the number of non-punctured P2 bits in the

second group by the number of non-punctured P1 bits added to the first group.

32. The system of claim 31 further comprising:

~ 1415 1 J
=} — 4+ —
(d) means for determining a number of bits N using [71) 2] wherein

I is the number of bits at the input to each branch of rate matching and P is the

total number of the P1 and P2 bits at the output of rate matching;

(e) means for calculating the bias 5 _| nax I __»¢
2

(P12) 2

L __IN <1—£+ N ; and
2 2
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(f) means for setting biasA =0 if

33. The system of claim 32, wherein non-puncturing patterns with a
period of 7N/2 cause degradation in performance results and N is a whole

number.

34. The system of claim 33 wherein the periods will be employed

whenever the average non-puncturing period of P1 or P2 bits is within +1 or +%

of 710/2 for even and odd N respectively.

35. A communications system for identifying degradations in quality of
- punctured error correction coded transmissions, the system comprising:
(a) means for identifying a puncturing pattern which approximates a
particular code rate; and
(b) means for adjusting a value for anticipated degradation in accordance
with the matching of the puncturing pattern and the particular code rate by
increasing and decreasing the number of bits punctured in respective parity bit

streams, and biasing the puncturing rate of a problematic puncturing pattern.

36. The system of claim 35 wherein degradations in the quality of

punctured error correction coded transmissions having a first group of parity 1

(P1) bits and a second group of parity 2 (P2) bits are identified, the means for
adjusting a value for anticipated degradation further comprising:

(b1) means for adding punctured bits to the first group of P1 bits;

(b2) means for removing punctured bits from the second group of P2 bits;
and _

(b3) means for biasing the puncturing rates of the P1 and P2 bits to avoid

problematic puncturing patterns, the biasing means including:
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43. A communications system for reducing degradations in quality of
punctured error corrected code transmissions, the system comprising:

(a) means for identifying a puncturing pattern which approximates a
particular code rate; and

(b) means for adjusting the parameters of the transmissions sufficiently to
cause a mismatch in the puncturing pattern and the particular code rate by
increasing and decreasing the number of bits punctured in respective parity bit

streams, and biasing the particular code rate.

44. The system of claim 43 further comprising:
(c) means for determining a capacity of a wireless transmit and receive

unit (WTRU), including buffer sizes that are supported by the WTRU;

(d) means for using puncturing to remove sufficient bits to fit into the
buffer; and

(e) means for adjusting an overall code rate so as to provide sufficient
error correction capability, thereby providing a first rate in a first stage of

puncturing and providing a second rate in a second stage of puncturing.

45. The system of claim 44, further comprising:
() means for increasing non-punctured bits in one of the first stage and
second stage of puncturing, and decreasing non-punctured bits in another of the

first stage and second stage of puncturing, thereby adding additional puncturing

to one stage and removing it from the other stage.
46. The system of claim 44 further comprising:
() means for increasing non-punctured bits in the first stage and

decreasing non-punctured bits in the second stage.

47. The system of claim 44 further comprising:
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Express Mail Label No. EV 320890803 US

[0001] DETECTION, AVOIDANCE AND/OR CORRECTION OF PROBLEMATIC

PUNCTURING PATTERNS IN PARITY BIT STREAMS USED
WHEN IMPLEMENTING TURBO CODES

[0002] CROSS REFERENCE TO RELATED APPLICATION(S)

[0003] This application claims priority from U.S. Provisional Patent Applications

Serial No. 60/434,232, filed December 16, 2002, Serial No. 60/444,068, filed on January

30, 2003, Serial No. 60/470,921, filed on May 15, 2003, and Serial No. 60/494,404

filed on August 11, 2003. -

[0004] FIELD OF THE INVENTION
[0005] This invention generally relates to the use of Turbo codes in general, and,
more particularly to a method for detecting and correcting performance degradation in

punctured Turbo codes using a Turbo encoder.

[0006] BACKGROUND

[0007] Wireless communication systems are well known in the art. Generally,
such systems comprise communication stations that transmit and receive wireless
communication signals between each other. Typically, base stations are provided
which are capable of conducting wireless concurrent communications with a plurality
of subscriber stations. In Code Division Multiple Access (CDMA) systems specified by
the Third Generation Partnership Project (3GPP), base stations are called Node Bs,
subscriber stations are called User Equipments (UE) and the wireless interface
between the Node Bs and UEs is known as the Uu interface. Figure 1 illustrates a
typical 3GPP CDMA system.

[0008] The Uu radio interface of a 3GPP communications system uses Transport
Channels (TrCH) for transfer of user data and signaling between UEs and Node Bs. In
3GPP Time Division Duplex (TDD) communications, TrCH data is conveyed by one or

more physical channels defined by mutually exclusive physical resources. TrCH data

-1-
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is transferred in sequential groups of Transport Blocks (TB) defined as Transport Block
Sets (TBS). Each TBS is transmitted in a given Transmission Time Interval (TTI)
which may span a plurality of consecutive system time frames. A typical system time
frame is 10 milliseconds and TTIs are currently specified as spanning 1, 2, 4 or 8 of
such time frames.

[0009] Figure 2 illustrates the processing of TrCHs in TTD mode into a Coded
Composite TrCH (CCTrCH) and then into one or more physical channel data streams
in accordance with 3GPP TS 25.222 v3.8.0. Starting with the TB of data, Cyclic
Redundancy Check (CRC) bits are attached and TB concatenation and code block
segmentation is performed. Convolution coding or turbo coding is then performed, but
in some instances no coding is specified. The steps after coding, include radio frame
equalization, a first interleaving, radio frame segmentation and rate matching. The
radio frame segmentation divides the data over the number of frames in the specified
TTI. The rate matching function operates by means of bit repetition or puncturing and
defines the number of bits for each processed TrCH which are thereafter multiplexed to
form a CCTrCH data stream.

[0010] The processing of the CCTrCH data stream includes bit scrambling,
physical channel segmentation, a second interleaving and mapping onto one or more
physical channels. The number of physical channels corresponds to the physical
channel segmentation. For uplink transmissions, UE to Node B, the maximum
number of physical channels for transmission of a CCTrCH is currently specified as
two. For downlink transmissions, Node B to UEs, the maximum number of physical
channels for transmission of a CCTrCH is currently specified as sixteen. Each physical
channel data stream is then spread with a channelization code and modulated for over
air transmission on an assigned frequency.

[0011] In the reception/decoding of the TrCH data, the processing is essentially
reversed by the receiving station. Accordingly, UE and Node B physical reception of
TrCHs require knowledge of TrCH processing parameters to reconstruct the TBS data.

For each TrCH, a Transport Format Set (TFS) is specified containing a predetermined

2-
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number of Transport Formats (TF). Each TF specifies a variety of dynamic
parameters, including TB and TBS sizes, and a variety of semi static parameters,
including TTI, coding type, coding rate, rate matching parameter and CRC length. The
predefined collection of TFSs for the TrCHs of a CCTrCH for a particular frame is
denoted as a Transport Format Combination (TFC).

[0012] Receiving station processing is facilitated by the transmission of a
Transport Format Combination Indicator (TFCI) for a CCTrCH. 3GPP optionally
provides for "blind transport format detection" by the receiving station, in which case
the receiving station considers the potential valid TFCIs. Where there is only one valid
TFCI, that TFCI is used in either case.

[0013] In 3GPP, time slot transmissions are made in predefined bursts where the
transmitted physical channel data is divided into a beginning time slot portion and an
ending time slot portion. A selected midamble is included between the two physical
channel data portions. The TFCI is currently specified as transmitted in two parts on
either side of the midamble and also between the two physical channel data portions.
Two examples from 3GPP TR 25.944 V3.5.0 are illustrated in Figures 3 and 4
respectively where the block labeled MA represents the midamble and the block
labeled T represents the parts of the TFCI. In Figure 4, the CCTrCH is mapped to two
physical channels, but only one physical channel includes the TFCI.

(0014] Figures 5A, 5B and 6 are diagrams of channel coding and multiplexing
examples in accordance with 3GPP Frequency Division Duplex (FDD) specifications.
[0015] The various encoding steps implemented in communication systems play a
key role in both performance and capacity of a wireless telecommunications systems.
In particular, the turbo coding of the data being processed for wireless transmission
plays a significant role for both TDD and FDD communications in a 3GPP system.
[0016] Turbo coding principles have found widespread applications in
information theory and, in part, have entered into mainstream telecommunication
theory and practice. These principles are used in error control, detection, interference

suppression, equalization, and other communications-related areas. Turbo codes are a

3.
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form of parallel, recursive systematic convolution codes, which can be used for channel
coding and decoding in order to detect and correct errors that may occur in the
transmission of digital data through different channels. Turbo codes are particularly
useful for data transfers in which, under certain conditions, the data transfer rate can
approach the theoretical limits of Shannon's Law. These favorable conditions generally
include large block size transfers, which are particularly useful in mobile
communications.

(0017] Figure 7 shows how particular codes created by puncturing exhibit poorer
than expected performance. As much as a 4dB loss can be measured in the critical
Signal-to-Noise Ratio (SNR) value.

[0018] Typically, high-rate Turbo codes are created by puncturing (i.e.,
eliminating) parity bits of a lower-rate code until the desired code rate is attained.
Particular codes created by puncturing exhibit poorer than expected performance due
to certain punctured bit patterns. Because the recursive encoding blocks in a Turbo
encoder have an infinite impulse response, information about each systematic bit is
distributed across many of the parity bits.

[0019] In any error control coding scheme that employs puncturing, the location
of the punctured bits will have an impact on performance. This is because puncturing
strings of successive bits can be viewed as burst errors by the decoder. All error control
mechanisms can only correct burst errors that are less than some threshold. Therefore,
it is important when designing the puncturing scheme that the burst error correcting
abilities of the code be considered. In the absence of specific knowledge of the error
control coding scheme, a good rule is to minimize the maximum string of punctured
bits. For high coding rates this corresponds to distributing the non-punctured bits
uniformly across the transmitted block. Puncturing schemes that uniformly distribute
the non-punctured bits can deleteriously interact with certain error control codes,
causing a degradation of decoder performance.

[0020] Because the recursive encoding blocks in the Turbo encoder have infinite

impulse response, information about each systematic bit is distributed across many of

4-
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the parity bits. The impact of certain periodic non-puncture patterns in the parity bits
can be qualitatively illustrated by considering how much information remains in the
surviving parity bits.

[0021] Regions where performance of the punctured Turbo code is degraded can
be determined by measuring how close the puncturing pattern is to being periodic with
period related to the period of the semi-periodic impulse response of the recursive
encoding blocks of the Turbo encoder.

[0022] For a 3GPP Turbo encoder, the constituent recursive encoders have an
impulse response that is periodic with a period of 7 symbols for positive time
(semi-periodic). This can readily be seen by interpretation of the encoder as an
M-sequence generator, i.e., if the shift register starts in the zero state and a one is
applied only at t = 0, then the encoder is exactly a Linear Feedback Shift Register
(LFSR) with an associated 3rd order primitive polynomial and initial state {1 0 0}, thus
a period 23-1 = 7 M-sequence is generated for positive time.

[0023] The encoder is a Linear Time Invariant (LTI) system on a binary field.
Therefore, the output of the encoder is a sum of shifted versions of the impulse
response of the encoder, each shifted impulse response corresponding to the locations of
the 1's in the TB. If we consider an input that is all 0's for t > T, then the output of the
constituent recursive encoding block will also be semi-periodic for t > T.

[0024] Certain non-puncturing periods may result in a loss of distributed
information about a small group of bits across the set of parity bits. For example, let
the TB consist of 7 bits followed by many zeros. Now consider the problem of trying to
determine the seven bits by observation of the output of one encoder after heavy
puncturing. Each observation is made at the output is a sum of a subset of the 7 bits,
the subset being determined by the non-puncture period and the impulse response of
the recursive encoding block. For most non-puncture patterns (those that have a
period relatively prime with the périod of the semi-periodic impulse response), sums
over 7 different subsets can eventually be observed. Therefore, a system of 7 equations

with 7 unknowns can be formed. Assuming they are linearly independent, the values
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of the 7 bits may be determined. However, consider the case where the non-puncture
period is simple (one surviving parity bit per period) and the same as the period of the
recursive encoding block, 7. Then every observation for t > 6 is the sum of the same
subset of the 7 bits and so no new information is obtained, i.e., a rank-1 system of
equations is formed and a unique solution does not exist. This is due to the periodic
nature of the signal. When the non-puncture period is relatively prime with the period
of the recursive encoding block, a series of observations of the parity bits will
eventually form a rank-7 system of equations. For our 7-bit group, this is sufficient to
uniquely determine the bits, i.e., information sufficient to determine the bits is
distributed across the surviving parity bits. When the periods are not relatively prime,
the rank of the system becomes L/K where L is the period of the recursive encoding
block and K is the Greatest Common Divider (GCD) of L and N where N is the period of
the non-puncture pattern.

[0025] In the above illustration, a long sequence of zeros after the small group of
bits was supposed for clarity sake. However, allowing additional groups of bits to
follow the first group does not add to the distributed information about earlier groups.
This can be seen from the causality of the system.

