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UNITED STA TES p A TENT AND TRADEMARK OFFICE 

APPLICATION NO. ISSUE DATE 

13/309,962 01/22/2013 

24374 7590 

VOLPE AND KOENIG, P.C. 
DEPT. ICC 
UNITED PLAZA 
30 SOUTH 17TH STREET 
PHILADELPHIA, PA 19103 

12/29/2012 

PATENT NO. 

8359520 

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

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

ATTORNEY DOCKET NO. CONFIRMATION NO. 

I-2-0526US04 3264 

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 O 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 Application Assistance Unit (AAU) of the Office of Data Management 
(ODM) at (571)-272-4200. 

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

Philip J. Pietraski, Huntington, NY; 
Gregory S. Sternberg, Mt. Laurel, NJ; 

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location 
for business investment, innovation, and commercialization of new technologies. The USA offers tremendous 
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation 
works to encourage and facilitate business investment. To learn more about why the USA is the best country in 
the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov. 
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PATENT AND TRADEMARK OFFICE APPLICANT 
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STATEMENT BY APPLICANT FILING DATE GROUP 

December 2, 2011 2112 

(Use several sheets if necessary) 
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EXAMINER 
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07/2003 Hammons, Jr. 

09/2003 Yun et al. 6 

10/2003 Shibutani et al. 
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10/2002 Kwon et al. 

01/2003 Kim et al. 
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conformance and not considered. Include copy of this form with next communication to applicant. 
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PART B - FEE(S) TRANSMITTAL 

Complete and send this form, together with applicable fee(s), to: Mllil Mail Sto~ ISSUE FEE 
Commissioner for Patents 
P.O. Box 1450 

or.Eu 
Alexandria, Virginia 22313-1450 
(571)-273-2885 

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

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block I for any change of arldress) 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 
papers. Each additional paper, such as an assi$nment or formal drawing, must 
have its own certificate of mailing or transmiss10n. 

24374 7590 09/14/2012 

VOLPE AND KOENIG, P.C. 
DEPT.ICC 
UNITED PLAZA 
30 SOUTH 17TH STREET 
PHU.ADELPHIA, PA 19103 

APPLICATION NO. FILING DATE 

Certificate of Mailing or Transmission 
I hereby certifv that this Fee(s) Transmittal is being deposited with the United 
States Postal Service with sufficient postage for first class mail in an envelope 
addressed to the Mail Stop ISSUE FEE address above, or being facsimile 
transmitted to the USPTO (571) 273-2885, on the date indicated below. 

""~~•->1 (Signature) 

(Date) 

FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. 

13/309,962 12/02/2011 Philip J. Pietraski I-2-0526US04 3264 

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

APPLN. TYPE SMALL ENTITY ISSUE FEE DUE 

nonprovisional NO $1740 

EXAMINER ARTUNIT 

ALPHONSE, FRITZ 2112 

1. Change of correspondence address or indication of "Fee Address" (37 
CFR 1.363). 

0 Change of correspondence address ( or Change of Correspondence 
Address form PTO/SB/122) attached. 

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

PUBLICATION FEE DUE PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE 

$300 $0 

CLASS-SUBCLASS 

714-755000 

2. For printing on the patent front page, list 

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

(2) the name of a single firm (having as a member a 
registered attorney or agent) and the names of up to 
2 registered patent attorneys or agents. If no name is 
listecl, no name will be printed. 

$2040 12/14/2012 

1 Volpe And Koenig, P.C. 

2, ____________ _ 

3 ____________ _ 

3. 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 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) 

lnterDigital Technology Corporation Wilmington, Delaware 

Please check the appropriate assignee category or categories (will not be printed on the patent) : 0 Individual ~ Corporation or other private group entity O Government 

4a. The following fee(s) are submitted: 

~Issue Fee 

~ Publication Fee (No small entity discount permitted) 

0 Advance Order-# of Copies ________ _ 

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

0 a. Applicant claims SMALL ENTITY status. See 37 CFR 1.27. 

4b. Payment ofFee(s): (Please first reapply any previously paid issue fee shown above) 

0 A check is enclosed. 

ig:J Payment by credit card. Form PTO-2038 is attached. 

11SJThe Director is hereby authorized to charge the required fee(s), any deficiency, or credit any 
overpayment, to Deposit Account Number 090435 ( enclose an extra copy of this form). 

0 b. Applicant is no longer claiming SMALL ENTITY status. See 37 CFR l .27(g)(2). 

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

/Baha A. Obeidat/ 
Authorized Signature ____________________ _ Date __ D_e_c_e_m_b_e_r_1_4_,_2_0_1_2 ______ _ 

Typed or printed name __ B_a_h_a_A_._O_b_e_i_d_a_t _________ _ Registration No. ~6~6~8_2_7 _________ _ 

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 J?rocess) 
an apPlication. Confidentialil)' 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, prepanng, and 
submJtting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you reguire to complete 
this form and/or sug~estions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, 1'.0. 
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 0MB control number. 

PTOL-85 (Rev. 02/11) Approved for use through 08/31/2013. 0MB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
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Title of Invention: PUNCTURING PATTERNS IN PARITY BIT STREAMS USED WHEN IMPLEMENTING 
TURBO CODES 

First Named Inventor/Applicant Name: Philip J. Pietraski 

Filer: Baha A. Obeidat/Patricia Petaccia 

Attorney Docket Number: l-2-0526US04 

Filed as Large Entity 

Utility under 35 USC 111 (a) Filing Fees 

Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Basic Filing: 

Pages: 

Claims: 

Miscellaneous-Filing: 

Petition: 

Patent-Appeals-and-Interference: 

Post-Allowance-and-Post-Issuance: 

Utility Appl issue fee 1501 1 1770 1770 

Publ. Fee- early, voluntary, or normal 1504 1 300 300 
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Description Fee Code Quantity Amount 
Sub-Total in 
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Extension-of-Time: 

Miscellaneous: 

Total in USD ($) 2070 
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Electronic Acknowledgement Receipt 

EFSID: 14468392 

Application Number: 13309962 

International Application Number: 

Confirmation Number: 3264 

DETECTION, AVOIDANCE AND/OR CORRECTION OF PROBLEMATIC 
Title of Invention: PUNCTURING PATTERNS IN PARITY BIT STREAMS USED WHEN IMPLEMENTING 

TURBO CODES 

First Named Inventor/Applicant Name: Philip J. Pietraski 

Customer Number: 24374 

Filer: Baha A. Obeidat/Patricia Petaccia 

Filer Authorized By: Baha A. Obeidat 

Attorney Docket Number: l-2-0526US04 

Receipt Date: 14-DEC-2012 

Filing Date: 02-DEC-2011 

Time Stamp: 12:34:39 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment yes 

Payment Type Deposit Account 

Payment was successfully received in RAM $2070 

RAM confirmation Number 11177 

Deposit Account 090435 

Authorized User 

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows: 

Charge any Additional Fees required under 37 C.F.R. Section 1.17 (Patent application and reexamination processing fees) 
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File Listing: 

Document 
Document Description File Name 

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

113545 

1 Issue Fee Payment (PTO-85B) 20121214_IssueFee.PDF no 1 
6a b 14afd 22b3 ecb9983 22c53 aea e8998da6 

4117e 

Warnings: 

Information: 

32276 

2 Fee Worksheet (5B06) fee-info.pdf no 2 
4833c274 7ef63c5c1 5183e1 b45a 1 d6d49e1 

aec43 

Warnings: 

Information: 

Total Files Size (in bytes) 145821 

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

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

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

New International A~~lication Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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UNITED STA IBS p A IBNT AND TRADEMARK OFFICE 
UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

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

NOTICE OF ALLOWANCE AND FEE(S) DUE 

24374 7590 09/14/2012 

VOLPE AND KOENIG, P.C. 
DEPT. ICC 
UNITED PLAZA 
30 SOUTH 17TH STREET 
PHILADELPHIA, PA 19103 

EXAMINER 

ALPHONSE, FRITZ 

ART UNIT PAPER NUMBER 

2112 

DATE MAILED: 09/14/2012 

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

13/309,962 12/02/2011 Philip J. Pietraski I-2-0526US04 3264 

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

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

nonprovisional NO $1740 $300 $0 $2040 12/14/2012 

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 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES 
NOT REFLECT A CREDIT FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS 
PREVIOUSLY BEEN PAID IN THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM 
WILL BE CONSIDERED A REQUEST TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW 
DUE. 

HOW TO REPLY TO THIS NOTICE: 

I. Review the SMALL ENTITY status shown above. 

If the SMALL ENTITY is shown as YES, verify your current 
SMALL ENTITY status: 

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

B. If the status above is to be removed, check box 5b on Part B -
Fee(s) Transmittal and pay the PUBLICATION FEE (if required) 
and twice the amount of the ISSUE FEE shown above, or 

If the SMALL ENTITY is shown as NO: 

A. Pay TOTAL FEE(S) DUE shown above, or 

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

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

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

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

Page 1 of 3 
PTOL-85 (Rev. 02/11) 
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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 

or Fax 
Alexandria, Virginia 22313-1450 
(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 
appropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as 
indicated unless corrected below or directed otherwise in Block I, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for 
maintenance fee notifications. 

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block I 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 
papers. Each additional paper, such as an assignment or formal drawing, must 
have its own certificate of mailing or transmission. 

