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UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION 
NUMBER 

13/744,984 

24374 

FILING or 
37l(c)DATE 

01/18/2013 

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

GRPART 

UNIT 

2112 
FIL FEE REC'D 

1390 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

ATTY.DOCKET.NO TOT CLAIMS IND CLAIMS 

I-2-0526US05 14 2 
CONFIRMATION NO. 9610 

CORRECTED FILING RECEIPT 

1111111111111111111111 ll]~!l]!~l!~l!~HllHI 111111111111111111111111111 

Date Mailed: 07/16/2014 

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination 
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the 
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE, 
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection. 
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please 
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the 
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit 
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply 
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections 

lnventor(s) 
Philip J. Pietraski, Huntington, NY; 
Gregory S. Sternberg, Mt. Laurel, NJ; 

Applicant( s) 
INTERDIGITAL TECHNOLOGY CORPORATION, Wilmington, DE 

Power of Attorney: The patent practitioners associated with Customer Number 2437 4 

Domestic Priority data as claimed by applicant 
This application is a CON of 13/309,962 12/02/2011 PAT 8359520 
which is a CON of 11/974,381 10/12/2007 PAT 807 4143 
which is a CON of 10/725,779 12/02/2003 PAT 7293217 
which claims benefit of 60/434,232 12/16/2002 
and claims benefit of 60/444,068 01/30/2003 
and claims benefit of 60/470,921 05/15/2003 
and claims benefit of 60/494,404 08/11/2003 

Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent Prosecution 
Highway program at the USPTO. Please see http://www.uspto.gov for more information.) - None. 
Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to 
foreign priority. See 37 CFR 1.55 and 1.76. 

Permission to Access - A proper Authorization to Permit Access to Application by Participating Offices 
(PTO/SB/39 or its equivalent) has been received by the USPTO. 

If Required, Foreign Filing License Granted: 02/09/2013 
page 1 of 3 
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The country code and number of your priority application, to be used for filing abroad under the Paris Convention, 
is US 13/744,984 

Projected Publication Date: Not Applicable 

Non-Publication Request: No 

Early Publication Request: No 
Title 

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

Preliminary Class 

714 

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition Applications: 

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 (1-866-999-4258). 
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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 
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 U.S. offers tremendous resources 
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to 
promote and facilitate business investment. SelectUSA provides information assistance to the international investor 
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states, 
and regions competing for global investment; and counsels U.S. economic development organizations on investment 
attraction best practices. To learn more about why the United States is the best country in the world to develop 
technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call 
+ 1-202-482-6800. 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NUMBER 

13/744,984 

24374 
VOLPE AND KOENIG, P.C. 
DEPT.ICC 
UNITED PLAZA 
30 SOUTH 17TH STREET 
PHILADELPHIA, PA 19103 

FILING OR 3 71 (C) DATE 

01/18/2013 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

Philip J. Pietraski I-2-0526US05 

CONFIRMATION NO. 9610 
POA ACCEPTANCE LETTER 

11111111111111111 lllll ll]~!l]!~l!~l!~HllH!l~ll 11111111111111111111111 

Date Mailed: 07/16/2014 

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY 

This is in response to the Power of Attorney filed 07/08/2014. 

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

/rmohamed/ 

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101 
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APPLICATION NUMBER 
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DEPT.ICC 
UNITED PLAZA 
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PHILADELPHIA, PA 19103 

FILING OR 3 71 (C) DATE 

01/18/2013 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

Philip J. Pietraski I-2-0526US05 

CONFIRMATION NO. 9610 
POA ACCEPTANCE LETTER 
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Date Mailed: 07/10/2014 

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY 

This is in response to the Power of Attorney filed 10/07/2013. 

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

/rmohamed/ 

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION 
NUMBER 

13/744,984 

24374 

FILING or 
37l(c)DATE 

01/18/2013 

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

GRPART 

UNIT 

2112 
FIL FEE REC'D 

1390 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

ATTY.DOCKET.NO TOT CLAIMS IND CLAIMS 

I-2-0526US05 14 2 
CONFIRMATION NO. 9610 

CORRECTED FILING RECEIPT 

11111111111111111 lllll ll]~!l]!~l!~l!~HUl!~Hll lllll 111111111111111111 

Date Mailed: 07/08/2014 

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination 
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the 
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE, 
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection. 
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please 
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the 
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit 
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply 
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections 

lnventor(s) 
Philip J. Pietraski, Huntington, NY; 
Gregory S. Sternberg, Mt. Laurel, NJ; 

Applicant( s) 
INTERDIGITAL TECHNOLOGY CORPORATION, Wilmington, DE 

Assignment For Published Patent Application 
INTERDIGITAL TECHNOLOGY CORPORATION, Wilmington, DE 

Power of Attorney: None 

Domestic Priority data as claimed by applicant 
This application is a CON of 13/309,962 12/02/2011 PAT 8359520 
which is a CON of 11/974,381 10/12/2007 PAT 807 4143 
which is a CON of 10/725,779 12/02/2003 PAT 7293217 
which claims benefit of 60/434,232 12/16/2002 
and claims benefit of 60/444,068 01/30/2003 
and claims benefit of 60/470,921 05/15/2003 
and claims benefit of 60/494,404 08/11/2003 

Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent Prosecution 
Highway program at the USPTO. Please see http://www.uspto.gov for more information.) - None. 
Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to 
foreign priority. See 37 CFR 1.55 and 1.76. 

Permission to Access - A proper Authorization to Permit Access to Application by Participating Offices 
(PTO/SB/39 or its equivalent) has been received by the USPTO. 
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If Required, Foreign Filing License Granted: 02/09/2013 

The country code and number of your priority application, to be used for filing abroad under the Paris Convention, 
is US 13/744,984 
Projected Publication Date: Not Applicable 

Non-Publication Request: No 

Early Publication Request: No 
Title 

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

Preliminary Class 

714 

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition Applications: 

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 (1-866-999-4258). 
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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 
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 U.S. offers tremendous resources 
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to 
promote and facilitate business investment. SelectUSA provides information assistance to the international investor 
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states, 
and regions competing for global investment; and counsels U.S. economic development organizations on investment 
attraction best practices. To learn more about why the United States is the best country in the world to develop 
technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call 
+ 1-202-482-6800. 
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, 

\.. 

Doc Code: PA.. 
Document Description: Power of Attorney PTO/AIA/82A (07-13) 

Approved for use through 11/30/2014. 0MB 0651-0051 
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid 0MB control number. 

TRANSMITTAL FOR POWER OF ATTORNEY TO ONE OR MORE 
REGISTERED PRACTITIONERS 

NOTE: This form is to be submitted with the Power of Attorney by Applicant form (PTO/AIA/82B) to identify the application to which the 
Power of Attorney is directed, in accordance with 37 CFR 1.5, unless the application number and filing date are identified in the Power of 
Attorney by Applicant form. If neither form PTO/AIA/82A nor form PTO/AIA82B identifies the application to which the Power of Attorney is 
directed, the Power of Attorney will not be recognized in the application. 

Application Number 13/744,984 

Filing Date January 18, 2013 

First Named Inventor Philip J. Pietraski 

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

Art Unit 2112 

Examiner Name Fritz Alphonse 
Attorney Docket Number l-2-0526US05 

SIGNATURE of Applicant or Patent Practitioner 

Signature /Jonathan G. Lombardo/ Date (Optional) July 8, 2014 
Name Jonathan G. Lombardo Registration 71,734 

Number 

Title (if Applicant is a 
juristic entity) 

Applicant Name (if Applicant is a juristic entity) lnterDigital Technology Corporation 
NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4(d) for signature requirements and certifications. If 
more than one applicant, use multiple forms. 

lvl *Total of o □e (:1) forms are submitted. 

This collection of information is required by 37 CFR 1.131, 1.32, and 1.33. 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 3 minutes to complete, including gathering, preparing, and submitting the completed 
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require 
to complete this form 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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Doc Code: PA.. 
Document Description: Power of Attorney 

PTO/AIA/82B (07-13) 
Approved for use through 11/30/2014. 0MB 0651-0051 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Pape,work Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid 0MB control number 

POWER OF ATTORNEY BY APPLICANT 

I hereby revoke all previous powers of attorney given in the application identified in either the attached transmittal letter or 
the boxes below. 

I Application Number I Fmng Date 

I 
(Note: The boxes above may be left blank if information is provided on form PTO/AIA/82A.) 

IZ] I hereby appoint the Patent Practitioner(s) associated with the following Customer Number as my/our attorney(s) or agent(s), and 
to transact all business in the United States Patent and Trademark Office connected therewith for the application referenced in 
the attached transmittal letter (form PTO/AIA/82A) or identified above: I 
OR 24374 I 

□ I hereby appoint Practitioner(s) named in the attached list (form PTO/AIA/82C) as my/our attorney(s) or agent(s), and to transact 
all business in the United States Patent and Trademark Office connected therewith for the patent application referenced in the 
attached transmittal letter (form PTO/AIA/82A) or identified above. (Note: Complete form PTO/AIA/82C.) 

Please recognize or change the correspondence address for the application identified in the attached transmittal 
letter or the boxes above to: 

[l] The address associated with the above-mentioned Customer Number 

OR 

□ The address associated with Customer Number: I 
I OR 

Ffrm or 
Individual Name 

Address 

City I State I I Zip I 
Country 

Telephone I Email I 
I am the Applicant (if the Applicant is a juristic entity, list the Applicant name in the box): 

I 1nterDigital Technology Corporation 

□ Inventor or Joint Inventor (title not required below) 

□ Legal Representative of a Deceased or Legally Incapacitated Inventor (title not required below) 

0 Assignee or Person to Whom the Inventor is Under an Obligation to Assign (provide signer's title if applicant is a juristic entity) 

□ Person Who Otherwise Shows Sufficient Proprietary Interest (e.g., a petition under 37 CFR 1.46(b)(2) was granted in the 
aoolication or is concurrently beina filed with this document) (provide signer's title if applicant is a juristic entity) 

SIGNATURE of Applicant for Patent 

The undersigned (whose title is JG}lplie~below) is aiJthorized to act on behalf of the applicant (e.g., where the applicant is a juristic entity). 

Signature l . - d LJ-t .u ,IA_ ""JI. ' I Date (Optional) I / > f\,f a.II'~ 2Dl4-
Name Christos A. loannidi 

Title Patent Executive; lnterDigital Technology Corporation 

NOTE: Signature - This form must be signed by the applicant in accordance with 37 CFR 1.33. See 37 CFR 1.4 for signature requirements 
and certifications. If more than one applicant, use multiple forms. 

OTotal of forms are submitted. 
This collection of information Is required by 37 CFR 1.131, 1.32, and 1.33. 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 3 minutes to complete, 
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount 
of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. 
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner 
for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

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

I 

] 
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Electronic Acknowledgement Receipt 

EFSID: 19515434 

Application Number: 13744984 

International Application Number: 

Confirmation Number: 9610 

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: Jonathan G. Lombardo/Belinda Fields 

Filer Authorized By: Jonathan G. Lombardo 

Attorney Docket Number: l-2-0526US0S 

Receipt Date: 08-JUL-2014 

Filing Date: 18-JAN-2013 

Time Stamp: 14:02:22 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment I no 

File Listing: 

Document 
Document Description File Name 

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

69877 

1 Request for Corrected Filing Receipt 
I_2_0526U SOS _Req uest_For _ C 

no 2 
orrected_Filing_Receipt.PDF 

6dfcc6fb582fdfab8becef5 d 0c9c3 Se 5 fl 226 
ab7 

Warnings: 

Information: 
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2 Application Data Sheet 

Warnings: 

Information: 

This is not an USPTO supplied ADS fillable form 

3 Power of Attorney 

Warnings: 

Information: 

577419 
I_2_0526US0S_ADS_20140708. 

PDF , _______ __, 

I_2_0526US0S_Power_Of_Atto 

199211864-ad 1824c5aad8d8be2eb6f9cbb4 
3f58d 

292836 

rney_20140708.PDF , _______ __, 
a23ed4d 16db9345c0b7451 d638a7c93a71 

b026fb 

Total Files Size (in bytes) 940132 

no 7 

no 2 

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

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

National Stage of an International Application under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT/DO/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 Application Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 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. 

IPR2023-01272 Page 17



PATENT 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In the PATENT APPLICATION of: 

Pietraski et al. 

Application No.: 13/7 44,984 

Confirmation No.:9610 

Filed: 

For: 

January 18, 2013 

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-2-0526US05 

Date: July 8, 2014 

REQUEST FOR CORRECTED FILING RECEIPT 

Mail Stop Missing Parts 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Madam: 

This request is in response to an error indicated on the Filing Receipt sent on 

June 12, 2014 and to clarify the Power of Attorney. 

After discussing the errors with the Application Assistance Unit (AAU), they 

recommend amending the Application Data Sheet (ADS) by filing a supplemental ADS 

to correct the error on the Filing Receipt and Power of Attorney which currently shows 

"none" for the Power of Attorney. 

3141095-1 
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Applicant: Pietraski et al. 
Application No.: 13/744,984 

A corrected Application Data Sheet and a copy of the Power of Attorney are 

enclosed. 

Accordingly, Applicants respectfully request the issuance of a corrected Filing 

Receipt and a Notice of Acceptance of Power of Attorney. 

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

JGL/JDW/bbf 
Enclosures 

3141095-1 -2-

Respectfully submitted, 

Pietraski et al. 

By /Jonathan G. Lombardo/ 
Jonathan G. Lombardo 
Registration No. 71,734 
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PTO/AIA/14 (12-13) 
Approved for use through 01/31/2014. 0MB 0651-0032 

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

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of Information unless it contains a valid 0MB control number. 

Attorney Docket Number l-2-0526US05 
Application Data Sheet 37 CFR 1. 76 

Application Number 13/744,984 

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

The application data sheet is part of the provisional or nonprovisional application for which ii is being submitted. The following form contains the 
bibliographic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1. 76. 
This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the 
document may be printed and included in a paper filed application. 

Secrecy Order 37 CFR 5.2 
D Portions or all of the application associated with this Application Data Sheet may fall under a Secrecy Order pursuant to 

37 CFR 5.2 (Paper filers only. Applications that fall under Secrecy Order may not be filed electronically.) 

Inventor Information: 

Inventor 1 I Remove I 
Legal Name 

Prefix Given Name Middle Name Family Name 

Philip J. Pietraski 

Residence Information (Select One) @ US Residency 0 Non US Residency 0 Active US Military Service 

City Jericho I State/Province I NY I Country of ResidencJ I us 

Mailing Address of Inventor: 

Address 1 39 Marian Lane 

Address 2 

City I Jericho I State/Province I NY 

Postal Code I 11153 I Countryi I us 

Inventor 2 I Remove I 
Legal Name 

Prefix Given Name Middle Name Family Name 

Gregory S. Sternberg 

Residence Information (Select One) @ us Residency 0 Non US Residency 0 Active US Military Service 

City Mt. Laurel j State/Province I NJ j Country of ResidencJ I US 

Mailing Address of Inventor: 

Address 1 7 Brookwood Road 

Address 2 

City I Mt. Laurel I State/Province I NJ 

Postal Code 1 oao54 I Countryi I us 
All Inventors Must Be Listed - Additional Inventor Information blocks may be I generated within this form by selecting the Add button. 

Correspondence Information: 
Enter either Customer Number or complete the Correspondence Information section below. 
For further information see 37 CFR 1.33(a). 

EFS Web 2.2.11 

Add I 

Suffix 

Suffix 
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PTO/AIA/14 (12-13) 
Approved for use through 01/31/2014. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Attorney Docket Number I°2-0526US05 
Application Data Sheet 37 CFR 1.76 

Application Number 13/744,984 

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

D An Address is being provided for the correspondence Information of this application. 

Customer Number 24374 

Email Address eoffice@vklaw.com I I Add Email I I Remove Email I 

Application Information: 

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

Attorney Docket Number l-2-0526US05 / Small Entity Status Claimed □ 
Application Type Nonprovisional 

Subject Matter Utility 

Total Number of Drawing Sheets (if any) i 12 I Suggested Figure for Publication (if any) I 8 

Filing By Reference: 
Only complete this section when filing an application by reference under 35 U.S.C. 111 (c) and 37 CFR 1.57(a). Do not complete this section if 
application papers including a specification and any drawings are being filed. Any domestic benefit or foreign priority information must be 
provided in the appropriate section(s} below (i.e., "Domestic Benefit/National Stage Information" and "Foreign Priority Information"). 

For the purposes of a filing date under 37 CFR 1.53(b), the description and any drawings of the present application are replaced by this 
reference to the previously filed application, subject to conditions and requirements of 37 CFR 1.57(a). 

Application number of the previously Filing date (YYYY-MM-DD) Intellectual Property Authority or Country 
filed application 

Publication Information: 
D Request Early Publication (Fee required at time of Request 37 CFR 1.219) 

Request Not to Publish. I hereby request that the attached application not be published under 

□ 
35 U.S.C. 122(b) and certify that the invention disclosed in the attached application has not and will not be the 
subject of an application filed in another country, or under a multilateral international agreement, that requires 
publication at eighteen months after filing. 

Representative Information: 

Representative information should be provided for all practitioners having a power of attorney in the application. Providing 
this information in the Application Data Sheet does not constitute a power of attorney in the application (see 37 CFR 1.32). 
Either enter Customer Number or complete the Representative Name section below. If both sections are completed the customer 
Number will be used for the Representative Information during processing. 

Please Select One: @ Customer Number I O US Patent Practitioner 10 Limited Recognition (37 CFR 11.9) 

Customer Number 24374 

EFS Web 2.2.11 

i-
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PTO/AIA/14 (12-13) 
Approved for use through 01/31/2014. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Attorney Docket Number l-2-0526US05 
Application Data Sheet 37 CFR 1.76 

Application Number 13/744,984 

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

Domestic Benefit/National Stage Information: 
This section allows for the applicant to either claim benefit under 35 U.S.C. 119(e), 120, 121, or 365(c) or indicate National Stage 
entry from a PCT application. Providing this information in the application data sheet constitutes the specific reference required 
by 35 U.S.C. 119(e} or 120, and 37 CFR 1.78. 
When referring to the current application, please leave the application number blank. 

Prior Application Status PateRted Pending I Remove j 
Application Prior Application Filing Date 

Patent Number 
Issue Date 

Number 
Continuity Type 

Number (YYYY-MM-OO) (YYYY-MM-DD) 

Continuation of 13309962 2011-12-02 8359520 2013-01-22 

Prior Application Status Patented I Remove j 
Application 

Continuity Type 
Prior Application Filing Date 

Patent Number 
Issue Date 

Number Number (YYYY-MM-DD) (YYYY-MM-DD) 

13309962 Continuation of 11974381 2007-10-12 8074143 2011-12-06 

Prior Application Status Patented I Remove I 
Application 

Continuity Type 
Prior Application Filing Date 

Patent Number 
Issue Date 

Number Number (YYYY-MM-DD) (YYYY-MM-DD) 

11974381 Continuation of 10725779 2003-12-02 7293217 2007-11-06 

Prior Application Status Expired I Remove I 
Application Number Continuity Type Prior Application Number Filing Date (YYYY-MM-DD) 

. .. ••·-·-·· " .. 
10725779 Claims benefit of provisional 60494404 2003-08-11 

Prior Application Status Expired I Remove I 
Application Number Continuity Type Prior Application Number Filing Date (YYYY-MM-DD) 

10725779 Claims benefit of provisional 60470921 2003-05-15 

Prior Application Status Expired I Remove I 
Application Number Continuity Type Prior Application Number Filing Date (YYYY-MM-DD) 

10725779 Claims benefit of provisional 60444068 2003-01-30 

Prior Application Status Expired I Remove I 
Application Number Continuity Type Prior Application Number Filing Date (YYYY-MM-DD) 

10725779 Claims benefit of provisional 60434232 2002-12-16 

Additional Domestic Benefit/National Stage Data may be generated within this form 
by selecting the Add button. 

Foreign Priority Information: 

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet 

constitutes the claim for priority as required by 35 U.S.C. 119(b) and 37 CFR 1.55(d). When priority is claimed to a foreign application 

that is eligible for retrieval under the priority document exchange program (PDX)i the information will be used by the Office to 

automatically attempt retrieval pursuant to 37 CFR 1.55(h)(1) and (2). Under the POX program, applicant bears the ultimate 

responsibility for ensuring that a copy of the foreign application is received by the Office from the participating foreign intellectual 

property office, or a certified copy of the foreign priority application is filed, within the time period specified in 37 CFR 1.55(g)(1 }. 

EFS Web 2.2.11 
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PTO/AIA/14 (12-13) 
Approved for use through 01/31/2014. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Attorney Docket Number l-2-0526US05 
Application Data Sheet 37 CFR 1.76 

Application Number 13/744.984 

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

I Remove I 
Application Number Countryi Filing Date (YYYY-MM-DD) Access Codei (if applicable) 

Additional Foreign Priority Data may be generated within this form by selecting the 
Add button. 

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition 
Applications 

This application (1) claims priority to or the benefit of an application filed before March 16, 2013 and (2) also 
contains, or contained at any time, a claim to a claimed invention that has an effective filing date on or after March 

□ 16, 2013. 
NOTE: By providing this statement under 37 CFR 1.55 or 1. 78, this application, with a filing date on or after March 
16, 2013, will be examined under the first inventor to file provisions of the AIA. 

Authorization to Permit Access: 

~ Authorization to Permit Access to the Instant Application by the Participating Offices 

If checked, the undersigned hereby grants the USPTO authority to provide the European Patent Office (EPO), 
the Japan Patent Office (JPO), the Korean Intellectual Property Office (KIPO), the World Intellectual Property Office (WIPO), 
and any other intellectual property offices in which a foreign application claiming priority to the instant patent application 
is filed access to the instant patent application. See 37 CFR 1. 14(c) and (h). This box should not be checked if the applicant 
does not wish the EPO, JPO, KIPO, WIPO, or other intellectual property office in which a foreign application claiming priority 
to the instant patent application is filed to have access to the instant patent application. 

In accordance with 37 CFR 1. 14(h)(3), access will be provided to a copy of the instant patent application with respect 
to: 1) the instant patent application-as-filed; 2) any foreign application to which the instant patent application 
claims priority under 35 U.S.C. 119(a)-(d) if a copy of the foreign application that satisfies the certified copy requirement of 
37 CFR 1.55 has been filed in the instant patent application; and 3) any U.S. application-as-filed from which benefit is 
sought in the instant patent application. 

In accordance with 37 CFR 1. 14(c), access may be provided to information concerning the date of filing this Authorization. 

Applicant Information: 

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 37 of CFR 
to have an assignment recorded by the Office. 

EFS Web 2.2.11 
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PTO/AIA/14 (12-13) 
Approved for use through 01/31/2014. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a _collection of information unless it contains a valid 0MB control number. 

Attorney Docket Number l-2-0526US05 
Application Data Sheet 37 CFR 1. 76 

Application Number 13/744.984 

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

Applicant 1 
If the applicant is the inventor (or the remaining joint inventor or inventors under 37 CFR 1.45), this section should not be completed. 
The information to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR 
1.43; or the name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person 
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46. If the applicant is an 
applicant under 37 CFR 1.46 (assignee, person to whom the inventor is obligated to assign, or person who otherwise shows sufficient 
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should be 
identified in this section. 

! Clear I 
® Assignee lo Legal Representative under 35 U.S.C. 117 lo Joint Inventor 

0 Person to whom the inventor is obligated to assign. lo Person who shows sufficient proprietary interest 

If applicant is the legal representative, indicate the authority to file the patent application, the inventor is: 

I 
Name of the Deceased or Legally Incapacitated Inventor :I 
If the Applicant is an Organization check here. ~ 
Organization Name I INTERDIGITAL TECHNOLOGY CORPORATION 

Mailing Address Information For Applicant: 

Address 1 200 Bellevue Parkway 

Address 2 Suite 300 

City Wilmington State/Province DE 

Country I us Postal Code 19809 

Phone Number Fax Number 

Email Address 

Additional Applicant Data may be generated within this form by selecting the Add button. 

Assignee Information including Non-Applicant Assignee Information: 

Providing assignment information in this section does not subsitute for compliance with any requirement of part 3 of Title 37 of CFR to 
have an assignment recorded by the Office. 

Assignee 1 

Complete this section if assignee information, including non-applicant assignee information, is desired to be included on the patent 
application publication . An assignee-applicant identified in the "Applicant Information" section will appear on the patent application 
publication as an applicant. For an assignee-applicant, complete this section only if identification as an assignee is also desired on the 
patent application publication. 

If the Assignee or Non-Applicant Assignee is an Organization check here. ~ 

EFS Web 2.2.11 
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PTO/AIA/14 (12-13) 
Approved for use through 01/31/2014. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Attorney Docket Number l-2-0526US05 
Application Data Sheet 37 CFR 1.76 

Application Number 13/744,984 

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

Organization Name 
I-INfERSISFfAI: fEGI IN61:66¥ 66RP6RA-=ReN-

Mailing Address Information For Assignee including Non-Applicant Assignee: 

Address 1 ~88 Bellev•1:1e Parlivvay 

Address 2 Stiite ass 
City I Will 11i11gto11 State/Province i3E-

Countryi 1-\::19- Postal Code 198cl9 

Phone Number Fax Number 

Email Address 

Additional Assignee or Non-Applicant Assignee Data may be generated within this form by 
selecting the Add button. 

Signature: 
NOTE: This form must be signed in accordance with 37 CFR 1 .33. See 37 CFR 1.4 for signature requirements and 
certifications. 

Signature /Jonathan G. Lombardo/ Date (YYYY-MM-DD) 2014-07-08 

First Name Jonathan G. I Last Name I Lombardo Registration Number 71734 

Additional Signature may be generated within this form by selecting the Add button. 

This collection of information is required by 37 CFR 1.76. 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 23 minutes to complete, including gathering, preparing, and submitting the completed application data 
sheet 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. 

EFS Web 2.2.11 
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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 the Freedom of Information Act requires disclosure of these records. 

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 inspections 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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UNITED STA TES p A TENT AND TRADEMARK OFFICE 

APPLICATION NO. ISSUE DATE 

13/744,984 07/22/2014 

24374 7590 

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

07/02/2014 

PATENT NO. 

8788920 

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-2-0526US05 9610 

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; 
INTERDIGITAL TECHNOLOGY CORPORATION, Wilmington, DE 
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. 

IR103 (Rev. 10/09) 

IPR2023-01272 Page 27



UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION 
NUMBER 

13/744,984 

24374 

FILING or 
37l(c)DATE 

01/18/2013 

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

GRPART 

UNIT 

2112 
FIL FEE REC'D 

1390 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

ATTY.DOCKET.NO TOT CLAIMS IND CLAIMS 

I-2-0526US05 14 2 
CONFIRMATION NO. 9610 

CORRECTED FILING RECEIPT 

1111111111111111111111 ll]~!l]!~l!~l!~HU!Hllf] 11111111111111111111111 

Date Mailed: 06/12/2014 

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination 
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the 
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE, 
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection. 
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please 
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the 
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit 
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply 
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections 

lnventor(s) 
Philip J. Pietraski, Huntington, NY; 
Gregory S. Sternberg, Mt. Laurel, NJ; 

Applicant( s) 
INTERDIGITAL TECHNOLOGY CORPORATION, Wilmington, DE 

Assignment For Published Patent Application 
INTERDIGITAL TECHNOLOGY CORPORATION, Wilmington, DE 

Power of Attorney: None 

Domestic Priority data as claimed by applicant 
This application is a CON of 13/309,962 12/02/2011 PAT 8359520 * 
which is a CON of 11/974,381 10/12/2007 PAT 807 4143 
which is a CON of 10/725,779 12/02/2003 PAT 7293217 
which claims benefit of 60/434,232 12/16/2002 
and claims benefit of 60/444,068 01/30/2003 
and claims benefit of 60/470,921 05/15/2003 
and claims benefit of 60/494,404 08/11/2003 
(*)Data provided by applicant is not consistent with PTO records. 

Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent Prosecution 
Highway program at the USPTO. Please see http://www.uspto.gov for more information.) - None. 
Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to 
foreign priority. See 37 CFR 1.55 and 1.76. 
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Permission to Access - A proper Authorization to Permit Access to Application by Participating Offices 
(PTO/SB/39 or its equivalent) has been received by the USPTO. 

If Required, Foreign Filing License Granted: 02/09/2013 

The country code and number of your priority application, to be used for filing abroad under the Paris Convention, 
is US 13/744,984 
Projected Publication Date: Not Applicable 

Non-Publication Request: No 

Early Publication Request: No 
Title 

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

Preliminary Class 

714 

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition Applications: 

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 
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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 (1-866-999-4258). 

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 
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 U.S. offers tremendous resources 
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to 
promote and facilitate business investment. SelectUSA provides information assistance to the international investor 
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states, 
and regions competing for global investment; and counsels U.S. economic development organizations on investment 
attraction best practices. To learn more about why the United States is the best country in the world to develop 
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technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call 
+ 1-202-482-6800. 
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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 03/11/2014 

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

APPLICATION NO. FILING DATE 

13/744,984 01/18/2013 

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-2-0526US05 9610 

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

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE 

nonprovisional UNDISCOUNTED $960 

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 

$0 $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. 

$960 06/11/2014 

1Volpe 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 

InterDigital Technology Corporation 

(B) RESIDENCE: (CITY and STATE OR COUNTRY) 

Wilmington, DE 

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

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

[:::i 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 Applicant certifying micro entity status. See 37 CFR 1.29 

0 Applicant asserting small entity status. See 37 CFR 1.27 

0 Applicant changing to regular undiscounted fee status. 

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. 
[]I The Director is hereby authorized to charge th"'reqpi,re_d.Jee(s), any deficiency, or credit_s any 

overpayment, to Deposit Account Number U :! - IJ '± j '.:J ( enclose an extra copy of this form). 

NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue 
fee payment in the micro entity amount will not be accepted at the risk of application abandonment. 

NOTE: If the application was previously under micro entity status, checking this box will be taken 
to be a notification of loss of entitlement to micro entity status. 

NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro 
entity status, as applicable. 

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications. 

Authorized Signature /Wesley T. McMichael/ 

Typed or printed name Wesley T. McMichael 

PTOL-85 Part B (10-13) Approved for use through 10/31/2013. 
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Date ___ J_u_n_e __ l_O~, _2_0_1_4 ________ _ 

Registration No. __ 5_6_,_9_8_2 __________ _ 

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

IPR2023-01272 Page 32



Electronic Patent Application Fee Transmittal 

Application Number: 13744984 

Filing Date: 18-Jan-2013 

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 

Filer: Wesley T. McMichael/Belinda Fields 

Attorney Docket Number: l-2-0526US0S 

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 1 960 960 

Extension-of-Time: 
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Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Miscellaneous: 

Total in USD ($) 960 
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Electronic Acknowledgement Receipt 

EFSID: 19261624 

Application Number: 13744984 

International Application Number: 

Confirmation Number: 9610 

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: Wesley T. McMichael/Belinda Fields 

Filer Authorized By: Wesley T. McMichael 

Attorney Docket Number: l-2-0526US05 

Receipt Date: 10-JUN-2014 

Filing Date: 18-JAN-2013 

Time Stamp: 15:59:34 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment yes 

Payment Type Deposit Account 

Payment was successfully received in RAM $960 

RAM confirmation Number 2643 

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) 

Charge any Additional Fees required under 37 C.F.R. Section 1.20 (Post Issuance fees) 
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Charge any Additional Fees required under 37 C.F.R. Section 1.21 (Miscellaneous fees and charges) 

File Listing: 

Document 
Number 

Warnings: 

Information: 

2 

Warnings: 

Information: 

Document Description 

Issue Fee Payment (PTO-85B) 

Fee Worksheet (5B06) 

File Name 

I_2_0526US0S_lssue_Fee_2014 

File Size(Bytes)/ 
Message Digest 

97062 

061 0.PDF i-----------1 

fee-info.pdf 

64e 11 c46494f77703e8f2601faf4de29cd51 
3153 

30687 

bd80740ed 161 e97 cb5489205a2ac7015403 
16cc0 

Multi Pages 
Part /.zip (if appl.) 

no 

no 2 

Total Files Size (in bytes) 127749 

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

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

National Stage of an International Application under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT/DO/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 Application Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 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. 

IPR2023-01272 Page 36



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 03/11/2014 

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

APPLICATION NO. FILING DATE 

13/744,984 01/18/2013 

FIRST NAMED INVENTOR 

Philip J. Pietraski 

EXAMINER 

ALPHONSE, FRITZ 

ART UNIT PAPER NUMBER 

2112 

DATE MAILED: 03/11/2014 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

I-2-0526US05 9610 

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

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

nonprovisional UNDISCOUNTED $960 $0 $0 $960 06/11/2014 

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 ENTITY STATUS shown above. If the ENTITY STATUS is shown as SMALL or MICRO, verify whether entitlement to that 
entity status still applies. 

If the ENTITY STATUS is the same as shown above, pay the TOTAL FEE(S) DUE shown above. 

If the ENTITY STATUS is changed from that shown above, on PART B - FEE(S) TRANSMITTAL, complete section number 5 titled 
"Change in Entity Status (from status indicated above)". 

For purposes of this notice, small entity fees are 1/2 the amount of undiscounted fees, and micro entity fees are 1/2 the amount of small entity 
fees. 

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. 
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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 03/11/2014 

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

APPLICATION NO. FILING DATE 

13/744,984 01/18/2013 

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-2-0526US05 9610 

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

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE 

nonprovisional UNDISCOUNTED $960 

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 

$0 $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. 

