Case 6:22-0v-00138-A0A  Document 3

AO 120 (Rav. 08711

Filed 02/08/22 Page lof i

REPORT ON THE

’ Dirvector of the U.S, Patent and Trademark Office FHLING OR DETERMINATION OF AN
P.O. Bex 1450 ACTION REGARDING A PATENT OR
Alexandria, VA 22313-1450 TRATEMARK
In Compliance with 25 U.S.C. § 2900 and/or 13 U.S.C. § 1116 you are bereby advised that & court action has been
fited in the V.8, District Court for the Western District of Texas on the foliowing
{JTrademarks or [ Patents.  { [} the patent action involves 35 U.S.C. § 2921
DOGCEET NO. DATE FILED U8 THSTRICT COURT
5:22-cv-00138 28/2022 for the Western District of Texas

FLAINTIEF DEFENDANT

WSOU Investmeants, LLC dita Brazos Licensing and ZTE Corporation

Development

PATEMT OR DATE OF PATENT D T D AT N S TR A
ALK P S R A
TRADEMARE NO. OR TRADEMARK HOLDER OF PATENT Ol TRADEMARK

17,477,876 1113/2009 WSQU investments, LLC ditva Brazos Licensing and Developgs
2

3

4

5

{n the sbove—entitled vase, the following patent(s) trademark(s) have been included:
DATE INCLUDED INCLUBDED BY
1 Amendment 71 Answer ] Cross Bill {1 Other Pleading
PATENT OR DATE OF PATENT N T D A TEN - -
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK

1

2

3

4

5

in the above-—entitled case, the following deciston has been rendered of judgement issued:

DECISION/JUDGEMENT

{(BY) DEPUTY CLERK DATE

Copy 3—Upon termination of action, maif this copy to Director

Copy 1—Upen initiation of action, mail this copy to Direcior
Copy 4-Lase fite copy

Copy 2—1/pon filing document adding patent(s), mail this copy to Bircetor
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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

PQ. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov’

APPLICATION NUMBER I FILING OR 371(C) DATE I FIRST NAMED APPLICANT I ATTY. DOCKET NO./TITLE |
10/002,746 11/02/2001 Amab Das 129250-002099/US
CONFIRMATION NO. 3832
151091 POA ACCEPTANCE LETTER
WSOU Investments, LLC
11150 Santa Monica Bivd., Suite 1400 N AT ID AR AL N
000000131508966

Los Angeles, CA 90025
Date Mailed: 02/02/2022

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY

This is in response to the Power of Attorney filed 02/01/2022.

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.

Questions about the contents of this notice and the
requirements it sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.

/tmwilliams/

page 1 of 1
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2 UNITED STATES PATENT AND TRADEMARK OFFIGE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

Address: COMMISSIONER FOR PATENTS
PQ. Box 1450

lesig‘?sd;g,g\;l::gmia 22313-1450
| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
10/002,746 11/02/2001 Amab Das 129250-002099/US
CONFIRMATION NO. 3832
32498 POWER OF ATTORNEY NOTICE
CAPITOL PATENT & TRADEMARK LAW FIRM, PLLC
P.O. BOX 1995

0 s0x s T

Date Mailed: 02/02/2022

NOTICE REGARDING CHANGE OF POWER OF ATTORNEY
This is in response to the Power of Attorney filed 02/01/2022.
+ The Power of Attorney to you in this application has been revoked by the assignee who has intervened as
provided by 37 CFR 3.71. Future correspondence will be mailed to the new address of record(37 CFR 1.33).

Questions about the contents of this notice and the
requirements it sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.

/tmwilliams/
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PTO/AIA/80 (07-17)

Approved for use through 03/31/2021. OMB 0651-0035

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

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

[ POWER OF ATTORNEY TO PROSECUTE APPLICATIONS BEFORE THE USPTO ]

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

| hereby appoint:
Practitioners associated with Customer Number: | 151091
OR

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

Registration Registration
gistra Name egis o

N
ame 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 assignment 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:

I:l The address associated with Customer Number:
OR

Firm or individual name Etheridge Law Group
Address 2600 East Southlake Blvd., Suite 120-324

ciy Southlake | state TX Zp 76092
country US
Telephone (817) 470-7249 | emaijim@etheridgelaw.com

Assignee name and address: Investments, LLG
11150 Santa Monica Boulevard, Suite 1400
Los Angeles, CA 90025
A copy of this form, together with a statement under 37 CFR 3.73(c) (Form PTO/AIA/96 or equivalent) is required to be
filed in each application in which this form is used. The statement under 37 CFR 3.73(c) may be completed by one of the
practitioners appointed in this form, and must identify the application in which this Power of Attorney is to be filed.
SIGNATURE of Assignee of Record
The individual whose signature and title is supplied below is authorized to act on behalf of the assignee.

Signature  Stzeant” Shanca Date August 23,2021
Name Stuart Shanus Telephone 310-633-2327

Title President of WSOU Investments, LLC

This collection 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 update
(and by the USPTO to process) the file of a patent or reexamination proceeding. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This
collection is estimated to take 18 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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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.

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 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.

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.

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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Electronic Acknowledgement Receipt

EFS ID: 44884852
Application Number: 10002746
International Application Number:
Confirmation Number: 3832

Title of Invention:

VARIABLE RATE CHANNEL QUALITY FEEDBACK IN A WIRELESS

COMMUNICATION SYSTEM
First Named Inventor/Applicant Name: Amab Das
Customer Number: 32498

Filer:

Sean Dylan Burdick/Mita Encarnacion

Filer Authorized By:

Sean Dylan Burdick

Attorney Docket Number: 129250-002099/US
Receipt Date: 01-FEB-2022
Filing Date: 02-NOV-2001
Time Stamp: 00:34:27

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:
Document ... . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (if appl.)
134416
1 Assignee showing of ownership per 37 Das_14-18_A-US-NP_aia0096. no 3

CFR3.73

pdf

a5781c22ff950d797b26ad23869ae34bce74
ofse

Warnings:
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Information:

568072

) Power of Attorney WSOU_Executed_POA_Etherid no 5

ge_Correspondence.pdf
a740c804b91684000432730d03925b2a06

4cbe

Warnings:

Information:

Total Files Size (in bytes){ 702488

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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PTO/AIA/96 (08-12)

Approved for use through 11/30/2020. 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)

Arnab Das

Application No./Patent No.: /477,876 Filed/Issue Date: January 13, 2009
Titleg: Variable Rate Channel Quality Feedback in a Wireless Communication System

WSOU INVESTMENTS LLC _ g Ccorporation

Applicant’/Patent Owner:

{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):

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

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

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

3. |:| 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. |:| 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 , Frame , or for which a copy
thereof is attached.

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

. Inventors . Lucent Technologies, Inc.
1. From: To:

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

Reel 012354 , Frame 0991 , or for which a copy thereof is attached.
2 From: Lucent Technologies, Inc. To: Alcatel-Lucent USA Inc.

The document was recorded in the United States Patent and Trademark Office at
Reel 021918 , Frame 0714 , or for which a copy thereof is attached.

[Page 1 of 2]
This collection of information is required by 37 CFR 3.73(b). The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 12 minutes to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount
of time you require to complete 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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PTO/AIA/96 (08-12)

Approved for use through 11/30/2020. 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: Alcatel Lucent To: WSOU Investments, LLC

The document was recorded in the United States Patent and Trademark Office at
Ree| 044000 . Frame 0053

, 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).

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

/Sean D. Burdick/

Signature

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

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

January 31, 2022

Date

Sean D. Burdick 51513

Printed or Typed Name

Title or Registration Number

Page 9 of 409
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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.

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 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.

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.

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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A31 PTO/SB/6S
OMB 0651-00XX
U.S. Patent and Trademark Office: U.S. BEPARTMENT OF COMMERCE

PETITION TO ACCEPT UNINTENTIONALLY DELAYED PAYMENT OF MAINTENANCE FEE IN AN EXPIRED

PATENT (37 CFR 1.378(b))
Patent Number Issue Date gsﬂgz?on Filing Date Daocket Number (if applicable)

7477876 13-Jan-2009 10002746 02-Nowv-2001

CAUTION: Maintenance fee {and surcharge, if any) payment must correctly identify: (1) the patent number and (2} the application number of the
actual US. application leading to issuance of that patent to ensure the feels) is/are associated with the correct patent. 37 CFR 1.366{c) and {d).

Applicants claims the following fee status:

{O Small Entity

() Micro Entity

{®) Regular Undiscounted

Applicants selects the following :

O 312 O 712 ® 11172

PETITION FEE

The petition fee required by 37 CFR 1.17{m} (Fee Code 1558/2558) must be paid as a condition of accepting unintentionally delayed payment of
the maintenance fee.

MAINTENANCE FEE {37 CFR 1.20{e)}-(g})
The appropriate maintenance fee must be submitted with this petition.

STATEMENT
The delay in payment of the maintenance fee for this patent was unintentional.
Petitioner is reminded that a delay resulting from a deliberately chosen course of action or a change in circumstance is not an unintentional delay.

Petitioner is further reminded that a person seeking reinstatement of an expired patent should not make a statement that the delay in payment of
the maintenance fee was unintentional unless the entire delay was unintentional, including the period from discovery that the maintenance fee
was not timely paid until payment of the maintenance fee. For example, a statement that the delay in payment of the maintenance fee was
unintentional would not be proper when the patentee becomes aware of an unintentional failure to timely pay the maintenance fee and then
intenticnally delays filing a petition for reinstatement of the patent under 37 CFR 1.373. See MPEP 2530.

NOTE: Where the petition under 37 CFR 1.378 is filed more than two years after the date the patent expired for nonpayment of the maintenance
fee, the United States Patent and Trademark Office requires an additional explanation of the circumstances surrounding the delay that establishes
the entire delay was unintentional. This requirement is in addition to the requirement to provide a staternent that the entire delay was
unintentional. See Uarification of the Practice for Requiring Additional Information in Petitions Fifed in Patent Applications and Patents Based on
Unintentional Delay, 85 FR 12222 {March 2, 2020). See MPEP 71 1.03¢(c)(IN{Q)-(F} for additional guidance on the information required to establish that
the entire delay was unintentional.

PETITIONER(S) REQUEST THAT THE DELAYED PAYMENT OF THE MAINTENANCE FEE BE ACCEPTED AND THE PATENT REINSTATED

THIS PORTION MUST BE COMPLETED BY THE SIGNATORY OR SIGNATORIES
37 CFR 1.378(c} states: "Any petition under this section must be signed in compliance with 37 CFR 1.33(b} "

| certify, in accordance with 37 CFR 1.4(d}(4) thatl am
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O 0O O 00 ®

A sole patentee

A joint patentes; all of whom are signing this e-petition

A31 PTO/SB/66
OMB 0651-00XX

U.S. Patent and Trademark Office: U.S. BEPARTMENT OF COMMERCE

An attorney or agent registered to practice before the Patent and Trademark Office who has been given power of attorney in
this application.

An attorney or agent registered to practice before the Patent and Trademark Office

A joint patentee; | certify that | am authorized to sign this submission on behalf of all the other patentees as evidenced by the power of
attorney in the application

The assignee of record of the entire interest that qualifies as an authorized party under 37 CFR 1.33(b)

Attorney
A signature of the appiicant or representative is required in accordance with 37 CFR 1.33 and 10.18. Please see 37 CFR 1.4{d} for the form of the
signature
Signature /Sean Burdick/
Name Sean Burdick Registration Number 51513
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Electronic Patent Application Fee Transmittal

Application Number:

10002746

Filing Date:

02-Nov-2001

Title of Invention:

VARIABLE RATE CHANNEL QUALITY FEEDBACK IN A WIRELESS

COMMUNICATION SYSTEM

First Named Inventor/Applicant Name:

Amab Das

Filer:

Sean Dylan Burdick/Kristina Pangan

Attorney Docket Number:

129250-002099/US

Filed as Large Entity

Filing Fees for Utility under 35 USC 111(a)

Description Fee Code Quantity Amount Suz—;l'g(t;)l in
Basic Filing:
MAINTENANCE FEE DUE AT 11.5 YEARS 1553 1 7700 7700
PET. DELAY PYMT MAINTAIN PATENT IN FORCE 1558 1 2100 2100

Pages:

Claims:

Miscellaneous-Filing:

Petition:

Patent-Appeals-and-Interference:
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Sub-Total in

Description Fee Code Quantity Amount USD($)
Post-Allowance-and-Post-Issuance:
Extension-of-Time:
Miscellaneous:
Total in USD ($) 9800
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UNITED STATES PATENT AND TRADEMARK OFFICE

Commissioner for Patents

United States Patent and Trademark Office
P.O. Box 1450

Alexandria, VA 22313-1450
WwWW.USPto.gov

in re Patent No. 7477876
Issue Date: January 13,2009
icati :DECISION GRANTING PETITION
Application No. 10002746 :UNDER 37 CFR 1.378(b)
Filed: November 2,2001

Attorney Docket No. 129250-002099/US

This is a decision on the electronic petition, filed April 14,2021 ,under 37 CFR 1.378(b)
to accept the unintentionally delayed paymentofthe 11.5 year maintenance fee for the above-identified patent.

The petition is GRANTED.

The maintenance fee is accepted, and the above-identified patent reinstated as of April 14,2021

This decision also constitutes notice that the fee has been accepted. An electronic copy of the petition and
this decision has been created as an entry in the Image File Wrapper. Nevertheless, petitioner should print
and retain an independent copy.

Telephone inquiries related to this electronic decision should be directed to the Electronic Business Center at 1-866-217-9197.
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Electronic Acknowledgement Receipt

EFS ID: 42458012
Application Number: 10002746
Patent Number: 7477876
Confirmation Number: 3832
Petition Issued Date: April 14,2021

Title of Invention:

VARIABLE RATE CHANNEL QUALITY FEEDBACK IN A WIRELESS
COMMUNICATION SYSTEM

First Named Inventor/Applicant Name:

Amab Das

Customer Number:

32498

Filer:

Sean Dylan Burdick/Kristina Pangan

Filer Authorized By:

Sean Dylan Burdick

Attorney Docket Number: 129250-002099/US
Receipt Date: 14-APR-2021
Filing Date: 02-NOV-2001
Time Stamp: 22:44:26

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment yes

Payment Type DA

Payment was successfully received in RAM $9800

RAM confirmation Number E20214DM44580269
Deposit Account 601970

Authorized User

Kristina Pangan

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:
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37 CFR 1.16 (National application filing, search, and examination fees)
37 CFR 1.17 (Patent application and reexamination processing fees)
37 CFR 1.19 (Document supply fees)

37 CFR 1.20 (Post Issuance fees)

37 CFR 1.21 (Miscellaneous fees and charges)

File Listing:

Document ... . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (ifappl.)

38668

1 Petition automatically granted by EFS petition-request.pdf no 2

cb466730e71234ed26ae50038645811704
O6a3e

Warnings:

Information:

32532

2 Fee Worksheet (SB06) fee-info.pdf no 2

3a4f2270276075f5e64de1515dbc237a55a
70bca

Warnings:

Information:

Total Files Size (in bytes){ 71200

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

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

P.0.Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
10/002,746 01/13/2009 7477876 129250-002099/US 3832
32498 7590 12/22/2008
CAPITOL PATENT & TRADEMARK LAW FIRM, PLLC
P.O. BOX 1995

VIENNA, VA 22183

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 1344 day(s). Any patent to issue from the above-identified application will
include an indication of the adjustment on the front page.