[0026] It is also possible that some distributed information is lost even for
non-simple periods, e.g., consider the case where the non-puncture pattern alternates
between a simple period of three and four. This results in a period 7 non-puncture
pattern but with two surviving parity bits per period. The same argument above leads
to a rank-2 system of seven equations which is still insufficient to uniquely determine
the group of bits, but does reduce the dimension of the space they may span. Clearly,
some information about the small group of bits is lost for some non-punctured patterns.
[0027] In order to obtain adequate performance, it is necessary to detect, avoid
and/or correct the problematic puncturing patterns in the parity bit streams without
having to avoid code rates. Typically, problematic interactions occur between the

Turbo coder output and puncturing in the rate matching stages.
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[0028] It would be desirable to have a method for creating high-rate Turbo codes

that avoids problematic interactions by modifying the puncturing patterns.

[0029] SUMMARY OF THE INVENTION

[0030] According to the present invention, degradations in quality of punctured
error correction coded transmissions are identified and the code transmissions are
modified accordingly. A puncturing pattern which approximates a particular code rate
is identified, and a value for anticipated degradation is adjusted in accordance with a
matching of the puncturing pattern and the particular code rate.

[0031] For both FDD and TDD, two stages of rate matching and two puncturing
operations are included, and this is done because of a certain technique called,
incremental redundancy, which allows for a wireless transmit/receive unit (WTRU) to
receive and soft combine multiple transmissions of the same TB from the base station.
If the transmission fails the first time, the signal is retransmitted with more data in an
attempt to obtain a successful communication the second time. In order to do that, two
different stages of puncturing are used because the WTRU has certain capabilities,
certain buffer sizes that it can support, and in order to be able to fit the
retransmissions that are combined into the buffer, there are two stages of puncturing.
The first stage of rate matching punctures enough bits such that the surviving bits fit
into a buffer, and the second stage of puncturing (or repetition) is to achieve the desired
overall code rate. When the two stages of rate matching are combined, a plot of
problematic regions of coding rate is a multidimensional plot. Thus, there are two
rates now involved, which are a rate in a first stage of puncturing and a rate in a
second stage of puncturing.

[0032] According to a first embodiment of the present invention, P1/P2
puncturing biasing for a single stage of rate matching is implemented using the
punctured error correction coded transmissions.

(0033] According to a second embodiment, two or more stages may be employed

at each stage of rate matching for detecting and correcting performance in punctured
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Turbo codes on a High Speed Downlink Shared Channel (HS-DSCH) in R5 High Speed
Downlink Packet Access (HSDPA).

[0034] BRIEF DESCRIPTION OF THE DRAWINGS

[0035] A more detailed understanding of the invention may be had from the
following description of a preferred embodiment, to be understood in conjunction with
the accompanying drawing wherein:

[0036] Figure 1is a schematic diagram of a typical CDMA system in accordance
with current 3GPP specifications;

[0037] Figure 2 is a processing diagram of TrCH data for a CCTrCH in
accordance with 3GPP TDD specifications;

[0038] Figures 3 and 4 are diagrams of channel coding and multiplexing
examples in accordance with 3GPP TDD specifications;

[0039] Figures 5A, 5B and 6 are diagrams of channel coding and multiplexing
examples in accordance with 3GPP FDD specifications;

[0040] Figure 7 shows typical results of particular codes being created by
puncturing, where as much as 4 dB loss can be measured in critical SNR value;
[0041] Figure 8 graphically depicts the SNR required to successfully decode a
data block (critical SNR) with high probability vs. Code Rate when P1/P2 biasing is
applied;

[0042] Figure 9 is a plot of the problematic regions with respect to an ordered

pair (r1,r2) which are the rates of puncturing the parity streams in the first and second

stages of rate matching, respectively;

[0043] Figure 10 is a schematic block diagram showing a circuit for 3GPP rate
matching for HSDPA, using a Turbo coded HS-DSCH; and
[0044] Figure 11 graphically depicts initial Block Error Rate (BLER) for HS-

DSCH transport blocks with certain effective coding rates.
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[0045] DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT(S)
[0046] In accordance with the present invention, several methods and
embodiments are disclosed for detecting, avoiding and/or correcting the problematic
puncturing patterns in the parity bit streams without having to avoid code rates.
[0047] The present invention is potentially applicable to layers 1 and 2in a FDD,
CDMA 2000 and TDD Universal Mobile Telecommunications System (UMTS) modes of
transmission as well as other modes of transmission. Additionally, methods are
described hereinafter for modifying the puncturing patterns such that performance of
degraded Turbo code is restored.

[0048] In accordance with the present invention, the methods disclosed herein
may be implemented in a wireless transmit/receive unit (WTRU) and/or a base station.
Hereinafter, a WTRU includes but is not limited to a UE, mobile station, fixed or
mobile subscriber unit, pager, or any other type of device capable of operating in a
wireless environment. When referred to hereafter, a base station includes but is not
limited to a base station, Node-B, site controller, access point or other interfacing deice
in a wireless environment.

[0049] Figure 8 graphically depicts the SNR required to successfully decode a
data block (critical SNR) with high probability versus Code Rate when biasing of parity
bits P1/P2 is applied. As shown in Figure 7, it has been found that particular codes
created by puncturing the rate 1/3 3GPP Turbo code exhibit poorer than expected
performance, as can be seen from the peaks in the figure.

[0050] Figure 9 is a plot of the problematic regions with respect to an ordered
pair (r1,r2) which are the rates of puncturing the parity streams in the first and second
stages of rate matching, respectively. As can be seen, there are particular regions
where the rates of puncturing of the parity streams are such that some combinations of
rates are particularly problematic.

[0051] In one embodiment, puncture biasing for parity bits P1 and P2 is
implemented for one stage rate matching. Figure 10 is a schematic block diagram

showing circuitry 600 for 3GPP rate matching for HSDPA, using a Turbo coded

9.
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HS-DSCH. The circuitry 600 implements a 3GPP rate-matching scheme for HSDPA.
The circuitry 600 includes a bit separation circuit 605, a first rate matching stage 610,
a virtual incremental redundancy (IR) buffer 615, a second rate matching stage 620
and a bit collection circuit 625. The first rate matching stage 605 includes a Parity 1
(P1) bit rate matching circuit 630 and Parity 2 (P2) bit rate matching circuit 635. The
second rate matching stage 620 includes a systematic bits rate matching circuit 640, a
Parity 1 (P1) bit matching circuit 645 for the second rate matching and a Parity 2 (P2)
bit matching circuit 650 for the second rate matching. In operation, the systematic
bits, Parity 1 (P1) and Parity 2 (P2) bits are processed through the first rate matching
stage 610, virtual IR buffer 615, second rate matching stage 620 and bit collection
circuit 625. Note that the Parity 1 (P1) and Parity 2 (P2) bits are treated separately.
The systematic bits, Parity 1 (P1) and Parity 2 (P2) bits are combined at the bit
collection circuit 625 to provide a single data output Ngata. Also note that if the number
of coded bits is less than or equal to the size of the virtual IR buffer 615, the first stage
of rate matching 630 is transparent. The transparent first stage case and Rel-4 rate
matching are considered.

[0052] In its actual implementation, it is anticipated that the different circuit
functions will be executed by a common circuit or circuits, such as microprocessor
circuitry, and in accordance with program instructions. The specific circuit functions
used to implement the invention would therefore be a matter of choice of those
configuring the circuitry within the rate matching circuitry 600.

[0053] The rate matching algorithm performs puncturing if the overall code rate
is greater than 1/3 and repetition if the code rate is less than 1/3. Currently code rates
greater than 1/3 are accomplished by applying the same puncturing rate to both P1
and P2 bits (to within one bit) but with different puncturing pattern phases. In order
to avoid non-puncturing periodicities that have been shown to degrade the Turbo code
performance, the puncturing rates for P1 and P2 be independently biased. For
example, if the number of P1 bits is decreased by and the number of P2 bits is

increased by, the overall code rate is unchanged but the problematic non-puncturing
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periods can be avoided. Given this approach to avoiding the problematic code rates, an
analytical expression for the requisite bias, has been derived.

[0054] A simple and efficient method of modifying the puncture patterns is
biasing the number of punctured bits in P1 and P2 by adding additional puncturing to
one and removing it from the other. The amount of the bias should be no more than is
needed to avoid certain periodicities. In biasing the puncturing rates of P1 and P2 bits,

two constraints must be met.
[0055] When non-puncturing patterns with period 7N / 2 (N =1,2,83...)are used,
degradation in performance results. These periods will be employed whenever the

average non-puncturing period of P1 or P2 bits is within +1 or % of 7N / 2 for even and

odd N respectively.

[0056] The average non-puncturing rate of the P1 and P2 rate matching blocks is
I/(P/2) where I is the number of bits at the input to each branch of rate matching and P
is the total number of parity bits (P1 and P2) at the output of rate matching.

Therefore, the desired code rate will lead to a problematic puncturing pattern if,

<1- N + [EJ , Equation 1

for N >0 where,

P 2

[0057] In biasing the puncturing rates of the parity bit streams 1 and 2, P1 and

. Equation 2

P2, two constraints must be met.

[0058] First, the number of surviving bits in parity bit stream 1 must be
increased sufficiently by an amount A to avoid the problematic puncturing patterns.
Second, the number of surviving bits in parity bit stream 2 must be decreased by an

equal amount A that is also sufficient to avoid problematic puncturing patterns.
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[0059] These two constraints can be combined in to the following expression for
A, where:
[0060] A =| max ;—E , .Ii— AI Equation 3
IN-1| 2 2 [IN+1
2 2
[0061] Alternatively, non-punctured bits may be increased in P2 and decreased

in P1. The procedure to determine and apply the necessary P1/P2 bias is as follows:

Step 1) Compute N using Equation 2.
Step 2) Determine if the desired code rate results in a problematic

puncturing pattern using Equation 1. If it does, continue to Step 3,

ZI_LH
2 2

Step 3) Compute the bias A using Equation 3.

otherwise setA =0 (if L __IN

P12y 2

Step 4) Compute rate matching parameters by modifying Table

in TS25.212/222.

[0062] In order to avoid puncturing patterns that degrade Turbo code
performance, the amount of puncturing applied to parity bit streams 1 and 2
respectively could be slightly different, while keeping the overall number of punctured
bits constant.

[0063] If the number of punctured bits in parity bit stream 1 is decreased by A
and accordingly, the number punctured bits in parity bit stream 2 bits is increased by
A, the overall code rate is unchanged, but the problematic puncturing patterns can be
avoided. Note that bit collection and bit de-collection stages need to be adjusted
correspondingly for this case. Since individual regions of degraded performance tend to

be small, it may be advantageous to simply avoid the use of code rates with degraded
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performance. Since code rates with degraded performance can now be identified using
the above equation, it is a simple matter to avoid them.

[0064] For Hybrid Automatic Repeat reQuest (HARQ) as deployed in 3GPP, it
may be necessary to employ two stages of rate matching. This occurs whenever
incremental redundancy (IR) is employed and the number of bits input to the
rate-matching algorithm is larger than the virtual IR buffer. Note that when Chase
combining HARQ is used, there is no need for a special IR buffer; a received bit buffer
would be sufficient. (If constellation rearrangement were not used, a buffer of received
symbols would be sufficient.) If it is determined that IR provides only a small
improvement over Chase combining, then removal of IR from the standards may be
advisable.

[0065] In order to obtain higher data rates, the 3GPP has introduced the HSDPA
option wherein link adaptation is performed. One component of the link adaptation is
Adaptive Modulation and Coding (AMC). With AMC, a channel quality estimate is
used to select the modulation type and code rate that attains the largest throughput.
When the channel quality is high, QAM modulation and a high code rate are selected.
High code rates are obtained by puncturing a rate 1/3 Turbo code. During the design of
the channel quality indication (CQI) table, it was observed that certain Transport
Block Set Sizes (TBSS) exhibited poorer than expected performance. The CQI table is
used to map a channel quality estimate into a recommended modulation and TBSS.
This problem of poorer than expected performance is currently addressed by simply
"hand tweaking" the CQI table to avoid the TBSSs that cause problems. In AMC, this
leads to less than optimal throughput since optimal code rates will inevitably be
avoided.

[(0066]) Support for link adaptation by means of AMC is an integral feature of R5
HSDPA. With AMC, modulation type and code rate on HS-DSCH can be varied
according to channel conditions. Variable coding rates on HS-DSCH are achieved by
means of rate matching (repetition or puncturing) output of the R99 Turbo-coder in a

pre-determined manner, i.e. as a function of TBSS and available number of Physical
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Channel bits. Both R99/R4 and R5 use the same code rate 1/3 Turbo-coder. While the
principle of rate-matching is the same for both R4 and R5, the likely and more frequent
use of higher effective code rates (>1/2), the use of multiple stages of rate matching,
and the standard allowing for the possibility of Incremental Redundancy (IR)
differentiate R99/R4 and R5.

[0067] HSDPA performance requirements in WG4 have indicated unusually high
and rather unpredictable SNR performance degradations for Turbo-coded and
punctured transport blocks on HS-DSCH up to several dB for a range of effective
coding rates above 1/2.

[0068] The Turbo-coding performance on HS-DSCH is heavily impacted by
unfavorable puncturing patterns of the parity bit streams output by the baseline rate
1/3 Turbo-coder. Although the original WG4 simulation results were provided in a
TDD-context, exactly the same degradations also occur in FDD, the reason being that
Turbo-coding and rate-matching (TS25.212 and TS$25.222) on HS-DSCH transport
blocks (where the problematic interactions originate) are done exactly the same way for
both modes.