$960 06/11/2014 

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 Applicant certifying micro entity status. See 37 CFR 1.29 

0 Applicant asserting small entity status. See 37 CFR 1.27 

0 Applicant changing to regular undiscounted fee status. 

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 credits any 

overpayment, to Deposit Account Number ( enclose an extra copy of this form). 

NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue 
fee payment in the micro entity amount will not be accepted at the risk of application abandonment. 

NOTE: If the application was previously under micro entity status, checking this box will be taken 
to be a notification of loss of entitlement to micro entity status. 

NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro 
entity status, as applicable. 

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications. 

Authorized Signature _______________________ _ 

Typed or printed name ______________________ _ 

PTOL-85 Part B (10-13) Approved for use through 10/31/2013. 
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VOLPE AND KOENIG, P.C. 
DEPT. ICC 
UNITED PLAZA 
30 SOUTH 17TH STREET 
PHILADELPHIA, PA 19103 

FIRST NAMED INVENTOR 

Philip J. Pietraski 

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-2-0526US05 9610 

EXAMINER 

ALPHONSE, FRITZ 

ART UNIT PAPER NUMBER 

2112 

DATE MAILED: 03/11/2014 

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

The Patent Term Adjustment to date is O day(s). If the issue fee is paid on the date that is three months after the 
mailing date of this notice and the patent issues on the Tuesday before the date that is 28 weeks (six and a half 
months) after the mailing date of this notice, the Patent Term Adjustment will be O day(s). 

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

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

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of 
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be 
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571 )-272-4200. 

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

IPR2023-01272 Page 39



0MB Clearance and PRA Burden Statement for PTOL-85 Part B 

The Paperwork Reduction Act (PRA) of 1995 requires Federal agencies to obtain Office of Management and 
Budget approval before requesting most types of information from the public. When 0MB approves an agency 
request to collect information from the public, 0MB (i) provides a valid 0MB Control Number and expiration 
date for the agency to display on the instrument that will be used to collect the information and (ii) requires the 
agency to inform the public about the 0MB Control Number's legal significance in accordance with 5 CFR 
1320.5(b). 

The information collected by PTOL-85 Part B 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. 

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 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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Application No. 
13/744,984 

Applicant(s) 
PIETRASKI ET AL. 

Notice of Allowability Examiner 
FRITZ ALPHONSE 

Art Unit 
2112 

AIA (First Inventor to 
File) Status 

No 

-- 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. [gl This communication is responsive to the Terminal Disclaimer filed on 02/05/2014. 

DA declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on ___ . 

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. [gl The allowed claim(s) is/are 1-14. As a result of the allowed claim(s), you may be eligible to benefit from the Patent Prosecution 
Highway program at a participating intellectual property office for the corresponding application. For more information, please see 
~;ttp://V'vww.uspto.gov/patents/init events/pph/index.is_p or send an inquiry to PPHfeedback@uspto.aov . 

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

Certified copies: 

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

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). 

6. □ 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. [gl Information Disclosure Statements (PTO/SB/08), 
Paper No./Mail Date 07/03/2013 

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

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

/FRITZ ALPHONSE/ 
Primary Examiner, Art Unit 2112 

U.S. Patent and Trademark Office 

5. D Examiner's Amendment/Comment 

6. D Examiner's Statement of Reasons for Allowance 

7. D Other __ . 

PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20140228 
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In the PATENT APPLICATION of: 

Pietraski et al. 

Application No.: 13/7 44,984 

Confirmation No.:9610 

Filed: 

For: 

January 18, 2013 

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-2-0526US05 

Date: February 5, 2014 

REPLY PURSUANT TO 37 C.F.R. §1.116 

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

Madam: 

This Reply is in response to the Final Office Action dated December 5, 2013. 
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IPR2023-01272 Page 42



EAST Search History 

EAST Search History 

EAST Search History (Prior Art} 

11::~_ ll~JI~::~.:-~--~~:~-~---------------------------------------------------------------- II~-~:------------- l g~~~~~r lB ~!~~p ------ l 
lu7 0 : (rate matching wireless communication I U&PGPUB;i AND : OFF j 2014/02/28! 
I I : terminal interleav$4 bit stream buffer$4 I USPAT· i i i 12·39 i 

I I !,,,,,,,,. virtual buffer output).clm. I USOCR; j j I · j I I I FPRS; : : I : 
I I I EPO; JPO; : : I : 
, i i DERWENT·, , ' , 

I ........ ..I ............ , ................................................................................................ J 1 .BM_ TDB .. '_: ....................... ..! ................... ! ........................ ..! 
I L2 I 1168: (rate matching wireless communication I U&PGPUB;: AND !,',,,,,,,,,,,,,. OFF l 2014/02/28! I I : terminal interleav$4 bit stream buffer$4 I USPAT; : l 12:40 : 

1 .......... 1 ............. lvirtual~uff~ro~tput)I ~T;I ........................ ' ................... 1 .......................... 1 

l[~ ..... 11~~.~.~ ... 1.~.~.~:.~.~~:.~~~:.~~~.:~~~ ... ~~.~ ... ~.~·~···~~.1.~: .................... 11.~.~~~~ .......... 11~~ ................. 11~~~ .......... 1 ~~ ~:6.~~~.~.~I 
l[~~ ..... 11.~.~ ........ 11~ .. ~ ........................................................................................... 11.~.~~~~ .......... I1~~.~ .............. le~~ .......... 1 ~~~:~.~~~.~.~I 
lrl□ ~s=~~n~~~1.~:~~4";h~~~4b~:~;rst. bit"--and---------- IIUSPAT-------- jE7EJ ~~~:~02/28j 
,.----s . 
I S1 I 233 : (rate matching interleav$4 bit stream) I U&PGPUB;: SAME : OFF j 2013/05/29: 
i i i i USPAT i i i 11 · 38 i 

11 I l~~,I I 1 · I 
! I : I DERWENT;: : j : 

!~1------------: ------------------------------------------------------------------------------------------------1 I_BM_ TDB--_J ------------------------_: ----------------·-- i ------------------------·_: 

I~ O I,,,,,,, ~~:;:~t interleav bit stream virtual I ~~B;I SAME I,,,,,,, OFF I ~~~1605/291 

I l~;;+,i I ! 
l, .......... _,_IIBM_TDB_I_,_,_, I~ 31 I ~~)):~t interleav~ bit stream virtual I ~;:1 SAME Im I ~~1J60~291 

I ' I I BM_ TDB : ' i ' ,'---------- ~-,--------------~ . . . 

1 S4 119 I,,,,,,, s1 m I ~~B;I AND I,,,,,,, OFF I ~~~16051291 

I I 1~,J~;I I ! 

11 ............ ' l~i~~T;I '···················' , 
11S5 119124 :Ivirtual near4 buffer I US-PGPUB;jlSAME jlOFF ! 2013/05/31 ! 
I I : I USPAT; : : ! 23:09 : 

file:///CI/U sers/falphonse/Documents/e-Red%20Folder/l 37 44984/EASTSearchHistory .137 44984_Accessible Version.htm[2/28/2014 12:43: 14 PM] 

IPR2023-01272 Page 43



EAST Search History 

i I USOCR; i 

I I FPRS; I 
I,,, I EPO; JPO; : I,,,, I DERWENT;: 
, I IBM TDB i , 

,.;.;.;.;.;.;.; ' ~~~~~~~~~~~~ ~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~' - ~~~~' ~~~~~~~~~~~~~~~~~~~~~~~~~- ~~~~~~~~~~~~~~~~~~~> ~~~~~~~~~~~~~~~~~~~~~~~~~~-

ffi o I,,,,,,,_ virtual adj buffer is a physical adj buffer I ~~PUB;I SAME I,,,,,,, OFF I ~~~i~05/31 I 

I :;8'Jm I 1,,,, 1,,,_ I DERWENT·! 

----------· _____________ , ---------------------------------------------------------------------------------------------------1 I_ BM_ TDB _ _' j ------------------------, -------------------, --------------------------, 

~ 92 I,,,_ virtual adj buffer same physical adj buffer I ~:~;I SAME I,,, OFF ~~1fi05/3t,_ 

I DERWENT·! \ ,; 

i IBM TDB i i 
:~~~~~~~~~~· ~~~~~~~~~~~~~- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ' ~~~~~~~~ - ~~~~~~~~~~~~~: ~~~~~~~~~~~~~~~~~~~~~~~~' ~~~~~~~~~~~~~: 

S8 14 : (rate matching interleav$4 bit stream I U&PGPUB;i SAME i,,,',,,,,,,,,,_ OFF I 2013/05/31: 
i,,,',,,,,,,, buffer$4 virtual buffer ) I USPAT· i l 23:45 : I USOCR; : I : 

I :~7;JPO; I 1,,,, 1,,, I DERWENT;: 
, I IBM TDB i , 

l~~~~~~~~~- ~~~~~~~~~~~~ ~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~' ~~~~~~~~ - ~~~~~~~~~~~~~' ~~~~~~~~~~~~~~~~~~~~~~~~~, ~~~~~~~~~~~~~~~~~~~> ~~~~~~~~~~~~~~~~~~~~~~~~~~, 

S9 162 ("20020051501" "6088387" "6028897" 
"6014411" "6044116" "6370669" 
"6397367" "6622281" "6665833" 
"6697986" "6744744" "6807238" 
"6816556" "6829305" "6892342" 
"6903665" "7016427" "7016658" 
"7027782" "7072307" "7089480" 
"7146552" "7165209" "7200792" 
"7210089" "7251285" "7280609" 
"7283509" "7293217" "7 415263" 
"7421033" "7458011" "7483389" 
"7496079" "7523383" "7536624" 
"7620872" "7640486" "7673213" 
"7676731" "7676732" "7743312" RE41498 
"7782973" "7802164" "7814390" 
"7814391" "7827466" "7925963" 
"7958425" "7987414" "8074143" 
"7925963" "7958425" "7987414" 
"8074143" "8250429" "8254284" 
"8275032" "8359520" "8386877" 
"8416794" "20010009569" "2001001071 O" 
"20010034209" "20020015419" 
"20020027956" "20020166093" 
"20030007476" "20030021240" 
"20030031233" "20030076870" 
"20030097629" "20030120995" 
"20030135811" "20030171121" 
"20040125765" "20040139378" 
"20040146029" "20040184553" 
"20040187069" "20040187070" 
"20040257992" "20050053168" 
"20050100085" "20050100103" 
"20050172201" "20050172202" 
"20050204251" "20050216819" 
"20050283710" "20060031737" 
"20060150051" "20060179401" 
"20060190801" "20060206781" 

U&PGPUB; OR 
USPAT; 
USOCR; 
FPRS; 
EPO; JPO; 
DERWENT; 
IBM TDB 

OFF ! 2013; 06/ 01 
! 13:13 

file:///CI/U sers/falphonse/Documents/e-Red%20Folder/l 37 44984/EASTSearchHistory .137 44984_Accessible Version.htm[2/28/2014 12:43: 14 PM] 

IPR2023-01272 Page 44



EAST Search History 

1l 1

1 
il"20060239237" "20060251001" 1

1 
:I :I ii : 

1 ........ J .......... ...! "20070089025" .. "20070101.232".) .pn .............. .J ......................... j ........................ j ................ J .......................... j ,,----, . ' 

I S10 I 14 : (rate matching interleav$4 bit stream I U&PGPUB;: SAME : OFF j 2013/06/01: 
I I :buffer$4virtualbuffer) IUSPAT; : : j13:16 : 

I I I 1~:~,1 I I I 
, i , i DERWENT·, , ' , 

!~1 ............ : ................................................................................................ I 1_BM_ TDs .. 'j ........................ J ................... ! ......................... J 
I S11 92 I vlrt ual adj buffer same physical adj buffer I ~PUB; I SAME I OFF I ~~\3; 06/ 011 

l_,_l~~~i_,_I_I 
l"s12 0 :,',,,,,,,,,,,,. S9 S10 S11 I U&PGPUB;: AND i OFF j 2013/06/01: I I USPAT; i i l 13:17 i 
i I USOCR· i i i i 
I I FPRS- , : : I : 
I I EPO; , JPO; : : I : 
i i DERWENT·! i i i I : I I BM_ TDB , : : I : 
-~-------------·---------------------------------------------------------------------------------------------------·-----------------------·'-----------------------·'·------------------·-----------------------·' 
I S13 I 76 : S9 and rate near4 matching I U&PGPUB;: AND : OFF j 2013/06/01: 
i i i i USPAT· i i i 13·27 i 

I I I l~:~,I I 1 · I 
I I : I DERWENT;: : j : 

!~1------------: ------------------------------------------------------------------------------------------------1 I_BM_ TDB--_ _: ------------------------_: ------------------- i -------------------------_: 
I S14 4 7 I S13 and I nterleav$4 bit near 4 st ream I ~PUB; I AND I OFF I ~~1}; 06/ 011 

l_,_l~~~i_,_I_I 
1815 1 I S14 and buffer$4 lnterleav$4 bit stream I ~;: I SAME I OFF I ~~1}~06/0t 

I ' I IBM_TDB : ' i ' ,'---------- ~-,--------------~ . . . 

I S1 6 11 I ffi and buffer$4 lnterleav$4 bit st ream I ~:~; I SAME I OFF I ~~1:6 06/ 
011 

1 .......... l ............ ' .................................................................................................. l~~T;l ......................... , ................... 1 .......................... 1 

11 l~+,i I i I ....... ...I ·············'································································································.J 1. BM_ TDB ... 1 ........................ ' ···················'··························' 

11s181n:1S9 and S11 I U&PGPUB;lnR IIOFF 12013/06/01 
i i i i USPAT; , , i 13:51 

I I : I USOCR; : : I 

file:///CI/U sers/falphonse/Documents/e-Red%20Folder/l 37 44984/EASTSearchHistory .137 44984_Accessible Version.htm[2/28/2014 12:43: 14 PM] 

IPR2023-01272 Page 45



EAST Search History 

I FPRS; 
I EPO; JPO; : 
I DERWENT;: 

_ i _____________ , ------------------------------------------------------------------------------------------------J I BM_ TDB _j -------------------------' -------------------' --------------------------' 

S19 76 I,,,,,,, ffi and S13 I ~5AJBt I,,,,,,_ OFF I ~~~;~06/011 

I :;8'Jm I I,,,_ 1,,, 

I DERWENT·! 
, I I BM TDB , i , i , 

~"""""'",""""""""""""""""""""""""""""""""""""""""""""""""",""""-"""'"""'""""""""""'""'•"""""""'",""""""""""'""; 

S20I0 :S19andmatesamematching IU&PGPUB;:OR :OFF !2013/06/01: 
I i I USPAT; i i l 13:58 i 

I I 1~:~,1 I I I 
i , i DERWENT·, , i , 

""""I """""": """"""""""""""""""""""""""""""""""""""""""""""""I 1_BM_ TDB __ 'j """"""""""""j """"""""'" ! """"""""""""'j ~ .----,,----------------,,------,,-----,,-----,,-------,1 

~1 76 I S19 and rate same matching I ~;r I~ I ~~1;~0~011 

, I I BM TDB i , , , 
l~~~~~~~~~, ~~~~~~~~~~~~~' ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~' ~~~~~~~~ - ~~~~~~~~~~~~~' ~~~~~~~~~~~~~~~~~~~~~~~~~' ~~~~~~~~~~~~~~~~~~~' ~~~~~~~~~~~~~~~~~~~~~~~~~~' 