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

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

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

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

Amab Das, Old Bridge, NIJ;
Farooq Ullah Khan, Manalapan, NJ;

IR103 (Rev. 11/05)
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' PART B - FEE(S) TRANSMITTAL

' Complete 2ad send this form, together with applicable fee(s), to; Mal Mo Stap ISSUE FEE
Commissioner for Patents
! P.O. Box 1450
Alexandria, Virgloia 22313-1458
or Fax (571)-273-2885
INSTRUCTIONS: This form should be used for irmnsmiting the 1SSUE FEE and PUBLICATION FEE (i requigfldhcaloclw I through SSRADEIRRE MMplcted where

2 riate, All further correspondence including the Patent, advance orders and notification of maintenance fees wil mailed to the curren) FovespEndence addsess ns
PLJ:WP d anless ed ufé’w or direcied olhgrwuo in Block 1, by (8) specilying o ncw corrospondence addrass; andior (b) indicsting > separate “FEE ADDRESS™ for

.

[ fee notifi
RESPONDEN Yore: y Noie: A Cernlicait of maling can on uscd Tor domeslic mailings o
CuRRET Con ENCE ADORESS (Not: i Blac | for ey chage of adife) Fgc'(es) Tr::n'niual. 'lehis cérlti nc:m': cnngm be used for any other accoxgpanyi'ng
pers. Each additional poper, such us on assignment or formol drawing, wust
. L‘:vo its awn ecrtificate of motling 0f transmission.
32408 7590 0 16/2008
Cernificote of hmmmsgms Transmission
* CAPITOL PATENT & IRADE]VIARK LAW FIR]VI, PLLC g her caﬁi? thot misﬂ:‘en (3 Tm(nsmi:hlci?ot:'eiﬂ“rgtdcpochsssnmcsi lw:hu ;h:ﬂ U;;i!ed
ent posis) A veiope
VIENNA Vs g el b S SRR e g i
- transmitied 1o ¢ ( 273-2885, on ¢ indicarad below
1270872008 CCHALR 00000095 122325 13002746 pe " :
y [Depaniten’y name)
0i FC:1501 1510.00 IR Y/ pom—
FC:1504 300.00 DA
02 C T 2= ’.al (Do)
[ APPLICATION NO. | FILING DATE l FIRST NAMED INVENTOR lATTOllNEV DOCKET NO, ] CONFIRMATION NO, l
10/002,746 11/02/200) Amob Dos 129250-002099/US 3832

TITLE OF INVENTION: VARIABLE RATE CHANNEL QUALI’T;Y FEEDBACK /N A WIRELESS COMMUNICATION SYSTEM

[ aepvrveE | smaccewmiTy [ issuerspoue | PUBLICATION FRE DUE | prev. par 1ssur ree | “TOTAL FEES DUE | pareowe 4]

nonprovisional NO $1440 $300 $0 $1740 : 12/16/2008
L EXAMINER ] ART UNIT ] CLASS-SUBCLASS l
NGUYEN, THUAN T 2618 435067130

I, Cnanﬁ’c ?f correspondencs address or indication of "Fee Address” (37 2. Far printing on 1ha patent front page, list

CFR 1.363 4 (1) the names of up ta 3 regisiercd paten) attoreys ’lé‘:e_ or 3,.MLJ£5!B'
O chan of correspondence address (or Change of Correspondence or agents OR, oltematively,
Address form PTO/SB/122) suached, 2

{2) the namc of 8 single firm (having as o member a

() “Fec Address” indication (or “Fee Address” [ndicotion form registered atlomey of agent) and the names of vp to
PYO/SB/47; Rev 03-02 ar more recemt) attached. Use of a Customor | 2 rogistered palent atcoracys ar agents. Ifno name is 3
Number s required. listed, no name will be printed.

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

PLEASE NOYE: Unless gn assignee is identified below, no assipace dete wil) appear on the patenl. If an assignee ig identified below, the document has been filed for
recordation 3 Sot forth in 37 CFR 311 Completion of dhis formn O o substinne for filing an assignment, o !

{A) NAME OF ASSIONEN catel-Lucent USA Inc. (B) RESIDENCE: (CITY and STATE OR COUNTRY)
Murray Hill, NJ (US)

Please cheek the eppropriolc dssignes aotegory or categories (will not be printed on the pateat) : O Individua) R’Comomim o¥ ather private group entity (3 Goverament

da, The following fee(s) are submilted: 4%, Poyment of Fee(s): (Please frst reapply ony previously pald Issve fee showa sbove)
ssuc Fec (3 A eheck is enclascd.
%Publicm‘mrn Fee (No small entity diseount permitted) 0 Payment by credit card. Farm PY0-2038 is autached. /2 - 6233’5—
O agvance Order- # af Capics Q‘bl'hc Director is hereby authorized to charge the required #e(s), sny deficicncy, or credit a?y
verpayment, o Deposit Account Number (coclose an cxura copy of this (@om).

5. Change In Entity Stasus {from siatus indicored above} )
O o. Applicant claims SMALL ENTYTY statvs. See 37 CFR 1,27, T b, Appliconr is o longer claiming SMALL ENTITY stafus. See 37 CFR 1.22(g)2).

NOTE: The Issuc Fee and Publicsuion Fee (if required) will nol be aceepted from anyong other than the applicant; a registered attorney’ or agent; or the nssignee or odher party in
nterestL as shown by the reconds of ihe Unil(ed ggutca Patent and T\'nd;;gﬂ: Qffice, y ol & & ?

Authorized Signamm/p M Ooic IR -F-0f —
Typed or printed nome e-b ler— Registration No. ‘\

This cotleciion of information i$ roguisbd by 37 CFR 1.311. The inlormation js required to obain ar retain a bevefit b; the public which is o file (and by the USPTO to process)
an oppheanon. Confidentislity 16 governad by 35 U,S.C. 122 ond 37 CFR 1.14. This collection {9 cstimascd o take 12 minuies 1o complele, including gatheeug. prepanng, sn
submuting the completed application form 10 the USPTO. Time will vary depending upon the individual casc. Any comments on the amount of time you require 10 complete
this form and/or suggesiions for rcducin% this burden, should be sem 10 the Cﬁfcr In‘f'ommiun Qfficer, U.S. Patent and Trademark Office, U.S. Depanment of Commerce, P.O,
’B\c!sx 1423, A‘l’x;xnp 'mz’z g‘u xﬂna 32313-1 50, DO NOT SEND FECS OR COMPLETED PORMS TO THI5S ADDRESS. SEND T0: Commissioner for Patents, P.Q. Hox #4350,
exandris, Virginio -1450. :

Under the Paperwork Reduction Act of 1995, no persons art required 1 respond 10 a cotleetion of information unless it $isplays & valid OMB contro) number.

- e

PAGE 1/1* RCVD AT 12/8/2008 10:03:32 AM [Easter Standard Time]* SVR:USPTO-EFXRF-5/32* DNIS:2732885* CSID:9085823830 * DURATION (mm-s5).00-32 ommerce
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PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Application No. 10/002,746

Filing Date: Nov. 2, 2001

Applicant: Amab Das

Group Art Unit: 2618

Examiner: Nguyen, Thuan T.

Title: Variable Rate Channel Quality Feedback in a Wireless Communication
System

Attorney Docket: 129250-002099/US

Customer Service Window October 7, 2008

Randolph Building

401 Dulany Street
Alexandria, VA 22314
Mail Stop Issue Fee

COMMENTS ON THE EXAMINER’S
STATEMENT OF REASONS FOR ALLOWANCE

Sir:

In reply to the Examiner’s Statement of Reasons for Allowance, provided with the Notice
of Allowance dated September 16, 2008 Applicants submit the following comments.

On pages 2-3 of the Notice Of Allowability under the heading “Reasons for Allowance”,
the Examiner presents statements regarding the rationales used to allow the claims.

Applicants agree that the indicated claims are allowable. However, Applicants wish to
note the following. Notwithstanding the Examiner’s comments, Applicants rely on the rationales
set forth in their earlier responses as support for the allowance of the claims.

Should there be any outstanding matters that need to be resolved in the present
application, the Examiner is respectfully requested to contact the undersigned at the telephone

number listed below.

Page 20 of 409



Application No. 10/002,746
Docket No. 129250-002099/US

If necessary, the Commissioner is hereby authorized in this, concurrent, and future replies,
to charge payment or credit any overpayment to Deposit Account No. 50-3777 for any additional
fees required under 37 C.F.R. § 1.16 or under 37 C.F.R. § 1.17; particularly, extension of time
fees.

Respectfully submitted,
CAPITOL PATENT & TRADEMARK LAW FIRM, PLLC.

By: /John E. Curtin/
John E. Curtin, Reg. No. 37,602
P.O. Box 1995
Vienna, Virginia 22183
(703) 266-3330

PAGE 2
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Electronic Acknowledgement Receipt

EFS ID: 4076133
Application Number: 10002746
International Application Number:
Confirmation Number: 3832

Title of Invention:

VARIABLE RATE CHANNEL QUALITY FEEDBACK IN A WIRELESS

COMMUNICATION SYSTEM

First Named Inventor/Applicant Name:

Amab Das

Customer Number:

32498

Filer:

John E. Curtin/Debra Bennett

Filer Authorized By:

John E. Curtin

Attorney Docket Number: 129250-002099/US
Receipt Date: 07-0OCT-2008
Filing Date: 02-NOV-2001
Time Stamp: 20:47:38

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:

D t s . File Size(Byt Multi P
ocumen Document Description File Name ile Size( y es)/ Y I. . ages
Number Message Digest | Part/.zip| (if appl.)

_— 58046
Post Allowance Communication -
1 . comments.pdf no 2
Incoming
a5¢29a6¢c241b2119fb5 cfdda35d83bd 96c0)
Warnings:
Information:
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Total Files Size (in bytes):‘ 58946

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.

Page 23 of 409




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

32498 7590 09/16/2008 I EXAMINER |
CAPITOL PATENT & TRADEMARK LAW FIRM, PLLC NGUYEN, THUANT
P.O. BOX 1995 | ART UNIT PAPER NUMBER |

VIENNA, VA 22183 2618

DATE MAILED: 09/16/2008

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

10/002,746 11/02/2001 Amab Das 129250-002099/US 3832
TITLE OF INVENTION: VARIABLE RATE CHANNEL QUALITY FEEDBACK IN A WIRELESS COMMUNICATION SYSTEM

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

nonprovisional NO $1440 $300 $0 $1740 12/16/2008

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

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

DUE.
HOW TO REPLY TO THIS NOTICE:

I. Review the SMALL ENTITY status shown above.

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

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

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

the ISSUE FEE shown above.

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

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

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

Page 1 of 3
PTOL-85 (Rev. 08/07) Approved for use through 08/31/2010.
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PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450
or Fax (571)-273-2885

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where
appropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as
ingicated 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
maintenance 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.

32498 7590 09/16/2008
Certificate of Mailing or Transmission
CAPITOL PATENT & TRADEMARK LAW FIRM, PLLC I hereby certify that this Fee(s) Transmittal is being deposited with the United
P.O. BOX 1995 States Postal Service with sufficient postage for first class mail in an envelope
‘e addressed to the Mail Stop ISSUE FEE address above, or being facsimile
VIENNA, VA 22183 transmitted to the USPTO (571) 273-2885, on the date indicated below.
(Depositor's name)
(Signature)
(Date)
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
10/002,746 11/02/2001 Amab Das 129250-002099/US 3832
TITLE OF INVENTION: VARIABLE RATE CHANNEL QUALITY FEEDBACK IN A WIRELESS COMMUNICATION SYSTEM
| APPLN. TYPE SMALL ENTITY | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE
nonprovisional NO $1440 $300 $0 $1740 12/16/2008
| EXAMINER | ART UNIT | CLASS-SUBCLASS |
NGUYEN, THUAN T 2618 455-067130
1. Change of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list

CFR 1.363). .
(1) the names of up to 3 registered patent attorneys
[ Change of correspondence address (or Change of Correspondence or agents OR, alternatively,
Address form PTO/SB/122) attached.

(2) the name of a single firm (having as a member a 2

[J "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.

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

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

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

Please check the appropriate assignee category or categories (will not be printed on the patent) : [ 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.
[J Advance Order - #of Copies [ The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any
overpayment, to Deposit Account Number (enclose an extra copy of this form).

5. Change in Entity Status (from status indicated above)
. Applicant claims SMALL ENTITY status. See 37 CFR 1.27. e Applicant is no longer claiming SMALL ENTITY status. See 37 CFR 1.27(g)(2).

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

Authorized Signature Date

Typed or printed name Registration No.

This collection of information is required by 37 CFR 1.311. The information is 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 va.g de ending 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,%.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.

PTOL-85 (Rev. 08/07) Approved for use through 08/31/2010. OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKETNO. | CONFIRMATION NO. |
10/002,746 11/02/2001 Amab Das 129250-002099/US 3832
32498 7590 09/16/2008 I EXAMINER |
CAPITOL PATENT & TRADEMARK LAW FIRM, PLLC NGUYEN, THUANT
P.O. BOX 1995 | ART UNIT PAPER NUMBER |

VIENNA, VA 22183 2618

DATE MAILED: 09/16/2008

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 840 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 840 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. 08/07) Approved for use through 08/31/2010.
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Application No. Applicant(s)

. . 10/002,746 DAS ET AL.
NOtlce OfA”OWélblIlty Examiner Art Unit
THUAN T. NGUYEN 2618

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

1. [ This communication is responsive to
2. X The allowed claim(s) is/are 1 and 4-15.

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

a)[J Al b)[JSome* c)[JNone ofthe:
1. [ Certified copies of the priority documents have been received.
2. [ Certified copies of the priority 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 notreceived: __
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.

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

5. [] CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.
(a) [ including changes required by the Notice of Draftsperson’s Patent Drawing Review ( PTO-948) attached
1) [ hereto or 2) [[] to Paper No./Mail Date _____.
(b) [ 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. [X] Notice of References Cited (PTO-892) 5. [ Notice of Informal Patent Application
2. [[] Notice of Draftperson's Patent Drawing Review (PTO-948) 6. [ Interview Summary (PTO-413),
Paper No./Mail Date .

3. [] Information Disclosure Statements (PTO/SB/08), 7. ] Examiner's Amendment/Comment

Paper No./Mail Date
4. [] Examiner's Comment Regarding Requirement for Deposit 8. [X] Examiner's Statement of Reasons for Allowance

of Biological Material

9. [0 other .

JTONY T. NGUYEN/
Primary Examiner
Art Unit: 2618

U.S. Patent and Trademark Office
PTOL-37 (Rev. 08-06) Notice of Allowability Part of Paper No./Mail Date 042208
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DETAILED ACTION

Response to Appeal Brief
1. By filing an appeal brief with arguments, applicant's request for reconsideration of the
finality of the rejection of the last Office action is persuasive and, therefore, the finality of that

action is withdrawn.

Allowable Subject Matter

2. Claims 1 and 4-15 have been allowed.

Reasons for Allowance
3. The following is an examiner's statement of reasons for allowance:

The prior art of record fails to teach or suggest a method for transmitting channel quality
information in a wireless communication system comprising at least one base station and at least
one mobile station, the method comprising: varying a rate for reporting channel quality
information from a mobile station to a base station as a function of the presence or absence
of a reception of a data transmission at the mobile station, wherein the mobile station
reports channel quality information at a first rate in the absence of a reception of a data
transmission from the base station and, upon detection of a reception of a data transmission
from the base station, the mobile station reports channel quality information at a second
rate for a prescribed duration as in claim 1; a method for adapting the rate of reporting
channel quality information in a wireless communication system including at least one base
station and at least one mobile station, the method comprising: reporting channel quality

information from the at least one mobile station to the at least one base station at a first
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rate in the absence of a reception of a data transmission at the at least one mobile station
(as of claim 11); and a method for transmitting channel quality information in a wireless
communication system including at least one base station and at least one mobile station, the
method comprising: varying a rate for reporting channel quality information from a mobile
station to a base station as a function of the number of base stations with which the mobile
station is communicating.

Any comments considered necessary by applicant must be submitted no later than the
payment of the issue fee and, to avoid processing delays, should preferably accompany the issue

fee. Such submissions should be clearly labeled "Comments on Statement of Reasons for

Allowance."