24374 7590 09/14/2012 

VOLPE AND KOENIG, P.C. 
DEPT. ICC 
UNITED PLAZA 
30 SOUTH 17TH STREET 
PHILADELPHIA, PA 19103 

APPLICATION NO. FILING DATE 

13/309,962 12/02/2011 

Certificate of Mailing or Transmission 
I hereby certify that this Fee(s) Transmittal is being deposited with the United 
States Postal Service with sufficient postage for first class mail in an envelope 
addressed to the Mail Stop ISSUE FEE address above, or being facsimile 
transmitted to the USPTO (571) 273-2885, on the date indicated below. 

(Depositor's name) 

(Signature) 

(Date) 

FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. 

Philip J. Pietraski I-2-0526US04 3264 

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

APPLN. TYPE SMALL ENTITY ISSUE FEE DUE 

nonprovisional NO $1740 

EXAMINER ART UNIT 

ALPHONSE, FRITZ 2112 

I. Change of correspondence address or indication of "Fee Address" (37 
CFR 1.363). 

0 Change of correspondence address ( or Change of Correspondence 
Address form PTO/SB/122) attached. 

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

PUBLICATION FEE DUE PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE 

$300 $0 

CLASS-SUBCLASS 

714-755000 

2. For printing on the patent front page, list 

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

(2) the name of a single firm (having as a member a 
registered attorney or agent) and the names of up to 
2 registered patent attorneys or agents. If no name is 
listed, no name will be printed. 

$2040 12/14/2012 

2 ______________ _ 

3 ______________ _ 

3. 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 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) 

Please check the appropriate assignee category or categories (will not be printed on the patent) : 0 Individual O Corporation or other private group entity O Government 

4a. The following fee(s) are submitted: 

0 Issue Fee 

0 Publication Fee (No small entity discount permitted) 

0 Advance Order - # of Copies _________ _ 

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

0 a. Applicant claims SMALL ENTITY status. See 37 CFR 1.27. 

4b. Payment ofFee(s): (Please first reapply any previously paid issue fee shown above) 

0 A check is enclosed. 

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

0 The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any 
overpayment, to Deposit Account Number ( enclose an extra copy of this form). 

0 b. Applicant is no longer claiming SMALL ENTITY status. See 37 CFR l.27(g)(2). 

NOTE: The Issue Fee and Publication Fee (if required) will not be accepted from anyone other than the applicant; a registered attorney or agent; or the assignee or other party 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 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, 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 0MB control number. 
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months) after the mailing date of this notice, the Patent Term Adjustment will be O day(s). 
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Privacy Act Statement 

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with 
your submission of the attached form related to a patent application or patent. Accordingly, pursuant to 
the requirements of the Act, please be advised that: (1) the general authority for the collection of this 
information is 35 U.S.C. 2(b )(2); (2) furnishing of the information solicited is voluntary; and (3) the 
principal purpose for which the information is used by the U.S. Patent and Trademark Office is to process 
and/or examine your submission related to a patent application or patent. If you do not furnish the 
requested information, the U.S. Patent and Trademark Office may not be able to process and/or examine 
your submission, which may result in termination of proceedings or abandonment of the application or 
expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 

1. The information on this form will be treated confidentially to the extent allowed under the Freedom 
of Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of 
records may be disclosed to the Department of Justice to determine whether disclosure of these 
records is required by the Freedom of Information Act. 

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting 
evidence to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel 
in the course of settlement negotiations. 

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress 
submitting a request involving an individual, to whom the record pertains, when the individual has 
requested assistance from the Member with respect to the subject matter of the record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency 
having need for the information in order to perform a contract. Recipients of information shall be 
required to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 
U.S.C. 552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in this 
system of records may be disclosed, as a routine use, to the International Bureau of the World 
Intellectual Property Organization, pursuant to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for 
purposes of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy 
Act (42 U.S.C. 218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, 
General Services, or his/her designee, during an inspection of records conducted by GSA as part of 
that agency's responsibility to recommend improvements in records management practices and 
programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance 
with the GSA regulations governing inspection of records for this purpose, and any other relevant 
(i.e., GSA or Commerce) directive. Such disclosure shall not be used to make determinations about 
individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after either 
publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 
U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37 CPR 1.14, as a 
routine use, to the public if the record was filed in an application which became abandoned or in 
which the proceedings were terminated and which application is referenced by either a published 
application, an application open to public inspection or an issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local 
law enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or 
regulation. 
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Notice of Allowability 

Application No. 

13/309,962 
Examiner 

FRITZ ALPHONSE 

Applicant(s) 

PIETRASKI ET AL. 
Art Unit 

2112 

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

1. 1:8] This communication is responsive to the amendment filed 06/29/2012. 

2. D An election was made by the applicant in response to a restriction requirement set forth during the interview on __ ; 
the restriction requirement and election have been incorporated into this action. 

3. 1:8] The allowed claim(s) is/are 13-20 (renumbered 1-8). 

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

a) D All b) D Some* c) D None of the: 

1. D Certified copies of the priority documents have been received. 

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

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

International Bureau (PCT Rule 17.2(a)). 

* Certified copies not received: __ . 

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

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

6. D CORRECTED DRAWINGS ( as "replacement sheets") must be submitted. 

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

1) D hereto or 2) D to Paper No./Mail Date __ . 

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

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

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

Attachment(s) 
1. D Notice of References Cited (PTO-892) 

2. D Notice of Draftperson's Patent Drawing Review (PTO-948) 

3. D Information Disclosure Statements (PTO/SB/08), 
Paper No./Mail Date __ 

4. D Examiner's Comment Regarding Requirement for Deposit 
of Biological Material 

/F. A./ 
Primary Examiner, Art Unit 2112 

U.S. Patent and Trademark Office 

5. D Notice of Informal Patent Application 

6. D Interview Summary (PTO-413), 
Paper No./Mail Date __ . 

7. D Examiner's Amendment/Comment 

8. D Examiner's Statement of Reasons for Allowance 

9. D Other __ . 

PTOL-37 (Rev. 03-11) Notice of Allowability Part of Paper No./Mail Date 20120903 
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Application No.: 13/309,962 

Confirmation No.: 3264 

Filed: December 2, 2011 

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

Group: 2112 

Examiner: Fritz Alphonse 

Our File: I-2-0526US04 

Date: June 29, 2012 

REPLY PURSUANT TO 37 C.F.R. §1.111 

Mail Stop Amendment - Via EFS 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 

This Reply is being filed in response to the Office Action dated 

February 16, 2012 and is submitted in conjunction with an appropriate petition for 

extension of time. 

Please amend the application without prejudice or disclaimer as follows: 

1920942-1 
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Applicant: Pietraski et al. 
Application No.: 13/309,962 

Amendments to the Claims: 

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

application: 

Listing of Claims: 

What is claimed is: 

1.-12. (Canceled) 

13. (Original) An apparatus configured to perform rate matching for turbo 

coded transport channels in wireless communications, the apparatus comprising: 

a bit separation unit configured to separate bits in a transport block into first, 

second and third code blocks; 

a first interleaver configured to interleave turbo encoded systematic bits 

arranged in the first code block; 

a second interleaver configured to interleave a first turbo encoded parity bit 

stream arranged in the second code block; 

a third interleaver configured to interleave a second turbo encoded parity bit 

stream arranged in the third code block; 

a first rate matching unit configured to perform a first stage of rate matching, 

wherein the performing a first stage of rate matching includes testing whether 

puncturing will cause a problematic puncturing pattern; 

1920942-1 -2-
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Applicant: Pietraski et al. 
Application No.: 13/309,962 

on a condition that the puncturing will cause a problematic puncturing pattern, 

the first rate matching unit configured to adjust the first stage rate matching; and 

a second rate matching unit configured to perform a second stage of rate 

matching. 

14. (Original) The apparatus of claim 13 wherein the first rate matching unit is 

configured to test whether puncturing will cause a problematic puncturing pattern by 

evaluating an implicit duration function which predicts a length of periodicity in a 

puncturing pattern. 

15. (Original) The apparatus of claim 13 wherein the first rate matching unit is 

configured to adjust the first stage of rate matching by increasing a number of bits 

punctured in the interleaved first parity bit stream. 

16. (Original) The apparatus of claim 13 wherein the first rate matching unit 

is configured to adjust the first stage of rate matching by decreasing a number of bits 

punctured in the interleaved second parity bit stream. 

17. (Original) The apparatus of claim 13 wherein the first rate matching unit 

is configured to adjust the first stage of rate matching by keeping a total number of 

punctured bits the same. 

1920942-1 -3-
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Applicant: Pietraski et al. 
Application No.: 13/309,962 

18. (Original) The apparatus of claim 13 wherein the second rate matching unit 

is further configured to: 

calculate a composite puncturing rate for each of the interleaved systematic bits, 

the interleaved first parity bit stream and the interleaved second parity bit stream; 

compare the composite puncturing rate with a look up table to determine 

whether the composite puncturing rate is a problematic rate; and 

on a condition that the composite puncturing rate is a problematic rate, apply a 

dithering algorithm. 

19. (Original) The apparatus of claim 18 wherein the look up table predicts rates 

at which modulo-7 periodic patterns arise. 

20. (Original) The apparatus of claim 18 wherein the second rate matching unit 

is configured apply the dithering algorithm by puncturing by switching between a first 

puncturing rate and a second puncturing rate to an interleaved parity bit stream, 

wherein the first puncturing rate is higher than an original puncturing rate, and the 

second puncturing rate is lower than the original puncturing rate. 

1920942-1 -4-
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Applicant: Pietraski et al. 
Application No.: 13/309,962 

REMARKS/ARGUMENTS 

After the foregoing Amendment, claims 13-20 are currently pending in this 

application. Claims 1-12 are canceled. 