I If TR I,,,,,, OFF 

I EPO· JPO· i 
I DERWENT·! 
\ ': 

~~~~~~~~~~~· ~~~~~~~~~~~~~- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~' ~~~~~~~~~~~~~~~~~~~~~~~· ~ ~~~~~~~~~~~~~~~~~~~~~~~· ~ ~~~~~~~~~~~~~~~~~~~, ~~~~~~~~~~~~~~~~~~~~~~~~~· ~ 

~3 111 I ~1 and virtual near4 buffer I ~:~r I~ I ~~1;~0~011 

_l ............ ' .................................................................................................. l~~T;I ......................... , ................... ' .......................... , 
~4 441S13 and "714"/$~1s 1~:r I~ l;~\3i06/011 

----------· _____________ , ---------------------------------------------------------------------------------------------------I I_ BM_ TDB ___ : ------------------------, -------------------' --------------------------, 
S25 163 ("20020051501" "6088387" "6028897" U&PGPUB; OR OFF l2013/12/02: 

"6014411" "6044116" "6370669" USPAT; l 10:58 i 
"6397367" "6622281" "6665833" USOCR; 
"6697986" "6744744" "6807238" FPRS; 
"6816556" "6829305" "6892342" EPO; JPO; 
"6903665" "7016427" "7016658" DERWENT; 
"7027782" "7072307" "7089480" I BM TDB 
"7146552" "7165209" "7200792" 
"7210089" "7251285" "7280609" 
"7283509" "7293217" "7415263" 
"7421033" "7458011" "7483389" 
"7496079" "7523383" "7536624" 
"7620872" "7640486" "7673213" 
"7676731" "7676732" "7743312" RE41498 
"7782973" "7802164" "7814390" 
"7814391 " "7827 466" "7925963" 

file:///CI/U sers/falphonse/Documents/e-Red%20Folder/l 37 44984/EASTSearchHistory .137 44984_Accessible Version.htm[2/28/2014 12:43: 14 PM] 

IPR2023-01272 Page 46



EAST Search History 

"7958425" "7987414" "8074143" ' 
"7925963" "7958425" "7987414" I 
"8074143" "8250429" "8254284" I 
"8275032" "8359520" "8386877" I 
"8416794" "20010009569" "20010010110" I 
"20010034209" "20020015419" I 
"20020021956" "20020166093" I 
"20030001476" "20030021240" I 
"20030031233" "20030076870" I 
"20030091529" "20030120995" I 
"20030135811" "20030111121" I 
"20040125765" "20040139378" I 
"20040145029" "20040184553" I 
"20040181069" "20040181010" I 
"20040251992" "20050053168" I 
"20050100085" "200501001 o3" I 
"20050112201" "20050112202" I 
"20050204251" "20050216819" I 
"2005028371 0" "20060031737" I 
"20060150051" "20060119401" I 
"20060190801" "20060206181" I 
"20060239231" "20060251001" I 

, .......... ~~•~"""'20""0""'7""'00""8""'9""02""5""'".""."""'20""'0""7""'01""0""1""'23""2""'"."")"".p""'n"". --:;;;;;:----;;;;;;;----=;--J~===:~===:;;;;:~==~~===oc;I 
S26 i 15 : (rate matching interleav$4 bit stream I U&PGPUB;: SAME !,',,,,,,,,,,,,_ OFF ! 2013/12/02j 

I,, I,,, buffer$4 virturu buffer) Ii~~ I I,,, 

10 59 

I,,_ 

I DERWENT·! 
\ ': 

i i IBM TDB i i ,...........; ................................................................................................... '. - ... · ............................................. ' ........................... . 
S27 I S25 S26 I U&PGPUB;: OFF l 2013/12/02! 

I I USPAT; i l 10:59 i 
I I USOCR; : I : 
I I FPRS; : I : 
I I EPO; JPO; : I : 
i i DERWENT; i i i 
I I I BM TDB i I i 

nnnn·~ nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn·~ ~ - n ~: nnnnnnnnn~' nnnnnn~: 

2/28/201412:43:11 PM 
C:\ Users\ falphonse\ Documents\ EAST\ Workspaces\ 13744984.wsp 

file:///CI/U sers/falphonse/Documents/e-Red%20Folder/l 37 44984/EASTSearchHistory .137 44984_Accessible Version.htm[2/28/2014 12:43: 14 PM] 

IPR2023-01272 Page 47



Page 1 of 1 

UNIIBD STATES PATENT AND TRADEMARK OFFICE 

BIB DATA SHEET 

SERIAL NUMBER FILING or 371 (c) 
DATE 

13/744,984 01/18/2013 

RULE 

APPLICANTS 

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

** CONTINUING DATA ************************* 

CLASS 

714 

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 

CONFIRMATION NO. 9610 

GROUP ART UNIT ATTORNEY DOCKET 
NO. 

2112 l-2-0526US05 

This application is a CON of 13/309,962 12/02/2011 PAT 8359520 * 
which is a CON of 11/974,381 10/12/2007 PAT 8074143 
which is a CON of 10/725, 779 12/02/2003 PAT 7293217 
which claims benefit of 60/434,232 12/16/2002 
and claims benefit of 60/444,068 01/30/2003 
and claims benefit of 60/470,921 05/15/2003 
and claims benefit of 60/494,404 08/11/2003 
(*)Data provided by applicant is not consistent with PTO records. 

** FOREIGN APPLICATIONS ************************* 

** IF REQUIRED, FOREIGN FILING LICENSE GRANTED ** 
02/09/2013 

Foreign Priority claimed D Yes llNo STATE OR SHEETS TOTAL INDEPENDENT 
35 USC 119(a-d) conditions met D Yes ll No O Metafter 

Allowance COUNTRY DRAWINGS CLAIMS CLAIMS 
Verified and /FRITZ ALPHONSE/ FA 

NY 12 14 2 Acknowledged ~xam1ner's Signature 7iiitiaJs 

ADDRESS 

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

TITLE 

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

0 All Fees 

FEES: Authority has been given in Paper 
□ 1.16 Fees (Filing) 

FILING FEE □ 1.17 Fees (Processing Ext. of time) 
RECEIVED No. to charge/credit DEPOSIT ACCOUNT 

1390 No. for following: □ 1.18 Fees (Issue) 

□ Other 

□ Credit 

BIB (Rev. 05/07). 
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Application/Control No. 

Index of Claims 13744984 

Examiner 

FRITZ ALPHONSE 

✓ Rejected Cancelled N 

= Allowed Restricted 

181 Claims renumbered in the same order as presented by applicant 

CLAIM 
Final Original 02/28/2014 

1 = 

2 = 

3 = 

4 = 

5 = 

6 = 

7 = 

8 = 

9 = 

10 = 

11 = 

12 = 

13 = 

14 = 

U.S. Patent and Trademark Office 

Applicant( s )/Patent Under 
Reexamination 

PIETRASKI ET AL. 

Art Unit 

2112 

Non-Elected A Appeal 

Interference 0 Objected 

□ CPA 181 T.D. □ R.1.47 

DATE 

Part of Paper No.: 20140228 
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Issue Classification 

CPC 

Symbol 

CPC Combination Sets 

Symbol 

NONE 

(Assistant Examiner) 

/FRITZ ALPHONSE/ 
Primary Examiner.Art Unit 2112 

(Primary Examiner) 

U.S. Patent and Trademark Office 

Application/Control No. 

13744984 

Examiner 

FRITZ ALPHONSE 

Applicant(s)/Patent Under Reexamination 

PIETRASKI ET AL. 

Art Unit 

2112 

Type 

(Date) 

2/28/2014 

(Date) 

Set 

Type Version 

Ranking Version 

Total Claims Allowed: 

14 

O.G. Print Claim(s) O.G. Print Figure 

1 10 

Part of Paper No. 20140228 
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Issue Classification 
Application/Control No. 

13744984 

Examiner 

FRITZ ALPHONSE 

US ORIGINAL CLASSIFICATION 

CLASS SUBCLASS 

714 790 H 

CROSS REFERENCE($) 

CLASS SUBCLASS {ONE SUBCLASS PER BLOCK) 

714 774 786 

NONE 

(Assistant Examiner) 

/FRITZ ALPHONSE/ 
Primary Examiner.Art Unit 2112 

(Primary Examiner) 

U.S. Patent and Trademark Office 

0 3 M 

Applicant(s)/Patent Under Reexamination 

PIETRASKI ET AL. 

Art Unit 

2112 

INTERNATIONAL CLASSIFICATION 

CLAIMED NON-CLAIMED 

13 / 03 (2006.01.01) 

Total Claims Allowed: 

14 
(Date) 

2/28/2014 O.G. Print Claim(s) O.G. Print Figure 

(Date) 1 10 

Part of Paper No. 20140228 
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Issue Classification 
Application/Control No. 

13744984 

Examiner 

FRITZ ALPHONSE 

181 Claims renumbered in the same order as presented by applicant 

Final Original Final Original Final Original Final Original 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

NONE 

(Assistant Examiner) 

/FRITZ ALPHONSE/ 
Primary Examiner.Art Unit 2112 

(Primary Examiner) 

U.S. Patent and Trademark Office 

Final 

□ 

Applicant(s)/Patent Under Reexamination 

PIETRASKI ET AL. 

Art Unit 

2112 

CPA 181 

Original Final 

(Date) 

2/28/2014 

(Date) 

T.D. □ R.1.47 

Original Final Original Final Original 

Total Claims Allowed: 

14 

O.G. Print Claim(s) O.G. Print Figure 

1 10 

Part of Paper No. 20140228 

IPR2023-01272 Page 52



Application/Control No. 

Search Notes 13744984 

Examiner 

FRITZ ALPHONSE 

CPC-SEARCHED 

Symbol 

Applicant( s )/Patent Under 
Reexamination 

PIETRASKI ET AL. 

Art Unit 

2112 

Date Examiner 

CPC COMBINATION SETS - SEARCHED 

Symbol I Date I Examiner 
I I 

US CLASSIFICATION SEARCHED 

Class I Subclass I Date I Examiner 
714 I 790,774,786,752,755,800 I 2/28/2014 I FA 

SEARCH NOTES 

Search Notes Date Examiner 
East Search 2/28/2014 FA 
Plus Search (See East Search) 2/28/2014 FA 

INTERFERENCE SEARCH 

US Class/ US Subclass / CPC Group Date Examiner 
CPC Symbol 
714/H03M 790/13/03 2/28/2014 FA 

U.S. Patent and Trademark Office Part of Paper No.: 20140228 
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AL.L. REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. IF.A./ 

Doc code: IDS 
Doc description: Information Disclosure Statement (IDS) Filed 

02/28/2014 PTO/SB/08a (01-10) 
Approved for use through 07/31/2012. 0MB 0651-0031 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Application Number 13744984 

Filing Date 2013-01-18 

IN FORMATION DISCLOSURE First Named Inventor I Pietraski et al. 
STATEMENT BY APPLICANT 

Art Unit 2112 
( Not for submission under 37 CFR 1.99) 

Examiner Name I Fritz Alphonse 

Attorney Docket Number l-2-0526US05 

U.S.PATENTS Remove 

Examiner Cite Kind Name of Patentee or Applicant 
Pages,Columns,Lines where 

Initial* No 
Patent Number 

Code1 
Issue Date 

of cited Document 
Relevant Passages or Relevant 
Figures Appear 

1 

If you wish to add additional U.S. Patent citation information please click the Add button. Add 

U.S.PATENT APPLICATION PUBLICATIONS Remove 

Examiner Publication Kind Publication Name of Patentee or Applicant 
Pages,Columns,Lines where 

Initial* 
Cite No 

Number Code1 Date of cited Document 
Relevant Passages or Relevant 
Figures Appear 

1 

If you wish to add additional U.S. Published Application citation information please click the Add button. Add 

FOREIGN PATENT DOCUMENTS Remove 

Name of Patentee or 
Pages,Columns,Lines 

Examiner Cite Foreign Document Country Kind Publication 
Applicant of cited 

where Relevant T5 
Initial* No Number3 Code2 i Code4 Date 

Document 
Passages or Relevant 
Figures Appear 

IF.A.I 1 20020004478 KR A 2002-01-16 LG ELECTRONICS INC 
" English abstract 

□ provided 

IF.A.I 2 0048353 WO A1 2000-08-17 HUGHES " Corresponds to KR 
□ ELECTRONICS CORP 20010052246 

If you wish to add additional Foreign Patent Document citation information please click the Add button Add 

NON-PATENT LITERATURE DOCUMENTS Remove 

EFS Web 2.1.17 

IPR2023-01272 Page 54



Application Number 13744984 

Filing Date 2013-01-18 

IN FORMATION DISCLOSURE First Named Inventor I Pietraski et al. 
STATEMENT BY APPLICANT 

Art Unit 2112 
( Not for submission under 37 CFR 1.99) 

Examiner Name I Fritz Alphonse 

Attorney Docket Number l-2-0526US05 

Examiner Cite 
Include name of the author (in CAPITAL LETTERS}, title of the article (when appropriate}, title of the item 

Initials* No 
(book, magazine, journal, serial, symposium, catalog, etc}, date, pages(s), volume-issue number(s), T5 
publisher, city and/or country where published. 

1 □ 

If you wish to add additional non-patent literature document citation information please click the Add button Add 

EXAMINER SIGNATURE 

Examiner Signature I /Fritz Alphonse/ I Date Considered I 02/28/2014 

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

1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901 .04. 2 Enter office that issued the document, by the two-letter code (WIPO 
Standard ST.3). 3 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document. 
4 Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. 5 Applicant is to place a check mark here i1 
English language translation is attached. 
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Application Number 13744984 

Filing Date 2013-01-18 
IN FORMATION DISCLOSURE First Named Inventor I Pietraski et al. 
STATEMENT BY APPLICANT 

Art Unit 2112 
( Not for submission under 37 CFR 1.99) 

Examiner Name I Fritz Alphonse 

Attorney Docket Number l-2-0526US05 

CERTIFICATION STATEMENT 

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s): 

That each item of information contained in the information disclosure statement was first cited in any communication 
D from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the 

information disclosure statement. See 37 CFR 1.97(e)(1). 

OR 

That no item of information contained in the information disclosure statement was cited in a communication from a 
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification 
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to 

D any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure 
statement. See 37 CFR 1.97(e)(2). 

D See attached certification statement. 

[8] The fee set forth in 37 CFR 1.17 (p) has been submitted herewith. 

D A certification statement is not submitted herewith. 
SIGNATURE 

A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the 
form of the signature. 

Signature /Wesley T. McMichael/ Date (YYYY-MM-DD) 2013-07-03 

Name/Print Wesley T. McMichael Registration Number 56,982 

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the 
public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed 
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you 
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. 
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND 
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, 
VA 22313-1450. 
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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 the Freedom of Information Act requires disclosure of these records. 

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 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 inspections 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. 

EFS Web 2.1.17 

IPR2023-01272 Page 57



Application Number Application/Control No. Applicant(s)/Patent under 
Reexamination 

13/744,984 PIETRASKI ET AL. 

Document Code - DISQ Internal Document - DO NOT MAIL 

TERMINAL 
~APPROVED □ DISAPPROVED DISCLAIMER 

This patent is subject 
Date Filed : 2/05/14 to a Terminal 

Disclaimer 

I Approved/Disapproved by: I 
jean proctor 

U.S. Patent and Trademark Office 
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PATENT 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In the PATENT APPLICATION of: 

Pietraski et al. 

Application No.: 13/7 44,984 

Confirmation No.:9610 

Filed: 

For: 

January 18, 2013 

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-2-0526US05 

Date: February 5, 2014 

REPLY PURSUANT TO 37 C.F.R. §1.116 

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

Madam: 

This Reply is in response to the Final Office Action dated December 5, 2013. 

2876598-1 
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Applicant: Pietraski et al. 
Application No.: 13/744,984 

REMARKS/ARGUMENTS 

After the foregoing Amendment, claims 1-14 are currently pending in this 

application. 

In response to the Final Office Action, a corrected Application Data Sheet, a 

Terminal Disclaimer and a new Statement Under 3. 73(c) is enclosed. 

Accordingly, Applicants respectfully request the issuance of a Notice of 

Acceptance of Power of Attorney. 

Double Patenting Reiection 

Claims 1-7, 13-14 and 8-12 are rejected on the ground of nonstatutory 

obviousness-type double patenting as being unpatentable over claims 1-8 of U.S. 

Patent No. 8,074,143. A Terminal Disclaimer is submitted herewith to overcome the 

nonstatutory obviousness-type double patenting rejection. The withdrawal of the 

nonstatutory obviousness-type double patenting rejection is respectfully requested. 

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, 

2876598-1 -2-
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Applicant: Pietraski et al. 
Application No.: 13/744,984 

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 

JGL/JDW/bbf 
Enclosures 

2876598-1 -3-

Respectfully submitted, 

Pietraski et al. 

By /Jonathan G. Lombardo/ 
Jonathan G. Lombardo 
Registration No. 71,734 
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PATENT 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In the PATENT APPLICATION of: 

Pietraski et al. 

Application No.: 13/7 44,984 

Confirmation No.:9610 

Filed: 

For: 

January 18, 2013 

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-2-0526US05 

Date: February 5, 2014 

REQUEST TO CORRECT APPLICATION DATA SHEET 

Commissioner for Patents (VIA EFS) 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Madam: 

In reference to the above-identified application enclosed is a marked-up 

Application Data Sheet. The new marked up Application Data Sheet specifies the 

correct name of the Applicant in the Applicant Information section. 

The new marked up Application Data Sheet also corrects Domestic Benefit 

priority information and provides an updated address in the Inventor 1 section. 

2876695-1 
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Applicant: Pietraski et al. 
Application No.: 13/744,984 

Applicants respectfully request that the changes be made as requested in the 

Application Data Sheet. 

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

JGL/JDW/bbf 
Enclosures 

2876695-1 -2-

Respectfully submitted, 

Pietraski et al. 

By /Jonathan G. Lombardo/ 
Jonathan G. Lombardo 
Registration No. 71,734 
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PTO/AIA/14 (12-13) 
Approved for use through 01/31/2014. 0MB 0651-0032 

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

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Application Data Sheet 37 CFR 1.76 
Attorney Docket Number l-2-0526US05 

Application Number 13/744,984 

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

The application data sheet is part of the provisional or nonprovisional application for which it is being submitted. The following form contains the 
bibliogr,'lphic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1. 76. 
This de>cument may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the 
docum¢nt may be printed and included in a paper filed application. 

Secrecy Order 37 CFR 5.2 
D Portions or all of the application associated with this Application Data Sheet may fall under a Secrecy Order pursuant to 

37 CFR 5.2 (Paper filers only. Applications that fall under Secrecy Order may not be filed electronically.) 

Inventor Information: 

Inventor 1 I Remove I 
Legal Name 

Prefix Given Name Middle Name Family Name 

. Philip J. Pietra ski 

Residence Information (Select One) @ US Residency 0 Non US Residency 0 Active US Military Service 

City +iufl-ti~en--Jericho I State/Province I NY I Country of ResidencJ · 1 US N¥ 

Mailing Address of Inventor: 

Address 1 :, ..:r-a~t-121.i'-6- 39 Marian Lane 
Address 2 

City I r-f.l:lffik:19-t~r:1- Jericho I State/Province I NY 

Postal Code I 1-1-t,4s- 11753 I Countryi 1 us 

Inventor 2 I Remove I 
Legal Name 

Prefix Given Name Middle Name Family Name 

. Gregory S. Sternberg 

Residence Information (Select One) @ US Residency 0 Non US Residency 0 Active US Military Service 

City Mt. Laurel I State/Province j NJ I Country of ResidencJ j US 

Mailing Address of Inventor: 

Address 1 7 Brookwood Road 

Address 2 

City I Mt. Laurel I State/Province I NJ 

Postal Code I oso54 I Countryi 1 us 
All Inventors Must Be Listed - Additional Inventor Information blocks may be I generated within this form by selecting the Add button. 

Correspondence Information: 
Enter'either Customer Number or complete the Correspondence Information section below. 
For further information see 37 CFR 1.33(a). 

EFS Web 2.2.11 
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Application Data Sheet 37 CFR 1. 76 
Attorney Docket Number l-2-0526US05 

Application Number 13/744;984 

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

D An Address is being provided for the correspondence Information of this application. 

Customer Number 24374 

Email Address eoffice@vklaw.com I I Add Email I I Remove Email I 

Application Information: 

Title of the Invention DETECTION, AVOIDANCE AND/OR CORRECTON OF PROBLEMATIC PUNCTURING PATTERNS 
IN PARITY BIT STREAMS USED WHEN IMPLEMENTING TURBO CODES 

Attorney Docket Number l-2-0526US05 I Small Entity Status Claimed □ 
Application Type Nonprovisional 

Subject Matter Utility 

Total Number of Drawing Sheets (if any) J 12 J Suggested Figure for Publication (if any) J JL 

Filing By Reference : 
Only corhplete this section when filing an application by reference under 35 U.S.C. 111 (c) and 37 CFR 1.57(a). Do not complete this section if 
application papers including a specification and any drawings are being filed. Any domestic benefit or foreign priority information must be 
provided in the appropriate section(s) below (i.e., "Domestic Benefit/National Stage Information" and "Foreign Priority. Information"). 

For the purposes of a filing date under 37 CFR 1.53(b), the description and any drawings of the present application are replaced by this 
reference to the previously filed application, subject to conditions and requirements of 37 CFR 1.57(a). 

Application number of the previously Filing date (YYYY-MM-DD) Intellectual Property Authority or Country 
filed application 

Publication Information: 
D Request Early Publication (Fee required at time of Request 37 CFR 1.219) 

Request Not to Publish. I hereby request that the attached application not be published under 

□ 
35 U.S.C. 122(b) and certify that the invention disclosed in the attached application has not and will not be the 
subject of an application filed in another country, or under a multilateral international agreement, that requires 
publication at eighteen months after filing. 

Representative Information: 

Representative information should be provided for all practitioners having a power of attorney in the application. Providing 
this information in the Application Data Sheet does not constitute a power of attorney in the application (see 37 CFR 1.32). 
Either enter Customer Number or complete the Representative Name section below. If both sections are completed the customer 
Number will be used for the Representative Information during processing. 

Please Select One: @ Customer Number I O US Patent Practitioner 10 Limited Recognition (37 CFR 11.9) 

Customer Number 24374 
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Appl[ication Data Sheet 37 CFR 1. 76 
Attorney Docket Number l-2-0526US05 

Application Number · 13/744;984 

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

Domestic Benefit/National Stage Information: 
This section allows for the applicant to either claim benefit under 35 U.S.C. 119(e), 120, 121, or 365(c) or indicate National Stage 
entry fr9m a PCT application. Providing this information in the application data sheet constitutes the specific reference required 
by 35 u;s.c. 119(e) or 120, and 37 CFR 1.78. 
When referring to the current application, please leave the application number blank. 

Prior Application Status Patented PeRaiRg j Remove j 

Application 
Continuity Type 

Prior Application Filing Date 
Patent Number 

Issue Date 
Number Number (YYYY-MM-DD) (YYYY-MM-DD) 

Continuation of 13309962 2011-12-02 8359520 2013-01-22 

Prior Application Status Patented I Remove j 

Application 
Continuity Type 

Prior Application Filing Date 
Patent Number 

Issue Date 
Number Number (YYYY-MM-DD) (YYYY-MM-DD) 

13309962 Continuation of 11974381 2007-10-12 8074143 2011-12-06 

Prior Application Status Patented I Remove I 
Application Continuity Type Prior Application Filing Date 

Patent Number 
Issue Date 

Number Number (YYYY-MM-DD) (YYYY-MM-DD) 

11974381 Continuation of 10725779 2003-12-02 7293217 2007-11-06 JG±J 
Prior Application Status Expired Pat:eRt:ea j Remove j 

Application Number Continuity Type Prior Application Number Filing Date (YYYY-MM-DD) 

10725779 Claims benefit of provisional 60494404 2003-08-11 

Prior Application Status .. Exeired PaeeReea- I Remove I 
Application Number Continuity Type Prior Application Number Filing Date (YYYY-MM-DD) 

107.25779 Claims benefit of provisional 60470921 2003-05-15 

Prior Application Status Exeired PaeeReea- I Remove j 
... 

Application Number Continuity Type Prior Application Number Filing Date (YYYY-MM-DD) 

10725779 Claims benefit of provisional 60444068 2003-01-30 
'' 

Prior Application Status Expired Pat:eRt:ea- • j Remove j 

Application Number Continuity Type Prior Application Number Filing Date (YYYY-MM-DD) 

10725779 Claims benefit of provisional 60434232 2002-12-16 

Additional Domestic Benefit/National Stage Data may be generated within this form 
by selecting the Add button. 

Foreign Priority Information: 

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet 

constituies the claim for priority as required by 35 U.S.C. 119(b) and 37 CFR 1.55(d). When priority is claimed to a foreign application 

that is eHgible for retrieval under the priority document exchange program (PDX)i the information will be used by the Office to 

automatically attempt retrieval pursuant to 37 CFR 1.55(h)(1) and (2). Under the PDX program, applicant bears the ultimate 

responsibility for ensuring that a copy of the foreign application is received by the Office from the participating foreign intellectual 

property office, or a certified copy of the foreign priority application is filed, within the time period specified in 37 CFR 1.55(g)(1 ). 
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Application Data Sheet 37 CFR 1. 76 
Attorney Docket Number l-2-0526US05 

Application Number . 13/744;984 

Title cif Invention 
DETECTION, AVOIDANCE AND/OR CORRECTON OF PROBLEMATIC PUNCTURING PATTERNS IN 
PARITY BIT STREAMS USED WHEN IMPLEMENTING TURBO CODES 

I Remove I 
Application Number Countryi Filing Date (YYYY-MM-DD) Access Codei (if applicable) 

Additional Foreign Priority Data may be generated within this form by selecting the 
Add button. 

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition 
Applications 

This application { 1) claims priority to or the benefit of an application filed before March 16, 2013 and (2) also 
contains, or contained at any time, a claim to a claimed invention that has an effective filing date on or after March 

0 16, 2013. 
NOTE: By providing this statement under 37 CFR 1.55 or 1. 78, this application, with a filing date on or after March 
16, 2013, will be examined under the first inventor to file provisions of the AIA. 

Authorization to Permit Access: 

~ Authorization to Permit Access to the Instant Application by the Participating Offices 

If checked, the undersigned hereby grants the USPTO authority to provide the European Patent Office (EPO), 
the Japan Patent Office (JPO), the Korean Intellectual Property Office (KIPO), the World Intellectual Property Office (WIPO), 
and any other intellectual property offices in which a foreign application claiming priority to the instant patent application 
is filed access to the instant patent application. See 37 CFR 1.14(c) and (h). This box should not be checked if the applicant 
does not wish the EPO, JPO, KIPO,WIPO, or other intellectual property office in which a foreign application claiming priority 
to the instant patent application is filed to have access to the instant patent application. 

In accordance with 37 CFR 1.14(h)(3), access will be provided to a copy of the instant patent application with respect 
to: 1) the instant patent application-as-filed; 2) any foreign application to which the instant patent application 
claims priority under 35 U.S.C. 119(a)-(d) if a copy of the foreign application that satisfies the certified copy requirement of 
37 CFR_ 1.55 has been filed in the instant patent application; and 3) any U.S. application-as-filed from which benefit is 
sought in the instant patent application. 

In accordance with 37 CFR 1.14(c), access may be provided to information concerning the date of filing this Authorization. 

Applicant Information: 

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 37 of CFR 
to have an assignment recorded by the Office. 
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Application Data Sheet 37 CFR 1. 76 
Attorney Docket Number l-2-0526US05 

Application Number 

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

Applicant 1 
If the applicant is the inventor (or the remaining joint inventor or inventors under 37 CFR 1.45), this section should not be completed. 
The infcirmation to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR 
1.43; orthe name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person 
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46. If the applicant is an 
applicant under 37 CFR 1.46 (assignee, person to whom the inventor is obligated to assign, or person who otherwise shows sufficient 
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should be 
identified in this section. 

I Clear I 
@ Assignee lo Legal Representative under 35 U.S.C. 117 lo Joint Inventor 
·-
O Person to whom the inventor is obligated to assign. lo Person who shows sufficient proprietary interest 

If applicant is the legal representative, indicate the authority to file the patent application, the inventor is: 

' 

I 
Name of the Deceased or Legally Incapacitated Inventor :I 
If the Applicant is an Organization check here. -~ 

Organization Name 
I_ INTERDIGITAL TECHNOLOGY CORPORATION 

Mailing Address Information For Applicant: 

Address 1 200 Bellevue Parkway 

Address 2 Suite 300 

City Wilmington State/Province DE 

Country I us Postal Code 19809 

Phone Number Fax Number 

Email Address 

Additional Applicant Data may be generated within this form by selecting the Add button. 

' 

Assignee Information including Non-Applicant Assignee Information: 

Providing assignment information in this section does not subsitute for compliance with any requirement of part 3 of Title 37 of CFR to 
have an assignment recorded by the Office. 

Assignee 1 

Complete this section if assignee information, including non-applicant assignee information, is desired to be included on the patent 
application publication . An assignee-applicant identified in the "Applicant Information" section will appear on the patent application 
publication as an applicant. For an assignee-applicant, complete this section only if identification as an assignee is also desired on the 
patent application publication. 

If the Assignee or Non-Applicant Assignee is an Organization check here. ~ 
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Application Data Sheet 37 CFR 1.76 
Attorney Docket Number l-2-0526US05 

Application Number 

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

Organization Name I INTERDIGITAL TECHNOLOGY CORPORATION 

Mailing Address Information For Assignee including Non-Applicant Assignee: 

Address 1 200 Bellevue Parkway 

Address 2 Suite 300 

City I Wilmington State/Province DE 
' 

Countryi I us. Postal Code 19809 

Phone Number Fax Number 

Email Address 

Additional Assignee or Non-Applicant Assignee Data may be generated within this form by 
selecting the Add button. 

Signature: 
NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4 for signature requirements and 
certifications. 

Signature /Jonathan G. Lombardo/ Date (YYYY-MM-DD) 2014-02-05 

First Name Jonathan G. I Last Name I Lombardo Registration Number 71734 

Additional Signature may be generated within this form by selecting the Add button. 

This collection of information is required by 37 CFR 1.76. 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 23 minutes to complete, including gathering, preparing, and submitting the completed application data 
sheet 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. 
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Privacy Act Statement 

The Privacy Act of 197 4 (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 the Freedom of Information Act requires disclosure of these records. 

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. Sucli 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 inspections 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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STATEMENT UNDER 37 CFR 3.73(c) 

Applicant/Patent owner: _P_i_e_tr_a_s_ki_e_t_a_l_. ------------------------------

Application No./Patent No.: _1_3_!7_4_4_,_98_4 ________ _ Filed/Issue Date: January 18, 2013 

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

lnterDigital Technology Corporation , a corporation 
--------------------

(Name of Assignee) (Type of Assignee, e.g., corporation, partnership, university, government agency, etc.) 

states that, for the patent application/patent identified above, it is (choose .Q!!g of options 1, 2, 3 or 4 below): 

1. 0 The assignee of the entire right, title, and interest. 

2. D An assignee of less than the entire right, title, and interest (check applicable box): 

LJ The extent (by percentage) of its ownership interest is ______ %. Additional Statement(s) by the owners 
holding the balance of the interest must be submitted to account for 100% of the ownership interest. 

D There are unspecified percentages of ownership. The other parties, including inventors, who together own the entire 
right, title and interest are: 

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire 
right, title, and interest. 

3. D The assignee of an undivided interest in the entirety (a complete assignment from one of the joint inventors was made). 
The other parties, including inventors, who together own the entire right, title, and interest are: 

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire 
right, title, and interest. 

4. D The recipient, via a court proceeding or the like (e.g., bankruptcy, probate), of an undivided interest in the entirety (a 
complete transfer of ownership interest was made). The certified document(s) showing the transfer is attached. 

The interest identified in option 1, 2 or 3 above (not option 4) is evidenced by either (choose .Q!!g of options A or B below): 

A. 0 An assignment from the inventor(s) of the patent application/patent identified above. The assignment was recorded in 
the United States Patent and Trademark Office at Reel 014684 , Frame 0352 , or for which a copy 

thereof is attached. 

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

1. From: To: --------------------

The document was recorded in the United States Patent and Trademark Office at 

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

2. From: To: --------------------

The document was recorded in the United States Patent and Trademark Office at 

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

[Page 1 of 2] 
This collection of information is required by37 CFR3.73(b). The information is required toobtain or retain a benefit by the public which is to file (and by the USPTO to 
process) an application. Confidentialityis governed by35 U.S.C. 122and 37 CFR1 .11 and1 .14. Thiscollection is estimated to take 12 minutes to complete, including 
gathering, preparing, and submittingthe 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 tothe Chief Information Officer, U.S. Patent and Trademark 
Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS.SEND 
TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450 

If you need assistance in completing the form, call 1-800-PTO-9 l 99 and select option 2. 
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STATEMENT UNDER 37 CFR 3.73(c) 

3. From: ___________________ To: __________________ _ 

The document was recorded in the United States Patent and Trademark Office at 

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

4. From: ___________________ To: __________________ _ 

The document was recorded in the United States Patent and Trademark Office at 

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

5. From: ___________________ To: __________________ _ 

The document was recorded in the United States Patent and Trademark Office at 

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

6. From: To: ------------------- -------------------

The document was recorded in the United States Patent and Trademark Office at 

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

D Additional documents in the chain of title are listed on a supplemental sheet(s). 

D As required by 37 CFR 3. 73(c)(1 )(i), the documentary evidence of the chain of title from the original owner to the 
assignee was, or concurrently is being, submitted for recordation pursuant to 37 CFR 3.11. 

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

The undersigned (whose title is supplied below) is authorized to act on behalf of the assignee. 

/Jonathan G. Lombardo/ 
Signature 

Jonathan G. Lombardo 
Printed or Typed Name 

[Page 2 of 2] 

February 5, 2014 
Date 

71,734 
Title or Registration Number 
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Privacy Act Statement 

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

The informationprovided 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 lnternationalApplication 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, arecord 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 thissystem 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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PTO/AIA/26 (04-13) 
Approved for use through 04/30/2013. 0MB 0651-0031 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid 0MB control number. 

TERMINAL DISCLAIMER TO OBVIATE A DOUBLE PATENTING I Docket Number (Optional) 

REJECTION OVER A "PRIOR" PATENT l-2-0526US05 

In re Application of: Pietraski et al. 

Application No.: 13/744,984 

Filed: January 18, 2013 

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

The applicant, lnterDigital Technology Corporation , owner of 1 oo percent interest in the instant application hereby 
disclaims, except as provided below, the terminal part of the statutory term of any patent granted on the instant application which would extend 
beyond the expiration date of the full statutory term of prior patent No. 8 074 143 as the term of said prior patent is presently 
shortened by any terminal disclaimer. The applicant hereby agrees that any patent so granted on the instant application shall be enforceable 
only for any during such period that it and the prior patent are commonly owned. This agreement runs with any patent granted on the instant 
application and is binding upon the grantee, its successors or assigns. 

In making the above disclaimer, the applicant does not disclaim the terminal part of the term of any patent granted on the instant application 
that would extend to the expiration date of the full statutory term of the prior patent, "as the term of said prior patent is presently shortened by 
any terminal disclaimer," in the event that said prior patent later: 

expires for failure to pay a maintenance fee; 
is held unenforceable; 
is found invalid by a court of competent jurisdiction; 
is statutorily disclaimed in whole or terminally disclaimed under 37 CFR 1.321; 
has all claims canceled by a reexamination certificate; 
is reissued; or 
is in any manner terminated prior to the expiration of its full statutory term as presently shortened by any terminal disclaimer. 

Check either box 1 or 2 below, if appropriate. 

1. D The undersigned is the applicant. If the applicant is an assignee, the undersigned is authorized to act on behalf of the assignee. 

I hereby acknowledge that any willful false statements made are punishable under 18 U.S.C. 1001 by fine or imprisonment of not more 