[0069] The poorer than expected performance at some data rates is also a
problem with a fixed modulation and coding scheme. If a user is assigned a code rate
that exhibits the problem, the poor performance of the code will be compensated for by
power control thus reducing cell capacity.

[0070] In another embodiment, adjustments to the parity stream puncturing
allows the Medium Access Control — High Speed (MAC-hs) to simply select any desired
transport block size as an outcome of the scheduler decision. It would be required to
slightly change the generation of the puncturing patterns in the rate-matching stages
in TS25.212/222. For example, one implementing modification to the current FDD
standard as set for in T'S 25.212 is appended hereto along with a brief discussion of
why the modification is desirable.

[0071] For both the case of 1st rate-matching stage being transparent and the

case of both 1st and 2nd rate-matching stage being employed, a number of acceptable
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solutions exist to avoid the problematic interactions by means of adjustments to the
parity bit puncturing.

[0072] One of these solutions, e.g. a simple biasing method, is outlined below in
the interest of providing a conceptual example for the case of the 1st rate-matching
stage being transparent.

[0073] Currently, coding rates >1/3 are accomplished by applying the same
amount of puncturing to both parity bit streams 1 and 2 at the output W of the Turbo-
coder (Figure 10), although the puncturing pattern “phases” can be adjusted.

[0074] When a particular code rate is desired and it is determined that its use
will result in degraded performance, a slightly lower code rate may be selected to avoid
the degradation. Good choice for the substituted code rate would be the largest
allowable code rate less than the desired code rate that has been determined to have an
acceptable degradation.

[0075] If it is desirable for a system to be allowed to make unrestricted use of
available code rates, then performance may be restored by modification of the puncture
pattern. The key to restoring performance to the punctured Turbo code is to avoid the
case where the surviving parity bits are overly redundant with respect to the
systematic bits, i.e., modify the puncturing pattern to improve performance. One way
to accomplish this is to sample the parity bits such that all the points corresponding to
one complete period of the semi-periodic impulse response are sampled with as few
samples as possible while maintaining the same code rate and not overly distorting the
uniformity of the puncturing over the data block or creating overly large imbalances in
the number of surviving parity bits in P1 and P2.

[0076] It should also be noted that this method of mitigation could also be
applied to systems with more than 2 parity streams. For example, the 3GPP Turbo
code (CDMA 2000) includes four parity streams. If a problematic puncturing pattern
occurs it can be alleviated by adjusting the puncturing rates of each of the individual

parity streams while maintaining a constant overall effective coding rate.
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[0077] In the case of single stage of rate matching, as used in R99/R4 and in
many R5 configurations, the problematic interactions between the Turbo-coded output
and the punctured transmitted sequence occurs in regions where the puncturing
patterns are nearly periodic with surviving bit period equal to a multiple of 7, and
when an average 1 out of every 3.5 parity bits survive.

[0078] These degradations correspond to rank-1 and rank-2 scenario respectively.
This case corresponds to the rank-1 scenario. Rank-2 scenarios have less impact on the
SNR degradation than rank-1 scenarios. Since higher rank scenarios (>2) do not
significantly contribute to performance degradation, ranks other than rank-1 and

rank-2 scenarios are not considered here.

[0079] The code rates at the center of these regions are determined by:
[0080] R=—2L - 3N N_o Equation 4
1+ 2 35N +2
3.5N
[0081] The critical code rate, CR, corresponds to a rank-1 scenario when N is

even and rank-2 when N is odd. For rank-1, we have critical code rates CR = 7/9, 7/8,
21/23,... and for rank-2, we have CR = 7/11, 21/25,....

[0082] The ratio of the number of systematic bits and the number of parity bits in
either parity bit stream 1 or 2 can be considered as “parity puncturing rate”. When

surviving bit patterns with parity puncturing rate close or equal to 7N¥/2 (N =1,2,3...)

are used, degradation in performance results. Some amount of Turbo-coding and
puncturing interaction will also occur whenever the average periodicity of surviving
bits of the parity bit streams 1 or 2 is within +1 or +% of 7N/2 for even and odd N
respectively.

[0083] When two (or more) stages of rate matching are employed, problematic
puncturing patterns can be generated by any stage, or by the interaction between the
stages of rate matching.

[0084] A closed form expression(s) has been developed for the Release 5 3GPP
Turbo coder / Rate Matching that predicts the performance degradation. The
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expression takes as input either the triplet {Bits Before 1st stage of rate Matching, Max
Bits after 1st Rate Matching, Bits after 2rd Rate matching} or the pair {Rate of 1st stage
Rate Matching with respect to parity bits, Rate of 2nd stage Rate Matching with respect
to parity bits}. The output, as depicted in Equation 5 below, is a rational number that
may be compared to a threshold to accept/reject the configuration as providing/not
providing acceptable performance. The parameters r1 and r2 represent the rates
associated with the 1st and 2nd stages of rate matching with respect to the parity bit
streams. Although complicated, the Equation 5 is a piecewise linear and continuous
function in rl, r2 and is therefore trivial to evaluate.
L1

in)=Se, [[1 [ At E[ﬂfnrzﬂm(nrz 2Ll

n=1

1- %I_rlfan-U - —%I_rlfnriu (nr2 - [anJ)(— r1|— nr2_] - I_rll—an-I_I + 1) +
_ ) T Equation 5
1- %frll_an_ﬂ - %[rl]_anﬂ (~nr2+ |_nr2J + 1)(r1|_nr2J - |_r1|_nr2J_|) +
| w2l a2 l|| fnr2-+ 2] + - w2 vz 1)
(0085] A threshold comparison could then be based on this equation to test

whether or not the Code Rate pair will perform adequately. Equivalently, the triple:
{Data Block Size, Size After 1st Stage Rate-Matching, Size After 2nd Stage Rate-
Matching} can be used since this triple maps directly into the Code Rate pair.

[0086] The effect of the periodicity of the puncturing pattern can also be
mitigated by interleaving the parity bits before rate-matching occurs. In this way,
after de-interleaving, periodic sampling of the parity bits is avoided even when periodic
sampling is done in rate-matching.

[0087] The functionality of the channel interleaver can be incorporated into the
rate-matching block interleaver. This can be accomplished by adding additional

constraints to the rate-matching block Interleaver (those defined by the channel
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interleaver) when the interleaver is designed. This however will require an additional
interleaver for the systematic bits.

[0088] Note that the rearrangement of the non-punctured bits only needs to occur
on a range equal to the period of the semi-periodic impulse response of the recursive
encoding blocks of the Turbo encoder. Therefore, small time-varying interleavers can
be added to the parity bit steams to prevent problematic puncturing patterns. This has
the advantage of requiring less memory and helps to minimize the distortion of the
uniformity of the puncturing.

[0089] Certain parameters may be made to vary as a function of time (or bit
index) to generate puncturing patterns that will mitigate performance degradations.
One such example for 3GPP includes modification of the rate-matching parameters X;,
e_ini, e_minus and e_plus parameters throughout the execution of the rate-matching.
In this way, the parameters affecting the puncturing pattern may change at one or
more locations within the block of bits being punctured. By allowing the parameters to
change, the instantaneous code rates may be different from the desired overall code
rate (thereby avoiding the puncturing interaction) while still maintaining the same
overall code rate. For example: 1) e_plus and e_minus may change frequently
throughout the puncturing algorithm thus breaking up any possible long runs of
deleterious puncturing. 2) Parameters may be changed so that the code rate is
changed so that it is higher in some portions of the code block and lower in others.
[0090] The above methods are examples of modifications to the puncturing
pattern used to generate specific code rates. All such methods may be considered
special cases and specific implementations of the more general concept of a
permutation of the puncturing pattern. Any method of changing the puncturing
pattern, i.e., generating some permutation of the original puncturing pattern, has the
potential of changing the overall performance of a code.

[0091] One can achieve the desired overall code rate while avoiding problematic

puncturing patterns by adjusting the amount of puncturing performed in each stage.

This method, when placed in the context of the 3GPP HSDPA Turbo Code / Rate
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Matching algorithm leads to artificially reducing the size of the virtual Incremental
Redundancy (IR) buffer. In general the approach implies a modification to the
individual puncturing rates of each of the stages such that a desirable overall
puncturing pattern results.

[(0092] Stage Rate Biasing is easily accomplished by changing the operating point
(the r1, r2 pair) to some point on a curve of constant code rate (i.e., where the product
r1*r2 is unchanged) where performance degradation is tolerable.

[0093] The combination of adjusting the stage puncturing rates as well as the
relative rates of puncturing in the two parity streams can also mitigate the problematic
interaction between the puncturing pattern and the Turbo Code performance.

[0094] This can be envisioned as splitting the operating point in to two points.
One of the points corresponds to the rates of 15t and 2nd stage rate matching for the first
parity bit stream and the second point for the second parity bit stream. The two points
should be selected so that the overall code rate is unchanged, both points lie in regions
of acceptable performance, and the total number of surviving bits after the first stage
of rate matching does not exceed imposed limits such as an IR buffer.

[0095] The present invention provides several simple and efficient techniques of
detecting, avoiding and/or correcting problematic puncturing patterns in the parity bit
streams without having to avoid desired code rates. According to the present
invention, degradations in punctured error correction coded transmissions are reduced
by identifying a puncturing pattern which approximates a particular code rate, and
adjusting a value for anticipated degradation in accordance with the matching of the
puncturing pattern and the particular code rate.

[0096] When creating high rate codes via puncturing, it is generally desirable to
distribute, as uniformly as possible, the bits that are punctured. Using this guideline,
it is inevitable that certain code rates will require the resulting non-punctured bit
pattern to be less effective. One such example occurs when the non-punctured bit

pattern is periodic, with a period equal to the period of the semi-periodic impulse
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response of the recursive encoding blocks of the Turbo encoder. An algorithm may used
to identify all puncturing patterns with degraded performance.

[0097] In a particular embodiment of the invention, the capacity of a WTRU is
determined, including buffer sizes that are supported by the WTRU. The puncturing is
used to reduce the number of bits to fit into the buffer, and the overall code rate is
adjusted so as to provide sufficient error correction capability. This provides a first
rate in a first stage of puncturing and a second rate in a second stage of puncturing.

[0098] According to the present invention, detecting, avoiding and/or correcting
problematic puncture patterns in parity bit streams and punctured Turbo codes is
achieved without having to avoid desirable code rates. This is applicable without
limitation, to FDD, TDD and other modes of transmission, and enables
identification/avoidance of regions of relatively poor Turbo code performance, which
might result from the prior art bit-puncturing scheme. The invention provides for
forward error correction comprising Turbo coding and puncturing that achieve a
smooth functional relationship between any measure of performance and the effective
coding rate resulting from combining the lower rate code generated by the Turbo
encoder with puncturing of the parity bits. Examples of measures of performance
would be BLER, bit error rate (BER), required signal-to-interference ratio (SIR), or
required SNR.

[0099] The patterns of the puncturing are created by creating an encoded
transmission at a particular data rate and excluding some of the encoded bits. At the
receiver end, zeros or other "filler" bits are put in place of the punctured bits, and the
decoding operation is based on the received signal with the missing bits. According to
the present invention, the puncturing pattern is modified in order to eliminate
degradation which would occur under particular puncturing patterns. In particular, if
the puncturing pattern is regular or has a periodic nature, it is more likely to result in
signal degradation. By eliminating the degradation, it is possible to achieve the

desired code rate.
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[00100] The present invention is particularly useful for 3GPP-coding, and can be
used for low chip rate TDD, high chip rate TDD and FDD.

[00101] One such example of a periodicity occurs when the non-punctured bit
pattern is periodic with period equal to the period of the semi-periodic impulse
response of the recursive encoding blocks of the Turbo encoder. An algorithm is
provided to identify all puncturing patterns with degraded performance. Additionally,
modification of the puncturing patterns is performed such that performance of the
Turbo code is restored.

[0102] Modifications to puncturing are used to restore Turbo performance. Ifitis
desirable for a system to be allowed to make unrestricted use of available code rates,
then performance may be restored by modification of the puncture pattern. Therefore
if it is deemed desirable for a system to be allowed to make unrestricted use of
available code rates, then performance may be restored by modification of the puncture
pattern.

[0103] Adaptive coding means that on the fly, information is obtained from the
WTRU that indicates the channel quality. Based on that, the transmitter adjusts its
code rate amongst other parameters. In instances of poor reception, a substantial
amount of redundancy is added, which results in a very low code rate, but which allows
transfer of data through with the required block error probability.

[0104] The channel quality estimation procedure does not inherently take into
account the possibility that problematic puncturing may have been used, nor should it.
The channel quality is typically based on signal power and noise power, but it does not
take into account the fact that the encoder may have been punctured in a problematic
way, therefore AMC will not serve to avoid problematic code rates. With good channel
quality, very little coding is needed and it is possible to use a higher order modulation.
If the channel quality is poor, the code rate is reduced. Therefore, a reduced data rate
is used to provide the-desired error performance. The channel quality indicator is used

to monitor the channel quality and in turn provides input to the data rate controller.
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[0105] Capacity is measured by determining a combined data rate to all users
supported. If one or more users in a cell are tuned to a problematic code rate, then
those users are presumed to require more power and thereby reduce capacity. In
many cases the problematic coding rates are known or can be determined via this
invention and therefore it is possible to avoid these rates.