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

Balachandran; Krishna et al. (US 6108374 A) disclose a system and method for measuring

channel quality information.

5. Any response to this action should be mailed to:

Commissioner of Patents and Trademarks
Washington, D.C. 20231

or faxed to the New Central Fax number:
(571) 273-8300, (for Technology Center 2600 only)

Hand deliveries must be made to Customer Service Window,
Randolph Building, 401 Dulany Street, Alexandria, VA 22314.
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6. Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Tony Thuan Nguyen whose telephone number is (571) 272-7895.
The examiner can normally be reached on Monday-Friday from 10:00 AM to 7:00 PM.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Edward Urban, can be reached at (571) 272-7899.

Information regarding the status of an application may 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).

/Tony T. Nguyen/
Primary Examiner
Art Unit 2618

TTN
April 22, 2008
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APPELLANTS’ BRIEF ON APPEAL

I. REAL PARTY IN INTEREST:

The real party in interest in this appeal is Lucent Technologies Inc.
Assignment of the application was submitted to the U.S. Patent and Trademark

Office and recorded at Reel 012354, Frame 0991.

II. RELATED APPEALS AND INTERFERENCES:

There are no known appeals or interferences that will affect, be directly

affected by, or have a bearing on the Board’s decision in this Appeal.

III. STATUS OF CLAIMS:

Claims 1 and 4-15 are pending in the application, with claims 1, 11 and
13 being written in independent form. Claims 2 and 3 have been canceled.

Claims 1 and 4-15 remain finally rejected under 35 U.S.C. §103(a) as
being unpatentable over U.S. patent No. 6,067,458 to Chen (“Chen”) in view of
U.S. Patent No. 6,044,272 to Kobylinski (“Kobylinski”). Claims 1 and 4-15 are
being appealed.

IV. STATUS OF AMENDMENTS:
An Amendment After Final (“AAF”) was filed on November 28, 2007. As

of this date the Appellants have not received an Advisory Action from the

Examiner.
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V. SUMMARY OF CLAIMED SUBJECT MATTER:

(i). Overview of the Subject Matter of the Independent Claims
The present invention is directed at varying the rate at which information
about the quality of a channel, between a base station and mobile device, is sent
from the mobile device to the base station. More specifically, independent claim

1 reads as follows (specification citations are in parenthesis):

1. A method for transmitting channel quality information in a
wireless communication system comprising at least one base station and
at least one mobile station, the method comprising:

varying a rate for reporting channel quality information from a
mobile station to a base station as a function of the presence or absence
of a reception of a data transmission at the mobile station (page 5, lines 6-
16), wherein the mobile station reports channel quality information at a
first rate in the absence of a reception of a data transmission from the
base station (page 5, lines 6-9; page 5, line 16 to page 6, line 5; and page 6,
line 26 to page 7, line 16) and, upon detection of a reception of a data
transmission from the base station, the mobile station reports channel
quality information at a second rate for a prescribed duration (page 5, lines
11-13; page 5, line 16 to page 6, line 5; and page 6, line 26 to page 7, line 16).

Independent claim 11 reads as follows:

11. A method for adapting the rate of reporting channel quality
information in a wireless communication system including at least one
base station and at least one mobile station (page 5, lines 6-16), the
method comprising:

reporting channel quality information from the at least one
mobile station to the at least one base station at a first rate in the
absence of a reception of a data transmission at the at least one mobile
station (page 5, lines 6-9; page 5, line 16 to page 6, line 5; and page 6, line 26
to page 7, line 16); and

in the presence of a reception of a data transmission at the at
least one mobile station, adapting the rate for reporting channel quality
information from the at least one mobile station to the at least one base
station from the first rate to a second rate for a prescribed duration (page
5, lines 11-13; page 5, line 16 to page 6, line 5; and page 6, line 26 to page 7,
line 16).
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Independent claim 13 reads as follows:

13. A method for transmitting channel quality information in a
wireless communication system including at least one base station and at
least one mobile station, the method comprising:

varying a rate for reporting channel quality information from a
mobile station to a base station as a function of the number of base
stations with which the mobile station is communicating (page 9, lines 1-
22).

In order to make the overview set forth above concise the disclosure that
has been included, or referred to, above only represents a portion of the total

disclosure set forth in the Specification that supports the independent claims.

(ii). The Remainder of the Specification Also Supports the Claims

The Appellants note that there may be additional disclosure in the
Specification that also supports the independent and dependent claims.
Further, by including the specification citations in parenthesis above the
Appellants do not represent that this is the only evidence that supports the
independent claims nor do Appellants necessarily represent that these citations
alone can be used to fully interpret the claims of the present invention. Instead,
the citations provide background support as an overview of the claimed subject

matter.

VI. GROUNDS OF REJECTION TO BE REVIEWED ON APPEAL:

Appellants seek the Board’s review and reversal of the rejection of claims
1 and 4-15 under 35 U.S.C. §103(a) based on Chen in combination with
Kobylinski.
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VII. ARGUMENTS:
A. The § 103 Rejections
Claims 1 and 4-15 stand rejected under 35 U.S.C. 103(a) as

unpatentable over Chen in view of Kobylinski. The Appellants respectfully
disagree.

(i) Independent claim 1

With regard to Chen, in the Final Office Action (“Action”) the Examiner
points to col. 6, lines 10-48, as teaching “varying rate information exchange
between mobile station and base station” that uses an “idle time” rate of 1/8 of
the full rate while a “higher rate is used when voice or data communicating
between these two components,” Action at 3. The Appellants contend that this
interpretation is inconsistent with the teachings of Chen as would be
understood by one of ordinary skill in the art.

The Appellants contend that, as reflected in Chen’s FIGS. 1A-D, while the
effective transmission rate decreases through FIGS. 1A-D, there is no
suggestion that the actual transmission rate, i.e., the transmission rate during
the active periods designated by the shaded blocks, varies in any way.

The Appellants further contend that no teaching or suggestion has been
identified in Chen with regard to the transmission of “channel quality
information” as recited in claim 1. Although the Appellants agree that Chen
provides for higher effective transmission rates when transmitting data or voice
when considered relative to the rates used for transmitting “silence,” as taught
by Chen, the additional information being transmitted is the content of the
message, not additional or more frequent information regarding “channel
quality information.”

The Appellants note that the MPEP provides:

It is important for an examiner to properly communicate the basis for a
rejection so that the issues can be identified early and the applicant can be
given fair opportunity to reply. Furthermore, if an initially rejected application
issues as a patent, the rationale behind an earlier rejection may be important
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in interpreting the scope of the patent claims. Since issued patents are
presumed valid and constitute a property right, the written record must be
clear as to the basis for the grant. Since patent examiners cannot normally be
compelled to testify in legal proceedings regarding their mental processes it is
important that the written record clearly explain the rationale for decisions
made during prosecution of the application. MPEP § 706.02(j) (internal
citations omitted).

The Appellants respectfully contend that the Examiner’s allegations
regarding the particular type of information being transmitted by Chen does
not fairly communicate the logical or factual basis upon which the allegation is
based. The Appellants further contend that speculation alone does not
constitute a valid basis for maintaining a rejection under 35 U.S.C. § 103(a).
Accordingly, the Appellants maintain that this rejection should be withdrawn
as not properly supported.

With respect to Kobylinski, the Appellants again contend that
Kobylinski’s disclosure, as understood by one of ordinary skill in the art, does
not fairly teach or suggest the transmission of “channel quality information” at
different rates. In particular, the Appellants note that Kobylinski’s FIGS. 1A
and 1B indicate that the mobile unit reports “channel quality information”
including, for example, measured RSS values, measured BER values and
DVCC via a SACCH (Slow Associated Control CHannel) word in response to
either Measurement Order 1 or Measurement Order 2.

As reflected in Kobylinski’s FIG. 2, the SACCH word 52 is present in each
slot 50 of each frame 40. Accordingly, the Appellants contend that no teaching
has yet been identified in Kobylinski that would suggest to one of ordinary skill
in the art that “channel quality information” is being transmitted at different
rates during idle periods when compared with data transmission periods.
Indeed, the Appellants contend that, according to the teachings of Kobylinski,
one of ordinary skill in the art would understand the mobile unit to be
providing “channel quality information” at a substantially constant rate in

response to either of the Measurement Orders generated by the base station.

-5-

Page 45 of 409



APPELLANTS’ BRIEF ON APPEAL
U.S. Application No.: 10/002,746
Atty. Docket: 129250-002099/US

The Appellants further note that claim 1 requires that the mobile station
report “channel quality information at a first rate in the absence of a reception
of a data transmission from the base station”. The Appellants contend that
according to Kobylinski, the mobile station only reports “channel quality
information” in response to a command from the base station.

Accordingly, the Appellants contend that the proposed combination of
Chen and Kobylinski is insufficient to teach or suggest each of the elements of
claim 1.

(ii) Dependent claims 4 and 5

With respect to claims 4 and 5, the Appellants incorporate the discussion
provided above with respect to claim 1 and the deficiencies of the proposed
combination of Chen and Kobylinski. The Appellants maintain that no
teaching or suggestion has yet been identified that would suggest that the
increase in the effective transmission rate illustrated by Chen translates into
an increased transmission rate of “channel quality information.” Accordingly,
in addition to their dependence from claim 1, the Appellants contend that
claims 4 and S are separately allowable over the applied references.

(iii) Dependent claim 6

With respect to claim 6, the Appellants incorporate the discussion
provided above with respect to claim 1 and the deficiencies of the proposed
combination of Chen and Kobylinski. The Appellants maintain that no
teaching or suggestion has yet been identified that would suggest that the
increase in the effective transmission rate illustrated by Chen translates into
any variation in the transmission rate of “channel quality information” as
claimed or faster during transmission of data. Accordingly, in addition to its
dependence from claim 1, the Appellants contend that claim 6 is separately

allowable over the applied references.
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(iv) Dependent claims 7-10

With respect to claims 7-10, the Appellants incorporate the discussion
provided above with respect to claim 1 and the deficiencies of the proposed
combination of Chen and Kobylinski. The Appellants maintain that no
teaching or suggestion has yet been identified that would suggest that the
increase in the effective transmission rate illustrated by Chen translates into
an increased transmission rate of “channel quality information.” Accordingly,
the Appellants contend that these claims are allowable at least in light of their
dependence from claim 1.

(v) Claims 11-15

With respect to claims 11 and 12 and 13-15, the Appellants incorporate
the discussion provided above with respect to claim 1 and the deficiencies of
the proposed combination of Chen and Kobylinski with regard to claims 1-10.
The Appellants maintain that no teaching or suggestion has yet been identified
that would suggest that the increase in the effective transmission rate
illustrated by Chen translates into an increased transmission rate of “channel
quality information” as recited in both claim 11 and claim 13. The Appellants
contend, therefore, that these claims are allowable over the applied references

for at least the reasons detailed above.

Conclusion:
Accordingly, Appellants respectfully request that the members of the
Board reverse the decision of the Examiner, withdraw the rejections and allow

claims 1 and 4-15.
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The Commissioner is authorized in this, concurrent, and future replies,
to charge payment or credit any overpayment to Deposit Account No. 50-3777
for any additional fees required under 37 C.F.R. § 1.16 or under 37 C.F.R. §
1.17; particularly, extension of time fees.
Respectfully submitted,
Capitol Patent & Trademark Law Firm, PLLC

By: /John E. Curtin/
John E. Curtin, Reg. No. 37,602

P.O. Box 1995
Vienna, VA 22183
(703)266-3330
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VIII. CLAIMS APPENDIX

1. A method for transmitting channel quality information in a
wireless communication system comprising at least one base station and at
least one mobile station, the method comprising:

varying a rate for reporting channel quality information from a mobile
station to a base station as a function of the presence or absence of a reception
of a data transmission at the mobile station, wherein the mobile station reports
channel quality information at a first rate in the absence of a reception of a
data transmission from the base station and, upon detection of a reception of a
data transmission from the base station, the mobile station reports channel

quality information at a second rate for a prescribed duration.

2-3. (CANCELED)

4. The method according to claim 1, wherein, upon detection of a
reception of a data transmission from the base station, the mobile station
reports channel quality information at a plurality of rates over a prescribed
time period after detection of the reception of a data transmission, wherein the

plurality of rates are different than the first rate.

5. The method according to claim 4, wherein the prescribed time
period includes a plurality of time intervals such that the channel quality
information is reported at different ones of the plurality of rates during different

ones of the plurality of time intervals.

6. The method according to claim 1, wherein the second rate is faster

than the first rate.
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7. The method according to claim 1, further comprising the step of
estimating channel quality at the base station while the mobile station is
reporting at the second rate, wherein estimated channel quality is used to

derive a transmission format for a subsequent transmission.

8. The method according to claim 7, wherein the transmission format
includes one or more parameters selected from the group consisting of

modulation format, number of codes, and transmission rate.

9. The method according to claim 1, further comprising the step of
estimating channel quality at the base station while the mobile station is
reporting at the second rate, wherein estimated channel quality is used to
calculate an amount of redundancy needed for a retransmission of a previous

data transmission.

10. The method according to claim 1, wherein the channel quality
information comprises a transmission rate calculated by the mobile station

based on one or more channel conditions.

11. A method for adapting the rate of reporting channel quality
information in a wireless communication system including at least one base
station and at least one mobile station, the method comprising:

reporting channel quality information from the at least one mobile
station to the at least one base station at a first rate in the absence of a
reception of a data transmission at the at least one mobile station; and

in the presence of a reception of a data transmission at the at least
one mobile station, adapting the rate for reporting channel quality information
from the at least one mobile station to the at least one base station from the

first rate to a second rate for a prescribed duration.

- 10 -
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12. The method according to claim 11, wherein the second rate is

faster than the first rate.

13. A method for transmitting channel quality information in a
wireless communication system including at least one base station and at least
one mobile station, the method comprising:

varying a rate for reporting channel quality information from a mobile
station to a base station as a function of the number of base stations with

which the mobile station is communicating.

14. The method according to claim 13, wherein the mobile station
reports channel quality information at a first rate when the mobile station is
communicating with one base station and wherein the mobile station reports
channel quality information at a second rate when the mobile station is

communicating with a plurality of base stations.

15. The method according to claim 14 wherein the second rate is faster

than the first rate..

IX. EVIDENCE APPENDIX

None.

X. RELATED PROCEEDINGS APPENDIX

None.

-11 -
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IN THE U.S. PATENT AND TRADEMARK OFFICE

APPLICANT(S): Arnab DAS et al. CONF. NO.: 3832

APPL. NO.: 10/002,746 ART UNIT: 2618

FILED November 2, 2001 EXAMINER: Thuan T. NGUYEN
ENTITLED: VARIABLE RATE CHANNEL QUALITY FEEDBACK

IN A WIRELESS COMMUNICATION SYSTEM

RESPONSE UNDER 37 C.F.R. § 1.116
November 28, 2007

M/S AF

Commissioner for Patents
Customer Service Window
Randolph Building

401 Dulany Street
Alexandria, VA 22314

Sir:

In response to the FINAL Office Action dated September 13, 2007, (“Action”) for
the above-identified patent application, entry and consideration of the amendments to the
claims and remarks provided below is respectfully requested. The Applicants
respectfully submit that entry of the present amendments would place the claims in better
form for appeal and should, therefore, be entered. The sections included in this response
are as follows:

Amendments to the Claims begin on page 2 of this paper; and

a Remarks section begins on page 7 of this paper.
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AMENDMENTS TO THE CLAIMS

The following is a complete, marked up listing of revised claims with a status
identifier in parentheses, underlined text indicating insertions, and strikethrough and/or

double-bracketed text indicating deletions.