than five (5) years, or both. 

2. [2J The undersigned is an attorney or agent of record. Reg. No._7_1~,7_3_4 _____ _ 

/Jonathan G. Lombardo/ February 5, 2014 

Signature Date 

Jonathan G. Lombardo 
Typed or printed name 

Attornev 215-568-6400 

Title Telephone Number 

D Terminal disclaimer fee under 37 CFR 1.20(d) included. 

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

This collection of information is required by 37 CFR 1.321. 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 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 th is form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent 
and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS 
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2. 
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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 
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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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

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

National Stage of an International Application under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT/DO/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 Application Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 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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FIRST NAMED INVENTOR 

Philip J. Pietraski 

UNITED STA TES DEPARTMENT OF COMMERCE 
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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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Application No. 
13/744,984 

Applicant(s) 
PIETRASKI ET AL. 

Office Action Summary Examiner 
FRITZ ALPHONSE 

Art Unit 
2112 

AIA (First Inventor to File) 
Status 
No 

-- 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. MONTHS 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 )~ Responsive to communication(s) filed on 10/12/2013. 

0 A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on __ . 

2a)~ This action is FINAL. 2b)O 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)~ Claim(s) 1-14 is/are pending in the application. 

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

6)0 Claim(s) __ is/are allowed. 

7)~ Claim(s) 1-14 is/are rejected. 

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

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

* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a 

participating intellectual property office for the corresponding application. For more information, please see 

http:ilwww.usoto.gov/patents/init events/pph/index.isp or send an inquiry to PPHfeedback(wuspto.aov. 

Application Papers 
10)0 The specification is objected to by the Examiner. 

11 )0 The drawing(s) filed on __ is/are: a)O accepted or b)O 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). 

Priority under 35 U.S.C. § 119 
12)0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

Certified copies: 
a)O All b)O Some** c)O None of the: 

1.0 

2.0 

3.0 

Certified copies of the priority documents have been received. 

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

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

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

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

Attachment{s) 

1) 0 Notice of References Cited (PTO-892) 

2) 0 Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b) 
Paper No(s)/Mail Date __ . 

U.S. Patent and Trademark Office 
PTOL-326 (Rev. 11-13) Office Action Summary 

3) 0 Interview Summary (PTO-413) 

Paper No(s)/Mail Date. __ . 

4) 0 Other: __ . 

Part of Paper No./Mail Date 20131202 

IPR2023-01272 Page 80



Application/Control Number: 13/744,984 

Art Unit: 2112 

Page 2 

1. The present application is being examined under the pre-AIA first to invent provisions. 

DETAILED ACTION 

2. This Office Action is in response to the Amendment filed on 10/07/2013. Claims 1-14 are 

pending. 

Terminal Disclaimer 

3. The Terminal Disclaimer has been disapproved ... 

4. The power of attorney has not been accepted because the party who is giving power of 
attorney has not been identified. Power of attorney may only be signed by the applicant 
for patent (37 CPR 1.42) or the patent owner. A patent owner who was not the 
applicant must appoint any power of attorney in compliance with 37 CF.R 3.71 and 
3.73. See 37 CPR l.32(b)(4). 
5. Any request to correct or update the name of the applicant must include an application 
data sheet (ADS) in compliance with 37 CPR 1.76 specifying the correct or updated name of 
the applicant in the applicant information section. Any request to change the applicant 
after an original applicant has been specified under 37 CPR 1.46(b) must include a new 
ADS in compliance with 37 CPR 1.76 specifying the applicant in the applicant 
information section and comply with 37 CPR 3.71 and 3.73. See 37 CPR l.46(c). 

Double Patenting 

6. The nonstatutory double patenting rejection is based on a judicially created doctrine 

grounded in public policy (a policy reflected in the statute) so as to prevent the unjustified or 

improper timewise extension of the "right to exclude" granted by a patent and to prevent possible 

harassment by multiple assignees. A nonstatutory double patenting rejection is appropriate 

where the claims at issue are not identical, but at least one examined application claim is not 

patentably distinct from the reference claim(s) because the examined application claim is either 

anticipated by, or would have been obvious over, the reference claim(s). See, e.g., In re Berg, 

140 F.3d 1428, 46 USPQ2d 1226 (Fed. Cir. 1998); In re Goodman, 11 F.3d 1046, 29 USPQ2d 

2010 (Fed. Cir. 1993); In re Langi, 759 F.2d 887,225 USPQ 645 (Fed. Cir. 1985); In re Van 
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Ornum, 686 F.2d 937,214 USPQ 761 (CCPA 1982); In re Vogel, 422 F.2d 438, 164 USPQ 619 

(CCPA 1970); and In re Thorington, 418 F.2d 528, 163 USPQ 644 (CCPA 1969). 

A timely filed terminal disclaimer in compliance with 37 CPR l.32l(c) or l.32l(d) may 

be used to overcome an actual or provisional rejection based on a nonstatutory double patenting 

ground provided the reference application or patent either is shown to be commonly owned with 

this application, or claims an invention made as a result of activities undertaken within the scope 

of a joint research agreement. A terminal disclaimer must be signed in compliance with 37 CPR 

l.32l(b). 

The USPTO internet Web site contains terminal disclaimer forms which may be used. 

Please visit http://www.uspto.gov/forms/. The filing date of the application will determine what 

form should be used. A web-based eTerminal Disclaimer may be filled out completely online 

using web-screens. An eTerminal Disclaimer that meets all requirements is auto-processed and 

approved immediately upon submission. For more information about eTerminal Disclaimers, 

refer to http://www.uspto.gov/patents/process/file/ef s/ guidance/eTD-info-1.j sp. 

7. Claims 1-7, 13-14 and 8-12 are rejected on the ground of nonstatutory double patenting 

as being unpatentable over claims 1-8 of U.S. Patent No. 8/074,143. Although the claims at issue 

are not identical, they are not patentably distinct from each other because claims 1-14 of the 

application are substantially equivalent to claims 1-8 of U.S. Patent No. 8,074,143. 

Conclusion 

8. THIS ACTION IS MADE FINAL. Applicant is reminded of the extension of time 

policy as set forth in 37 CPR 1.136( a). 

IPR2023-01272 Page 82



Application/Control Number: 13/744,984 

Art Unit: 2112 

Page 4 

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

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

MONTHS of the mailing date of this final action and the advisory action is not mailed until after 

the end of the THREE-MONTH shortened statutory period, then the shortened statutory period 

will expire on the date the advisory action is mailed, and any extension fee pursuant to 37 

CPR 1.136( a) will be calculated from the mailing date of the advisory action. In no event, 

however, will the statutory period for reply expire later than SIX MONTHS from the mailing 

date of this final action. 

/FRITZ ALPHONSE/ 

Primary Examiner, Art Unit 2112 
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Application/Control No. 

Index of Claims 13744984 

Examiner 

FRITZ ALPHONSE 

✓ Rejected Cancelled N 

= Allowed Restricted 

□ Claims renumbered in the same order as presented by applicant 

CLAIM 
Final Original 12/02/2013 

1 ✓ 

2 ✓ 

3 ✓ 

4 ✓ 

5 ✓ 

6 ✓ 

7 ✓ 

8 ✓ 

9 ✓ 

10 ✓ 

11 ✓ 

12 ✓ 

U.S. Patent and Trademark Office 

Applicant(s)/Patent Under 
Reexamination 

PIETRASKI ET AL. 

Art Unit 

2112 

Non-Elected A Appeal 

Interference 0 Objected 

□ CPA □ T.D. □ R.1.47 

DATE 

Part of Paper No.: 20131202 
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Application Number Application/Control No. Applicant(s)/Patent under 
Reexamination 

13/744,984 PIETRASKI ET AL. 

Document Code - DISQ Internal Document - DO NOT MAIL 

TERMINAL 
□ APPROVED ~ DISAPPROVED 

DISCLAIMER 

This patent is subject 
Date Filed: 07 OCT 2013 to a Terminal 

Disclaimer 

I Approved/Disapproved by: I 
The power of attorney has not been accepted because the party who is giving power of 

attorney has not been identified. Power of attorney may only be signed by the applicant 
for patent (37 CFR 1 .42) or the patent owner. A patent owner who was not the 
applicant must appoint any power of attorney in compliance with 37 CF. R 3. 71 and 
3.73. See 37 CFR 1.32(b)(4). 

Any request to correct or update the name of the applicant must include an application data 
sheet (ADS) in compliance with 37 CFR 1. 76 specifying the correct or updated name of 
the applicant in the applicant information section. Any request to change the applicant 
after an original applicant has been specified under 37 CFR 1.46(b) must include a new 
ADS in compliance with 37 CFR 1.76 specifying the applicant in the applicant 
information section and comply with 37 CFR 3.71 and 3.73. See 37 CFR 1.46(c). 

JAB 

U.S. Patent and Trademark Office 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NUMBER 

13/744,984 

24374 
VOLPE AND KOENIG, P.C. 
DEPT.ICC 
UNITED PLAZA 
30 SOUTH 17TH STREET 
PHILADELPHIA, PA 19103 

FILING OR 3 71 (C) DATE 

01/18/2013 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

Philip J. Pietraski I-2-0526US05 

CONFIRMATION NO. 9610 
MISCELLANEOUS NOTICE 

1111111111111111111111 ll]~!l]!~l!~l!~H!~HHI] 11111111111111111111111 

Date Mai led: 1 0/09/2013 

A communication which cannot be delivered in electronic form has been mailed to the applicant. 

page 1 of 1 
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UNITED STATES PATENT AND TRADEMARK OmcE 

Doc Code: N572 

UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Addr.,.: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria, Vlll!inia 22313•1450 
www.uspto.gov 

APPLICA TJON NUMBER FILING DATE FIRST NAMED APPLICANT A TTY. DOCKET NO.rrITLE 

13/744,984 01/18/2013 Philip J. Pietraski I-2-0526US05 

24374 
VOLPE AND KOENIG, P.C. 
DEPT. ICC 
UNITED PLAZA 
30 SOUTH 17TH STREET 
PHILADELPHIA, PA 19103 

CONFIRMATION NO. 9610 

1111111111111 ii II~ 1111 Ill~ ml 1111 Ill~ m, Iii 11111 !111111~ 11111 m 1111 Iii 1111 
*OC000000064284673* 

Date Mailed: 10/09/2013 

DENIAL OF REQUEST FOR POWER OF ATTORNEY 

The request for Power of Attorney filed 10/07/2013 is acknowledged. However, the request cannot be 
granted at this time for the reason stated below. 

D The Power of Attorney you provided did not comply with the new Power of Attorney rules that became 
effective on June 25, 2004. See 37 CFR 1.32. 

D The revocation is not signed by the applicant, the assignee of the entire interest, or one particular 
principal attorney having the authority to revoke. 

D The Power of Attorney is from an assignee and the Certificate required by 37 CFR 3.73(c) has not been 
received. 

D The person signing for the assignee has omitted their empowerment to sign on behalf of the assignee. 

D The inventor(s) is without authority to appoint attorneys since the assignee has intervened as provided 
by 37 CFR 3.71. 

D The signature(s) of __________ , a co-inventor in this application, has been omitted. 
The Power of Attorney will be entered upon receipt of confirmation signed by said co-inventor(s). 

D The person(s) appointed in the Power of Attorney is not registered to practice before the U.S. Patent and 
Trademark Office. 

D Only one Customer Number can be designated for the Power of Attorney in an application. The 
Customer Number that was captured is the first Customer Number provided on the Power of Attorney 
document. 

D A request under 37 CFR 1.48 to add an inventor was granted in this application, however, no power of 
attorney consistent with the power of attorney granted by the originally named inventive entity has been 
received. Thus, the addition of the inventor has resulted in the loss of power of attorney in the 

. ;(pplication. See 37 CFR 1.32(e). . 

~ The power of attorney has not been accepted because the party who is giving power of attorney has not 
been identified. Power of attorney may only be signed by the applicant for patent (37 CFR 1.42) or the 
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UNITED STATES PATENT AND 'IRADEMARK OFFICE 

Doc Code: N572 

UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Addr .. s: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria, Vuginia ~2313-1450 
www.uspto.gov 

patent owner. A patent owner who was not the applicant must appoint any power of attorney in 
compliance with 37 CF.R 3.71 and 3.73. See 37 CFR 1.32(b)(4). 

D The power of attorney from the inventors has not been accepted because it is a copy from a prior 
national application for which benefit is claimed and the continuing application names an inventor who 
was not named as an inventor in the prior application. 

D The power of attorney from the inventors has not been accepted because the power of attorney must be 
~ ~ned by· the applicant for patent. See 37 CFR 1.32(b)(4). 

~Any request to correct or update the name of the applicant must include an application data sheet (ADS) 
in compliance with 37 CFR 1. 76 specifying the correct or updated name of the applicant in the applicant 
information section. Any request to change the applicant after an original applicant has been specified 
under 37 CFR 1.46(b) must include a new ADS in compliance with 37 CFR 1.76 specifying the applicant 
in the applicant information section and comply with 37 CFR 3.71 and 3.73. See 37 CFR 1.46(c). 

Any inquiries regarding this notice should be directed to the Application Assistance Unit at 571-272-4200. 

Application Assistance Unit 
571-272-4200 
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PTO/AIA/26 (04-13) 
Approved for use through 04/30/2013. 0MB 0651-0031 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid 0MB control number. 

TERMINAL DISCLAIMER TO OBVIATE A DOUBLE PATENTING I Docket Number (Optional) 

REJECTION OVER A "PRIOR" PATENT l-2-0526US05 

In re Application of: Pietraski et al. 

Application No.: 13/744,984 

Filed: January 18, 2013 

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

The applicant, lnterDigital Technology Corporation , owner of 1 oo percent interest in the instant application hereby 
disclaims, except as provided below, the terminal part of the statutory term of any patent granted on the instant application which would extend 
beyond the expiration date of the full statutory term of prior patent No. 8 074 143 as the term of said prior patent is presently 
shortened by any terminal disclaimer. The applicant hereby agrees that any patent so granted on the instant application shall be enforceable 
only for any during such period that it and the prior patent are commonly owned. This agreement runs with any patent granted on the instant 
application and is binding upon the grantee, its successors or assigns. 

In making the above disclaimer, the applicant does not disclaim the terminal part of the term of any patent granted on the instant application 
that would extend to the expiration date of the full statutory term of the prior patent, "as the term of said prior patent is presently shortened by 
any terminal disclaimer," in the event that said prior patent later: 

expires for failure to pay a maintenance fee; 
is held unenforceable; 
is found invalid by a court of competent jurisdiction; 
is statutorily disclaimed in whole or terminally disclaimed under 37 CFR 1.321; 
has all claims canceled by a reexamination certificate; 
is reissued; or 
is in any manner terminated prior to the expiration of its full statutory term as presently shortened by any terminal disclaimer. 

Check either box 1 or 2 below, if appropriate. 

1. D The undersigned is the applicant. If the applicant is an assignee, the undersigned is authorized to act on behalf of the assignee. 

I hereby acknowledge that any willful false statements made are punishable under 18 U.S.C. 1001 by fine or imprisonment of not more 

than five (5) years, or both. 

2. [2J The undersigned is an attorney or agent of record. Reg. No._5_6~,9_8_2 _____ _ 

/Wesley T. McMichael/ 
Signature 

Wesley T. McMichael 
Typed or printed name 

Attornev 
Title 

[2J Terminal disclaimer fee under 37 CFR 1.20(d) included. 

October 7, 2013 

Date 

215-568-6400 
Telephone Number 

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

This collection of information is required by 37 CFR 1.321. 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 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 th is form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent 
and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS 
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2. 
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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 
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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PTO/SB/22 (03-13) 
Approved for use through 3/31/2013. 0MB 0651-0031 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid 0MB control number. 

Docket Number (Optional) 

PETITION FOR EXTENSION OF TIME UNDER 37 CFR 1.136(a) l-2-0526US05 

Application Number 

13/744,984 I Filed January 18, 2013 
For 

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

Art Unit 

211 2 I 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 Entiti Fee Micro Entiti Fee 

0 One month (37 CFR 1.17(a)(1)) $200 $100 $50 $ 200 

□ Two months (37 CFR 1.17(a)(2)) $600 $300 $150 $ 

□ Three months (37 CFR 1.17(a)(3)) $1,400 $700 $350 $ 

□ Four months (37 CFR 1.17(a)(4)) $2,200 $1,100 $550 $ 

□ Five months (37 CFR 1.17(a)(5)) $3,000 $1,500 $750 $ 

□ Applicant asserts small entity status. See 37 CFR 1.27. 

□ 
Applicant certifies micro entity status. See 37 CFR 1.29. 
Form PTO/SB/15A or B or equivalent must either be enclosed or have been submitted previously. 

□ A check in the amount of the fee is enclosed. 

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

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

0 The Director is hereby authorized to charge any fees which may be required, or credit any overpayment, to 

Deposit Account Number 09-0435 

□ Payment made via EFS-Web. 

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. 37 CFR 3.73(b) statement is enclosed (Form PTO/SB/96). 

0 attorney or agent of record. Registration number 56,982 

□ attorney or agent acting under 37 CFR 1.34. Registration number 

/Wesley T. McMichael/ October 7, 2013 
Signature Date 

Wesley T. McMichael 215-568-6400 
Typed or printed name Telephone Number 

NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4 for signature requirements and certifications. Submit 
multiple forms if more than one siqnature is required, see below*. 

G * Total of one (1) 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 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 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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PTO/AIA/80 (07-12) 
Approved for use through 11/30/2014. 0MB 0651-0035 

U.S. Patent and Trademark Office; U.S DEPARTMENT OF COMMERCE 
Under the Pape,work Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid 0MB control number. 

POWER OF ATTORNEY TO PROSECUTE APPLICATIONS BEFORE THE USPTO 

I hereby revoke all previous powers of attorney given in the application identified in the attached statement 
under 37 CFR 3.73(c). 
I hereby appoint: 

~ Practitioners associated with Customer Number: 

j24374 I OR 

□ Practitioner(s) named below (if more than ten patent practitioners are to be named, then a customer number must be used): 

Name Registration Name Registration 
Number Number 

As attorney(s) or agent(s) to represent the undersigned before the United States Patent and Trademark Office (USPTO) in connection with 
any and all patent applications assigned Q.!1J.y to the undersigned according to the USPTO assignment records or assignments documents 
attached to this form in accordance with 37 CFR 3.73(c). 

Please change the correspondence address for the application identified in the attached statement under 37 CFR 3.73(c) to: 

~ The address associated with Customer Number: 124374 I OR 
Firm or 
Individual Name 

Address 

Cily jstate I zip 

Country 

Telephone I Email 

Assignee Name and Address: lnterDlgflal Technology Corporalion 
200 Bellevue Parkway 
Suite 300 
Wilmington, DE 19809 

A copy of this form, together with a statement under 37 CFR 3. 73(c) (Form PTO/AIA/96 or equivalent) is required to be 
Filed in each application in which this form is used. The statement under 37 CFR 3.73(c) may be completed by one of 
The practitioners appointed in this form, and must identify the application in which this Power of Attorney is to be filed. 

SIGNATURE of Assignee of Record 
The individual whose signature and title is supplied below is authorized to act on behalf of the assignee 

Signature ~J~ I'•"';)~ Date I 1--SA~ · ?..o\~ 
Bracjley N. Ditty 

, 
Name Telephone 

Title Senior Patent Executive 
This colleclton of information 1s required by 37 CFR 1.31, 1.32 and 1.33. The information 1s required to obtain or retain a benefit by the public which 1s to hie (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 3 minutes 
to complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any 
comments on the amount of time you require to complete this form and/or suggesllons for reducing this burden, should be sent to the Chief Information Officer, 
U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED 
FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2. 
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PTO/AIA/96 (08-12) 
Approved for use through 01/31/2013. 0MB 0651-0031 

U.S. Patent and Trademark Office;U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of1995, no persons arerequired to respond to a collection of information unless it displays a valid 0MB control number. 

STATEMENT UNDER 37 CFR 3.73(c) 

Applicant/Patent owner: _P_i_e_tr_a_s_ki_e_t_a_l_. ------------------------------

Application No./Patent No.: _1_3_!7_4_4_,_98_4 ________ _ Filed/Issue Date: January 18, 2013 

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

lnterDigital Technology Corporation , a corporation 
--------------------

(Name of Assignee) (Type of Assignee, e.g., corporation, partnership, university, government agency, etc.) 

states that, for the patent application/patent identified above, it is (choose .Q!!g of options 1, 2, 3 or 4 below): 

1. 0 The assignee of the entire right, title, and interest. 

2. D An assignee of less than the entire right, title, and interest (check applicable box): 

LJ The extent (by percentage) of its ownership interest is ______ %. Additional Statement(s) by the owners 
holding the balance of the interest must be submitted to account for 100% of the ownership interest. 

D There are unspecified percentages of ownership. The other parties, including inventors, who together own the entire 
right, title and interest are: 

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire 
right, title, and interest. 

3. D The assignee of an undivided interest in the entirety (a complete assignment from one of the joint inventors was made). 
The other parties, including inventors, who together own the entire right, title, and interest are: 

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire 
right, title, and interest. 

4. D The recipient, via a court proceeding or the like (e.g., bankruptcy, probate), of an undivided interest in the entirety (a 
complete transfer of ownership interest was made). The certified document(s) showing the transfer is attached. 

The interest identified in option 1, 2 or 3 above (not option 4) is evidenced by either (choose .Q!!g of options A or B below): 

A. 0 An assignment from the inventor(s) of the patent application/patent identified above. The assignment was recorded in 
the United States Patent and Trademark Office at Reel 014684 , Frame 0352 , or for which a copy 

thereof is attached. 

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

1. From: To: --------------------

The document was recorded in the United States Patent and Trademark Office at 

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

2. From: To: --------------------

The document was recorded in the United States Patent and Trademark Office at 

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

[Page 1 of 2] 
This collection of information is required by37 CFR3.73(b). The information is required toobtain or retain a benefit by the public which is to file (and by the USPTO to 
process) an application. Confidentialityis governed by35 U.S.C. 122and 37 CFR1 .11 and1 .14. Thiscollection is estimated to take 12 minutes to complete, including 
gathering, preparing, and submittingthe 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 tothe Chief Information Officer, U.S. Patent and Trademark 
Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS.SEND 
TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450 

If you need assistance in completing the form, call 1-800-PTO-9 l 99 and select option 2. 
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PTO/ AIA/96 (08-12) 
Approved for use through 01/31/2013. 0MB 0651-0031 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid 0MB control number. 

STATEMENT UNDER 37 CFR 3.73(c) 

3. From: ___________________ To: __________________ _ 

The document was recorded in the United States Patent and Trademark Office at 

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

4. From: ___________________ To: __________________ _ 

The document was recorded in the United States Patent and Trademark Office at 

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

5. From: ___________________ To: __________________ _ 

The document was recorded in the United States Patent and Trademark Office at 

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

6. From: To: ------------------- -------------------

The document was recorded in the United States Patent and Trademark Office at 

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

D Additional documents in the chain of title are listed on a supplemental sheet(s). 

D As required by 37 CFR 3. 73(c)(1 )(i), the documentary evidence of the chain of title from the original owner to the 
assignee was, or concurrently is being, submitted for recordation pursuant to 37 CFR 3.11. 

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

The undersigned (whose title is supplied below) is authorized to act on behalf of the assignee. 

/Wesley T. McMichael/ 
Signature 

Wesley T. McMichael 
Printed or Typed Name 

[Page 2 of 2] 

October 7, 2013 
Date 

56,982 
Title or Registration Number 
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Privacy Act Statement 

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

The informationprovided 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 lnternationalApplication 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, arecord 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 thissystem 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. 

IPR2023-01272 Page 102



Electronic Patent Application Fee Transmittal 

Application Number: 13744984 

Filing Date: 18-Jan-2013 

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 

Filer: Wesley T. McMichael/Belinda Fields 

Attorney Docket Number: l-2-0526US0S 

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: 

Extension-of-Time: 

Extension - 1 month with $0 paid 1251 1 200 200 
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Miscellaneous: 

Statutory or Terminal Disclaimer 1814 1 160 160 
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Electronic Acknowledgement Receipt 

EFSID: 17059234 

Application Number: 13744984 

International Application Number: 

Confirmation Number: 9610 

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: Wesley T. McMichael/Belinda Fields 

Filer Authorized By: Wesley T. McMichael 

Attorney Docket Number: l-2-0526US05 

Receipt Date: 07-OCT-2013 

Filing Date: 18-JAN-2013 

Time Stamp: 17:13:57 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment yes 

Payment Type Deposit Account 

Payment was successfully received in RAM $360 

RAM confirmation Number 3708 

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) 

Charge any Additional Fees required under 37 C.F.R. Section 1.21 (Miscellaneous fees and charges) 
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Warnings: 

Information: 

Total Files Size (in bytes)~ 931123 

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

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

National Stage of an International Application under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT/DO/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 Application Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 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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PATENT 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In the PATENT APPLICATION of: 

Pietraski et al. 

Application No.: 13/744,984 

Confirmation No.: 9610 

Filed: January 18, 2013 

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-2-0526US05 

Date: October 7, 2013 

REPLY PURSUANT TO 37 C.F.R. §1.111 

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

Sir: 

This Reply and Terminal Disclaimer are being timely filed in response to the 

Office Action dated June 7, 2013 and is submitted in conjunction with an 

appropriate petition for extension of time. 

Please amend the application without prejudice or disclaimer as follows: 

2690073-1 
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Applicant: Pietraski et al. 
Application No.: 13/744,984 

Amendments to the Claims: 

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

the application: 

What is claimed is: 

1. ( Currently amended) A method of performing rate matching in a 

wireless communication terminal, the method comprising: 

interleaving a first bit stream to produce an interleaved first bit stream; 

interleaving a second bit stream to produce an interleaved second bit stream; 

interleaving a third bit stream to produce an interleaved third bit stream; 

buffering the interleaved first bit stream, the interleaved second bit stream 

and the interleaved third bit stream in a virtual buffer; and 

performing rate matching on at least one output of the virtual buffer. 

2. (Original) The method of claim 1 wherein the interleaved first bit 

stream, the interleaved second bit stream and the interleaved third bit stream are 

buffered on a condition that the number of bits of the interleaved first bit stream, 

the interleaved second bit stream and the interleaved third bit stream is not larger 

than a size of the virtual buff er. 

3. (Original) The method of claim 2, further comprising: 

- 2 -
2690073-1 
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Applicant: Pietraski et al. 
Application No.: 13/744,984 

buffering a portion of the interleaved first bit stream, the interleaved second 

bit stream and the interleaved third bit stream in the virtual buffer on a condition 

that the number of bits of the interleaved first bit stream, the interleaved second bit 

stream and the interleaved third bit stream is larger than a size of the virtual 

buffer. 

4. (Original) The method of claim 3 wherein the buffered portion of the 

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

third bit stream includes all of the interleaved first bit stream. 

5. (Original) The method of claim 1, further comprising: 

collecting bits associated with the interleaved first bit stream, the interleaved 

second bit stream and the interleaved third bit stream. 

6. (Original) The method of claim 1 performed by a wireless 

transmit/receive unit (WTRU). 

7. (Original) The method of claim 1 performed by a node B. 

- 3 -
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Applicant: Pietraski et al. 
Application No.: 13/744,984 

8. (Original) An apparatus for performing rate matching, the 

apparatus comprising: 

a first interleaver configured to interleave a first bit stream to produce an 

interleaved first bit stream; 

a second interleaver configured to interleave a second bit stream to produce 

an interleaved second bit stream; 

a third interleaver configured to interleave a third bit stream to produce an 

interleaved third bit stream; 

a virtual buffer configured to buffer the interleaved first bit stream, the 

interleaved second bit stream and the interleaved third bit stream; and 

a rate matching unit configured to perform rate matching on at least one 

output of the virtual buffer. 

9. (Original) The apparatus of claim 8 wherein the interleaved first bit 

stream, the interleaved second bit stream and the interleaved third bit stream are 

buffered on a condition that the number of bits of the interleaved first bit stream, 

the interleaved second bit stream and the interleaved third bit stream is not larger 

than a size of the virtual buff er. 

- 4 -
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Applicant: Pietraski et al. 
Application No.: 13/744,984 

10. (Original) The apparatus of claim 9 wherein the virtual buffer is 

further configured to buffer a portion of the interleaved first bit stream, the 

interleaved second bit stream and the interleaved third bit stream on a condition 

that the number of bits of the interleaved first bit stream, the interleaved second bit 

stream and the interleaved third bit stream is larger than a size of the virtual 

buffer. 

11. (Original) The apparatus of claim 10 wherein the buffered a portion 

of the interleaved first bit stream, the interleaved second bit stream and the 

interleaved third bit stream includes all of the interleaved first bit stream. 

12. (Original) The apparatus of claim 8, further comprising: 

a bit collection unit configured to collect bits associated with the interleaved first bit 

stream, the interleaved second bit stream and the interleaved third bit stream. 

13. (Original) The apparatus of claim 7 configured as a wireless 

transmit/receive unit (WTRU). 

14. (Original) The apparatus of claim 7 configured as a node B. 

- 5 -
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Applicant: Pietraski et al. 
Application No.: 13/744,984 

REMARKS/ARGUMENTS 

After the foregoing Amendment, claims 1-14 are currently pending in this 

application. Claim 1 is amended. 

Double Patenting Reiection 

Claims 1-7, 13-14 and 8-12 are rejected on the ground of nonstatutory 

obviousness-type double patenting as being unpatentable over claims 1-3 and 4-8 of 

U.S. Patent No. 8,074,143. A Terminal Disclaimer is submitted herewith to 

overcome the nonstatutory obviousness-type double patenting rejection. The 

withdrawal of the nonstatutory obviousness-type double patenting rejection is 

respectfully requested. 

Claim Reiections - 35 USC§ 101 

Claims 1-7, 13-14 are rejected under 35 U.S.C. 101 because the claimed 

invention is allegedly directed to non-statutory subject matter. The applicants 

strongly disagree, nevertheless in the interest of advancing prosecution; the claim 1 

has been amended to specify that the method is performed, "in a wireless 

communication terminal". Further, there is sufficient recitation of a machine or 

transformation in claims 1-7 and 13-14. The rejected claims define a method of 

- 6 -
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performing rate matching in which data is manipulated or transformed. The 

method claims define how various data streams are interleaved, buffered and sent 

to the rate matching circuits as shown in Figures 2 and 10, and described in 

paragraphs [0005], [0044], and [0045]. Further to that, 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 an output data 

stream in a wireless transmit/receive unit (WTRU) or Node B. Therefore, the 

manipulation of the data streams constitutes a transformation of the data satisfying 

35 U.S.C. 101 rejection. 

Accordingly, withdrawal of the 101 rejection 1s respectfully requested. 

2690073-1 
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Applicant: Pietraski et al. 
Application No.: 13/744,984 

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 

WTM/JDW/bbf 
Enclosures 

2690073-1 

- 8 -

Respectfully submitted, 

(Pietraski et al.) 

By /Wesley T. McMichael/ 
Registration No. 56,982 
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.:ilE .:z.eLH011A-l x112 ~~ ll!jE-j~ sl":: l::IIE 7H*)".2t "(i*~~ .:il~-'E:! ¥~2t~011 CH~ x112 Et 
~ .:ilE .:::z.e.2.l 7H*)~ (~~ .:il~-'E:! ¥~2t~ 0 1 ~~ l::IIE~.2.I ~01)£ LtfE ~k~Ct .3.AI eJ-g 
~lcH ~*" 0 1 ru-o11.2.l'5tO~ ~~~= 2.~~~ Ol§~ct. 

roo35J ~71 ~~ .:a ~-'E:! ¥~2t~o11 cHotO~ ~71 x112 ~~ ll!lE-l ~ 7tAI:: 1:::11.§.~0I i!°~'5t7-II ~.¥. 
~£~ ~i;:11.:n.E .:::z.e~o11 CH'5t0~ ~71 x112 Et~ .:ilE .:::z.e 7H*DtCt EJIAE ~ *~'5tOt ~71 
x112 Et~ .:n.E .:::z.e 7H*.2.1 ~*1:1H~ ~71 ~~ .:a~ ¥~2t~9.I ~~ 1::11E~£ LtfE LtD-IAl7t 
~71 x112 .:n.E .:::z.e 7H*~ct ~e ~-9-011 x112 Et~ .:n.E .:z.e~ ~!fill'5to~ '5"1l's .:n.E .:::z.e st-1~1 

o11A-l A-l.§E. ct:=~~ l!!IE-1£ 1:::11E ~~~ *~'5t[):j, .:::z. LtD-IAl7t .3.7-lLt ~e ~-9-011:: x111 Et~ 
.:ilE .:z.e~ ~!filltt0~ '5"1J's 51c .:::z.e ~l~I011A-l A-j.§E. Ct:= ~~ J!!IE-1£ 1::11.§. ~~~ *~~Ct. 

roo36J ~71 ~~ .:a~-'E:! c-1101E-1~ so11A-l AIAEJla➔I~ 1::11E~o11 cH'5tO~ -9-~~ 0 £ ~71 x112 ~~ 
J!!IE-j.§E. l::IIE ~~~ *~'5t71 ~1'5t0t 0¥E-l (~~ .:il~ ¥~2t~.2.I ~~ l::IIE~.2.I ~Ol-1)77tAI 
87t'5t:: .:ilE .:::z.e <2j~A i011 cHtt0~ (i-1)tt!ml .:ilE 
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$ 7ff-!iii;'6"i -!iii;2002-0004478 

.::im77t7'1 &717'112 ~~ l!!lE-1~ 7r7'1~ .:aE 1::11.s.~.Q.1 7H*7t "i*7'111 Er~ .:aE .::imo-JIA-l A112 ~ 
~ ~E-j~ $.!~ 1::1l'==7H*-1".TI/- "(i*i-11~ .:ii'8 ¥.:£.£r~011 cHf!- 7'112 Er~ .:ii£ .:J.m.Q.I 7H*)~ i-11 
~ .:a'8 ¥.:£.£r~£1 ~~ 1::111::~£ Lric LrD-17'1"2r£1 ~ 0 £ H~£1~ 2.:r.i:~~ 01§f!-cr. 