[0106] The present invention provides an ability to identify problem rates in
advance through some analytical means, and responding to this information by
avoiding these rates either dynamically or statically. This can be achieved by detecting
problematic patterns or by using a formula or table of rates to avoid. Ifa transmission
calls for one of the problem rates, the actual transmission is provided at a rate which is
slightly different. The result is, the problem rate is avoided.

[0107] These are representative examples of modifications to the puncturing
pattern used to generate specific code rates, as applicable to layer 1 and layer 2 in the
TDD and FDD mode of transmission in accordance with the present invention.
Variations to the examples described are conceivable. All such variations may be
considered special cases and specific implementations of the more general concept of a
permutation of the puncturing pattern. Any method of changing the puncturing
pattern, i.e., generating some permutation of the original puncturing pattern, has the
potential of changing the overall performance of a code, and it is the intent to include
permutations and methods of generating such permutations of the puncturing pattern
envisaged in the present invention. All modifications and improvements to the basic
concept of the invention as set forth hereinabove are envisaged to be within the ambit
of the present invention.

[0108] Figure 11 shows the BLER performance of 3 different HS-DSCH transport
blocks of increasing size 4554, 4705 and 4858 bits respectively. All of them are rate 1/3
Turbo-coded, and then punctured down to 6072 bits mapped to the High Speed
Physical Downlink Shared Channels (HS-PDSCH). This results in an effective coding
rate of 0.75 (labeled 7/9-), 0.77 (labeled 7/9) and 0.80 (labeled 7/9+) for the 3 increasing

transport blocks sizes.
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[0109] When increasing the effective coding rate (or equivalently increasing the
puncturing rate) of a Turbo-coded transport block on HS-DSCH, one should expect that
BLER performance degrades in a proportioned manner, i.e. gets increasingly worse for
increasingly higher effective coding rates. This unfortunately does not always happen,.
and it can be seen in this example that the rate 0.77 (7/9) coded transport block needs
some 3dB more SNR than a rate 0.80 coded transport block to achieve the same BLER
of approximately 10%.

[0110] The reason for the observed degradations is that the periodicity (period =
7) in the output of the two Turbo-coder parity bit streams, as given by the impulse
responses of the constituent recursive convolutional encoders, deleteriously interacts
with the periodicity of the puncturing patterns applied by the second and/or the first
rate matching stages in many cases. This effect is increasingly more frequent for
increasingly higher puncturing rates.

[0111] In the analyses that follow, a single R99 rate-matching block is assumed.
However, the concepts apply more generally to R4 and R5 with and without
incremental redundancy. The main conclusion for both cases is that the critical
puncturing rates leading to SNR degradation are predictable in principle, but would
require a rather complex set of parameters to be taken into account.

[0112] The setting of critical puncturing rates is avoided in the MAC-hs in the
Node B, which has the particular advantage that it would not require a change in
current standards and could leave details open to vendor-specific implementation.
While this approach is preferable, the look-up tables used are complex and restrictions
on possible MAC-hs scheduler decisions are imposed.

[0113] Alternatively, slight modifications are made to the puncturing patterns as
generated by the current rate-matching stages for HS-DSCH in TS25.212/222. These
modifications constitute only a small change in the way the rate matching parameters
are generated in TS25.212/222, e.g., parameters for HARQ second rate matching, and

more importantly do not require any additional signaling.
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[0114] Due to the apparent simplicity of the second option (slight modification of
the generation of the puncturing pattern on Turbo-coded parity bit streams) and its
transparency for the MAC-hs scheduler (simply selects whatever transport block size is
desired as outcome of the scheduler decision), a corresponding change is made in
TS25.212/222 to remedy this problem.

[0115] The constituent recursive convolutional encoders in the Turbo-coder as by
TS25.212/222 have infinite impulse responses that are periodic with period 7 for
positive time. The impact of certain patterns of surviving (i.e. non-punctured) bits in
the parity bit stream can be qualitatively illustrated by considering how much
information remains in these surviving parity bits.

[0116] The Turbo-coder produces 3 bit streams, systematic bits corresponding to
the input sequence, parity bit stream 1 (output of 1st constituent encoder) and parity
bit stream 2 (output of 2nd constituent encoder).

[0117] Note that the constituent recursive convolutional encoder is an LTI
system on GF2. Therefore, the output of the encoder is a sum of shifted versions of the
impulse response of the encoder. Each shifted version of the impulse response
corresponds to the locations of the 1’s in the TB.

[0118] Certain puncturing patterns may result in a loss of distributed
information about a small group of bits across the set of bits in one of the parity bit
streams. For example, let the TB consist of 7 bits followed by many zeros. Now
consider the problem of trying to determine the seven bits by observation of the output
of one encoder after heavy puncturing. Each observation made at the output is a sum
of a subset of the 7 bits. The subset for each particular observation is determined by
the surviving bit period and the impulse response of the recursive encoding block.
[0119] For most puncture patterns, sums over 7 different subsets of the 7 bits can
eventually be observed. Therefore, a system of 7 equations with 7 unknowns can be
formed. Assuming that they are linearly independent, the values of the 7 bits may be

determined.
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[0120] However, when the periodicity of surviving bits is simple (one surviving
parity bit per period) and the same as the period of the recursive encoding block, 7,
then, due to the periodicity of the signal, every observation for ¢ > 6 is the sum of the
same subset of the 7 bits and so no new information is obtained by subsequent
observations. Thus, a rank-1 system of equations is formed and a unique solution does
not exist.

[0121] When the periodicity of surviving bits is not a multiple of 7, making
observations of the parity bits will eventually form a rank-7 system of equations after
several observations. For our 7-bit group, this is sufficient to uniquely determine the
bits, i.e. information sufficient to determine the bits is distributed across the surviving
parity bits.

[0122] It is also possible that some distributed information is lost even for non-
simple periods, e.g., consider the case where the non-puncture pattern alternates
between a simple period of three and four (two surviving parity bits per period with
period = 7).

[0123] This results in a period 7 non-puncture pattern but with two surviving
parity bits per period. The same argument above leads to a rank-2 system of seven
equations. This is still insufficient to uniquely determine the group of bits, but does
reduce the dimension of the space they may span. Clearly, some information about the
TB may also be lost for non-simple surviving bit patterns.

[0124] At least two alternative approaches exist to avoid the problematic
interactions between Turbo-coder output and puncturing in the rate-matching stages.
[0125] The avoidance of problematic puncturing patterns is an approach that
requires the MAC-hs to avoid using puncturing patterns that lead to SNR degradation
and does not use certain combinations for mapping incoming transport blocks sizes to
HS-PDSCHs.

[0126] Avoidance would either require building lookup tables that identify the
problematical configurations or evaluating the predicted degradation expression

described previously in the MAC-hs scheduler.
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[0127] An advantage of the look-up table approach is that no change in current
standards would be required and that any particular implementation could be left
vendor-specific.

[0128] A disadvantage of the avoidance approach is that it is complicated by the
fact that there are several dimensions to the problem that will all play a role in
determining if a particular configuration will give rise to degradation. Parameters the
MAC-hs scheduler would need to take into account in addition include:

(1) transport block set size of HS-DSCH transmission;
(2) number of soft information bits to be stored at the WTRU for HARQ); and
(3) number of physical channel bits allocated for the HS-PDSCHs.

[0129] For FDD, these parameters are implied by the combination indicator for
number of channelization codes and modulation format i (1 <1 < 29), and the transport
block size ki, (0 < &; < 62) in TS25.321.

[0130] Described below is one embodiment of the present invention that
includes a combination of previously described techniques.

[0131] The hybrid ARQ functionality matches the number of bits at the output of
the channel coder to the total number of bits of the HS-PDSCH set to which the HS-
DSCH is mapped. The hybrid ARQ functionality is controlled by the redundancy
version (RV) parameters. The exact set of bits at the output of the hybrid ARQ
functionality depends on the number of input bits, the number of output bits, and the
RV parameters.

[0132] The hybrid ARQ functionality consists of two rate-matching stages and a
virtual buffer.

[0133] The first rate matching stage matches the number of input bits to the
virtual IR buffer, information about which is provided by higher layers. Note that, if
the number of input bits does not exceed the virtual IR buffering capability, the first

rate-matching stage is transparent.
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[0134] The second rate matching stage matches the number of bits after first rate
matching stage to the number of physical channel bits available in the HS-PDSCH set
in the TTI.

[0135]  Definitions of notations used:
N™:  Number of bits in a transmission time interval before rate
matching.
AN,: An intermediate calculation variable.
AN]T: If positive - number of bits to be repeated in each transmission time

interval on TrCH i with transport format /.

If negative - number of bits to be punctured in each transmission time interval
on TrCH i with transport format /.

AN ey ¢ Number of bits to adjust the length of parity streams by, in HARQ 1st

stage rate-matching.

N e’ Total number of bits that are available for the HS-DSCH in a TTIL.

€ini Initial value of variable e in the rate matching pattern
determination algorithm.

€plus Increment of variable e in the rate matching pattern determination
algorithm.

€minus Decrement of variable e in the rate matching pattern determination
algorithm.

b: Indicates systematic and parity bits

b=1: Systematic bit, xz .
b=2: 1st parity bit (from the upper Turbo constituent encoder), zz.

b=3: 2rd parity bit (from the lower Turbo constituent encoder), z'x.
[0136] The HARQ bit separation function shall be performed in the same way as
bit separation for turbo encoded TrCHs.
[0137] HARQ first stage rate matching for the HS-DSCH transport channel shall

be performed using the method described below with the following specific parameters.
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[0138] The maximum number of soft bits available in the virtual IR buffer is Nir
which is signaled from higher layers for each HARQ process. The number of coded bits
in a TTI before rate matching is NT™ this is deduced from information signaled from
higher layers and parameters signaled on the High Speed Synchronization Control
Channel (HS-SCCH) for each TTI. Note that HARQ processing and physical layer
storage occurs independently for each HARQ process currently active.

[0139] If Nz is greater than or equal to NTT (i.e. all coded bits of the
corresponding TTI can be stored) the first rate matching stage shall be transparent.
This can, for example, be achieved by setting eminus = 0. Note that no repetition is
performed.

[0140] If Nir is smaller than NTTI the parity bit streams are punctured by setting

the rate matching parameter AN]" = N, — N where the subscripts i and 1 refer to

transport channel and transport format in the referenced sub-clause. Note the negative
value is expected when the rate matching implements puncturing. Bits selected for
puncturing which appear as § shall be discarded and not counted in the totals for the
streams through the virtual IR buffer.

[0141] If first stage puncturing is to be performed, the procedure below shall be
applied. Index b is used to indicate systematic (b=1), 1st parity (b=2), and 2"d parity bit
(b=3). The parameter AN,,.,, :is the change in length to the parity streams to
circumvent problematic puncturing rates.

The first stage rate matching delta is calculated as follows:

if puncturing is to be performed

X, = N"’/BJ; PR=————J|- AA)’({’ /2 . ANpurry ’0; O =49; a=1

i

while (& < 4)

[7-0:-PR+—1—J
2

T o

round =
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A= PR - round
if(lxll > (S—iR—Jor[PR > %)or[PR < %) then
a=a+l
5pp =98
else if(1 > 0) then

PR

AN ppprry = ‘{L_ AN;TI /ZJ— X.‘ '(round —%JJ

a=>5
else

AN pppiry = “\‘._ AN;TI /2J_ X, '("Ound +§l—)J‘

PR

end if

end while

AN. = I._AN;T[/ZJ—ANPARI’I’Y’I):Z
C-ANT 2]+ AN gy b = 3

a =2 when b=2

a =1 when b=3
[0142] If AN, is calculated as 0 for =2 or =3, then the following procedure and
the rate matching algorithm shall not be performed for the corresponding parity bit

stream.

[0143] For each radio frame, the rate-matching pattern shall be calculated,

where:
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Xi is as above,

eini = Xi
eplus = axXi
€minus = axX | AN | ‘
[0144] HARQ second stage rate matching for the HS-DSCH transport channel

shall be done using one of two possible methods.

[0145] If second stage puncturing is to be performed, and the Composite
Puncturing Rate of one of the parity streams, calculated using the formula below falls
in any of the intervals [91/128,92/128], [217/256, 222/256], [231/256, 232/256],
[237/256, 238/256] or [487/512,488/512], then puncturing of that parity stream shall be
performed. Note, puncturing maybe carried out on one, both, or neither of the two

parity streams, but never on the systematic parity stream.

N 13)-N, ,,
TTI /3 ’ ’b =2
[0146] Composite Puncturing Ratio, CPR = N
I_Nr” /3J—Nt.p2 b__3
N3
[0147] Otherwise, second stage rate matching for the HS-DSCH transport

channel shall be done with the following specific parameters. Bits selected for
puncturing which appear as Jd shall be discarded and are not counted in the streams
towards the bit collection.