LISTING OF CLAIMS

1. (PREVIOUSLY PRESENTED) A method for transmitting channel
quality information in a wireless communication system comprising at least one base
station and at least one mobile station, the method comprising:

varying a rate for reporting channel quality information from a mobile station
to a base station as a function of the presence or absence of a reception of a data
transmission at the mobile station, wherein the mobile station reports channel quality
information at a first rate in the absence of a reception of a data transmission from
the base station and, upon detection of a reception of a data transmission from the
base station, the mobile station reports channel quality information at a second rate

for a prescribed duration.

2-3. (CANCELED)

Das 14-18
Ref. No. 124547
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4. (PREVIOUSLY PRESENTED)  The method according to claim 1,
wherein, upon detection of a reception of a data transmission from the base station,
the mobile station reports channel quality information at a plurality of rates over a
prescribed time period after detection of the reception of a data transmission,

wherein the plurality of rates are different than the first rate.

5. (PREVIOUSLY PRESENTED)  The method according to claim 4,
wherein the prescribed time period includes a plurality of time intervals such that the
channel quality information is reported at different ones of the plurality of rates

during different ones of the plurality of time intervals.

6. (PREVIOUSLY PRESENTED)  The method according to claim 1,

wherein the second rate is faster than the first rate.

7. (PREVIOUSLY PRESENTED)  The method according to claim 1,
further comprising the step of estimating channel quality at the base station while
the mobile station is reporting at the second rate, wherein estimated channel quality

is used to derive a transmission format for a subsequent transmission.

Das 14-18
Ref. No. 124547
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8. (ORIGINAL)  The method according to claim 7, wherein the
transmission format includes one or more parameters selected from the group

consisting of modulation format, number of codes, and transmission rate.

9. (PREVIOUSLY PRESENTED)  The method according to claim 1,
further comprising the step of estimating channel quality at the base station while
the mobile station is reporting at the second rate, wherein estimated channel quality
is used to calculate an amount of redundancy needed for a retransmission of a

previous data transmission.

10. (ORIGINAL)  The method according to claim 1, wherein the
channel quality information comprises a transmission rate calculated by the mobile

station based on one or more channel conditions.

11. (PREVIOUSLY PRESENTED) A method for adapting the rate of
reporting channel quality information in a wireless communication system including
at least one base station and at least one mobile station, the method comprising:

reporting channel quality information from the at least one mobile station to
the at least one base station at a first rate in the absence of a reception of a data

transmission at the at least one mobile station; and

Das 14-18
Ref. No. 124547
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in the presence of a reception of a data transmission at the at least one
mobile station, adapting the rate for reporting channel quality information from the
at least one mobile station to the at least one base station from the first rate to a

second rate for a prescribed duration.

12. (ORIGINAL)  The method according to claim 11, wherein the

second rate is faster than the first rate.

13. (CURRENTLY AMENDED) A method for transmitting channel
quality information in a wireless communication system including at least one base
station and at least one mobile station, the method comprising:

varying a rate for reporting channel quality information from a mobile
station to a base station as a function of the number of base stations [[that]] with

which the mobile station is communicating[[ with]].

14. (ORIGINAL)  The method according to claim 13, wherein the
mobile station reports channel quality information at a first rate when the mobile
station is communicating with one base station and wherein the mobile station
reports channel quality information at a second rate when the mobile station is

communicating with a plurality of base stations.

Das 14-18
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15. (ORIGINAL)  The method according to claim 14 wherein the

second rate is faster than the first rate.

* ok ok ook ok

THE REMAINDER OF THE PAGE HAS BEEN LEFT BLANK INTENTIONALLY
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REMARKS

Favorable reconsideration of this application in light of the preceding

amendments and the following discussion is respectfully requested.

No claims having been canceled or added by this response, the Applicants
respectfully submit that claims 1 and 4-15 remain properly under consideration in this
application. The above Listing of Claims shows the amended claims in marked-up form

in accordance with 37 C.F.R. § 1.121.

Rejections under 35 U.S.C. § 103

Claims 1 and 4-15 stand rejected under 35 U.S.C. 103(a) as unpatentable over
Chen (U.S. Patent No. 6,067,458) (“Chen”) in view of in view of Kobylinski et al. (U.S.

Patent 6,044,272) (“Kobylinski”). The Applicants traverse this rejection.

With regard to Chen, the Examiner points to col. 6, lines 10-48, as teaching
“varying rate information exchange between mobile station and base station” that uses an
“idle time” rate of 1/8 of the full rate while a “higher rate is used when voice or data
communicating between these two components,” Action at 3. The Applicants contend
that this interpretation is inconsistent with the teachings of Chen as would be understood

by one of ordinary skill in the art.

Das 14-18
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The Applicants contend that, as reflected in Chen’s FIGS. 1A-D (reproduced

below), while the effective transmission rate decreases through FIGS. 1A-D, there is no

suggestion that the actual transmission rate, i.e., the transmission rate during the active

periods designated by the shaded blocks, varies in any way.

FIG. 1A

IIG. 1B

FIG. 1C

FIG. 1D
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The Applicants further contend that no teaching or suggestion has been identified

in Chen with regard to the transmission of “channel quality information™ as recited in

claim 1. Although the Applicants agree that Chen provides for higher effective

transmission rates when transmitting data or voice when considered relative to the rates

used for transmitting “silence,” as taught by Chen, the additional information being

transmitted is the content of the message, not additional or more frequent information

regarding the “channel quality information.”

Das 14-18
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The Applicants note that the MPEP provides:
It is important for an examiner to properly communicate the basis for a
rejection so that the issues can be identified early and the applicant can be
given fair opportunity to reply. Furthermore, if an initially rejected
application issues as a patent, the rationale behind an earlier rejection may
be important in interpreting the scope of the patent claims. Since issued
patents are presumed valid and constitute a property right, the written
record must be clear as to the basis for the grant. Since patent examiners
cannot normally be compelled to testify in legal proceedings regarding
their mental processes it is important that the written record clearly
explain the rationale for decisions made during prosecution of the
application.
MPEP § 706.02(j) (internal citations omitted). The Applicants respectfully contend that
the Examiner’s allegations regarding the particular type of information being transmitted
by Chen does not fairly communicate the logical or factual basis upon which the

allegation is based. The Applicants further contend that speculation alone does not

constitute a valid basis for maintaining a rejection under 35 U.S.C. § 103(a).

Accordingly, should the Examiner wish to maintain the present rejection based on
the teachings of Chen, the Applicants request that the next communication identify, with
specificity, the portion or portions of Chen that are alleged to teach the communication of
“channel quality information” at varying rates so that the Applicants may have a full and
fair opportunity to understand and address the Examiner’s reasoning. If no such
teachings are identified, the Applicants maintain that this rejection should be withdrawn

as not properly supported.

Das 14-18
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With respect to Kobylinski, the Applicants again contend that the disclosure, as

understood by one of ordinary skill in the art, does not fairly teach or suggest the
transmission of “channel quality information” at different rates. In particular, the
Applicants note that Kobylinski’s FIGS. 1A and 1B (reproduced below) indicate that the
mobile unit reports “channel quality information” including, for example, measured RSS
values, measured BER values and DVCC via the SACCH (Slow Associated Control

CHannel) word in response to either Measurement Order 1 or Measurement Order 2.

10
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As reflected in Kobylinski’s FIG. 2 (reproduced below), the SACCH word 52 is present

in each slot 50 of each frame 40. Accordingly, the Applicants contend that no teaching

11
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has yet been identified in Kobylinski that would suggest to one of ordinary skill in the art
that “channel quality information” is being transmitted at different rates during idle
periods when compared with data transmission periods. Indeed, the Applicants contend
that, in accord with the teachings of Kobylinski, one of ordinary skill in the art would
understand the mobile unit to be providing “channel quality information” at a
substantially constant rate in response to either of the measurement orders generated by

the base station.

The Applicants further note that claim 1 requires that the mobile station report
“channel quality information at a first rate in the absence of a reception of a data
transmission from the base station” (emphasis added). The Applicants contend that

according to Kobylinski, the mobile station only reports “channel quality information” in

12
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response to a command from the base station. Accordingly, the Applicants contend that
the proposed combination of Chen and Kobylinski is insufficient to teach or suggest each

of the elements of the recited method.

Accordingly, should the Examiner wish to maintain the present rejection based on
the teachings of Kobylinski, the Applicants request that the next communication identify,
with specificity, the portion or portions of Kobylinski that are alleged to teach the
communication of “channel quality information” and/or the transmission of such
information in the absence of a “Measurement Order” from the base station so that the
Applicants may have a full and fair opportunity to understand and address the Examiner’s
reasoning. If no such teachings are identified, the Applicants maintain that this rejection

should be withdrawn as not properly supported.

With respect to claims 4 and 5, the Applicants incorporate the discussion provided
above with regard to the deficiencies of the proposed combination of Chen and
Kobylinski. The Applicants maintain that no teaching or suggestion has yet been
identified that would suggest that the increase in the effective transmission rate illustrated
by Chen translates into an increased transmission rate of “channel quality information.”
Accordingly, in addition to their dependence from claim 1, the Applicants contend that

claims 4 and 5 are separately allowable over the applied references.

With respect to claim 6, the Applicants incorporate the discussion provided above

with regard to the deficiencies of the proposed combination of Chen and Kobylinski. The
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Applicants maintain that no teaching or suggestion has yet been identified that would
suggest that the increase in the effective transmission rate illustrated by Chen translates
into any variation in the transmission rate of “channel quality information” as claimed or
faster during transmission of data. Accordingly, in addition to its dependence from
claim 1, the Applicants contend that claim 6 is separately allowable over the applied

references.

With respect to claims 7-10, the Applicants incorporate the discussion provided
above with regard to the deficiencies of the proposed combination of Chen and
Kobylinski. The Applicants maintain that no teaching or suggestion has yet been
identified that would suggest that the increase in the effective transmission rate illustrated
by Chen translates into an increased transmission rate of “channel quality information.”
Accordingly, the Applicants contend that these claims are allowable at least in light of

their dependence from claim 1.

With respect to claims 11 and 12 and 13-15, the Applicants incorporate the
discussion provided above with regard to the deficiencies of the proposed combination of
Chen and Kobylinski with regard to claims 1-10. The Applicants maintain that no
teaching or suggestion has yet been identified that would suggest that the increase in the
effective transmission rate illustrated by Chen translates into an increased transmission

rate of “channel quality information” as recited in both claim 11 and claim 13. The
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Applicants contend, therefore, that these claims are allowable over the applied references

for at least the reasons detailed above.

The Applicants request that the pending rejections be reconsidered and withdrawn

accordingly.

CONCLUSION
In view of the above remarks and amendments, the Applicants respectfully submit
that each of the pending objections and rejections have been addressed and overcome,
leaving the present application in condition for allowance. A Notice to that effect is

respectfully requested.

If the Examiner believes that personal communication will expedite prosecution

of this application, the Examiner is invited to contact the undersigned.
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If necessary, the Commissioner is hereby authorized in this, concurrent, and
future replies to charge any underpayment or non-payment of any fees required under 37
C.F.R.§§ 1.16 or 1.17, or credit any overpayment of such fees, to Deposit Account

No. 503777, including, in particular, extension of time fees.

Respectfully submitted,

CAPITOL PATENT & TRADEMARK LAW FIRM, PLLC

By _ /Gregory P. Brummett/ (Reg. No. 41.646) for
John E. Curtin, Reg. No. 37,602

P.O. Box 1995
Vienna, VA 22183
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Office Action Summary Examiner ArtUnit
THUAN T. NGUYEN 2618

-- 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 (8) MONTHS from the mailing date of this communication.
- 1 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 commumcatlon even if timely filed, may reduce any

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

Status

1)1 Responsive to communication(s) filedon ______
2a)D] This action is FINAL. 2b)[] This action is non-final.
3)[] Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims

4 Claim(s) 1.and 4-15 is/are pending in the application.
4a) Of the above claim(s) is/are withdrawn from consideration.
5)( Claim(s) _____is/are allowed. ‘
6)IJ Claim(s) 1, 4-15 is/are rejected.
7)[J Ciaim(s) ____isfare objected to.

8)[] Claim(s) are subject to restriction and/or election requirement.

Application Papers

9)[] The specification is objected to by the Examiner.
10)[]] The drawing(s) filed on isfare: 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).
11)J The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

{ Priority under 35 U.S.C. § 119

12)[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
a)l JAlIl b)[T]Some * ¢)[] None of:
1.0 Certified copies of the priority documents have been received.
2.[J Certified copies of the priority documents have been received in Application No. :
3.0 cCopies 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) D Notice of References Cited (PTO-892) 4) D Interview Summary (PTO-413) -
2y Notice of Draftsperson’s Patent Drawing Review (PTO-948) Paper No(s)/Mail Date. _____ .
3) [J information Disclosure Statement(s) (PTO/SB/08) 5) [] Notice of Informal Patent Application
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U.S. Patent and Trademark Office
PTOL-326 (Rev. 08-06) Office Action Summary Part of Paper No./Mail Date 082407
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DETAILED ACTION
Response to Arguments
1. Applicant's arguments filed on 6/13/2007 have been fully considered but théy are not
persuasive.

Applicant basically argues that Chen and Kobylinski does not teach the feature of “report
channel quality from mobile stations to base stations at a ﬁrsfc rate in the absence of a reception
of data transmission from the base station, and then, upon detection of a rgception of data
transmission from the base station, the mobile station reports channel quality information at a
second rate for a predetermined duration”; the examiner respeétfully disagrees and previously
pointed out that Kobylinski teaches the same technique of report channel quality from mobile
stations to base stations at a first rate in the absence of a reception of data transmission from the
base station, and then, upon detection of a reception of data transmission from the base station,
the mobile station reports channel quality information at a second rate for a predetermined
duration (refer to col. 4/line 38 to col. 5/line 11, as at first the mobile reports the channel quality
in SACCH during its idle timev slot, méaning no communication or no transmission data; and
then at later time, as the base station receives data, the basé station instructs the mobile to tﬁne to
a different channel the DVCC for further reports and communication—the second measurement

* order).

Therefore, the examiner believes the technique of simply “varying a rate for reporting

channel quality information from a mobile station to a base station” is not novel in the art as

disclosed by Kobylinski’s prior art.
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Remark
2. Claims 2-3 have beén previously cancelled in the amendment dated 2/2/04, and
claims 1 and 4-15 are pending for reconsideration.
Clafm Rejections - 35 USC § 103
3. The following _is a quotation of 35 U.S.C. 103(a) which forms the basis for all
obviousness rejections set forth in this Office action:
(a) A pdtent may not be obtained though the invention is not identically disclosed or
described as set forth in section 102 of this title, if the differences between the subject
matter sought to be patented and the prior art are such that the subject matter as a whole
would have been obvious at the time the invention was made to a person having ordinary
skill in the art to which said subject matter pertains. Patentability shall not be negatived
by the manner in which the invention was made. '
- 4. Claims 1, and 4-15 are rejected under 35 U.S.C. 103(a) as being unpatentable over Chen
(U.S. Patent No. 6,067,458) in view of Kobylinski et al. (U.S. Patent 6,044,272).
| Regarding claim 1, Chen discloses a method for transmitting channel quality information
in a wireless communication system with at least a base station and at least a mobile station (Fig.
2), the method comprising varying a rate for reporting channel quality information from a mobile
station to a base station as a function of the presence or absence of a reception of a transmission
at the mobile station (see col. 6/1ines 10-48 for varying rate information exchange between
mobile station and base station, in idle time or absence of a reception of a data transmission at
the mobile station, rate is communicated at the eighth rate, and higher rate is used when voice or
data commu'nicating between these two componenis; and col. 13/lines 48-65 as mobile station
comrﬁunicates to base station & col. 14/lines 32-42 for chanﬁel quality monitoring and control).

