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UNITED STATES PATENT AND TRADEMARK OFFICE

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

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.USDIO.gOV

APIZ-L[‘TII\(/igglIQON I 3’17;}%:1)1\1]:()}A¥E GI?JIZ\TIIXET I FIL FEE REC'D I ATTY.DOCKET.NO ITOT CLAHVISI IND CLAIMSl
137744084 OU/I8/2013 2112 1390 1-2-0526US05 12 2
CONFIRMATION NO. 9610
24374 CORRECTED FILING RECEIPT
VOLPE AND KOENIG, P.C.
DEPT. ICC N AL LA T
000000069578215

UNITED PLAZA
30 SOUTH 17TH STREET
PHILADELPHIA, PA 19103

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

Inventor(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 24374

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 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

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 AlA (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 USPTO 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-HALT (1-866-999-4258).

page 2 of 3
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LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

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 0or 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).

SelectUSA

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.

page 3 of 3
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE

United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS
PO. Box 1450

ﬁaﬂ{‘\;ﬂg,g\éﬁgxma 22313-1450
| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
13/744,984 01/18/2013 Philip J. Pietraski 1-2-0526US05
CONFIRMATION NO. 9610
24374 POA ACCEPTANCE LETTER
VOLPE AND KOENIG, P.C.

DEPT. ICC

ORI TR L
UNITED PLAZA 000000069578209

30 SOUTH 17TH STREET

PHILADELPHIA, PA 19103

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

page 1 of 1
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE

United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS
PO. Box 1450

ﬁaﬂ{‘\;ﬂg,g\éﬁgxma 22313-1450
| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
13/744,984 01/18/2013 Philip J. Pietraski 1-2-0526US05
CONFIRMATION NO. 9610
24374 POA ACCEPTANCE LETTER
VOLPE AND KOENIG, P.C.

DEPT. ICC

R O LA
UNITED PLAZA 0000000694602/

30 SOUTH 17TH STREET
PHILADELPHIA, PA 19103

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

page 1 of 1
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.USDIO.gOV

APPLICATION FILING or GRP ART
NUMBER I 371(c) DATE UNIT I FIL FEE RECD I ATTY.DOCKET.NO ITOT CLAIMSI IND CLAIMSl
13/744,984 01/18/2013 2112 1390 1-2-0526US05 14 2
CONFIRMATION NO. 9610
24374 CORRECTED FILING RECEIPT

VOLPE AND KOENIG, P.C.

DEPT. ICC TR
UNITED PLAZA 000000069
30 SOUTH 17TH STREET

PHILADELPHIA, PA 19103

iy

5642

AN

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

Inventor(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 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

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.

page 1 of 3
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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 AlA (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 USPTO 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-HALT (1-866-999-4258).

page 2 of 3
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LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

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 0or 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).

SelectUSA

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.

page 3 of 3
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Doc Code: PA.. PTO/AIA/82A (07-13)
Document Description: Power of Attorney Approved for use through 11/30/2014. OMB 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 OMB 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 A|ph0nse

Attorney Docket Number ||-2-0526US05

SIGNATURE of Applicant or Patent Practitioner

Signature /Jonathan G. Lombardo/ Pate (Optienal | 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) | nterDlgltal TeCh nO|Ogy COrpOFathn

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.

*Total of gne (] ) 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.
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Doc Code: PA..

T PTO/AIA/82B (07-13)
Document Description: Power of Attorney Approved for use through 11/30/2014. OMB 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 coilection of information unless it displays a valid OMB controi number

POWER OF ATTORNEY BY APPLICANT

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

Application Number Filing Date

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

| 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:

OR 24374

D 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:

The address associated with the above-mentioned Customer Number

I:l The address associated with Customer Number:

OR
Firm or
Individual Name

Address

City | State l [zip ]
Country
Telephone I Email I

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

InterDigital Technology Corporation

I:I Inventor or Joint Inventor (title not required below)

L—_l Legal Representative of a Deceased or Legally Incapacitated Inventor (title not required below)

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

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

SIGNATURE of Applicant for Patent
The undersigned (whose title is ;ﬁ‘ppllep] below) is aythorized to act on behalf of the applicant (e.g., where the applicant is a juristic entity).

Signature [ W_. _ | Date (Optional) | /3 Mavels 2014-
‘Name Christos A. loannidi
Title Patent Executive; InterDigital 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.

DTotal of forms are submltted

Thxs collection of information is required by 37 CF R 1.131, 1.32, and 1.33. The information is required to obtain or retain a benefit by the public which is to fite (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 wilt vary depending upon the individual case. Any comments on the amount
of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S.
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner
for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PT0-9199 and select option 2.
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Electronic Acknowledgement Receipt

EFS ID: 19515434
Application Number: 13744984
International Application Number:
Confirmation Number: 9610

Title of Invention:

TURBO CODES

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

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: I-2-0526US05
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 no
File Listing:
Document . . File Size(Bytes Multi Pages
Document Description File Name ( y V . . 9
Number Message Digest | Part/.zip| (ifappl.)
|_2_0526US05_R t_For_C 69877
s . _<_ __Request_ror_
1 Request for Corrected Filing Receipt orrected_Filing_Receipt PDF no 2
6dfccofb582fdfab8becef5d0c9c35e51226
ab7

Warnings:

Information:
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577419
2 Application Data Sheet I_2_0526USOSP_S\IPS_20140708. no 7

199211864ad1824c5aad8d8be2eb6fIchbd|

Warnings:

Information:

This is notan USPTO supplied ADS fillable form

|_2_0526US05_P Of Att 292836
3 Power of Attorney < ey 201:‘0C;V(\JlgrP_DF_ o . )

a23ed4d16db9345c0b7451d638a7c93a71
b026fb

Warnings:

Information:

Total Files Size (in bytes):{ 940132

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 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/R0O/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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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

Our File: 1-2-0526US05
Date: July 8, 2014

Examiner: Fritz Alphonse

REQUEST FOR CORRECTED FILING RECEIPT

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

This request 1s 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.

Respectfully submitted,
Pietraski et al.
By__ /Jonathan G. Lombardo/

Jonathan G. Lombardo
Registration No. 71,734

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 9.
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PTO/AIA/14 (12-13)
Approved for use through 01/31/2014. OMB 0651-0032
U.8. 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 uniess it contains a valid OMB control number.

Attorney Docket Number | 1-2-0526US05

Application Data Sheet 37 CFR 1.76 Application Number 13/74;, 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 it 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

] 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

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
Philip J. Pietraski

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

City | Jericho [ State/Province ] NY l Country of Residencd l us

Mailing Address of Inventor:

Address 1 39 Marian Lane

Address 2 _ v

City Jericho | State/Province l NY

Postal Code 11753 | Countryi us

Inventor 2 )

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
Gregory S. Sternberg

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

City | Mt Laurel ] State/Province | NJ I Country of Residencd | US

Mailing Address of inventor:

Address 1 7 Brookwood Road

Address 2 :
City Mt. Laurel ‘ | State/Province { NJ
Postal Code | 08054 | Countryi us

All Inventors Must Be Listed - Additional Inventor Information blocks may be

generated within this form by selecting the Add button. Add

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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PTO/AIA/14 (12-13)

Approved for use through 01/31/2014. OMB 0651-0032

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

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

Attorney Docket Number | [-2-0526US05
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

Application Data Sheet 37 CFR 1.76

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

Customer Number 24374

Email Address eoffice@vklaw.com | | AddEmait |  |Remove Email

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| 1-2-0526US05 I Small Entity Status Claimed [ ]

Application Type Nonprovisional

Subject Matter Utility

Total Number of Drawing Sheets (if any) 12 Suggested Figure for Publication (if any) | 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:
[[] Request Early Publication (Fee required at time of Request 37 CFR 1.219)

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

35 U.8.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 ’ () US Patent Practitioner | O Limited Recognition (37 CFR 11.9)
Customer Number 24374

EFS Web 2,2.11
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PTO/AIA/14 (12-13)

Approved for use through 01/31/2014. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Redugction Act of 1995, no persons are required to respond to a collection of information uniess it contains a valid OMB control number.

Application Data Sheet 37 CFR 1.76

Attorney Docket Number

1-2-0526U805

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 [ Petented—  Pending }
Am‘:;’ig‘:n | Continuity Type PriorN/:;;f‘aéig?tion (Y\I/:gi‘r(’?M[!)\?—th) Patent Number (Y:(S;&eMlﬁ_th)
Continuation of 13309962 2011-12-02 8359520 2013-01-22
Prior Application Status ! Patented _ l Remove
Mumber Continuity Type o e (stgm?\j-tgo) Patent Number (Y¢s$$?MDh?ng)
13309962 Continuation of 11974381 2007-10-12 8074143 2011-12-08
Prior Application Status 1 Patented | Remove
Aimbor Continuity Type ftving (Yw\??MﬁtSD) Patent Number <Y\'(S\?$?ME1)\/|a—th)
11974381 Continuation of 10725779 2003-12-02 7293217 2007-11-08
Prior Application Status | Expired
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 Remave
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
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
Application Number Continuity Type Prior Application Number|  Filing Date (YYYY-MM-DD)

10725779

Claims benefit of provisional

60434232

2002-12-16

by selecting the Add button.

Additional Domestic Benefit/National Stage Data may be generated within this form

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)' 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).

EFS Web 2.2.11
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PTO/AIA/14 (12-13)

Approved for use through 01/31/2014. OMB 0651-0032

U.8. 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 uniess it contains a valid OMB control number.

Attorney Docket Number | 1-2-0526US05

Application Number 13/744,984

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

Application Data Sheet 37 CFR 1.76

Title of Invention

[ Remove I

Application Number Countryi Filing Date (YYYY-MM-DD) Access Code (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 AlA (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 AlA.

Authorization to Permif Access:

X] 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 (WIPQ),
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 o f 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. OMB 0651-0032

U.8. 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 OMB control number.

Aftorney Docket Number | [-2-0526US05

Application Number 13/744,984

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

Application Data Sheet 37 CFR 1.76

Title of Invention

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 1.486. 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 shouid be

identified in this section.
,

(® Assignee (O Legal Representative under 35 U.S.C. 117 O Joint inventor

(O Person to whom the inventor is obligated to assign. O Person who shows sufficient proprietary interest

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

Name of the Deceased or Legally Incapacitated Inventor :

If the Applicant is an Organization check here. X

Organization Name | |\ TERDIGITAL TECHNOLOGY CORPORATION

' Mailing Address Information For Applicant:

Address 1 200 Bellevue Parkway

Address 2 Suite 300

City Wilmington State/Province DE
Countr)) | 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 assighee-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 Ofganization check here. -

EFS Web 2.2.11
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PTO/AIA/14 (12-13)

Approved for use through 01/31/2014. OMB 0651-0032

U.8. 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 uniess it contains a valid OMB control number,

Attorney Docket Number | 1-2-0526US05

Application Number 13/744,984

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

Application Data Sheet 37 CFR 1.76

Title of Invention

Organization Name | 2 oo iraL-FECHNOLOGY-CORPORATION-

Mailing Address Information For Assignee including Non-Applicant Assignee:

Address 1 -200-Beltevue-Raraway—

Address 2 ~Stite-306—

City “Witrmingtonr— State/Province BE-
Countryi e Postal Code 49809~
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. Last Name | 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.8.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. f 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 aliowed 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 disciosed, 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 disciosed, 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.8.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 fo the Patent C o o p eration Treaty.

6. A record in this system of records may be disciosed, 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.  Arecord 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 2.2.11
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

\)\/WW.USplO gov

| APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
13/744,984 07/22/2014 8788920 1-2-0526US05 9610
24374 7590 07/02/2014
VOLPE AND KOENIG, P.C.
DEPT. ICC
UNITED PLAZA

30 SOUTH 17TH STREET
PHILADELPHIA, PA 19103

ISSUE NOTIFICATION

The projected patent number and issue date are specified above.

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

The Patent Term Adjustment is 0 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 hitp://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)
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.USDIO.gOV

APPLICATION FILING or GRP ART
NUMBER I 371(c) DATE UNIT I FIL FEE RECD I ATTY.DOCKET.NO ITOT CLAIMSI IND CLAIMSl
13/744,984 01/18/2013 2112 1390 1-2-0526US05 14 2
CONFIRMATION NO. 9610
24374 CORRECTED FILING RECEIPT

VOLPE AND KOENIG, P.C.

DEPT. ICC AL A
UNITED PLAZA 000000068974563

30 SOUTH 17TH STREET

PHILADELPHIA, PA 19103

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

Inventor(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 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 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.

page 1 of 4
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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 AlA (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 USPTO 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
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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-HALT (1-866-999-4258).

LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

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 0or 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).

SelectUSA

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
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technology, manufacture products, deliver setrvices, and grow your business, visit http:/www.SelectUSA.gov or call
+1-202-482-6800.

page 4 of 4
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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
Commlssmner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450
or Fax (571)-273-2885

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where

ppropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as

glcated unless corrected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for
malnlenance fee notifications.

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

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) apers. Each additional paper, such as an assignment or formal drawing, must
Eave its own certificate of mailing or transmission.

Certificate of Mailing or Transmission

24374 7590 03/11/2014 I hereby certify that this Fee(s) Transmittal is being deposited with the United
VOLPE AND KOENIG, P.C. States Postal Service with sufficient postage for first class mail in an envelope
DEPT. ICC addressed to the Mail Stop ISSUE FEE address above, or being facsimile

. transmitted to the USPTO (571) 273-2885, on the date indicated below.
UNITED PLAZA —
30 SOUTH 17TH STREET Depostiors mame)
PHILADELPHIA, PA 19103 (Signature)
(Date)
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
13/744,984 01/18/2013 Philip J. Pietraski 1-2-0526US05 9610

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

I APPLN. TYPE ENTITY STATUS | ISSUE FEE DUE I PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE
nonprovisional UNDISCOUNTED $960 $0 $0 $960 06/11/2014
I EXAMINER | ART UNIT I CLASS-SUBCLASS I
ALPHONSE, FRITZ 2112 714-755000
1. Change of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list )
CFR 1.363). . 1 Volpe and Koenig, P.C.
(1) The names of up to 3 registered patent attorneys
(| Chan%e of correspondence address (or Change of Correspondence or agents OR, alternatively,
Address form PTO/SB/122) attached. . 8 . 2
(2) The name of a single firm (having as a member a
[ "Fee Address” indication (or "Fee Address" Indication form registered attorney or agent) and the names of up to
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 2 registered patent attorneys or agents. If no name is 3
Number is required. listed, no name will be printed.

W

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

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

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

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

4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)
Issue Fee [ A check is enclosed.
[ Publication Fee (No small entity discount permitted) (| Payment by credit card. Form PTO-2038 is attached.
[ Advance Order - # of Copies (& The Director is hereby authorized to charge tblq:are(buar%d&_)fee(s), any deficiency, or credits any
overpayment, to Deposit Account Number (enclose an extra copy of this form).
5. Change in Entity Status (from status indicated above)
a Applicant certifying micro entity status. See 37 CFR 1.29 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.
| Applicant asserting small entity status. See 37 CFR 1.27 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.
| Applicant changing to regular undiscounted fee 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 CEFR 1.4 for signature requirements and certifications.

Authorized Signature _/Wesley T. McMichael/ Date June 10, 2014
Typed or printed name __Wesley T. McMichael Registration No, _ 26,982
Page 2 of 3
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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: -2-0526US05

Filed as Large Entity

Utility under 35 USC 111(a) Filing Fees

Description Fee Code Quantity Amount Suﬁ;l';(tsa)l in

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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o . Sub-Total in
Description Fee Code Quantity Amount UsD($)
Miscellaneous:
Total in USD ($) 960
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Electronic Acknowledgement Receipt

EFS ID: 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: I-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 o . File Size(Bytes Multi Pages
Document Description File Name ( y V . . J
Number Message Digest | Part/.zip| (ifappl.)
|_2_0526US05_| F 2014 97062
| 2 _lssue_Fee_
1 Issue Fee Payment (PTO-85B) 0610.PDF no 1
64e11c46494177703e8f2601faf4de29cd51
3153
Warnings:
Information:
30687
2 Fee Worksheet (SB06) fee-info.pdf no 2
bd80740ed161e97ch5489205a2ac7015403]
16¢cc0
Warnings:
Information:
Total Files Size (in bytes):i 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 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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w’rmvn,.%
UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

24374 7590 03/11/2014 | EXAMINER |
VOLPE AND KOENIG, P.C. ALPHONSE, FRITZ
DEPT. ICC
UNITED PLAZA | ART UNIT PAPER NUMBER I
30 SOUTH 17TH STREET e

PHILADELPHIA, PA 19103
DATE MAILED: 03/11/2014

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

13/744,984 01/18/2013 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 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:

1. 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.

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

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

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

Page 1 of 3
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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

Commlssmner for Patents

P.O. Box 1450

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

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

mzunlenance fee notifications.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 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
Eapers Each additional paper, such as an assignment or formal drawing, must
ave its own certificate of mailing or transmission.

Certificate of Mailing or Transmission

24374 7590 031172014 I hereby certify that this Fee(s) Transmittal is being deposited with the United
VOLPE AND KOENIG, P.C. States Postal Service with sufficient postage for first class mail in an envelope
DEPT. ICC addressed to the Mail Stop ISSUE FEE address above, or being facsimile

. transmitted to the USPTO (571) 273-2885, on the date indicated below.
UNITED PLAZA —
30 SOUTH 17TH STREET Deposiiors ame)
PHILADELPHIA, PA 19103 (Signature)
(Date)
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
13/744,984 01/18/2013 Philip J. Pietraski 1-2-0526US05 9610

TITLE OF INVENTION: DETECTION, AVOIDANCE AND/OR CORRECTION OF PROBLEMATIC PUNCTURING PATTERNS IN PARITY BIT

STREAMS USED WHEN IMPLEMENTING TURBO CODES

I APPLN. TYPE ENTITY STATUS | ISSUE FEE DUE I PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE
nonprovisional UNDISCOUNTED $960 $0 30 $960 06/11/2014

I EXAMINER | ART UNIT I CLASS-SUBCLASS I

ALPHONSE, FRITZ 2112 714-755000

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

(| Chan%e of correspondence address (or Change of Correspondence
Address form PTO/SB/122) attached.

[ "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.

2. For printing on the patent front page, list

(1) The names of up to 3 registered patent attorneys 1

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 3
listed, no name will be printed.

2

W

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

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for
recordation as set forth in 37 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) : [ tndividuat Corporation or other private group entity [ Government

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

[ Issue Fee
[ Publication Fee (No small entity discount permitted)
[ Advance Order - # of Copies

[ A check is enclosed.
(| Payment by credit card. Form PTO-2038 is attached.

[ 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).

5. Change in Entity Status (from status indicated above)
| Applicant certifying micro entity status. See 37 CFR 1.29

| Applicant asserting small entity status. See 37 CFR 1.27

| Applicant changing to regular undiscounted fee status.

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 CEFR 1.4 for signature requirements and certifications.

Authorized Signature

Date

Typed or printed name

Registration No.

PTOL-85 Part B (10-13) Approved for use through 10/31/2013.

Page 2 of 3
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

[ appricationwo. [ Frvopate | FIRST NAMED INVENTOR [ ArTorNEY DOCKETNO. [ CoNFRVATIONNO. |
13/744,984 01/18/2013 Philip J. Pietraski 1-2-0526US05 9610
24374 7590 031172014 | PXAMINER |
VOLPE AND KOENIG, P.C. ALPHONSE, FRITZ
DEPT. ICC
UNITED PLAZA | ART UNIT PAPERNUMBER |
30 SOUTH 17TH STREET 2112

PHILADELPHIA, PA 19103
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 0 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



OMB 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 OMB approves an agency
request to collect information from the public, OMB (i) provides a valid OMB 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 OMB 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 OMB 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. Applicant(s)
13/744,984 PIETRASKI ET AL.
: A i i AlA (First Inventor to
Notice of Allowability EET;"Z"EPHONSE 21”1;’"“ Filo) Stetus
No

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

1. X This communication is responsive to the Terminal Disclaimer filed on 02/05/2014.
Oa declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on .