Allowable Subiect Matter 

Applicants thank the Examiner for indicating that claims 13-20 contain 

allowable subject matter. 

Claim Reiections - 35 USC §101 

Claims 1-12 are rejected under 35 USC §101 because the claimed invention is 

directed to non-statutory subject matter. Although the Applicants disagree with this 

rejection, claims 1-12 are canceled rendering this rejection moot. 

1920942-1 -5-
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Applicant: Pietraski et al. 
Application No.: 13/309,962 

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 

telephonic 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. 

In view of the foregoing amendment and remarks, Applicants respectfully 

submit that the present application is in condition for allowance and a notice to that 

effect is respectfully requested. 

Volpe and Koenig, P.C. 
United Plaza 
30 South 17th Street 
Philadelphia, PA 19103-4009 
Telephone: (215) 568-6400 
Facsimile: (215) 568-6499 

CRW/dcb 

1920942-1 -6-

Respectfully submitted, 

Pietraski et al. 

By: /Christina R. Walsh/ 
Christina R. Walsh 
Registration No. 
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PTO/SB/22 (09-11) 
Approved for use through 07/31/2012. 0MB 0651-0031 

U.S. Patent and Trademark Office; U.S. DEPARMENT 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 0MB control number. 

PETITION FOR EXTENSION OF TIME UNDER 37 CFR 1.136(a) 
Docket Number (Optional) 

l-2-0526US04 

Application Number 13/309,962 Filed December 2, 2011 

For DETECTION, AVIODANCE AND/OR CORRECTIONOR PROBLEMATIC PUNCTURING PATTERNS ... 

Art Unit 2112 Examiner Fritz Alphonse 

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

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

□ 
□ 
□ 

Fee Small Entity Fee 

□ One month (37 CFR 1.17(a)(1)) $150 $75 

0 Two months (37 CFR 1.17(a)(2)) $560 $280 

□ Three months (37 CFR 1.17(a)(3)) $1270 $635 

□ Four months (37 CFR 1.17(a)(4 )) $1980 $990 

□ Five months (37 CFR 1.17(a)(5)) $2690 $1345 

Applicant claims small entity status. See 37 CFR 1.27. 

A check in the amount of the fee is enclosed. 

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

$ 

$ 560 

$ 

$ 

$ 

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

0 The Director is hereby authorized to charge any fees which may be required, or credit any overpayment, to 
Deposit Account Number ....;;0....;;9_-0;;...4.;..;3;;..;5;....._ _____ _ 

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. 

I am the □ 
□ 

applicant/inventor. 

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

D attorney or agent of record. Registration Number _________ _ 

(2) attorney or agent under 37 CFR 1.34. 
Registration number if acting under 37 CFR 1.34 _6_1_5_5_3 _____ _ 

/Christina R. Walsh/ June 29, 2012 

Date Signature 

Christina R. Walsh 215-568-6400 

Typed or printed name Telephone Number 

NOTE: Signatures of all the inventors or assignees of record of the entire interest or their representative(s) are required. Submit multiple forms if more than one 
signature is required, see below. 

D Total of forms are submitted. 
This collection of information Is required by 37 CFR 1.136(a). 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 and 1.14. This collection is estimated to take 6 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. 

If you need assistance in completing the form, ca/11-800-PTO-9199 and select option 2. 
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Privacy Act Statement 

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with 
your submission of the attached form related to a patent application or patent. Accordingly, pursuant to 
the requirements of the Act, please be advised that: (1) the general authority for the collection of this 
information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the 
principal purpose for which the information is used by the U.S. Patent and Trademark Office is to process 
and/or examine your submission related to a patent application or patent. If you do not furnish the 
requested information, the U.S. Patent and Trademark Office may not be able to process and/or examine 
your submission, which may result in termination of proceedings or abandonment of the application or 
expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 

1. The information on this form will be treated confidentially to the extent allowed under the 
Freedom of Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records 
from this system of records may be disclosed to the Department of Justice to determine 
whether disclosure of these records is required by the Freedom of Information Act. 

2. A record from this system of records may be disclosed, as a routine use, in the course of 
presenting evidence to a court, magistrate, or administrative tribunal, including disclosures 
to opposing counsel in the course of settlement negotiations. 

3. A record in this system of records may be disclosed, as a routine use, to a Member of 
Congress submitting a request involving an individual, to whom the record pertains, when 
the individual has requested assistance from the Member with respect to the subject matter 
of the record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the 
Agency having need for the information in order to perform a contract. Recipients of 
information shall be required to comply with the requirements of the Privacy Act of 197 4, as 
amended, pursuant to 5 U.S.C. 552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in 
this system of records may be disclosed, as a routine use, to the International Bureau of 
the World Intellectual Property Organization, pursuant to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal 
agency for purposes of National Security review (35 U.S.C. 181) and for review pursuant to 
the Atomic Energy Act (42 U.S.C. 218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the 
Administrator, General Services, or his/her designee, during an inspection of records 
conducted by GSA as part of that agency's responsibility to recommend improvements in 
records management practices and programs, under authority of 44 U.S.C. 2904 and 2906. 
Such disclosure shall be made in accordance with the GSA regulations governing 
inspection of records for this purpose, and any other relevant (i.e., GSA or Commerce) 
directive. Such disclosure shall not be used to make determinations about individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after 
either publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent 
pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 
37 CFR 1.14, as a routine use, to the public if the record was filed in an application which 
became abandoned or in which the proceedings were terminated and which application is 
referenced by either a published application, an application open to public inspection or an 
issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, 
State, or local law enforcement agency, if the USPTO becomes aware of a violation or 
potential violation of law or regulation. 
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Approved for use through 07/31/2012. 0MB 0651-0031 

U.S. Patent and Trademark Office; U.S. DEPARMENT 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 0MB control number. 

PETITION FOR EXTENSION OF TIME UNDER 37 CFR 1.136(a) 
Docket Number (Optional) 

l-2-0526US04 

Application Number 13/309,962 Filed December 2, 2011 

For DETECTION, AVIODANCE AND/OR CORRECTIONOR PROBLEMATIC PUNCTURING PATTERNS ... 

Art Unit 2112 Examiner Fritz Alphonse 

This is a request under the provisions of 37 CFR 1.136(a) to extend the period for filing a reply in the above identified 
application. 
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0 The Director is hereby authorized to charge any fees which may be required, or credit any overpayment, to 
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I am the □ 
□ 

applicant/inventor. 
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Privacy Act Statement 

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with 
your submission of the attached form related to a patent application or patent. Accordingly, pursuant to 
the requirements of the Act, please be advised that: (1) the general authority for the collection of this 
information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the 
principal purpose for which the information is used by the U.S. Patent and Trademark Office is to process 
and/or examine your submission related to a patent application or patent. If you do not furnish the 
requested information, the U.S. Patent and Trademark Office may not be able to process and/or examine 
your submission, which may result in termination of proceedings or abandonment of the application or 
expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 

1. The information on this form will be treated confidentially to the extent allowed under the 
Freedom of Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records 
from this system of records may be disclosed to the Department of Justice to determine 
whether disclosure of these records is required by the Freedom of Information Act. 

2. A record from this system of records may be disclosed, as a routine use, in the course of 
presenting evidence to a court, magistrate, or administrative tribunal, including disclosures 
to opposing counsel in the course of settlement negotiations. 

3. A record in this system of records may be disclosed, as a routine use, to a Member of 
Congress submitting a request involving an individual, to whom the record pertains, when 
the individual has requested assistance from the Member with respect to the subject matter 
of the record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the 
Agency having need for the information in order to perform a contract. Recipients of 
information shall be required to comply with the requirements of the Privacy Act of 197 4, as 
amended, pursuant to 5 U.S.C. 552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in 
this system of records may be disclosed, as a routine use, to the International Bureau of 
the World Intellectual Property Organization, pursuant to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal 
agency for purposes of National Security review (35 U.S.C. 181) and for review pursuant to 
the Atomic Energy Act (42 U.S.C. 218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the 
Administrator, General Services, or his/her designee, during an inspection of records 
conducted by GSA as part of that agency's responsibility to recommend improvements in 
records management practices and programs, under authority of 44 U.S.C. 2904 and 2906. 
Such disclosure shall be made in accordance with the GSA regulations governing 
inspection of records for this purpose, and any other relevant (i.e., GSA or Commerce) 
directive. Such disclosure shall not be used to make determinations about individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after 
either publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent 
pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 
37 CFR 1.14, as a routine use, to the public if the record was filed in an application which 
became abandoned or in which the proceedings were terminated and which application is 
referenced by either a published application, an application open to public inspection or an 
issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, 
State, or local law enforcement agency, if the USPTO becomes aware of a violation or 
potential violation of law or regulation. 
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** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20". /LINDA BADIE/ 
*** 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. 

This collection of 1nformat1on 1s required by 37 CFR 1.16. The 1nformat1on 1s required to obtain or retain a benefit by the public which 1s to file (and by the US PTO 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 US PTO. 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, ca/11-800-PTO-9199 and select option 2. 
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FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

Philip J. Pietraski I-2-0526US04 
CONFIRMATION NO. 3264 

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

Publication No.US-2012-0079344-A 1 
Publication Date:03/29/2012 

NOTICE OF PUBLICATION OF APPLICATION 

The above-identified application will be electronically published as a patent application publication pursuant to 37 
CFR 1.211, et seq. The patent application publication number and publication date are set forth above. 

The publication may be accessed through the USPTO's publically available Searchable Databases via the 
Internet at www.uspto.gov. The direct link to access the publication is currently http://www.uspto.gov/patft/. 