Applicants argue that Chen has different approach in report channel quality; however, in

the same field of signal strength detection and reporting channel quality in wireless systems,
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" Kobylinski teaches the same technique of report channel quality from mobile stations to base
stations at a first rate in the absence of a reception of data transmission from the base station, and
then, upon detection of a reception of data transmission from the base station, the mobile station
reports channel quality information at a second rate for a predetermined duration (refer to col.
4/line 38 to col. 5/line 11, as at ﬁrst> the mobile reports the channel quality in SACCH during its
idle time slot,-meaning no communication or no transmission data; and then at later time, as the
base station receive§ data, the base station instructs the mobile to tune to a different channel the
DVCC for further reports and communication—the second measurement order). Therefore, it
would have been obvious to one of ordinary skill in the art at the time the invention was made to
modify Chen’s system with Kobylinski’s teaching technique of having channel reports from
mobile station at one channel rate, and then, at a later time, tuning to a different channel rate as
required. ‘

(Claims 2 and 3 were canceled). \

As for claim 4, in view of claim 1, Chen discloses a plurality of rates over a prescribed
time period after the detection of reception of a data transmission, particularly, ranging from a
first rate set for transmitting speech data up to a second rate set of 64 kbps for exchanging voice
and other data (col. 6/lines 29-48 & col. 13/lines 48-51).

As for claim 5, in view of claim 4, Chen discloses a plurality of rates can be transmitted
or reported at different ones of the plurality of rates on a reverse link from the mobile station to
the base station during different ones of the plurality of time intervals (Figs. 1A-F shows an

example within one time interval of 20ms, and col. 2/line 53 to col. 3/line 3).
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As for claim 6, in view of claim 1, Chen further discloses that the second rate is faster
than the first rate, i.e., the second rate either at the first rate set or at the second rate set is faster
than the first rate at idle time (or at the eighth rate, see col. 6/lines 18-48).

As for claim 7, in view of claim 1, Chen further discloses that the base station determines
the channel quality collécted from the mobile station for deriving a transmission format for a
next transmission {(col. 13/line 55 to col. 14/line 20). |

As for claim 8, in further view of claim 7, Chen further includes within the transmission
format one or more parameters selected from the group copsisting of modulation format, number
of codes, and transmission rate (col. 12/line 22 té col. 13/line 40).

As for claim 9, in view of claim 6, Chen further addresses the calculation an amount of
redundancy needed for a retransmission of a previous transmission by using a routine 300 in
recalculating the necessary step whether to use the previous transmission or not (Fig. 7, and col.
11/lines 40-63 & col. 13/lines 20-33 for recalled or previously stored power transmission control
setting).

As for claim 10, in view of claim 1, Chen further discloses wherein the kchannel quality
information comprises a transmission rate calculated by the mobile station based on one or more
channel conditions (col. 12/line 63 to col. 13/line 47 for more additional conditions can be
collected by the basé stations).

As for claims 11-12, these claims for same limitations are rejected' for the reasons given
in the scope of claims 1-10 as already disclosed above.

As for claims 13-15, Kobylinski further shows the step of varying a rate for reporting

channel quality information from a mobile station to a base station as a function of the number of
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base stations that the mobile station is communicating with (refer to col. 4/line 64 to col. 5/line
11) as relevant and distinguished base stations can be determined for better handoff, in this
scenario); for.claim 14, refer to col. 4/line 38v to col. 5/line 11, as at first thé mobile reports the
channel quality in SACCH during its idle time slot, meaning no communication or no
transmiésion data (with its current base station); and then at later time, as the base station
receives data, the base station instructs the mobile to tune to a different channel the DVCC for
further reports and communication—the second measurement order for the process of
communication to other candidate base stations based on the received signal strength values; (for
claim 15) and the rate for second channel is faster than the rate for the first channel, since the

first channel is SACCH or Slow associated control channel.

Conclusion
S. THIS ACTION IS MADE FINAL. Applicant is reminded of the extension of time
policy as set forth in 37 CFR 1.136(a).

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) wili be calculateci 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.
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6. Any response to this action should be mailed to:
Commissioner of Patents and Trademarks
Washington, D.C. 20231

or faxed to the New Central Fax number: .
(571) 273-8300, (for Technology Center 2600 only)

Hand deliveries must be made to Customer Service Window,
Randolph Building, 401 Dulany Street, Alexandria, VA 22314.

7. Any inquiry concerning this communication or earlier communications from .the 4
exéminer should be directed to Tony Thuan Nguyen whose telephone number is (571) 272-7895.
The examiner can normally be reached on Monday-Friday from 9:30 AM to 7:00 PM. |

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Edward Urban, can be reached at (571) 272-7899.

Information regarding the status of an application may be obtained from the Patent
Application Information Retrieval (PAIR) system. Status information fér published applications

. rﬁay 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).

Tony T. Nguyén
Primary Examiner
Art Unit 2618

TTN A
August 24, 2007
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NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY

This is in response to the Power of Attorney filed 06/13/2007.
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Office of Initial Patent Examination (571) 272-4000, or 1-800-PTO-9199
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PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicants: Arnab DAS et al.

Application No.: 10/002,746

Group No.: 2618

Filed: November 2, 2001
Examiner: Thuan T. Nguyen

For: VARIABLE RATE CHANNEL QUALITY FEEDBACK IN A  WIRELESS
COMMUNICATION SYSTEM

Attorney Docket No.:  129250-002099/US

Customer Service Window June 13, 2007
Randolph Building

401 Dulany Street

Alexandria, VA 22314

Mail Stop Amendment

Response
Sir:

In response to the Office Action dated April 20, 2007 (“Office Action™), the Applicants

respond as follows. A claim listing begins on page 2 of this paper. Remarks begin on page 6 of

this paper.
Claims remaining Highest number Present extra
. previously paid for
Total 13 - 15 = 0
Independent 3 - 3 = 0
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IN THE CLAIMS
The following is a complete listing of revised claims with a status identifier in
parenthesis.
LiSTING OF CLAIMS
1. (Previously Presented) A method for transmitting channel quality
information in a wireless communication system comprising at least one base station and at
least one mobile station, the method comprising:
varying a rate for reporting channel quality information from a mobile station to a
base station as a function of the presence or absence of a reception of a data transmission at
the mobile station, wherein the mobile station reports channel quality information at a first
rate in the absence of a reception of a data transmission from the base station and, upon
detection of a reception of a data transmission from the base station, the mobile station

reports channel quality information at a second rate for a prescribed duration.

2. (Cancelled)
3. (Cancelled)
4, (Previously Presented) The method according to claim 1, wherein,

upon detection of a reception of a data transmission from the base station, the mobile
station reports channel quality information at a plurality of rates over a prescribed time
period after detection of the reception of a data transmission, wherein the plurality of rates

are different than the first rate.
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5. (Previously Presented) The method according to claim 4, wherein

_ « the prescribed time period includes a plurality of time intervals such that the channel quality

information is reported at different ones of the plurality of rates during different ones of the
plurality of time intervals.

6. (Previously Presented) The method according to claim 1, wherein
the second rate is faster than the first rate.

7. (Previously Presented) The method according to claim 1, further
comprising the step of estimating channel quality at the base station while the mobile
station is reporting at the second rate, wherein estimated channel quality is used to derive a
transmission format for a subsequent transmission.

8. (Original) The method according to claim 7, wherein the transmission
format includes one or more parameters selected from the group consisting of modulation
format, number of codes, and transmission rate.

9. (Previously Presented) The method according to claim 1, further
comprising the step of estimating channel quality at the base station while the mobile
station is reporting at the second rate, wherein estimated channel quality is used to
calculate an amount of redundancy needed for a retransmission of a previous data
transmission.

10. (Original) The method according to claim 1, wherein the channel
quality information comprises a transmission rate calculated by the mobile station based

on one or more channel conditions.

Page 3

Page 99 of 409



Application No. 10/002,746
Docket No. 129250-002099/US

11. (Previously Presented) A method for adapting the rate of reporting
. channel quality information in a wireless communication system including at least one base

station and at least one mobile station, the method comprising:

reporting channel quality information from the at least one mobile station to the at
least one base station at a first rate in the absence of a reception of a data transmission at the
at least one mobile station; and

in the presence of a reception of a data transmission at the at least one mobile
station, adapting the rate for reporting channel quality information from the at least one
mobile station to the at least one base station from the first rate to a second rate for a
prescribed duration.

12.  (Original) The method according to claim 11, wherein the second rate
is faster than the first rate.

13. (Original) A method for trénsmitting channel quality information in a
wireless communication system including at least one base station and at least one mobile
station, the method comprising:

varying a rate for reporting channel quality information from a mobile station to a
base station as a function of the number of base stations that the mobile station is
communicating with.

14.  (Original) The method according to claim 13, wherein the mobile
station reports channel quality information at a first rate when the mobile station is
communicating with one base station and wherein the mobile station reports channel
quality information at a second rate when the mobile station is communicating with a

plurality of base stations.
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15. (Original)

is faster than the first rate.
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The method according to claim 14 wherein the second rate
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Application No. 10/002,746
Docket No. 129250-002099/US

e REMARKS

A. The Section 103(a) Rejections

Claims 1 and 4-15 were rejected under 35 U.S.C. §103(a) based on the combination of
U.S. Patent No. 6,067,458 to Chen (“Chen”) and U.S. Patent No. 6,044,272 to Kobylinski et al
(“Kobylinski”). Applicants respectfully disagree and traverse these rejections for at least the
reasons set forth below.

(i.) Claims 1 and 4-12

Each of claims 1 and 4-12 include the feature of a mobile station that reports channel
quality information at a first rate, in the absence of a reception of a data transmission from a base
station, and, upon detection of a reception of a data transmission from the base station, at a
second rate for a prescribed duration.

The Examiner acknowledges that Chen fails to disclose or suggest the reporting features
in claims 1 and 4-12. To make up for this deficiency the Examiner now relies upon Kobylinski.
However, as the Examiner acknowledges in the Office Action it is only after a base station
receives data, not a mobile, that the mobile is instructed to change its reporting rate. Further, as
the Applicants have explained in detail before (see Applicants’ appeal brief dated February 28,
2005), the claims are directed at a mobile changing its reporting rate after receiving data
transmissions from a base station, not instructions.

Because the combination of Chen and Kobylinski fail to disclose or suggest the features
of claims 1 and 4-12 this combination of references does not render these claims obvious under

§103(a).

Page 6

Page 102 of 409



Application No. 10/002,746
Docket No. 129250-002099/US

(ii.) Claims 13-15
¢ Eachof claims 13-15 include the feature of a method that allows a mobile to vary the rate
at which it reports channel quality information to a base station. More specifically, the rate is
varied as a function of the number of base stations that the mobile station is communicating with.
The Examiner acknowledges that Chen does not disclose or suggest such reporting and relies
upon Kobylinski to make up for this deficiency.

However, Kobylinski appears to be unrelated to claims 13-15. More particularly, the
excerpts from Kobylinski cited by the Examiner in the Office Action as disclosing the variation
of a reporting rate as a function of the number of base stations that a mobile station is
communicating with (i.e., column 4, line 64 to column 5, line 11) do not appear to be related to
the variation of a reporting rate. Instead, these excerpts appear to be related to the selection of
one or more base stations by a mobile (“then utilize the reported received signal strength
measurements and DVCC values to distinguish and identify plausible (and the optimal) base
stations for handoff....”).

Because the combination of Chen and Kobylinski fail to disclose or suggest the features
of claims 13-15 this combination of references does not render these claims obvious under
§103(a).

Accordingly, Applicants respectfully request withdrawal of the rejections aﬁd allowance
of claims 1 and 4-15.

Should there be any outstanding matters that need to be resolved in the present
application the Examiner is respectfully requested to contact John E. Curtin at the telephone

number listed below.

Page 7

Page 103 of 409



Application No. 10/002,746
Docket No. 129250-002099/US

If necessary, the Commissioner is hereby authorized in this, concurrent, and future
replies, to.charge payment or credit any overpayment to Deposit Account No. 50-3777 for any
additional fees required under 37 C.F.R. § 1.16 or under 37 C.F.R. § 1.17; particularly, extension
of time fees.

Respectfully submitted,
CAPITOL PATENT &, TRADEMARK LAW FIRM, PLLC.

o

By

/é. Curtin, Reg. No. 37,602
P/O.Box 1995

ienna, Virginia 22183

(V03) 266-3330

Page 8

Page 104 of 409



'PATENT AND TRADEMARK OFFICE
Patent ‘Ap_plication

Applicants: Amab DAS et al.

Application No.: 10/002,746

Group No.: 2618

Filed: November 2, 2001

Examiner; Thuan T. Nguyen

For: VARIABLE RATE CHANNEL QUALITY FEEDBACK IN A WIRELESS
COMMUNICATION SYSTEM

Attorney Docket No.: 129250-002099/US
CHANGE OF ADDRESS

Customer Service Window
Randolph Building

‘401 Dulany Street
Alexandria, VA 22314
Mail Stop Amendment

Please change the Customer No. to 32498 and the correspondence address of the attorneys
of record in the above-identified application to:

The new correspondence address is:

CAPITOL PATENT & TRADEMARK LAW FIRM, PLLC.
P.O. Box 1995
Vienna, VA 22183

The undersigned is empowered to sign this Change of Address on behalf of the Assignee.

Respectfully submitted,

CAPITOL PATENT & TWARK LAW FIRM, PLLC.
By

Jghn E. Curtin, Reg. No. 37,602
0. Box 1995

itnna, Va. 22183

(703) 266-3330
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PATENT
ATTORNEY DOCKET NO. 129250-002099/US

# X IN'THE UNITED STATES PATENT AND TRADEMARK OFFICE
Applicahts: Arnab DAS et al. Group No.: 2618
Application No.: 10/002,746 Examiner: Thuan T. Nguyen
Filed: November 2, 2001

For: VARIABLE RATE CHANNEL QUALITY FEEDBACK IN A  WIRELESS
COMMUNICATION SYSTEM

REVOCATION OF POWER OF ATTORNEY, SUBSTITUTE POWER OF
ATTORNEY, AND CHANGE IN CORRESPONDENCE ADDRESS

U.S. Patent and Trademark Office
Customer Window

401 Delaney Street

Alexandria,, VA 22314

Dear Sir:

The Assignee of the above-identified patent application, Lucent Technologies, Inc.
having a business office at 600 Mountain Avenue, P.O. Box 636, Murray Hill, NJ 07974-0636, as
evidenced by the recordation at Reel 012354 and Frame 0991, hereby revokes any and all previous
powers of attorney for the above-identified patent application or issued patent, and hereby appoints
the CAPITOL PATENT & TRADEMARK LAW FIRM, PLLC and Lucent Technologies as the
attorneys of the Assignee to receive all cotrespondence relating to the above-identified application
or patent and to transact all business in the United States Patent and Trademark Office connected
therewith, with full power of substitution and revocation, and the Assignee ratifies any act done by
the Assignee’s attorneys in respect of this patent. The new correspondence address is:

CAPITOL PATENT & TRADEMARK LAW FIRM, PLLC
P.O. Box 1995

Vienna, VA 22183
Customer Number 32498

Page 106 of 409



¥he vRdersigaed (whose dele is supplied below) is einpowered 1o sign thus Revocadon and Substitute
Powes of Aftotney on behalf of the Assignee.

I hereby declare that all statements made herein of my own knowledge ace oue, and thar al
ststements made on information and belief are believed to be true; and further that these starements
wese made with the knowledge that willful false statements and the like so made ace punishable by
fine ot imprisonment, or both, under Section 1001 of Title 18 of the United States Code, and that

such willil false statements Ay jeopardize the validity of the applicanon or any patent isued

thereon.

Vel Coge Pt (A

Dite /4 Eugene J. Rosenthal
Corporate Counse!
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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.

* If the entry in column 1 is less than the entry in column 2, write “0” in column 3.

** |If the “Highest Number Previously Paid For” IN THIS SPACE is less than 20, enter “20”.
*** If the “Highest Number Previously Paid For” IN THIS SPACE is less than 3, enter “3”.
The “Highest Number Previously Paid For” (Total or Independent) is the highest number found in the appropriate box in column 1.