2. [ 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. X 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
hitp:fwww Lsplo.gov/patenis/init_events/oph/index.jsp or send an inquiry to PPHisaedback@uspio.qov .

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

a)[J Al b)[JSome *c)[] None of the:
1. [ Certified copies of the priority documents have been received.
2. [ Cetrtified copies of the priotity documents have been received in Application No.
3. [ Copies of the certified copies of the priority documents have been received in this national stage application from the

International Bureau (PCT Rule 17.2(a)).
* Certified copies not received:

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 resultin ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5. ] CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.
[0 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. [ Notice of References Cited (PTO-892) 5. [] Examiner's Amendment/Comment

2. [{ Information Disclosure Statements (PTO/SB/08), 6. [] Examiner's Statement of Reasons for Allowance
Paper No./Mail Date 07/03/2013

3. [ Examiner's Comment Regarding Requirement for Deposit 7. [ Other .

of Biological Material
4. [ Interview Summary (PTO-413),
Paper No./Mail Date .

/FRITZ ALPHONSE/
Primary Examiner, Art Unit 2112

U.S. Patent and Trademark Office
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20140228

IPR2023-01272 Page 41




OKTO ENTER: /F.A/

0272812014
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

Our File:  1-2-0526US05
Date: February 5, 2014

Examiner: Fritz Alphonse

REPLY PURSUANT TO 37 C.F.R. §1.116
Mail Stop AF
Commaissioner 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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EAST Search History

EAST Search History
EAST Search History (Prior Art)

Ref {{Hits {iSearch Query DBs Default {Plurals {iTime
# Operator Stamp :
L1 0 (rate matching wireless communication US-PGPUB; {AND OFF 2014/02/28}
terminal interleav$4 bit stream buffer$4 USPAT; 12:39 ‘
virtual buffer output).cim. USOCR;
FPRS;
EPO; JPC;
DERWENT;
IBM_TDB !
L2 11168 jj(rate matching wireless communication US-PGPUB; {AND OFF 2014/02/28;
terminal interleav$4 bit stream buffer$4 USPAT; 12:40 ‘
virtual buffer output) USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
L3 4801 i{714/790,774,786,752,755,800.ccls. USPAT OR OFF 2014/02/28;
12:40 :
L4 #10 23 USPAT AND OFF 2014/02/28;
12:41 !
L5 #0 4 and interleav$4 near4 ("first bit" and USPAT AND OFF 2014/02/28;
"second bit" and "third bit") 12:42
S1 233 ii(rate matching interleav$4 bit stream) US-PGPUB; {SAME OFF 2013/05/29
USPAT; 11:38
USCCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
S2 40 (buffer$4 interleav bit stream virtual US-PGPUB; {SAME OFF 2013/05/29
buffer) USPAT; 11:40
USCCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
S3 31 (buffer$4 interleav$4 bit stream virtual US-PGPUB; {SAME OFF 2013/05/29
buffer) USPAT; 11:40
USCCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
A 19 S13 US-PGPUB;{AND OFF 2013/05/29
USPAT; 11:40
USCCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
S5 19124 ijvirtual near4 buffer US-PGPUB; i SAME OFF 2013/05/31
USPAT; 23:09

file:///Cl/Users/falphonse/Documents/e-Red%20Folder/13744984/EASTSearchHistory.13744984_AccessibleVersion.htm[2/28/2014 12:43:14 PM]
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EAST Search History

USOCR;
FPRS;
EPO; JPO!
DERWENT;
IBM_TDB

virtual adj buffer is a physical adj buffer

US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPC;
DERWENT;
IBM_TDB

SAME

OFF

2013/05/31
23:24

S7

92

virtual adj buffer same physical adj buffer

US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

SAME

OFF

2013/05/31
23:24

14

(rate matching interleav$4 bit stream

buffer$4 virtual

buffer )

US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

SAME

OFF

2013/05/31;
23:45 :

file:///Cl/Users/falphonse/Documents/e-Red%20Folder/13744984/EASTSearchHistory.13744984_AccessibleVersion.htm[2/28/2014 12:43:14 PM]
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("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" "7415263"
"7421033" "7458011" "7483389"
"7496079" "7523383" "7536624"
"7620872" "7640486" "7673213"
"7676731" "7676732" "7743312"
"7782973" "7802164" "7814390"
"7814391" "7827466" "7925963"
"7958425" "7987414" "8074143"
"7925963" "7958425" "7987414"
"8074143" "8250429" "8254284"
"8275032" "8359520" "8386877"
"8416794" "20010009569" "20010010710"

"20010034209"
"20020027956"
"20030007476"
"20030031233"
"20030097629"
"20030135811"
"20040125765"
"20040146029"
"20040187069"
"20040257992"
"20050100085"
"20050172201"
"20050204251"
"20050283710"
"20060150051"
"20060190801"

"20020015419"
"20020166093"
"20030021240"
"20030076870"
"20030120995"
"20030171121"
"20040139378"
"20040184553"
"20040187070"
"20050053168"
"20050100103"
"20050172202"
"20050216819"
"20060031737"
"20060179401"
"20060206781"

RE41498

US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPC;
DERWENT;
IBM_TDB

OR

OFF

2013/06/01:
13:13




EAST Search History

"20060239237" "20060251001"
"20070089025" "20070101232" ).pn.

S10 14 (rate matching interleav$4 bit stream US-PGPUB; {{SAME OFF 2013/06/01;
buffer$4 virtual buffer) USPAT; 13:16
USOCR;
FPRS;
EPO; JPC;
DERWENT;
IBM_TDB

S11 492 virtual adj buffer same physical adj buffer {US-PGPUB;{SAME OFF 2013/06/01;
USPAT; 13:17
USOCR;
FPRS;
EPO; JPC;
DERWENT;
IBM_TDB

S12 §0 9 S10 Si1 US-PGPUB; {AND OFF 2013/06/01!
USPAT; 13:17
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S13 476 S9 and rate near4 matching US-PGPUB; §AND OFF 2013/06/01
USPAT; 13:27
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S14 4§47 S$13 and interleav$4 bit near4 stream US-PGPUB; {AND OFF 2013/06/01
USPAT; 13:27
USOCR;
FPRS;
EPO; JPC;
DERWENT;
IBM_TDB

S15 {1 S14 and buffer$4 interleav$4 bit stream US-PGPUB; {SAME OFF 2013/06/01}
USPAT; 13:29
USOCR;
FPRS;
EPO; JPC;
DERWENT;
IBM_TDB

S16 {1 S9 and buffer$4 interleav$4 bit stream US-PGPUB; i SAME OFF 2013/06/01}
USPAT; 13:50
USOCR,;
FPRS;
EPO; JPG;
DERWENT;
IBM_TDB

S17 {1 S10 S14 US-PGPUB; {AND OFF 2013/06/01i
USPAT; 13:51
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S18 #0 9 and Si1 US-PGPUB; #OR OFF 2013/06/01
USPAT; 13:51
USOCR;

file:///Cl/Users/falphonse/Documents/e-Red%20Folder/13744984/EASTSearchHistory.13744984_AccessibleVersion.htm[2/28/2014 12:43:14 PM]
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EAST Search History

FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

$19 176 S9 and S13 US-PGPUB;HOR OFF 2013/06/01
USPAT; 13:51
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S20 {0 S$19 and mate same matching US-PGPUB; {OR OFF 2013/06/01;
USPAT; 13:58
USOCR;
FPRS;
EPO; JPC;
DERWENT;
IBM_TDB

21 476 S19 and rate same matching US-PGPUB; {OR OFF 2013/06/01:
USPAT; 13:58
USOCR;
FPRS;
EPO; JPC;
DERWENT;
IBM_TDB

S22 #7177 §"16" and virtual near4 buffer US-PGPUB;iOR OFF 2013/06/01}
USPAT; 13:58
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S23 11 S21 and virtual near4 buffer US-PGPUB; {OR OFF 2013/06/01
USPAT; 13:58
USOCR;
FPRS;
EPO; JPC;
DERWENT;
IBM_TDB

S24 44 S13 and "714"/$.ccls. US-PGPUB; {OR OFF 2013/06/01
USPAT; 14:11
USOCR;
FPRS;
EPO; JPC;
DERWENT;
IBM_TDB

S25 §163  §{("20020051501" "6088387" "6028897" US-PGPUB;;OR OFF 2013/12/02;
"6014411" "6044116" "6370669" USPAT; 10:58
"6397367" "6622281" "6665833" USOCR,;
"6697986" "6744744" "6807238" FPRS;
"6816556" "6829305" "6892342" EPO; JPG;
"6903665" "7016427" "7016658" DERWENT;
"7027782" "7072307" "7089480" IBM_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" "7827466" "7925963"
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EAST Search History

"7958425" "7987414" "8074143"
"7925963" "7958425" "7987414"
"8074143" "8250429" "8254284"
"8275032" "8359520" "8386877"
"8416794" "20010009569" "20010010710"

"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"
"20060239237" "20060251001"
"20070089025" "20070101232" ) :
26 (rate matching interleav$4 bit stream US-PGPUB; i SAME OFF 2013/12/02
buffer$4 virtual buffer) USPAT; 10:59
USOCR;
FPRS;
EPO; JPC;
DERWENT;
IBM_TDB !
s27 S25 S26 US-PGPUB;{{AND OFF 2013/12/02}
USPAT; 10:59
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2/28/2014 12:43:11 PM
C:\ Users\ falphonse\ Documents\ EAST\ Workspaces\ 13744984.wsp
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Page 1 of 1

UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

Wwwvusplo.gov

BIB DATA SHEET
CONFIRMATION NO. 9610

SERIAL NUMBER FILIN(I:iuAt_)I_IiE 371(c) CLASS GROUP ART UNIT ATTORN"IIECY)-DOCKET
13/744,984 01/18/2013 714 2112 [-2-0526US05
RULE
APPLICANTS
INVENTORS

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

*k CONTINUING DATA kkkkkhkkkhhhkkhkkhhhkhhhkhhhhdk
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.

*k FOR E I G N APPLICATI ONS kkkkdkkkkkdkhkkkkkhhkhhkkkhhkkk

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

Foreign Priority claimed U ves Wno STATEOR | SHEETS TOTAL |INDEPENDENT

35 USC 119(a-d) conditions met D Yes BNO D m%ﬁgﬁée COUNTRY DRAWINGS CLAIMS CLAIMS

Verified and /FRITZ ALPHONSE/ FA
Acknowledged Examiner's Signature el NY 12 14 2

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

Q All Fees |
FEES: Authority has been given in Paper 116 Fees (Filing)
l;!"E-é:NE?VFEEDE No.# to chargeg/credit DEFF’)OSIT ACCOUNT |[9.1.17 Fees (Processing Ext. of time)
1390 No. for following: 0 1.18 Fees (Issue)
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Application/Control No.

Applicant(s)/Patent Under
Reexamination

Index of Claims 13744984 PIETRASKI ET AL.
Examiner Art Unit
FRITZ ALPHONSE 2112
4 Rejected - Cancelled N | Non-Elected A Appeal
= Allowed + Restricted I Interference 0] Objected
Claims renumbered in the same order as presented by applicant O cpa X T.D. O R.1.47
CLAIM DATE
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

Part of Paper No. : 20140228

IPR2023-01272 Page 49



Issue Classification

Application/Control No.

Applicant(s)/Patent Under Reexamination

13744984 PIETRASKI ET AL.

FRITZ ALPHONSE 2112
CPC
Symbol Type Version
CPC Combination Sets
Symbol Type Set Ranking Version
NONE

Total Claims Allowed:
14

(Assistant Examiner) (Date)
/FRITZ ALPHONSE/
Primary Examiner.Art Unit 2112 2/28/2014 O.G. Print Claim(s) O.G. Print Figure
(Primary Examiner) (Date) 1 10

U.S. Patent and Trademark Office

Part of Paper No. 20140228
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Issue Classification

Application/Control No.

Applicant(s)/Patent Under Reexamination

13744984 PIETRASKI ET AL.
AUNRAMIANY ===
FRITZ ALPHONSE 2112
US ORIGINAL CLASSIFICATION INTERNATIONAL CLASSIFICATION
CLASS SUBCLASS CLAIMED NON-CLAIMED
714 790 H| o M 13/03 (2006.01.01)
CROSS REFERENCE(S)
CLASS SUBCLASS (ONE SUBCLASS PER BLOCK)
714 774 786
NONE
Total Claims Allowed:
14
(Assistant Examiner) (Date)
/FRITZ ALPHONSE/
Primary Examiner.Art Unit 2112 2/28/2014 O.G. Print Claim(s) O.G. Print Figure
(Primary Examiner) (Date) 1 10

U.S. Patent and Trademark Office

Part of Paper No. 20140228
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Application/Control No. Applicant(s)/Patent Under Reexamination
Issue Classification | 57,4934 PIETRASKI ET AL.
FRITZ ALPHONSE 2112
X Claims renumbered in the same order as presented by applicant O CPA X] T.D. O R.1.47
Final Original Final Original Final Original Final Original Final Original Final Original Final Original Final Original
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NONE

Total Claims Allowed:
14

(Assistant Examiner) (Date)
/FRITZ ALPHONSE/
Primary Examiner.Art Unit 2112 2/28/2014 O.G. Print Claim(s) O.G. Print Figure
(Primary Examiner) (Date) 1 10

U.S. Patent and Trademark Office

Part of Paper No. 20140228
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Search Notes

Application/Control No.

Applicant(s)/Patent Under
Reexamination

13744984 PIETRASKI ET AL.
FRITZ ALPHONSE 2112
CPC- SEARCHED
Symbol Date Examiner
CPC COMBINATION SETS - SEARCHED
Symbol Date Examiner
US CLASSIFICATION SEARCHED
Class Subclass Date Examiner
714 790,774,786,752,755,800 2/28/2014 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/HO3M 790/13/03 2/28/2014 FA
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AlL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /F.A/

Doc code: IDS 02/28/2014 PTO/SB/08a (01-10)
Lo . R . Approved for use through 07/31/2012. OMB 0651-0031
Doc description: Information Disclosure Statement (IDS) Filed 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 OMB control number.

13744984
2013-01-18

Application Number
Filing Date

INFORMATION DISCLOSURE
STATEMENT BY APPLICANT

First Named Inventor ‘ Pietraski et al.

e Art Unit | 2112
( Not for submission under 37 CFR 1.99)
Examiner Name ‘ Fritz Alphonse
Attorney Docket Number | [-2-0526US05

U.S.PATENTS Remove
. . . . Pages,Columns,Lines where
E>.(ai1m*|ner Cite Patent Number Kind Issue Date Name of Patentee or Applicant Relevant Passages or Relevant
Initial No Code of cited Document )
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
ek Cite No . Relevant Passages or Relevant
Initial Number Cedel| Date of cited Document .
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 Apolicant of cited where Relevant o
Initial* No | Number3 Code? j Code4| Date Dpp Passages or Relevant
ocument .
Figures Appear
. . * English abstract
JFA] |1 20020004478 KR A 2002-01-16 LG ELECTRONICS INC provided |:|
JFA/J A HUGHES * Corresponds to KR
2| 0048353 wo A1 |2000-08-17 | ) ECTRONICS CORP | 20010052246 O
If you wish to add additional Foreign Patent Document citation information please click the Add button ~ Add
NON-PATENT LITERATURE DOCUMENTS Remove
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INFORMATION DISCLOSURE
STATEMENT BY APPLICANT

Application Number 13744984

Filing Date 2013-01-18

First Named Inventor ‘ Pietraski et al.

Art Unit 2112

( Not for submission under 37 CFR 1.99) |
Examiner Name ‘ Fritz Alphonse
Attorney Docket Number | [-2-0526U805

Examiner|
Initials*

Cite
No

Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item
(book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s),
publisher, city and/or country where published.

Ts

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

EXAMINER SIGNATURE

Examiner Signature /Fritz Alphonse/ Date Considered 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 cepy 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). 2 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 if
English language translation is attached.
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Application Number 13744984

Filing Date 2013-01-18

INFORMATION DISCLOSURE

First Named Inventor ‘ Pietraski et al.

STATEMENT BY APPLICANT

Art Unit 2112

( Not for submission under 37 CFR 1.99) |
Examiner Name ‘ Fritz Alphonse
Attorney Docket Number | [-2-0526U805

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
[] 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

[] 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).

[] See attached certification statement.
The fee set forth in 37 CFR 1.17 (p) has been submitted herewith.

[] 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 henefit 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 cellection 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 applicaticn 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.S5.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 record s.

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.

A record in this system of records may he 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.

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).

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.

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 Atemic Energy Act (42 U.S.C. 218(c)).

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.5.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations geverning 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.

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.

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

Reexamination

“ 13/744,984

PIETRASKI ET AL.
Document Code - DISQ Internal Document — DO NOT MAIL
TERMINAL
DISCLAIMER D] APPROVED [] DISAPPROVED

Date Filed : 2/05/14

This patent is subject
to a Terminal
Disclaimer

Approved/Disapproved by:

jean proctor

U.S. Patent and Trademark Office

IPR2023-01272 Page 58




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

Our File:  1-2-0526US05
Date: February 5, 2014

Examiner: Fritz Alphonse

REPLY PURSUANT TO 37 C.F.R. §1.116
Mail Stop AF
Commaissioner 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) 1s enclosed.

Accordingly, Applicants respectfully request the issuance of a Notice of

Acceptance of Power of Attorney.

Double Patenting Rejection

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 1s submitted herewith to overcome the
nonstatutory obviousness-type double patenting rejection. The withdrawal of the

nonstatutory obviousness-type double patenting rejection 1s 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 9.
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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 1s respectfully requested.

Respectfully submitted,
Pietraski et al.
By__/Jonathan G. Lombardo/

Jonathan G. Lombardo
Registration No. 71,734

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
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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

2112
Fritz Alphonse

Group:

Examiner:

Our File:  1-2-0526US05
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.
Respectfully submitted,
Pietraski et al.
By__/Jonathan G. Lombardo/

Jonathan G. Lombardo
Registration No. 71,734

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 9.
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PTO/AIA/14 (12-13)
Approved for use through 01/31/2014. OMB 0651-0032
U.8. 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 OMB control number.

Attorney Docket Number | 1-2-0526US05
Application Number 1'13/744,984

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

Application Data Sheet 37 CFR 1.76

Title oéf Invention

The application data sheet is part of the provisional or nonprovisional application for which it 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

] 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

Legal Name

Prefix| Given Name Middle Name Family Name - o Suffix
| Philip J. Pietraski .

Residence Information (Select One) (¢ US Residency () Non US Residency (O Active US Military Service

City | -Huntingten--Jericho I State/Province IJ\D{ l Country of Residencd I_U_E_B N¥

Mailing Address of Inventor:

Address 1 FJalbetRlass- 39 Marian Lane

Address 2

City Huntingter  Jericho " f State/Province l NY

Postal Code H¥4e 11753 [ Countryi us

Inven;tor 2 .

Legal Name :

Preﬁ)i Given Name Middle Name ‘Family Name Suffix
| cregory _ S. Stemberg '

Residence Information (Select One) (®) US Residency (O Non US Residency (O Active US Military Service

City 1 Mt Laurel ’ State/Province J NJ , Country of Residencd l us

Mailing Address of Inventor:

Address 1 7 Brookwood Road

Address 2

City | Mt. Laurel [ State/Province [ NJ

Postal Code | 08054 | Countryi uUs

All Inventors Must Be Listed - Additional Inventor Information blocks may be

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 Web2.2.11
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PTO/AIAM4 (12-13)

Approved for use through 01/31/2014. OMB 0651-0032

U.8. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1985, no persons are required to respond to a collection of information unless it contains a valid OMB controf number,

Attorney Docket Number | 1-2-0526US05
Application Number - "['13/744,984

Application Data Sheet 37 CFR 1.76

Title Of invention DETECTION, AVOIDANCE AND/OR CORRECTON OF PROBLEMATIC PUNCTURING PATTERNS IN
: PARITY BIT STREAMS USED WHEN IMPLEMENTING TURBQ CODES

] An Address is being provided for the correspondence information of this application.