[0148] The parameters of the second rate matching stage depend on the value of
the RV parameters s and r. The parameter s can take the value 0 or 1 to distinguish
between transmissions that prioritize systematic bits (s = 1) and non systematic bits (s
= 0). The parameter r (range 0 to rmaex-1) changes the initial error variable e in the
case of puncturing. In case of repetition both parameters r and s change the initial
error variable eini. The parameters Xi, eps and eminus are calculated as per table 1

below.
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[0149] Denote the number of bits before second rate matching as Ngs for the
systematic bits, Np; for the parity 1 bits, and Np2 for the parity 2 bits, respectively.
Denote the number of physical channels used for the HS-DSCH by P. Ndat is the
number of bits available to the HS-DSCH in one TTI and defined as Ndata=Px3xNdata1.
The rate matching parameters are determined as follows.

[0150] For N,,<N,, +N, +N,, puncturing is performed in the second rate

matching stage. The number of transmitted systematic bits in a transmission is

N, o = min{N ooV dam} for a transmission that prioritizes systematic bits and
N, =max {N data = (N atN,, ),0} for a transmission that prioritizes non systematic bits.
[0151] For N, >N, +N, +N,, repetition is performed in the second rate

matching stage. A similar repetition rate in all bit streams is achieved by setting the

. L N
number of transmitted systematic bits to N, = le N—f’z“W—J .
Sys pl

[0152] The number of parity bits in a transmission is:
Ndam - Nt sys .
N, , =max — 5 = | = AN pprry 0| and N, ,» =Ny = (N,'M +N, ) for the parity 1

and parity 2 bits, respectively.

Xi €plus €minus
Systematic | N | N, N, =N,
RM S ’
Parity 1 N,|2-N, | 2N, —N,
RMP1L2 | ’ ’ Vo =N
Parity 2 .| N, N, -N,
rRMp22 | "| AN

Table 1: Parameters for HARQ second rate matching
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[0153] Table 1 above summarizes the resulting parameter choice for the second
rate matching stage. The rate matching parameter ein; is calculated for each bit
stream according to the RV parameters r and s using

e, () =1(x, —l_r € ptus | Voo J— 1) mode plus }+1 in the case of puncturing ,

i.6,Nyy SN +N, +N,,and
e, (r)= {(X,, - |_(s +2:1r)- e, (21, )J— 1) mode,,, }+ 1 for repetition, ie.,
Nyo >N, +N, +N,,. Where re{0,,-,r, ~1}and r is the total number of

redundancy versions allowed by varying r. Note that rmax varies depending on the
modulation mode, i.e. for 16QAM rmne: = 2 and for QPSK rmax = 4.

[0154] Note: For the modulo operation the following clarification is used: the
value of (x mod y) is strictly in the range of 0 to y-1 (i.e. -1 mod 10 = 9).

[0155] HARQ second stage rate matching for the HS-DSCH transport channel
shall be done with the method described below, which separates each stream into
segments with specific parameters calculated below. Bits selected for puncturing
which appear as dshall be discarded and are not counted in the streams towards the
bit collection.

[0156] The parity stream will be segmented into 3 segments, the first segment
will be made up of the first Xseg1 bits of the parity stream, the second segment will be
made up of the next Xseg2 bits, and the last segment will be made up of the remaining
Xsega bits.

Xins Xi 20X xoeq)

[0157] The first segment is denoted by

The Second Segment by xi,Xseng ’xi,Xxegl+2 ""xi.X:egZ;

X X

And the final segment by Xi, Xsegl+Xseg 2+1 9 Xi, Xsegl+ Xseg2+2 X i X,
Where X, =42-[_X,./98J, X, =56-| X, /98J’ X, = X, mod98
[0158] Note: If X; is less than 98 only the third segment exists, and if Xj is a

multiple of 98 then the third segment will be empty. For the case where a particular
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segment is empty, then of course no puncturing is performed on that non-existent
segment.

(0159] Additional parameters for HARQ Second Rate Matching Stage for
problematic puncturing rates

[0160] Parameters P, Ndata, Nsys, Np1, Np2, Npt1, and Npie are calculated,
additional parameters are defined below.

[0161] Denote the number of parity 1 bits before second rate matching after
segmentation as Npiseg1, Np1,seg2, Npisegs for the parity 1 bits in the 1st, 2nd and 3rd
segment respectively. Denote the number of parity 2 bits before second rate matching
after segmentation as Npz seg1, Np2,seg2, Np2,seg3 for the parity 1 bits in the 1st, 2nd and 3rd

segment respectively. The rate matching parameters are determined as follows.

[0162] For N, <N, +N, +N_,, puncturing is performed in the second rate
matching stage.
[0163] The number of parity bits after segmentation is
N et = 42N, 198]
N sy seg2 =56+ N ,, /98]
N, g3 = N, mod98
[0164] The number of parity bits in each segment for parity 1 bits (b=2), and
parity 2bits (b=3) is:
49-N,,, N, /98] 1|
t,pb,segl = N +5 ’
pb
49-N,,,- [N, 98] 1]
t,pb,seg2 = N +5 ’
pb
Nr.pb.seg3 = Nt,pb - (Nl,pb,segl + Nx,pb.segZ )
[0165] The parameters Xi, eplus and eminus are calculated as per table 2 below.
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Stream | Segmen | X; €plus €minus
4
tS'ZStema Nsy: Nsys Nsys - Nt,sy:
1
RM S
].St Npl,:egl 2 : Npl,.\'egl 2 ) 1Npl,segl - Nx,pl,segl
Parity 1
RM 2nd Npl.xegZ 2 : Npl,seg2 2 ' ‘Npl,segZ - Nr,pl,segZ
P12
3Pd Npl,seg3 2 ' Npl.xeg3 2 ' lel.seg3 - Nr,pl,seg]
1St Np2.segl Np2,seg1 .NpZ,segl - Nr,p2.seg1
Parity 2
RM ond Np2,seg2 Np2,seg2 lNPZ.segZ - Nt.p2,:eg2
P2 2
3I‘d Np2,xeg3 Np2,s€g3 }Np2,seg3 - Nt,pZ,seg3

Table 2: Parameters for dithered HARQ second rate matching

[0166] The rate matching parameter eini is calculated for each segment of bit
stream  according  to the RV  parameters r  and s  using

e (r) =1x, —I_r € s | Trnax _I—l) mode ;,, }+1 in the case of puncturing. Where

re {0,1,---,rmax —1} and r__ is the total number of redundancy versions allowed by

max

varying r. Note that rmax varies depending on the modulation mode, i.e. for 16QAM
rmax = 2 and for QPSK 7rmex = 4.

[0167] Note: For the modulo operation the following clarification is used: the
value of (x mod y) is strictly in the range of 0 to y-1 (i.e. -1 mod 10 = 9). The rate
matching algorithm is called for each segment of the parity stream in turn.

[0168]

[0169] For both parity streams, after the rate matching algorithm has been
called for each of the three segments, the three punctured segments should be

concatenated together in their original order.
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[0170] The re-concatenated bit stream is denoted by:
‘xa,segl.l ’ xo.:egl,z ” "xa.segl.N“Pl.ml ’ xa,seg 2,1 xo.:eg 2,2 ’""xo.seg2.N,.P“H2 ’ xo.seg 3,1° xo,seg3,2 Lo 'xo.segS,N,'Pl'”]
[0171] The HARQ bit collection is achieved using a rectangular interleaver of

size N,,,XN_,. The number of rows and columns are determined from:
N, =4 for 16QAM and N, =2 for QPSK

Ncol =Ndala/N

row

where Ndata 1s used.
[0172] Data is written into the interleaver column by column, and read out of the

interleaver column by column starting from the first column.
[0173] Nisys is the number of transmitted systematic bits. Intermediate values N-

and N. are calculated using:

NI Sys
Nr =|— and Nc =Ntsys—Nr.Ncol'
N >
col
[0174] If N.=0 and N, > 0, the systematic bits are written into rows 1...N:.
[0175] Otherwise systematic bits are written into rows 1...Nr+1 in the first N.

columns and, if N> 0, also into rows 1...N: in the remaining Ncoi-N¢ columns.

[0176] The remaining space is filled with parity bits. The parity bits are written
column wise into the remaining rows of the respective columns. Parity 1 and 2 bits are
written in alternating order, starting with a parity 2 bit in the first available column
with the lowest index number. If the two parity streams are of unequal length, Parity 1
and 2 bits shall be written alternately, again starting with a parity 2 bit, until the end
of the shorter parity stream, then the remaining parity bits from the longer stream
shall be written.

[0177] In the case of 16QAM for each column the bits are read out of the
interleaver in the order row 1, row 2, row 3, row 4. In the case of QPSK for each column
the bits are read out of the interleaver in the order rowl, row2.

[0178] when the analysis of the rate matching issue was restricted to the

situation in which the first stage HS-DSCH rate matching is transparent it was shown
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that the performance degradation arises from an interaction between the periodicity of
the rate matching pattern and the inherent periodicity of the turbo encoder. In
particular, it was shown that at the problematic code rates, the positions (in the
unpunctured bit stream) of survivor (i.e. non punctured) bits lie in the same position or
positions within a modulo 7 period for long segments of the unpunctured stream. It has
been demonstrated that performance degradations arise via exactly the same
mechanism when the first stage is not transparent.
[0179] In the following description, a “puncturing pattern” is defined to be the
pattern of positions of bits that are punctured from an original stream. “Puncturing
Rate” is defined to be the reciprocal of the number of bits between punctured bit
positions (inclusive of the punctured positions) in the original bit stream.
[0180] In the case of two-stage rate matching, puncturing that leads to
degradation may occur in two ways:

1) A pattern arising from bits punctured in the first stage only

2) A pattern arising from bits punctured after the second stage; this pattern is

dependent upon both the first and second rate matching stages.
[0181] In order to avoid either of these puncturing mechanisms that cause a
performance degradation, the following methodology has been adopted:
(0182] In the first stage, test whether the puncturing will cause a problematic
puncturing pattern. This is achieved by evaluating an “implicit duration” function,
which predicts the length of periodicity in the puncturing pattern. The first stage rate
matching is only adjusted if the calculated implicit duration indicates a necessity. In
this case, the amount of bits punctured in the first parity stream is increased slightly,
whilst in the second stream the number is correspondingly decreased slightly. This has
the effect of shifting the puncturing rates in both streams to break up modulo 7
periodicity, whilst keeping the total amount of punctured bits the same. The
adjustment in the puncturing rate in each of the streams is kept sufficiently small to

leave the coding performance in each stream unaffected.
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[0183] In the second stage, a composite puncturing rate for each stream, taking
into account adjustments to the puncturing rate carried out at the first stage is
calculated. The composite puncturing rate in each stream is compared with a look up
table, which predicts rates at which modulo-7 periodic patterns, and hence coding
degradations will arise. If the composite rate of a stream falls within a range of
problematic rates, a “dithering” algorithm is applied.

[0184] Differing puncturing rates are applied in the two parity streams if the
puncturing pattern in the first stage will lead to a performance degradation, or is likely
to contribute to an unwanted pattern after second stage rate matching. In this case,
the number of bits punctured in the first parity stream is reduced by an amount
A Nparity, whilst the number of bits punctured in the second stream is increased by the
same amount. The decision as to whether such a change should take place is based
upon a calculated parameter, which estimates the inverse of the length of runs of
survivor bits which hold the same modulo 7 position in the unpunctured stream. This
length becomes greater than 49 bits (i.e. 7 modulo 7 periods), then the adjustment to
the lengths of the streams is applied.

[0185] The dithered puncturing algorithm may be applied to either or both of the
two parity streams in the second stage. When processing a parity stream, the
algorithm employs two puncturing rates, one higher than the original, and one lower, it
then switches between these two puncturing rates whilst applying puncturing to the
parity bit stream. The total number of bits punctured is kept the same as it would have
been with the original algorithm. Generically it is possible to have one or many
switching points between the two puncturing rates within a parity stream. The number
of points is not critical to the performance, since the fraction of the bit stream
punctured at each rate is independent of the number of switching points.

[0186] The number of switching points is set to one (or two), meaning that the
punctured stream consists of two (or three) segments in which the first segment uses a
lower puncturing rate than the original, the second uses a higher puncturing rate. If

the two segments do not account for the whole of the parity stream, a third segment is
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allowed at the end that is punctured at the original rate. The third segment is kept
short, and allows for puncturing exactly the correct amount of bits to maintain the
overall puncturing rate. By breaking the parity stream into a low number of segments
in this way, the original rate matching algorithm can easily be used with some minor
parameter changes.

[0187] The difference between the higher puncturing rate in the first segment
and the original rate, and also between the lower puncturing rate in the second
segment and the original has been set to 1/49. This selection allows for problematic
rates to be avoided in all cases whilst not representing a significant change in coding
rate.

[0188] In the majority of cases, the modified rate matching algorithm operates in
exactly the same manner as previously defined. In the minority of cases in which either
the first or second stage rate matching would lead to a performance degradation,
unequal length streams and/or dithering are applied. Both of these modifications do
not change the body of the rate matching procedure in any way, but rather the rate
matching parameters that are applied. Furthermore, in an implementation, the
modifications can be achieved with a modification to the Rate Matching DSP software
without affecting any other part of the system.

[0189] The foregoing is a description of a preferred embodiment and alternative
solutions to providing detecting, avoiding/correcting problematic Turbo code
puncturing patterns. While this invention has been particularly shown and described
with reference to preferred embodiments, it will be understood by those skilled in the
art that various changes in form and details may be made therein without departing

from the scope of the invention as described hereinabove.