Legal Instrument Examiner:

Patsy Zimmerman

PATENT APPLICATION FEE DETERMINATION RECORD | Application or Docket Number | Filing Date
Substitute for Form PTO-875 10/002,746 11/02/2001 | [ o be Mmailed
APPLICATION AS FILED - PART | OTHER THAN
(Column 1) (Column 2) SMALLENTITY [] ©R SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE ($) FEE ($) RATE ($) FEE ($)
L1 Basic Fee N/A N/A N/A N/A
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If the specification and drawings exceed 100
O sheets of paper, the application size fee due
A3F7’Fg_,:l(éA1T1lgN SIZE FEE is $250 ($125 for small entity) for each
( 166s) additional 50 sheets or fraction thereof. See
35 U.S.C. 41(a)(1)(G) and 37 CFR 1.16(s).
] MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16())
* If the difference in column 1 is less than zero, enter “0” in column 2. TOTAL TOTAL
APPLICATION AS AMENDED - PART Il
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
= 06/13/2007 | arrer PREVIOUSLY EXTRA RATE ®) | Fep ®) RATE (5) FEE ($)
E AMENDMENT PAE FOR
s ;r?et(?)ly (37 CFR «13 Minus | = 20 -0 X$ = OR | x $50= 0
[a)
z e ~3 Minus | =3 =0 x$ = OR | x s200= 0
<§( |:| Application Size Fee (37 CFR 1.16(s))
|:| FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR
TOTAL TOTAL
ADD’L OR ADDL 0
FEE FEE
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
AFTER PREVIOUSLY EXTRA RATE®) | reE (3 RATE (3) FEE ($)
— AMENDMENT PAID FOR
5 | o erem * Minus | * = x$ = orR | xs =
= | et Minus | +» - xs = or [xs =
E |:| Application Size Fee (37 CFR 1.16(s))
=
< |:| FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR
TOTAL TOTAL
ADD’L OR ADDL
FEE FEE

This collection of information is required by 37 CFR 1.16. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering,
preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S.
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
If you need assistance in completing the form, call 1-800-PT0-9199 and select option 2.
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.O. Box 1450

Alexandria,
WWW.USpLo.

Virginia 22313-1450
gov

APPLICATION NO, FILING DATE FIRST NAMED INVENTOR l ATTORNEY DOCKET NO. I CONFIRMATION NO. |
10/002,746 ' 11/02/2001 Amab Das 29250-002099/US 3832
7590 04/20/2007
EXAMINER
HARNESS, DICKEY & PIERCE, P.L.C. | _J
P.O. BOX 8910 NGUYEN, THUAN T
RESTON, VA 20195
I ART UNIT PAPER NUMBER I
2618
I SHORTENED STATUTORY PERIOD OF RESPONSE | MAIL DATE l DELIVERY MODE I
3 MONTHS 04/20/2007 PAPER

Please find below and/or attached an Office communication concerning this application or proceeding.

If NO period for reply is specified above, the maximum statutory period will apply and will expire 6 MONTHS

from the mailing date of this communication.

PTOL-90A (Rev. 10/06)
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Application No. Applicant(s)
10/002,746 DAS ET AL.
Office Action Summary Examiner A Unit
THUAN T. NGUYEN 2618

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

A SHORTENED STATUTORY PERIOD FOR REPLY 1S SET TO EXPIRE 3 MONTH(S) OR THIRTY (30) DAYS,
WHICHEVEH 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 malling date of this communication.
- It 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) filedon ____-
2a)] This action is FINAL. 2b)[X This action is non-final.
3)J 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, 4563 0.G. 213.

Disposition of Claims
4 Claim(s) 1 and 4-15 is/are pending in the application.

4a) Of the above claim(s) is/are withdrawn from consideration.
5[] Claim(s) is/are allowed.
6)X Claim(s) 1, 4-15is/are rejected.
7 Claim( s) _____ is/are objected to.
8)[] Claim(s) _____are subject to restriction and/or election requirement.

Application Papers

9)[7] The specification is objected to by the Examiner.
10)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).
11)[C] The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.S.C. § 119

12 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
a)lJAIl b)[] Some * ¢)[] None of:
1.[J Certified copies of the priority documents have been received.
2[]] Certified copies of the priority documents have been received in Application No.
3.[J Copies of the certified copies of the priority documents have been received in this National Stage
application from the Interational Bureau (PCT Rule 17.2(a)).
* See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)
1) @ Notice of References Cited (PTO-892) . 4) [:] Interview Summary (PTO-413)
2} [[] Notice of Draftsperson's Patent Drawing Review (PTO-948) Paper No(s)/Mail Date.
3) [ Information Disclosure Statement(s) (PTO/SB/08) 5) [] Notice of Informal Patent Application
Paper No(s)/Mail Date ) 6) [] other:
U.S. Patent and Trademark Office
PTOL-326 (Rev. 08-06) Office Action Summary Part of Paper No./Mail Date 041107
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DETAILED ACTION
Response to After Final Appeal Brief
1. Applicant's request for reconsideration of the finality of the rejection of the last Office

action is persuasive and, therefore, the finality of that action is withdrawn.

Remark
2. Claims 2-3 were canceled in the amendment dated 2/2/04, and claims 1 and 4-15
are pending for reconsideration.
3. Applica.nt's arguments with respect to claims 1, and 4-15 have been considered but are

moot in view of the new ground(s) of rejection.

Claim Rejections - 35 USC § 103
4, The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all
obviousness rejections set forth in this Office action:
(a) A patent may not be obtained though the invention is not identically disclosed or
described as set forth in section 102 of this title, if the differences between the subject
matter sought to be patented and the prior art are such that the subject matter as a whole
would have been obvious at the time the invention was made to a person having ordinary
skill in the art to which said subject matter pertains. Patentability shall not be negatived
by the manner in which the invention was made.
5. Claims 1, and 4-15 are rejected under 35 U.S.C. 103(a) as being unpatentable over Chen
(U.S. Patent No. 6,067,458) in view of Kobylinski et al. (U.S. Patent 6,044,272).
Regarding claim 1, Chen discloses a method for transmitting channel quality information
in a wireless communication system with at least a base station and at least a mobile station (Fig.

2), the method comprising varying a rate for reporting channel quality information from a mobile

station to a base station as a function of the presence or absence of a reception of a transmission
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at the mobile station (see col. 6/lines 10-48 for varying rate information exchange between
mobile station and base station, in idle time or absence of a reception of a data transmission at
the mobile station, rate is communicated at the eighth rate, and higher rate is used when voice or
data communicating between these two components; and col. 13/lines 48-65 as mobile station
communicates to base station & col. 14/lines 32-42 for channel quality monitoring and control).

Applicants argue that Chen has different approach in report channel quality; however, in
the same field of signal strength detection and reporting channel quality in wireless systems,
Kobylinski teaches the same technique of report channel quality from mobile stations to base
stations at a first rate in the absence of a .reception of data transmission from the base station, and
then, upon detection of a reception of data transmission from the Base station, the mobile station
reports channel quality information at a second rate for a predetermined duration (refer to col.
4/line 38 to col. 5/line 11, as at first the mobile reports the channel quality in SACCH during its
idle time slot, meaning no communication or no transmission data; and then at later time, as the
base station ;eceives data, the base station instructs the mobile to tune to a different channel the
DVCC for further reports and communication—the second measurement order). Therefore, it
would have been obvious to one of ordinary skill in the art ét the time the invention was made to
modify Chen’s system with Kobylinski’s teaching technique of having channel reports ﬁom
mobile station at one channel rate, and then, at a later time, tuning to a different channel rate as
required. |

(Claims 2 and 3 were canceled).

As for claim 4, in view of claim 1, Chen discloses a plurality of rates over a prescribed

time period after the detection of reception of a data transmission, particularly, ranging from a
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first rate set for transmitting speech data up to a second rate set of 64 kbps for exchanging voice _
and other data (col. 6/lines 29-48 & col. 13/lines 48-51).

As for claim 5, in view of claim 4, Chen discloses a plurality of rates can be transmitted
or reported at different ones of the plurality of rates on a reverse link from the mobile station to
the base station during different ones of the plurality of time intervals (Figs. 1A- F shows an
example within one time interval of 20ms, and col. 2/line 53 to col. 3/line 3).

As for claim 6, in view of claim 1, Chen further discloses that the second rate is faster
than the first rate, i.e., the second rate either at the first rate set or at the second rate set is faster
than the first rate at idle time (or at the eighth rate, see col. 6/lines 18-48).

As for claim 7, in view of claim 1, Chen further discloses that the base station determines
the channel quality collected from the mobile station for deriving a transmission format for a
next transmission (col. 13/line 55 to col. 14/line 20).

As for claim 8, in further view»of claim 7, Chen further includes within the transmission -
format one or more parameters selected from the group consisting of modulation format, number
of codes, and transmission rate (col. 12/line 22 to col. 13/line 40).

As for claim 9, in view of claim 6, Chen further addresses the calculation an amount of
redundancy needed for a retransmission of a previous transmission by using a routine 300 in
recalculating the necessary step whether to use the previous transmission or not (Fig. 7, and col.
11/lines 40-63 & col. 13/lines 20-33 for recalled or previously stored power transmission control
setting).

As for claim 10, in view of claim 1, Chen further discloses wherein the channel quality

information comprises a transmission rate calculated by the mobile station based on one or more
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channel conditions (col. 12/line 63 to col. 13/line 47 for more additional conditions can be
collected by the base stations).

As for claims 11-12, these claims for same limitations are rejected for the reasons given
in the scope of claims 1-10 as already disclosed above.

As for claims 13-15, Kobylinski further shows the step of varying a rate for reporting
channel quality information from a moBiIe station to a base statioh as a function of the number of
base stations that the mobile station is communicating with (refer to col. 4/line 64 to col. 5/line
11) as relevant and distinguished base stations éan be determined for better handoff, in this
scenario); for claim 14, refer to col. 4/line 38 to col. 5/line 11, as at first the mobile reports the
channel quality in SACCH during its idle time slot, meaning no communication or no
transmission data (with its current base st.ation); and then at later time, as the base station
receives data, the base station instructs the mobile to tune to a different channel the DVCC for
further reports and communication—the second measurement order for the process of
communication t(; other candidate base stations based on the received signal strength values; (for
claim 15) and the rate for second channel is faster than the rate for the first channel, since the

first channel is SACCH or Slow associated control channel.

Conclusion
6. The prior art made of record and not relied upon is considered pertinent to applicant's
disclosure. |
Chen, ManJunath et al., Bhaskar et al., and Persson et al. (PTO-892 attached5 disclose

systems realted to report channel quality and RSSL

Page 114 of 409



Application/Control Number: 10/002,746 Page 6
Art Unit: 2618

7. Any response to this action should be mailed to:
Commissioner of Patents and Trademarks
Washington, D.C. 20231

or faxed to the New Central Fax number:
(571) 273-8300, (for Technology Center 2600 only)

" Hand deliveries must bé made to Customer Service Window,
Randolph Building, 401 Dulany Street, Alexandria, VA 22314.

8. Any inquiry concerning this communication or earlier communications from the
examiner should be directed to To‘ny Thuan Nguyen whose telephone number is (571) 272-7895.
The examiner can normally be reached on Monday-Friday from 9:30 AM to 7:00 PM.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Edward Urban, can be reached at (571) 272-7899.

Information regarding the status of an application rhay be obtained from the Patent
Application Information Retrieval (PAIR) system. Status information for published applications
may be obtained from either Private PAIR or Public fAIR. 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).

Tony T. Nguyen
Primary Examiner
] Art Unit 2618
TTN
+ April 11, 2007
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UNITED STATES PATENT AND TRADEMARK OFFICE

HARNESS, DICKEY & PIERCE
P.O. BOX 8910
RESTON VA 20195

In re Application of
Amab Das et al
Application No.
Filed: November 2,
Attorney Docket No.

10/002,746
2001
14-18

This is a decision on the petition under 37 CFR 1.137(b),
to revive the above-identified application.

January 10, 2005,

The petition is GRANTED.

Commissioner for Patents
United States Patent and Trademark Office
P.O. Box 1450

Alexandria, VA 22313.1450
www.uspto.gov

COPY MAILED
APR 2 82005
OFFICE OF PETITIONS

DECISION GRANTING PETITION
UNDER 37 CFR 1.137(b)

filed

The petition satisfies the conditions for revival pursuant to the

provisions of 37 CFR 1.137(b)
of a Notice of Appeal; (2)

in that

(1) the reply in the form
the petition fee; and (3) the required

statement of unintentional delay have been received.

Accordingly,

the reply to the final Office action of May 5,

2004,

is accepted as having been unintentionally delayed.

Pursuant to 37 CFR 1.136,

an extension of time must be filed

prior to the expiration of the maximum period obtainable for

reply to avoid abandonment. Accordingly,

since the $2,160

extension of time submitted with the petition on January 10,
2005, was subsequent to the maximum period obtainable for reply,
this fee is unnecessary and will be credited to petitioner’s

deposit account.

Telephone inquiries concerning this decision should be dlrected

to the undersigned at (571) 272-3208.

This matter is belng referred to Technology Center AU 2685.

Karen Creasy

Petitions Examiner

Office of Petitions

Office of the Deputy Commissioner
for Patent Examination Policy
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Washington, D.C. 20231

REQUEST FOR PATENT FEE REFUND

1 Date of Request: H’EZS”C?SE || 2 Serial/Patent # /0[{242_ Zéé

4 PAPER 5 DATE ,
3 Plgase refund the following fee(s): NUMBER FILED 6 AMOUNT
| Filing $
Amendment $
Extension of Time l,/o.,dg‘ $ ‘1 /@6__
¥—r
Notice of Appeal/Appeal $
Petition S
Issue | $
Cert of Correction/Terminal Disc. S
Maintenance $
Assignment $
Other $ .
e | s Ll0
8 TO BE REFUNDED BY:
{110 REASON: Treasury Check
Overpayment Credit Deposit A/C #:
Duplicate Payment o | 0l YI--| 2 7 »; )

No Fee Due (Explahation):

fxdendlin nof ne corucy,

11 REFUND REQUESTED BY: |

TYPED/PRINTED NAME: X 0/ ¥ A C ¢ aa TITLE: IDG’J[I‘ =K/,
SIGNATURE: Mﬂ\ - pHoNE: 2 2 (A0Y
OFFICE:

dhkhkhkhhdkhddhihkhkihhk Jedede dehe g Bl de ke ke kok ko de ke ko hkdkokdedek gk gk dkdkihdkdhhkkhkk

APPROVED: _ /Laﬂ, /l—\ ( é/ 20/ &
g 77

Instructions for completion of this form_ap,

t ] n the back.  After completion, attach
white and yellow copies to the official file

ail or hand-carry to:

Office of Finance
FORM FTO 1577 Refund Branch
(01/90) Crystal Park One, Room 802B
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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 1430

Alexandria, Virginia 22313-1450

WWW.USpt0.gov

[ APPLICATION NUMBER [ FILING OR 371 () DATE | FIRST NAMED APPLICANT [ ATTY. DOCKET NOJ/TITLE |
10/002,746 11/02/2001 Amab Das 29250-002099/US
CONFIRMATION NO. 3832
E%RgﬁiségngEY & PIERCE, P.L.C. *OC000000015889765*
REéTON VA 20195 *0C000000015889765"

Date Mailed: 04/27/2005

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY
This is in response to the Power of Attorney filed 01/10/2005.