Custémer Number 24374

Email Address eoffice@vklaw.com ] | AddEmail |  [Remove Email

Appiication Information:

Tis o theInvention | D0 Lo A O T Bt A TC PONCTURNG PATTERS
Attorney Docket Number| 1-2-0526US05 f Small Entity Status Claimed [ ]

Application Type Nonprovisional

Subject Matter Utility

Total Number of Drawing Sheets (if any) 12 Suggested Figure for Publication (if any) | 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:
[[] Request Early Publication (Fee required at time of Request 37 CFR 1.219)

Request Not to Publish. | 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.

Reprfesentative 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 l (O US Patent Practitioner I (O Limited Recognition (37 CFR 11.9)

Customer Number 24374
EFS Web 2.2.11
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PTOIAIAM4 (12-13)

Approved for use through 01/31/2014. OMB 0651-0032
U.8. Patent and Trademark Office; U.8. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information uniess it contains a valid OMB control number.

Application Data Sheet 37 CFR 1.76

Attorney Docket Number

[-2-0526U805

Application

Number

113/ 744, 9%

Title ()if Invention

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

Doméstic 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 UiS.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 Pending ]
Application - Prior Application Filing Date lssue Date -
Number Continuity Type Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD)
Continuation of 13309962 2011-12-02 8359520 2013-01-22
Prior Application Status | Patented l Remove
Application - Prior Application Filing Date Issue Date -
Number Continuity Type Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD)
13309962 Continuation of 11974381 2007-10-12 8074143 2011-12-06
Prior Application Status l Patented l Remove
Application . Prior Application Filing Date Issue Date
Number Continuity Type Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD)
11974381 Continuation of 10725779 2003-12-02 7293217 2007-11-06  2012412-30
Prior Application Status | Expired Patented Remove
Application Number Continuity Type Prior Application Number |  Filing Date (YYYY-MM-DD)

10725779

Claims benefit of provisional

2003-08-11

60494404

Priér Application Status |_Expired Patented-
Application Number Continuity Type _Prior Application Number|  Filing Date (YYYY-MM-DD)

10225779 Claims benefit of provisional 60470921 2003-05-15
Priér Application Status | Expired  Patented- ' Remove
Application Number Continuity Type Prior Application Number |  Filing Date (YYYY-MM-DD)

10725779 Claims benefit of provisional 60444068 2003-01-30
P'ri(jr Application Status | Expired - Patented--- _ Remove
Application Number Continuity Type Prior Application Number|  Filing Date (YYYY-MM-DD)

10725779

Claims benefit of provisional

80434232

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 e]igible for retrieval under the priority document exchange program (PDX)' 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 -
propertyf 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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PTO/AIA/14 (12-13)

Approved for use through 01/31/2014. OMB 0651-0032
U.8. Patent and Trademark Office;, U.8. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a coilection of information uniess it contains a valid OMB control number.

Application Data Sheet 37 CFR 1.76

Attorney Docket Number | 1-2-0526U805

Application Number 113/744,984

Title of Invention

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

Filing Date (YYYY-MM-DD)

[ Remove |

Access Code' (if applicable)

Aﬁplication Number Countryi

Additibnal Foreign Priority Data may be generated within this form by selecting the

Add button,

Statément under 37 CFR 1.55 or 1.78 for AlA (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 AlA.

Authbrization 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 dccess 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 pnornty

to the lnstant 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 accovfdance with 37 CFR 1.14(c), access may'be provided to information concerning the date o f 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 havé an assignment recorded by the Office.
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PTO/AIAIM4 (12-13)

Approved for use through 01/31/2014. OMB 0651-0032

U.8. Patent and Trademark Office; U.8. 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 OMB control number.

Attorney Docket Number | 1-2-0526US05
Application Number

App|§ication Data Sheet 37 CFR 1.76

DETECTION, AVOIDANCE AND/OR CORRECTON OF PROBLEMATIC PUNCTURING PATTERNS IN

Title of Invention | bR Ty 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.

® Assi;gnee (O Legal Representative under 35 U.S.C. 117 (O Joint Inventor

O Per_éon to whom the inventor is obligated to assign. O Person who shows sufficient proprietary interest

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

Name bf the Deceased or Legally Incapacitated Inventor :

if the Applicant is an Organization check here. &

Organization Name | \\TERDIGITAL TECHNOLOGY CORPORATION

Mailirjg Address Information For Applicant:

Address 1 200 Bellevue Parkway

Address 2 Suite 300

City 5_ Wilmington State/Province DE
Country ] Us. Postal Code 19809
Phoné Number Fax Number

Email' Address

Additiohal 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 assighment recorded by the Office.

Assiénee 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 assighee-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. X
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PTO/AIAM4 (12-13)

Approved for use through 01/31/2014. OMB 0651-0032

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

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

Attorney Docket Number | 1-2-0526US05

Application Data Sheet 37 CFR 1.76

Application Number

DETECTION, AVOIDANCE AND/OR CORRECTON OF PROBLEMATIC PUNCTURING PATTERNS IN

Title °f Invention | o\ RITv BIT STREAMS USED WHEN IMPLEMENTING TURBO CODES

Organization Name | |\ reRpiGITAL TECHNOLOGY CORPORATION

Mailing Address Information For Assignee including Non-Applicant Assignee:

Address 1 200 Bellevue Parkway

Addréss 2 Suite 300

City Wilmington State/Province DE
Countryi 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. Last Name | Lombardo Registration Number | 71734

Additibnal Signature may be generated within this form by seiecting 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.8.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 USPTQ. 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 Pri_fvacy 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. © Arecord 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 settiement 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 o the subject matter of
the record.

4, v 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.8.C. 652a(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 C o o p eration Treaty.

6. A record in this system of records may be disciosed, 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.8.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 Fe‘deral, 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/96 (08-12)

Approved for use through 01/31/2013. OMB 0651-0031

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

Under the Paperwork Reduction Act 0f1995, no persons arerequired to respond to a collection of information unless it displays a valid OMB control number.

STATEMENT UNDER 37 CFR 3.73(c)
Applicant/Patent Owner: "ietraski et al.
Application No./Patent No.: 13/744,984 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

InterDigital 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 one of options 1, 2, 3 or 4 below):
1. The assignee of the entire right, title, and interest.

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

|_| 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.

|:] 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. |:| 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 one of options A or B below):

A. 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-PT0-9199 and select option 2.
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PTO/AIA/96 (08-12)

Approved for use through 01/31/2013. OMB 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 OMB 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.

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

|:| 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/ February 5, 2014
Signature Date

Jonathan G. Lombardo 71734

Printed or Typed Name Title or Registration Number

[Page 2 of 2]

IPR2023-01272 Page 72




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. Arecord 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. Arecord 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. Arecord in this system of records may be disclosed, as a routine use, to a contractor of the Agency
having need for the informationin 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 InternationalApplication 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. Arecord 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. Arecord 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. Arecord 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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Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

TERMINAL DISCLAIMER TO OBVIATE A DOUBLE PATENTING Docket Number (Optional)
REJECTION OVER A “PRIOR” PATENT -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, _InterDigital Technology Corporation , owner of 100 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 unenforceabile;

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

| 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. The undersigned is an attorney or agent of record. Reg. No. 71,734

/Jonathan G. Lombardo/ February 5, 2014
Signature Date

Jonathan G. Lombardo
Typed or printed name

Attorney 215-568-6400
Title Telephone Number

I:l 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 c omplete,
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 bu rden, 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. Arecord 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. Avrecord 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. Arecord 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. Arecord 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. Arecord 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. Arecord 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. Arecord 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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Electronic Acknowledgement Receipt

EFS ID: 18126794
Application Number: 13744984
International Application Number:
Confirmation Number: 9610

Title of Invention:

DETECTION, AVOIDANCE AND/OR CORRECTION OF PROBLEMATIC

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: I-2-0526US05
Receipt Date: 05-FEB-2014
Filing Date: 18-JAN-2013
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Application Type:
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Multipart Description/PDF files in .zip description
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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 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.

IPR2023-01272 Page 78



w’[ ANDI%

UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.USPL0.gov

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. CONFIRMATION NO. |
13/744,984 01/18/2013 Philip J. Pietraski 1-2-0526US05 9610
24374 7590 12/05/2013
EXAMINER
VOLPE AND KOENIG, P.C. | |
DEPT. ICC ALPHONSE, FRITZ
UNITED PLAZA RT UNIT PAPER NUMBER
30 SOUTH 17TH STREET | A | |
PHILADELPHIA, PA 19103 2112
| NOTIFICATION DATE | DELIVERY MODE |
12/05/2013 ELECTRONIC

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

PTOL-90A (Rev. 04/07)
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Application No. Applicant(s)
13/744,984 PIETRASKI ET AL.

Office Action Summary Examiner Art Unit AIA (First Inventor to File)
FRITZ ALPHONSE 2112 E‘g‘“s

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

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 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.
] A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on
2a)[X] This action is FINAL. 2b)[] This action is non-final.
3)[] 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[] 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. 218.

Disposition of Claims*
5)[X Claim(s) 1-14 is/are pending in the application.

5a) Of the above claim(s) ____is/are withdrawn from consideration.
8)[1 Claim(s) is/are allowed.
7)Y Claim(s) 1-14 is/are rejected.
8)[] Claim(s) ____is/are objected to.
[ 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
hitp/reww. usplo.dov/patents/init_events/peh/index.jsp or send an inquiry to PPHieadback@uspio.qoy.

Application Papers
10)[] The specification is objected to by the Examiner.
11)[J The drawing(s) filed on is/are: a)[] accepted or b)[] 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)[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:
a)[J Al b)[J Some** ¢)[] None of the:
1.[] Certified copies of the priority documents have been received.
2.0 Certified copies of the priority documents have been received in Application No.
3.0 Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
** See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)
1) I:l Notice of References Cited (PTO-892) 3) l:l Interview Summary (PTO-413)
Paper No(s)/Mail Date.

2) D Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b) I:' Other:
Paper No(s)/Mail Date ther

U.S. Patent and Trademark Office
PTOL-326 (Rev. 11-13) Office Action Summary Part of Paper No./Mail Date 20131202
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Application/Control Number: 13/744,984 Page 2
Art Unit: 2112

1. The present application is being examined under the pre-AlA 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 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).
5. 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).

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 Longi, 759 F.2d 887, 225 USPQ 645 (Fed. Cir. 1985); In re Van
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Application/Control Number: 13/744,984 Page 3
Art Unit: 2112

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 CFR 1.321(c) or 1.321(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 CFR
1.321(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/efs/guidance/eTD-info-I.jsp.

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 CFR 1.136(a).
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Application/Control Number: 13/744,984 Page 4
Art Unit: 2112

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
CFR 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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EAST Search History

EAST Search History

EAST Search History (Prior Art)

Ref {{Hits {iSearch Query DBs Default {Plurals {iTime
# Operator Stamp :
L1 §163 i("20020051501" "6088387" "6028897" US-PGPUB;{{OR OFF 2013/12/02}
"6014411" "6044116" "6370669" USPAT; 10:58 ;
"6397367" "6622281" "6665833" USOCR,;
"6697986" "6744744" "6807238" FPRS;
"6816556" "6829305" "6892342" EPO; JPG;
"6903665" "7016427" "7016658" DERWENT;
"7027782" "7072307" "7089480" IBM_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" "7827466" "7925963"
"7958425" "7987414" "8074143"
"7925963" "7958425" "7987414"
"8074143" "8250429" "8254284"
"8275032" "8359520" "8386877"
"8416794" "20010009569" "20010010710"
"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"
"20060239237" "20060251001"
"20070089025" "20070101232" ).pn. ;
2 #15 (rate matching interleav$4 bit stream US-PGPUB; :{SAME OFF 2013/12/02
buffer$4 virtual buffer) USPAT; 10:59
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB ;
L3 it 12 US-PGPUB; AND OFF 2013/12/02;
USPAT; 10:59 ‘
USOCR;
FPRS;
EPO; JPO;
DERWENT;

file:///Cl/Users/falphonse/Documents/e-Red%20Folder/13744984/EASTSearchHistory.13744984_AccessibleVersion.htm[12/2/2013 11:00:22 AM]
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EAST Search History

| 4 {IBM_TDB |

S1 {233 ij(rate matching interleav$4 bit stream) US-PGPUB; {SAME OFF 2013/05/29;
USPAT; 11:38 !
USOCR;
FPRS;
EPO; JPG;
DERWENT;
IBM_TDB

S2 10 (buffer$4 interleav bit stream virtual US-PGPUB; {SAME OFF 2013/05/29:
buffer) USPAT; 11:40 :
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S3 31 (buffer$4 interleav$4 bit stream virtual US-PGPUB; i SAME OFF 2013/05/29;
buffer) USPAT; 11:40 ‘
USOCR;
FPRS;
EPO; JPC;
DERWENT;
IBM_TDB

A {19 S1S3 US-PGPUB; iAND OFF 2013/05/29
USPAT; 11:40
USOCR;
FPRS;
EPO; JPC;
DERWENT;
IBM_TDB

S5 19124 ivirtual near4d buffer US-PGPUB; i SAME OFF 2013/05/31;
USPAT; 23:09
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S6 0 virtual adj buffer is a physical adj buffer US-PGPUB; {SAME OFF 2013/05/31
USPAT; 23:24
USOCR,;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S7 {492 virtual adj buffer same physical adj buffer {JUS-PGPUB;i{SAME OFF 2013/05/31
USPAT; 23:24
USOCR;
FPRS;
EPO; JPC;
DERWENT;
IBM_TDB

8B 14 (rate matching interleav$4 bit stream US-PGPUB; iSAME OFF 2013/05/31
buffer$4 virtual buffer ) USPAT; 23:45
USOCR;
FPRS;
EPO; JPC;
DERWENT;
IBM_TDB

S9 {162 ("20020051501" "6088387" "6028897" US-PGPUB;OR OFF 2013/06/01
"6014411" "6044116" "6370669" USPAT; 13:13
"6397367" "6622281" "6665833" USOCR,;
"6697986" "6744744" "6807238" FPRS;
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"6816556" "6829305" "6892342" EPO; JPC;
"6903665" "7016427" "7016658" DERWENT;
"7027782" "7072307" "7089480" IBM_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" "7827466" "7925963"
"7958425" "7987414" "8074143"
"7925963" "7958425" "7987414"
"8074143" "8250429" "8254284"
"8275032" "8359520" "8386877"
"8416794" "20010009569" "20010010710"
"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"
"20060239237" "20060251001"
"20070089025" "20070101232" ).pn.
S10 §14 (rate matching interleav$4 bit stream US-PGPUB; {SAME OFF 2013/06/01;
buffer$4 virtual buffer) USPAT; 13:16
USOCR;
FPRS;
EPO; JPC;
DERWENT;
IBM_TDB
S11 92 virtual adj buffer same physical adj buffer {US-PGPUB;:{SAME OFF 2013/06/01
USPAT; 13:17
USOCR;
FPRS;
EPO; JPC;
DERWENT;
IBM_TDB
S12 §0 S9 S10 St US-PGPUB;AND OFF 2013/06/01
USPAT; 13:17
USOCR;
FPRS;
EPO; JPC;
DERWENT;
IBM_TDB
S13 176 S9 and rate near4 matching US-PGPUB; {AND OFF 2013/06/01
USPAT; 13:27
USOCR;
FPRS;
EPO; JPC;
DERWENT;
IBM_TDB
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S14 447 S$13 and interleav$4 bit near4 stream US-PGPUB; §AND OFF 2013/06/01}
USPAT; 13:27
USOCR;
FPRS;
EPO; JPC;
DERWENT;
IBM_TDB

S15 i1 S14 and buffer$4 interleav$4 bit stream US-PGPUB; i SAME OFF 2013/06/01}
USPAT; 13:29
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S16 {1 39 and buffer$4 interleav$4 bit stream US-PGPUB; iSAME OFF 2013/06/01
USPAT; 13:50
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S17 i1 S10 S14 US-PGPUB; #AND OFF 2013/06/01
USPAT; 13:51
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S18 {0 9 and Si1 US-PGPUB;{OR OFF 2013/06/01}
USPAT; 13:51 !
USOCR;
FPRS;
EPO; JPC;
DERWENT;
IBM_TDB

$19 176 9 and S13 US-PGPUB; {OR OFF 2013/06/01§
USPAT; 13:51
USOCR;
FPRS;
EPO; JPC;
DERWENT;
IBM_TDB

S20 {0 S$19 and mate same matching US-PGPUB;{iOR OFF 2013/06/01}
USPAT; 13:58 ;
USOCR;
FPRS;
EPO; JPG;
DERWENT;
IBM_TDB

S21 476 S19 and rate same matching US-PGPUB;iOR OFF 2013/06/01
USPAT; 13:58
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S22 {47177 §"16" and virtual near4 buffer US-PGPUB;{OR OFF 2013/06/01
USPAT; 13:58
USOCR;
FPRS;
EPO; JPO;
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DERWENT;
IBM_TDB

S23

S21 and virtual near4 buffer

US-PGPUB;
USPAT;
USOCR;
FPRS;

EPO; JPC;
DERWENT;
IBM_TDB

OR

OFF 2013/06/01}
13:58

S24

44

S13 and "714"/$.ccls.

US-PGPUB;
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Application/Control No. Applicant(s)/Patent Under
Reexamination
Index of Claims 13744984 PIETRASKI ET AL.
Examiner Art Unit
FRITZ ALPHONSE 2112
v Rejected - Cancelled N | Non-Elected A Appeal
= Allowed + Restricted I Interference 0] Objected
[0 Claims renumbered in the same order as presented by applicant O cpPAa O T.D. O R.1.47
CLAIM DATE
Final Original |12/02/2013

1 v

2 v

3 v

4 v

5 v

6 v

7 v

8 v

9 v

10 v

11 v

12 v

U.S. Patent and Trademark Office Part of Paper No. : 20131202
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Application Number

Application/Control No.

Applicant(s)/Patent under
Reexamination

Hl 13/744,984 PIETRASKI ET AL.
Document Code - DISQ Internal Document — DO NOT MAIL
TERMINAL
DISCLAIMER [J APPROVED < DISAPPROVED

Date Filed : 07 OCT 2013

This patent is subject
to a Terminal
Disclaimer

Approved/Disapproved by:

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

UNTTED STATES DEPARTMENT OF COMMERCE

United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS
PO. Box 1450

ﬁaﬂﬁ;ﬂ;ﬁ,g\é&;@ma 22313-1450
| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
13/744,984 01/18/2013 Philip J. Pietraski 1-2-0526US05
CONFIRMATION NO. 9610
24374 MISCELLANEOQOUS NOTICE
VOLPE AND KOENIG, P.C.

DEPT. ICC

O LA
UNITED PLAZA 000000064284673

30 SOUTH 17TH STREET

PHILADELPHIA, PA 19103

Date Mailed: 10/09/2013

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

page 1 of 1
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Doc Code: N572

UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
- United States Patent and Trademark Office
Address: COMMI%SIONER FOR PATENTS

} Alexandria, Vumrun 22313-1450
WWW.USPLO.go

| appLicATIONNUMBER | FILING DATE |  FIRSTNAMED APPLICANT | ATTY. DOCKETNO/TITLE |
13/744,984 01/18/2013 Philip J. Pietraski 1-2-0526US05

CONFIRMATION NO. 9610

24374 00D 0 O 0

VOLPE AND KOENIG, P.C. *0OC000000064284673*
DEPT. ICC

UNITED PLAZA

30 SOUTH 17TH STREET

PHILADELPHIA, PA 19103

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.

U 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.

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

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

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

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

O 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).

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

Q 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.

Qa 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

Q/{pphcatlon See 37 CFR 1.32(e).
T

he 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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Doc Code: N572

UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.USpo.gov .

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

O 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.

O The power of attorney from the inventors has not been accepted because the power of attorney must be

m/slgned 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. OMB 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 OMB control number.