The publication process established by the Office does not provide for mailing a copy of the publication to 
applicant. A copy of the publication may be obtained from the Office upon payment of the appropriate fee set forth 
in 37 CFR 1.19(a)(1 ). Orders for copies of patent application publications are handled by the USPTO's Office of 
Public Records. The Office of Public Records can be reached by telephone at (703) 308-9726 or (800) 972-6382, 
by facsimile at (703) 305-8759, by mail addressed to the United States Patent and Trademark Office, Office of 
Public Records, Alexandria, VA 22313-1450 or via the Internet. 

In addition, information on the status of the application, including the mailing date of Office actions and the 
dates of receipt of correspondence filed in the Office, may also be accessed via the Internet through the Patent 
Electronic Business Center at www.uspto.gov using the public side of the Patent Application Information and 
Retrieval (PAIR) system. The direct link to access this status information is currently http://pair.uspto.gov/. Prior to 
publication, such status information is confidential and may only be obtained by applicant using the private side of 
PAIR. 

Further assistance in electronically accessing the publication, or about PAIR, is available by calling the Patent 
Electronic Business Center at 1-866-217-9197. 

Office of Data Managment, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101 
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PHILADELPHIA, PA 19103 

FIRST NAMED INVENTOR 

Philip J. Pietraski 

UNITED STA TES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 
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Please find below and/or attached an Office communication concerning this application or proceeding. 

The time period for reply, if any, is set in the attached communication. 

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the 
following e-mail address(es): 

eoffice@volpe-koenig.com 
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Office Action Summary 

Application No. 

13/309,962 

Examiner 

FRITZ ALPHONSE 

Applicant(s) 

PIETRASKI ET AL. 

Art Unit 

2112 

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

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE ;J. MONTH(S) OR THIRTY (30) DAYS, 
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION. 

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed 
after SIX (6) MONTHS from the mailing date of this communication. 
If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication. 
Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133). 
Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any 
earned patent term adjustment. See 37 CFR 1.704(b). 

Status 

1 )IZI Responsive to communication(s) filed on 02 December 2011. 

2a)D This action is FINAL. 2b)[8J This action is non-final. 

3)0 An election was made by the applicant in response to a restriction requirement set forth during the interview on 

__ ; the restriction requirement and election have been incorporated into this action. 

4)0 Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

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

Disposition of Claims 

5)1Zl Claim(s) 1-20 is/are pending in the application. 

5a) Of the above claim(s) __ is/are withdrawn from consideration. 

6)1Zl Claim(s) 13-20 is/are allowed. 

7)[8J Claim(s) 1-12 is/are rejected. 

8)0 Claim(s) __ is/are objected to. 

9)0 Claim(s) __ are subject to restriction and/or election requirement. 

Application Papers 

1 0)D The specification is objected to by the Examiner. 

11 )IZI The drawing(s) filed on 02 December 2011 is/are: a)IZ! accepted or b)D objected to by the Examiner. 

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

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

12)0 The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152. 

Priority under 35 U.S.C. § 119 

13)0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

a)D All b)D Some * c)D None of: 

1.0 Certified copies of the priority documents have been received. 

2.0 Certified copies of the priority documents have been received in Application No. __ . 

3.0 Copies of the certified copies of the priority documents have been received in this National Stage 

application from the International Bureau (PCT Rule 17.2(a)). 

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

Attachment{s) 

1) [8J Notice of References Cited (PTO-892) 

2) D Notice of Draftsperson's Patent Drawing Review (PTO-948) 

4) D Interview Summary (PTO-413) 
Paper No(s)/Mail Date. __ . 

5) D Notice of Informal Patent Application 3) [8J Information Disclosure Statement(s) (PTO/SB/08) 
Paper No(s)/Mail Date 1/25/2012. 

U.S. Patent and Trademark Office 

PTOL-326 (Rev. 03-11) 

6) D Other: __ . 

Office Action Summary Part of Paper No./Mail Date 20120212 
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1. This Office Action is in regard to the application filed on 12/02/2011. Claims 1-20 are 

presented for examination. 

Information Disclosure Statement 

2. The Information Disclosure Statement (IDS) submitted 1s m compliance with the 

prov1S1ons of 37 CPR 1.97. Accordingly, the information disclosure statement has been 

considered by the examiner. 

Oath/Declaration 

3. The Oath/Declaration filed on 12/02/2011 is accepted. 

Claim Rejections - 35 USC§ 101 

4. 35 U.S.C. 101 reads as follows: 

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

5. Claims 1-12 are rejected under 35 U.S.C. 101 because the claimed invention is directed 

to non-statutory subject matter. 

Claim 1 is rejected under 35 U.S.C. 101 as not falling within one of the four statutory 

categories of invention. While the claims recite a series of steps or acts to be performed, a 

statutory "process" under 35 U.S.C. 101 must (1) be tied to another statutory category (such as a 

particular apparatus), or (2) transform underlying subject matter (such as an article or material) 

to a different state or thing (Reference the May 15, 2008 memorandum issued by Deputy 

Commissioner for Patent Examining Policy, John J. Love, titled "Clarification of 'Process' under 

35 U.S.C. 101 "). The instant claims neither transform underlying subject matter nor positively tie 
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to another statutory category that accomplishes the claimed method steps, and therefore do not 

qualify as a statutory process. 

Allowable Subject Matter 

6. Claims 13-20 are allowed. 

Claim 13 contains allowable subject matter because none of the cited references either 

singular or in combination discloses the limitations "a first rate matching unit configured to 

perform a first stage of rate matching, wherein the performing a first stage of rate matching 

includes testing whether puncturing will cause a problematic puncturing pattern; on a condition 

that the puncturing will cause a problematic puncturing pattern, the first rate matching unit 

configured to adjust the first stage rate matching; and a second rate matching unit configured to 

perform a second stage of rate matching." 

Conclusion 

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

disclosure. See PTO-892. 

8. 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. 

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

supervisor, Scott Baderman, can be reached at (571) 272-3644. 

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 (571) 272-3824 
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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)? 

/Fritz Alphonse/ 

Primary Examiner, Art Unit 2112 
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OTHER DOCUMENTS 
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'Universal Mobile Telecommunications System (UMTS); Multiplexing and channel coding (FDD); (3GPP TS 
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INTERDIGITAL, "Turbo-Coding And Pubcturing Interactions On HS-DSCH In R5 HSDPA", TSG-RAN Working 
Group 1 Meeting #32, R1-030444, (Paris, France 19-23 May 2003). 

Mo et al., "Analysis of Puncturing Pattern for High Rate Turbo Codes," IEEE International, 0-7803-5538-5/99, 
1999, pgs. 547-550. 

NORTEL NETWORKS, "Proposal for Rate Matching for Turbo Codes," pp. 1-5 (May 12, 1999). 
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rT"HIRD GENERATION PARTNERSHIP PROJECT, "Technical Specification Group Radio Access Network; 
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Date: 
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Mail Stop Amendment (via EFS) 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 

Further to Applicants' Duty of Disclosure pursuant to 37 C.F.R. §1.56, 

Applicants wish to bring to the Examiner's attention the material cited on the enclosed 

Form PTO-1449. 

This Application 1s a continuation of Non-Provisional Application No. 

11/97 4,381, filed on October 12, 2007, which issued on December 6, 2011 as U.S. Patent 

No., which is a continuation of Non-Provisional Application No. 10/725, 779, filed on 

December 2, 2003, which issued on November 6, 2007 as U.S. Patent No. 7,293,217, 
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materials. 

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

CRW/pck 
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1824145-1 

Respectfully submitted, 

Pietraski et al. 

By _/Christina R. Walsh/ __ _ 

-2-

Christina R. Walsh 
Registration No. 61,553 
(215) 568-6400 
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Title 

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

Preliminary Class 

714 

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES 

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no 
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent 
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international 
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same 
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing 
of patent applications on the same invention in member countries, but does not result in a grant of "an international 
patent" and does not eliminate the need of applicants to file additional documents and fees in countries where patent 
protection is desired. 

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an 
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ 
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific 
foreign countries to ensure that patent rights are not lost prematurely. 

Applicants also are advised that in the case of inventions made in the United States, the Director of the US PTO must 
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application 
serves as a request for a foreign filing license. The application's filing receipt contains further information and 
guidance as to the status of applicant's license for foreign filing. 

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents" (specifically, the 
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign 
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it 
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html. 

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish 
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative, 
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific 
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may 
call the U.S. Government hotline at 1-866-999-HAL T (1-866-999-4158). 

GRANTED 

LICENSE FOR FOREIGN FILING UNDER 

Title 35, United States Code, Section 184 

Title 37, Code of Federal Regulations, 5.11 & 5.15 

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING 
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where 
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the conditions for issuance of a license have been met, regardless of whether or not a license may be required as 
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier 
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The 
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under 
37 CFR 5.13 or 5.14. 

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless 
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This 
license is not retroactive. 

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter 
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national 
security or the export of technical data. Licensees should apprise themselves of current regulations especially with 
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of 
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and 
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of 
Treasury (31 CFR Parts 500+) and the Department of Energy. 

NOT GRANTED 

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING 
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12, 
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed 
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35 
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b). 