roo311 &712.:r.i:~~ ol§cS"ro~ &71 i-11~ .:a'8 ¥.:£.2r~o11 cHf!- A112 Er~ 2£ .::im£1 7H* □rcr Ell 
AE ~ *~cS"rOt &71 i-11~ .:ii'8 ¥.:£.2r~o11 CH"E!- A112 Er~ .:Im 7H*.Q.I ~*1:1H,.t~ &71 i-11~ 
.:ii'8 ¥.:£.2r~.Q.I ~~ 1::11'==~£ Lric LrD-17'17r &71 i-11~ .:ii'8 ¥.:£.2r~o11 cHf!- A112 Er~ .:Im 
7H*.s:!.Cr .3.7-ILr ~.:il, &71 A111 Er~ .:ii£ .:J.mUI011A-l &71 A112 ~~ l!!jE-j011 £.If!- 1::111:: ~~* 

7r o'2.! ~-9-o-JL &71 A111 ~~ l!!lE-1o-Jl £.1"61l "61l@ 1::111::011A, 1::111:: ~~~ *~fl-er. 

[0039] ~ ~~o-JIA-l ~ E-15:!. .:ii£~ Ol§f!- i-11~ .:ii '8-tl ¥.:£.2r~.Q.I 7r~ c11 OIE-1 21101 E (flexible data 
rate) ig~~ 7'1·f{5r71 ¥If!- 211011:: □H*cl .TI/-~ 0 1 ~7=11011 5?lO-jA-j -9-~~ 0 £ ~~ ~~.TI/- ~~9 

~ 0 £ 01~0-1:.°\1~-'¥- 87=11£1211011:: □H*cl .TI/-~~ N§cS"r~ 3:!010H-12r f!-87=11°1 i?~ ~~ 
(uniform repetition)~ ~cS"rO~ 211011:: □H*cl~ *~cS"rO~ ~cS"t~ '2.!E-l2ltl-l£1 ~OI~ 9J"i;£~ ig~ 
~ N§f!-Ct. 

[0041] ~ ~~011A-l ~.Q.l"tJ .:ii£ .::img cS"tLr.Q.I ~5:!. 1::11.s. ~~011 cHf!- i-11~ ¥.:£.2t 
71£1 ~~ 1::111:: ~£1.::im 0 £ ~.Q.lf!"ct. 

[0042] ~J 1/4 21101.s.(rate).Q.I ¥.:£.2r71~ Oil£~ ~-9-, cS"rLr.Q.l .:iiE .:Im~ 47H.Q.I _:iiC 1::11'==~£ 
T~°tlCr. 

I I I 

"61l 1/4 21101 '== (rate).Q.I .:ii c ¥.:£.2t~ ~ Ol "x, y, z, z, X, y, y ,z 2r ~ ~ ~EIPr £I~ ~-9-, ~ ~~ 
011A, ~£1£1~ .:aE .::im~ 01~ 47H".h.l ~g 3:! 0 £ JE~"t!cr. 

roo44J ~.TI/-~ 0 £, ~:;_11£1 c1I OI E-1 ¥ .:£.2t~£I ~ OI ~ LOl2r .:i1 ~.Q.l%rl2:l, .:ii£ .::i m £1 7H* ~ (Lin) 
0 £ ~£1£1.:il, 012£ .::ia£17H*~ i-11~ ¥.:£.2r71£1 ~~ 1::111::~(1)£1 ~ol7r "t!cr. 

roo4s1 .::i21..I1, 012-1f!- 2£ .::im~ ol§%ro~ ~:;_11£1 ¥.:£.2r~£l 2E 1::11.s.~ 7r-§G11011A, %rLr£.I ~ 
2lx. □ l~(polynomial)£¥E-l ~~i::! ¥.:£.2r~o11ei- ~%~2.£ ~~OI ~O-l7r~ 3:!~ iaj°Or-?-71 
¥1%r0~ .:iiEOll cHf!- .:Im 8¥1£ A-l£ er:::~~ l!!JE-1~ 7t7'1.:il 1::111:: ~~OI Ol~0-17'15:.~ fl-Cr. 

[0046] ttr2tA-l, ~ ~~011A-l~ Ct~*~~ 1.TI/- *~~ 22r ~OI A-l£ Ct:= ~~ l!!JE-1 M1.TI/- M2~ Cr 
~.TI/- ~01 ~.Q.lf!"cr. 

[00471 Ol%t011A-l I~ -e~ %~ .:iiE(CRC)2r Ell~(tail)~ ~ru-cS"t~ i-11~ ¥.:£.2r71£1 ~~~.Q.I ~OI 
Ol.:il, L~ ¥.:£.£r71£1 ~~~.Q.I ~OIOICr. n~ .:ii'8 c!IOl.s.£1 <2:1*£1 ,.tolLJ:l, N~ ~"c>r~ <2.!E-1 
21cH No1A 0 1 ~0101cr. 

roo4a1 ~ ~~011",~ ~~ ~~01 er~*~~ 1.TI/- *~~ 2o-J1 £1%ro~ A-l£ ere~~ l!!lE-1~ 7r7'1 
.:i1 ~ 1::111::.Q.1 ~~ *~01 01~0-1~cr. 

[0049] *~~1 
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[0050] 

[0051] 

M= 

*~~2 
r N 1 

M= L 

i5-7ij~'6"~ ~2002-0004478 

[0053] '2:1" 71 ¥ ~ 2t 7 I £1 ~ 7!:➔ I ~ ~ ~ o➔I CH "f]- A·i.£ Ct~ cl I E JIil 'Ej O £ ~ ~ £J ::: .:a C .:z. a ~ A111 Et 
~Jll-, A➔l2 Er~ 0 £ Lr.,=-0~ ~71 A➔l1 Er~o➔I ~@-cl c!l=.Q.1 ~7!:➔ I 7H*::: erg*~~ 3o➔I £1"611 
f..7 ~~tJCt. 

[0054] *~~3 

l NJ 
R= I 

[0056] *~~4 
N 

R= r Tl 

[00511 01m1, ~71 ~7!:➔ I ~~~o➔I cHoro~ A➔l1 Er~Jll- A➔l2 Er~£1 .:aE .:z.ao1 i!l-~or711 t!Hj;;l.'iJ.5:.~ 
ot71 ~lotO~ '2JA~ ~7!:➔l£15!E .:Z.;.Q.I 7H* -go➔IA-i A112 Et~ .:i!E .:Z.;OI ~ 7H*~ erg *~ 
~ 5011 £loro~ ~~"f]-cr. 

[0058] -9' ~ 6-j 5 : 

K= Nmodl 

[0059] ~71 *~~ 5o➔IA-i ~7!:➔ I .:i!E .:Z.;801IA-i A112 Et~ 51c .:Z.;OI ~ 7H*::: '2JE~2lcl-J f..tOIA 
N~ j;jj~ ¥~2r71 ~~~.Q.I ~OI 1£ Lt~ LtD-P~I~ ~:::ct. 

[00601 .:z.21.::il, ~ ~~o➔IA-i::: ctg *~~ 6~ Ol§otO~ N7H£1 ctl.s.£ =r-~tl A111 Et~£1 .:aE .:z. 
;LHo➔IA-i M2£1 l:!.1-~ l!!lE-1~ 7tAI::: ct1=£1 7H*~ 7~l~ot.::il, □t~7t7:I£ A112 Et~ .:aE .:r;LH 
011A-i M2£I \:!_I-~ l!!JE-1~ 7tAI::: c!l=.Q.I 7H*~ erg*~~ ?Jli- ~OI ~.Q.l"f]-Cr. 

[0061] -9' ~6-j 6 : 

K= Rmodn 

[0062] * ~ 6-j 7 : 

K = K+1 

[0064] *~~8 
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(0065] 

(0066] 

(0067] 

(0068] 

(0069] 

[0070] 

(0071] 

(0072] 

[0073] 

(0074] 

(0075] 

[0076] 

(0077] 

(0078] 

(0079] 

[0080] 

[0081] 

~7H~'51 ~2002-0004478 

~. *~~ 8~ i'tl .:iiE .:J.:011A-1£1 E-IIAE ~ *~~ 7c3-9-011 (i-1)'tl~ .:J.:77tAl2.I E-JIAE ~ 
*~fl- ~:i!l-'21 M2£I t!.1-~ ll!lE-1~ 7tAI~ .:ii£ 1:JIE ~2.I 7H*'21 2.:n:~(offset) ~l~ Ol§"5tOt 

C:t:;1!1- ~~ g/°2218~ ~"5t0~ ~~11 ~~ .:ii's~ ¥.2.~t~011 CH"5t0~ ir~"El- l:ll§. t!.1-~ ::V.t's 
~ *~"5t711 ~Ct. 

for(i=O;i<l;i++){ 

if(((i+1)K1 R2)mod l<k1 R2) { 
I J 

} 

forU=O;j<n ;j++ ){ 

if((?j+Oi)mod n<K1 ,GR2) 

repeat(n*i+lh bit with repetition factor M2 else repeat (n*i+lh bit with repetition factor M1 

} 

else{ 

forU=O;j<n;j++){ 

if((?j+Oi)mod n<K1 ,GR1) 

repeat(n*i+lh bit with repetition factor M2 

else repeat (n*i+j)th bit with repetition factor M1 

~71 g/°2218 011A-I ~ ~~ .:ii 's~ ¥.2.~t~011 CH"5t0~ ~71 :,.::112 t!.1-~ ll!lE-1 ~ 7tAI ~ l:ll E ~ 01 
Er~"5t711 ~.££l.5:.~ ~~11 .:iiE .:i:~011 CH"5t0~ ~71 A112 Et~ .:iiE .:i: 7H* □ tCt E-JIAE ~ 
*~"5t09, ~71 A112 Et~ 5iC .:I: 7H*2.l 's*l::IH~ ~71 ~~ .:ii's ¥-2.~t~.9.I ~~ 1:JIE~£ 
Lt!!:': LtDiAl7t ~71 A112 .:iiE .:i: 7H*~Ct ~~ 7c3-9-011 A112 Et~ .:iiE .:i:~ ~~"5t0~ "5tt@ 
5iC .:I: ~li-l011A-I A-1£ CtE: t!.1-~ ll!lE-1£ 1:JIE t!.1-~~ *~"5t.5:.~ "EfCt. 
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[0082J .:J.21.:il, '2:!"71 ~lfilltl A112 Et~ 5:1.E. .:J.ffi01I ~'st! n7H£1 l::ll=01IA-l zt 1::11=£1 '2J~.67t0¥~ 
n77tAI S7t'5"t::: '2J0jA j01I cH<5Jl (7j+2.n:.;!!)~ n°£ Lt~ LtD-!Al7t '2:!"71 A112 Et~ 5:1.E. .:J.ffi01I 

A-j '2:!"71 A112 'll-~ ~~~ ?J-::: 1::11=£1 7H*!:2.Ct ~g ~¥011::: '2:!"71 A112 'll-~ ~~01I £1<5Jl <5Jl's 
1::11=£1 'll-~~ *~'5"t£~ '5"t.:il, '2:!"71 (7j+2.1!..;!!)~ n°£ Lt~ LtD-!Al7t '2:!"71 A112 Et~ 5:1.E. 

.:::iao1IA-l '2:!"71 A112 'll"~ ~~~ ?J-::: 1::11=£1 7H*!:2.ct .3.7-lLt ~e ~¥011::: '2:!"71 A111 'll"~ ~ 
~ 011 £1 i5Jl i5Jl 's 1::1 I = £1 'll" ~ ~ * ~ '5"t '5"t £ ~ '5"t ::: ~ 61 ~ At§ '5"t ci~ Ct. 

[0083] t.1"3t'.!, '2:!"71 A112 Et~ 5:!_C .:J.ffi 7H*£1 's*l:IH~ '2:!"71 j;fj~ 5:1.'s ¥.£.~t~.£1 ~~ l::IIE~£ 
Lt~ LtD-!Al7t '2:!"71 i\112 5:1.E. .:J.ffi 7H*!:2.Ct .3.7-lLt ~e ~¥011 i\111 Et~ 5:1.c .:J.ffi~ ~Ifill 

'5"t£~ ~Ct. 

[0084J .:::i 21.:il, '2:!"71 '2J 01 A j01I cH<5Jl (7j+ 2. n: .;!!) ~ no£ Lt~ LtD-1 Al 7t '2:t 71 X111 Et~ 5:1. c :i ffi01I 
A-j '2:!"71 i\112 'll"~ ~~~ ?J-::: 1::11=£1 7H*!:2.Ct ~e ~¥011::: '2:!"71 A112 'll"~ ~~011 £1<5Jl <5Jl's 
1::11=£1 'll"~~ *~'5"t.:il, '2:!"71 (7j+2.Ir.;!!)~ n°£ Lt~ LtD-!Al7t '2:!"71 A111 Et~ 5:1.c .:J.ffi011 

A-j '2:!"71 x112 'll"~ ~~~ ?J-::: 1::11=£1 7H*!:2.Ct .3.7-lLt ~e ~¥011::: '2:!"71 A111 'll"~ ~~011 £1 
i5Jl <5Jl's 1::1IE£1 'll"~OI Ol~OiAI£~ '5"t::: ~61~ Ol§'5"t<l~Ct. 

[0085] Oil~ ~01A-l L=20, n=4, 1=5'2J ~¥~ ~zti5Jl !:2.At . .:J.21.:il Ol[[!l i!'5"t::: '2J~21~£1 ~Ol7t 
N=452t .:il '5"tAt . .:J.2-1121 M1 = 2, M2=3 ° £ 7=11Bt!Ct. 

[0086] 01[[!1, 5:1.s .:::ia~ Lt.,=-AI e.t.:il ii!-~~ 'll"~ ~.:i12l8~ At§'5"t71I £1121 ctg£1 £ 4£t ~e 
~ Eff £1 'll"~ JIil 'Ej ~ ~ ~ * S?~Ct. 

[0087] £4011A-l g~ 0 £ ~i5JJA~ S?~::: ¥-l:E-e M2=3£1 'll"~ ~~~ 7tAI::: 1::11=£1 ~l~I~ LtEtLH.:il, 
LtD-!AI ¥fE'~ e M1=2£1 'll"~ ~~~ 7tAI::: 1::11= ~£1 ~1~1~ LtEt'c:!lct. 

[0088] £ 4011A-l ~ * S?~~OI M2=3 'll"~OI ~017t::: 1::11= ~.QI ~l~l7t y 1::11=~011 ~~£1.:il S?~ 0 D=l, 
012-1~ 'll"~ JIH'Eje 011L-1:x:1 fE'~21 ii!-~~011 S?~o1A-l ~Al e.te ~~~ 77l~Ct.:il ~zt~ * S?~ct. 

[0089] Ol[Ol, e_l-~ ~ ~~01IA-l j].'2.f"t) 5:1.E. .:J.ffi 8~1£1 ii!-~ 'll"~ ~.:i12I~~ At§'5"t71I £1121 Ctg 
21 £ 5£t ~e 'll"~ JIH'Ej~ ~~ * S?~71I t1ct. 

[00911 ~AH¥~ ,z.3S.~£ Ali!'5"t::: 5:1.s ~e 112, 113, 114£1 37tAI %-Wolct. 01r01, 11421101=£1 
~!:2. ¥.£.~ ~Zf'5"tl21 j=001IA-l 377tAI.Q.I ~J:~ 7tAl71I t!Ct. Ol[Ol e_l-~ 701 ~i5JJAIAI st::: '2:t~ 
~ 7t's'5"tAt. 

[0092] .:J.21.:il, '5"tLt£1.:J.ffi's K1~J:OI 22t.:il 7t's'5"tAt . .:J.2-1121 ztzt£15:!.£ 1::11= .:J.ffi01IA-j ~!fill£.I::: 
1::11=£1 ~1~1::: (0,1), (2,3), (0,1), (2,3)~ 'll-~'5"t71I £.ID=!, 01 ~~ 01IL1AI fE'~£1 ~ii!-~~ ~2H 

'5"t::: JIH'Ej 0 £ ~zt~ * S?~Ct. [[t2tA-l e_l-~ 7~ ~'5"t0~ ~.:il, ~Zf'5"t71I £1121, (0,3), (1,2), (0,3), 
(1,2)£1 JIH'Ej~ 'll"~otl-11 ~ ~olD=l, 01011 crt2t !:2.Ct ii!-~~ ~E!l.£1 'll"~ JIH'Ej~ ~::: ~01 7t 
~ otCt::: ~ ~ ~ * S?~Ct. 

[oo93J e.i-~ 114 5:i.£~£1 ¥.£.e.i-~ ~zt~ctl21, 7tg !:lt~::s.Jtr ~tg;Je 1::11= '2J~A jo111~ ~ot::: 
~OI OtL-l2t 1:11 E '2J0jA j011 cH~ 1:11 =-21~~ 2.!!1211 Ol~(bit-reversing operation)~ 's£lot::: 
~tg;j o £ ~Zf~ * S?~Ct. 
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[0094] 

[0095] 

[0096] 

[0097] 

[0098] 

[0099] 

[0100] 

[0101] 

[0102] 

[0103] 

[0104] 

a7H~5'1 ~2002-0004478 

~, 114 c-1101=21 ¥~~ ~-9- (0,1,2,3)21 <2J~~~ (0,2,3,1)£ l:lr¥01 EJIA= ~ *~'5r::: ~ 
01 7rg- l:lr@°~f.1- ~~Oler . .:12,Lr 1/3 c.~1O1=21 ¥~011A-i::: Oli:,f.1- ~~~ ~§~ * <ii>~ 0 E!. 
£, s-5:!.cr e 7rg- ~g ~*<2J 7~ ~'5ro~ 2-~~ 
~ -?- .I!. 7-r ~Cr. 

.:12,E!.£, E-J.!i!. .:r1.s 0 1 ~:; ~ ~1ctt£ ~01~2171 -9-1'5ttA-i::: ~~ 11-1-~011A,, ere 1:11 = -5:!.cr e 
~~ ~E-l~ 7r7'1::: -9-lj;;I~ 1:1Ht:E:'5r:::c~I £l01A-i, AIAE-JDll~(systematic) 1:11= ~t:E:011 ~~219-
~ e-9-1~ ¥::: ~ol l:lr@-~'5rcr. 01~ -9-1'5ttA,::: 'ft~IA-i ~~~'2:l ~.I!.218~ cr~l!-1- ~01 EE. 
Cre ~~o £ 7-11'2_1-~Cr. 

for(i=O;i<l;i++){ 

if({((i+1)xK1,R2)mod l~K1,R2}&&{K1,GR1=O}) repeat nith bit with factor M1 ; AIAEJIDll~ 
1:11 E 011 CH'5tt 9-~~ 0 £ ~~ ~E-l M2 011 21'5tt 1:11 E 1:.1-~ 

else nith bit with repetition factor M2 

forU=O;j<n ;j++ ){ 

repeat(nxi+j)th bit with repetition factor M2 
factor M1 

otherwise repeat (nxi+lh bit with repetition 

[01051 } ; AIAEJ1rn1~ 1:11= ~ Lr~?-11:11=011 ctt~ ~~ ~E-J M1 EE.::: M2011 21~ 1:11= ~~01 2-
~ '5t711 Ol9-0f~j 

[0106] } 

[01071 -9-1°1 ~.I!.2l8011A-i Ar§~ ~tg;i;:: :Zf42l .:r!.E. .:1~~£ M221 ~~ ~E-l~ 7tA~o~ '5r::: -9-lj;;I 

~ ~~ [ffo11 £lO1A1, 9-~~ 0 £, AIAEJIDll~(systematic) 1:11= -9-lj;;I011 M221 ~~ ~E-l~ ~@ 

'5r.I!., Lr~x121.:r1.s .:1~211:11= ~011 ctt'5ro~ 2-~~ ~~ 0 £ ~~ ~E-J~ ~@'5r::: ~ig;io1cr. 

[01 081 012r ~::: ~21~ ~§'5r71-9-1'5ttA,::: o¥E-J (;qi~ .:r1.~ ¥~~r~21 ~~ 1:11=~21 ~01-1)11r 
x1 s7r'5r::: .:r1.s .:1~ <2J~A io11 ctt'5ro~ (i-1)~ml .:r1.c .:1~11rx1 ~71 A112 ~~ ~E-l~ 7rx1::: 
.:r1.s 1:11 = ~ 21 7H-9-7r "i*i\111 Er~ .:r1.s .:1~011A, A112 ~~ ~E-J ~ s.!"::: 1:11.§.7H*-1"11-1- "(i*;qj~ 
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iPH~ii"i ~2002-0004478 

.:il'E/ ¥~~r~o➔1 CH"E!- x➔12 Er~ .:ilC .:::Z.59.I 7H*)~ ;tjjtg;j .:il'E/ ¥~~r~9.I ~~ 1:::11.§.~£ Lr¾'E 
LrDlxl".£1-£1 ~ 0 £ ~~£1~ .2.n~~ ol§"E!-cr. 

[0110] [[r2rA-l, ~71 ;tjjtg;! .:il'E/ ¥~~r~o➔I CH~ x➔12 Er~ .:::z.e 7H*9.I ~*tlHGl~ ~71 ;tjjtg;j .:il'E/ ¥ 
~~r~.9.I ~~ l:::IIE~£ Lr¾'E LrDlXl7r ~71 ;tjjtg;j .:ilg ¥~~r~o➔I CH~ x➔12 Et~ .:::z.e 7H*~ 
Ct .3.7-lLt ~.TI., ~71 x111 Et~ .:ilE .:::z.5LH011A-I ~71 x➔12 'c.!-~ l!!JE-1011 £1~ 1:::111:: 'c.!-~*7t 0<2.J 
~-9-0➔1, ~71 x➔11 'c.!-~ l!!JE-10➔ 1 £1ail ailg 1:::111::o➔IA-I 1:::11.§. 'c.!-~~ *~'5r£~ ~cr. 

[01111 ~~ ~71 ;tjjtg;! .:ilg ¥~~r~o➔1 cH"E!- x112 Et~ .:::z.e 7H*£1 ~*t1H,x~ ~71 ;tjjtg;! .:ilg ¥ 
~~t~.9.I ~~ 1:::!IE~£ Lt¾'E LtDlXl7t ~71 ;tjj~ .:ilg ¥~~t~O➔I CH~ x112 Et~ .:::z.e 7H*~ 
Ct ~7-lLt, ~71 x111 Et~ .:ilE .:::Z.5LHO➔IA-I ~71 x➔12 'c.!-~ l!!JE-1011 9.I~ 1:::!IE 'c.!-~*7t 001 Otld 
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UNIVERSAL CONSTITUENT ENCODER 
RECOMMENDED FOR FORWARD LINK TURBO 
CODES OF VARYING INT ERLE A VER DEPTH 

A method and apparatus for Turbo encoding uses a set of rate-compatible Turbo Codes optimized at high code rates and derived 
from a universal constituent code. The Turbo Codes have rate-compatible puncturing patterns. The method comprises: encoding a signal 
at a first and second encoder using a best rate 1/2 constituent code universal with higher code rates, the first encoder and the second encoder 
each producing a respective plurality of parity bits for each information bit; puncturing the respective plurality of parity bits at each encoder 
with a higher rate best puncturing patterns; and puncturing the respective plurality of parity bits at each encoder with a lower rate best 
puncturing pattern. In a variation, the best rate 1/2 constituent code represents a concatenation of polynomials l+D2+D3 (octal 13) and 
l+D+D3 (octal 15), D data bit. A Turbo Encoder is provided which has hardware to implement the method. 
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OPTIMIZED RA TE-COMPATIBLE TURBO ENCODING 

CLAIM FOR PRIORITY 

This application claims priority under 35 U.S.C. § 

1.119{e) of the filing dates of U.S. Provisional Applications 

Nos. 60/072,368, filed January 23, 1998, 60/074,932, filed 

February 17, 1998, 60/075,742, filed February 23, 1998, and 

60/076,464, filed March 2, 1998. 

BACKGROUND OF THE INVENTION 

The present invention relates to error correction in data 

communications, and more particularly, to forward error 

correction (FEC). Even more particularly, the present 

invention relates to the selection and use of optimal Turbo 

Codes in high performance data communication systems, such as 

emerging third generation terrestrial cellular mobile radio 

and satellite telephone systems, for which flexibility in 

supporting a wide range of system requirements with respect to 

transmission data rates, channel coding rates, quality of 

service measures (e.g., latency, bit-error rate, frame error 

rate), and implementation complexity is highly desirable. 

Forward error corr~ction (FEC) is required in terrestrial 

and satellite ratio systems to provide high quality 

communication over the RF propagation channel, which induces 

signal waveform and spectrum distortions, including signal 

attenuation (freespace propagation loss) and multi-path 
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induced fading. These impairments drive the design of the 

radio transmission and receiver equipment, the design 

objective which is to select modulation formats, error control 

schemes, demodulation and decoding techniques and hardware 

components that together provide an efficient balance between 

system performance and implementation complexity. Differences 

in propagation channel characteristics, such as between 

terrestrial and satellite communication channels, naturally 

result in significantly different system designs. Likewise, 

existing communication system continue to evolve in order to 

satisfy increased system requirements for new higher rate or 

higher fidelity communication services. 

In the case of terrestrial cellular mobile radio 

telephony, Analog Mobile Phone System (AMPS) is an exemplary 

first generation system; the U.S. IS-136 and European GSM 

time-division multiple-access (TDMA) standards and the U.S. 

IS-95 code-division multiple-access (CDMA) standard are second 

generation systems; and the wideband CDMA standards currently 

under development (e.g., CDMA 2000 in the U.S. and UTRA in 

Europe) are third generation systems. 

In the third generation systems the development of 

flexible, high-speed data communication services is of 

particular interest. Desirable features include the ability 

to perform rate adaptation and to satisfy a multiplicity of 

quality-of-service (QOS) requirements. 

Traditional forward error correction (FEC) schemes for 

communication systems include use of convolutional codes, 

block codes such as Reed-Solomon or BCH codes, and/or 

concatenated coding schemes. 

Turbo Codes are a relatively new class of block codes 

that have been demonstrated to yield bit error rate (BER) 
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performance close to theoretical limits on important classes 

of idealized channels by means of an iterative soft-decision 

decoding method. 

A Turbo encoder consists of a parallel concatenation of 

typically two systematic, recursive convolutional codes 

("constituent codes") separated by an interleaver that 

randomizes the order of presentation of information bits to a 

second constituent encoder with respect to a first constituent 

encoder. The performance of a Turbo Code depends on the 

choice of constituent codes, interleaver, information block 

size (which generally increases with higher data rates), and 

number of decoder iterations. For a particular Turbo Code, in 

which the constituent codes are fixed, one can ideally adjust 

the block size and number of decoder iterations to tradeoff 

performance, latency and implementation complexity 

requirements. As the block size changes, however, a new 

interleaver matched to that block size is required. 

In a CDMA network with synchronized base stations, 

forward link channels (from base station to user terminal) can 

be designed to be orthogonal, using, for example, Walsh-

Hadamand spreading sequences. This is generally not possible, 

however, for reverse link channels (from user terminal to base 

station), which therefore operate asynchronously using 

spreading sequences that are only quasi-orthogonal. Thus, the 

reverse links in a synchronous CDMA network typically 

experience more interference and therefore may require 

stronger FEC (via lower rate codes) than the forward link 

channels do. 

In an asynchronous CDMA network, the forward and reverse 

link channels are more similar in terms of interference 
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levels, so it is possible to use a common FEC scheme (or at 

least more similar FEC schemes) on the two links. 

The flexibility and high performance of Turbo Codes make 

them a potentially attractive technology for sophisticated 

data communications services. It is therefore desirable to 

identify Turbo Codes and Turbo coding FEC schemes that best 

match diverse service requirements with respective data rates 

and coding rates while minimizing implementation complexity. 

The present invention advantageously addresses the above 

and other needs by providing methods for designing and using 

universally optimized Turbo Codes and rate-compatible 

puncturings to support incremental redundancy schemes such as 

automatic repeat request (ARQ). 

SUMMARY OF THE INVENTION 

In its most basic form, the invention can be 

characterized, in one embodiment as a method of processing 

data, in data services, with a set of rate-compatible Turbo 

Codes optimized at high code rates and derived from a 

universal constituent code, the Turbo Codes having compatible 

puncturing patterns. The method comprises: encoding a signal 

at a first and second encoder using a best rate 1/2 

constituent code universal with higher and lower code rates, 

the first encoder and the second encoder each producing a 

respective plurality of parity bits for a data bit; puncturing 

the respective plurality of parity bits at each encoder with a 

higher rate best puncturing pattern; and puncturing the 

respective plurality of parity bits at each encoder with a 

lower rate best puncturing pattern. 

In a variation, a method of processing data in data 

services uses a set of rate-compatible Turbo Codes derived 
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from an optimal universal rate 1/3 constituent code, the Turbo 

Codes having similar constituent codes and compatible 

puncturing patterns, and comprises: encoding a signal with a 

best rate 1/3 constituenc code at a first and a second 

encoder, each encoder producing a respective plurality of 

parity bits for each data bit; puncturing the plurality of 

parity bits with the a higher rate best puncturing pattern; 

and puncturing the plurality of parity bits with a lower rate 

best puncturing pattern. 

In another variation, a method of rate-compatible Turbo 

encoding uses a set of rate-compatible Turbo Codes, the set 

optimized for code rate 1/4, comprising Turbo Codes with 

differing code rates and rate-compatible puncturing patterns. 

The method comprises: encoding a signal at a first and second 

encoder using a best rate 1/4 constituent code universal with 

higher and lower code rates, the first encoder and the second 

encoder each producing a respective plurality of parity bits 

for a data bit; puncturing the respective plurality of parity 

bits at each encoder with a higher rate best puncturing 

pattern; and puncturing the respective plurality of parity 

bits at each encoder with a lower rate best puncturing 

pattern. 

In another embodiment, an encoding system uses a set of 

rate-compatible Turbo Codes derived from a best universal rate 

1/2 constituent code, the set having compatible puncturing 

patterns, and comprises: a first and second encoder, each 

encoder comprising: a plurality of shift registers; a 

plurality of adders each adder coupled to a selected portion 

of the adders in a configuration corresponding to the best 

universal rate 1/2 constituent code; and a puncturer 

configured with the first and second encoder to puncture a 
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plurality of data outputs from each of the first and second 

encoder, the puncturing determined by a desired Turbo Code 

rate in accordance with the set of the compatible puncturing 

patterns. 

In a further variation, an encoding system uses a set of 

rate-compatible Turbo Codes derived from an optimal universal 

rate 1/3 constituent code, the rate compatible Turbo Codes 

having similar constituent codes and compatible puncturing 

patterns, and comprises: a first and second encoder, each 

encoder comprising: a plurality of shift registers; a 

plurality of adders, each of the adders coupled to a selected 

portion of the adders in a configuration corresponding to the 

rate 1/3 constituent code of; and a puncturer configured with 

the first and second encoder such to puncture a plurality of 

data outputs from the first and second encoder, the puncturing 

determined by a desired Turbo Code rate in accordance with the 

set of the compatible puncturing patterns. 

Yet another variation of the system uses a set of rate­

compatible Turbo Codes comprising Turbo Codes having a 

universal constituent code and rate-compatible puncturing 

patterns for different code rates, and comprises: a plurality 

of shift registers; a plurality of adders each adder coupled 

to a selected portion of the plurality of adders in a 

configuration corresponding to the universal constituent code; 

and a puncturer configured with the first and second encoder 

for puncturing a plurality of data outputs from the first and 

second encoder, the puncturing determined by a desired Turbo 

Code rate in accordance with the set of compatible puncturing 

patterns. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

PCT/US99/02995 

The above and other aspects, features and advantages of 

the present invention will be more apparent from the following 

more particular description thereof, presented in conjunction 

with the following drawings wherein: 

Figure 1 is a diagram of a code-division multiple-access 

(CDMA) digital cellular mobile radio system hardware; 

Figure 2 is a diagram of a CDMA digital cellular mobile 

radio system hardware which cah implement an embodiment of the 

present invention; 

Figure 3 is a functional block diagram of a Turbo Code 

encoder modified for use with the present invention; 

Figure 4 is a functional block diagram of a generic turbo 

decoder; 

Figures 5, 6, 7, 8 illustrate the Bit Error Rate (BER) 

performance against signal to noise ratio (SNR) for Turbo 

Code rates 1/2 and rate 1/3 at Interleaver sizes 1000, 512 and 

1024 bits when the Turbo Codes use a candidate constituent 

code represented by d(D) and n(D); 

Figure 9 illustrates the puncturing schemes studied for 

optimizing the rate 1/4 Turbo Codes; 

Figures 10, 11, 12 illustrate the BER/FER performance of 

Constituent Codes #1-3 at a frame size of 512 bits; 

Figure 13 illustrates the BER/FER performance of 

Constituent Code #1, wherein Constituent Code #1 is at a frame 

size of 1024 bits, and with consistent results found at sizes 

2048 and 3072 bits, respectively; 

Figure 14 illustrates the BER/FER performance of selected 

rate 1/4 Turbo Codes at frame size 512, with consistent 

results found at sizes 1024, 2048 and 3072 bits, respectively; 
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Figure 15 is a comparison of preferred Turbo Code B 

against other puncturing schemes at frame size 512 bits; 

Figure 16 is a lay-out of candidate puncturing patterns 

for Turbo Codes of rate 1/3 and 1/2 when the constituent codes 

have rate 1/3; 

Figure 17 illustrates a comparison of rate 1/3 puncturing 

schemes at frame size 512 bits; 

Figure 18 illustrates rate 1/2 puncturing schemes at 

frame size 512 bits, with consistent results found at 1024, 

2048 and 3072 bits, respectively; 

Figure 19 illustrates a block diagram of a preferred 

universal constituent encoder for Turbo Codes optimized at 

code rate 1/2 and rate 1/3 of varying Interleaver depths; 

Figure 20 is a functional block diagram for rate 1/4 

Turbo Codes optimized at code rate 1/2 and rate 1/3, including 

interleaving and puncturing, {rate 1/3, and rate 1/2 use 

analogous processing); 

Figure 21 illustrates puncturing patterns for rate 3/8 

Turbo Codes; 

Figure 22 illustrates rate 3/8 Turbo Codes optimized at 

code rate 1/2 and rate 1/3 at frame size 512 bits, wherein 

results are consistent at 1024, 2048 and 3072 bits, 

respectively; 

Figure 23 illustrates puncturing patterns for rate 4/9 

Turbo Codes; 

Figure 24 illustrates rate 4/9 Turbo Codes optimized code 

rate 1/2 and rate 1/3 using frame size 512 bits; 

Figure 25 is a functional block diagram of a preferred 

constituent encoder for a Turbo Codes optimized at code rate 

1/4; 
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Figure 26 illustrates a functional block diagram of a 

rate 1/4 Turbo Codes optimized at rate 1/4, including 

interleaving and puncturing, (rate 1/3 and rate 1/2 use 

analogous processing); 

Figure 27 illustrates puncturing patterns for rate 2/9 

Turbo Codes; 

Figure 28 illustrates rate 2/9 Turbo Codes optimized at 

code rate 1/4 using frame size 512 bits; 

Figure 29 illustrates initial puncturing patterns for 

rate 3/8 Turbo Codes; 

Figure 30 illustrates rate 3/8 Turbo Codes optimized at 

code rate 1/4 using frame size 512 bits; 

Figure 31 is a functional block diagram of a preferred 

universal constituent encoder for rate 1/2 and rate 1/3 Turbo 

Codes of varying Interleaver depths; and 

Figure 32 illustrates a performance comparison of rate 

1/4 FER-optimized Turbo Codes with convolutional codes, at 

frame size 512 bits, wherein results are consistent at 1024, 

2048 and 3072 bits. 

Appendix A is a compilation of figures collectively 

referred to herein as 'analogous' figures, curves or 

simulations or the equivalent. 

Corresponding reference characters indicate corresponding 

components through out several views of the drawings. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

The following description of the presently contemplated 

best mode of the invention is not to be taken in a limiting 

sense, but is made merely for the purpose of describing the 

general principles of the invention. The scope of the 

invention should be determined with reference to the claims. 
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There are two primary aspects of the current invention: 

1) forward error correction (FEC) schemes for data services 

based on specific 'universal' Turbo Codes demonstrated to 

provide near-optimal performance over a wide range of 

information block sizes and code rates; and 2) the method by 

which specific Turbo Codes having the above mentioned 

desirable properties can be designed. 

Turbo Codes are particularly well-suited to data 

applications because of their excellent error correction 

capabilities at low signal-to-noise (SNR) ratios and their 

flexibility in trading off bit error rate (BER) and frame 

error rate (FER) performance for processing delay. The data 

services under consideration in the hereinafter-described 

embodiments are consistent with third generation Code Division 

Multiple Access {CDMA) cellular mobile radio standards 

currently in development and are typically more delay-tolerant 

than low-rate voice services. 

The universal Turbo Codes specified herein (and the 

method of finding such codes), however, are also applicable 

to data services in other cellular mobile radio systems (e.g., 

the European Time-Division Multiple Access (TDMA) standard 

used in GSM) as well as other systems, such as satellite or 

other wireless communications systems. Several specific Turbo 

Codes are therefor identified that provide different 

optimizations regarding these requirements. 

be possible. 

Others would also 

In order to optimize the performance of Turbo Codes for 

data services, it is desirable to have a set of "universal" 

constituent codes that provide optimal or nearly optimal 

performance in conjunction with a variety of different 
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Interleaver depths and Turbo Code rates, thus avoiding 

tailoring each optimization of particular Turbo Codes. 

Referring first to Figure 1, an exemplary conventional 

digital cellular mobile radio system using Direct Sequence 

Code Division Multiple Access (CDMA) Mobile-station-to-base­

station (or reverse) link is shown using a convolutional 

encoder and a Viterbi decoder. This basic coding and 

interleaving can be applied, equally well, to other multiple 

access systems such as the Time Division Multiple Access 

(TDMA) used in a well-known GSM standard. 

Figure 1 also represents a base-station-to-mobile-station 

(or forward) .link in a cellular mobile radio system. At a 

transmitting system 100, the system comprises a segmentation 

processor 104 where user information bits from a data terminal 

equipment (not shown) are assembled into fixed length frames 

of N bits per frame 106 which are input to a convolutional 

encoder 108, (of rater). Convolutional encoder 108 is coupled 

to a synchronization and framing processor 104 which produces 

N/r code symbols 110 at an input of a Channel Interleaver 112 

coupled to the convolutional encoder 108. The channel 

interleaver 112 performs pseudo-random shuffling of code 

symbols 110 and outputs the code symbols 110 to a Spread 

Spectrum modulator 114 coupled to the channel interleaver 112. 

The Spread Spectrum modulator 114 uses a user specific 

Transmit PN-code generated by a PN converter 116 coupled to 

the Spread Spectrum modulator 114 to produce a spread spectrum 

signal carried on a RF carrier to a mobile RF transmitter 118. 

Mobile RF transmitter 118 is also coupled to the Spread 

Spectrum modulator 114, where a high power amplifier (not 

shown) coupled to a transmit antenna 120 radiates a signal to 

a base station. The techniques of spread spectrum modulation 
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and RF transmission are well known art to one familiar with 

spread spectrum communication systems. 

A signal from a mobile station (Amabile signal=) Amabile 

signal= received at a base station Receive antenna 122 is 

amplified in a Base RF receiver 124 and demodulated in a 

spread Spectrum demodulator 128 using th§ same PN-code used by 

the mobile RF transmitter 118 to de-spread the signal. The 

demodulated symbols are de-interleaved by a Channel De­

Interleaver 130 and input to a-Viterbi decoder 132. The 

decoded information bits are reconstructed into receive data 

blocks 136 and forwarded to the data terminal equipment at the 

receive end of the system. 

Referring next to Figure 2, a hardware system for a 

digital cellular mobile radio system is shown which implements 

an embodiment of the present invention. As before, a reverse 

link is illustrated although the same block diagram represents 

a forward link. Further, while the CDMA system is used as an 

example, one familiar with the art would consider the present 

invention applicable to other systems such as TDMA as well. 

Transmit data blocks 202 from data terminal equipment is 

segmented and framed at a Segmentation Processor 204 into 

fixed frame length and applied to a Turbo Code encoder 208. 

An output from the encoder 208 is fed to a Channel Interleaver 

212 to pseudo-randomize the code symbols. The Channel 

Interleaver 212 provides output to a Spread Spectrum Modulator 

214 which uses a user specific PN-code from a PN Generator 216 

to create a spread spectrum signal, carried on a RF carrier to 

a mobile RF transmitter 218. The channel interleaver 212 is 

distinguished from a Turbo Code interleaver (not shown) which 

is a component of the encoder 208. The mobile RF Transmitter 

218, coupled to a Transmit Antenna 220, uses a high power 
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amplifier (not shown) at the Transmit Antenna 220 to radiate 

the signal to the base station. 

A signal from the mobile station received at a base 

receive antenna 222 is amplified in a base RF receiver 224 and 

demodulated in a spread Spectrum demodulator 228, which uses 

the same PN-code as used by the mobile RF transmitter 218, to 

de-spread the signal. The demodulated symbols are de­

interleaved by the Channel DE-Interleaver 230, and input to 

the Turbo Code decoder 232. Decoded information bits from 

Turbo Code decoder 232 are reconstructed at a Reconstruction 

Processor 234 into receive data blocks 236 and forwarded to 

the data ter~inal equipment at the receive end. 

Referring to Figure 3, the basic structure of a Turbo 

Code is characterized by the parallel concatenation of two 

simpler constituent codes at encoder #1 306 and encoder #2 

308. Both constituent encoders, i.e., encoder #1 306 and 

encoder #2 308 process the same information bit stream 302, 

but the encoder #2 308 processes information bits 302 in a 

different order than the order in which encoder #1 306 

processes the information bits 302, since the Interleaver 304 

reorders the information bits in a pseudo-random manner before 

they reach encoder #2 308 (the constituent encoder 308) This 

arrangement reduces the likelihood that a sequence of 

information bits 302 causing encoder #1 306 to produce a low­

Hamming weight output 310 would also cause encoder #2 308 to 

do the same with its output 314, which makes possible the 

excellent performance of Turbo Codes. 

Both encoders 306, 308 produce, in addition to the 

information bits 302 (also referred to as systematic bits 

302), parity bits 310, 314 which are punctured by puncturer 
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312 to achieve a desired overall Turbo Code rate. It is also 

possible to puncture systematic bits. 

The constituent codes of a Turbo Code are usually 

systematic, recursive convolutional codes. The simplest and 

most widely known recursive convolutional codes have rate 1/2 

and transfer function: 

G(D) = [1, n(D)/d(D)], 

where n(D) and d(D) are binary polynomials specifying the 

feed forward and feedback connections of the encoder, 

respectively .. 

The rate of a Turbo Code is changed by changing the 

selection of output bits 310, 314 for puncturing or 

transmitting. In all the cases herein, a "1" indicates 

transmitting; a "O" indicates puncturing. 

Figure 3 also shows how two possible puncturing patterns 

result from puncturer 312. Alternately puncturing the parity 

bits between encoder 306 and 308 result in a Turbo Code rate 

r=l/2. Transmitting all of the parity bits at the two 

encoders 306, 308 produce a code rate r=l/3. 

It is not possible to achieve lower Turbo Code rates 

lower than 1/3 without either increasing the number of 

constituent encoders or increasing the number of output parity 

bits per constituent encoder. The latter is usually preferred 

in order to reduce implementation complexity. In this case, 

one considers a rate 1/3 systematic, recursive convolutional 

code with transfer function: 

G (D) [ 1, n 1 ( D) / d ( D) , n2 ( D) / d ( D) ] . 
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Using two such constituent codes provides any Turbo Code 

rate between 1/5 and 1 through puncturing, or deleting. 

Turbo Codes are decoded using iterative decoding methods 

as shown in the block diagram of Figure 4. 

Each of the constituent codes are decoded separately 

using likelihood estimates of the other constituent decoder 

406 or 416 as 'a priori' information. The constituent decoder 

406, 416 must be of a soft-input/soft-output type, such as the 

Maximum A Posteriori (MAP) algorithm, the sub-optimal Soft­

Output Viterbi Algorithm (SOVA), or variations. After both 

constituent decoders have processed the data, the process can 

be repeated .. 

In practice, the turbo decoders 406, 416 are usually 

limited to a fixed number of iterations consistent with the 

implementation complexity and performance objectives of the 

system. 

Figure 4 is a general block diagram of a turbo decoder. 

Soft information regarding the information bits 404, parity 

bits for the first encoder 402, and parity bits of the second 

encoder 402' are received from the demodulator. First, a 

first decoder 406 uses received information bits 404 and 

received parity bits 402 to produce a soft decision 408 on 

information bits. The soft decision 408 is interleaved by an 

interleaver 412, the output of which is soft decision 414. 

Soft decision 414 is fed to a second decoder 416 as a priori 

information. 

The second decoder 416 accepts the soft decision 414 

described above and produces an improved soft decision 420 on 

information bits which are then interleaved by an interleaver 

422 and fed to the first decoder 406 as a priori information. 

The whole process is repeated as many times as desired. 
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Final output 420 is obtained by making hard decisions or the 

soft decisions out of the first or second decoder. 

In accordance with the present invention, a single mother 

Turbo Code and various puncturing patterns are sought to 

derive uniformly good codes for various code rates and 

information block sizes. 

A methodology for determining universal constituent codes 

is developed by first limiting the initial pool of possible 

universal constituent codes in accordance with trade-off 

studies between performance and implementation complexity. In 

accordance with the present invention, performance studies 

using different state codes have shown that eight-state 

constituent codes provide a good performance trade-off. 

Universal constituent codes are first optimized 

according to the primary code rate of the targeted 

application. For example, in the case of CDMA data 

communications, separate optimizations can be done for the 

forward and reverse links since the reverse links usually 

requires lower code rates for higher coding gain. 

The following steps, more fully described below, are used 

to produce Turbo Codes optimized for rate 1/2 and 1/3: 

1) select candidate systematic rate 1/2 constituent 

encoders with transfer function of the form 

G(D) = [1, n(D)/d(D) ], where d(D) is a primitive polynomial 

and n(D) starts with 1 and ends with D3
; 

2} determine a Turbo Code rate 1/2 and rate 1/3 test 

puncturing pattern to apply to output data encoded by two rate 

1/2 constituent encoders; 

3) form all possible rate 1/2 and 1/3 Turbo Codes by 

combining each rate 1/2 constituent code pair with the test 

patterns; 
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4) evaluate a relative BER performance of all possible 

rate 1/2 and 1/3 Turbo Codes at a fixed Interleaver length; 

5) select from the group of mother pairs, a subgroup of 