TERMINAL DISCLAIMER TO OBVIATE A DOUBLE PATENTING Docket Number (Optional)
REJECTION OVER A “PRIOR” PATENT -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, _InterDigital Technology Corporation , owner of 100 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 unenforceabile;

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

| 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. The undersigned is an attorney or agent of record. Reg. No. 56,982

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

Wesley T. McMichael
Typed or printed name

Attorney 215-568-6400
Title Telephone Number

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 c omplete,
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 bu rden, 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. Arecord 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. Avrecord 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. Arecord 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. Arecord 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. Arecord 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. Arecord 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. Arecord 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. OMB 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 OMB control number.

Docket Number (Optional)

PETITION FOR EXTENSION OF TIME UNDER 37 CFR 1.136(a) ||.2.0526US05

Application Number

13/744,984 " January 18, 2013

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

For

Art Unit Examiner

2112 Fritz Alphonse

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

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

Fee Small Entity Fee Micro Entity Fee
One month (37 CFR 1.17(a)(1)) $200 $100 $50 $ 200
[] Twomonths (37 CFR 1.17(a)(2)) $600 $300 $150 $
l:‘ 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 $
l:l 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.

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

[
[]
[
D Payment by credit card. Form PTO-2038 is attached.
[

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.

| am the
D applicant/inventor.
D assignee of record of the entire interest. See 37 CFR 3.71. 37 CFR 3.73(b) statement is enclosed (Form PTO/SB/96).
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 signature is required, see below®.

* Total of ©ne (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, call 1-800-PT0O-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. Arecord 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. Avrecord 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. Arecord 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. Arrecord 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. Arecord 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. Arecord 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. Arecord 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. Arecord 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/B0 (07-12)

Approved for use through 11/30/2014. OMB 0651-0035

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

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

POWER OF ATTORNEY TO PROSECUTE APPLICATIONS BEFORE THE USPTO

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

:;aRctitioners associated with Customer Number: 2 4 3 7 4

D 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 only 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:

IE The address associated with Customer Number: 2 4 3 7 4
OR

Firm or
Individual Name

Address

Cily State Zip

Country

Telephone Email

Assignee Name and Address: InterDigltal Technology Corporation
' 200 Bellevue Parkway

Suite 300
Wilmington, DE 19808

A copy of this form, together with a statement under 37 CFR 3.73(c) (Form PTO/AIA/S6 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 ) /./-«./t . tbﬂ:\‘ Date | [ -SAW -201%

Name Braéley N. Ditty : Telephone

Title Senior Patent Executive

o
This coliection of information is required by 37 CFR 1.31, 1.32 and 1.33. The information is required to obtain or retain a benefit by the public which is to 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. Depariment of Commerce, P.C. 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-8199 and select option 2.
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PTO/AIA/96 (08-12)

Approved for use through 01/31/2013. OMB 0651-0031

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

Under the Paperwork Reduction Act 0f1995, no persons arerequired to respond to a collection of information unless it displays a valid OMB control number.

STATEMENT UNDER 37 CFR 3.73(c)
Applicant/Patent Owner: "ietraski et al.
Application No./Patent No.: 13/744,984 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

InterDigital 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 one of options 1, 2, 3 or 4 below):
1. The assignee of the entire right, title, and interest.

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

|_| 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.

|:] 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. |:| 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 one of options A or B below):

A. 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-PT0-9199 and select option 2.
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PTO/AIA/96 (08-12)

Approved for use through 01/31/2013. OMB 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 OMB 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.

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

|:| 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/ October 7, 2013
Signature Date

Wesley T. McMichael 56,982

Printed or Typed Name Title or Registration Number

[Page 2 of 2]
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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. Arecord 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. Arecord 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. Arecord in this system of records may be disclosed, as a routine use, to a contractor of the Agency
having need for the informationin 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 InternationalApplication 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. Arecord 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. Arecord 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. Arecord 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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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
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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: 1-2-0526US05
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 1s claimed 1s:

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 buffer.

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

-9 -
2690073-1
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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.

2690073-1
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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 buffer.

2690073-1
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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 1s 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.

2690073-1
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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. Claim 1 1is amended.

Double Patenting Rejection

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 1s 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 Rejections - 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 1n 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 i1s respectfully requested.

2690073-1
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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.

Respectfully submitted,

(Pietraski et al.)

By__/Wesley T. McMichael/
Registration No. 56,982

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

IPR2023-01272 Page 115



PTO/SB/17 (03-13)

Approved for use through 01/31/2014. OMB 0651-0032

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

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

Complete if known
FEE TRANSMITTAL
Filing Date January 18,2013

I:l Applicant asserts small entity status. See 37 CFR 1.27. First Named Inventor Pietraski et al.
I:' Applicant certifies micro entity status. See 37 CFR 1.29. Examiner Name Fritz Alphonse

Form PTO/SB/15A or B or equivalent must either be enclosed or have Art Uni

been submitted previously. rt Unit 2112
TOTAL AMOUNT OF PAYMENT | ($) $360 Practitioner Docket No. | |-2-0526US05

METHOD OF PAYMENT (check all that apply)
I:l Check |:| Credit Card D Money Order |:| None l:' Other (please identify):

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

Charge any additional fee(s) or underpayment of fee(s) Credit any overpayment of fee(s)
under 37 CFR 1.16 and 1.17
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.

FEE CALCULATION
1. BASIC FILING, SEARCH, AND EXAMINATION FEES (U = undiscounted fee; S = small entity fee; M = micro entity fee)
FILING FEES SEARCH FEES EXAMINATION FEES
Application Type u(s) s($) M (S) u(s) S(S) M ($) u(s) s($) M (S) Fees Paid ($)
Utility 280 140* 70 600 300 150 720 360 180
Design 180 90 45 120 60 30 460 230 115
Plant 180 90 45 380 190 95 580 290 145
Reissue 280 140 70 600 300 150 2,160 1,080 540
Provisional 260 130 65 0 0 0 0 0 0

* The $140 small entity status filing fee for a utility application is further reduced to $70 for a small entity status applicant who files the application via EFS-Web.
2. EXCESS CLAIM FEES

Fee Description Undiscounted Fee ($) Small Entity Fee (§)  Micro Entity Fee ($)
Each claim over 20 (including Reissues) 80 40 20
Each independent claim over 3 (including Reissues) 420 210 105
Multiple dependent claims 780 390 195
Total Claims Extra Claims Fee (S) Fee Paid ($)

-200r HP = X = Multiple Dependent Claims
HP = highest number of total claims paid for, if greater than 20. Fee ($) Fee Paid ($)
Indep. Claims Extra Claims Fee ($) Eee Paid ($)

-30rHP = X =

HP = highest number of independent claims paid for, if greater than 3.
3. APPLICATION SIZE FEE
If the specification and drawings exceed 100 sheets of paper (excluding electronically filed sequence or computer listings under 37 CFR 1.52(e)),

the application size fee due is $400 ($200 for small entity) (5100 for micro entity) for each additional 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).

Total Sheets Extra Sheets Number of each additional 50 or fraction thereof Fee (S) Fee Paid ($)
-100 = /50 = (round up to a whole number) X =
4. OTHER FEE(S) Fees Paid ($)

Non-English specification, $130 fee (no small or micro entity discount)

Non-electronic filing fee under 37 CFR 1.16(t) for a utility application, $400 fee ($200 small or micro entity)

Other (e.g,, late filing surcharge): Terminal Disclaimer and Petition for Extension $360

( SUBMITTED BY N
Signature /Wesley T. McMichael/ oy hgent) 56,982 Telephone 215-568-6400

\Name (Print/Type) | Wesley T. McMichael bate Qctober 7, 2013 )

This collection of information is required by 37 CFR 1.136. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 30 minutes to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the
amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS 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.

IPR2023-01272 Page 116



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 (6 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 desighee, 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.

IPR2023-01272 Page 117



Doc code: IDS PTO/SBI08a (01-10)

L . . . Approved for use through 07/31/2012. OMB 0651-0031
Doc description: Information Disclosure Statement (IDS) Filed 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 OMB control number.

Application Number 13744984
Filing Date 2013-01-18

INFORMATION DISCLOSURE
STATEMENT BY APPLICANT

First Named Inventor ‘ Pietraski et al.

o Art Unit | 2112
( Not for submission under 37 CFR 1.99)
Examiner Name ‘ Fritz Alphonse
Attorney Docket Number | 1-2-0526US05
U.S.PATENTS Remove
. . ) . Pages,Columns,Lines where
E)_(z.amlner Cite Patent Number Kind Issue Date Na”.”e of Patentee or Applicant Relevant Passages or Relevant
Initial No Code! of cited Document .
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 | Publicaticn Name of Patentee or Applicant Pages,Columns,Lines where
ok Cite No . Relevant Passages or Relevant
Initial Number Code?| Date of cited Document

Figures Appear

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 Apblicant of cited where Relevant Ts
Initial* No | Number3 Code? j Code4| Date P Passages or Relevant
Document .
Figures Appear
1 | 20020004478 KR A |2002-01-16 |LGELECTRONICS INC | Cndlish abstract H
provided
HUGHES * Corresponds to KR
2 0048353 Wwo Al 2000-08-17 ELECTRONICS CORF | 20010052246 D

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 118



Application Number 13744984
Filing Date 2013-01-18

INFORMATION DISCLOSURE
STATEMENT BY APPLICANT

First Named Inventor ‘ Pietraski et al.

L Art Unit | 2112
( Not for submission under 37 CFR 1.99)
Examiner Name ‘ Fritz Alphonse
Attorney Docket Number | 1-2-0526US05

Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate}, title of the item
(book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s), TS
publisher, city and/or country where published.

Examiner| Cite
Initials* | No

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

EXAMINER SIGNATURE

Examiner Signature Date Considered

*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 WIPQ Standard ST.16 if possible. 5 Applicant is to place a check mark here if
English language translation is attached.

EFS Web 2.1.17

IPR2023-01272 Page 119



Application Number 13744984

Filing Date 2013-01-18

INFORMATION DISCLOSURE

First Named Inventor ‘ Pietraski et al.

STATEMENT BY APPLICANT

L Art Unit | 2112
( Not for submission under 37 CFR 1.99)
Examiner Name ‘ Fritz Alphonse
Attorney Docket Number | 1-2-0526US05

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
[] 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

[] 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).

[[] See attached certification statement.
The fee set forth in 37 CFR 1.17 (p) has been submitted herewith.

[] 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 informaticn 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.

EFS Web 2.1.17

IPR2023-01272 Page 120




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.8.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 andfor 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.8.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 record s.

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.

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.

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).

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.

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)).

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 recerds 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 geverning inspecticn of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used tc make
determinations about individuals.

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 cof 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.

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 121




6/24/13 PatBase

1) Family number: 28378322 (KR20020004478A) © PatBas

Title: FLEXIBLE DATA RATE MATCHING METHOD

Priority: KR20000038387 20000705

Family: Publication number Publication date Application number Application date
KR100672347 B1 20070124 KR20000038387 20000705
KR20020004478 A 20020116 KR20000038387 20000705

Assignee(s):(std): LG ELECTRONICS INC

Inventor(s):(std): KIM Gl JUN ; LEE YEONG JO ; YOON YEONG U

International HO4B1/69 (Advanced/Invention);

class (pc8-9): HO4B1/69 (Advanced/Non-invention);

HO4B1/69 (Core/Invention)

International H04B1/69

class (pc1.7):

Classification Explorer

Forward Citations: KR101008612,

Abstract: DORARAS . nnnnng: nnnpnmn )

Source: KR20020004478A PURPOSE: A flexible data
rate matching method is provided to support a flexible
data rate in the case of using a turbo code on a physical layer. CONSTITUTION: In a process of interleaving
a channel-coded encoding sequence to be mapped on a physical layer, the channel-coded encoding
sequence is divided into code groups of two types having different bit pattern so that an encoding sequence
of a different bit rate channel-coded to the turbo code can have a constant symbol rate, and then each bit in
each code group is repetitively interleaved by a different repetitive factor. Thus, the distribution of energy
can be made uniform with respect to each of two turbo code constitution encoders, resultantly improving
decoding function.

patbase.convdefault.asp?nsessionlog=on 17

IPR2023-01272 Page 122



OH

7155 B2002-0004478

\¢ (19) CHEFRI S S5{HKR) (1 B7H= £2002-0004478
Y (12) BISHBEA) (43) SIHLA 200201816
(51) BMERIE (71) ¥l
H04B 1/69 MEH
Ax|HE G LIF A M
(21) &¢Hs 10-2000-0038387 ME 4T N8 679, CEHRI=
(22) HLUR 200090705 (72) WHA
Holg
MESHAMET MZE1533¢ 5|8t &I0t UL E1015 12018, CHEHEI=
2y
MESHASHTAZEISOIHEI111510148, CiEHEIZ
ol¥=x

A7 =2 ZABEE108-602, CiEtEl=

(74) Ch=l2l
#Egs
#gel
(77) AAE
RE
A HFE . 5138
(54)7H ol olE{ Blloj= ofd W
N8 o HEE-E3
= UE2 XM 0lE Salof 8t W2, S5 S8 AlEHolM (efolTiTe e[S R T+ e e o e [r Eif o Te o [ [wlo] u R

B ZLE M85t d2 7HH OOlE] B|0|E& x| Hst7] gt 7}
4 O|O[E BOIE &l ghdoll et Z3olch ojet 22 & wHof
£ 7t clloje] gllo]£ o e Md agE Rastdol 22 A
B0l =5 QlE2lYetE YoM,

4716 FE2 Ad AYE CHE HIE B0|EQ| £551H0| Y
Yt A8 HOIET =5, 47| Md YT FE30| ME OB
HIE TEg @ F 7ix| Blelel 2 OB ER Lol 2t 22 1
EUoM MZ Ch2 phe Hejof ol 2t HIES0| gHeE|o] 2lE{E
YECH matM, ox|o EXE FIHR BE IE T 2E37(9|
ztztol chstod ZUstA & = ¢len, 0|2 Qlsto B2 e ¥
#Ald 4 ok

FI9E B 3, R 0

e

2z

&

This Facsimile Page has been artificially created from KIPQO data.

IPR2023-01272 Page 123



Z74E 51 £2002-0004478
o] e

BTE 1
A

47| BE Z=2 Mg IYE OIS HIE BO|EQ RE3H0| LYE ME
Ad 2EE isf“ol MEZ CHE HIE TiElg ZE 5 71

IEUAIM M2 CHE 85 BiE{of ofsf ZH HIEE0] BtS

ClolE BIOIE ofE Y.

I-.U

SE £335¢0| 22| AlSH ofEEIT= S QIEE|Yste B0 M,
[OIE7} EIE 5, &7]
f

7
x| Brelol 3= IBEE LhH], 2 3=
zlof QIEI2|YElS 28 SWOR she Th

¥rE2

A1 UoiM, #7] U9 NV ZE OIEER &7 Ad ATE £33t /3 HIEWS| Ho|
B Yolixls Z:‘g Edoz st 7HH ClolE BlI0lE oiE ¥

&2

HAE3
A 180l 201, 47| A TE I8 FoIM 47| M2 Erel 3= aF0| H M4 E dste lE
cng s

2lt ZO|& 47| Ad AYE R 23 %iP-I 212 HIEHO| ZO|Z LHe LHHX| g2 2 Hall%|
ZoE st= 7HH CiOIE SIOIE OHE Y.

H7g4

A 1gol QoiM, &47] F 7tx| Etlel ZE I8 F9| 5tLtel M1 Bt 2= 8o EEE FA i
§¢:adhmaamqﬂm2ﬁu=%§$§ﬂ%

9| el2d HIEYW Z0|Z LHAE 218 X o= oo 42 Haixle RAg SR st 7HH Hlo]

E| CilO|E DH&! W,

HyEs

A 4ol QloiM, 47| &1 Bl = OEM 47| M2 BHE HE{E 7tX{of st HIEES| 7+
A7 M1 EY 22 OB #ZE HIEG Z0|E A7 Ad I BlolE l“*iuﬁ*MMM%
o2 MillXle HS EFoR st 71 ClolE BolE DiE W,

H7Eg 6
mm&w Jo{M, & 7HX| ElQlel 3E OB Fo| = O 2 L M2 Bt 2=

1
HIE+E Bt SIE(EIol Z0IB 47| Mg AEE £S5 g2 HIEY Z
AL ZE slA0 HE2 Halxls X8 SYE st Jhe dlolE Blols ofE

Eofl sl st A
O|Z LHHZE ZLEC
Y.

HRE7

IPR2023-01272 Page 124



ZIE S| §2002-0004478

A 6&ol QloiM, 47l M2 Bl 2= JFA 47| M2 8HE HEE 71X0F 5t HIEEQ e
A7 A1 E] ZE IBAM A7 xﬂz Hhe WE|E J7}X{0F 5l= HIEE S| i+ ECH 1HIE B AE 8§
Ao 2 g 7hH ool 8|olE o '2;%’;!.

HIEE 2 3= 57 %|c) 1H|E Q| #}0|7} L= A

H¥rE9

A 180 QloiM, &7 2 = TE LM &7] A2 BHE HEE AS5tHE BIES| SXIE 57
s M, 0 H (M .‘—Ii%'%i_l -‘T’-EEF“@OI 2] H|EQY 9] 7'O! WIEl &7t ZE I8 °._ltilé iod CH
5H04 (i-)Hml = JEJHX| &7| A2 e WE|E JIX|E ZE HIEEQ i7" (*AM Bl 2E O
E Lo &2 HHE TWEE #H = HIE 7H'r)"9" " ZRE RS gt M2 EHY B aF 2| TH
)8 (M AYE F£581Yo| A HIEYQO| ZONZ L ZLECH 3K &2 |C H4ro| o 2|3}0d
MEE|E 2EHE 0|83 71-% EFOZ 5+ 7t dolE| B0l E DHE W,

710

EIE 7}X|E HIEEO| 7Y
ot EIAEE S 5t04,

M 1ol glofi, 47| A Bl 22510 Thatod 47| M2

o
sl BEEIER HAl 20 T 50 Chshod 47] F2 Eel ZE 1% s440

47| M2 Bl 3 T8 Jhol HoulE 4] A 3 R astelol R HISYUR L Loix|st
471 M2 3= 3F H4E0 &2 Zeol M2 Bl 3= I8 Meistod s 2e 18 SIxloIM A
= 8 e mEiR HIE S > S g SHOE St i OIE FIOIS iE W

HIE N

M 1gol RloiM, 47| Ad Y E FEstol Chsto] 47| M2 BHE B E JX|= HIESO| 7Y
A BREICE MA 2= S0l Chstod &7| X2 Et
o F= O Jisoict HIAEE #3510,

47| N2 Bl A= T8 hpol HLUE 4] A 3 Rosielol 92 HIEWR Ui L]t
47| M2 2= 18 M4HcH 2L 22 el M1 Byl 2E 282 MEstol 8T 22 I8 Al
oI M2 CHE BHE BE(Z U U8 35t 28 SEOR sk 7he olols B0l 0fy

r

H7E 12

A 180l 2101A, 471 A ZE ClOIEIE SolM AABIHE! HIEYo] tiatod 2MT0E 4|
Hl2 815 HEi2 HiS 6 S 48] Slstor, 0%E (e T8 B E el 012 IS o1 2l 17
x| E7tsts 2= I8 oIelA jof Chatod (-1)eiil RE TETHE| A 7| A2 w2 HE|E Jhx|s 2= b
= 50| 747} A el ZE TS 0llA X2 B2 MEIR ZE HIEH4-1"D) (Rl 2 2 5ol
CHE M2 Bl I= o) 448 M 2 £330l 22 HIEPR Ui Lioixl"gtel gro2 &
BElE QEAE 0185 28 SYOR st Jh Hlolel Blol= ohE W,

IPR2023-01272 Page 125



SI1E35] §2002-0004478

HTE 13

tod &7l Aid 2 Rt CiE M2 Bt 3= OE9

2k

Ol

M 1280 RloiM, 47 22 g 0|8
Ji==0iCh B AEE +~I5t0d,

47| Mg 2 F35Q0l s M2 By T & o Haigis 47| Ad 3% R 239l oY
HEYPZ LhE LHOXI7} 47] Ad 2 f38tdol Chet X2 Bt 2 & W2t a7 21, 471
M1 Et ZE JELHIM A7) A2 bt
= Helof o/ft HIE BHE 47 02 FRo0l, & 7] A1 BH= HEfof o5l s HIEW M HIE HHEg o3
8= Ag SE2R o= 7HH ClOIE B0lE DHE ¥,

IPR2023-01272 Page 126



B3] §2002-0004478
Bl A

2ol B

7t Cl Ol 2I0|E OiE & &{Flexible data rate Matching Method in 3GPP2}
LHo] 7Heber MY

[0001] T 12 YEIMQOI ER I E YAE 8t BE35l7|0 EF FHE.