Select USA 

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location 
for business investment, innovation and commercialization of new technologies. The USA offers tremendous 
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation 

works to encourage, facilitate, and accelerate business investment. To learn more about why the USA is the best 
country in the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov. 
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Approved for use through 9/30/00. 0MB 0651-0032 
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 contains 
a valid 0MB control number 

r Attorney Docket Number 1-2-0526.1 us " DECLARATION FOR UTILITY OR Pietraski et al. 
DESIGN First Named Inventor 

PATENT APPLICATION COMPLETE IF KNOWN 

(37 CFR 1.63) Application Number 10/725,779 

□ ~ Declaration 
Filing Date December 2, 2003 

Declaration 
Submitted OR Submitted after Initial Group Art Unit 2183 
with Initial Filing (surcharge 
Filing (37 CFR 1.16 (e)) Examiner Name Not Yet Known 

\... reQuired) ~ 

As a below named Inventor, I hereby declare that: 

My residence, post office address, and citizenship are as stated below next to my name. 

I believe I am the original, first and sole inventor (if only one name is listed below) or an original, first and joint inventor (if plural 
names are listed below) of the subject matter which is claimed and for which a patent is souqht on the invention entitled: 

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

the specification of which (Title of the Invention) 

□ is attached hereto 
OR 

00 was filed on (MM/DD/YYYY) I 12/02/2003 I as United States Application Number or PCT International 

Application Number j 10/725,779 ! and was amended on (MM/OD/YYYY) ! ! (if applicable). 

I hereby state that I have reviewed and understand the contents of the above identified specification, including the claims, as 
amended by any amendment specifically referred to above. 

I acknowledge the duty to disclose information which is material to patentability as defined in 37 CFR 1.56. 

I hereby claim foreign priority benefits under 35 U.S.C. 119(a)-(d) or 365(b) of any foreign application(s) for patent or inventor's 
certificate, or 365(a) of any PCT international afcplication which designated at least one country other than the United States of 
America, listed below and have also identified be ow, by checking the box, any forei9n application for patent or inventor's certificate, 
or of any PCT international application having a filing date before that of the application on which priority is claimed. . 

Prior Foreign Application Foreign Filing Date Priority Certified Copy Attached? 
Numberlsl Country (MM/00/YYYY) Not Claimed YES NO 

□ □ □ 
□ □ □ 
□ □ □ 
□ □ □ 

D Additional foreign application numbers are listed on a supplemental priority data sheet PTO/SB/02B attached hereto: 

I herebv claim the benefit under 35 U.S.C. 119/el ol anv United States orovisional aoolicationlsl listed below. 

Application Number(s) Filing Date (MM/DDNYYY) 

60/434,232 12/16/2002 □ Additional provisional application 

60/444,068 01/30/2003 numbers are listed on a 

60/470,921 05/15/2003 supplemental priority data sheet 

60/494,404 08/11/2003 
PTO/SB/02B attached hereto. 
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individual case. Any comments on the amount of time you are required to complete this form should be sent to the Chief Information 
Officer, Patent and Trademark Office, Washington, DC 20231. DO NOT SEND FEES OR COMPLETED FORMS TO THIS 
ADDRESS. SEND TO: Commissioner for Patents, P.O. 1450, Alexandria, VA 22313-1450. 
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Please type a plus sign(+) inside this box -,l. [!J PTO/SB/01 (12-97) + 
Approved for use through 9/30/00. 0MB 0651-0032 

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 contains 
a valid 0MB control number. 

( DECLARATION - Utility or Design Patent Application I 
I hereby claim the benefit under 35 U.S.C. 120 of any United States application(s), or 365(c) of any PCT international application desi9nating the 
United States of America, listed below and, insofar as the subject matter of each of the claims of this application is not disclosed~in the prior 
United States or PCT International application in the manner provided by the first paragraph of 35 U.S.C. 112, I acknowledge the duty to disclose 
information which is material to patentability as defined in 37 CFR 1.56 which became available between the filing date of the prior application 
and the national or PCT international filing date of this application. 

U.S. Parent Application or PCT Parent Parent Filing Date Parent Patent Number 
Number (MM/DDNYYY) {If aaallcable) 

LJ Additional U.S. or PCT international application numbers are listed on a supplemental priority data sheet PTO/SB/02B attached hereto. 

As a named Inventor, I hereby appoint the following registered practitioner(s to prosecute this application and to transact all business in the Paten 

and Trademark Office connected therewith: IKJ customer Number I 2437 4 I ► I Place Customer I OR Number Bar Code 

D Reaistered practitioner/sl name/registration number listed below 
I_,._, hAM 

Registration 
Name 

Registration 
Name Number Number 

Namely, the Attorneys of 
Volpe and Koenig, P.C. 

1 J Additional reaistered oractitioner/s\ named on suoolemental Aeoistered Practitioner Information sheet PTO/SB/02C attached hereto. 

Direct all correspondence to: (gJ Customer Number I 24374 I OR D Correspondence address below 
or Bar Code Label 

Name VOLPE AND KOENIG, P.C. DEPT ICC 

Address 

Address 

City I State I ZIP 

Country I Telephone I Fax 

I hereby declare that all statements made herein of my own knowledge are true and that all statements made on information and belief are 
believed to be true; and further that these statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under 18 U.S.C. 1001 and that such willful false statements may jeopardize the validity of the 
application or any patent issued thereon. 

Name of Sole or First Inventor: I D A petition has been filed for this unsigned inventor 

Given Name (first and middle lit anvil i::omll, "'"'m~ nr ~1 •mom~ 

Philip J. Pietraski 
Inventor's 
Signature Date 

Residence: City Huntington Station I State I NY Country I USA Citizenshio USA 

Post Office Address 7 Talbot Place 

Post Office Address 

City Huntington Station I I 
State NY I ZIP I 11746 Country USA 

ii Additional inventors are being named on the 1 suoolemental Additional lnventor(s) sheet(s) PTO/SB/02A attached heretc 
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Please type a plus sign(+) inside this box ~ Q 

DECLARATION 

Name of Additional Joint Inventor, if any: I 
Given Name (first and middle [if any]) 

Gregory S. 
A / 

~ !l 
,, 

Inventor's Yi I Sh:mature /'--.._ 
, 

Residence: City 
Great Neck 

State 

PTO/SB/02A (11-00) 
Approved for use through 10/31/2002. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
res ond t a c llecfon 

_/' 

NY 

ADDITIONAL INVENTOR(S) 
Supplemental Sheet 

Page -1._ of -1._ 

□ A petition has been filed for this unsigned inventor 

Family Name or Surname 

Sternberg 

u4{2<i{ J,Po'f--
Date 

I Country 
USA 

Citizenship USA 

Malling Address 
50 Brampton Road, Apartment 28 

Malling Address 

City Great Neck State NY I ZIP 11021 I Country USA 

Name of Additional Joint Inventor, if any: I 0 A petition has been filed for this unsigned inventor 

Given Name (first and middle Pf any]) Family Name or Surname 

-

Inventor's 
Slanature Date 

Residence: City State I Countrv Citizenshlo 

Mallina Address 

Mallina Address 

Citv I State I ZIP I Country 

Name of Additional Joint Inventor, if any: I 0 A petition has been filed for this unsigned inventor 

Given Name (first and middle [If any]) Family Name or Surname 

Inventor's 
,.., ___ •·1r<> Date 

Residence: Citv I State I Countrv Cltlzenshlo 

Malling Address 

Malllna Address 

City I State I ZIP I Country 

Burden Hour Statement: This form is estimated to take 21 minutes to complete. Time will vary depending upon the needs of the Individual case. 
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Please type a plus sign(+) inside this box --4 [±] PTO/SB/01 (12-97) 
Approved for use through 9/30/00. 0MB 0651-0032 

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 contains 
a valid 0MB control number 

+ 
r Attorney Docket Number 1-2-0526.1 us " DECLARATION FOR UTILITY OR 

Pietraski et al. 
DESIGN First Named Inventor 

PATENT APPLICATION COMPLETE IF KNOWN 

(37 CFR 1.63) Application Number 10/725,779 

□ ~ Declaration 
Filing Date December 2, 2003 

Declaration 
2183 Submitted OR Submitted after Initial Group Art Unit 

with Initial Filing (surcharge 
(37 CFR 1.16 (e)) Examiner Name Not Yet Known 

\. 
Filing 

reauired) ~ 

+ 

As a below named Inventor, I hereby declare that: 

My residence, post office address, and citizenship are as stated below next to my name. 

I believe I am the original, first and sole inventor (if only one name is listed below) or an original, first and joint Inventor (if plural 
names are listed below) of the subiect matter which is claimed and for which a oaten! Is souaht on the invention entttled: 

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

the specification of which (Title of the Invention) 

□ is attached hereto 
OR 

~ was filed on (MM/DD/YYYY) I 12/02/2003 I as United States Application Number or PCT International • 

Application Number ! 10/725.TT9 ! and was amended on (MM/DD/YYYY) ! ! (H applicable). 

I hereby state that I have reviewed and understand the contents of the above identified specification, including the claims, as 
amended by any amendment specifically referred to above. 

I acknowledge the duty to disclose Information which is material to patentability as defined in 37 CFR 1.56. 

I hereby claim foreign priority benefits under 35 U.S.C. 119(a)-(d) or 365(b) of any foreign application(s) for patent or inventor's 
certificate, or 365(a) of any PCT internatiorial application which designated at least one country other than the United States of 
America, listed below and have also identified below, by checking the box, any foreign application for patent or inventor's certificate, 
or of any PCT International application having a filing date before that of the application on which priority Is claimed. 

Prior Foreign Application Foreign Filing Date Priority Certified Copy Attached? 
Number(sl Country (MM/DD/YYYY) NotClalmed YES NO 

□ □ □ 
□ □ □ 
□ □ □ 
□ □ □ 

0 Additional foreign application numbers are listed on a supplemental priority data sheet PTOiSB/02B attached hereto: 

I herebv claim the benefit under 35 U.S.C. 119/el of anv United States orovisional aoolicationlsl listed below. 