*® * *
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CLAIMS
What is claimed is:

1. In a communications system employing a plurality of rate matching
stages, a method of avoiding problematic Turbo code puncturing patterns, the method
comprising:

(a) adjusting the number of bits punctured in each stage of rate matching; and

(b) adjusting the number of bits punctured in each of the plurality of parity

streams, wherein the problematic puncturing patterns are avoided.

2. The method of claim 1 wherein degradations in the quality of punctured

error correction coded transmissions having a first group of parity 1 (P1) bits and a
second group of parity 2 (P2) bits are identified, and step (b) further comprises:

(bl) adding punctured bits to the first group of P1 bits;

(b2) removing punctured bits from the second group of P2 bits; and

(b3) biasing the punctured rates of the P1 and P2 bits to avoid
problematic puncturing patterns by:

(1) adding a number of non-punctured P1 bits to the first group; and

(ii) decreasing the number of non-punctured P2 bits in the second group

by the number of non-punctured P1 bits added to the first group.

3. The method of claim 2 further comprising:

— .........+.....

o | 41 1J
(c) determining a number of bits N using [7}) 2] wherein I is the

number of bits at the input to each branch of rate matching and P is the total number

of the P1 and P2 bits at the output of rate matching; and

(d) if I _IN < 1____1Y_ + {%J, calculate the bias

(P12) 2 2
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A=|maxi—L P P__ I , otherwise setA=0.
IN-1| 2 2 |7N+l1
2 2
4. The method of claim 3, wherein non-puncturing patterns with a period of

7N / 2 cause degradation in performance results and N is a whole number.

5. The method of claim 4 wherein the periods will be employed whenever the

average non-puncturing period of P1 or P2 bits is within +1 or +% of 7N / 2 for even and

odd N respectively.

6. In a communications system employing a plurality of rate matching
stages, a method of avoiding problematic Turbo code puncturing patterns, the method
comprising:

(a) adjusting the number of bits punctured in each stage of rate matching; and

(b) adjusting the puncturing rates of each of the individual parity streams while

maintaining a constant overall effective coding rate.

7. The method of claim 6 wherein degradations in the quality of punctured

error correction coded transmissions having a first group of parity 1 (P1) bits and a
second group of parity 2 (P2) bits are identified, and step (b) further comprises:

(b1) adding punctured bits to the first group of P1 bits;

(b2) removing punctured bits from the second group of P2 bits; and

(b3) biasing the punctured rates of the P1 and P2 bits to avoid
problematic puncturing patterns by:

(i) adding a number of non-punctured P1 bits to the first group; and

(ii) decreasing the number of non-punctured P2 bits in the second group

by the number of non-punctured P1 bits added to the first group.
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8. The method of claim 7 further comprising:

o |41 1J
—_— + —_—
(c) determining a number of bits N using [71) 2] wherein I is the

number of bits at the input to each branch of rate matching and P is the total number

of the P1 and P2 bits at the output of rate matching; and

(d) 1 L N < 1—£+ N , calculate the bias
(P/2) 2 2 |2
A=maxd—L P P 1 , otherwise setA=0.
IN-1| 2 2 |7IN+1
2 2
9. The method of claim 8, wherein non-puncturing patterns with a period of

7N /2 cause degradation in performance results and N is a whole number.

10. The method of claim 9 wherein the periods will be employed whenever the

average non-puncturing period of P1 or P2 bits is within =1 or +% of 7N / 2 for even and

odd N respectively.

11. A method of identifying degradations in quality of punctured error
correction coded transmissions, the method comprising:
(a) identifying a puncturing pattern which approximates a particular code
rate; and
(b) adjusting a value for anticipated degradation in accordance with the

matching of the puncturing pattern and the particular code rate.
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12. The method of claim 11 wherein degradations in the quality of punctured

error correction coded transmissions having a first group of parity 1 (P1) bits and a
second group of parity 2 (P2) bits are identified, and step (b) further comprises:

(b1) adding punctured bits to the first group of P1 bits;

(b2) removing punctured bits from the second group of P2 bits; and

(b3) biasing the punctured rates of the P1 and P2 bits to avoid
problematic puncturing patterns by:

(1) adding a number of non-punctured P1 bits to the first group; and

(ii) decreasing the number of non-punctured P2 bits in the second group

by the number of non-punctured P1 bits added to the first group.

13. The method of claim 12 further comprising:

=] —4—

~ | ar 1J
(c) determining a number of bits N using LP 21 wherein I is the

number of bits at the input to each branch of rate matching and P is the total number

of the P1 and P2 bits at the output of rate matching; and

di L __TN <1—ﬂ+ N , calculate the bias
(P12 2 2 2
As|maxd L P P 1 , otherwise setA =0.
2 2

14. The method of claim 11 further comprising:
(¢) using Turbo code to implement the error correction coded

transmissions.
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15. The method of claim 14 further comprising:

(d) identifying when a non-punctured bit pattern of the transmissions
exhibits a periodic characteristic, with a period equal to a period of a semi-periodic
impulse response of recursive encoding blocks of the Turbo code; and

(e) using the identified non-punctured bit patterns which exhibit a

periodic characteristic to identify puncturing patterns with degraded performance.

16. A method of identifying degradations in the quality of punctured error
correction coded transmissions having a first group of parity 1 (P1) bits and a second
group of parity 2 (P2) bits, the method comprising:

(a) adding punctured bits to the first group of P1 bits;

(b) removing punctured bits from the second group of P2 bits; and

(c) biasing the punctured rates of the P1 and P2 bits to avoid problematic
puncturing patterns by: .

(i) adding a number of non-punctured P1 bits to the first group; and

(i1) decreasing the number of non-punctured P2 bits in the second group

by the number of non-punctured P1 bits added to the first group.

17. The method of claim 16 further comprising:
(d) using Turbo code to implement the error correction coded

transmissions.

18.  The method of claim 17 further comprising:

(e) identifying when a non-punctured bit pattern of the transmissions
exhibits a periodic characteristic, with a period equal to a period of a semi-periodic
impulse response of recursive encoding blocks of the Turbo code; and

(f) using the identified non-punctured bit patterns which exhibit a

periodic characteristic to identify puncturing patterns with degraded performance.

-43-

IPR2023-01272 Page 336



1-2-0526.1US

19. A method for reducing degradations in quality of punctured error
corrected code transmissions, the method comprising:
(a) identifying a puncturing pattern which approximates a particular code
rate; and
(b) adjusting the parameters of the transmissions sufficiently to cause a

mismatch in the puncturing pattern and the particular code rate.

20. The method of claim 19 further comprising:
(c) determining a capacity of a wireless transmit and receive unit
(WTRU), including buffer sizes that are supported by the WTRU;
(d) using puncturing to remove sufficient bits to fit into the buffer; and
(e) adjusting an overall code rate so as to provide sufficient error
correction capability, thereby providing a first rate in a first stage of puncturing and

providing a second rate in a second stage of puncturing.

21. The method of claim 20, further comprising:
(f) increasing non-punctured bits in one of the first stage and second stage
of puncturing, and decreasing non-punctured bits in another of the first stage and
second stage of puncturing, thereby adding additional puncturing to one stage and

removing it from the other stage.

22.  The method of claim 20 further comprising:
(f) increasing non-punctured bits in the first stage and decreasing

non-punctured bits in the second stage.

23. The method of claim 20 further comprising:
(f) decreasing non-punctured bits in the first stage and increasing

non-punctured bits in the second stage.
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24. The method of claim 20 further comprising:
(f) interleaving parity bits before rate matching occurs; and
(g) subsequently de-interleaving the parity bits, thereby avoiding a need
to periodically sample the parity bits when performing periodic sampling in rate

matching, thereby mitigating the effect of the periodicity of the puncturing pattern.

25. A communications system for avoiding problematic Turbo code
puncturing patterns, the system comprising:

(a) a plurality of rate matching stages;

(b) means for adjusting the number of bits punctured in each stage of rate
matching; and

(c) means for adjusting the number of bits punctured in each of the plurality of

parity streams, wherein the problematic puncturing patterns are avoided.

26. The system of claim 25 wherein degradations in the quality of punctured

error correction coded transmissions having a first group of parity 1 (P1) bits and a
second group of parity 2 (P2) bits are identified, the means (c) for adjusting the number
of bits punctured in each of the plurality of parity streams further comprising:

(c1) means for adding punctured bits to the first group of P1 bits;

(c2) means for removing punctured bits from the second group of P2 bits;
and

(c3) means for biasing the punctured rates of the P1 and P2 bits to avoid
problematic puncturing patterns, the biasing means including:

(i) means for adding a number of non-punctured P1 bits to the first group;
and

(i1) means for decreasing the number of non-punctured P2 bits in the

second group by the number of non-punctured P1 bits added to the first group.
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27.  The system of claim 26 further comprising:

.| 41 1J
(d) means for determining a number of bits N using [7P 2] wherein
I is the number of bits at the input to each branch of rate matching and P is the total

number of the P1 and P2 bits at the output of rate matching; and

(e) means for calculating the bias A _| max r p P 1 if
2

IN-1| 2~
2

I N N |N
—— ——{<1-—+|—|;and
(P12) 2 2 [ZJ
(e) means for setting biasA =0 if I 7NN, _E.F N
(P12) 2 2 |2

28.  The system of claim 27, wherein non-puncturing patterns with a period of

N / 2 cause degradation in performance results and N is a whole number.

29. The system of claim 28 wherein the periods will be employed whenever the

average non-puncturing period of P1 or P2 bits is within +1 or +% of 7N / 2 for even and

odd N respectively.

30. A communications system for avoiding problematic Turbo code puncturing
patterns, the system comprising:

(a) a plurality of rate matching stages;

(b) means for adjusting the number of bits punctured in each stage of rate

matching; and

(c) means for adjusting the puncturing rates of each of the individual parity
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streams while maintaining a constant overall effective coding rate.

31. The system of claim 30 wherein degradations in the quality of punctured

error correction coded transmissions having a first group of parity 1 (P1) bits and a
second group of parity 2 (P2) bits are identified, the means (c) for adjusting the
puncturing rates of each of the individual parity streams further comprising:

(c1) means for adding punctured bits to the first group of P1 bits;

(c2) means for removing punctured bits from the second group of P2 bits;
and

(c3) means for biasing the punctured rates of the P1 and P2 bits to avoid
problematic puncturing patterns, the biasing means (c3) including:

(i) means for adding a number of non-punctured P1 bits to the first group;
and

(i) means for decreasing the number of non-punctured P2 bits in the

second group by the number of non-punctured P1 bits added to the first group.

32. The system of claim 31 further comprising:
41 1
—+

(d) means for determining a number of bits N using \jP 2J wherein
I is the number of bits at the input to each branch of rate matching and P is the total

number of the P1 and P2 bits at the output of rate matching;

(e) means for calculating the bias p = | oy L P P__ I if
IN-1| 2 2 |7IN+1
2 2
I__IN| N |N
—— ——|<1-—+|—|; and
(P12) 2 2 |2
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1 7N>

(e) means for setting biasA =0 if
(P12) 2

33. The system of claim 32, wherein non-puncturing patterns with a period of

N / 2 cause degradation in performance results and N is a whole number.

34. The system of claim 33 wherein the periods will be employed whenever the

average non-puncturing period of P1 or P2 bits is within +1 or +% of 7N / 2 for even and

odd N respectively.

35. A communications system for identifying degradations in quality of
punctured error correction coded transmissions, the system comprising:
(a) means for identifying a puncturing pattern which approximates a
particular code rate; and
(b) means for adjusting a value for anticipated degradation in accordance

with the matching of the puncturing pattern and the particular code rate.

36. The system of claim 35 wherein degradations in the quality of punctured

error correction coded transmissions having a first group of parity 1 (P1) bits and a
second group of parity 2 (P2) bits are identified, the means (b) for adjusting a value for
anticipated degradation further comprising:

(b1) means for adding punctured bits to the first group of P1 bits;

(b2) means for removing punctured bits from the second group of P2 bits;
and

(b3) means for biasing the punctured rates of the P1 and P2 bits to avoid
problematic puncturing patterns, the biasing means (b3) including:

(1) means for adding a number of non-punctured P1 bits to the first group;
and

(i1) means for decreasing the number of non-punctured P2 bits in the
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second group by the number of non-punctured P1 bits added to the first group.

37. The system of claim 36 further comprising:

ﬁ_ti£+lJ
(c) means for determining a number of bits N using TP 2| wherein

I is the number of bits at the input to each branch of rate matching and P is the total

number of the P1 and P2 bits at the output of rate matching;

(d) means for calculating the bias p = paxd L P P__ [ if
IN-1| 2 2 |7N+1
2 2
e — <1—£V—+ N ; and
P12y 2 2 2
(e) means for setting biasA =0 if L __IN 21—£+ N .
(P/2) 2 2 |2

38.  The system of claim 35 further comprising:
(c) means for using Turbo code to implement the error correction coded

transmissions.

39. The system of claim 38 further comprising:

(d) means for identifying when a non-punctured bit pattern of the
transmissions exhibits a periodic characteristic, with a period equal to a period of a
semi-periodic impulse response of recursive encoding blocks of the Turbo code; and

(e) means for using the identified non-punctured bit patterns which

exhibit a periodic characteristic to identify puncturing patterns with degraded
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performance.