[0002] T 2= &l 710l WHE 74 CoIE BIOIE oS YWHES LIEHH T3,

.

[0003] T 32 &zi 7lgol HE 1/4 HIOIE EE 22 8 AI&ste B2 74 ol BolE tiE el
EXNME LEH =3

[0004] L4 REOEE LT AYS 220 s HE 2 LIEHH E3.
[000s] L 52 2 Yo [t 2E 2B LIS FUS ol chst g5 {2 LIEHH T3,
o] AMEH A

[0006) E Y2 AAMC) 0|8 Stlol| B Ho g, £8] 2L 7=ﬂ§’*01|k| BlE ZC& A 8ste &
% 7t CiolE SlIOIEE X|#5t7| 2T 714 CIOIE 2l|0|£ niE ol 2HEF Zolct,

[0007] AtMICH 0I5 & &I(3GPP2)UIM AM'd Y E HIOIEHE0| 22 AIS0| IHEEIZS 57| oA
£ AlAR0M f5tE CIOIE HOIEZ ZHE 227t ot

[0008] 0| QlatiM AlABIME 1% ClolE Bl0|E X 7+ C|olE| Bil0lE BAlg x|MetED|,
5| CIOIE] ®& 2= F0A 7t ololE BilolE &Al2 RMICH 018 S4l(3GPP2)2| 242t
FM IR0 XIS (s EEL| HEE 0|20l oo HEES XIHY = ULH
He & golct.

ol _‘9_ Jlm

[0009] S35, ZtMICH 0|5 S4I(3GPP2)2| 19.2kbps Ol4t ol & EME BX iH‘—*(Supplemental
Channel)2 §35l0{ B I8 A £33 WHOR X|ME = U8 st r.

[0010] Olzf8t B == T 102t Z 0| F 712 B8 AIAEHIE 218 F M(Recursive Systematic

Convolutional,0l st RSCal SFEIEN(10,11) #2581 719 2lst B4l 7hale leleli(12)8
S50 7| F el 4 Bz 7|8 WHE 4B AIH THECH

[0011] TR REAICH 018 SABGPPM MM st n Q= EE 2 =2 4 RSC #£3171(10,11)
= ZAYE0| 1/32 RSC £3&}7(0l1, HIE HEoi Cist EElil:llm(polynomlal)c’ 8&l
13'€ ME35l0 2B &t EC|=0|¥ 2 '159,17'8 AH&stT Qlct

[0012) d2l1 BE £53517|9 QlEBIH(12)2 = ME &8 Al A(Linear Congruential Sequence)
Halg AIEE QEEIHE A8t Ut
[0013] JH2E, e 7IsoMeE 13 HolEL 4 B 235 7|8 W ¢EE TXE 7IXI2E, 7]
2MRlEE #23517(0 3 D0|E= 1/6 BIOIE —S— 7HEICE

[0014] T2, AXE AAMCE S4 AlAB(BGPP2)S] ZHZe| B4 FE A0 7HE

IPR2023-01272 Page 127



274535 §2002-0004478

A B537I9 A=E2 1/2, 1/3, 1/40|H, 0|18 X|E £ UTE = EBME miEo| E
(o]

[0015] m2kM, Beloes Chg E 13 E 20 o8t BA B e 71X| 1, olo|E] = ol Cist
HIE A2 ¢+t '

[0016] OlE 12 THOTE 173 OlE 1/4
Xk 1111 1111 1111
Yk 1010 1111 1111
2K 0000 0000 1010
XK' 0000 0000 0000
Yk 0101 1111 0101
2y 0000 0000 1111
[0017] [EIoIE 172 B ERERE JBI0IE 174
Xk 1111 1111 1111
Y 1111 1111 1111
K 0000 1111 1111

[0018] Fxi 7+ ClOIE BIOIEE X|§ist7] I8t WAMB 7|42 M2 BtEn 7 YHMRE A
01 O|F0fx|=H|, @MXMoz MES oY BETHE BHEsto LE7 ALE h"_ bshe A 2
E2ltHel 37|20 2 2 ”f'=01 ¥ 0| B0IM A EE-IEII:HOI A7|Ect 2 7
£ 3104 MHsts YHE A8stes wWolch

ool IRt Baf vlEol HE AE UET HHEY 7S BE 2c0 M8t FRoE 2X
Jh e & 9ot

[0020] F BHE I OB 8527 H9—| Z|CH AFE(Maximum A Posteriori) §27|2 CIEZIH
o C|QIEEIHE S5lo] ZHE ¢ 72“ Z =23 0ME S
stod sst7 Sl ol 52 #o| 452 7H EH 2HE7| datiMe =1 4o FHE 7
37|10 235t d58 SYH TS BHS0{ F0{0k BT

o480

0,1

0021] = Al

o | ol 04x|7| JIHME 47 5 7Hol H37|2
SoiE &AESl 24210l 78 BBl
4

Nel £ gigle| &30 U oA X|7}

[0022] B Azio| 5357 |°l O{IL'iKI 1:£7I- _E_E*'El/\ YoM 2 BXE 7tXokt 55 7|9f H

[0023] & S04, T 30i TAIE Hte ZH0|, ZE HAZ0| FHM -_r‘ (constituent) §§}7| 9
X2t W2|E| HIEoEr SN LdstT Qor, Ol AWM R FHM 5270 524858
XMatAlZl= BMEE 7HXIA Elct.

[0024] MetM Aol 55 Hs0] QoM LHE &8s & Jo 2 THhe & ot
[0025) [MhEkA, B Yol SX42 O|AoM 2128 B 7|0l EXMTEE Zotsto] oHE S WO 2 M,
ElE Z=E Q8 7t# ool HIOIE oHE YW e MB35k7| /8 Zdolct.

IPR2023-01272 Page 128



F 7155 §2002-0004478

o262 WHO| CHE A E{E ISE 915 7hH GlOIE HOIEE KIBishy| flstol FHE A
2 HHEIL WA 71590 shito] 2 Al HHEof ofs +HEITS st 7hed clolE 2lols
OHE g &IZ 3] 9I8t Zolct,
(0027} 4T Ze SEE B I8 2 ol U SF0 B, Mg 2
23ed0] 22| ABol HEEITS olefz|Ysts
oo28] 47| B2 IER Mo BYE CHE HIE HolE0| £53kei0] UHE NE BoET} EE
e ZTE 22540 M2 CHE HIE IEIS 2= 5 x| B2ol 22 IBER L}
£ IEUolM M2 CHE Bhs mEfo] ofsf 2 BIES 0| BrEElof QERIUEE %

o020 WIS, 4] Uolol K ZE IEES 47| Md TYE £55k0] A HEYS| 2
ol2 Hazct.

rr

[0030] 7| MM 22 I8 oM 47| M2 Elglel I aE0| € e Hste QUEEIH Z0IE
[ 4
=

ol o3 HIEE S| Z0|2 Lie LHHA| gt 2 Fali Elct.

R
ot
il
I
ob I
Ol

sl 47| S 7hX| Elol AE 8 B9 stLhQl M1 Bt e aFo] HEE MA HESE
sHe QIE{2|Hol ZI0IE Mg TYE R 25Po| U HIEY 0|2 LHAZE 2t dxl g &
rHo] &4z malxlm, CHE siLiol X2 B19l I 10f sT et MAl HESE #Hats o
Ei2|b{o] ZI0IE 7] Md R £3stUol 92 HIEY 20IZ LHF 2tect 3 22
2|40 42 Hal R

[0032] 4714 3 JBHMHIE BHRE &2 3= J87 2|c 1H|E Q| RH0|7} ot

[0033] &7| M1 EF R E JE0IM 47] M2 Bts BEE Jtx{of st HIEES| T = 471 A1
Bl 3= o] 2EE HIEQWS| Z0o|E 47| Md 2T BIoIES H+2 LHHE LIMK| gt
2 Yol x|, 47| M2 Bt 2= 2 FOM 47| X2
BHS WEE 7tM0F st BIEES| M= 47| M1 B 2= aFdAM 47 M2 gH= HEE
7tx{ok st HIEE S| T2t 1HIE I A =5 B

[0034] A7zt 3E aEUHoM 47 M2 Bt BEE AF8EHE HIES] fIXIE Hetu| fldiME,
0FE (A IYE 23319l 22 HIEQQ| ZO|-1)HX| B7tstE ZE IE =4 jof Cf
8t0d (i-)Hm A= JENX| 47| M2 BHE HEE JHX|ls 2= "HIEES JH=7H (A1 Bt
= IEHoIM M2 gHE BEIE A= HIE )t (rAd ZEE FEatdol chEt X2 B
U I= 2B I$)E (ME ZYE B3| M HIEYWS| ZOoNE L gtErt x| g2
Z|CH Emo| gof olstod M ERlE 2T Hg O|S Tt

[0035) &7 Mg IYE BE3rYo] Clistod 47| A2 8H8 WEE 7tX|= BIEEO| 2 ¥etH 2%
EE g MA 2= 2BEH Cfsto] 47| M2 Bl 2= O & Jisoich HAEE 35104, 47|
M2 El ZE 28 740 H4HiE 47 Ad 2 £33tyol 3 UIEPWE Lz LIHX|7t
M7/ M2 2 I8 Vi EC &2 ZR0| M2 ElY 2E OIS MEHSI{ &Y 2= O & A
oM MZ CH2 ghs WE|Z H|E Pt S $835iMH, I UHZIZF 2 4L 22 Z2odE &1 e
FAE JEE MElE0] SlE 2= O E QXI0AM MZ CIE UHE B2 HIE 58 -8t

Mx
(=3

=4 |

[0036] 7| Md 2YE COIEIE SoM AlAEMHE! HIEL0| CHatod
tedol &

HE 2 HIE BHEE s™5t7| 215104, 0R E (Md Y R 3 38tH |
B7tetE 2= OE Q1A iof CHslod (i-1)8Hm ZE

I2 4o

o2 7| M2 H5
E30| ZI0]-1)7t |

IPR2023-01272 Page 129



F 7155 §2002-0004478

OER] A7 A2 ¥HE BEIE JtX|e ZE HEEQ| 7H£71 A1 Bl 3 2Eo|A A2 gt
2 WE S ZHe HIETS-1"0 (rHE 2R £330 it M2 Bl 2= JEo| 4)E A
d AT 3310 QU HIEUR LiE LIHA|"IS| e 2 MEE|E QIS 0|8t

[0037] MvlezM2 0|20 A7 MY I £ 510] cigt M2 Bl 3 E aE2| 7isoict =
AEE £slof, A7) Mg 3 £331€ol CHEN M2 ELY 18 7ol Hauizie 47| Mg
AT E33tol UM HIEYWR L= LIHXIZF &7 Mg 3 Y B53H0] et M2 Bt el 28
HeEo AL 2o, #7] A1 EFY 22 aZ oA & 7] A2 gHe HE{o] olft HIE Hta 4
709! o, 47| &1 eH= H™HE]of oJs siE HIEOMIM HIE g5 8 &St

[0038] Olet 2 WHo| HhEF &8 U MA|oflof [HE T4 Y & &g MEE EHE FZEsto{ dFECL
[0039] 2 dBolME BE ZEE 0|8 Mg ZYE F =31l 71 | 0|E Bl 0| E(flexible data
rate) HAIZ X|Y5H7| 28 SOIE OhE Tl MA0 UoiM M2 ME BHEI YA

o R O|R0{X|= F TAIQ BOIE OHE 2ES A838Hs Z0| ofLlet 8 THHe| # Y Bhs
(uniform repetition)& &35t01 EI0|E DIEE +&sto Hete QUEIZIHS| ZOIE HFxE YUY
g MEEtct.

[0040] 7| flsiM 2 YHoME BX 2= 3 E S ¥olftch

L

[0041] 2 urHo A MojEl FE OB e 5tLto| 3 HIE Ql2dol chEt My BE s
712l EM HIEES OB R Ho|fir}.

0042 F, 14 Bl0lE(rate)2] £2317|8 02 & TR, Lt IS OB 47le] F= HIEER
TAEICH
[0043] & E0{, sttel ME HIE 3ol thet Mg 253517]2 £240| £ 19 HAZ miEo] 2

& 1/4 HlI0|E(rate)Q] ZE £ E3UEO| "X, y,2z,z,X, ¥, y,z2 22 Hel7}l £l B2, 2 ¢H
oM Holkle ZE OB 0|8 471 B8 Ho 2 T HECL

[0044] ZAnxo R, A el tiole #E38tdo| ZIol& Lol2tn HelstH, ZE aES| W= (Lin)
oz dolEl1, ol ZE IEQ| Vi M R E 3712 o3 HIEY()l Zol7t Et.

[0045] a2z, Olxft 2= OEE 01835104 TAlel #535lgel Z= HIEE 7I2HM 5Lt &
2l 0|Y(polynomial) ZERE| £ F £551€0{pF EFHME BH=E0| E0{7}= A olF7|
{5t Z= Cift 28 T2 ME CHE 8BS HE|E 71X 1 H|E BHS 0] 0|F O{X| £ 5 BtCt,

o046]  OfEHM, B WHOIME CHE £3HA] 13t 4214l 201 20| ME CHE B TE| MqTH MpB T
g3t Zo| Melstct,

4] OlstollM I &8 B4 T=(CRO)% BIY(tai) S T st Mg £35k7]0] ietol Zo|
olm, L2 22 8v]0| H2ol Zololck nS R Hol= 2] 4ol ZHoln, N2 sk Qle

oIt AFO|Z= 2] Zlololct.

[0048] 2 dH@oME A8 vrEo| Chs A 13 £=8FA 20 9|50 MZ CHE &2 HEE 7tX|
1 Zt HIEQ| Htg 30| O|F o{TICt.

[0049]  ZBFAlq

e

IPR2023-01272 Page 130



ZIHE 5] 52002-0004478

[0050]

rr
ﬂ
8
o
rer
o
ful

of7]0fM L*¥l=x2 dx) ot
[0051]  4:8FAlD
N
we | ]

[0052] 047|0iA LCEIL{ x}RCEIL & x2Ct ALt Z& |4 HZholch

[0053] A7 B53t7|o FA &24dol CHEt MZ CIE HIE HEHCe 2 &3E|= 3= JES A1 E
AT, M2 Etle 2 L0 7] A1 Eldol g E HIE—J I £ g A 301 o5
M AHEEICH
[0054] ¢§1H_\_1|3
N
Re |+
[0055] a2z, &7 M2 elelol] g&E HIE S| FA| M4E CHE £ 4] 40f oA AEEICH

[0056) Z=EFAl4
N
R= [51
[0057] olmf, & 7| Ml &23Qoi| cistod M1 EFT} A2 Elglel I = T EO0| S HIRIZIES
st7| flstod X Aol ZE OFQ| i+ BoM M2 Elel 2= OF0| E s E OIS o

A1 50 ofstof Ar&Ehct.

d

[0058]  £=%f4| 5.
K= Nmod|
[0059] 87| A 50|M A ZE 2ESIM M2 Bt Z= 280| E i UEEIH AOlE
g g £387| 22edol Zol 12 Lhe LIDXIE Zech

[0060] gz, 2 dHME COFE £8468 018 +0=| N7Hel HIER FHE X1 EtRlel 3= 1
EUolM Mool HHe TEIE 71X HIEQ| 7i48 AT, OEH7HRIZ M2 EHY 2= B

OlM Mool BHE HEE 7HXIE HIEQ| 7i8 TS 84l 71} ZHo] Hel#tct.

[0061]

:r\"") = .
K= Rmodn
[0062] %4 7.
K= K+1
[0063] CISCZ MM 3 OE0M AIB5H 2 2x M 2 IS £8 4 80| Ao 2 Holstrt.

0064 48tAlg

IPR2023-01272 Page 131



TINS5 §2002-0004478

iXK

1LR2
7 |

0,~iXK, gm+ l

poss] & 4stAlge M IS IBOIM| HIASE $HE HRO (i-)HW IEMEIS| HAEE
Yt el M20| t.'_r HEIE 7hals 2= HIES Q| 740 2T M (offset) 2L E 0185104,

23 e gnEiEe Sstof A M 2YE $335hof thstod U HIE ¥ T

ot

[0066] for(i=0;i<l;i++){

[0067] iXK
0,=iXK, gm+ | —Tﬂ

J

[0068] if(((i+1)Kq,R2)mod I<k1 R2) {

[0069] for(j=0;j<n ;j++){

[0070] if((7j+Oj)mod n<K1 GR2)

(oo71] repeat(n*i+j)'" bit with repetition factor Mo else repeat (n*i+))!™ bit with repetition factor M1
[0072] }

[0073] } M2Etel 3E aFe| M

[0074] elsef

[0075] for(j=0;j<m;j++){

[0078] if((7j+Oj)mod n<Kq GR1)

[0077] repeat(n*i+)" bit with repetition factor My

[0078] else repeat (n*i+) bit with repetition factor M1

[0079] } MBI 3= 29| MEY

[0080] }

oostt - _&7] an2FIME M AYE 2.2 shedol Cistol Y| M2 Eh= HELS 7Hx|= HIESO]

FUsHH 2EEICS S 2= BB Thstod 47| M2 Bl ZE 18 Ji0ic HAEE
SHsiof, 471 M2 el T= 25 S0l HHHE 471 el I8 R sigol ot isglz
LHe LHHZIZE 47| &2 22 28 20 52 Z20 M2 Bl 2 288 M=t #E
AE 38 SIAloIM M2 CHE ¢ B2 bls e e SHel=S sk

IPR2023-01272 Page 132



BI15 31 §2002-0004478

[0082) agm, 47| MEiE M2 Bt 3 aEo| #EE nJle HIEIAM ZF HIE Q| QIHIAT 0 H
nt x| 7tskE alt—*éajoﬂ CHaH (7+2ZAE neZ LHe LIHX|7F 47| M2 Bl 2= 5o
M &7 A2 'F_% EHE ZHE HEQ| ISHIH &2 ZRole A7| M2 s E{of ols] T
HEQS e £+HSITE 5t1, 47| (7+2T NS n2E L LIHX|7F 47| M2 Bl 3=
IE0M M7l xﬂz HHE WEE ZH= HIEQ| V4RO 3 AL 22 Ao AU A1 HHE
Eof ol&l s HIE Q| '='+ EE st E st YAS AP I

[0083] BtH, AT M2 Bl FE
L= L7 & 7] A2
5t & tct.

28 Jio] AHE 47| Mg 2T R8P0l U
E

= 2I2d HIE
2 = 7H-“1“-EEP AL Z2 B0 M1 B 2E OIES

os) 12|, 47] QA jof Tl (7+2Z A8 QR LHe LICHRIZH 471 &1 EFel ZE 2Eof
M 47| Fip ¥ BEIE 2 HIES| S R0H H2 BLol 47| A2 ¢ BElo] oj3) i
HlEel phag +8sD, 47| (72 ZM)E n22 L Loix} 47| A1 et 2= 280
M 47| Rz B HEIE 2 HlE ol A HC 2oL 2e Beols 47I K1 B2 HEfo] o
o st HlE o) Hrﬂm OIF0IX|E = ot WAlg o2 5H3iCt

[0085] & E0{M L=20, n=4, I=52| ZL g Mz At 121 ol ste AEE(He] Zol7t
N=452} 1 8tAL 2B Mq= 2, Mo=32 2 H4HEICEH

ol T 49t 2

5o
ki
el
e
re
=
Ji
ne
4]
o
JIp
o
>
0
[o]
3
m
15
o

ooes] O, A= IHE LI

[0087] T 40 SEo R &SR] Q)
|

[0088] T 40iM & £ AR 0IMo=3 BH=0| E0{7I= HIEE S| /X7ty HEZ| EEE|T e,
OlHE BH5 IEI2 oL X| 2 X o] FUEOl l0IM EX| f2 S WITICtn WZhE 4 RUCh
[0089] ofmf, Bt & LHolA DOHE A O F Holol 2 Ehe o258 A8t E ChE

O I 59 Z2 HhHE mES ¥g £ A =
[0090] T 58 &5t & = = Ble 20l Mo=32] jof 78 H8t 0|R & HFstH ChE o Zhct.