Application Number(s) Filina Date (MM/DD/YYYY) 

60/434,232 12/16/2002 □ Additional provisional application 

60/444,068 01/30/2003 numbers are listed on a 

60/470,921 05/15/2003 supplemental priority data sheet 

60/494,404 08/11/2003 
PTO/SB/02B attached hereto. 

(Page 1 of 3 I 
Burden Hour Statement This fonn is estimated to take 0.4 hours to complete. Time will vary depending upon the needs of the 
Individual case. Any comments on the amount of time you are required to complete this fonn should be sent to the Chief lnfonnation 
Officer, Patent and Trademark Office, Washington, -DC 20231. DO NOT SEND FEES OR COMPLETED FORMS TO THIS 
ADDRESS. SEND TO: Commissioner for Patents, P.O. 1450, Alexandria, VA 22313-1450. 

IPR2023-01272 Page 67



+ 

Please type a plus sign(+) Inside this box ..;a. GJ PTO/SB/01 (12-97) + 
Approved for use through 9/30/00. 0MB 0651-0032 

Patent and Trademar.k 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 contains 
a valid 0MB control number. 

I DECLARATION - Utility or Design Patent Application ) 
I hereby claim the benefit under 35 U.S.C. 120 of any United States application(s), or 365(c) of any PCT international application designating the 
United States of America, listed below and, insofar as the subject matter of each of the claims of this application is not disclosed In the prior 
United States or PCT International application In the manner provided by the first paragraph of 35 U.S.C. 112, I acknowledge the duty to disclose 
Information which is material to patentability as defined In 37 CFR 1.56 which became available between the filing date of the prior application 
and the national or PCT internationa.I filing date of this application. ' 

U.S. Parent Application or PCT Parent Parent FIiing Date Parent Patent Number 
Number lMM/DDNYYYl (If applicable) 

LJ Additional U.S. or PCT International application numbers are listed on a supplemental priority data sheet PTO/SB/02B attached hereto. 

As a named inventor, I hereby appoint the following registered practitionerlsl to prosecute this application and to transact all business In the Paten 

and Trademark Office connected therewith: !Kl Customer Number I 2437 4 I ► I Place Customer I OR Number Bar Code 
D Reaistered practitioner(sl name/registration number listed below . -~-· ~---

Registration 
Name 

Registration 
Name Nt•mbAr Number 

Namely, the Attorneys of 
Volpe and Koenig, P.C. 

· LJ Additional reoistered practitioner/sl named on suoolemental Reaistered Practitioner Information sheet PTO/SB/02C attached hereto. 

Direct all correspondence to: (g] Customer Number I 24374 I OR D Correspondence address below 
or Bar Code Label 

Name VOLPE AND KOENIG, P.C. DEPT ICC 

Address 

Address 

Citv I State I ZIP 

Country I Telephone I Fax 

I hereby declare that all statements made herein of my own knowledge are true and that all statements made on information and belief are 
believed to be true; and further that these statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under 18 U.S.C. 1001 and that such willful false statements may jeopardize the validity of the 
application or any patent issued thereon. 

Name of Sole or First Inventor: I D A petition has been filed for this unsigned inventor 

Given Name /first and middle fif anvll ~A-"" ~·A-A nr c:: ... -A-A 
Philip J. Pietraski 

Inventor's rl}),J///. tu-s 
Signature ;fA, /Z A' /(/L,.,--" Date Loo'-/ 

Residence: City 
ti~ 1/ , -

untington Station I State I NY Countrv I USA Cltlzenshln USA 

Post Office Address 7 Talbot Place 

Post Office Address 

City Huntington Station I 
I 
I 

State 
NY I ZIP I 11746 Country USA 

g)Additional inventors are being named on the 1 suoolemental Additional lnventorfsl sheet/sl PTO/SB/02A attached heret< 
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Please type a plus sign(+) inside this box ~ Q 

DECLARATION 

Name of Additional Joint Inventor, If any: I 
Given Name (first and middle Pf any)) 

Gregory S. 

Inventor's 
Slanature 

Residence: City 
Great Neck I State NY 

PTO/SB/02A (11-00) 
Approved for use through 10/31/2002. 0MB 0651-0032 

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

ADDITIONAL INVENTOR(S) 
Supplemental Sheet 

Page -1_ of -1_ 

□ A petition has been filed for this unsigned inventor 

Family Name or Surname 

Sternberg 

Date 

I country 
USA 

Citizenship 
USA 

Mailing Address 
50 Brampton Road, Apartment 28 

Malling Address 

City Great Neck I State NY I ZIP 11021 I Country USA 

Name of Additional Joint Inventor, if any: I 0 A petition has been filed for this unsigned inventor 

Given Name (first and middle Pf any]) Family Name or Surname 

Inventor's 
Si1mature Date 

Residence: City . I State I Countrv Citizenshio 

Mailina Address 

Mailino Address 

Citv I State I ZIP I Country 

Name of Additional Joint Inventor, if any: I 0 A petition has been filed for this u_nsigned inventor 

Given Name (first and middle Pf any]) Family Name or Surname 

Inventor's -· Date 

Residence: Ciht I State I Countrv Citizenshio 

Mailina Address 

Mailina Address 

City I State I ZIP I Countrv 
Burden Hour Statement: This form is estimated to take 21 minutes to complete. Time will vary depending upon the needs of the individual case. 
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[0001] 

[0002] 

[0003] 

DETECTION, AVOIDANCE AND/OR CORRECTION OF 
PROBLEMATIC PUNCTURING PATTERNS IN PARITY 

BIT STREAMS USED WHEN IMPLEMENTING TURBO CODES 

CROSS REFERENCE TO RELATED APPLICATIONS 

This application is a continuation of, U.S. Patent Application Serial No. 

11/97 4,381 filed on October 12, 2007 which is a continuation of, U.S. Patent Application 

Serial No. 10/725, 779, filed on December 2, 2003, which issued as U.S. Patent No. 

7,293,217 on November 6, 2007, which claims the benefit of U.S. Provisional Patent 

Applications Serial No. 60/434,232, filed on December 16, 2002, Serial No. 60/444,068, 

filed on January 30, 2003, Serial No. 60/4 70,921, filed on May 15, 2003, and Serial No. 

60/494,404 filed on August 11, 2003, which are incorporated by reference as if fully set 

forth herein. 

[0004] 

[0005] 

FIELD OF THE INVENTION 

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] 

[0007] 

BACKGROUND 

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 

1769208-1 -1-
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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 

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 

TTL 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 

1769208-1 -2-
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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 Tr CH processing parameters to reconstruct the TBS data. 

For each TrCH, a Transport Format Set (TFS) is specified containing a predetermined 

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. 
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[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 

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. 
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[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 

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. 
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[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 l's in the TB. Ifwe consider an input that is all O's fort> T, then the output of the 

constituent recursive encoding block will also be semi-periodic fort> 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 period 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 

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 fort> 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 Lis the period of the recursive encoding 
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block and K is the Greatest Common Divider (GCD) of Land 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. 

[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] 

[0030] 

SUMMARY OF THE INVENTION 

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. 
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[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, Pl/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 

Turbo codes on a High Speed Downlink Shared Channel (HS-DSCH) in R5 High Speed 

Downlink Packet Access (HSDPA). 

[0034] 

[0035] 

BRIEF DESCRIPTION OF THE DRAWINGS 

A more detailed understanding of the invention may be had from the 

following description of a preferred embodiment, to be understood in conjunction with 
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the accompanying drawing wherein: 

[0036] Figure 1 is 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 m 

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 Pl/P2 biasing is 

applied; 

[0042] Figure 9 is a plot of the problematic regions with respect to an ordered 

pair (rl,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. 

[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. 
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[004 7] The present invention is potentially applicable to layers 1 and 2 in 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 Pl/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 (rl,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 Pl 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, 
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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 

(Pl) 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 (Pl) 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 (Pl) 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 (Pl) and Parity 2 (P2) bits are treated 

separately. The systematic bits, Parity 1 (Pl) and Parity 2 (P2) bits are combined at 

the bit collection circuit 625 to provide a single data output Ndata. 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 610 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 Pl 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 Pl and P2 be independently biased. For 

example, if the number of Pl 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 Pl 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 Pl and P2 bits, 

two constraints must be met. 

[0055] When non-puncturing patterns with period 7 N/2 (N = 1, 2, 3 ... ) are used, 

degradation in performance results. These non-puncturing patterns periods will be 

employed whenever the average non-puncturing period of Pl or P2 bits is within ±1 or 

±½ of 7 N /2 for even and odd N respectively. 

[0056] The average non-puncturing rate of the Pl and P2 rate matching blocks is 

J/(P/2) where J is the number of bits at the input to each branch of rate matching and P 

is the total number of parity bits (Pl and P2) at the output of rate matching. 

Therefore, the desired code rate will lead to a problematic puncturing pattern if, 

Equation 1 

for N > 0 where, 

N=l~+_!_J 
7P 2 Equation 2 

[0057] In biasing the puncturing rates of the parity bit streams 1 and 2, Pl and 

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 Ll to avoid the problematic puncturing patterns. 
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Second, the number of surviving bits in parity bit stream 2 must be decreased by an 

equal amount Ll that is also sufficient to avoid problematic puncturing patterns. 