40. A communications system for identifying degradations in the quality of
punctured error correction coded transmissions having a first group of parity 1 (P1) bits
and a second group of parity 2 (P2) bits, the system comprising:

(a) means for adding punctured bits to the first group of P1 bits;

(b) means for removing punctured bits from the second group of P2 bits;
and

(c) means for biasing the punctured rates of the P1 and P2 bits to avoid
problematic puncturing patterns, the biasing means (c) including:

(1) means for adding a number of non-punctured P1 bits to the first group;
and

(ii) means for decreasing the number of non-punctured P2 bits in the

second group by the number of non-punctured P1 bits added to the first group.

41. The system of claim 40 further comprising:
(d) means for using Turbo code to implement the error correction coded

transmissions.

42. The system of claim 41 further comprising:

(e) means for identifying when a non-punctured bit pattern of the
transmissions exhibits a periodic characteristic, with a period equal to a period of a
semi-periodic impulse response of recursive encoding blocks of the Turbo code; and

(f) means for using the identified non-punctured bit patterns which
exhibit a periodic characteristic to identify puncturing patterns with degraded

performance.

43. A communications system for reducing degradations in quality of

punctured error corrected code transmissions, the system comprising:
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(a) means for identifying a puncturing pattern which approximates a
particular code rate; and
(b) means for adjusting the parameters of the transmissions sufficiently to

cause a mismatch in the puncturing pattern and the particular code rate.

44.  The system of claim 43 further comprising:
(c) means for determining a capacity of a wireless transmit and receive
unit (WTRU), including buffer sizes that are supported by the WTRU;
(d) means for using puncturing to remove sufficient bits to fit into the
buffer; and
(e) means for adjusting an overall code rate so as to provide sufficient
error correction capability, thereby providing a first rate in a first stage of puncturing

and providing a second rate in a second stage of puncturing.

45. The system of claim 44, further comprising:
(f) means for increasing non-punctured bits in one of the first stage and
second stage of puncturing, and decreasing non-punctured bits in another of the first
stage and second stage of puncturing, thereby adding additional puncturing to one

stage and removing it from the other stage.

46. The system of claim 44 further comprising:
(f) means for increasing non-punctured bits in the first stage and

decreasing non-punctured bits in the second stage.
47.  The system of claim 44 further comprising:
(f) means for decreasing non-punctured bits in the first stage and

increasing non-punctured bits in the second stage.

48.  The system of claim 44 further comprising:
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(f) means for interleaving parity bits before rate matching occurs; and

(g) means for subsequently de-interleaving the parity bits, thereby
avoiding a need to periodically sample the parity bits when performing periodic
sampling in rate matching, thereby mitigating the effect of the periodicity of the

puncturing pattern.
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ABSTRACT

Detecting, avoiding and/or correcting problematic puncturing patterns in
parity bit streams used when implementing punctured Turbo codes is achieved withdut
having to avoid desirable code rates. This enables identification/avoidance of regions of
relatively poor Turbo code performance. Forward error correction comprising Turbo
coding and puncturing achieves a smooth functional relationship between any measure
of performance and the effective coding rate resulting from combining the lower rate
code generated by the Turbo encoder with puncturing of the parity bits. In one
embodiment, methods to correct/avoid degradations due to Turbo coding are
implemented by puncturing interactions when two or more stages of rate matching are

employed.
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Express Mail Label No. EV 320890803 US

APPLICATION DATA SHEET
UNDER 37 CFR §1.76

Inventor Information

Inventor One Given Name::

Family Name::

Postal Address Line One::
City::

State or Province::

Postal or ZIP Code::
Citizenship Country::
Residence::

Inventor Two Given Name::

Family Name::

Postal Address Line One::
City::

State or Province::

Postal or ZIP Code::
Citizenship Country::
Residence::

Assignee Information

Name Line One::
Address Line One::
Address Line Two::
City::

State or Province::
Postal or ZIP Code::

Correspondence Information

Customer No.::
Name Line One::
Name Line Two::
Telephone No.:

24374

C. Frederick Koenig, I1I

Volpe and Koenig, P.C., DEPT ICC
215-568-6400

Philip J.

Pietraski

199 N. Oak Street

North Massapequa

New York

11758

United States of America

North Massapequa, New York, U.S.A.

Gregory S.

Sternberg

50 Brompton Road, Apt. 2B
Great Neck

New York

11021

United States of America
Great Neck, New York, U.S.A.

InterDigital Technology Corporation
300 Delaware Avenue

Suite 527

Wilmington

Delaware, U.S.A.

19801
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(4)  Application Information

Title Line One:: DETECTION, AVOIDANCE AND/OR

Title Line Two:: CORRECTION OF PROBLEMATIC

Title Line Three:: PUNCTURING PATTERNS IN PARITY BIT
Title Line Four:: STREAMS USED WHEN IMPLEMENTING
Title Line Five:: TURBO CODES

Total Drawing Sheets:: Twelve (12)

Drawing Type:: Formal

Application Type:: Utility

Docket No.:: 1-2-0526.1US

(6)  Representative Information

Representative Customer No.:: 24374

(6) Domestic Priority Information

This application is a:: Non Prov. of Provisional
Application One:: 60/434,232
Filing Date:: December 16, 2002
This application is a:: Non Prov. of Provisional
Application Two:: 60/444,068
Filing Date:: January 30, 2003
This application is a:: Non Prov. of Provisional
Application Three:: 60/470,921
Filing Date:: May 15, 2003
This application is a:: Non Prov. of Provisional
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Filing Date:: August 11, 2003
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Application orroket Number
PATENT APPLICATION FEE DETERMINATION RECORD o
Effective October 1, 2003 /-2-05Z2& s¢/5
CLAIMS AS FILED - PART | SMALL ENTITY OTHER THAN
(Column 1) (Column 2) TYPE [ OR SMALL ENTITY
TOTAL CLAIMS ys RATE | FEE RATE | FEE
FOR NUMBER FILED NUMBER EXTRA BASIC FEE} 385.00 |oR[BASIC FEE| 770.00
TOTAL CHARGEABLE CLAIMS d/& minus 20= |* Lg XS 9= or| xs18= ey
INDEPENDENT CLAIMS * 2
minus 3 = - -
/0 7 X43= or| x86= | >
MULTIPLE DEPENDENT CLAIM PRESENT O
+145= OR| +290=
* If the difference in column 1 is less than zero, enter “0” in column 2 TOTAL OR TOTAL /5%
CLAIMS AS AMENDED - PART Il OTHER THAN
(Column 1) (Column 2)  (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
ADDI- ADDI-
« REMAINING NUMBER PRESENT
; AFTER PREVIOUSLY EXTRA RATE ]TIONAL RATE | TIONAL
] AMENDMENT PAID FOR FEE FEE
=
A | Total * Minus = = 18=
g inu *x XS 9 OR X$18
‘é" Independent |« Minus o = a3 onl| xes-
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM ]
+145= OR| +290=
TOTAL OR TOTAL
ADDIT. FEE ADDIT. FEE
(Column 1) (Column 2)  (Column 3)
CLAIMS HIGHEST
m REMAINING NUMBER PRESENT ADDI- ADDI-
E AFTER PREVIOUSLY EXTRA RATE |TIONAL RATE | TIONAL
vy AMENDMENT PAID FOR FEE FEE
2 Total Minus =
2 * inu ** = X$ 9= OR X$18=
:E: Independent |« Minus ok = X43= oR X86=
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM ]
‘ +145= OR|{ +290=
TOTAL TOTAL
ADDIT. FEE OR ,poiT FEE
(Column 1) {Column 2) Column 3
N CLAIMS HIGHEST
C REMAINING NUMBER PRESENT ADDI- ADDI-
5 AFTER PREVIOUSLY EXTRA RATE [TIONAL RATE [ TIONAL
w AMENDMENT PAID FOR FEE FEE
= .
% Total * Minus ek = X$ 9= OR X$18=
g Independent | Minus ok =
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM D
+145= OR | +290=
* lf the entry in column 1 is less than the entry in column 2, write 0" in column 3. TOTAL TOTAL
“ 1f the "Highest Number Previously Paid For” IN THIS SPAGE is less than 20, enter "20."  anoT FEE OR ,poir FEE
~=If the “Highest Number Previously Paid For" iN THIS SPACE is less than 3, enter “3.” ' '
The "Highest Number Previously Paid For™ (Total or Independent) is the highest number found in the appropriate box in column 1.

FORM PTO-875 (Rev 10/03) Patent and Trademark Office, U S. DEPARTMENT OF COMMERCE
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PTO/SB/0S (06-03)
Approved for use through 07/31/2003. OMB 0651-0032
U.S. Patent and Trademark Office. U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1895, no persons are required to respond to a collection of information unless it displays a valid OMB control number.
UTILITY Attorney Docket No. I-2-0526.1US
PATENT APPLICATION Firt Inventor Pietraski et al.
TRAN SM ”—r AL Title DETECTION, AVOIDANCE AND/OR CORRECTION...
\_ (Only for new nonprovisional applications under 37 CFR 1.53(b)) Express Mail Label No. |EV 320890803 US )
Mail Stop Patent Application
APPLICATION ELEMENTS ADDRESS TO: Commissioner for Patents
See MPEP chapter 600 conceming utility patent application contents. ng :‘?ﬁrgg 22313-1450
1. Fee Transmittal Form (e.g., PTO/SB/17) 7.[] cD-ROM or CO-R in duplicate, large table or
g
(Submit an original and a duplicate for fee processing) Computer Program (Appendix)
2.1 Applicant ciaims small entity status. 8. Nucleotide and/or Amino Acid Sequence Submission
See :?7 CFR1.27. 53 (if applicable, all necessary)
3 [x] Specification [Total Pages. ] a. Computer Reader Form (CRF)
(preferred arangement set forth below)
- Descriptive title of the invention : : ot .
- Cross Reference to Related Applications b. Specification Sequence Listing on:
- Statement Regarding Fed sponsored R & D . Lo
- Reference to sequence listing, a table, I (- CD-ROM or CD-R (2 copies); or
or a computer program listing appendix
- Background of the Invention ii. D Paper
- Brief Summary of the Invention
- gﬁf{FZS;ﬁPﬁ?"t?f the Drawings (if filed) ¢. [ statements verifying identity of above copies
~Clamey Een ACCOMPANYING APPLICATION PARTS
- Abstract of the Disclosure
. 12 9. I:] Assignment Papers (cover sheet & document(s))
4.[x] Drawing(s) (35 US.C. 113) [Total Sheets 12 10. [ 37 CFR 3.73(p) Statement Power of
X (when there is an assignee) Attorney
5. Qath or Declaration - [Total Sheets ] 1. English Translation Document (if applicable)
a. [[] Newly executed (original or copy) 12.[] Information Disclosure Copies of IDS
) o Statement (IDS)/PTO-1449 Citations
b. [Z] Copy from a prior application (37 CFR 1.63(d)) 13.[]  Preliminary Amendment
(for continuation/divisional with Box 18 completed) 14. m Retum Receipt Postcard (MPEP 503)
i (Should be specifically itemized)
i[] DELETION OF INVENTOR(S) 15. 3 Certified Copy of Priority Document(s)
Slgned_ statemgnt anac;heg deleting inventor(s) (if foreign priority is claimed)
'1’%’g?d')?z(;]::ﬁr;,p(g;'wmn' see 37 CFR 16. D Nonpublication Request under 35 U.S.C. 122
' ' ' (b)(2)(B)(i). Applicant must attach form PTO/SB/35
. Application Data Sheet. See 37 CFR 1.76 or its equivalent.
[x]  Appiicatio 17. 0 Other: oovovmomee oo

I:l Continuation

[ oiisional

Prior application information: Examiner

18. If a CONTINUING APPLICATION, check appropriate box, and supply the requisite information below and in the first sentence of the
specification following the title, or in an Application Data Sheet under 37 CFR 1.76:

D Continuation-in-part (CIP)

of prior application No.: .......c.couiiiiiiiininnnnnn.

Art Unit:

For CONTINUATION OF 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.
The incorporation can ontly be relied upon when a portion has been inadvertently omitted from the submitted application parts.

19. CORRESPONDENCE ADDRESS

x] Customer Number: 24374 OR (] Correspondence address below
Name VOLPE AND KOENIG, P.C., DEPTICC
Address
City State | Zip Code
Country Telephone I Fax
[ Name (Print/Type) | C. Frederick Koenig, Il | Registration No. (Attomey/Agent) | 29,662 h
\ Signature - /?)/ 4 Date | pecember 2, 2003 )

This coliection of information is required by 37 CFR 1.53(b). The information is required to obtain or retain a benefit by the public which is to file (and by the
USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete,
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individua! case. Any comments
on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. 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

loner for P

ADDRESS. SEND TO: Mail Stop Patent Application, C.

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

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.

031088 U.S. PTO
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PTO/SBMT7 (10-03)

Approved for use through 07/31/2006. OMB 0651-0032

u.s. Patent and Trademark Office; U.8. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995 no perso ired to 1 d b f information unless it displays a valid O (9] er.