[0091] A FM TXEE X|HEE FZE 82 1/2, 1/3, 1/48] 37t x| ZFolct. ofm, 1/4B0|E 9|
HE H3E MzslH j=00dM 37t XI2| Z2t2 7HXRIA EiCt ol 2t 70| FHRIX| e 4
7}75301'74.

[0092] J2|3, sttel IEY KqZtol 22t 7 stAE B ZH2te] I E HIE OIS0l MEiE
HIES| fIxl= (0,1), (2, 3) (0.1), (2,3)2 dt= 5t ElM, o] =8 oL{X| BXo| E7 Y
AzZtstA £lH, (0,3), (1

Hefol B TEE o

2ar

2), (0,
A

She MEo 2 MZHE 4 QI el BH 78 S8t =1,
o)t o

(1 2)°I 1IHE*" S 517 % Zd0[H, olof 2t 2ot 7

e
-

y
=
=

[0093] Y14 A= F3uhE YAECHH, 7HE HIEAE Y2 HIE A™A o 78 &
n]

|E-2IHA EIHEIOHE'(blt -reversing operation)2 & 9|

rirrir

ot
3t

IPR2023-01272 Page 133



oH

74E3] §2002-0004478

[0094] %, 14 B0|EQ #2Y B2 (0,1,2,3)2] QHAE (0,2,3,1)2 HIFO{ EIAEE £-5l= X
Ol 7t& bbEr &gt wedolct. :I.E—il_l- 13 E{IOIEP_I E3oME OlHE WHE MEE 4 lcx

= sﬁcf 2t A2 A0 78 Fotod UM
g =1 ot

2 gnelgez 4%

ol
5
g

[0095] é; oTEER 4o F= HIESO CHEt EQ T & 1E4sHX|
ol
AA

[0096] 1134 E{E _-__QI 158 202 Boig2|7] fsiME 85 aHdolM, CHE HIEELCH 2
i st=0 Uo1M, AIAEHIEl(systematic) HIE %‘EOH UFo| 2
M -.:-?—l%’ -'1=-t "0| HFZHEISCH OIE QIsiME olM HYHE dnal&S oS3 20l =

CIE YAloZ F|otstCt,
[0097] for(i=0;i<l;i++){

[0098] th

if({((i+1)xKq Ro)mod 12K1 R2}8&{K1 GR1=0}) repeat ni"" bit with factor M4 ; A|AEIHE

HIEO] Chal S Axo 2 BHe B Mo 0f 2|5 HIE BF=

10099) else nith bit with repetition factor Mo
[0100] YK
0,=1X(K, gp-1)+ L ‘I‘"”f]"ﬁz’ |
[0101) for(j=0;j<n ;j++){
[0102] if({((i+1)xK1,r2)mod I<K1 R2}&&{(j+|Ojl) mod (n-1)sKq gR1-1DI
[0103)] ({((i+1)xK4 r2)mod 12K1 R2}&&{(j+|Oj|) mod (n-1)< K1 GR1-1})
[0104] coath e o . Coth -
repeat(nxi+j) " bit with repetition factor Mo otherwise repeat (nxit+j)" bit with repetition
factor M
[0108] }; AIAEIHE HIEE LIHZ| HIEOf ChEt BHE E Mq EEE& MO |8t HIE BH50| 7
E3tH OlF o
{0106] }
[0107] flol dn2|FOIM AT HE 2ol 3= JBHE Mp2| Uhs HWE & 7HX{0} 5he fIk
El(systematic) HIE @I &[0] Mool BHE HEIE &Y

E YE mof UoiM, MM 2, AlAHHEs
5t1, LIHZ|Q Z= O Eo| HIEEO CHstod 2 &8 WAL R HHE TEE g5 Yol

[0108] O[2t 2 HEIE XM&sl7| fIME 0RE (Md 2T F2351Y0l 2134 H|Eo| Zol-1)7

=l

(3
X| B7tstE 2E O A iof CHsHod (i-1)Hm =2 :'LEUI-XI A&7 M2 8HE BEE JHXls
AS HEES 77t A1 ElY ZE O E0IM A2 BHE HEE Z &= BIEI -1 "(rAd

IPR2023-01272 Page 134



OH

7HE 3] §2002-0004478

O UHHIEYR L=

P

ne

-1

I
tor
ol

3
Lt
[0109] Olp{Et Lz Mg o|83t0f 47| LuEIBEMME 47| Mg 3 £330 Cistof HAE
=2 AsHSE
g =¥t

=l 5 35ldof CHE M2 B = 280 42 &g 2
HE"2te| o2 MERE2ZME 0

[0110] etM, 47| Ad IS R otol CHet M2 Bt 28 70| Ftizie 47 Mg 2 7
Z&tdol M HIEYER LHe LIHZIZE &7 Md 2% R stdol chE M2 Bt 28 T+ B2
Ch 374t 23, 87| M1 Bt 22 JE LM &7] &2 BHE E{ol of8F HIE EH5 471 02!
G20, 471 H1 gh= Hefof o3l s HIEO|AM HIE BHEE +Hst=S Bt

oM EE AT M 3 2580l ChE K2 BHY OB Jh4ol MAuZte A7) Mg 38 B
539d0| 24 HIEQR Lhs LOIAI7H &7 &g 22 23 510] Cii#h M2 B I8 744
Ch &7ALE, 471 M1 EFel E B ol 47| Fl2 BHe BEjof o8t HIE BHE4 7} 00| of
B0, 47| M2 = Bejof ofs) H A= IELNo] AIAEIHE! HIEo] Cis HIE g 4
sl s sioh,

[0112] B A7 2t RE 250 HHE n7e HIE A 2t HIE L] QIRA T 12 E (n-1)H K| B}
st QIEA jof Chstod, 7| Md I E R stdol ChEt M2 EL T & THeol Mgt S 4
7l 2T 2Estdol QU3 HEYR LhE LIHZIZF 47| M 2 280l chEt &2 et
e Zc o +ECt &1, (+ 2LEMo| ™oHghE (n-1)2 LhE LHAIZHE B 2E 1
ELioIM A2 BHE HEIE Z= "HIEQ| Ji-N)ECH H7LL 22 42, £ 47 Mg 2YE
F38d0] chet M2 Bt O & THeo MeuidlS 47| Md 3T #3310 Y HIEYER
LiE LIHXIZE 471 M 2 2330l chet M2 Bt I=9| a8 et I AL 24, (|
+ QE Aol MriZhE (n-1)2 LhE LHHXIZH (R Bt 2= JE oM A2 B8 HHE &
HIEQ| Ji=-1)ECt 5t 2 ZR 8 2= I8
AAEIHE HIEM CHEl HIE HtE 8 85 =5 BHC}

[0113] FEd7|2t 3 2B EEE nIHQ HIEWM 2 HIEQ| QIHA T 18 E (n-1)7 K] 718t
= QIElA joil CHEt0d, &7 M ZYE B 2310l CHst M2 Bl 2 & 7H2l HaHigiS 47|
AMd 3 H231¢0| QU HEYR L LIHX|I7F 47 A 29 £3351€0] Cidt A2 Bt
AE OE9| M4HCH 3L 2T EE (+ QEAIQ| MCHZHE (n-1)E2 Lbs LHHX|7 (M1 B
& ZE JE oM X2 ¥HE HEIE Z &= HIEQ| Jie-)ELC 2 39, 221 47| dd 2T
T 2230 st A2 Bt 28 Jiso HatizZie 47| Ad 3 B35l o3 HIEY
2 LHE LHZRI7 47 A 2 R 38tdol ciEt M2 Bl =9 a8 &0 AL (+ 2
Z Mol ™HrhZhE (n-1)ZE LHe LIHZRIZE (M1 Bl 2= aF LM X2 BHe HEE ZHE HIE
ol Jig-NEC 2 AL 22 B2 s HIEOIAM A1 BHE WE|Z HIE =28 sl & Fio).

—p

14 Ol&kol oI M} 20| B WHE HAIS| 3CPP2AIAEIOIM Bl IEE ALBSHE TS,
i o O|E{ 30| (flexible data rate) & X|245t7| §I8t ire grmElFol MAA|, 2= I8 B
ol §HE YNAES MHARSEM OlLiX| BEE FIHO| T4 R 2579 Ztztof Csto] F
UstH & + glom, 0|2 Qstol 22 M5 FAAIY £ Ut

[0115]

%h

0

P BT I8 S Soll SURIEIHE 2 Y4B 7|e Ad 8 eS| ofLlshs -l ot
d A +Hol7tsEe o+ e HWolch

o

rII

o1e] kA, B WHO| 7|EM Hels Aol ZIME LIB2 2 #tshs W0l ofLEtS s HF Y
floi 2lsilM Ha&{ok Bt

IPR2023-01272 Page 135



52002-0004478

=

|

)

E
=

74

a1
[=3

D

oA

@]——4»

A

YY(dy ) ——e

S13

S12
(

v

LM | 2y gng | N ez oeey

st
(

Mt
("Ei=M)

S10

(W)

(P=LM-N)

L

[

1/n MY
Rey
(L=nI)

I

IPR2023-01272 Page 136



SIS 5] £2002-0004478

[ofo]t]t]2]2]3 3 +]4]5]5]6]6|7Fi48]e 9]0 w0]w]ufi]

E.—.'.EO IEIE 2ET8]/2 =R IEIR4
07172348767 808011213 14]15]16]17]18]19

FE380 IETE JETE/R 3=383 IEIF4
1 [2[s 4576 [7[e]o iTint 12|13]14E15%16217|18|19

IPR2023-01272 Page 137



PCT

WORLD INTELLECTUAL PROPERTY ORGANIZATION
International Bureau

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification 7 :

HO04L 1/00, 1/12, HO3M 13/00 Al

(11) International Publication Number:

(43) International Publication Date:

WO 00/48353

17 August 2000 (17.08.00)

(21) International Application Number: PCT/US99/02995

(22) International Filing Date: 11 February 1999 (11.02.99)

(71) Applicant: HUGHES ELECTRONICS CORPORATION
[-/US]; Building 001, M/S A109, 200 N. Sepulveda
Boulevard, P.O. Box 956, El Segundo, CA 92045-0956
(US).

(72) Inventors: HAMMONS, A., Roger, Jr.; 14074 Saddle River
Drive, North Potomac, MD 20878 (US). EROZ, Mustafa;
18425 Lost Knife Circle #101, Montgomery Village, MD
20886 (US).

(74) Agent: WHELAN, John, T.; Hughes Electronics Corporation,
Building 001, M/S A109, 200 N. Sepulveda Boulevard, P.O.
Box 956, El Segundo, CA 90245-0956 (US).

(81) Designated States: AL, AM, AT, AU, AZ, BA, BB, BG, BR,
BY, CA, CH, CN, CU, CZ, DE, DK, EE, ES, Fi, GB, GE,
GH, GM, HR, HU, ID, IL, IS, JP, KE, KG, KP, KR, KZ,
LC, LK, LR, LS, LT, LU, LV, MD, MG, MK, MN, MW,
MX, NQ, NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK, SL, TJ,
T™, TR, TT, UA, UG, UZ, VN, YU, ZW, ARIPO patent
(GH, GM, KE, LS, MW, SD, SZ, UG, ZW), Eurasian patent
(AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European patent
(AT, BE, CH, CY, DE, DK, ES, Fl, FR, GB, GR, IE, IT,
LU, MC, NL, PT, SE), OAPI patent (BF, BJ, CF, CG, CI,
CM, GA, GN, GW, ML, MR, NE, SN, TD, TG).

Published
With international search report.

(54) Title: OPTIMIZED RATE-COMPATIBLE TURBO ENCODING

1900
X(t
\ 1918 )
)Y,
1914 /b* ol
ﬁ“ Yy (t
1902 19191()
1922 | 1904
X{(t)
+ 1906 1916 —
g So(t)
b ¢
S4(t)+So(t) 1820

UNIVERSAL CONSTITUENT ENCODER
RECOMMENDED FOR FORWARD LINK TURBO
CODES OF VARYING INTERLEAVER DEPTH

(57) Abstract
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WO 00/48353 PCT/US99/02995

OPTIMIZED RATE-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, gquality of
service measures (e.g., latency, bit-error rate, frame error
rate), and implementation complexity is highly desirable.

Forward error correction (FEC) is required in terrestrial
and satellite ratio systems to provide high gquality
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 eqguipment, 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..
I1S-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,
fprward 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 guasi-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 cther 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 IZirst 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 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.

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 encocding 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 élurality 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 Ccde 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 ocutputs 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

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 1is a diagram of a CDMA digital cellular mobile
radio system hardware which can 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 Errxor 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;

SUBSTITUTE SHEET (RULE 26)

IPR2023-01272 Page 147



WO 00/48353 PCT/US99/02995
—-9-

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 deséription 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 shcould 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. Others would also
be possible.

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 Ccde 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 Segquence
Code Division Multiple Access (CDMA) Mobile-station-to-base-
station (or reverse) link is shown using a convoluticnal
encoder and a Viterbi deccder. 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 conveclutional
encoder 108, (of rate r). 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 tc 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 (Amobile signalS) Amobile

signals 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 the 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 eqguipment 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 1is
segmented and framed at a Segmentation Processor 204 into
fixed frame length and applied to a Turbo Code encodexr 208.

An output from the encoder 208 is fed tc a Channel Interleaver
212 to pseudo-randomize the code symbols. The Channel
Interleaver 212 provides output tc a Spread Spectfum 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 terminal equipment at the receive end.

Referring to Figure 3, the basic structure of a Turbo
Code ié 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 5f 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

SUBSTITUTE SHEET (RULE 26)

IPR2023-01272 Page 152



WO 00/48353 PCT/US99/02995
~14-

312 to achieve a desired overall Turbo Code rate. It is also
possible to puncture systematic bits.

The constituent codes cof 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 "0" 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 Turboc Code rate
r=1/2. Transmitting all of the parity bits at the two
encoders 306, 308 produce a code rate r=1/3.

It is not possikle 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, mi(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 decocded 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 informaticn 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 unive;sal 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 D’;

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 depths; and

8) encode data with a rate 1/2 or rate 1/3 Turbo Code
compriéing 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 éetermined 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)
21 1o
11 1
44 P
1n 14
1o 1z
1 1m
1c 44
2L 2o
1 1o
4o 41
P 1o
P 1

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) = D°(1) + D'(0) + D°(1) + d&°(1) = 1 + 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 1is 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, 1is 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: 12 & 12& 12& 12 & 113 & 113& 173 & 173&
d(D)yn(D) 512 1024 2048 3072 512 1024 2048 3072
15-13 0.005 0.00 0.00 0.05 0.10 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 0.00db | 0.00 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 cddéé 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 ;he best overall
performance across the ranges of rates and Interleaver sizes
studied:

d(D)=1+D°+D’; n(D)=1+D+D’,

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 Ccde 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#l CC#2 CC#3
(QOctal 13-15/17) (Octal 15-13/17) (Octal 17-13/15)
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d(Dy=1+D"+D" d(D)=1+D+D" d(D)=t+D+D*+D*

(Octal 13) (Qctal 15) (Octal 17)

n (D)=1+D+D° ny(D=1+D*+D’ n(D)=1+D*+D?

(Octal 15) (Octal 13) (Octal 13)

ny (D)=t+D+D*+D’ nyD)y=1+D+D*+D’ ny(D)=1+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 wvarious puncturing séhemes of Figure 9 are first
considered.

For a rate 1/4 code, a common input information

bit or systematic bit, 1s transmitted by one encoder,

(4)

along

with three (3) of four parity bkits 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 1is
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 1s 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. 1; 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, 820, 930 and
340) .

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 alsoc 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 C at 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 B as
compared to other puncturing schemes.

Thus, FER optimized Turbc Code B is selected as the basis

for the design since FER performance is usually the more
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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 n: (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 ?attern "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
fcr 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 Y,(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
connecticn 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 Y. (t)=W(t)+S,(t)+
S.(t) .

In Figure 19 a second numerator polynomial over a
denominator polynomial, represented by "1111", is hardwired to
return output Y,;{(t) by combining: X (t) 1902 with a result of
adder 1520 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 18914 with modular adder 1919 (fourth bit).

The result is Y (t)=W(t)+S.(t)+S;(t)+S,(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
Se(t), register 1912 holds S;(t) and register 1916 holds S.(t),
and adder 1904 produces W({t)=X(t)+S;(t)+S,(t);

Yo (t)=W(t)+So(t)+S2(t); and Y,(t)= W(t)+S,(t)+S,(t)+S2(t). Thus,
the adding is cumulative.

The result of a modular adder is a "1" 1f the two bits
are different, and a "0" if the two bits are the same. Output
Y. (t) represents the output from numerator Polynomial No. 1 and
the denominator polynomial. Output Y,(t) represents numerator
Polynomial No. 2 and denominator polynomial.

Initially, S¢=S;=S5,=0 and the values of the registers
1906, 1912, 1916 are shifted from left to right after each
clock cycle increment. Thus, Se(t+1)=W({(t); S; (t+l1l)=Ss(t), and
S;(t+1)=S:(t).

The optimal puncturing matrices, shown in Figure 20, for
example, shows a "1" 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 Yf(t), and Yf(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 "“O0O"
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 analocgous
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 perférmance 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 polynocmials
d(D)=1+D"+D’, n,(D)=1+D=D’, and n;(D)=1+D+D"+D’.

The preferred puncturing patterns for various code rates
are:

1) Rate 1/4 - alternately puncturing parity bits n, from
one encoder and n: from the same encoder;

2) Rate 1/3 - puncturing parity bits n. from both
encoders;

3) Raté 1/2 - puncturing parity bits n; and alternately
puncturing parity bits n, from both encoders;

4) Rate 3/8 - puncturing parity bits n; and one out of
every 6 parity bits n, from both encoders; and

5) Rate 4/9 - puncture parity bits n; and uniformly 3 out
of every 8 parity bits n; 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)=1+D’+D’ and N,(D)=1+D+D’. (The third
polynomial n;(D) 1is 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 n, 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. 1In this case, the second parity bits are
alternately punctured by the two constituent encoders. The
preferred pupcturing 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. This is illustrated by considering rates
2/9 and 3/8.

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 1is 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
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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)=1+D+D’, n,=1+D°+D’> and n,=1+D+D’+D>.

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, represents output bits associated with a first numerator
polynomial, and n. represents output bits associated with a
second numerator polynomial:

1) Rate 1/4 - alternately puncture parity bits n, from
both constituent encoders.