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.

p

KAREN O CREASY
OP (571) 272-3208
OFFICE COPY
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

Address: COMMISSIONEB FOR PATENTS
0. Box 1450

wwwnlpw Vugnu 223131450
[ APPLICATION NUMBER l FILING OR 371 (c) DATE l FIRST NAMED APPLICANT I ATTY. DOCKET NO./TITLE I
10/002,746 11/02/2001 Amab Das 14-18
CONFIRMATION NO. 3832
Docket Administrator (Room 3J-219) * *
Lucent Technologies Inc. . 3&?{88&822? 5853564
101 Crawfords Corner Road

Holmdel, NJ 07733-3030

Date Mailed: 04/25/2005

NOTICE REGARDING CHANGE OF POWER OF ATTORNEY

This is in response to the Power of Attorney filed 01/10/2005.

o The Power of Attorney to you in this application has been revoked by the assignee who has intervened as
provided by 37 CFR 3.71. Future correspondence will be mailed to the new address of record(37 CFR 1.33).

[Wﬂm

KAREN O CREASY
OP (571) 272-3208

'OFFICE COPY
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Appellants: Arnab DAS et al.
Application No.: 10/002,746
Groué No.: 2685
Filed: November 2, 2001
Examiner: Thuan T. Nguyen
For: VARIABLE RATE CHANNEL QUALITY FEEDBACK IN A

‘ WIRELESS COMMUNICATION SYSTEM

Attorney Docket No.: 29250-002099/US

BRIEF ON APPEAL ON BEHALF OF APPELLANT
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401 Dulany Street

Alexandria, VA 22314

Mail Stop Appeal Brief - Patents
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Serial No. 10/002,746
Atty. Ref. 29250-002099/US/US

BRIEF ON BEHALF OF APPELLANT

In support of the Notice of Appeal filed January 10, 2005, appealing the Final Rejection
mailed May 5, 2004, Appellant hereby provides the following remarks.

I REAL PARTY IN INTEREST

The present application is assigned to Lucent Technologies Inc., by an Assignment
recorded on November 2, 2001, Reel 012354, Frame 0991.

I RELATED APPEALS AND INTERFERENCES

On January 10, 2005 the Appellants filed a Petition to Revive an Unintentionally
Abandoned Application (“Petition”). Appellants are presently awaiting a decision on the
Petition.

III. STATUS OF THE CLAIMS

The claims reproduced in the attached Appendix A are the claims on Appeal. Each of
these claims is currently pending in the application.

IV. STATUS OF ANY PETITIONS OR AMENDMENTS FILED SUBSEQUENT
TO THE FINAL REJECTION

Initially, Appellants refer the Board to the comments made in Section II above.

In addition, a Response After Final dated August 6, 2004 (“Response”) was filed with the
U.S. Patent and Trademark Office in response to the Final Rejection. Appellants presume this
Response will be entered and considered if their Petition is granted.

V.. SUMMARY OF THE CLAIMED SUBJECT MATTER

The invention relates generally to wireless communication systems and, more
particularly, to providing channel quality information from a mobile station to a base station in

such systems.

Page 1
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In wireless communication systems, an air interface is used for the exchange of
information between a mobile station and a base station or other communication system
equipment. The air interface typically comprises a plurality of communication channels. In
wireless transmission, a channel is time varying due to fading, mobility, and so on. More
specifically, channel quality is affected by factors such as distance between the mobile and base
station, speed of the mobile station, interference, and the like. Given the limited resources (e.g.,
bandwidth) of wireless transmission as well as the large number of mobile stations supported by
a base station at any given time (and, therefore, competing for those limited resources) it is
therefore important to maximize throughput of a wireless communication system. For example,
in a time-multiplexed system in which the transmission time interval spans one or more time
slots, system throughput can be maximized by allowing a user with the best channel quality to
transmit ahead of users with comparatively low channel quality.

In one known arrangement, a mobile station performs a rate calculation based on
measurements of a pilot signal from the base station once every time slot and then reports back
the rate at which it is going to receive data from the base station. Alternatively, the mobile
station can send channel quality feedback information to the base station. The base station can
then select the appropriate rate corresponding to that channel quality. In general, the purpose of
sending channel quality feedback information to the base station is to inform the base station of
the transmission rate that best matches the current conditions (e.g., quality) of the channel at the
present time. (See Specification, page 1.)

FIG. 1 (Appendix B) shows one example of wireless transmission based on the well-

known 1x-EV-DO (data only) standard in which a so-called fast rate adaptation scheme is used
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to maximize the system throughput by exploiting time varying channel conditions. More
specifically, FIG. 1 shows a signaling diagram between a base station (BS) and a mobile station
(MS). The data channel 100 for the downlink from the base station to the mobile station is
divided into time slots 101-117, each of which has a duration 7. In the case of the 1x-EV-DO
standard, the duration = would be 1.67 milliseconds. In the example shown in FIG. 1, time
slots 101-106 and 110-115 are not carrying transmissions from the base station to the mobile
station. However, the base station is transmitting to the mobile station during time slots 107-109
and during time slots 116-117.

From the perspective of the mobile station, the uplink channel 200 is also divided into
time slots 201-217, each of which has a duration 7. As shown in FIG. 1, the calculation and
reporting rate for the dedicated control channel 200 (by the mobile station) is performed
according to well-known methods once every time slot 201-217. More specifically, channel
quality information (e.g., transmission rate in Ix-EV-DO systems) is transmitted via
communications 151-165. For example, mobile station is transmitting channel quality
information to the base station via communications 151-153 during time slots 201-203 indicating
that rate R1 is the desired rate of transmission based on the channel quality. As shown in this
example, this rate information is received at the base station during time slots 103-105, so there
is some delay with respect to the calculation of the rate in the mobile station during a time slot
and the subsequent reporting of that rate to the base station. In slot 204, the mobile station
detected a change in channel quality and reported back to the base station that transmission
should occur at rate R2. This channel quality feedback is received by the base station during its

time slot 106. Because the base station is sending a transmission to the mobile station during
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time slots 107-109 and because the base station is receiving channel quality feedback indicating
rate R2 as the desired rate (e.g., R2 reported by mobile station during its time slots 204-206 and
received by the base station during its time slots 106-108), the transmission by the base station
during time slots 107-109 is therefore sent at rate R2. In time slots 207-212, the mobile station -
is reporting rate RI as the desired rate, but no transmissions are occurring from the base station
during time slots 110-115. As shown, the mobile station reports rate R3 as the desired rate
during time slots 213-216, which are received at the base station starting at time slot 115.
Because the base station starts sending another transmission during time slot 116, this
transmission therefore is sent at rate R3 based on the channel quality feedback received from the
mobile station. (See Specification, pages1-2.)

Another approach to providing rate feedback is described in U.S. Patent Application
Serial No. 09/716,106, entitled “Asymmetric Rate Feedback and Adjustment System for Wireless
Communications” and filed on November 17, 2000, the subject matter of which is incorporated
herein by reference in its entirety. As described, rate calculation and prediction is still being
performed at every time slot, but the reporting of this rate feedback from a mobile station to the
base station occurs every third time slot. In this manner, the reporting of rate feedback from a
plurality of mobile stations can be staggered such that each mobile station is only sending rate
feedback every third time slot, but the base station is receiving rate feedback at each time slot
(i.e., from different mobile stations).

There are several disadvantages to these constant rate feedback approaches. Performing
rate calculation and prediction in every time slot uses up a large amount of processing overhead

at the mobile station. Providing rate feedback to the base station at every time slot uses a large
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amount of transmission overhead and, because rate feedback is being provided regardless of
whether there is a transmission being sent from the base station, transmission resources are
therefore being inefficiently used. Even if rate feedback is provided at a slower rate (e.g., every
third time slot), there is still inefficient use of resources because the rate feedback is being
provided regardless of whether the base station is transmitting.

To overcome the problems inherent in existing approaches, the present invention
substantially reduces the processing of: (i) overhead for rate calculation/prediction; and
(ii) transmission overhead for rate feedback in wireless transmissions, by varying the feedback
rate for reporting channel quality information from a mobile station to a base station as a
function of the presence or absence of a transmission from the base station to the mobile station.

More specifically, the present invention provides channel quality infdrmation G.e.,
feedback) from the mobile station to the base station at a variable rate, such that the feedback
rate is faster when the base station is transmitting to the mobile station and slower when there is
no transmission occurring. Wireless resources can be more efficiently used because the rate at
which the mobile station reports channel quality to the base station is varied as a function of the
absence or presence of transmission from the base station.

In contrast, when the base station is not transmitting to the mobile station, the feedback
rate for reporting channel quality from the mobile station is at a slower rate, which, in turn, frees
up wireless resources that can be used for other purposes, e.g., for transmissions between the
mobile station and the base station. When the base station is transmitting to the mobile station,
the rate of reporting channel quality from the mobile station is increased so that rate adaptation

can be carried out more accurately by the base station. Moreover, because of the short duration
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of time slots in wireless transmission, it is highly unlikely that the rate or channel quality will
change over a period of a few time slots under most operating conditions. (See Specification,
pages 3-4.)

FIG. 2 (Appendix C) shows one exemplary embodiment for providing variable rate
channel quality feedback according to the principles of the invention. By way of example only,
this scheme will be described in the context of wireless transmission according to the 1x-EV-DO
(data only) standard, but the teachings set forth herein are not at all limited to just this particular
wireless implementation.

More specifically, FIG. 1 (Appendix B) shows a signaling diagram between a base station
(BS) and\/a mobile station (MS). The data channel 300 for the downlink from the base station to
the mobile station is divided into time slots 301-317, each of which has a duration 7, e.g.,
1.67 milliseconds. In the example shown in FIG. 2 (Appendix C), time slots 301-306 and 310-
315 are not carrying transmissions from the base station to the mobile station. However, the
base station is transmitting to the mobile station during time slots 307-309 and during time slots
316-317. From the perspective of the mobile station, the uplink control channel 400 is also
divided into corresponding time slots 401-417, each of which has a duration 7.

As shown in FIG. 2, the calculation and reporting of the rate for the dedicated control
channel 400 by the mobile station is performed using a variable rate in contrast to the prior art
methods. In general, when there is no data transmission from the base station (e.g., time slots
301-306), the channel quality information (e.g., rate information) is sent from the mobile station
every two (2) slots as shown by communications 352, 354, 361, 363, and 365. As previously

described, there is a delay factor with respect to the uplink transmission (from the mobile station)
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and the downlink transmission (from the base station). When the mobile station is receiving a
transmission over the forward link (e.g., downlink from the base station), the channel quality
feedback is sent every slot as shown by communications 356-359. As such, the rate at which
channel quality feedback is provided when there is a transmission from the base station is faster
than the rate at which channel quality feedback is provided when there is no transmission from
the base station. (See Specification, pages 4-5.)

More specifically, FIG. 2 depicts the mobile station transmitting channel quality
information (e.g., rate information) to the base station via communications 352 at time slot 402
indicating that rate R1 is the desired rate of transmission based on the channel quality. As
shown in this example, this rate information is received at the base station during time slot 304
because of the aforementioned delay factor. In slot 404, the mobile station detected a change in
channel quality-and~feported back to the base station that transmission should occur at rate R2.
This channel quality feedback is received by the base station during its time slot 306. Because
the base station is sending a transmission to the mobile station during time slots 307-309 and
because the base station is receiving channel quality feedback indicating rate R2 as the desired
rate (e.g., R2 reported by mobile station in time slot 404 and received by the base station in time
slot 306), the transmission by the base station during time slots 307-309 is therefore sent at rate
R2. Because the base station is now transmitting data to the mobile station during time slots
307-309, the mobile station is adapted to send the channel quality feedback at a faster rate (e.g.,
every time slot) for the corresponding time slots 407-409, e.g., as shown by communications
357-359. It should be noted that, because transmission did not start until time slot 307 by the

base station and because of the delay factor, the channel quality feedback information indicating
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rate R2 via communication 356 is still being sent at the slower rate (e.g., every two (2) slots).
The faster rate of reporting channel quality feedback does not begin until time slots 407-409 at
the mobile station which correspond to time slots 307-309 where transmission is occurring from
the base station. (See Specification, pages 5-6.)

When transmission from the base station ends and there is no further transmission, the
mobile station resumes its reporting of channel quality information at the slower rate (e.g., every
two (2) slots) as shown by communication 361. For example, there is no transmission from the
base station in time slot 310, so the next report of rate information from the mobile station is sent
at time slot 411, e.g., two time slots after time slot 409, which corresponded to time slot 309
when transmission ended from the base station.

It should be noted that the feedback rate for transmitting the channel quality information
and the point in time when the information is reported (e.g., at the leading edge, during, or at the
trail edge of the time slot) are all matters of design choice. As such, the example shown in FIG.
2 where the slower first rate is every two (2) slots and the faster second rate is every one (1) slot,
and where the channel quality information is sent at the end of the corresponding time slot at the
mobile station are all meant to be illustrative and not limiting in any way. However, those
skilled in the art will appreciate that a large value for the reporting interval (time between the
reports of channel quality from the mobile station) will reduce the channel quality feedback
overhead. However, the resulting slower rate channel quality feedback may also result in large
errors in channel quality estimates at the base station and performance degradation.  Again,

these are matters of design choice that are well understood by one skilled in the art.
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According to another aspect of the invention, there are numerous implementations for
providing rate feedback at a faster rate after detection of a transmission from the base station.
For example, upon detection of a transmission from the base statioh, the mobile station can
report channel quality information at a second rate for a prescribed duratidn after the detection of
the transmission. In this manner, the rate feedback may therefore be provided at a faster rate for
a period of time even though transmission from the base station has ended. By way of example,
a mobile station may report rate feedback every 100 milliseconds in the absence of a
transmission. Upon detection of a transmission from the base station, the mobile station can
then provide rate feedback every 20 milliseconds for a prescribed period of time regardless of
whether transmission ends from the base station. At the end of that prescribed period of time and
assuming there is an absence of a transmission, the mobile station would then resume reporting
of rate feedback at the first rate of 100 milliseconds (e.g., the slower rate). In yet another
example, the mobile station, upon detection of a transmission from the base station, can report
channel quality information at a plurality of rates over a prescribed time period after detection of
the transmission, wherein the plurality of rates are different than the first rate. More specifically,
upon detection of a transmission, the mobile station would begin reporting rate feedback at a
second rate that is faster than the first rate for a prescribed time period. At the end of this
prescribed time period and assuming there is an absence of a transmission, the mobile station
could then report rate feedback at a third rate that is different than the first and second rates, and
so on. Other variations will also be apparent to those skilled in the art and are contemplated by

the teachings herein.
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On the downlink transmission from the base station, the total capacity is shared by a large
number of mobile stations. Due to the bursty nature of the data traffic, the mobile stations are
active only a fraction of the time. Therefore, an increased rate of channel quality feedback
during the time of data transmission for a given mobile station will not result in any significant
increase of overhead. The fast channel quality feedback rate during a transmission from the base
station will result in better channel quality estimates that will be used for appropriate selection of
transport format for new transmissions and retransmissions. Note that due to the bursty nature of
the traffic, when a transmission is sent to a mobile station, it is likely that more transmissions or
retransmissions will occur to the same mobile station within a short period of time. (See
Specification, pages 6-7.)

According to another aspect of the invention, the increased feedback rate during data
transmission also helps to estimate the quality of a transmission so that, in case of
retransmissions, the appropriate amount of redundancy or repetition can be included in the
retransmissions. This aspect of the invention is advantageous since it is possible that a
transmission might initially start from the base station with a less accurate transmission rate (e.g.,
not matching up to the actual, current channel quality) since a slower feedback rate is being used
before transmission commences. So, although rate adaptation will be accurately performed once
the feedback rate increases (e.g., to every time slot), there may be initial portions of the
transmission that will require retransmission under certain circumstances. As such, the ability to
estimate the quality of the transmission in the current feedback scheme will be helpful for the

retransmission process. For example, these estimates can be used for selecting an appropriate
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transport format (e.g., modulation, number of codes, etc.) for retransmissions for the
corresponding previous transmissions.