[0059] These two constraints can be combined in to the following expression for 

Ll, where: 

[0060] I 
L'.1= max ---l7~ -lJ 

Equation 3 

[0061] Alternatively, non-punctured bits may be increased in P2 and decreased 

in Pl. The procedure to determine and apply the necessary Pl/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, 

~ ~ l ~ J . . I 7N N N 
otherwise setll = 0 (1f ,-- - ~ 1--+ - ). 

(PI 2) 2 2 2 

Step 3) Compute the bias Ll using Equation 3. 

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 Ll 

and accordingly, the number punctured bits in parity bit stream 2 bits is increased by 

Ll, the overall code rate is unchanged, but the problematic puncturing patterns can be 
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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 

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 (TESS) exhibited poorer than expected performance. The CQI table is 

used to map a channel quality estimate into a recommended modulation and TESS. 

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. 
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[0066] Support for link adaptation by means of AMC is an integral feature ofR5 

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 TESS and available number of Physical 

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 TS25.222) 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 
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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 TS 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 

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. 

[007 4] 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 
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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 Pl 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. 

[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] 

[0080] 

[0081] 

The code rates at the center of these regions are determined by: 

C 
1 3.5N 

R =--2-= 3.5N +2 
l+--

3.SN 

N=l,2, ... Equation 4 

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 
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surviving bit patterns with parity puncturing rate close or equal to 7 N/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 ±½ of 7 N /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 

expression takes as input either the triplet {Bits Before 1st stage of rate Matching, Max 

Bits after 1st Rate Matching, Bits after 2nd 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 r 1 and r 2 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. 

;i{rl, r2) ~ ~a. [ ( 1 -I~ r rl[ nri]l-l ~ r rlr nr2 ll Jl}r2-lr2 JXrl[ nr2 l +ir nrilJ) + 

1769208-1 

(1-1 ~ lrl[ nr2 lJ-l ~ lr1r nr2 lJ Jl}r2-l nr2 JX-r1r nr2 l-lrl[ nr2 lJ + !)+ 

(1 -I~ r ril nr2 Jl-l tt nr2 Jl JlJ- nr2 +l nr2 j + I XrJl nr2 J-lril nr2 lJ)+ 

(1-1 ~ lril nr2 JJ-l ~ lrl[ nr2 JJ JlJ-nr2+l nr2 J + IX-rl[ nr2 J+lrl[ nr2 Jj+ 1)] 
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Equation5 
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[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 

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 Xi, 

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 
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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 

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 r 1, r2 pair) to some point on a curve of constant code rate (i.e., where the product 

r l*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 into two points. 

One of the points corresponds to the rates of 1st 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 
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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 

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 
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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. 

[0100] The present invention is particularly useful for 3GPP-coding, and can be 

used for low chip rate TDD, high chip rate TDD and FDD. 

[0101] One such example of a periodicity occurs when the non-punctured bit 

pattern 1s 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. 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. Therefore 

if it is deemed desirable for a system to be allowed to make unrestricted use of 
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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. 

[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. If a 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. 
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[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, 4 705 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 of0.75 (labeled 7/9-), 0.77 (labeled 7/9) and 0.80 (labeled 7/9+) for the 3 increasing 

transport blocks sizes. 

[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 
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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. 

[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 
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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 l'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. 

[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 t > 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. 
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[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. 

[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. 
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[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: 

[0129] 

(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. 

For FDD, these parameters are implied by the combination indicator for 

number of channelization codes and modulation format i (1 < i < 29), and the transport 

block size ki, (0 < ki < 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 buff er. 

[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 TTL 

[0135] Definitions of notations used: 

Number of bits in a transmission time interval before rate 

matching. 

b.Ni: An intermediate calculation variable. 

11Ntf1 : If positive - number of bits to be repeated in each transmission time 

interval on TrCH i with transport format l. 

If negative - number of bits to be punctured in each transmission time interval 
on TrCH i with transport format l. 

b.NPARJTY: Number of bits to adjust the length of parity streams by, in HARQ 1st 

stage rate-matching. 

Ndata." Total number of bits that are available for the HS-DSCH in a TTL 

Initial value of variable e in the rate matching pattern 
determination algorithm. 

eplus Increment of variable e in the rate matching pattern determination 
algorithm. 

eminus Decrement of variable e in the rate matching pattern determination 
algorithm. 

b: 

[0136] 

Indicates systematic and parity bits 

b=l: Systematic bit, Xk. 

b=2: 1st parity bit (from the upper Turbo constituent encoder), Zk. 

b=3: 2nd parity bit (from the lower Turbo constituent encoder), z'k. 

The HARQ bit separation function shall be performed in the same way as 

bit separation for turbo encoded TrCHs. 
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[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. 

[0138] The maximum number of soft bits available in the virtual IR buffer is Nm 

which is signaled from higher layers for each HARQ process. The number of coded bits 

in a TTI before rate matching is NTTI this is deduced from information signaled from 

higher layers and parameters signaled on the High Speed Synchronization Control 

Channel (HS-SCCH) for each TTL Note that HARQ processing and physical layer 

storage occurs independently for each HARQ process currently active. 

[0139] If Nm is greater than or equal to NTTI (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 Nm is smaller than NTTI the parity bit streams are punctured by setting 

h h . TT] TT] h h b . . d 1 .{' t e rate mate 1ng parameter 1'1Ha = N 1R -N w ere t e su scripts 1 an re1er 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 8 shall be discarded and not counted in the totals for the 

streams through the virtual IR buff er. 

[0141] If first stage puncturing is to be performed, the procedure below shall be 

applied. Index bis used to indicate systematic (b=l), 1st parity (b=2), and 2nd parity bit 

(b=3). The parameter 1'1NPARITY : 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 

xi= lNTTI ;3j; PR= l-~TI 12J; 
l 

f'1N PARITY = Q" 5: 49 " 
' UPR = ' a= l 
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while(a ~ 4) 

l7-a-PR+ ~J 
round=-----

7 -a 

A= PR-round 

if(lll > -
1 

Jor(PR > 
48

)or(PR < -
1

) then 
6PR 49 49 

a=a+I 

else if(l > 0) then 

a =5 

else 

a =5 

end if 

end while 

a= 2 when b=2 
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a= 1 when b=3 

[0142] If Mvi is calculated as O for b=2 or b=3, then the following procedure and 

the rate matching algorithm shall not be performed for the corresponding parity bit 

stream. 

[0143] 

where: 

For each radio frame, the rate-matching pattern shall be calculated, 

Xi is as above, 

eplus = axXi 

eminus = ax I t,;.Ni I 

[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. 

[0146] Composite Puncturing Ratio, CPR= 

lNTTI !3j-N 
_____ 1,p_l b = 2 

NTTI /3 ' 

lNTTI !3j-N 
_____ 1_,p_2 b = 3 

NTTI /3 ' 

[014 7] 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 5 shall be discarded and are not counted in the streams 

towards the bit collection. 

1769208-1 -32-

IPR2023-01272 Page 118



I-2-0526US04 

[0148] The parameters of the second rate matching stage depend on the value of 

the RV parameters sand r. The parameters can take the value O or 1 to distinguish 

between transmissions that prioritize systematic bits (s = 1) and non systematic bits (s 

= 0). The parameter r (range Oto rmax-1) changes the initial error variable eini in the 

case of puncturing. In case of repetition both parameters rands change the initial 

error variable eini. The parameters Xi, eplus and eminus are calculated as per table 1 

below. 

[0149] Denote the number of bits before second rate matching as Nsys for the 

systematic bits, Np1 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. Ndata 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 Ndata s Nsys + NP1 + NP 2, puncturing is performed in the second rate 

matching stage. The number of transmitted systematic bits in a transmission is 

Nt,sys = min {Nsys, NdatJ for a transmission that prioritizes systematic bits and 

Nt,sys = max {N data - (N pl + N p2 }o} for a transmission that prioritizes non systematic bits. 

[0151] For N data > Nsys + N pl + N P2 repetition 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 Nt,sys = lNsys . N:a; j. 
Nsys Np) 

[0152] The number of parity bits ln a transmission 1s: 

and Nt,p2 = Ndata -(Nt,sys + Nt,pl) for the parity 1 

and parity 2 bits, respectively. 
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Xi eptus eminus 

Systematic 
RMS 

Nsys Nsys IN sys -Nt,sysl 

Parity 1 
RM P1_2 

Np1 2-N pl 2-INpl -Nt,pll 

Parity 2 
RM P2_2 

Np2 Np2 INp2 -N1,p2I 

Table 1: Parameters for HARQ second rate matching 

[0153] Table 1 above summarizes the resulting parameter choice for the second 

rate matching stage. The rate matching parameter eini is calculated for each bit 

stream according to the RV parameters r and s using 

eini (r) = {(xi - lr · e plus Ir= J-1) mode plus } + 1 in the case of puncturing , 

i.e., Ndata ~ Nsys +Np)+ Np2, and 

ein/r) = {(xi -l(s + 2 · r) · eplus /(2 · r maJJ- I)modepluJ+ I for repetition, i.e., 

N data > Nsys + N pl + N p2. Where r E { 0, 1, ... ' r = - I} and rmax lS the total number of 

redundancy versions allowed by varying r. Note that rmax varies depending on the 

modulation mode, i.e. for 16QAM rmax = 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 5 shall 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 Xsegl bits of the parity stream, the second segment will be 
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made up of the next Xseg2 bits, and the last segment will be made up of the remaining 

Xseg3 bits. 