2) Rate 1/3 - puncture parity bits n, from both
constituent encoders;

3) Rate 1/2 - puncture parity bits n; and every other
parity bits n; from both encoders;

4) Rate 2/9 - puncture every one out of every four
parity bits in n, from both encoders; and

5) Rate 3/8 - puncture parity bits n; and one out of

every six parity bits n:.
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These preferred 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 reguiring 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 1is 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
puncturing 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
communications network (such as the third generation UTRA

system currently in development in Europe and Asia):
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1) The preferred universal Turbo Code optimized at code
rates 1/2 and 1/3, described above, along with a subset of
assoclated 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
expectéd 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 préferred 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 invelving more than two
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constituent encocders, 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-Compatible Universal 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 1s 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 changeé for encoding and decoding. As before, the-
third polynomial is necessary for the additional encoder
parity bits of a rate 1/3 or lower Turboc 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-ratéé, 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-Compatible 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 1+D°+D’ (octal 13) and a numerator polynomial is
1+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 conteﬁts
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 gain (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

SUBSTITUTE SHEET (RULE 26)

IPR2023-01272 Page 176



WO 00/48353 PCT/US99/02995
~-38-

octal 13-15/17. The denominator polynomial is 1+D°+D° (octal
13):; the first numerator polynomial is 1+D°+D” (octal 15); and
the second numerator polynomial is 1+D+D°+D’ (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 puncturing patterns are designed such that all bits
transmitted at any higher rate Turbo Code of Set B are 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, n;

3) Rate 1/3 - always puncture the second numerator parity
bits, n;; and

4) Rate 1/2 - always puncture the second numerator parity
bits, n, and alternately puncture the first numerator parity
bits, n;.

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 Turboc Code Rates

When higher code rates are the dominant modes Turbo Code
Set B is 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 C are 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) B

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 1+D+D?Hf, first
numerator polynomial, n,, l+D{Hf, and second numerator
polyncomial ng, 1+D+D?. The optimal puncturing patterns from
the simulation, as previously described and consistent with
the methodology, are:

1) For rate 1/5 - no puncturing;

2) 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
dencminator polynomial d, 1+D+D>, a first numerator polynomial,
n;, 1+D°+D° and second numerator polynomial, n, 1+D+D°+D°.

The optimal puncturing patterns from the simulation
previously described and consistent with the methodology is:

1) Fer 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 paylocad of an availlable physical
channel. 1In rate matcﬁ;ng 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 inventicn, 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 guality-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 specified
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 cof 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 informaticn availabie
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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The criterion for designing a good convolutional code is different from the conventionat approach of maximizing
minimum Hamming distance, when the convolutional code is used as a constituent code in turbo codes. In this case,
the systematic, recursive convolutional code should be designed [1] so as to maximize the minimum parity weight

corresponding to information sequences of weight two that cause the trellis diverge from the zero state and later
remerge to it.

Due to tire nature of the Turbo code construction, this 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 8-state constituent codes, since previous work has
demonstrated that they provide the best trade-off between performance and implementation complexity. For the
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(b) Turbo Code Rate = 1/2

Appendix Fig. A-3 Essential Puncturing Patterns for Rate 1/3 Constituent Codes
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Appendix Fig. A-9 Selected rate 172 turbo codes on AWGN channel, 3072 bit frame size
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Appendix Fig. A-10 Selected rate 1/3 turbo codes on AWGN channel, 512 bit frame size
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Appendix Fig. A-11 Selected rate 1/3 turbo codes on AWGN channel, 1024 bit frame size
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Appendix Fig. A-12 Selected rate 1/3 turbo codes on AWGN channel, 2048 bit frame size
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Appendix Fig. A-13 Selected rate 1/3 turbo codes on AWGN channel, 3072 bit frame size
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Appendix Fig. A-14 Performance impact of different interleavers, rate=0.5, frame: 512 bits
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CLAIMS
What is claimed is:
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 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.

2. The method of Claim 1 wherein the best rate 1/2
constituent code represents a concatenation of polynomial
1+D°+D’ (octal 13) and polynomial 14+D+D’ (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
1+D°+D°, (octal 13), polynomial 1+D+D’ (Octal 15), and R

polynomial 1+D+D’+D* (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 ©f Claim 5 wherein the set of Turbo Codes
comprises a rate 1/4 Turbo Code wherein at least one of the
puncturings comprilses:

alternately puncturing a select group oI 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 cof 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 enceder and the second encoder
each producing a respective plurality of parity bits for a

data bit;
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punétﬁring 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 whereig the set of rate-
compatible Turbo Codes represent a concatenation of
polynomials 1+D+D3, 1+D{Hf, and 1+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 1+D+D’; and

puncturing parity bits associated with polynomial

1+D+D’ 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 Turbc Codes representing a concatenation of
polynomials 1+D+D’, 1+D°+D’, and 1+D+D°+D’, D 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 1+D+D +D’.

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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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 M.P.E.P § 609.04(a), since at least a portion of at least one item of
information included in the Form SB-08 is not available in the English language,
enclosed 1s an English translation of a communication from a foreign patent office,
dated May 7, 2013.

This Information Disclosure Statement is being filed with the fee required by 37

C.FR.§1.17(p).

2216504-1 9.
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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 SB-08 indicating consideration of the cited

materials.

Respectfully submitted,

Pietraski et al.

By /Wesley T. McMichael/
Wesley T. McMichael
Registration No. 56,982
(215) 568-6400

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

WTM/PCK
Enclosures (4)

2216504-1 -3-
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COMMISSIONER FOR PATENTS FIRST-CLASS MAIL

P.O.BOX 1450 U.S. POSTAGE PAID
] POSTEDIGITAL

ALEXANDRIA VA 22313-1451 TEDICH

VOLPE AND KOENIG, P.C.
DEPT. ICGC

UNITED PLAZA

30 SOUTH 17TH STREET

PHILADELPHIA, PA 19103

Courtesy Reminder for
Application Serial No: 13/744,984

Attorney Docket No: I-2-0526US05
Customer Number: 24374
Date of Electronic Notification: 06/07/2013

This is a courtesy reminder that new correspondence is available for this
application. If you have not done so already, please review the
correspondence. The official date of notification of the outgoing
correspondence will be indicated on the form PTOL-90 accompanying the
correspondence.

An email notification regarding the correspondence was sent to the following
email address(es) associated with your customer number:
eoffice@volpe-koenig.com

To view your correspondence online or update your email addresses, please
visit us anytime at https://sportal.uspto.gov/secure/myportal/privatepair.

If you have any questions, please email the Electronic Business Center (EBC)
at EBC@uspto.gov or call 1-866-217-9197.
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.USPL0.gov

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. CONFIRMATION NO. |
13/744,984 01/18/2013 Philip J. Pietraski 1-2-0526US05 9610
24374 7590 06/07/2013
EXAMINER
VOLPE AND KOENIG, P.C. | |
DEPT. ICC ALPHONSE, FRITZ
UNITED PLAZA RT UNIT PAPER NUMBER
30 SOUTH 17TH STREET | A | |
PHILADELPHIA, PA 19103 2112
| NOTIFICATION DATE | DELIVERY MODE |
06/07/2013 ELECTRONIC

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

PTOL-90A (Rev. 04/07)
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Application No. Applicant(s)
13/744,984 PIETRASKI ET AL.

Office Action Summary Examiner Art Unit AIA (First Inventor to File)
FRITZ ALPHONSE 2112 E‘g‘“s

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

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) OR THIRTY (30) DAYS,
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed

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

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any

earned patent term adjustment. See 37 CFR 1.704(b).

Status
1) Responsive to communication(s) filed on 18 January 2013.
[ A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filedon .
2a)[] This action is FINAL. 2b)[X] This action is non-final.

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

4[] 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. 218.

Disposition of Claims
5)[X Claim(s) 1-14 is/are pending in the application.

5a) Of the above claim(s) ____is/are withdrawn from consideration.
8)[1 Claim(s) is/are allowed.
7)Y Claim(s) 1-14 is/are rejected.
8)[] Claim(s) ____is/are objected to.
[ 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
hitp/reww. usplo.dov/patents/init_events/peh/index.jsp or send an inquiry to PPHieadback@uspio.qoy.

Application Papers
10)[] The specification is objected to by the Examiner.
11)X] The drawing(s) filed on 18 January 2013 is/are: a)[X] accepted or b)[[] 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)[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:
a)[J Al b)[JSome * c)[J None of the:
1.[] Certified copies of the priority documents have been received.
2.0 Certified copies of the priority documents have been received in Application No.
3.0 Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
* See the attached detailed Office action for a list of the certified copies not received.
Interim copies:
a)J Al b)[JSome ¢)[] None of the: Interim copies of the priority documents have been received.

Attachment(s)

1) Notice of References Cited (PTO-892) 3) l:l Interview Summary (PTO-413)

Paper No(s)/Mail Date.
2) Information Disclosure Statement(s) (PTO/SB/08) 4) I:' Oﬂ:)er' (<)

Paper No(s)/Mail Date 2/13/2013.

U.S. Patent and Trademark Office
PTOL-326 (Rev. 03-13) Office Action Summary Part of Paper No./Mail Date 20130531
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Application/Control Number: 13/744,984 Page 2
Art Unit: 2112

DETAILED ACTION

1. This Office Action is in regard to the application filed on 01/18/2013. Claims 1-14 are
presented for examination.

Information Disclosure Statement
2. The Information Disclosure Statement (IDS) submitted is in compliance with the
provisions of 37 CFR 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

IPR2023-01272 Page 315



Application/Control Number: 13/744,984 Page 3
Art Unit: 2112

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 Longi, 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 CFR 1.321(c) or 1.321(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 CFR
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

IPR2023-01272 Page 316



Application/Control Number: 13/744,984 Page 4
Art Unit: 2112

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.
0. 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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Examiner Art Unit
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U.S. PATENT DOCUMENTS
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ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /F.A/
6/01/2013

Page 1 of 4
FORM PTO-1449 ATTY. DOCKET NO. SERIAL NO.
[-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
/FA 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.’
6,601,214 07/2003 Hammons, Jr.
6,622,281 09/2003 Yun et al.b
6,631,491 10/2003 Shibutani et al.
6,665,813 12/2003 Forsman et al.
* 6,744,744 06/2004 Tongetal.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 1172007 Doetsch et al.
2002/0027956 0372002 Lee et al.
2002/0141433 10/2002 Kwon et al.
\ 4 2003/0007476 01/2003 Kim et al.
FOREIGN PATENT DOCUMENTS
EXAMINER TRANSLATION
INITIAL
DOCUMENT NUMBER DATE COUNTRY CLASS SUBCLASS YES NO
JEA 00/065446 06/2005 WO
FA/ 00/011791 03/2000 wo!
IF.AJ 00/041343 07/2000 WQo?
/F.AL 02/033910 04/2002 WO?
FAS 03/069784 08/2003 WO
EXAMINER DATE CONSIDERED

EXAMINER: Initial if citation considered, whether or not citation is in conformance with MPEP 609; Draw line through citation if notin
conformance and not considered. Include copy of this form with next communication to applicant.
2216503-1
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[-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 . " .
INITIAL DESCRIPTION (Including Author, Title, Date, Pertinent Pages, Etc.)
FAS ‘Universal Mobile Telecommunications System (UMTS); Multiplexing and channel coding (FDD); (3GPP TS

25.212 version 5.1.0 Release 5),” ETSI TS 125 212 V5.1.0 (June 2002).

1 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).

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

NORTEL NETWORKS, “Proposal for Rate Matching for Turbo Codes,” pp. 1-5 (May 12, 1999).

FAS
SIEMENS ET AL., "HSDPA For The 1,28 Mcps TDD Option — A-VRC Test Methodology And Simulation
FAS IAssumptions”, TSG-RAN Working Group 4 (Radio) Meeting #26, R4-030223, (Madrid, Spain 17-21 February
2003).
JFAJ SIEMENS, "Turbo Coder Irregularities In HSDPA", 3GPP TSG-RAN Working Group 1 #32, Toc R1-030421,
(Paris, France 19-23 May 2003).
E A [THIRD GENERATION PARTNERSHIP PROJECT, "Technical Specification Group Radio Access Network;
e Multiplexing And Channel Coding (FDD) (Release 6)", 3GPP TS 25.212 V6.1.0 (March 2004).
FA/ [THIRD GENERATION PARTNERSHIP PROJECT, "Technical Specification Group Radio Access Network;
T Multiplexing And Channel Coding (TDD) (Release 6)", 3GPP TS 25.222 V6.0.0 (December 2003).
[THIRD GENERATION PARTNERSHIP PROJECT, "Technical Specification Group Radio Access Network;
/F.A4 Channel Coding And Multiplexing Examples (Release 4)", 3GPP TS 25.944 V4.1.0 (June 2001).
; ; [THIRD GENERATION PARTNERSHIP PROJECT, "Technical Specification Group Radio Access Network;
fFA Medium Access Control (MAC) Protocol Specification (Release 5)", 3GPP TS 25.321 V5.6.0 (September
2003).
JFAL [THIRD GENERATION PARTNERSHIP PROJECT, "Technical Specification Group Radio Access Network;

MAC Protocol Specification (Release 5)", 3GPP TS 25.321 V5.2.0 (September 2002).

DATE CONSIDERED
EXAMINER /Fritz Alphonse/ 06/01/2013

EXAMINER: Initial if citation considered, whether or not citation is in conformance with MPEP 609; Draw line through citation if notin
conformance and not considered. Include copy of this form with next communication to applicant.
2216503-1
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U.S. DEPARTMENT OF COMMERCE
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INFORMATION DISCLOSURE

STATEMENT BY APPLICANT FILING DATE GROUP
January 18, 2013 2112

(Use several sheets if necessary)

EXAMINER

INITIAL DESCRIPTION (Including Author, Title, Date, Pertinent Pages, Etc.)
[THIRD GENERATION PARTNERSHIP PROJECT, "Technical Specification Group Radio Access Network;
F.A Medium Access Control (MAC) Protocol Specification (Release 4)", 3GPP TS 25.321 V4.9.0 (September
2003).
FA/ [THIRD GENERATION PARTNERSHIP PROJECT, "Technical Specification Group Radio Access Network;

MAC Protocol Specification (Release 4)", 3GPP TS 25.321 V4.6.0 (September 2002).

THIRD GENERATION PARTNERSHIP PROJECT, "Technical Specification Group Radio Access Network;

1FA Medium Access Control (MAC) Protocol Specification (Release 1999)", 3GPP TS 25.321 V3.16.0 (September
2003).
JEA. [THIRD GENERATION PARTNERSHIP PROJECT, "Technical Specification Group Radio Access Network;

MAC Protocol Specification (Release 1999)", 3GPP TS 25.321 V3.13.0 (September 2002).

[THIRD GENERATION PARTNERSHIP PROJECT, "Technical Specification Group Radio Access Network;

A Channel Coding And Multiplexing Samples (Release 1999)", 3GPP TR 25.944 V/3.5.0 (June 2001).

/E.A. THIRD GENERATION PARTNERSHIP PROJECT, "Technical Specification Group Radio Access Network;
Multiplexing And Channel Coding (FDD) (Release 5)", 3GPP TS 25.212 VV5.2.0 (September 2002).

[THIRD 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).

_:ﬁ
=

JEAL THIRD 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).

/FAJ [THIRD 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).

FAS [THIRD 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).

JE A [THIRD 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).

] [THIRD GENERATION PARTNERSHIP PROJECT, "Technical Specification Group Radio Access Network;
/EA Multiplexing And Channel Coding (TDD) (Release 4)", 3GPP TS 25.222 V4.5.0 (September 2002).

EXAMINER Fritz Alphonse/ DATE CONSIDERED 06/01/2013

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

INITIAL DESCRIPTION (Including Author, Title, Date, Pertinent Pages, Etc.)

FA THIRD GENERATION PARTNERSHIP PROJECT, "Technical Specification Group Radio Access Network;
S Multiplexing And Channel Coding (TDD) (Release 4)", 3GPP TS 25.222 V4.6.0 (December 2002).

FA/ [THIRD 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).

£ A/ THIRD GENERATION PARTNERSHIP PROJECT, "Technical Specification Group Radio Access Network;
e Multiplexing And Channel Coding (TDD) (Release 5)", 3GPP TS 25.222 V5.4.0 (March 2003).

JFAL [THIRD GENERATION PARTNERSHIP PROJECT, "Technical Specification Group Radio Access Network;
Multiplexing And Channel Coding (TDD) (Release 5)", 3GPP TS 25.222 V/5.5.0 (June 2003).

[THIRD GENERATION PARTNERSHIP PROJECT, “Technical Specification Group Radio Access Network;

/FA. High Speed Downlink Packet Access: Physical Layer Aspects (Release 5),” 3GPP TR 25.858 V5.0.0 (March
2002).

T Equivalent to RU 2190296; 2 Equivalent to RU 2185025; 3 Equivalent to RU 2239292; 4 Equivalent to RU 2004127246;

5Equivalent to TW 478258 and TW 454391; 6 Equivalent to DE 1030407; 7 Equivalent to JP 2002-164948; 8 Equivalent to JP
2001-057521.

DATE CONSIDERED -
EXAMINER ity Alphonse! 06/01/2013

EXAMINER: Initial if citation considered, whether or not citation is in conformance with MPEP 609; Draw line through citation if notin
conformance and not considered. Include copy of this form with next communication to applicant.
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.USDIO.gOV

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
13/744,984 01/18/2013 Philip J. Pietraski 1-2-0526US05
CONFIRMATION NO. 9610
24374 PUBLICATION NOTICE

VOLPE AND KOENIG, P.C.

oePT. 100 LT
UNITED PLAZA

30 SOUTH 17TH STREET

PHILADELPHIA, PA 19103

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

Publication No.US-2013-0139040-A1
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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produces a list of patents that are most closely related linguistically to the application
searched. This search was prepared by the staff of the Scientific and Technical Information
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1-2-0526US05

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET (37 CFR 1.76)

Tite of "IDETECTION, AVOIDANCE AND/OR CORRECTION OF PROBLEMATIC PUNCTURING
Invention |p ATTERNS IN PARITY BIT STREAMS USED WHEN IMPLEMENTING TURBO CODES

As the below named inventor, | hereby declare that:

This declaration
is directed to: O The attached application, or

X United States application or PCT international application number 13/744,984

filed on __January 18, 2013

The above-identified application was made or authorized to be made by me.

I believe that | 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.

| 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.

| hereby acknowledge that any willfui 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

-5 - 3203

Inventor: __Philip J. Pietraski Date :
y o /’ 7
Signature: _f7 //{/// W
o

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 is required by 35 U.S.C. 115 and 37 CFR 1.63. 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.
2215557-1
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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  IDETECTION, AVOIDANCE AND/OR CORRECTION OF PROBLEMATIC PUNCTURING
Invention |p ATTERNS IN PARITY BIT STREAMS USED WHEN IMPLEMENTING TURBO CODES

As the below named inventor, | hereby declare that:

This declaration
is directed to: O The attached application, or

United States application or PCT international application number 13/744,984

filed on ___January 18, 2013

The above-identified application was made or authorized to be made by me.

| believe that I am the original inventor or an original joint inventor of a claimed invention in the application.
| have reviewed and understand the contents of the above-identified application, including the claims.

| 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.

| 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

Date : a% H i?.-f&'fk 9”9!3

Inventor: ___Gre S. Sternberg
7 ? 73
Signature: VW .l

7=

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 is required by 35 U.S.C. 115 and 37 CFR 1.63. 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.

2215571-1
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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 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.USDIO.gOV

APIZ-L[‘TII\(/igglIQON I 3’17;}%:1)1\1]:()}A¥E GI?JIZ\TIIXET I FIL FEE REC'D I ATTY.DOCKET.NO ITOT CLAHVISI IND CLAIMSl
137744084 OU/I8/2013 2112 1390 1-2-0526US05 12 2
CONFIRMATION NO. 9610
24374 FILING RECEIPT
VOLPE AND KOENIG, P.C.
DEPT. ICC L A
000000059223387

UNITED PLAZA
30 SOUTH 17TH STREET
PHILADELPHIA, PA 19103

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

Inventor(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 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 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.

page 1 of 4
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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 USPTO 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
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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-HALT (1-866-999-4158).

LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
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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 0or 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
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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
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SelectUSA

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 setrvices, and grow your business, visit http:/www.SelectUSA.gov or call
+1-202-482-6800.
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I-2-0526US05

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

[0001] CROSS REFERENCE TO RELATED APPLICATIONS
[0002] 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] FIELD OF THE INVENTION
[0004] 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] BACKGROUND

[0006] 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-
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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
TTI. The rate matching function operates by means of bit repetition or puncturing and
defines the number of bits for each processed TrCH which are thereafter multiplexed to
form a CCTrCH data stream.