candidate pairs for building optimized Turbo Codes based upon 

a best overall BER performance; 

6) evaluate another relative BER performance of a Turbo 

Code group comprising the subgroup of candidate pairs 

punctured with the rate 1/2 and rate 1/3 puncturing patterns 

at a plurality of other Interleaver depths; 

7) select from the Turbo Code group, a universal code 

pair which has another best overall relative BER for the 

Interleaver ~epths; and 

8) encode data with a rate 1/2 or rate 1/3 Turbo Code 

comprising the selected universal code pair, at a first and a 

second encoder, the encoders similar, and an Interleaver 

feeding bits into the second encoder, wherein the bits are 

ordered differently before entering each encoder. 

Once generated, best Turbo Codes of lower rates such as 

1/4, which are compatible with the rate 1/2 and 1/3 Turbo 

Codes determined by the above steps, can also be determined. 

Rate 1/2 Constituent Codes 

The following describes how rate 1/2 constituent codes 

are determined in one embodiment. 

First, a list of candidate eight-state, rate 1/2 

constituent code polynomials are determined. 

Table 1 lists the determined denominator polynomials d(D) 

and numerator polynomials n(D) in octal notation. There are 

twelve constituent code candidates considered for initial 

screening purposes. 
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Table 1. Candidate 8-State Constituent 
Encoders of Rate 1/2 

Denominator Numerator 
Polynomial Polynomial 

d (D) n(D} 
(octal notation) (octal 

notation) 

.., .., .., .... 

.., .., .., .... 

.., .., .., ~ 

.., .... .., .., 

.., .... .., .... 

.., .... .., ...., 

., .... ., ., 

.., .... .., ...., 

.., .... .., ...., 

.., ~ -, -, 

.., ...., .., ---

.., ...., ., .... 

PCT /US99/02995 

Each of the twelve (12) polynomials is expressed in octal 

form in Table 1, and has a corresponding binary and polynomial 

notation. The binary equivalent, for example of octal 13, is 

binary 1011. Binary 1011 corresponds to a polynomial 

d (D) 

Next, the candidate Turbo Codes are simulated with an 

interleaver size of 1000 bits and three decoder iterations. 

The preliminary screening, which results are shown in Figure 5 

and Figure 6, evaluates the Bit Error Rate (BER) versus Ebi/No 

performance of all candidate Turbo Codes of rate 1/2 and rate 

1/3 as it is described above. Measurement of Ebi/No is 

equivalent to a relative SNR. 

The results of Figure 5 and Figure 6 are used to select 

six (6) code polynomial pairs. The six (6) candidate 
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universal code pairs, d(D}-n(D), are shown in octal 

representation on the left hand side of Table 2 below. 

Next, a corresponding performance of the eight-state 

Turbo Codes, using simulated data with the candidate universal 

codes at each rate and Interleaver depth, is used to construct 

Table 2. A sample performance study or simulation is shown in 

Figures 7 and 8 showing selected Turbo Codes at an Interleaver 

depth of 512 bits for rate 1/2 and rate 1/3. 

Table 2 below shows the approximate SNR loss for 

simulated data due to using a non-optimized code at rates 1/2 

and 1/3 and Interleaver depths of 512, 1024, 2048, and 3072 

bits. 

Table 2. Approximate SNR Loss due to Use of 
Non-Optimized Codes 

Candidate Turbo Code Rate & Frame Size (bits) 
"Universal" 

Code: 1/2& 1/2& 1/2& 1/2 & 1/3 & 1/3 & 1/3 & J/3 & 
d(D)-n(D) 512 1024 2048 3072 512 1024 2048 3072 

15-13 0.005 0.00 0.00 0.05 O.lO 0.05 0.05 0.10 
dB dB dB dB dB dB dB dB 

13-15 0.00 0.00 0.00 0.00 0.05 0.05 0.05 0.05 
dB dB dB dB dB dB dB 

15-17 0.05 0.05 0.00 0.05 0.05 0.05 0.00 0.10 
dB dB dB dB dB dB dB dB 

17-15 0.40 0.50 0.00 0.00 0.05 0.00 
dB dB dB dB dB dB 

17-13 0.40 0.50 0.00 0.00 db 000 0.00 
dB dB dB dB dB 

13-17 0.05 0.05 0.05 0.00 0.00 0.10 0.00 0.10 
dB dB dB dB dB dB dB dB 

In a similar simulation using sixteen-state codes, pairs 

denoted as 31-33 and 31-27 are also shown in sample Figures 7 

and 8 using four (4) decoder iterations for each sixteen-state 

code in order to provide similar complexity comparison with 

the eight-state codes using eight (8) decoder iterations. 
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Eight-state codes with eight iterations out perform sixteen 

state codes with four iterations significantly. 

With separate simulations, the difference in performance 

amongst the different interleavers using the above six (6) 

candidate pairs is observed to be within 0.05 dB. 

Finally, the results of Table 2 show that the following 

rate 1/2 constituent code pair provides the best overall 

performance across the ranges of rates and Interleaver sizes 

studied: 

d(D)=l+D2 +D 3
; n(D)=l+D+03, 

which represents octal 13 and octal 15 respectively. 

In each tabulated case, the performance of Codes 13-15 is 

within 0.05 dB to the best performing code for that rate and 

Interleaver size. 

This constituent code is thus selected as the basis for 

Turbo Code designs where higher code rates such as 1/2 and 1/3 

are dominant. 

Rate 1/3 Constituent Code 

The following describes how rate 1/3 constituent codes 

are determined. Similar to the rate 1/2 constituent codes, 

rate 1/3 constituent code candidates are identified in Table 3 

below for building near optimal Turbo Code rates of 1/4 and 

1/5. For this case, the constituent code candidates for a 

Turbo Code must have three (3) polynomials instead of two (2) 

Table 3. Candidate Constituent Codes for Optimized 
Lower-Rate Turbo Codes 

CC#! CC#2 CC#3 
(Octal 13- I 5/17) (Octal l 5-13/17) (Octal 17-13/15) 
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d(D}=l+D-+D' d(D}=l+D+D' d(D)=l+D+D1+D3 

(Octal 13) (Octal 15) (Octal 17) 

n ,(D}=l+D+D3 n1(D}= I +D'+D3 n,(D}=l+D'+D3 

(Octal 15) {Octal 13) (Octal 13) 

n, (D)= l+D+D2+0 3 n,(D)=l+D+D'+D' n,(D}=l+D+D' 
(Octal 17) (Octal 17) (Octal 15) 

Optimal Rate 1/4 Turbo Codes 

In order to build an overall rate 1/4 Turbo Code, various 

puncturing schemes must be considered in combination with each 

constituent codes of Table 3. 

The various puncturing schemes of Figure 9 are first 

considered. For a rate 1/4 code, a common input information 

bit or systematic bit, is transmitted by one encoder, along 

with three (3) of four (4) parity bits produced for that input 

bit, by the two encoders. 

The puncturing patterns of Figure 9, namely 910, 920, 930 

and 940 are selected based upon the previously mentioned 

design principles, to meet stipulated code rates. 

Next, each of the three (3) code triads of Table 3 is 

combined with the four (4) puncturing patterns 910, 920, 930 

and 940, of Figure 9 to produce twelve (12) possible Turbo 

Codes to be evaluated with simulated data shown in Figure 10 

through 12 for a fixed Interleaver depth of 512, for example. 

Next, the performance of the twelve (12) Turbo Codes 

above is used to select three (3) best Turbo Code candidates 

for a more detailed evaluation. Based on the simulation 

results shown in Figures 10 through 12, the three (3) best 

Turbo Code candidates from the twelve (12) are: 

Turbo Code A - Constituent Code No. 1 with 

puncturing Pattern No. 2; 

Turbo Code B - Constituent Code No. 2 with 

puncturing Pattern No. l; and 
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Turbo Code C - Constituent Code No. 3 with 

puncturing Pattern No. 1. (Puncturing patterns are 

selected from Figure 9, Patterns 910, 920, 930 and 

940) . 

One of the Turbo Codes of Codes A through C is next 

selected for further evaluation using simulated data at 

various additional Interleaver frame sizes to verify that the 

puncturing patterns are also good at other Interleaver depths. 

To confirm the basic methodology, the performance of a 

Turbo Code based upon Constituent Code No. 1 (for example) is 

simulated for frame sizes of 1024, 2048 and 3072 bits. Sample 

results for BER/FER performance of Code #1 at 1024 bits is 

shown in Figure 13 and confirms the basic methodology. 

Next, Figure 14 shows the BER/FER performance of 

simulated data using the three rate 1/4 Turbo Code Candidates 

A through Cat an Interleaver depth of 512 bits. Consistent 

results are also achieved at Interleaver sizes 1024, 2048 and 

3072 bits. 

Next, a rate 1/4 Turbo Code candidate is selected from 

Candidate Turbo Codes A through C which provides the best 

overall performance at all Interleaver depths, in the 

simulation resulting in Figure 14 and analogous figures, such 

as those depicted in Appendix A. In the case of the rate 1/4 

Turbo Code, optimization based on BER performance gives a 

different result than optimization based on FER performance. 

Turbo Code B has the best overall FER performance and Turbo 

Code C the best overall BER performance, for the simulated 

data. Figure 15 shows the performance of Turbo Code Bas 

compared to other puncturing schemes. 

Thus, FER optimized Turbo Code Bis selected as the basis 

for the design since FER performance is usually the more 

SUBSTITUTE SHEET (RULE 26) 

IPR2023-01272 Page 161



WO 00/48353 PCT/US99/02995 
-23-

important criteria for data services. On the other hand, 

Turbo Code A can be punctured to give the same universal Turbo 

Code identified previously as optimal for rate 1/3 (by 

puncturing all parity bits from the n2 (D) polynomial). Hence, 

Turbo Code A is the preferred choice for the forward link rate 

1/4 codes in order to have a single universal mother code to 

implement all of the different code rates. 

Although current third generation CDMA encoding primarily 

concerns rate 1/4 channel encoding on the reverse link, rate 

1/3 and rate 1/2 channel coding may be required for some of 

the highest rate data channels. A universal Turbo Code for 

rate 1/4, rate 1/3 and rate 1/2 can be designed, wherein the 

underlying constituent code is the same and only the 

puncturing pattern used is different. The method for 

generating the higher rate Turbo Codes from the rate 1/3 

constituent code follows. 

Rate 1/3 Turbo Codes Optimized at Rate 1/4 

Using the constituent codes derived from the rate 1/4 

optimized Turbo Codes above, namely Turbo Code B, the rate 1/3 

and rate 1/2 Turbo Code can be designed to be compatible 

thereto. Thus, Constituent Code No. 2 (from Code B) is used 

as the basis. 

Figure 16 shows seven (7) basic puncturing patterns that 

can be used to produce a rate 1/3 Turbo Code and four (4) 

basic puncturing patterns to produce a rate 1/2 Turbo Code. 

The seven (7) rate 1/3 patterns, 1602 through 1614 in block 

diagram 1600, show the consecutive information puncturing bit 

patterns, 1620, 1626, and the four (4) corresponding row 

parity bit puncturing patterns 1622, 1624, 1628, and 1630, for 

the two (2) encoder puncturing block patterns 1616 and 1618. 
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As before, the pattern "1111" shown in row 1620 always 

transmits all the information bits from encoder 1. The 

pattern "0000" of row 1626, always punctures the information 

bits that enter by encoder No. 2. This is because it is not 

necessary to transmit the information bit twice. The four (4) 

rate 1/2 puncturing patterns, 1 through 4, identified in 

Figure 16 as element numbers 1640, 1642, 1644, and 1646, 

follow the same notation. 

Next, in Figure 17 the BER and FER performance of all 

possible rate 1/3 Turbo Codes simulated with the preferred 

Constituent Code No. 2 at an Interleaver depth 512 are 

compared. 

Then the two (2) best patterns are selected for further 

consideration. Next, the performance of these two (2) 

patterns are compared at further Interleaver depths 1024, 2048 

and 3078 bits. 

In Figure 17, for example, showing the rate 1/3 

puncturing patterns at 512 bits, Patterns 2 and 5 are selected 

based upon curves 1710 and 1720, as having the best and next 

best overall relative FER, respectively. 

Pattern 2 is then selected as the best performer over the 

various Interleaver depths from further simulations analogous 

to that of Figure 17 at additional Interleaver sizes for 1024, 

2048 and 3072 bits. 

Rate 1/2 Turbo Codes Optimized at Rate 1/4 

Rate 1/2 Codes can also be optimized at lower rate codes 

fer similar compatibility as described above. Figure 18 

compares the BER and FER simulated performance of all the rate 

1/2 Turbo Codes at an Interleaver depth of 512 bits. Figure 

18 is generated using Constituent Code No. 2 and the four (4) 
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puncturing patterns shown in Figure 16 for a rate 1/2 Turbo 

Code. Patterns 1 and 4 are determined to be the best based 

upon simulated curves 1810 and 1820 for FER performance. 

As in the rate 1/3 case optimized at rate 1/4, similar 

simulation curves to Figure 18 are done for Patterns 1 and 4 

for Interleaver depths of 1024, 2048 and 3072 bits. Based 

upon the resulting performance/curves Pattern 1 is judged to 

be the best pattern for FER performance. 
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Preferred Universal Turbo Codes Optimized for Rate 1/2 and 1/3 

Figure 19 shows a block diagram for the constituent 

encoder optimized in accordance with the previously described 

method for Turbo Code rates 1/2 and 1/3. Figure 20 shows the 

block diagram for the corresponding Turbo Code punctured to 

rate 1/4. 

Information bit stream X(t) 1902 is received at a switch 

1922, and is processed in accordance with several modular 

adders 1904, 1908, 1920, 1910, 1914, 1918, 1919, and several 

shift registers 1906, 1912 and 1916 which are hard-wired to 

represent two (2) numerator polynomials and one denominator 

polynomial. 

In Figure 19, the denominator polynomial d(D), 

represented in octal 13, is hardwired by the return feedback 

connection to modular adder 1920 and 1904. Before computing, 

three shift registers 1906, 1912 and 1916 are first zeroed. 

A first numerator polynomial over a denominator 

polynomial, represented by "1101" is hardwired to return 

output Yo(t) by combining: X(t) 1992 with a result of modulator 

adder 1920 to create a first bit W(t); the modular sum (second 

bit) of shift register 1906 and W{t) from the modular adder 

1908; another zero bit (third bit} indicated by the lack of 

connection to the register 1912; and the modular sum (fourth 

bit) of another register 1916 and a result of modular adder 

1908 from modular adder 1998. The result is Y0 (t)=W(t)+S 0 (t)+ 

S2 ( t) 

In Figure 19 a second numerator polynomial over a 

denominator polynomial, represented by "1111", is hardwired to 

return output Y1(t) by combining: X{t) 1902 with a result of 

adder 1920 to create a first bit W{t); adding contents of a 

further register 1906 to W(t) with the contents of the modular 
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adder 1910 (second bit); adding contents of the register 1912 

a result of adder 1710 with the modular adder 1914 (third 

bit); and adding contents of the other register 1916 to a 

result of adder 1914 with modular adder 1919 (fourth bit). 

The result is Yi(t) =W (t) +S 0 (t) +Si(t) +S2 (t). 

In Figure 19, the denominator polynomial connections sum 

the result of the register 1912 with register 1916 at adder 

1920 and then adds it to X(t) 1902 at adder 1904. Thus, if 

modular adder 1904 is the value W(t), register 1906 holds 

S0 (t), register 1912 holds S1(t) and register 1916 holds S2 (t), 

and adder 1904 produces W(t)=X(t)+S1(t)+S2(t); 

Yo (t) =W (t) +So (t) +S2 (t); and Y1 (t) = W (t) +So (t) +S1 (t) +S2 (t) Thus, 

the adding is cumulative. 

The result of a modular adder is a "l" if the two bits 

are different, and a "O" if the two bits are the same. Output 

Y0 (t) represents the output from numerator Polynomial No. 1 and 

the denominator polynomial. Output Y1(t) represents numerator 

Polynomial No. 2 and denominator polynomial. 

Initially, S0=S 1=S2=0 and the values of the registers 

1906, 1912, 1916 are shifted from left to right after each 

clock cycle increment. 

S2(t+l)=S1(t). 

Thus, So(t+l)=W(t); S1 (t+l) =So(t), and 

The optimal puncturing matrices, shown in Figure 20, for 

example, shows a "l" for transmitted bits and a "0" for 

punctured bits. Exemplary Figure 20 shows encoder 2000 with 

incoming bit X(t) and Interleaver 2002 passing interleaved 

bits X (t) to encoder 2006 to produce output bit x· (t) and 

parity bits Y/(t), and Y/(t). None of the interleaved bits 

x'(t) are processed in the rate 1/4 encoder 2004, only in the 

second rate 1/4 encoder 2006. Block 2010 shows the puncturing 

pattern matrices. 
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More complicated puncturing patterns can be used to 

achieve other possible coding rates. For example, it is 

possible to select optimal puncturing patterns to achieve rate 

3/8 and 4/9 for Turbo Codes optimized at rates 1/2 and 1/3; 

and to achieve rates 2/9 and 3/8 for Turbo Codes optimized at 

rate 1/4 using the preferred Turbo Codes identified in the 

invention. 

Similar to Figure 9 the block diagram for an optimal 

Turbo Code rate 3/8 uses the rate 1/3 mother constituent code 

of Figure 20. The encoder for the constituent code of Figure 

20 is shown in Figure 19. The puncturing pattern of the rate 

3/8 Turbo Codes shown in Figure 21 punctures 1 out of every 6 

bits associated with the first numerator polynomial from both 

encoders to generate a rate 3/8 Turbo Code. 

The second pattern is a extension of the first pattern 

allowing both constituent encoders to have the same rate, 

namely 6/11. The extension pattern duplicates the same 

pattern (matrix) for another three (3) bits but moves the 

location of one transmission bit from one encoder to another, 

essentially flipping a "1" in one encoder while flipping a "0" 

in another encoder at the analogous locations. 

Figure 22 shows the performance of these patterns at an 

Interleaver depth of 512 bits. Based on these and analogous 

curves at 1024, 2048 and 3072 Interleaver depths, Pattern 2 is 

chosen to implement the rate 3/8 Turbo Codes. 

Figure 23 shows the puncturing patterns selected for rate 

4/9 Turbo Codes used with the mother of codes of Figure 20. 

Similarly, the second pattern is an extension of the first, 

which allows both constituent encodes to have the same rate, 

namely 8/13. 
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Figure 24 shows the corresponding performance curves. 

Pattern 2 is chosen to implement the rate 4/9 Turbo Codes. 

Thus, one exemplary Turbo Code design, optimized for 

Turbo Code rates 1/2 and 1/3, and universal for all 

Interleaver depths, has the preferred generator polynomials 

n1 (D) =l+D=D\ 

The preferred puncturing patterns for various code rates 

are: 

1) Rate 1/4 - alternately puncturing parity bits n 1 from 

one encoder and n2 from the same encoder; 

2) Rate 1/3 - puncturing parity bits n2 from both 

encoders; 

3) Rate 1/2 - puncturing parity bits n2 and alternately 

puncturing parity bits n 1 from both encoders; 

4) Rate 3/8 - puncturing parity bits n2 and one out of 

every 6 parity bits n1 from both encoders; and 

5) Rate 4/9 - puncture parity bits n2 and uniformly 3 out 

of every 8 parity bits n1 from both encoders. 

A simplified version of this code is the universal Turbo 

Code design consisting of two constituent encoders having 

generator polynomials d ( D) =l + D2 + D3 and N1 ( D) =l +D+D
3

• (The third 

polynomial n 2 (D) is not used, so the corresponding output is 

not generated and the encoder block diagram is simplified by 

removing the corresponding connections.) This universal Turbo 

Code design supports a minimum code rate equal to 1/3 (instead 

of 1/5). The corresponding preferred set of puncturing 

patterns are: 

1. Rate 1/3 - no puncturing 

2. Rate 1/2 - alternately puncturing parity bits 

nl from both encoders; 
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3. Rate 3/8 - puncturing one out of every 6 parity 

bits n1 from both encoders; and 

4. Rate 4/9 - puncturing uniformly 3 out of every 

8 parity bits nl from both encoders. 

Preferred Universal Turbo Codes Optimized for Code Rate 1/4 

The basic block diagram for a preferred constituent 

encoder is shown in Figure 25. 

Figure 26 is an encoder block diagram for the preferred 

rate 1/4 Turbo Code. In this case, the second parity bits are 

alternately punctured by the two constituent encoders. The 

preferred puncturing patterns described in earlier section can 

then be applied to produce rate 1/3 and rate 1/2 Turbo Codes. 

Other rates can also be supported by identifying further 

puncturing patterns. 

2/9 and 3/8. 

This is illustrated by considering rates 

Figure 27 shows the puncturing patterns for a 2/9 reverse 

link code. Three (3) different patterns are compared by 

performance curves in Figure 28 and analogous curves, such as 

those set forth, for example, in Appendix A, showing 

performance at various frame Interleaver sizes. From a 

Pattern 2 FER curve 2810 and analogous curves, Pattern No. 2 

is chosen as the optimal FER pattern for rate 2/9. 

Next, Figure 29 illustrates six (6) initial screening 

puncturing patterns for optimizing a rate 3/8 reverse link 

codes. The performance of these patterns is simulated at a 

fixed Interleaver length of 512 bits. Based on the 

simulation, Pattern 5 and Pattern 6, are chosen as the optimal 

puncturing patterns for further review. 

Two more extension Patterns 7 and 8 of the above Patterns 

5 and 6 duplicate the same patterns for another three 

SUBSTITUTE SHEET (RULE 26) 

IPR2023-01272 Page 169



WO 00/48353 PCT/US99/02995 
-31-

information bits, but move the location of one of the 

transmission bits in the parity sequence from one encoder 

pattern to another. The extension allows both constituent 

encoders to have the same rate, namely 6/11 at each encoder. 

Figure 30 shows exemplary performance curves of the above 

four (4) candidate puncturing Patterns 5, 6, 7 and 8 for rate 

3/8 Turbo Codes. Based on these results, a Pattern 8 FER 

curve 3010 and analogous curves such as those shown, for 

example, in Appendix A, demonstrate that Pattern 8 is the 

optimal puncturing pattern for rate 3/8 Turbo Codes. 

Thus, one preferred Universal Turbo Code design optimized 

for Rate 1/4 uses two constituent codes having polynomials 

d (D) =l+D+D3, n1=l+D2+D3 and n 2=l+D+D2+D 3
• 

The below puncturing patterns are associated optimized 

patterns as previously discussed for Turbo Code rate 1/4 and 

FER performance for most commonly used Turbo Code rates, where 

n 1 represents output bits associated with a first numerator 

polynomial, and n2 represents output bits associated with a 

second numerator polynomial: 

1) Rate 1/4 - alternately puncture parity bits n 2 from 

both constituent encoders. 

2) Rate 1/3 - puncture parity bits n 1 from both 

constituent encoders; 

3) Rate 1/2 - puncture parity bits n2 and every other 

parity bits n1 from both encoders; 

4) Rate 2/9 - puncture every one out of every four 

parity bits in n 1 from both encoders; and 

5) Rate 3/8 - puncture parity bits n1 and one out of 

every six parity bi ts n2. 
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These prefeired puncturing patterns can also be 

cyclically shifted without affecting performance. The 

cyclically shifted patterns are equivalent. 

Turbo Coding FEC Schemes for CDMA Data Services 

The set of preferred universal Turbo Codes described 

heretofore in this invention provide a suite of flexible high 

performance channel codes that are well suited for 

sophisticated data communication systems requiring a variety 

of low speed and high speed data services. This suite of 

preferred universal Turbo Codes allows the crafting of 

different Turbo encoding schemes to meet the specific 

requirements of particular data communication systems. 

As a first example, either of the following two FEC 

schemes is well-suited and recommended for a synchronous CDMA 

data communications network (such as the third generation CDMA 

2000 system currently under development): 

1) A preferred universal Turbo Code optimized at codes 

rates 1/2 and 1/3, along with a subset of associated preferred 

puncturing patterns, on a forward link; and a preferred 

universal Turbo Code optimized at code rate 1/4, along with a 

subset of the associated preferred puncturing patterns, on a 

reverse link; and 

2) The preferred universal Turbo Code optimized at code 

rates 1/2 and 1/3, along with a subset of associated preferred 

pu~cturing patterns, on both the forward and reverse links. 

As a second example, either of the following FEC schemes 

is well-suited and recommended for an asynchronous CDMA data 

co::rrnunications network (such as the third generation UTRA 

system currently in development in Europe and Asia): 

SUBSTITUTE SHEET (RULE 26) 

IPR2023-01272 Page 171



WO 00/48353 -33-
PCT /US99/02995 

1) The preferred universal Turbo Code optimized at code 

rates 1/2 and 1/3, described above, along with a subset of 

associated puncturing patterns, on both the forward and 

reverse links; 

2) The preferred universal Turbo Code optimized at code 

rate 1/4, described above, along with a subset of the 

associated preferred puncturing patterns, on both the forward 

and reverse links; and 

3) The simplified version of the universal Turbo Code, 

described above, along with a subset of the associated 

preferred puncturing patterns, on both the forward and reverse 

links; and 

The choice of which option to implement depends on the 

expected dominant code rate, minimum code rate, and 

implementation complexity constraints as well as other system 

requirements. Of course, additional puncturing patterns could 

be designed in accordance with the teachings of this invention 

to provide other Turbo Coding rates. 

Other Variations 

The universal Turbo Codes identified for high-speed data 

services are especially suitable for third generation CDMA 

cellular mobile radio systems but could be easily applied to 

other systems as well. 

Well known variations such as Frame Oriented 

Convolutional Turbo Coding (FOCTC) could also be used in 

conjunction with the preferred universal constituent codes and 

universal Turbo Codes of this invention. The design 

methodology for selecting universal constituent codes and 

universal Turbo Codes can also be applied to alternate Turbo 

Code structures such as those involving more than two 
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constituent encoders, and those involving serial 

concatenation instead of or in addition to parallel 

concatenation. 

The exemplary preferred puncturing patterns described 

herein can be refined or modified in various ways by those 

skilled in the art. For example, a cyclic shift of a 

preferred puncturing pattern offers substantially equivalent 

performance as the preferred puncturing pattern described 

herein. Furthermore, specific data communication systems may 

require different and additional puncturing patterns to 

support rate matching. These puncturing patterns may be 

designed in accordance with the teachings of the present 

invention. 

Sets of Rate-Compatib1e Universai Turbo Codes 

In accordance with the present invention, it is possible 

to provide sets of rate-compatible Turbo Codes that are 

uniformly optimal or nearly optimal over a AWGN channel for 

various code rates and various Interleaver depths by assuring 

that any given higher rate Turbo Code of a set transmits the 

same bit positions as transmitted by any other lower rate 

Turbo Code of a same set. 

In particular, one embodiment includes a set of rate­

compatible Turbo Codes at various code rates of 1/5, 1/4, 1/3 

and 1/2 and also at various Interleaver depths from 512 to 

3072 bits. 

Another preferred embodiment provides multiple sets of 

Turbo Codes optimized under different conditions allowing a 

system designer to trade off degree of universality (and thus, 

complexity) with performance and vice a versa. The selection 
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of sets of rate-compatible Turbo Codes is based upon the 

universal constituent encoder described herein below. 

The universal constituent encoder of the present 

invention provides optimal or nearly optimal performance over 

a large range of code rates and Interleaver depths. Different 

optimization criteria such as reverse link or forward link 

dominance and degree of universality, result in different sets 

of rate-compatible Turbo Codes. 

The sets of rate-compatible codes are especially well 

suited for use in hybrid ARQ schemes applied in satellite 

broadcast and telephony. 

Several preferred embodiments comprise different sets of 

rate-compatible codes based upon different universal 

constituent codes and different rate puncturing patterns 

optimized according to different design criteria. 

Consistent with general methodologies of the present 

invention, four (4) different preferred sets of rate­

compatible Turbo Codes are described herein. The first two 

(2) sets are optimized for high-rate Turbo Codes, wherein 

higher-rates dominate. The second two (2) sets are optimized 

for lower-rate codes, where lower-rates dominate. The sets 

are referred to herein as Sets A-D. 

The first preferred set is derived from a best universal 

constituent code of rate 1/2. 

The second set is derived from another best constituent 

code of rate 1/3 which is also compatible with the universal 

constituent code of rate 1/2. 

The first set, "Set A" has two generator polynomials 

while the second set, ''Set B" has three generator polynomials 

of which two are in common with "Set A". Thus, "Set B" is 

optimally compatible with "Set A", reducing the amount of 
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design changes for encoding and decoding. As before,- the 

third polynomial is necessary for the additional encoder 

parity bits of a rate 1/3 or lower Turbo Code. 

The second set, "Set B" includes "Set A" and also extends 

the family of Turbo Codes to rate 1/5 and higher. 

A third and fourth preferred set of rate- compatible 

Turbo Codes are optimized for lower-rates, in particular for 

rate 1/4. "Set C" and "Set D", respectively, also use three 

generator polynomials which are the same as those in "Set B", 

but in a different order. 

Rate-Compati~le Set Derived from Universal Constituent Codes 

of Rate 1/2: Set A (Rates 1/3, 1/2) 

From Table 2, it is determined that the rate 1/2 

constituent code providing the best overall performance is 

octal pair 13-15. Thus, this constituent code pair is used as 

the mother constituent code pair for Set A. 

Rate-compatible Set A comprises generator polynomials 

corresponding to octal pairs 13-15, wherein a denominator 

polynomial is l+D
2
+D

3 
(octal 13) and a numerator polynomial is 

l+D+D" (octal 15). 

The puncturing patterns are designed such that all bits 

transmitted by a rate of 1/2 code (or higher rate) of the set 

are also transmitted by a rate 1/3 code, or lower rate code of 

the set. 

Exemplary preferred patterns as demonstrated by 

simulations and design principles are: 

1) For rate 1/3 there is no puncturing; and 

2) For rate 1/2, the parity bits are alternately 

punctured between encoders. (Note that there is no second 

numerator polynomial encoding in this case.) 
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Figure 31 shows a block diagram for the Set A constituent 

encoder. In Figure 31, modular adders 3104, 3108 (connected 

to shift register 3106), and 3116 (connected to shift register 

3114) comprise the encoding apparatus for a numerator 

polynomial representing octal 15 or binary 1101. 

Modular adders 3104, 3108, 3112 and 3116 add the contents 

of shift registers 3106, 3110 and 3114 and X(t) in an 

analogous fashion as Figure 19. 

Simulated performances of the rate 1/2 Turbo Code and the 

rate 1/3 Turbo Code show that the eight-state convolutional 

codes designed herein (with 8 decoder iterations) have a 

performance ~ain (BER} of about 1.6 dB at rate 1/2 and about 

2.0 dB at rate 1/3 with respect to the best 256-state 

convolutional codes known, according to simulation data 

produced by the Applicant. 

Thus, the Turbo Codes of Set A compare favorably in 

performance to the best known 256-state convolutional codes, 

when simulated for the critical performance parameters. 

Rate-Compatible Set Derived from Universal Constituent Code of 

Rate 1/3: Set B (Rates 1/2, 1/3, 1/4, 1/5} 

As in the case of determining universal constituent codes 

of rate 1/3 an additional output numerator polynomial is 

required for the rate-compatible generator polynomials of "Set 

B" derived from the best constituent code of rate 1/3. 

Therefore, a second best individual rate 1/2 constituent 

code is chosen from Table 2. As before, this method results 

in two (2) octal pairs with an overlap. Both octal pairs, 

octal 13-15 and octal 13-17 provide uniformly excellent 

performance. Combining the two (2) pairs together 

provides three (3) generator polynomials, comprising the triad 
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octal 13-15/17. The denominator polynomial is 
~ J 

l+D-+D (octal 

13); the first numerator polynomial is l+D2 +D
3 

(octal 15}; and 

the second numerator polynomial is l+D+D2+0 3 (octal 17). The 

preferred design for Set B comprises these generator 

polynomials above for all Interleaver depths and for Turbo 

Code rates 1/2, 1/3, 1/4 and 1/5. 

In Set B the rate 1/3 and rate 1/2 Turbo Codes built from 

the rate 1/3 constituent encoder are the same 1/3 and 1/2 

Turbo Codes in Set A built from the universal rate 1/2 

constituent encoder, preserving the compatibility between Set 

A and Set B. 

The pun~turing patterns are designed such that all bits 

transmitted at any higher rate Turbo Code of Set Bare also 

transmitted at any lower code rate of Set B. 

Exemplary preferred patterns, as demonstrated by 

simulations and design principles, are: 

1) Rate 1/5 - no puncturing; 

2) Rate 1/4 - alternately puncture the second numerator 

parity bits, n2; 

3) Rate 1/3 - always puncture the second numerator parity 

bits, n2; and 

4) Rate 1/2 - always puncture the second numerator parity 

bits, n2 and alternately puncture the first numerator parity 

bits, n1. 

For the rate 1/4 pattern the weaker of the two (2) output 

arms of the constituent encoders are alternately punctured. 

For the rate 1/3 pattern, the weaker of the two (2) 

constituent encoder outputs is always punctured. 

For rate 1/2 the weaker of the two (2) constituent 

encoder outputs is always punctured for both encoders and the 

stronger output is alternately punctured. 
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Rate-Compatible Set Optimized for Lower Turbo Code Rates 

When higher code rates are the dominant modes Turbo Code 

Set Bis the preferred design choice when strict rate­

compatibility is required in all code rates. 

Turbo Code Set C and Set D, both optimized at the lower 

Turbo Code rates, are useful when rate-compatibility between 

lower rate and higher rate Turbo Codes is not necessary. 

The optimal Turbo Codes for rates 1/4 and 1/5 are 

selected based upon the candidate constituent codes listed in 

Table 3 which are selected based upon the results of Table 2 

as previously described above. 

Constituent Code No. 1 of Table 3, or octal 

13-15/17, is the basis for code Set A. However, disbanding 

the requirement that the rate 1/4 puncturing pattern be rate­

compatible with that of the rate 1/2 or 1/3 codes, in the 

event that lower rates are not used with higher rates, each 

three (3) mother Turbo Code triad of Table 3 is considered 

with each of four (4) different puncturing patterns to obtain 

a newly optimized 1/4 Turbo Code. 

As described before, Turbo Codes A, B, and Care found 

optimal from respective performance curves 1010, 1110 and 1210 

of Figures 10, 11 and 12 respectively. 

As before, these puncturing patterns are also verified at 

other Interleaver depths by simulating the performance of the 

Turbo Codes based on mother code triad No. 1 for additional 

other Interleaver frame sizes of 1024, 2048 and 3072. Figure 

13 shows a sample result of the simulation and confirms the 

basic methodology at 1024 bits. 

Next, Figure 14 shows a sample corresponding performance 

of the triads matched with the selected puncturing patterns at 
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512 bits. From Figure 14 and analogous results for other 

Interleaver sizes, the best overall BER performance at all 

simulated Interleaver depths are used as a final design 

criterion to determine the optimal candidate. 

Rate-Compatible Set Derived from Rate 1/4 Turbo Code: Set C 

(Rates 1/5, 1/4, 1/3) 

Turbo Code Set C implements Code No. 3 and Pattern No. 1 

(Turbo Code C) from Figure 9 in accordance with performance 

curve 1310 of Figure 14 and analogous curves for other 

Interleaver sizes. 

Turbo Code Set C comprises a generator polynomial from 

Table 3 including denominator polynomial l+D+D2 +D3, first 

numerator polynomial, 

polynomial n 2 , l+D+D2
• 

2 3 n1, l+D +D , and second numerator 

The optimal puncturing patterns from 

the simulation, as previously described and consistent with 

the methodology, are: 

1) 

2) 

For rate 1/5 - no puncturing; 

For rate 1/4 alternately puncturing the second 

numerator polynomial; and 

3) For rate 1/3 - always puncturing the second numerator 

polynomial. 

Rate-Compatible Set Derived from Rate 1/4 Turbo Code: Set D 

(Rates 1/5, 1/4) 

Turbo Code Set D comprises a single constituent code for 

all Interleaver depths and Turbo Code rates 1/4 and 1/5. 

Turbo Code Set D implements Code No. 1 with Pattern No. 2 

(Turbo Code A) from Figure No. 9 in accordance with 

performance curve 1420 of Figure 14 and analogous curves at 

other Interleaver sizes. 
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The set comprises generator polynomials including a 

denominator polynomial d, l+D+D3, a first numerator polynomial, 

ni, l+D2 +D2 and second numerator polynomial, n2, l+D+D2 +D3
• 

The optimal puncturing patterns from the simulation 

previously described and consistent with the methodology is: 

1) For rate 1/5 - no puncturing; and 

2) For rate 1/4 - alternately puncture output 1/2. 

Performance of the rate 1/4 FER optimized Turbo 

Code at selected Interleaver depths of 512 through 3072 bits 

are compared against convolutional codes in sample Figure 32 

and analogous studies. 

More complicated puncturing patterns may be used in 

convolutional coding to achieve any code rate greater than or 

equal to that of the base Turbo Code in each rate-compatible 

Set. 

For example, rates higher than 1/2 or intermediate rates 

such as 5/12 can be achieved. With the appropriate choice of 

puncturing patterns this can often be done in a rate­

compatible manner without sacrificing error correction 