F E E TRAN S M ITTAL Application Numberc‘:"z:)lte 3:{2’:3\:/’:
for FY 2004  [fsee o vetkoom

Pietraski et al.
Effective 10/01/12003. Patent fees are subject to annual revision. First Namad Inventor askieta

I

[ Aoicant o | JUp——— Examiner Name Not Yet Known
icant claims small entity status. See .
il Y Art Unit Not Yet Known
kTOTAL AMOUNT OF PAYMENT $) 1,876.00 Attorney Docket No_|1-2-0526.1US )
METHOD OF PAYMENT (check all that apply) FEE CALCULATION (continued)
[] check [] creditcard [] ggneev [[] other [] None | 3. ADDITIONAL FEES
L Enti Small Enti
[X] peposit Account: ﬁi&:_e:v_‘ﬁ ipti
Deposit Code (§) |Code (§) Fee Description Feo Paid_
Account 09-0435 )
Number- 1051 130 |2051 65 Surcharge - late filing fee or oath
/?:&%srlmtt interDigital Communications Corporation 1052 50 |2052 25 gg‘:gl:i:‘g; : late provisional filing fee or
Name

1053 130 [1053 130 Non-English specification
1812 2,520 |1812 2,520 For filing a request for ex parte reexamination

1804 920*| 1804 920* Requesting publication of SIR prior to
Examiner action

The Director is authorized to: (check all that apply)
Charge fee(s) indicated below B] Credit any overpayments

[Z]Charge any additional fee(s) or any underpayment of fee(s)

[Jcharge fee(s) indicated below, except for the filing fee 1805 1,840%| 1805 1,840* Requesting publication of SIR after
to the above-identified deposit account. Examiner action
FEE CALCULATION 12561 110 | 2281 55 Extension for reply within first month

1252 420 | 2252 210 Extension for reply within second month

1. BASIC FILING FEE

L arge Entity Small Entity 1253 950 | 2253 475 Extension for reply within third month

Fee Fee [Fee Fee Fee Description Fee Paid 1 4 ; ithi
“WW 254 1,480 | 2254 740 Extensron for reply wrthfn fourth month
51001 770 |2001 385 Utility filing fee 1265 2,010 | 2255 1,005 Extension for reply within fifth month

’ 770.00 !

1002 340 [2002 170 Design filing fee 1401 330 | 2401 165 Notice of Appeal

1003 530 2003 265 Plant filing fee 1402 330 ] 2402 165 Filing a brief in support of an appeal

1004 770 |2004 385 Reissue filing fee 1403 290 | 2403 145 Request for oral hearing

1005 160 |2005 80 Provisional filing fee 1451 1,510 | 1451 1,510 Petition to institute a public use proceeding

SUBTOTAL (1) | ($) 770.00 I 1452 110 | 2452 55 Petition to revive - unavoidable

1453 1,330 | 2453 665 Petition to revive - unintentional
2. EXTRA CLAIM FEES FOR UTlLITY AND REISSUE 1501 1,330 | 2501 665 Ulility issue fee (or reissue)

Extra CII h_ﬁ%gf] Fee Paidl 1502 480 | 2502 240 Design issue fee
Total Claims {48 |- 20 = 504.00 Il 1503 640 | 2508 320 Plant issue fee

Independent | | |
Clai 10 -3 = Xmm 1460 130 | 1460 130 Petitions to the Commissioner

Mu|t| le Dependent
P s [::] m 1807 50| 1807 50 Processing fee under 37 CFR 1.17(q)
Large Entity | Small Entity 1806 180 | 1806 180 Submission of Information Disclosure Stmt
Eee F:" zee F:e e Des Recording each patent assignment per
ode ode
1202 (1)8 2202‘ ) 9 Claims in excess of 20 8021 401 so21 40 property (times number of properties)
o 1809 770 | 2809 385 Filing a submission after final rejection

1201 86 2201 43 Independent claims in excess of 3 (37 CFR 1.129(a))
1203 290 2203 145 Multiple dependent claim, if notpaid | 1810 770 | 2810 385 For each additional invention to be
1204 86 2204 43 **Reissue independent claims examined (37 CFR 1.129(b))

over original patent 1801 770 | 2801 385 Request for Continued Examination (RCE)
1205 18 2205 9 ** Reissue claims in excess of 20 1802 900| 1802 900 Request for expedited examination

and over original patent of a design application

SUBTOTAL (2) $ 1,106.00 Other fee (specify?

“*or number previously paid, if greater, For Reissues. see above_ “Reduced by Basic Filing Fee Paid SUBTOTAL (3) [($) 0;00

SUBMITTED BY - - {Complete (7 appicatie))
Name (PritTyes) | C. Frederick Koenig, Ill | fegistation No- | 29,662 Telephone 215-568-6400
Signature .- W pate | December 2, 2003

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.
This collection of information is required by 37 CFR 1.17 and 1.27. The information is required to obtain or retain a benefit by the public which is to file (and by the
USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14, This collection is estimated to take 12 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 and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. 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.
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PTO/SB/0S (06-03)
Approved for use through 07/31/2003. OMB 0651-0032
U.S. Patent and Trademark Office. U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1895, no persons are required to respond to a collection of information unless it displays a valid OMB control number.
UTILITY Attorney Docket No. I-2-0526.1US
PATENT APPLICATION Firt Inventor Pietraski et al.
TRAN SM ”—r AL Title DETECTION, AVOIDANCE AND/OR CORRECTION...
\_ (Only for new nonprovisional applications under 37 CFR 1.53(b)) Express Mail Label No. |EV 320890803 US )
Mail Stop Patent Application
APPLICATION ELEMENTS ADDRESS TO: Commissioner for Patents
See MPEP chapter 600 conceming utility patent application contents. ng :‘?ﬁrgg 22313-1450
1. Fee Transmittal Form (e.g., PTO/SB/17) 7.[] cD-ROM or CO-R in duplicate, large table or
g
(Submit an original and a duplicate for fee processing) Computer Program (Appendix)
2.1 Applicant ciaims small entity status. 8. Nucleotide and/or Amino Acid Sequence Submission
See :?7 CFR1.27. 53 (if applicable, all necessary)
3 [x] Specification [Total Pages. ] a. Computer Reader Form (CRF)
(preferred arangement set forth below)
- Descriptive title of the invention : : ot .
- Cross Reference to Related Applications b. Specification Sequence Listing on:
- Statement Regarding Fed sponsored R & D . Lo
- Reference to sequence listing, a table, I (- CD-ROM or CD-R (2 copies); or
or a computer program listing appendix
- Background of the Invention ii. D Paper
- Brief Summary of the Invention
- gﬁf{FZS;ﬁPﬁ?"t?f the Drawings (if filed) ¢. [ statements verifying identity of above copies
~Clamey Een ACCOMPANYING APPLICATION PARTS
- Abstract of the Disclosure
. 12 9. I:] Assignment Papers (cover sheet & document(s))
4.[x] Drawing(s) (35 US.C. 113) [Total Sheets 12 10. [ 37 CFR 3.73(p) Statement Power of
X (when there is an assignee) Attorney
5. Qath or Declaration - [Total Sheets ] 1. English Translation Document (if applicable)
a. [[] Newly executed (original or copy) 12.[] Information Disclosure Copies of IDS
) o Statement (IDS)/PTO-1449 Citations
b. [Z] Copy from a prior application (37 CFR 1.63(d)) 13.[]  Preliminary Amendment
(for continuation/divisional with Box 18 completed) 14. m Retum Receipt Postcard (MPEP 503)
i (Should be specifically itemized)
i[] DELETION OF INVENTOR(S) 15. 3 Certified Copy of Priority Document(s)
Slgned_ statemgnt anac;heg deleting inventor(s) (if foreign priority is claimed)
'1’%’g?d')?z(;]::ﬁr;,p(g;'wmn' see 37 CFR 16. D Nonpublication Request under 35 U.S.C. 122
' ' ' (b)(2)(B)(i). Applicant must attach form PTO/SB/35
. Application Data Sheet. See 37 CFR 1.76 or its equivalent.
[x]  Appiicatio 17. 0 Other: oovovmomee oo

I:l Continuation

[ oiisional

Prior application information: Examiner

18. If a CONTINUING APPLICATION, check appropriate box, and supply the requisite information below and in the first sentence of the
specification following the title, or in an Application Data Sheet under 37 CFR 1.76:

D Continuation-in-part (CIP)

of prior application No.: .......c.couiiiiiiiininnnnnn.

Art Unit:

For CONTINUATION OF 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.
The incorporation can ontly be relied upon when a portion has been inadvertently omitted from the submitted application parts.

19. CORRESPONDENCE ADDRESS

x] Customer Number: 24374 OR (] Correspondence address below
Name VOLPE AND KOENIG, P.C., DEPTICC
Address
City State | Zip Code
Country Telephone I Fax
[ Name (Print/Type) | C. Frederick Koenig, Il | Registration No. (Attomey/Agent) | 29,662 h
\ Signature - /?)/ 4 Date | pecember 2, 2003 )

This coliection of information is required by 37 CFR 1.53(b). The information is required to obtain or retain a benefit by the public which is to file (and by the
USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete,
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individua! case. Any comments
on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. 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

loner for P

ADDRESS. SEND TO: Mail Stop Patent Application, C.

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

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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Express Mail Label No. EV 320890803 US

PTO/SBMT7 (10-03)

Approved for use through 07/31/2006. OMB 0651-0032

u.s. Patent and Trademark Office; U.8. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995 no perso ired to 1 d b f information unless it displays a valid O (9] er.

F E E TRAN S M ITTAL Application Numberc‘:"z:)lte 3:{2’:3\:/’:
for FY 2004  [fsee o vetkoom

Pietraski et al.
Effective 10/01/12003. Patent fees are subject to annual revision. First Namad Inventor askieta

I

[ Aoicant o | JUp——— Examiner Name Not Yet Known
icant claims small entity status. See .
il Y Art Unit Not Yet Known
kTOTAL AMOUNT OF PAYMENT $) 1,876.00 Attorney Docket No_|1-2-0526.1US )
METHOD OF PAYMENT (check all that apply) FEE CALCULATION (continued)
[] check [] creditcard [] ggneev [[] other [] None | 3. ADDITIONAL FEES
L Enti Small Enti
[X] peposit Account: ﬁi&:_e:v_‘ﬁ ipti
Deposit Code (§) |Code (§) Fee Description Feo Paid_
Account 09-0435 )
Number- 1051 130 |2051 65 Surcharge - late filing fee or oath
/?:&%srlmtt interDigital Communications Corporation 1052 50 |2052 25 gg‘:gl:i:‘g; : late provisional filing fee or
Name

1053 130 [1053 130 Non-English specification
1812 2,520 |1812 2,520 For filing a request for ex parte reexamination

1804 920*| 1804 920* Requesting publication of SIR prior to
Examiner action

The Director is authorized to: (check all that apply)
Charge fee(s) indicated below B] Credit any overpayments

[Z]Charge any additional fee(s) or any underpayment of fee(s)

[Jcharge fee(s) indicated below, except for the filing fee 1805 1,840%| 1805 1,840* Requesting publication of SIR after
to the above-identified deposit account. Examiner action
FEE CALCULATION 12561 110 | 2281 55 Extension for reply within first month

1252 420 | 2252 210 Extension for reply within second month

1. BASIC FILING FEE

L arge Entity Small Entity 1253 950 | 2253 475 Extension for reply within third month

Fee Fee [Fee Fee Fee Description Fee Paid 1 4 ; ithi
“WW 254 1,480 | 2254 740 Extensron for reply wrthfn fourth month
51001 770 |2001 385 Utility filing fee 1265 2,010 | 2255 1,005 Extension for reply within fifth month

’ 770.00 !

1002 340 [2002 170 Design filing fee 1401 330 | 2401 165 Notice of Appeal

1003 530 2003 265 Plant filing fee 1402 330 ] 2402 165 Filing a brief in support of an appeal

1004 770 |2004 385 Reissue filing fee 1403 290 | 2403 145 Request for oral hearing

1005 160 |2005 80 Provisional filing fee 1451 1,510 | 1451 1,510 Petition to institute a public use proceeding

SUBTOTAL (1) | ($) 770.00 I 1452 110 | 2452 55 Petition to revive - unavoidable

1453 1,330 | 2453 665 Petition to revive - unintentional
2. EXTRA CLAIM FEES FOR UTlLITY AND REISSUE 1501 1,330 | 2501 665 Ulility issue fee (or reissue)

Extra CII h_ﬁ%gf] Fee Paidl 1502 480 | 2502 240 Design issue fee
Total Claims {48 |- 20 = 504.00 Il 1503 640 | 2508 320 Plant issue fee

Independent | | |
Clai 10 -3 = Xmm 1460 130 | 1460 130 Petitions to the Commissioner

Mu|t| le Dependent
P s [::] m 1807 50| 1807 50 Processing fee under 37 CFR 1.17(q)
Large Entity | Small Entity 1806 180 | 1806 180 Submission of Information Disclosure Stmt
Eee F:" zee F:e e Des Recording each patent assignment per
ode ode
1202 (1)8 2202‘ ) 9 Claims in excess of 20 8021 401 so21 40 property (times number of properties)
o 1809 770 | 2809 385 Filing a submission after final rejection

1201 86 2201 43 Independent claims in excess of 3 (37 CFR 1.129(a))
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