[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

.-
2171870-1
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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 of TrCH 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 méde 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 communication systems play a
key role in both performance and capacity of a wireless telecommunications systems.
In particular, the turbo coding of the data being processed for wireless transmission
plays a significant role for both TDD and FDD communications in a 3GPP system.
[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 (.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 0}, 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 1's in the TB. If we consider an input that is all 0's for t > T, then the output of the
constituent recursive encoding block will also be semi-periodic for t > T.

[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) of L 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 of bits 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] SUMMARY OF THE INVENTION

[0029] 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 WITRU 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, P1/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] BRIEF DESCRIPTION OF THE DRAWINGS
[0034] 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:
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[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 P1/P2 biasing is
applied;

[0041] Figure 9 is a plot of the problematic regions with respect to an ordered

pair (r1,r2) which are the rates of puncturing the parity streams in the first and second

stages of rate matching, respectively;

[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.

[0047] 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 P1/P2 is applied. As shown in Figure 7, it has been found that particular codes
created by puncturing the rate 1/3 3GPP Turbo code exhibit poorer than expected
performance, as can be seen from the peaks in the figure.

[0049] Figure 9 is a plot of the problematic regions with respect to an ordered
pair (r1,r2) which are the rates of puncturing the parity streams in the first and second
stages of rate matching, respectively. As can be seen, there are particular regions
where the rates of puncturing of the parity streams are such that some combinations of
rates are particularly problematic.

[0050] In one embodiment, puncture biasing for parity bits P1 and P2 is
implemented for one stage rate matching. Figure 10 is a schematic block diagram
showing circuitry 600 for 3GPP rate matching for HSDPA, using a Turbo coded
HS-DSCH. The circuitry 600 implements a 3GPP rate-matching scheme for HSDPA.
The circuitry 600 includes a bit separation circuit 605, a first rate matching stage 610,
a virtual incremental redundancy (IR) buffer 615, a second rate matching stage 620

and a bit collection circuit 625. The first rate matching stage 610 includes a Parity 1
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(P1) bit rate matching circuit 630 and Parity 2 (P2) bit rate matching circuit 635. The
second rate matching stage 620 includes a systematic bit rate matching circuit 640, a
Parity 1 (P1) bit rate matching circuit 645 for the second rate matching and a Parity 2
(P2) bit rate matching circuit 650 for the second rate matching. In operation, the
systematic bits, Parity 1 (P1) and Parity 2 (P2) bits are processed through the first rate
matching stage 610, virtual IR buffer 615, second rate matching stage 620 and bit
collection circuit 625. Note that the Parity 1 (P1) and Parity 2 (P2) bits are treated
separately. The systematic bits, Parity 1 (P1) and Parity 2 (P2) bits are combined at
the bit collection circuit 625 to provide a single data output Naata. Also note that if the
number of coded bits is less than or equal to the size of the virtual IR buffer 615, the
first rate matching stage 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 P1
and P2 bits (to within one bit) but with different puncturing pattern phases. In order
to avoid non-puncturing periodicities that have been shown to degrade the Turbo code
performance, the puncturing rates for P1 and P2 be independently biased. For
example, if the number of P1 bits is decreased by A and the number of P2 bits is
increased by A , the overall code rate is unchanged but the problematic non-puncturing
periods can be avoided. Given this approach to avoiding the problematic code rates, an

analytical expression for the requisite bias, has been derived.
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[0053] A simple and efficient method of modifying the puncture patterns is
biasing the number of punctured bits in P1 and P2 by adding additional puncturing to
one and removing it from the other. The amount of the bias should be no more than is
needed to avoid certain periodicities. In biasing the puncturing rates of P1 and P2 bits,
two constraints must be met.

[0054] When non-puncturing patterns with period 7N / 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 P1 or P2 bits is within +1 or
+1% of 7N / 2 for even and odd N respectively.

[0055] The average non-puncturing rate of the P1 and P2 rate matching blocks is
I/(P/2) where I is the number of bits at the input to each branch of rate matching and P
is the total number of parity bits (P1 and P2) at the output of rate matching.

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

LN <1——A£+ N , Equation 1
(P/2) 2 2 |2
for N >0 where,
7’ o2] Equation 2
[0056] In biasing the puncturing rates of the parity bit streams 1 and 2, P1 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 A to avoid the problematic puncturing patterns.
Second, the number of surviving bits in parity bit stream 2 must be decreased by an

equal amount A that is also sufficient to avoid problematic puncturing patterns.
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[0058] These two constraints can be combined in to the following expression for
A, where:
[0059] A=maxdt 2 P _ T _ Equation 3
IN-1| 2 2 |7N+1
2 2
[0060] Alternatively, non-punctured bits may be increased in P2 and decreased

in P1. The procedure to determine and apply the necessary P1/P2 bias is as follows:
Step 1) Compute N using Equation 2.

Step 2) Determine if the desired code rate results in a problematic

puncturing pattern using Equation 1. If it does, continue to Step 3,

21—-1X+ N ).
2 |2

I 7N

otherwise set A =0 (f
(P/2) 2

Step 3) Compute the bias A 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 A
and accordingly, the number punctured bits in parity bit stream 2 bits is increased by
A, the overall code rate is unchanged, but the problematic puncturing patterns can be
avoided. Note that bit collection and bit de-collection stages need to be adjusted

correspondingly for this case. Since individual regions of degraded performance tend to
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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 of TBSS 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 (T'S25.212 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 274 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.

[0074] 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 P1 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] The code rates at the center of these regions are determined by:
[0079] CR=—2t = 3N N_go Equation 4
1+ 2 35N +2
3.5N
[0080] The critical code rate, CR, corresponds to a rank-1 scenario when N is

even and rank-2 when N is odd. For rank-1, we have critical code rates CR = 7/9, 7/8,
21/23,... and for rank-2, we have CR = 7/11, 21/25,....

[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 7N/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 +% of 7N/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 rI 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.

=St [(1 _[ Lifwa] _E [rlfnrzﬂm(m L2 )t~ Awr2]) +

1- % | [nr2]]- _% |A[n2]] || (nr2—- |_nr2_D(— rl[-an-l - l_rll-nr2-|_| +1)+

Equation 5

1_'%(4,” T Hrtora]| |2 et

\

1- % |_r1Lnr2_U - _% l_r1|_nr ﬂ_ (—nr2+ ]_anJ + 1)(— rll_anJ + I_ranrZH +1)
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[0084] A threshold comparison could then be based on this equation to test
whether or not bthe Code Rate pair will perform adequately. Equivalently, the triple:
{Data Block Size, Size After 1st Stage Rate-Matching, Size After 2d 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 X,
e_ini, e_minus and e_plus parameters throughout the execution of the rate-matching.
In this way, the parameters affecting the puncturing pattern may change at one or
more locations within the block of bits being punctured. By allowing the parameters to
change, the instantaneous code rates may be different from the desired overall code

rate (thereby avoiding the puncturing interaction) while still maintaining the same
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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 r1, r2 pair) to some point on a curve of constant code rate (i.e., where the product
r1*r2 is unchanged) where performance degradation is tolerable.

[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 2d 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

-20-
2171870-1

IPR2023-01272 Page 370



I-2-0526US05

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 WITRU 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. Ifitis
desirable for a system to be allowed to make unrestricted use of available code rates,
then performance may be restored by modification of the puncture pattern. Therefore

if it is deemed desirable for a system to be allowed to make unrestricted use of
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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 of increasing size 4554, 4705 and 4858 bits respectively. All of them are rate 1/3
Turbo-coded, and then punctured down to 6072 bits mapped to the High Speed
Physical Downlink Shared Channels (HS-PDSCH). This results in an effective coding
rate of 0.75 (labeled 7/9-), 0.77 (1abeled 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 27d 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 1’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 ¢ > 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 of HS-DSCH transmission;
(2) number of soft information bits to be stored at the WTRU for HARQ); and
(3) number of physical channel bits allocated for the HS-PDSCHs.

[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 hybrid ARQ 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 TTI.

[0134] Definitions of notations used:
N™ .  Number of bits in a transmission time interval before rate
matching.
AN;: An intermediate calculation variable.
AN : If positive - number of bits to be repeated in each transmission time

interval on TrCH i with transport format .

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

AN p oy @ Number of bits to adjust the length of parity streams by, in HARQ 1st
stage rate-matching.

N i Total number of bits that are available for the HS-DSCH in a TTI.

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

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

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

b: Indicates systematic and parity bits

b=1: Systematic bit, xz .
b=2: 1st parity bit (from the upper Turbo constituent encoder), z.
b=3: 2nd parity bit (from the lower Turbo constituent encoder), z's.
[0135] 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 Nz
which is signaled from higher layers for each HARQ process. The number of coded bits
in a TTI before rate matching is NTT! this is deduced from information signaled from
higher layers and parameters signaled on the High Speed Synchronization Control
Channel (HS-SCCH) for each TTI. Note that HARQ processing and physical layer
storage occurs independently for each HARQ process currently active.

[0138] If Nir is greater than or equal to NTT (i.e. all coded bits of the
corresponding TTI can be stored) the first rate matching stage shall be transparent.
This can, for example, be achieved by setting eminus = 0. Note that no repetition is
performed.

[0139] If Nir is smaller than NTTI the parity bit streams are punctured by setting

the rate matching parameter AN!” = N, — N where the subscripts i and 1 refer to

transport channel and transport format in the referenced sub-clause. Note the negative
value is expected when the rate matching implements puncturing. Bits selected for
puncturing which appear as 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=1), 1st parity (b=2), and 27d parity bit
(b=3). The parameter AN, :is the change in length to the parity streams to

circumvent problematic puncturing rates.

The first stage rate matching delta is calculated as follows:

if puncturing is to be performed

X,=|N"/3); PR _L-awg 2]

X

H

ANewry =0; 5, =49;  a=1

’
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while (@ < 4)

L7-a-PR+lJ
L 2]

7 a

round =

A = PR ~round

if |l| > —1— or(PR > f—g)or(PR < -1—) then
S 49 49

a=a+l
Opp =98
else if(1 > 0) then

AN ey = ‘“_— AN /ZJ—X,. -(round —5—1—”

PR
a=5

else

ANy =

PR

“‘ ANy 12]- X, .(round +3L]J

end if

end while

AN. =

i

I_—ANifTI/ZJ—-ANPAm,b=2
[~ ANTT /214 ANy b =3

a = 2 when b=2
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a = 1 when 6=3
[0141] If AN, is calculated as 0 for 5=2 or b=3, then the following procedure and
the rate matching algorithm shall not be performed for the corresponding parity bit
stream.
[0142] For each radio frame, the rate-matching pattern shall be calculated,
where:

X is as above,

eini = Xi

eplus = axXi

€minus = ax lANl 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.

IN™ 13]-N, ,, -
Yyig 0=
[0145] Composite Puncturing Ratio, CPR = N /3
N3]~ N, b
N30T
[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 J 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 s and r. The parameter s can take the value 0 or 1 to distinguish
between transmissions that prioritize systematic bits (s = 1) and non systematic bits (s
= 0). The parameter r (range 0 to rmax-1) changes the initial error variable ein; in the
case of puncturing. In case of repetition both parameters r and s change the initial
error variable eini. The parameters Xi, eplus 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 Npz for the parity 2 bits, respectively.
Denote the number of physical channels used for the HS-DSCH by P. Nda. is the
number of bits available to the HS-DSCH in one TTI and defined as Ndata=Px3xNdata1.
The rate matching parameters are determined as follows.

[0149] For Ny, <N, +N,+N

2> puncturing is performed in the second rate

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

N,

s = min{N N data} for a transmission that prioritizes systematic bits and

sys?

N,

1yys = MAX {N data — (N nt N, ),0} for a transmission that prioritizes non systematic bits.

[0150] For N, >N, +N, +N,, repetition is performed in the second rate

matching stage. A similar repetition rate in all bit streams is achieved by setting the
. . | N,.
number of transmitted systematic bits to N, =| N, -——=—|.
’ N, +2N,

[0151] The number of parity bits in a transmission is:

Ndata - Nt sys .
N, , =max — =~ = AN p ey ,0 | and N, 2 =Ny —(N,’m +N,,p,) for the parity 1

and parity 2 bits, respectively.
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Xi |eplus @minus
gﬁtgmatic N, | N, Ny =N,
gﬁi;yl iz | 2N, | 2N, =N,
S e

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 ein; is calculated for each bit
stream according to the RV parameters r and s using
e, (r)= {(X = € s | Voo |- 1) mode,,, }+1 in the case of puncturing ,

i.e, Ny, <N, +N,+N,,and

lata sys

e, (r) = {(X ;- I_(s +2:7) €, (20 Ty )J— 1) mode,,, }+ 1 for repetition, ie.,
Ngyy >Ny, +N, +N,,. Where re{0,1,-,r,, —1}and 7, 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 rmex = 4.

[0153] Note: For the modulo operation the following clarification is used: the
value of (x mod y) is strictly in the range of 0 to y-1 (i.e. -1 mod 10 = 9).

[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 dshall 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 Xseg bits of the parity stream, the second segment will be
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made up of the next Xseg2 bits, and the last segment will be made up of the remaining

Xseg3 bitS .

X ; Xsegl

[0156] The first segment is denoted by i Xz
xi,Xs‘egH—Z ""xi,X\'egZ ;

The second segment by X Xsegl+12

And the final segment by X} Xsegl+ Xseg2+1> Xi, Xsegl+ Xseg2+2 2K i, X,

Where X, 0=42-X, /98J, X, =56+ X, /98_], X, = X;mod98
[0157] Note: If X; is less than 98 only the third segment exists, and if X; 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, Ngata, Nsys, Np1, Np2, Npt1, and Npie are calculated,
additional parameters are defined below.

[0160] Denote the number of parity 1 bits before second rate matching after
segmentation as Npisegl, Npiseg2, Np1segs 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 seg1, Np2,seg2, Np2,sega for the parity 1 bits in the 1st, 2nd and 3rd
segment respectively. The rate matching parameters are determined as follows.

[0161] For N, <N, +N, +N,,, puncturing is performed in the second rate

matching stage.

[0162] The number of parity bits after segmentation is
N ppse =42-|N , /98]
N yyoogz = 56N, /98]
N psees =Ny 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:

49-N,,, N, 198 1
Nt pb,segl = ; +— >
> N, 2
R v, /98] 1],
t,pb,seg2 pr 2 ’
Nt,pb,segB = Nt,pb - (Nt,pb,segl + Nt,pb,:egZ )
[0164] The parameters Xj, eplus and eminus are calculated as per table 2 below.
Stream | Segmen | X; €plus €minus
4
f}izstema N, N, Ny, —N,,,
RM S
1st Npl,segl 2. Npl,segl 2. 1Np1,segl - Nt,pl,segl
Parity 1
RM 2nd Npl,segZ 2 : Npl,segZ 2 : lel,segZ - Nt,pl,segZ
P1 2
3rd Npl,seg'-” 2: NPLSEE-"’ 2. ‘Npl,segS - Nt,pl,seg3
1St Np2,seg1 NpZ,segl Isz,szgl - Nt,pz,segl
Parity 2
RM znd Np2,seg2 sz,segz |Np2,seg2 - Nt,pZ,segZ
P2_2
3rd Np2,seg3 Np2,seg3 ’NpZ,seg?» - Nt,p2,seg3

Table 2: Parameters for dithered HARQ second rate matching

[0165] The rate matching parameter ein; is calculated for each segment of bit
stream  according to the RV  parameters r and s  using

e, (r) = {(X ; —I_r "€ | rm_]——l) mode,,,, j+1 in the case of puncturing. Where
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rez{O,l,---,rmax —1} and r_  is the total number of redundancy versions allowed by

varying . 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 0 to y-1 (i.e. -1 mod 10 = 9). The rate
matching algorithm is called for each segment of the parity stream in turn.

[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,l ’ xo,segl,z "'"xo,.vegl,N‘Ipl,ugl ’ ‘xa,segZ,l b4 xa,seg2,2 5""‘xo,seg2,Nl,pl'ugz > xa,seg3,1 ? xo,seg3,2 "''xo,segS,Nl'pLMg3
[0169] The HARQ bit collection is achieved using a rectangular interleaver of

size N__xN_,. The number of rows and columns are determined from:

row col *

N,,, =4 for 16QAM and N,,, =2 for QPSK
Ncol =Ndata /Nrow

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] Nisys is the number of transmitted systematic bits. Intermediate values Nr

and N. are calculated using:

r ¢ T *Vitsys col *

Ntsys
N, =|——|and N, =N, —N,-N

col

[0172] If Ne=0 and N> 0, the systematic bits are written into rows 1...N-.
[0173] Otherwise systematic bits are written into rows 1...Nr+1 in the first N

columns and, if N> 0, also into rows 1...Nr in the remaining Nco-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 interaction between the periodicity of
the rate matching pattern and the inherent periodicity of the turbo encoder. In
particular, it was shown that at the problematic code rates, the positions (in the
unpunctured bit stream) of survivor (i.e. non punctured) bits lie in the same position or
positions within a modulo 7 period for long segments of the unpunctured stream. It has
been demonstrated that performance degradations arise via exactly the same
mechanism when the first stage is not transparent.
[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
ANparity, whilst the number of bits punctured in the second stream is increased by the
same amount. The decision as to whether such a change should take place is based
upon a calculated parameter, which estimates the inverse of the length of runs of

survivor bits which hold the same modulo 7 position in the unpunctured stream. This
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length becomes greater than 49 bits (i.e. 7 modulo 7 periods), then the adjustment to
the lengths of the streams is applied.

[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 implémentation, 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 interleax}ed 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. The method of claim 1 performed by a wireless transmit/receive unit

(WTRU).

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

8. 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.
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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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Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of informatien unless it contains a valid OMB control number.

Attorney Docket Number | 1-2-0526US05

Application Data Sheet 37 CFR 1.76

Application Number

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

Title of Invention | 5211y BIT STREAMS USED WHEN IMPLEMENTING TURBO CODES

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 (KIPQ), the World Intellectual Property Office (WIPQ),
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.

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.

(O Assignee (O Legal Representative under 35 U.8.C. 117 (O Joint Inventor

(O Person to whom the inventor is obligated to assign. O Person who shows sufficient proprietary interest

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

Name of the Deceased or Legally Incapacitated Inventor :

If the Applicant is an Organization check here. ]
Prefix Given Name Middle Name Family Name Suffix
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Attorney Docket Number | 1-2-0526US05

Application Data Sheet 37 CFR 1.76

Application Number

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

Title of Invention | 5211y BIT STREAMS USED WHEN IMPLEMENTING TURBO CODES

Mailing Address Information:

Address 1

Address 2

City State/Province
Country | Postal Code
Phone Number Fax Number
Email Address

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

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 only if non-applicant assignee information is desired to be included on the patent application publication in
accordance with 37 CFR 1.215(b). Do not include in this section 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), as the patent application publication will
include the name of the applicant(s).

If the Assignee is an Organization check here.

Organization Name | |\ 1eRpIGITAL TECHNOLOGY CORPORATION

Mailing Address Information:

Address 1 200 Bellevue Parkway

Address 2 Suite 300

City Wilmington State/Province DE

Country | Postal Code 19809

Phone Number Fax Number

Email Address
Additional Assignee Data may be generated within this form by selecting the Add button. v

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 |/Baha A. Obeidat/ Date (YYYY-MM-DD)| 2013-01-18
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Application Data Sheet 37 CFR 1.76

Attorney Docket Number

1-2-0526U805

Application Number

Title of Invention

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

First Name Baha A.

Last Name

Obeidat

Registration Number | 66827

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

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 35U.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.
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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.5. 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/cr 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.5.C. 852a). 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.

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.

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.

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.85.C. 552a(m).

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.

A record in this system of records may be disclosed, as a routine use, to ancther federal agency for purposes of National Security
review (35 U.5.C. 181) and for review pursuant to the Atomic Energy Act (42 U.5.C. 218(c)).

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.8.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.

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.5.C. 122(b) or issuance of a patent pursuant to 35 U.5.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.

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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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 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
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