performance. 

Applications of Rate-Compatible Turbo Codes 

An exemplary application of the rate-compatible turbo 

codes described herein is for rate matching in which the code 

rate is selected to match the payload of an available physical 

channel. In rate matching schemes, the data services use the 

same basic channel encoding but may not use the same physical 

channel, especially if the quality of service specifications 

are different for the different data services. 
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In accordance with the present invention, this is 

accomodated by selecting different puncturing patterns to 

produce the code rate compatible with the physical channel. 

If the puncturing patterns are rate-compatible, the selection 

of code rate does not have to be completed by single decision 

unit at a single point in time. Instead, the decision can be 

distributed in time as well as across decisioning units. The 

turbo encoder first produces the coded output sequence 

corresponding to the lowest code rate to be supported by the 

system. For example, all the possible parity bits might be 

output initially. Subsequently, an initial puncturing might 

be performed.by one puncturing unit in response to say 

quality-of-service (QoS) considerations for the given data 

service. In this scenario, the data service may permit a 

range of quality-of-service in which, for example, the highest 

quality within that range does not require the lowest possible 

code rate available in the system but some intermediate code 

rate, and the lowest quality within that range can allow an 

even higher code rate. The first puncturing unit removes 

coded bits in accordance with the puncturing pattern 

corresponding to the lowest rate in order to provide the 

highest quality within the data service's QoS range. The non­

punctured coded bits are output to the rest of the system for 

further processing. In the subsequent processing, a decision 

might be made to adjust the code rate higher for that message 

based on dynamic traffic management considerations. For 

example, a physical channel with smaller payload might be 

substituted, on a temporary as-needed basis, for the physical 

channel nominally associated with that data service in order 

to accomodate messages from a higher priority data service. 

The higher code rate is achieved by performing a second 
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puncturing in accordance with the puncturing pattern 

associated with the new code rate. Since the puncturing 

patterns are rate-compatible, it is not necessary to 

regenerate coded bits deleted by the first puncturing unit; 

the second puncturing unit simply deletes those bits speci=ied 

by the higher rate puncturing pattern that have not already 

been deleted by the first puncturing unit. 

A second exemplary application of the rate-compatible 

turbo codes described herein is for incremental redundancy 

schemes such as error control based on ARQ protocols. In 

these schemes, the turbo encoder first produces coded output 

corresponding to the highest code rate available in the 

system. When the coded output is transmitted across the 

communication channel, the receiver may or may not be able to 

successfully decode the message. If the message is not 

successfully decoded, the receiver typically sends a negative 

acknowledgement (NAK) back to the transmitter to request 

further transmissions to aide the decoding of that packet. 

With rate-compatible channel encoding, the extra encoded bits 

produced by one of the lower-rate compatible encodings for 

that packet can be sent to augment the information available 

to the decoder at the receiver. The decoder uses that new 

information along with the original information received for 

that packet to perform the decoding. The effect is as if the 

packet had been originally encoded with the lower rate code. 

This process can be repeated until the packet is successfully 

decoded. By only sending the excess coded bits each re­

transmission, the traffic loading required for re-transmission 

is significantly lowered. 
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While the invention herein disclosed has been described 

by means of specific embodiments and applications thereof 

numerous modifications in variations could be made thereto by 

a skilled artisan and without departing from the scope of the 

invention set forth in the claims. 
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Generic Turbo Code Encoder Block Diagram 
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The criterion for designing a good convolutional code i·s different from the conventional approach of maximizing 
minimum Hamming distance, when the convolutional code is used as a constituent code in mrbo codes. In this case. 
the systematic, recursive convolutional code should be designed [ l] so as to maximize the minimum parity weight 
corresponding to information sequences of weight two that cnuse the trellis diverge from the zero state nnd later 
remerge to it. 

Due to the nature of the Turbo code construction, t!1is design criterion depends in an essential way on the Turbo 
code's interleaver and puncturing scheme, thus requiring that the optimization be done for a specific interleaver 
depth and code rate. In the next section, we look at designing· "universal" constituent codes that provides optimal 
or nearly optimal performance in conjunction with a variety of different interleaver depths and Turbo code rates. 

Search for "Universal" Constituent Codes 
In searching for universal constituent codes, we limit ourselves to &-state constituent codes, since i-,rev1~us work has 
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CLAIMS 

PCT/US99/02995 

1. A method of processing data in data services with a 

set of rate-compatible Turbo Codes optimized at high code 

rates and derived from a universal constituent code, the 

Turbo Codes having compatible puncturing patterns, the method 

comprising the steps of: 

encoding a signal at a first and second encoder 

using a best rate 1/2 constituent code universal with higher 

and lower code rates, the first encoder and the second encoder 

each produci~g a respective plurality of parity bits for a 

data bit; 

puncturing the respective plurality of parity bits 

at each encoder with a higher rate best puncturing pattern; 

and 

puncturing the respective plurality of parity bits 

at each encoder with a lower rate best puncturing pattern. 

2. The method of Claim 1 wherein the best rate 1/2 

constituent code represents a concatenation of polynomial 

l+D2 +D 3 (octal 13) and polynomial l+D+D 3 (octal 15), D a data 

bit. 

3. The method of Claim 2 wherein one of the rate­

compatible Turbo Codes in the set comprises a rate 1/2 Turbo 

Code and further wherein one of the puncturings comprises 

alternately puncturing parity bits between the first and the 

second encoder. 
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4. The method of Claim 2 wherein one of the rate­

compatible Turbo Codes in the set comprises a rate 1/3 Turbo 

Code and further wherein one of the puncturings comprises 

transmitting all the parity bits at the first and second 

encoder. 

5. A method of processing data in data services using a 

set of rate-compatible Turbo Codes derived from an optimal 

universal rate 1/3 constituent code, the Turbo Codes having 

similar constituent codes and compatible puncturing patterns, 

the method comprising: 

encoding a signal with a best rate 1/3 constituent 

code at a first and a second encoder, each encoder producing a 

respective plurality of parity bits for each data bit; 

puncturing the plurality of parity bits with the a 

higher rate best puncturing pattern; and 

puncturing the plurality of parity bits with a lower 

rate best puncturing pattern. 

6. The method of Claim 5 wherein the best rate 1/3 

constituent code represents a concatenation of polynomial 

l+D::+D3, (octal 13), polynomial l+D+D 3 (Octal 15), and 

polynomial l+D+D2 +D 3 (octal 17), D a data bit. 

7. The method of Claim 5 wherein the set of Turbo Codes 

comprises a rate 1/5 Turbo Code wherein at least one of the 

steps of puncturings comprises transmitting all the parity 

bits at the first and the second encoders. 
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8. The method of Claim 5 wherein the set of Turbo Codes 

comprises a rate 1/4 Turbo Code wherein at least one of the 

puncturings comprises: 

alternately puncturing a select group of the 

plurality of parity bits between the first and the second 

encoder. 

9. The method of Claim 5 wherein the set of Turbo Codes 

comprises a rate 1/3 Turbo Code wherein at least one of the 

puncturings comprises: 

puncturing a select group of the plurality of parity 

bits at the first and the second encoder. 

10. The method of Claim 5 wherein the set of Turbo Codes 

comprises a rate 1/2 Turbo Code and further wherein at least 

one of the puncturings comprises: 

puncturing at the encoders a select group of the 

plurality of parity bits and alternately puncturing at the 

encoders another select group of the plurality of parity 

bits. 

11. A method of rate-compatible Turbo encoding using a 

set of rate-compatible Turbo Codes, the set optimized for code 

rate 1/4, and comprising Turbo Codes with differing code rates 

and rate-compatible puncturing patterns, the method comprising 

the steps of: 

encoding a signal at a first and second encoder 

using a best rate 1/4 constituent code universal with higher 

and lower code rates, the first encoder and the second encoder 

each producing a respective plurality of parity bits for a 

data bit; 

SUBSTITUTE SHEET (RULE 26) 

IPR2023-01272 Page 279



WO 00/48353 PCT/US99/02995 
-141-

puncturing the respective plurality of parity bits 

at each encoder with a higher rate best puncturing pattern; 

and 

puncturing the respective plurality of parity bits 

at each encoder with a lower rate best puncturing pattern. 

12. The method of Claim 11 wherein the set of rate­

compatible Turbo Codes represent a concatenation of 

polynomials l+D+D3, l+D2 +03, and l+D+D3, D a data bit, and 

wherein an associated rate-compatible puncturing pattern is 

selected from a group of patterns including: 

transmitting all data; 

alternately puncturing parity bits associated with 

polynomial l+D+D 3
; and 

puncturing parity bits associated with polynomial 

l+D+D 3 for each encoder. 

13. The method of Claim 11 wherein the set of rate­

compatible Turbo Codes comprise two or more Turbo Codes of 

differing rates selected from a group of rates including 1/5 

and 1/4, the Turbo Codes representing a concatenation of 

polynomials l+O+D3, l+D2 +03, and l+D+02 +0 3
, 0 a data bit, and 

wherein an associated rate-compatible puncturing pattern is 

selected from the group of patterns including: 

transmitting all data; and 

alternately puncturing parity bits associated with 

polynomial l+D+o=+o 3
• 

14. An encoding system using a set of rate-compatible 

Turbo Codes derived from a best universal rate 1/2 constituent 
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code, the set having compatible puncturing patterns, the 

system comprising: 

a first and second encoder, each encoder comprising: 

a plurality of shift registers; 

a plurality of adders each adder coupled to a 

selected portion of the adders in a configuration 

corresponding to the best universal rate 1/2 constituent code; 

and 

a puncturer configured with the first and second 

encoder to puncture a plurality of data outputs from each of 

the first and second encoder, the puncturing determined by a 

desired Turbo Code rate in accordance with the set of the 

compatible puncturing patterns. 

15. An encoding system using a set of rate-compatible 

Turbo Codes derived from an optimal universal rate 1/3 

constituent code, the rate compatible Turbo Codes having 

similar constituent codes and compatible puncturing patterns, 

the system comprising: 

a first and second encoder, each encoder comprising: 

a plurality of shift registers; 

a plurality of adders, each of the adders 

coupled to a selected portion of the adders in a configuration 

corresponding to the rate 1/3 constituent code of; and 

a puncturer configured with the first and second 

encoder such to puncture a plurality of data outputs from the 

first and second encoder, the puncturing determined by a 

desired Turbo Code rate in accordance with the set of the 

compatible puncturing patterns. 
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16. An encoding system using a set of rate-compatible 

Turbo Codes comprising Turbo Codes having a universal 

constituent code and rate-compatible puncturing patterns for 

different code rates, the system comprising: 

a first and second encoder, each encoder comprising: 

a plurality of shift registers; 

a plurality of adders each adder coupled to a 

selected portion of the plurality of adders in a configuration 

corresponding to the universal constituent code; and 

a puncturer configured with the first and second 

encoder for puncturing a plurality of data outputs from the 

first and second encoder, the puncturing determined by a 

desired Turbo Code rate in accordance with the set of 

compatible puncturing patterns. 

17. A method of determining a set of rate-compatible 

Turbo Codes, optimized at high code rates, the set derived 

from a best universal constituent code of rate 1/2 compatible 

with higher codes, the Turbo Codes having compatible 

puncturing patterns, the method comprising the steps of: 

selecting a group of candidate mother constituent 

code pairs comprising primitive, irreducible polynomials based 

upon code pair screening and diversity, 

the code pair screening comprising simulating relative Bit 

Error Rate (BER) performance of rate 1/2 and 1/3 Turbo Codes 

at a fixed Interleaver length; 

measuring an relative Signal-to-Noise ratio loss of 

a signal after a plurality of encodings for each candidate 

pair at both a plurality of different Interleaver depths and 

two different Turbo Code rates, wherein each encoding has a 
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different combination of candidate pair, Interleaver depth, 

and rate; 

selecting a best candidate pair based upon a best 

relative Signal-to-Noise loss from the measuring; and 

selecting at least one lower rate and one higher 

rate best puncturing pattern for the best candidate pair, for 

each of the two or more rate-compatible Turbo Codes of the 

set, wherein the at least one higher rate pattern selects 

transmittal of any parity bits selected for transmittal by the 

at least one lower rate pattern of the set. 
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Application No. 
13/744,984 

Applicant(s) 
PIETRASKI ET AL. 

Office Action Summary Examiner 
FRITZ ALPHONSE 

Art Unit 
2112 

AIA (First Inventor to File) 
Status 
No 

-- 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 )~ Responsive to communication(s) filed on 18 January 2013. 

0 A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on __ . 

2a)0 This action is FINAL. 2b)~ 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)~ Claim(s) 1-14 is/are pending in the application. 

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

6)0 Claim(s) __ is/are allowed. 

7)~ Claim(s) 1-14 is/are rejected. 

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

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

* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a 

participating intellectual property office for the corresponding application. For more information, please see 

http:ilwww.usoto.gov/patents/init events/pph/index.isp or send an inquiry to PPHfeedback(wuspto.aov. 

Application Papers 
10)0 The specification is objected to by the Examiner. 

11 )~ The drawing(s) filed on 18 Januarv2013 is/are: a)~ accepted or b)O 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). 

Priority under 35 U.S.C. § 119 
12)0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

Certified copies: 
a)O All b)O Some* c)O None of the: 

1.0 

2.0 

3.0 

Certified copies of the priority documents have been received. 

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

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. 

Interim copies: 
a)O All b)O Some c)O None of the: Interim copies of the priority documents have been received. 

Attachment{s) 

1) ~ Notice of References Cited (PTO-892) 

2) ~ Information Disclosure Statement(s) (PTO/SB/08) 
Paper No(s)/Mail Date 2/13/2013. 

U.S. Patent and Trademark Office 
PTOL-326 (Rev. 03-13) Office Action Summary 

3) 0 Interview Summary (PTO-413) 

Paper No(s)/Mail Date. __ . 

4) 0 Other: __ . 

Part of Paper No./Mail Date 20130531 
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1. This Office Action is in regard to the application filed on 0 1/18/2013. Claims 1-14 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 04/05/2013 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 1-7, 13-14 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 claim recites a series of steps or acts to be performed, there is 

an insufficient recitation of a machine or transformation. The involvement of machine, or transformation, 

with the steps is merely nominally, insignificantly, or tangentially related to the performance of the steps, 

e.g., data gathering, or merely recites a field in which the method is intended to be applied. 

Double Patenting 

6. The nonstatutory double patenting rejection is based on a judicially created doctrine 

grounded in public policy (a policy reflected in the statute) so as to prevent the unjustified or 
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improper timewise extension of the "right to exclude" granted by a patent and to prevent possible 

harassment by multiple assignees. A nonstatutory obviousness-type double patenting rejection 

is appropriate where the conflicting claims are not identical, but at least one examined 

application claim is not patentably distinct from the reference claim(s) because the examined 

application claim is either anticipated by, or would have been obvious over, the reference 

claim(s). See, e.g., In re Berg, 140 F.3d 1428, 46 USPQ2d 1226 (Fed. Cir. 1998); In re 

Goodman, 11 F.3d 1046, 29 USPQ2d 2010 (Fed. Cir. 1993); In re Langi, 759 F.2d 887,225 

USPQ 645 (Fed. Cir. 1985); In re Van Ornum, 686 F.2d 937,214 USPQ 761 (CCPA 1982); In re 

Vogel, 422 F.2d 438, 164 USPQ 619 (CCPA 1970); and In re Thorington, 418 F.2d 528, 163 

USPQ 644 (CCPA 1969). 

A timely filed terminal disclaimer in compliance with 37 CPR l.32l(c) or l.32l(d) may 

be used to overcome an actual or provisional rejection based on a nonstatutory double patenting 

ground provided the conflicting application or patent either is shown to be commonly owned 

with this application, or claims an invention made as a result of activities undertaken within the 

scope of a joint research agreement. 

Effective January 1, 1994, a registered attorney or agent of record may sign a terminal 

disclaimer. A terminal disclaimer signed by the assignee must fully comply with 37 CPR 

3.73(b). 

7. Claims 1-7, 13-14 and 8-12 are rejected on the ground of nonstatutory obviousness-type 

double patenting as being unpatentable over claims 1-3 and 4-8 of U.S. Patent No. 8,074,143. 

Although the conflicting claims are not identical, they are not patentably distinct from each other 
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because claims 1-14 of the present application are substantially equivalent to claims 1-8 of U.S. 

Patent No. 8,074,143. 

Conclusion 

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

disclosure. See PTO-892. 

9. 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, Albert Decady, can be reached at (571) 272-3819. 

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

should be directed to the Group receptionist whose telephone number is (571) 272-3824 

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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U.S. DEPARTMENT OF COMMERCE 
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EXAMINER FILING DATE IF 
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Mo et al., "Analysis of Puncturing Pattern for High Rate Turbo Codes," IEEE International, 0-7803-5538-5/99, 
1999, pgs. 547-550. 
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NORTEL NETWORKS, "Proposal for Rate Matching for Turbo Codes," pp. 1-5 (May 12, 1999). 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NUMBER 

13/744,984 
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VOLPE AND KOENIG, P.C. 
DEPT.ICC 
UNITED PLAZA 
30 SOUTH 17TH STREET 
PHILADELPHIA, PA 19103 

FILING OR 3 71 (C) DATE 

01/18/2013 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

Philip J. Pietraski I-2-0526US05 
CONFIRMATION NO. 9610 

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-2013-0139040-A 1 
Publication Date:05/30/2013 

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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I-2-0526US05 

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN 
APPLICATION DATA SHEET (37 CFR 1. 76) 

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

As the below named inventor, I hereby declare that: 

This declaration 
is directed to: D The attached application, or 

r'isl United States application or PCT international application number __ 1.:..:3.,./.,_74.,_4=98"'"4-'-----

filed on January 18. 2013 

The above-identified application was made or authorized to be made by me. 

I believe that I am the original inventor or an original joint inventor of a claimed invention in the application. 

I have reviewed and understand the contents of the above-identified application, including the claims. 

I acknowledge the duty to disclose to the United States Patent and Trademark Office all information known to me to be material 
to patentability as defined in 37 CFR 1.56. 

I hereby acknowledge that any willful false statement made in this declaration is punishable under 18 U.S.C. 1001 
by fine or imprisonment of not more than five (5) years, or both. 

WARNING: 
Petitioner/applicant is cautioned to avoid submitting personal information in documents filed in a patent application that may 
contribute to identity theft. Personal information such as social security numbers, bank account numbers, or credit card numbers 
(other than a check or credit card authorization form PTO-2038 submitted for payment purposes) is never required by the 
USPTO to support a petition or an application. If this type of personal information is included in documents submitted to the 
USPTO, petitioners/applicants should consider redacting such personal information from the documents before submitting them 
to the USPTO. Petitioner/applicant is advised that the record of a patent application is available to the public after publication of 
the application (unless a non-publication request in compliance with 37 CFR 1.213(a) is made in the application) or issuance of a 
patent. Furthermore, the record from an abandoned application may also be available to the public if the application is 
referenced in a published application or an issued patent (see 37 CFR 1.14). Checks and credit card authorization forms 
PTO-2038 submitted for payment purposes are not retained in the application file and therefore are not publicly available. 

LEGAL NAME OF INVENTOR 

Inventor: Philin.l. Pietraski 

Signature: II' )ui,11 ,/f)Ut_--
11 -- .,. y ./ 

Date :_-4-cj_--_;)-_.-__,;}JD:c.....-(_3_ 

Note: An application data sheet (PTO/AIA/14 or equivalent), Including naming the entire inventive entity, must accompany this form. 
Use an additional form for each additional inventor. 

This collection of information 1s required by 35 U .S.C. 115 and 37 CFR 1.63. The 1nformat1on 1s required to obtain or retain a benefit by the public which 1s 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. 
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I-2-0526US05 

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN 
APPLICATION DATA SHEET (37 CFR 1.76) 

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

As the below named inventor, I hereby declare that: 

This declaration 
is directed to: □ The attached application, or 

181 United States application or PCT international application number __ 1,_,3"'"/7.,_4-'-4...,9""8=-4...._ ___ _ 

filed on January 18, 2013 

The above-identified application was made or authorized to be made by me. 

I believe that I am the original inventor or an original joint inventor of a claimed invention in the application. 

I have reviewed and understand the contents of the above-identified application, including the claims. 

I acknowledge the duty to disclose to the United States Patent and Trademark Office all information known to me to-be material 
to patentability as defined in 37 CFR 1.56. · 

I hereby acknowledge that any willful false statement made in this declaration is punishable under 18 U.S.C. 1001 
by fine or imprisonment of not more than five (5) years, or both. 

WARNING: 
Petitioner/applicant is cautioned to avoid submitting personal information in documents filed in a patent application that may 
contribute to identity theft. Personal information such as social security numbers, bank account numbers, or credit card numbers 
(other than a check or credit card authorization form PT0-2038 submitted for payment purposes) is never required by the 
US PTO to support a petition or an application. If this type of personal information is included in documents submitted to the 
USPTO, petitioners/applicants should consider redacting such personal information from the documents before submitting them 
to the USPTO. Petitioner/applicant is advised that the record of a patent application is available to the public after publication of 
the application (unless a non-publication request in compliance with 37 CFR 1.213(a) is made in the application) or issuance of a 
patent. Furthermore, the record from an abandoned application may also be available to the public if the application is 
referenced in a published application or an issued patent (see 37 CFR 1.14). Checks and credit card authorization forms 
PT0-2038 submitted for payment purposes are not retained in the application file and therefore are not publicly available. 

LEGAL NAME OF INVENTOR 

Inventor: -~G_.,re_7..,.0=ry~S~. ~S~te=r~n~ber.,..,..g _____________ _ 

l1 _________./ !tY ___,,,,.-.~ 
Signature: - j,._.---- ~/ 

'-'-' 

Note: An application data sheet (PTO/AIA/14 or equivalent), including naming the entire inventive entity, must accompany this form. 
Use an additional form for each additional inventor. 

This collection of informauon 1s required by 35 U.S.C. 115 and 37 CFR 1.63. The Information 1s required to obtain or retam a benefit by the public which 1s 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. 
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Total Files Size (in bytes) 143955 

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

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

National Stage of an International Application under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT/DO/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 Application Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 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 STATES PATENT AND TRADEMARK OFFICE 

APPLICATION 
NUMBER 

13/744,984 

24374 

FILING or 
37l(c)DATE 

01/18/2013 

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

GRPART 

UNIT 

2112 
FIL FEE REC'D 

1390 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

ATTY.DOCKET.NO TOT CLAIMS IND CLAIMS 

I-2-0526US05 14 2 
CONFIRMATION NO. 9610 

FILING RECEIPT 

11111111111111111 lllll ll]~!l]!~l!~l!~H!!IH),11111111111111111 IIII 1111 

Date Mailed: 02/19/2013 

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination 
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the 
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE, 
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection. 
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please 
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the 
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit 
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply 
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections 

lnventor(s) 
Philip J. Pietraski, Huntington, NY; 
Gregory S. Sternberg, Mt. Laurel, NJ; 

Applicant( s) 
Philip J. Pietraski, Huntington, NY; 
Gregory S. Sternberg, Mt. Laurel, NJ; 

Assignment For Published Patent Application 
INTERDIGITAL TECHNOLOGY CORPORATION, Wilmington, DE 

Power of Attorney: None 

Domestic Priority data as claimed by applicant 
This application is a CON of 13/309,962 12/02/2011 PAT 8359520 * 
which is a CON of 11/974,381 10/12/2007 PAT 807 4143 
which is a CON of 10/725,779 12/02/2003 PAT 7293217 
which claims benefit of 60/434,232 12/16/2002 
and claims benefit of 60/444,068 01/30/2003 
and claims benefit of 60/470,921 05/15/2003 
and claims benefit of 60/494,404 08/11/2003 
(*)Data provided by applicant is not consistent with PTO records. 

Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent Prosecution 
Highway program at the USPTO. Please see http://www.uspto.gov for more information.) - None. 
Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to 
foreign priority. See 37 CFR 1.55 and 1.76. 
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Permission to Access - A proper Authorization to Permit Access to Application by Participating Offices 
(PTO/SB/39 or its equivalent) has been received by the USPTO. 

If Required, Foreign Filing License Granted: 02/09/2013 

The country code and number of your priority application, to be used for filing abroad under the Paris Convention, 
is US 13/744,984 

Projected Publication Date: 05/30/2013 

Non-Publication Request: No 

Early Publication Request: No 
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 

page 2 of 4 

IPR2023-01272 Page 337



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 
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 U.S. offers tremendous resources 
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to 
promote and facilitate business investment. SelectUSA provides information assistance to the international investor 
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states, 
and regions competing for global investment; and counsels U.S. economic development organizations on investment 
attraction best practices. To learn more about why the United States is the best country in the world to develop 

page 3 of 4 

IPR2023-01272 Page 338



technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call 
+ 1-202-482-6800. 

page 4 of 4 

IPR2023-01272 Page 339



UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NUMBER 

13/744,984 

24374 
VOLPE AND KOENIG, P.C. 
DEPT.ICC 
UNITED PLAZA 
30 SOUTH 17TH STREET 
PHILADELPHIA, PA 19103 

FILING OR 3 71 (C) DATE 

01/18/2013 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

Philip J. Pietraski 

NOTICE 

I-2-0526US05 

CONFIRMATION NO. 9610 

11111111111111111 lllll ll]~!l]!~l!~l!~H!!IHHll lllll 111111111111111111 

Date Mailed: 02/19/2013 

INFORMATIONAL NOTICE TO APPLICANT 

Applicant is notified that the above-identified application contains the deficiencies noted below. No period for 
reply is set forth in this notice for correction of these deficiencies. However, if a deficiency relates to the inventor's 
oath or declaration, the applicant must file an oath or declaration in compliance with 37 CFR 1.63, or a substitute 
statement in compliance with 37 CFR 1.64, executed by or with respect to each actual inventor no later than the 
expiration of the time period set in the "Notice of Allowability" to avoid abandonment. See 37 CFR 1.53(f). 

The item(s) indicated below are also required and should be submitted with any reply to this notice to avoid 
further processing delays. 

• A properly executed inventor's oath or declaration has not been received for the following inventor(s): 
ALL 
Applicant may submit the inventor's oath or declaration at any time before the Notice of Allowance and Fee(s) 
Due, PTOL-85, is mailed. 

page 1 of 1 

IPR2023-01272 Page 340



PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number 

Substitute for Form PTO-875 13/744,984 

APPLICATION AS FILED - PART I OTHER THAN 

(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY 

FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($) 

BASIC FEE N/A N/A N/A N/A 390 
(37 CFR 1.16(a), (b), or (c)) 

SEARCH FEE N/A N/A N/A N/A 620 
(37 CFR 1.16(k), (i), or (m)) 

EXAMINATION FEE N/A N/A N/A N/A 250 
(37 CFR 1.16(0), (p), or (q)) 

TOTAL CLAIMS 14 
(37 CFR 1.16(i)) 

minus 20= OR X 62 = 0.00 

INDEPENDENT CLAIMS 2 minus 3 = X 250 = 0.00 
(37 CFR 1.16(h)) 

If the specification and drawings exceed 100 
APPLICATION SIZE sheets of paper, the application size fee due is 
FEE $31 O ($155 for small entity) for each additional 0.00 
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C. 

41 (a)(1 )(G) and 37 CFR 1.16(s). 

MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00 

* If the difference in column 1 is less than zero, enter "0" in column 2. TOTAL TOTAL 1260 

APPLICATION AS AMENDED - PART II 

OTHER THAN 
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY 

CLAIMS HIGHEST 
REMAINING NUMBER PRESENT 

RATE($) 
ADDITIONAL 

RATE($) 
ADDITIONAL 

<( AFTER PREVIOUSLY EXTRA FEE($) FEE($) 
I- AMENDMENT PAID FOR z 
w Total Minus 

.. = OR ~ (37 CFR 1.16(i)) X = X = 

0 
Independent ... = z Minus 

X = OR X = w (37CFR 1.16(h)) 

~ Application Size Fee (37 CFR 1.16(s)) <( 

FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR 

TOTAL OR TOTAL 
ADD'L FEE ADD'L FEE 

(Column 1) (Column 2) (Column 3) 

CLAIMS HIGHEST 
REMAINING NUMBER PRESENT 

RATE($) 
ADDITIONAL 

RATE($) 
ADDITIONAL 

Ill AFTER PREVIOUSLY EXTRA FEE($) FEE($) 
I- AMENDMENT PAID FOR z 
w Total Minus .. = X = OR 
~ (37 CFR 1.16(i)) 

X = 

0 Independent Minus ... = z X = OR X = w (37CFR 1.16(h)) 

~ Application Size Fee (37 CFR 1.16(s)) <( 

OR 
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) 

TOTAL OR TOTAL 
ADD'L FEE ADD'L FEE 

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3. 
** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20". 

*** 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 found in the appropriate box in column 1. 

IPR2023-01272 Page 341



Page 1 of 4 

FORM PT0-1449 ATTY. DOCKET NO. SERIAL NO. 
l-2-0526US05 13/744,984 

U.S. DEPARTMENT OF COMMERCE 
PATENT AND TRADEMARK OFFICE APPLICANT 

Pietraski et al. 
INFORMATION DISCLOSURE 
STATEMENT BY APPLICANT FILING DATE GROUP 

January 18, 2013 2112 

(Use several sheets if necessary) 

U.S. PATENT DOCUMENTS 

EXAMINER FILING DATE IF 
INITIAL DOCUMENT NUMBER DATE NAME CLASS SUBCLASS APPROPRIATE 

6,266,795 07/2001 Wei 

6,370,669 04/2002 Eroz et al. 

6,397,367 05/2002 Park et al. 5 

* 6,476,734 11/2002 Jeong et al.7 

6,601,214 07/2003 Hammons, Jr. 

6,622,281 09/2003 Yun et al. 6 

6,631,491 10/2003 Shibutani et al. 

6,665,813 12/2003 Forsman et al. 

* 6,744,744 06/2004 Tong et al. 8 

6,845,482 01/2005 Yao et al. 

7,028,230 04/2006 Manninen et al. 

7,076,726 07/2006 Yun et al. 

7,089,450 08/2006 Anderson et al. 

7,295,625 11/2007 Doetsch et al. 

2002/0027956 03/2002 Lee et al. 

2002/0141433 10/2002 Kwon et al. 

2003/0007476 01/2003 Kim et al. 

FOREIGN PATENT DOCUMENTS 

EXAMINER TRANSLATION 

INITIAL 
DOCUMENT NUMBER DATE COUNTRY CLASS SUBCLASS YES NO 

00/065446 06/2005 WO 

00/011791 03/2000 wo1 

00/041343 07/2000 wo2 

02/033910 04/2002 WO3 

03/069784 08/2003 WO4 

EXAMINER DATE CONSIDERED 

EXAMINER: Initial if citation considered, whether or not citation is in conformance with MPEP 609; Draw line through citation if not in 
conformance and not considered. Include copy of this form with next communication to applicant. 
2216503-1 

IPR2023-01272 Page 342



Page 2 of 4 

FORM PT0-1449 ATTY. DOCKET NO. SERIAL NO. 
l-2-0526US05 13/744,984 

U.S. DEPARTMENT OF COMMERCE 
PATENT AND TRADEMARK OFFICE APPLICANT 

Pietraski et al. 
INFORMATION DISCLOSURE 
STATEMENT BY APPLICANT FILING DATE GROUP 

January 18, 2013 2112 

(Use several sheets if necessary) 

OTHER DOCUMENTS 

EXAMINER 
DESCRIPTION (Including Author, Title, Date, Pertinent Pages, Etc.) INITIAL 

'Universal Mobile Telecommunications System (UMTS); Multiplexing and channel coding (FDD); (3GPP TS 
125.212 version 5.1.0 Release 5)," ETSI TS 125 212 V5.1.0 (June 2002). 

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). 

SIEMENS ET AL., "HSDPA For The 1,28 Mcps TDD Option -A-VRC Test Methodology And Simulation 
l/1.ssumptions", TSG-RAN Working Group 4 (Radio) Meeting #26, R4-030223, (Madrid, Spain 17-21 February 
12003). 

SIEMENS, "Turbo Coder Irregularities In HSDPA", 3GPP TSG-RAN Working Group 1 #32, Toe R1-030421, 
(Paris, France 19-23 May 2003). 

rT"HIRD GENERATION PARTNERSHIP PROJECT, "Technical Specification Group Radio Access Network; 
Multiplexing And Channel Coding (FDD) (Release 6)", 3GPP TS 25.212 V6.1.0 (March 2004). 

rT"HIRD GENERATION PARTNERSHIP PROJECT, "Technical Specification Group Radio Access Network; 
Multiplexing And Channel Coding (TDD) (Release 6)", 3GPP TS 25.222 V6.0.0 (December 2003). 

rT"HIRD GENERATION PARTNERSHIP PROJECT, "Technical Specification Group Radio Access Network; 
Channel Coding And Multiplexing Examples (Release 4)", 3GPP TS 25.944 V4.1.0 (June 2001). 

rT"HIRD GENERATION PARTNERSHIP PROJECT, "Technical Specification Group Radio Access Network; 
Medium Access Control (MAC) Protocol Specification (Release 5)", 3GPP TS 25.321 V5.6.0 (September 
12003). 

rT"HIRD GENERATION PARTNERSHIP PROJECT, "Technical Specification Group Radio Access Network; 
MAC Protocol Specification (Release 5)", 3GPP TS 25.321 V5.2.0 (September 2002). 

EXAMINER DATE CONSIDERED 

EXAMINER: Initial if citation considered, whether or not citation is in conformance with MPEP 609; Draw line through citation if not in 
conformance and not considered. Include copy of this form with next communication to applicant. 
2216503-1 

IPR2023-01272 Page 343



Page 3 of 4 

FORM PT0-1449 ATTY. DOCKET NO. SERIAL NO. 
l-2-0526US05 13/744,984 

U.S. DEPARTMENT OF COMMERCE 
PATENT AND TRADEMARK OFFICE APPLICANT 

Pietraski et al. 
INFORMATION DISCLOSURE 
STATEMENT BY APPLICANT FILING DATE GROUP 

January 18, 2013 2112 

(Use several sheets if necessary) 

EXAMINER 
DESCRIPTION (Including Author, Title, Date, Pertinent Pages, Etc.) INITIAL 

rTHIRD GENERATION PARTNERSHIP PROJECT, "Technical Specification Group Radio Access Network; 
Medium Access Control (MAC) Protocol Specification (Release 4)", 3GPP TS 25.321 V4.9.0 (September 
12003). 

rTHIRD GENERATION PARTNERSHIP PROJECT, "Technical Specification Group Radio Access Network; 
MAC Protocol Specification (Release 4)", 3GPP TS 25.321 V4.6.0 (September 2002). 