[0157] The first segment is denoted by xi,Pxi,2 •··•xi,xsegI 

The second segment by xi,Xsegl+1'xi,Xsegl+2'"""xi,Xseg2; 

And the final segment by xi,Xsegl+Xseg2+l'xi,Xsegl+Xseg2+2'"""xi,X, 

Where xsegl = 42. L xi /98 J xseg2 = 56. L xi /98 J xseg3 = xi mod98 
' ' 

[0158] Note: If Xi is less than 98 only the third segment exists, and if Xi is a 

multiple of 98 then the third segment will be empty. For the case where a particular 

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, Np,tl, and Np,t2 are calculated, 

additional parameters are defined below. 

[0161] Denote the number of parity 1 bits before second rate matching after 

segmentation as Npl,segl, Np1,seg2, Npl,seg3 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 Np2,segl, 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 Ndata ~ Nsys + NP1 + NP 2 , puncturing is performed in the second rate 

matching stage. 

[0163] 

1769208-1 

The number of parity bits after segmentation is 

Npb,segl = 42 · l Npb /98 J 
Npb,seg2 = 56 · l Npb /98 J 
Npb,seg3 = Npb mod98 
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[0164] The number of parity bits in each segment for parity 1 bits (b=2), and 

parity 2bits (b=3) is: 

N =l49-Nt,pb -lNpb/98j+_!__. 
t,pb,segl N 2 ' 

pb 

N =l49-Nt,pb -lNpb/98j+_!_j. 
t,pb,seg2 N 2 ' 

pb 

N =N -(N +N ) t,pb,seg3 t,pb t,pb,segl t,pb,seg2 

[0165] The parameters Xi, eplus and eminus are calculated as per table 2 below. 

Stream Segmen Xi eptus eminus 
t 

Systema 
tic 

Nsys Nsys IN sys - Nt,sys I 
RMS 

1st Npl,segl 2 · Npl,segl 2 · IN pl,segl - Nt,pl,segl I 
Parity 1 

Npl,seg2 2-N 2 · 1Npl,seg2 -Nt,pl,seg21 RM 2nd pl,seg2 

P1_2 
Npl,seg3 2-N 2 · IN pl,seg3 - Nt,pl,seg3 I 3rd pl,seg3 

1st Np2,segl Np2,segl 1Np2,segl - Nt,p2,segl I 
Parity 2 

Np2,seg2 Np2,seg2 1Np2,seg2 -Nt,p2,seg21 RM 2nd 
P2_2 

3rd Np2,seg3 Np2,seg3 IN p2,seg3 - Nt,p2,seg3 I 

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 usmg 
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r E { 0, 1,- · ·, r max - 1} and rmax is the total number of redundancy versions allowed by 

varying r. Note that rmax varies depending on the modulation mode, i.e. for 16QAM 

rmax = 2 and for QPSK rmax = 4. 

[0167] Note: For the modulo operation the following clarification is used: the 

value of (x mod y) is strictly in the range of Oto y-1 (i.e. -1 mod 10 = 9). The rate 

matching algorithm is called for each segment of the parity stream in turn. 

[0168] 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. 

[0169] The re-concatenated bit stream lS denoted by: 

Xo segl 1 'Xo segl 2 , ... X o segl N 'Xo seg2 1 'Xo seg2 2 , ... X o seg2 N 'Xo seg3 1' Xo seg3 2 , ... X o seg3 N 
' ' ' ' ' ' t,pl,segl ' ' ' ' ' ' t,pl,seg2 ' ' ' ' ' ' t,pl,seg3 

[0170] The HARQ bit collection is achieved using a rectangular interleaver of size 

Nrow x Neal . The number of rows and columns are determined from: 

Nrow = 4 for 16QAM and Nrow = 2 for QPSK 

Ncol = N data / Nrow 

where Ndata is used. 
[0171] Data is written into the interleaver column by column, and read out of the 

interleaver column by column starting from the first column. 

[0172] Nt,sys is the number of transmitted systematic bits. Intermediate values Nr 

and Ne are calculated using: 

[0173] 

[017 4] 

If Ne=0 and Nr > 0, the systematic bits are written into rows 1 .. . Nr. 

Otherwise systematic bits are written into rows l. .. Nr+ 1 in the first Ne 

columns and, if Nr > 0, also into rows 1. .. Nr in the remaining Neoz-Ne columns. 
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[0175] 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. 

[0176] 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. 

[0177] 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 

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. 

[0178] 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. 

[0179] 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 
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dependent upon both the first and second rate matching stages. 

[0180] In order to avoid either of these puncturing mechanisms that cause a 

performance degradation, the following methodology has been adopted: 

[0181] 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. 

[0182] 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. 

[0183] 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 

Ll 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 
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length becomes greater than 49 bits (i.e. 7 modulo 7 periods), then the adjustment to 

the lengths of the streams is applied. 

[0184] 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. 

[0185] 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 

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. 

[0186] 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. 

[0187] 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 
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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. 

[0188] 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. A method of rate matching for turbo coded transport channels in wireless 

communications, the method comprising: 

block; 

separating bits in a transport block into first, second and third code blocks; 

interleaving turbo encoded systematic bits arranged in the first code block; 

interleaving a first turbo encoded parity bit stream arranged in the second code 

interleaving a second turbo encoded parity bit stream arranged in the third code 

block; 

performing a first stage of rate matching, wherein the performing a first stage of 

rate matching includes testing whether puncturing will cause a problematic 

puncturing pattern; 

on a condition that the puncturing will cause a problematic puncturing pattern, 

adjusting the first stage rate matching; and 

performing a second stage of rate matching. 

2. The method of claim 1 wherein testing whether puncturing will cause a 

problematic puncturing pattern includes evaluating an implicit duration function 

which predicts a length of periodicity in a puncturing pattern. 

3. The method of claim 1 wherein the adjusting the first stage of rate matching 

includes increasing a number of bits punctured in the interleaved first parity bit 

stream. 
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4. The method of claim 1 wherein the adjusting the first stage of rate 

matching includes decreasing a number of bits punctured in the interleaved second 

parity bit stream. 

5. The method of claim 1 wherein the adjusting the first stage of rate 

matching keeps a total number of punctured bits the same. 

6. The method of claim 1 wherein the performing a second stage of rate matching 

includes: 

calculating a composite puncturing rate for each of the interleaved systematic 

bits, the interleaved first parity bit stream and the interleaved second parity bit 

stream; 

comparing the composite puncturing rate with a look up table to determine 

whether the composite puncturing rate is a problematic rate; and 

on a condition that the composite puncturing rate is a problematic rate, applying 

a dithering algorithm. 

7. The method of claim 6 wherein the look up table predicts rates at which 

modulo-7 periodic patterns arise. 

8. The method of claim 6 wherein the dithering algorithm includes: 

puncturing by switching between a first puncturing rate and a second 

puncturing rate to an interleaved parity bit stream, wherein the first puncturing rate 

is higher than an original puncturing rate, and the second puncturing rate is lower 

than the original puncturing rate. 
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9. The method of claim 6 wherein the dithering algorithm may be applied to 

either or both the interleaved first parity bit stream and the interleaved second parity 

bit stream. 

10. The method of claim 6 wherein the dithering algorithm keeps a total 

number of punctured bits the same. 

11. The method of claim 6 wherein the dithering algorithm may apply one 

switching point. 

12. The method of claim 6 wherein the dithering algorithm may apply two or 

more switching points. 

13. An apparatus configured to perform rate matching for turbo coded 

transport channels in wireless communications, the apparatus comprising: 

a bit separation unit configured to separate bits in a transport block into first, 

second and third code blocks; 

a first interleaver configured to interleave turbo encoded systematic bits 

arranged in the first code block; 

a second interleaver configured to interleave a first turbo encoded parity bit 

stream arranged in the second code block; 

a third interleaver configured to interleave a second turbo encoded parity bit 

stream arranged in the third code block; 

a first rate matching unit configured to perform a first stage of rate matching, 

wherein the performing a first stage of rate matching includes testing whether 

puncturing will cause a problematic puncturing pattern; 
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on a condition that the puncturing will cause a problematic puncturing pattern, 

the first rate matching unit configured to adjust the first stage rate matching; and 

a second rate matching unit configured to perform a second stage of rate 

matching. 

14. The apparatus of claim 13 wherein the first rate matching unit is configured 

to test whether puncturing will cause a problematic puncturing pattern by evaluating 

an implicit duration function which predicts a length of periodicity in a puncturing 

pattern. 

15. The apparatus of claim 13 wherein the first rate matching unit is configured 

to adjust the first stage of rate matching by increasing a number of bits punctured in 

the interleaved first parity bit stream. 

16. The apparatus of claim 13 wherein the first rate matching unit 1s 

configured to adjust the first stage of rate matching by decreasing a number of bits 

punctured in the interleaved second parity bit stream. 

17. The apparatus of claim 13 wherein the first rate matching unit 1s 

configured to adjust the first stage of rate matching by keeping a total number of 

punctured bits the same. 

18. The apparatus of claim 13 wherein the second rate matching unit is further 

configured to: 

calculate a composite puncturing rate for each of the interleaved systematic bits, 

the interleaved first parity bit stream and the interleaved second parity bit stream; 
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compare the composite puncturing rate with a look up table to determine 

whether the composite puncturing rate is a problematic rate; and 

on a condition that the composite puncturing rate is a problematic rate, apply a 

dithering algorithm. 

19. The apparatus of claim 18 wherein the look up table predicts rates at 

which modulo-7 periodic patterns arise. 

20. The apparatus of claim 18 wherein the second rate matching unit is 

configured apply the dithering algorithm by puncturing by switching between a first 

puncturing rate and a second puncturing rate to an interleaved parity bit stream, 

wherein the first puncturing rate is higher than an original puncturing rate, and the 

second puncturing rate is lower than the original puncturing rate. 
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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 without 

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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