rTHIRD GENERATION PARTNERSHIP PROJECT, "Technical Specification Group Radio Access Network; 
Medium Access Control (MAC) Protocol Specification (Release 1999)", 3GPP TS 25.321 V3.16.0 (September 
12003). 

rTHIRD GENERATION PARTNERSHIP PROJECT, "Technical Specification Group Radio Access Network; 
MAC Protocol Specification (Release 1999)", 3GPP TS 25.321 V3.13.0 (September 2002). 

rTHIRD GENERATION PARTNERSHIP PROJECT, "Technical Specification Group Radio Access Network; 
Channel Coding And Multiplexing Samples (Release 1999)", 3GPP TR 25.944 V3.5.0 (June 2001). 

rTHIRD GENERATION PARTNERSHIP PROJECT, "Technical Specification Group Radio Access Network; 
Multiplexing And Channel Coding (FDD) (Release 5)", 3GPP TS 25.212 V5.2.0 (September 2002). 

rTHIRD GENERATION PARTNERSHIP PROJECT, "Technical Specification Group Radio Access Network; 
Multiplexing And Channel Coding (FDD) (Release 5)", 3GPP TS 25.212 V5.4.0 (March 2003). 

rTHIRD GENERATION PARTNERSHIP PROJECT, "Technical Specification Group Radio Access Network; 
Multiplexing And Channel Coding (FDD) (Release 5)", 3GPP TS 25.212 V5.6.0 (September 2003). 

rTHIRD GENERATION PARTNERSHIP PROJECT, "Technical Specification Group Radio Access Network; 
Multiplexing And Channel Coding (TDD) (Release 5)", 3GPP TS 25.222 V5.7.0 (September 2004). 

rTHIRD GENERATION PARTNERSHIP PROJECT, "Technical Specification Group Radio Access Network; 
Multiplexing And Channel Coding (TDD) (Release 1999)", 3GPP TS 25.222 V3.8.0 (March 2002). 

rTHIRD GENERATION PARTNERSHIP PROJECT, "Technical Specification Group Radio Access Network; 
Multiplexing And Channel Coding (TDD) (Release 1999)", 3GPP TS 25.222 V3.10.0 (September 2002). 

rTHIRD GENERATION PARTNERSHIP PROJECT, "Technical Specification Group Radio Access Network; 
Multiplexing And Channel Coding (TDD) (Release 4)", 3GPP TS 25.222 V4.5.0 (September 2002). 

EXAMINER DATE CONSIDERED 

EXAMINER: Initial if citation considered, whether or not citation is in conformance with MPEP 609; Draw line through citation if not in 
conformance and not considered. Include copy of this form with next communication to applicant. 
2216503-1 

IPR2023-01272 Page 344



Page 4 of 4 

FORM PT0-1449 ATTY. DOCKET NO. SERIAL NO. 
l-2-0526US05 13/744,984 

U.S. DEPARTMENT OF COMMERCE 
PATENT AND TRADEMARK OFFICE APPLICANT 

Pietraski et al. 
INFORMATION DISCLOSURE 
STATEMENT BY APPLICANT FILING DATE GROUP 

January 18, 2013 2112 

(Use several sheets if necessary) 

EXAMINER 
DESCRIPTION (Including Author, Title, Date, Pertinent Pages, Etc.) INITIAL 

rTHIRD GENERATION PARTNERSHIP PROJECT, "Technical Specification Group Radio Access Network; 
Multiplexing And Channel Coding (TDD) (Release 4)", 3GPP TS 25.222 V4.6.0 (December 2002). 

rTHIRD GENERATION PARTNERSHIP PROJECT, "Technical Specification Group Radio Access Network; 
Multiplexing And Channel Coding (TDD) (Release 5)", 3GPP TS 25.222 V5.2.1 (October 2002). 

rTHIRD GENERATION PARTNERSHIP PROJECT, "Technical Specification Group Radio Access Network; 
Multiplexing And Channel Coding (TDD) (Release 5)", 3GPP TS 25.222 V5.4.0 (March 2003). 

rTHIRD GENERATION PARTNERSHIP PROJECT, "Technical Specification Group Radio Access Network; 
Multiplexing And Channel Coding (TDD) (Release 5)", 3GPP TS 25.222 V5.5.0 (June 2003). 

rTHIRD GENERATION PARTNERSHIP PROJECT, "Technical Specification Group Radio Access Network; 
High Speed Downlink Packet Access: Physical Layer Aspects (Release 5)," 3GPP TR 25.858 V5.0.0 (March 
~002). 

1 Equivalent to RU 2190296; 2 Equivalent to RU 2185025; 3 Equivalent to RU 2239292; 4 Equivalent to RU 2004127246; 
5 Equivalent to TW 478258 and TW 454391; 6 Equivalent to DE 1030407; 7 Equivalent to JP 2002-164948; 8 Equivalent to JP 
2001-057521. 

EXAMINER DATE CONSIDERED 

EXAMINER: Initial if citation considered, whether or not citation is in conformance with MPEP 609; Draw line through citation if not in 
conformance and not considered. Include copy of this form with next communication to applicant. 
2216503-1 

IPR2023-01272 Page 345



Electronic Acknowledgement Receipt 

EFSID: 14951338 

Application Number: 13744984 

International Application Number: 

Confirmation Number: 9610 

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: John Porrazza/Carey Kulp 

Filer Authorized By: John Porrazza 

Attorney Docket Number: l-2-0526US05 

Receipt Date: 13-FEB-2013 

Filing Date: 18-JAN-2013 

Time Stamp: 16:03:21 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment I no 

File Listing: 

Document 
Document Description File Name 

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

53070 

1 Transmittal Letter IDS.pdf no 3 
3 d ed 7 c03ae 5e8b86d9edb69bf80 7 a5286fc 

99cbc 

Warnings: 

Information: 

IPR2023-01272 Page 346



2 
Information Disclosure Statement (IDS) 

Form (SB0S) 

59251 

PTO 1440.pdf no 4 
ce635615a40b50745d4a229c4b3cf0d3995 

6150e 

Warnings: 

Information: 

This is not an USPTO supplied IDS fillable form 

Total Files Size (in bytes) 112321 

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. 

IPR2023-01272 Page 347



PATENT 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In the PATENT APPLICATION of: 

Pietraski et al. 

Application No.: 13/7 44,984 

Confirmation No.: 9610 

Filed: January 18, 2013 

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

Group: 2112 

Examiner: Not Yet Known 

Our File: 

Date: 

I-2-0526US05 

February 13, 2013 

INFORMATION DISCLOSURE STATEMENT 

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

Madam: 

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. 

13/309,962, filed on December 2, 2011, which issued on January 22, 2013 as U.S. 

Patent No. 8,359,520, which is 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 

2216504-1 

IPR2023-01272 Page 348



Applicant: Pietraski et al. 
Application No.: 13/744,984 

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, 

which claims priority from Provisional Application No. 60/494,404, which was filed on 

August 11, 2003, Provisional Application No. 60/434,232, which was filed on December 

16, 2002, Provisional Application No. 60/444,068, which was filed on January 30, 2003, 

and Provisional Application No. 60/470,921, which was filed on May 15, 2003. 

Pursuant to 37 C.F.R. §1.98(d) copies of documents cited in the parent 

application are not enclosed, but copies will be provided upon request. Newly cited 

documents are indicated by an asterisk(*) on the enclosed Form PTO-1449. Pursuant 

to 37 C.F.R. §1.98(a)(2)(ii), copies of the newly cited U.S. publications and/or patent 

documents have not been included. 

2216504-1 -2-

IPR2023-01272 Page 349



Applicant: Pietraski et al. 
Application No.: 13/744,984 

It is respectfully requested that the Examiner consider these documents and 

return an initialed copy of the Form PTO-1449 indicating consideration of the cited 

materials. 

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

BAO/PCK 
Enclosure 

2216504-1 

Respectfully submitted, 

Pietraski et al. 

By _/Baha A. Obeidat/ __ 
Baha A. Obeidat 
Registration No. 66,827 
(215) 568-6400 

-3-

IPR2023-01272 Page 350



I-2-0526US05 

[0001] 

[0002] 

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. 

13/309,962, filed on December 2, 2011, which is a continuation of U.S. Patent 

Application Serial No. 11/974,381 filed on October 12, 2007, which issued as U.S. 

Patent No. 8,074,143 on December 6, 2011; 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. 60/470,921, filed on May 

15, 2003, and Serial No. 60/494,404 filed on August 11, 2003, which are incorporated 

by reference herein as if fully set forth herein. 

[0003] 

[0004] 

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. 

[0005] 

[0006] 

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 

-1-
2171870-1 
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the Third Generation Partnership Project (3GPP), base stations are called Node Bs, 

subscriber stations are called User Equipments (UE) and the wireless interface 

between the Node Bs and UEs is known as the Uu interface. Figure 1 illustrates a 

typical 3GPP CDMA system. 

[0007] 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. 

[0008] 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. 

[0009] 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 
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channel segmentation. For uplink transmissions, UE to Node B, the maximum 

number of physical channels for transmission of a CCTrCH is currently specified as 

two. For downlink transmissions, Node B to UEs, the maximum number of physical 

channels for transmission of a CCTrCH is currently specified as sixteen. Each physical 

channel data stream is then spread with a channelization code and modulated for over 

air transmission on an assigned frequency. 

[0010] 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 ofTrCH 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). 

[0011] 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. 

[0012] 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 
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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. 

(0013] Figures 5A, 5B and 6 are diagrams of channel coding and multiplexing 

examples in accordance with 3GPP Frequency Division Duplex (FDD) specifications. 

(0014] The various encoding steps implemented in cornrnunication 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. 

(0015] 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. 

(0016] 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. 

(0017] 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 
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encoder have an infinite impulse response, information about each systematic bit is 

distributed across many of the parity bits. 

[0018] 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. 

[0019] 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. 

[0020] 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. 

[0021] 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 
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(LFSR) with an associated 3rd order primitive polynomial and initial state {1 0 O}, thus 

a period 23-1 = 7 M-sequence is generated for positive time. 

[0022] 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. 

[0023] 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 for t > 6 is the sum of the same 

subset of the 7 bits and so no new information is obtained, i.e., a rank-1 system of 

equations is formed and a unique solution does not exist. This is due to the periodic 

nature of the signal. When the non-puncture period is relatively prime with the period 

of the recursive encoding block, a series of observations of the parity bits will 

eventually form a rank-7 system of equations. For our 7-bit group, this is sufficient to 

uniquely determine the bits, i.e., information sufficient to determine the bits is 

distributed across the surviving parity bits. When the periods are not relatively prime, 
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the rank of the system becomes L/K where L is the period of the recursive encoding 

block and K is the Greatest Common Divider (GCD) ofL and N where N is the period of 

the non-puncture pattern. 

[0024] 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. 

[0025] 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 ofbits is lost for some non-punctured patterns. 

[0026] 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. 

[0027] It would be desirable to have a method for creating high-rate Turbo codes 

that avoids problematic interactions by modifying the puncturing patterns. 

[0028] 

[0029] 

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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[0030] 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. 

[0031] 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. 

[0032] 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). 

[0033] 

[0034] 

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 

the accompanying drawing wherein: 

-8-
2171870-1 

IPR2023-01272 Page 358



I-2-0526US05 

[0035] Figure 1 is a schematic diagram of a typical CDMA system in accordance 

with current 3GPP specifications; 

[0036] Figure 2 is a processing diagram of TrCH data for a CCTrCH in 

accordance with 3GPP TDD specifications; 

[0037] Figures 3 and 4 are diagrams of channel coding and multiplexing 

examples in accordance with 3GPP TDD specifications; 

[0038] Figures 5A, 5B and 6 are diagrams of channel coding and multiplexing 

examples in accordance with 3GPP FDD specifications; 

[0039] 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; 

[0040] 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; 

[0041] 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; 

[0042] Figure 10 is a schematic block diagram showing a circuit for 3GPP rate 

matching for HSDPA, using a Turbo coded HS-DSCH; and 

[0043] Figure 11 graphically depicts initial Block Error Rate (BLER) for HS-

DSCH transport blocks with certain effective coding rates. 

[0044] DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT(S) 

[0045] 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. 

[0046] 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 
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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. 

[004 7] 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. 

[0048] 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. 

[0049] 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. 

[0050] 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, 

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 
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(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. 

[0051] 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. 

[0052] 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 

periods can be avoided. Given this approach to avoiding the problematic code rates, an 

analytical expression for the requisite bias, has been derived. 
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[0053] 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. 

[0054] 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 

±1/2 of 7 N /2 for even and odd N respectively. 

[0055] The average non-puncturing rate of the Pl and P2 rate matching blocks is 

Il(P/2) where/ is the number ofbits at the input to each branch of rate matching andP 

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, 

Li__ 7N <1- N +lNJ 
f{P72) 2 2 2 ' 

Equation 1 

for N > 0 where, 

N =l4/ +..!.J 
7P 2 Equation 2 

[0056] In biasing the puncturing rates of the parity bit streams 1 and 2, Pl and 

P2, two constraints must be met. 

[0057] First, the number of surviving bits in parity bit stream 1 must be 

increased sufficiently by an amount 1:1 to avoid the problematic puncturing patterns. 

Second, the number of surviving bits in parity bit stream 2 must be decreased by an 

equal amount 1:1 that is also sufficient to avoid problematic puncturing patterns. 
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[0058] These two constraints can be combined in to the following expression for 

!),., where: 

[0059] Equation 3 

[0060] 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, 

otherwise set!),.=0 (if 1 
- ?N ;?:1- N +lNJ). 

(P /2) 2 2 2 

Step 3) Compute the bias I),. using Equation 3. 

Step 4) Compute rate matching parameters by modifying Table 

in TS25.212/222. 

[0061] 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. 

[0062] If the number of punctured bits in parity bit stream 1 is decreased by I),. 

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

I),., the overall code rate is unchanged, but the problematic puncturing patterns can be 

avoided. Note that bit collection and bit de-collection stages need to be adjusted 

correspondingly for this case. Since individual regions of degraded performance tend to 
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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. 

[0063] 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. 

[0064] In order to obtain higher data rates, the 3GPP has introduced the HSDPA 

option wherein link adaptation is performed. One component of the link adaptation is 

Adaptive Modulation and Coding (AMC). With AMC, a channel quality estimate is 

used to select the modulation type and code rate that attains the largest throughput. 

When the channel quality is high, QAM modulation and a high code rate are selected. 

High code rates are obtained by puncturing a rate 1/3 Turbo code. During the design of 

the channel quality indication (CQI) table, it was observed that certain Transport 

Block Set Sizes (TBSS) exhibited poorer than expected performance. The CQI table is 

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

This problem of poorer than expected performance is currently addressed by simply 

"hand tweaking" the CQI table to avoid the TBSSs that cause problems. In AMC, this 

leads to less than optimal throughput since optimal code rates will inevitably be 

avoided. 

[0065] Support for link adaptation by means of AMC is an integral feature of R5 

HSDPA. With AMC, modulation type and code rate on HS-DSCH can be varied 
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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 ofTBSS 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. 

[0066] 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. 

[0067] 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. 

[0068] 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. 

[0069] In another embodiment, adjustments to the parity stream puncturing 

allows the Medium Access Control- High Speed (MAC-hs) to simply select any desired 

transport block size as an outcome of the scheduler decision. It would be required to 

slightly change the generation of the puncturing patterns in the rate-matching stages 
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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. 

[0070] 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. 

[0071] 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. 

[0072] 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. 

[0073] 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. 

[007 4] If it is desirable for a system to be allowed to make unrestricted use of 

available code rates, then performance may be restored by modification of the puncture 

pattern. The key to restoring performance to the punctured Turbo code is to avoid the 

case where the surviving parity bits are overly redundant with respect to the 

systematic bits, i.e., modify the puncturing pattern to improve performance. One way 

to accomplish this is to sample the parity bits such that all the points corresponding to 

one complete period of the semi-periodic impulse response are sampled with as few 

samples as possible while maintaining the same code rate and not overly distorting the 
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uniformity of the puncturing over the data block or creating overly large imbalances in 

the number of surviving parity bits in Pl and P2. 

[0075] 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. 

[0076] 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. 

[0077] 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. 

[0078] 

[0079] 

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

C'R = 1 = 3.5N N 1 2 E t· 4 = , ,... qua 10n 
l+-2- 3.5N +2 

3.5N 

[0080] The critical code rate, CR, corresponds to a rank-1 scenario when N is 

even and rank-2 whenNis 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, .... 

[0081] The ratio of the number of systematic bits and the number of parity bits in 

either parity bit stream 1 or 2 can be considered as "parity puncturing rate". When 

surviving bit patterns with parity puncturing rate close or equal to 7 N /2 ( N =1,2,3 ... ) 
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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 ±1/2 of 7 N /2 for even and odd N 

respectively. 

[0082] 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. 

[0083] 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 r2 represent the rates 

associated with the 1st and 2nd stages of rate matching with respect to the parity bit 

streams. Although complicated, the Equation 5 is a piecewise linear and continuous 

function in rl, r2 and is therefore trivial to evaluate. 

,i{r1,r2)-~a,[(1-f 1 r rtf nr2 ll-l1 r rtf nr2 ll m•r2-lr2 JJ(rtf nr2 l-lrtf nr2 l_D+ 

2171870-1 

( 1 -r 1 lrtf n,Z lJ-l1 lrtf nr2 lJ m•r2-l nr2 JJ(- rtf nt2 l-lr if nr2 lJ + 1) + 

(1 -r 1 r r{ nt2 Jl-l1 r r{ nr2 Jl m-nr2 +l nr2 J + 1H nr2 J-lr{ nr211)+ 

( 1 -r 1 l4 nr2 JJ-l1 lr{ nr2 lJ m-nr2 + l nr2 J + 1X-r{ nr2 J +l_r{ nr2 lJ + 1)] 
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[0084] 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. 

[0085] 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. 

[0086] 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. 

[0087] 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. 

[0088] 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. 

[0089] 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. 

[0090] 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. 

[0091] Stage Rate Biasing is easily accomplished by changing the operating point 

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

rl*r2 is unchanged) where performance degradation is tolerable. 

[0092] 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. 

[0093] 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 regions 
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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. 

[0094] 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. 

[0095] 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. 

[0096] 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. 

[0097] 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. 

[0098] 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. 

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

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

[0100] One such example of a periodicity occurs when the non-punctured bit 

pattern is periodic with period equal to the period of the semi-periodic impulse 

response of the recursive encoding blocks of the Turbo encoder. An algorithm is 

provided to identify all puncturing patterns with degraded performance. Additionally, 

modification of the puncturing patterns is performed such that performance of the 

Turbo code is restored. 

[0101] 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. 

[0102] 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. 

[0103] 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. 

[0104] 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. 

[0105] 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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[0106] 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. 

[0107] Figure 11 shows the BLER performance of 3 different HS-DSCH transport 

blocks ofincreasing size 4554, 4705 and 4858 bits respectively. All of them are rate 1/3 

Turbo-coded, and then punctured down to 6072 bits mapped to the High Speed 

Physical Downlink Shared Channels (HS-PDSCH). This results in an effective coding 

rate of 0. 75 (labeled 7 /9-), 0. 77 (labeled 7 /9) and 0.80 (labeled 7 /9+) for the 3 increasing 

transport blocks sizes. 

[0108] 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%. 

[0109] 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. 

[0110] 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. 

[0111] 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. 

[0112] 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. 

[0113] 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. 

[0114] 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. 

[0115] 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). 

[0116] 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. 

[0117] 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. 

[0118] 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. 

[0119] 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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[0120] 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. 

[0121] 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). 

[0122] 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. 

[0123] At least two alternative approaches exist to avoid the problematic 

interactions between Turbo-coder output and puncturing in the rate-matching stages. 

[0124] 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. 

[0125] 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. 

[0126] 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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[0127] A disadvantage of the avoidance approach is that it is complicated by the 

fact that there are several dimensions to the problem that will all play a role in 

determining if a particular configuration will give rise to degradation. Parameters the 

MAC-hs scheduler would need to take into account in addition include: 

(1) transport block set size ofHS-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. 

[0128] 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. 

[0129] Described below is one embodiment of the present invention that 

includes a combination of previously described techniques. 

[0130] 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. 

[0131] The hybridARQ functionality consists of two rate-matching stages and a 

virtual buffer. 

[0132] 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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[0133] 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 

[0134] Definitions of notations used: 

Nm: Number of bits in a transmission time interval before rate 

matching. 

fl.Ni: An intermediate calculation variable. 

!1N/:f7: 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. 

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

stage rate-matching. 

Nc1a1a: Total number ofbits that are available for the HS-DSCH in a TTL 

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

ep1us Increment of variable e in the rate matching pattern determination 
algorithm. 

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

b: 

[0135] 

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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[0136] HARQ first stage rate matching for the HS-DSCH transport channel shall 

be performed using the method described below with the following specific parameters. 

[0137] 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. 

[0138] 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. 

[0139] If Nm is smaller than NTTI the parity bit streams are punctured by setting 

the rate matching parameter l:lNi'7 = N1R -Nm where the subscripts i and 1 refer to 

transport channel and transport format in the referenced sub-clause. Note the negative 

value is expected when the rate matching implements puncturing. Bits selected for 

puncturing which appear as 8 shall be discarded and not counted in the totals for the 

streams through the virtual IR buffer. 

[0140] If first stage puncturing is to be performed, the procedure below shall be 

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

(b=3). The parameter l:lN PARITY : 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 

flNPARITY = O. s: 49. 
' UpR = ' a=l 
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while(a ~4) 

l7 ·a·PR+½J 
round = -=------= 

7·a 

A =PR-round 

if(IJI > -
1 

)or(PR > 
48

)or(PR < -
1

) then 
OPR 49 49 

a=a+l 

OPR =98 

else if(J > 0) then 

a=5 

else 

a=5 

end if 

end while 

!).N. ={l-w.t;n 12J-w.PARITY•b = 2 
, r rr1 l 1-W.u 12 +W.pARJTY,b = 3 

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

[0141] If f},]{; 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. 

[0142] 

where: 

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

Xi is as above, 

eptus = axXi 

eminus = ax I !),}Ii I 

[0143] HARQ second stage rate matching for the HS-DSCH transport channel 

shall be done using one of two possible methods. 

[0144] 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. 

l N1TI /3 J-Nt,pl b = 2 
Nrn /3 ' 

l N1TI /3 J- Nt,p2 b = 3 
Nm /3 ' 

[0145] Composite Puncturing Ratio, CPR= 

[0146] 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 8 shall be discarded and are not counted in the streams 

towards the bit collection. 
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[0147] 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 r and s change the initial 

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

below. 

[0148] 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 asNdata=Px3xNdata1. 

The rate matching parameters are determined as follows. 

[0149] For Ndata ~ Nsys + NP1 + NP2 , puncturing is performed in the second rate 

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

Nt,sys = min{Nsys,Nda1a} for a transmission that prioritizes systematic bits and 

Nt,sys = max {N data - (N pi + N P 2 }o} for a transmission that prioritizes non systematic bits. 

[0150] For N data > Nsys + NP1 + NP 2 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. Ndata j. 
Nsys + 2Np1 

[0151] The number of parity bits In a transmission 1s: 

(l N data - Nt,sys J J 
Nt,p1 = max 2 - 11N PARITY ,0 and Nt,p2 = Ndata -(Nt,sys + Nt,pl) for the parity 1 

and parity 2 bits, respectively. 
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Xi eplus eminus 

Systematic Nsys Nsys IN sys - Nt,sys I 
RMS 

Parity 1 Npt 2·Np1 2•1Np! -Nt,pll 
RMPl 2 
Parity 2 Np2 Np2 IN p2 - N,,p2 I 
RMP2_2 

Table 1: Parameters for HARQ second rate matching 

[0152] 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 -l.r · eplus /rmaxJ-1)modeplus }+ 1 in the case of puncturing, 

i.e., Ndata =s,; Nsys +Np!+ Np2, and 

eini(r) = {(xi -l(s + 2 · r) · eplus /(2 · rmaJJ-1)modepluJ+ 1 for repetition, i.e., 

N data > Nsys + N pl + N p2 • Where r E { 0, 1, ... 'r max -1} and r max 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. 

[0153] 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). 

[0154] 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 8 shall be discarded and are not counted in the streams towards the 

bit collection. 

[0155] 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 

Xsegs bits. 

[0156] The first segment is denoted by xi,1>xi,2 '"'xi,Xseg1 

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

And the final segment by xi,Xsegl+Xseg2+1> xi,Xsegl+Xseg2+2 , ••• x i,X; 

Where xsegl = 42 · LXJ 98 J xseg2 = 56. L xi 198 J xseg3 = xi mod98 
' ' 

[0157] 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. 

[0158] Additional parameters for HARQ Second Rate Matching Stage for 

problematic puncturing rates 

[0159] Parameters P, Ndata, Nsys, Np1, Np2, Np,tl, and Np,t2 are calculated, 

additional parameters are defined below. 

[0160] Denote the number of parity 1 bits before second rate matching after 

segmentation as Np1,segl, Np1,seg2, Np1,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. 

[0161] For N data ~ Nsys + N pl + N P2 , puncturing is performed in the second rate 

matching stage. 

[0162] 

2171870-1 

The number of parity bits after segmentation is 

Npb,segl = 42 · L Npb /98 J 
Npb,seg2 = 56 · L Npb /98 J 
N pb,seg3 = N pb mod 98 
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[0163] The number of parity bits in each segment for parity 1 bits (b=2), and 

parity 2bits (b=3) is: 

N = l49 · N,,pb ·lNpb /98j+.!.j. 
t,pb,segl N 2 ' 

pb 

N = l 49 · N,,pb • l N pb I 98 j + .!.J . 
t,pb,seg2 N 2 ' 

pb 

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

[0164] The parameters Xi, epius and eminus are calculated as per table 2 below. 

Stream Segmen Xi eplus eminus 
t 

Systema Nsys Nsys INsys - N,,sys I 
tic 
RMS 

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

Np1,seg2 2·Npl,seg2 2 • IN p1,seg2 - Nt,p1,seg2 I RM 2nd 
Pl_2 

3rd Np1,seg3 2 • Np1,seg3 2 · IN p1,seg3 - N,,p1,seg3 I 

1st Np2,seg1 Np2,seg1 IN p2,seg1 - Nt,p2,seg1 I 
Parity 2 

Np2,seg2 Np2,seg2 IN p2,seg2 - Nt,p2,seg2 I 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 

[0165] The rate matching parameter eini is calculated for each segment of bit 

stream according to the RV parameters 

eini(r) = {(xi -lr·eplus 1rmaxJ-1)modeplus}+1 1n the case 
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r E { 0, 1, .. ·, r max -1} and r max 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. 

[0166] 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. 

[0167] 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. 

[0168] The re-concatenated bit stream IS denoted by: 

Xo segl 1' Xo segl 2 , ••• X o segl N , Xo segZ I• Xo segZ 2 , ... X o segZ N 'Xo seg3 I• Xo seg3 2 , ••• X o seg3 N 
' ' ' ' ' ' t,pl,segl ' ' ' ' ' ' t,pl,seg2 ' ' ' ' ' ' l,pl,seg3 

[0169] The HARQ bit collection is achieved using a rectangular interleaver of 

size N,
0
w x Ncol • The number of rows and columns are determined from: 

N,0 w = 4 for 16QAM and N,0 w = 2 for QPSK 

where Ndata is used. 
[0170] Data is written into the interleaver column by column, and read out of the 

interleaver column by column starting from the first column. 

[0171] Nt,sys is the number of transmitted systematic bits. Intermediate values Nr 

and Ne are calculated using: 

[0172] 

[0173] 

N, = lNt,sys J and NC = N,,sys - N, • Nco/. 

Ncol 

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

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

columns and, if Nr > 0, also into rows l ... Nr in the remaining Neot-Ne columns. 
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[0174] 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. 

[0175] 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. 

[0176] 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 interac~ion 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. 

[0177] 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. 

[0178] 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. 

[0179] In order to avoid either of these puncturing mechanisms that cause a 

performance degradation, the following methodology has been adopted: 

[0180] 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. 

[0181] 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. 

[0182] 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 

~NPARITY, whilst the number ofbits 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. 

[0183] 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. 

[0184] 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. 

[0185] 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. 

[0186] 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. 

[0187] 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 performing rate matching, the method comprising: 

interleaving a first bit stream to produce an interleaved first bit stream; 

interleaving a second bit stream to produce an interleaved second bit stream; 

interleaving a third bit stream to produce an interleaved third bit stream; 

buffering the interleaved first bit stream, the interleaved second bit stream and 

the interleaved third bit stream in a virtual buffer; and 

performing rate matching on at least one output of the virtual buffer. 

2. The method of claim 1 wherein the interleaved first bit stream, the 

interleaved second bit stream and the interleaved third bit stream are buffered on a 

condition that the number of bits of the interleaved first bit stream, the interleaved 

second bit stream and the interleaved third bit stream is not larger than a size of the 

virtual buffer. 

3. The method of claim 2, further comprising: 

buffering a portion of the interleaved first bit stream, the interleaved second bit 

stream and the interleaved third bit stream in the virtual buffer on a condition that 

the number of bits of the interleaved first bit stream, the interleaved second bit stream 

and the interleaved third bit stream is larger than a size of the virtual buffer. 
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4. The method of claim 3 wherein the buffered portion of the interleaved first 

bit stream, the interleaved second bit stream and the interleaved third bit stream 

includes all of the interleaved first bit stream. 

5. The method of claim 1, further comprising: 

collecting bits associated with the interleaved first bit stream, the interleaved 

second bit stream and the interleaved third bit stream. 

6. 

(WTRU). 

7. 

8. 

The method of claim 1 performed by a wireless transmit/receive unit 

The method of claim 1 performed by a node B. 

An apparatus for performing rate matching, the apparatus comprising: 

a first interleaver configured to interleave a first bit stream to produce an 

interleaved first bit stream; 

a second interleaver configured to interleave a second bit stream to produce an 

interleaved second bit stream; 
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a third interleaver configured to interleave a third bit stream to produce an 

interleaved third bit stream; 

a virtual buffer configured to buffer the interleaved first bit stream, the 

interleaved second bit stream and the interleaved third bit stream; and 

a rate matching unit configured to perform rate matching on at least one output 

of the virtual buffer. 

9. The apparatus of claim 8 wherein the interleaved first bit stream, the 

interleaved second bit stream and the interleaved third bit stream are buffered on a 

condition that the number of bits of the interleaved first bit stream, the interleaved 

second bit stream and the interleaved third bit stream is not larger than a size of the 

virtual buffer. 

10. The apparatus of claim 9 wherein the virtual buffer is further configured 

to buffer a portion of the interleaved first bit stream, the interleaved second bit stream 

and the interleaved third bit stream on a condition that the number of bits of the 

interleaved first bit stream, the interleaved second bit stream and the interleaved third 

bit stream is larger than a size of the virtual buffer. 

-44-
2171870-1 

IPR2023-01272 Page 394



I-2-0526US05 

11. The apparatus of claim 10 wherein the buffered a portion of the 

interleaved first bit stream, the interleaved second bit stream and the interleaved third 

bit stream includes all of the interleaved first bit stream. 

12. The apparatus of claim 8, further comprising: 

a bit collection unit configured to collect bits associated with the interleaved first bit 

stream, the interleaved second bit stream and the interleaved third bit stream. 

13. The apparatus of claim 7 configured as a wireless transmit/receive unit 

(WTRU). 

14. The apparatus of claim 7 configured as a node B. 
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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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