The embodiment shown in FIG. 3 (Appendix D) helps to illustrate this aspect of the
invention. Data channel 500 represents the downlink (forward link) from the base station to the
mobile station and is shown as comprising two (2) millisecond frames or transmission time
intervals (TTIs) 506. More specifically, data channel 500 shows multiple transmissions for the
same user in data blocks 501-505, wherein data blocks 501-504 contain new transmissions while
data block 505 contains a retransmission corresponding to the transmission in data block 501.
As in the preceding embodiments, control channel 600 represents the uplink (reverse link) from
the mobile station. The example shown in FIG. 3 depicts two (2) millisecond transmission time
intervals 602, each of which comprises three (3) time slots 601 of .67 milliseconds each. This
format is characteristic of the aforementioned HSDPA standard.

As in the preceding embodiments, the feedback rate for channel quality information from
the mobile station is at a slower rate when there is no data transmission, e.g., as shown for time
periods 603 and 604. However, when the mobile station detects transmission.from the base
station, the channel quality feedback rate is increased to once every transmission time interval
(HI), e.g., two (2) milliseconds, as shown by communications 610-614. In this example, the
transport format for the retransmission 505 for data block A (RTX A) can be based on the most
recent channel quality feedback (i.e. m) as well as the channel quality estimates & and [ that, in
turn, provide an estimate of the quality of the previous transmission 501 of data block A

(NTX A). Accordingly, the appropriate rate, modulation, and coding scheme can be derived
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more accurately for the retransmission accérding to the principles of the invention. (See
Specification, pages 7-8.)

In another exemplary embodiment of the invention, the feedback rate for channel quality
information from the mobile station is varied as a function of the number of base stations that the
mobile station is communicating with. In particular, this embodiment is particularly
advantageous when handling so-called “soft handoffs” in CDMA wireless communication
systems. As is well known, a “handoff” is the act of transferring support of a mobile station
from one base station to another base station. A “soft handoff” occurs when the mobile station
makes a connection to a new base station (e.g., cell) before leaving the current base station (e.g.,
cell) that is supporting the mobile station. In particular, a “soft handoff” is designed to ensure
that there is connectivity with the old (e.g., current) base station while the new base station has
been assigned to take control over the communication link with. the mobile station. As such, a
mobile station may be simultaneously communicating with multiple base stations at a given
instant of time during such handoffs. According to the principles of the invention, the feedback
rate for reporting channel quality information is adapted or otherwise varied to be slower when
the mobile station is communicating with only one base station and faster during a “soft handoff”
when the mobile station is communicating with two or more base stations. By increasing the rate
of reporting quality information during “soft handoffs, the base stations can effectively and
accurately perform the appropriate rate adaptations during such critical times such as “soft
handoffs” and the like. It should be noted that other variations to this aspect of the invention will

be apparent to those skilled in the art and are therefore contemplated by the teachings herein.
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In general, the foregoing embodiments are merely illustrative of the principles of the
invention. Those skilled in the art will be able to devise numerous arrangements, which,
although not explicitly shown or described herein, nevertheless embody those principles that are
within the scope of the invention. For example, although the invention was described in the
context of wireless transmission according to the CDMA2000 1x-EV-DO standard, the invention
could also be applicable to other known or to-be-developed wireless transmission standards. For
example, the teachings of the invention may be applied to wireless transmission according to the
well-known High Speed Downlink Packet Access (HSDPA) specification in the Universal
Mobile Telecommunication System (UMTS) standard. Other modifications or substitutions will
be apparent to those skilled in the art and are contemplated by the teachings herein. (See
Specification, pages 9-10.)

Appellants respectfully note that the above summary of the invention, including any
indication of reference numerals, drawings, figures, paragraphs, page numbers, etc. (collectively
referred to as “descriptions” of the application) have been provided solely to comply with the
U.S. Patent and Trademark Office’s rules concerning the appeal of the claims of the present
application. As such, the descriptions above are merely exemplary and should not be construed

to limit the claims of the present application in any way whatsoever.

VI. ISSUES TO BE REVIEWED ON APPEAL
@) Whether claims 4-15 are anticipated by U.S. Patent No. 6,067,458 to Chen

(“Chen”).
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VII. ARGUMENTS

A. The Section 102(b) Rejections

Claims 1 and 4-15 were rejected under 35 U.S.C. §102(b) as being anticipated by Chen.

Appellants respectfully traverse these rejections for the reasons set forth below.
i Claims 13-15

Appellants submit that claims 13-15 are not anticipated by Chen. As a preliminary
matter, neither the Final Office Action nor the previous Office Action sets forth with any
particularity how the specific limitations recited in these claims are anticipated by Chen. In both
Office Actions, the rejection of claims 13-15 was supported only by reference to the reasons used
for rejection of claims 1-10 in the Office Action without any acknowledgement of the different,
additional limitations in claims 13-15. Secondly, the Final Office Action did not address
arguments provided in Appellants’ response (Appendix E) to a previous non-final Office Action
with regard to the distinctions between claims 13-15 and the Chen reference.

Most importantly, Appellants submit that claims 13-15 are not anticipated by Chen
because each and every element of claims 13-15 is not described, either expressly or impliedly
by Chen. For example, there are absolutely no teachings in Chen that either expressly or
impliedly disclose varying the rate for reporting channel quality information as a function of the‘
number of base stations that the mobile is communicating with, as recited in Appellants’ claim
13. This feature of the claimed invention, which is particularly advantageous for handling “soft
handoffs”, is supported in the specification, see, e.g., pages 11-13, infra or page 9, lines 1-22 in

the specification.
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Because Chen does not disclose each of the limitations recited in claim 13, Appellants
submit that the Chen reference cannot anticipate claim 13. In addition, because claims 14 and 15
depend from claim 13, these dependent claims are therefore also believed to be allowable for the
same reasons set forth above for claim 13 as well as for other novel features therein.
Accordingly, Appellants respectfully request that the board reverse the decision of the Examiner
and grant allowance of claims 13-15.

ii. Claims 1 and 4-12

Appellants submit that claims 1 and 4-12 are not anticipated by Chen because each and
every element of claims 1 and 4-12 is not described, either expressly or impliedly by Chen.
Contrary to the Examiner’s assertion otherwise, Appellants submit that Chen does not describe,
either expressly or impliedly, at least the following limitations recited in Appellants’ claim I (and
claim 11 which has similar limitations):

e mobile station reports channel quality information at a first rate in the absence of a

reception of a data transmission from the base station and

e upon detection of a reception of a data transmission from the base station, the mobile

station reports channel quality information at a second rate for a prescribed duration.

Chen appears to be concerned with adjusting the appropriate power level for transmitting
data in order to avoid data loss, to extend battery life in a mobile, and so on. Power control, as
described by Chen, is important especially for higher rate data transmissions because
transmitting data at higher rates requires higher power (see, e.g., col. 3, lines 40-47 and col. 6,
lines 49-59). In one embodiment, Chen describes a mobile (receiver) being instructed by the

base station to send more power control information (e.g., at a higher rate) for a specified time
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period preceding the data transmission, so that appropriate adjustments to power can be made by
the base station before sending the high rate data transmission to the mobile (see, e.g., col. 3,
lines 48-54). In yet another embodiment, Chen describes the case where: 1) the link can be
operating at the idle rate; 2) that data is then received at the base station for subsequent
transmission to the mobile; 3) that the base station instructs the mobile to send more power
control information (e.g., on the reverse link); and 4) thereafter, the base station adjusts its power
level and then sends the data transmission at a higher rate to the mobile (see, e.g., col. 11, line 40
to Qol, 13, line 10).

These teachings are different from Appellants’ claimed invention. As recited in claim 1,
a mobile sends channel quality feedback to a base station at different rates depending on whether
there is an absence or presence of a data transmission from the base station to the mobile. That
is, the trigger for changing the rate of channel quality feedback from the mobile to the base
station is whether there is a data transmission received by the mobile from the base station.
Using the actual data transmission from the base station as a trigger for the mobile station to
change its rate of transmitting channel quality information back to the base station, as claimed by
Appellants, is different from the teachings of Chen. In Chen, the rate of transmission of power
control information over the reverse link (assuming for argument purposes that the power control
information is “feedback”) is varied as a function of the mobile receiving an instruction from the
base station before (i.e., in preparation of) the base station sending the data transmission to the
mobile. Accordingly, Chen does not teach varying feedback from the mobile based on the

absence or presence of a data transmission from the base station to the mobile.
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Furthermore, Appellants respectfully submit that Chen fails to disclose or suggest,
contrary to the Examiner’s assertion otherwise, a mobile station that, upon detection of a
reception of a data transmission, reports channel quality information at a second rate for a
prescribed duration. In particular, Chen only teaches that the bandwidth, and hence the rate of
transmission, of power control information from the mobile station is increased in response to
the instruction from the base station. Chen is silent about transmitting this information at a
different rate for a prescribed duration.

Referring now to the Examiner’s responses to Appellants’ previous arguments in
conjunction with Chen’s FIG. 7 and accompanying description (col. 11, line 40 to col. 14,
line 20), Appellants respectfully submit that routine 300 described by Chen must be viewed in a
larger context instead of any particular step in isolation. As described for step 320, data is
“presented” to the base station for a high rate transfer to the mobile. Step 330 recites “tell the
receiver to increase bandwidth of power control infonnation about forward link”. 'Note that
Chen does not teach that data transmission occurs yet, but only that the base station and mobile
are preparing for such data transmission by one instructing the other to increase the rate of
sending power control information so that appropriate power adjustments can be made to support
the subsequent data transmission. Subsequent steps, including step 360, describe the adjustments
then made to the forward link (i.e., power) culminating in the subsequent data transmission from
the base station to the mobile in step 380.

Step 360, in particular, recites “control the power level of the transmitter using low, full
or high rates...to set the correct high rate power level for the transmitter”. As described

throughout the specification, Chen is referring specifically to the process that occurs before any
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data transmission occurs, whether it’s via the forward link from base station to mobile as
described in the embodiments, or whether its via the re\'/erse link as inferred by the Examiner in
the Office Action. Accordingly, Chen does not disclose or even suggest varying the rate of
channel quality feedback from the mobile to the base station as a function of the mobile
receiving the data transmission from the base station. Instead, Chen only describes the base
station receiving data for subsequent transmission to the mobile and, to prepare for such
transmission, instructing the mobile to vary the rate of feedback (power control information)
from the mobile to the base station so that appropriate power levels can be set at the base station
before sending the data transmission to the mobile.

Appellants also respectfully disagree with the Examiner’s interpretation and
characterization of the teachings in Chen at col. 13, lines 20-65 and lines 55-65 in particular.
This portion of Chen (or any other portion for that matter) does not describe varying the rate for
reporting channel quality information from a mobile to a base station as a function of the absence
or detection, by the mobile, of a data transmission from the base station, contrary to the
Examiner’s assertion otherwise.

While Appellants might conditionally agree with the Examiner that Chen may disclose
that a mobile [and base station] can estimate and then test the proper power level necessary to
send data at a high rate, this disclosure in Chen simply reinforces the fact that Chen teaches a
mobile and base station that exchanges and adjusts power control information (estimating,
testing, etc) prior to actual high rate data transmissions between the mobile and the base station.

This is different from Appellants’ claimed invention in which the rate of the channel quality
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information provided by the mobile is varied based on the presence or absence of data
transmissions from the base station to the mobile.

Moreover, the cited portion of disclosure from Chen at col. 13, lines 20-65 (see lines 20-
32 in particular), describe a completely different scheme than that being claimed by Appellants.
For example, in this cited portion, Chen discloses that the base station stores a powér level that
was previously measured when data was previously sent and the base station simply recalls a
previous power level for a subsequent data transmission. Here, Chen is not even describing
varying the rate of any power control information feedback from the mobile to the base station.

With regard to the cited portion of Chen at col. 13, lines 33-40 discussing the situation of
a transmission that is to occur via the reverse link from mobile to base station, Appellants again
must disagree with the Examiner’s characterization of the Chen teaching as being anticipatory of
Appellants’ claimed invention. Chen is describing a situation in which the reverse link is
operating at idle (e.g., 1/8" rate) and “data is received for transmission along the reverse link”.
Appellants submit that, upon careful reading and consistent with the entire disclosure in Chen,
this statement simply refers to data being received at the mobile (e.g., from a user) for
subsequent transmission along the reverse link (i.e., to the base station as the Examiner points
out). That is, this embodiment refers somewhat to the converse of preceding embodiments,
wherein here the mobile receives data for subsequent transmission to the base station (but not
from the base station) and, in response, the mobile increases to the full rate thus increasing the
feedback bandwidth to the base station. Again, this embodiment in Chen is still is not the same
as a mobile, in response to a data transmission from the base station, varying the rate of channel

quality feedback, as claimed by Appellants.
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Finally, while the Examiner appropriately acknowledges that the teachings in Chen are
primarily directed toward the control being effected on the base station side, Appellants do not
agree with the inferences or conclusions being drawn with respect to the capabilities of a mobile
station in the context of the Chen teachings. In particular, the Examiner states that, in the context
of the Chen teachings, the mobile station can have “its own capability in detecting the status of
the base station in order to request or adjust to the appropriate power levels necessary whether to
send data or channel quality reports back to the base station at a low rate or at a high rate”.

First, Appellants do not at all agree that Chen suggests this capability for a mobile (or a
base station for that matter) and have respectfully invited the Examiner to specifically point out
how the teachings in Chen support such an interpretation. Instead, Appellants submit that the
capabilities of a mobile are more accurately summarized by what Appellants stated previously.
That is, consistent with the teachings of Chen as a whole, the capabilities to infer for the mobile
would be that, in preparation for a subsequent data transmission over the reverse link to a base
station, that the mobile may adjust its rate of transmission of power control information to the
base station. As stated previously by Appellants, this is quite different than a mobile adjusting
its channel quality feedback based on the presence or absence of a data transmission from the
base station (e.g., over the forward link).

Moreover, Appellants respectfully submit that such general and liberal extensions of the
teachings in Chen are not only unsupported by the disclosure in Chen, but are also not sufficient
to establish a case for anticipation in which each and every element of the claimed invention
must be found in Chen, which Appellants believe not to be the case for all the reasons set forth

hereinabove.
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Because Chen fails to disclose or suggest each and every recited limitation in claims 1
and 11, Appellants submit that Chen cannot anticipate claims 1 and 11. Because claims 4-10 and
12 each depend from respective base claims 1 or 11, these dependent claims are therefore also
believed to be allowable for the same reasons set forth above for claims 1 and 11 as well as for
other novel features therein that are not disclosed by Chen.

For example, with regard to claim 8, Chen does not disclose or suggest estimated channel
quality being used to derive a transmission format for a subsequent transmission, wherein the
transmission format includes one or more parameters selected from modulation format, number
of codes, and transmission rate. As previously discussed, Chen only teaches deriving the proper
power level for a subsequent high-speed transmission. With regard to claim 9, Appellants
respectfully disagree that the cited portions or any other portioné of the Chen reference disclose
or suggest a base station receiving channel quality information from a mobile, estimating channel
quality therefrom, and then calculating an amount of redundancy for retransmissions
accordingly. At most, Chen describes transmitting a new transmission to a mobile using a
previously stored power level for the link. This teaching is not at all the same or even suggestive
of using estimated channel quality to calculate an amount of redundancy for retransmission of a
previous transmission as claimed by Appellants.

In view of the foregoing, Appellants submit that Chen fails to describe, either expressly
or impliedly, each and every element of Appellants’ claims. As such, Appellants’ claims cannot
be anticipated by Chen. Accordingly, Appellants respectfully request that the Board reverse the

decision of the Examiner and grant allowance of claims 1 and 4-12.
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IX. CONCLUSION

Accordingly, for at least the aforementioned reasons, Appellants respectfully request that
the Honorable Members of the Board of Patent Appeals and Interferences reverse each of the
outstanding rejections, and allow each of the pending claims in connection with the present
application.

If necessary, the Commissioner is hereby authorized in this, concurrent, and future
replies, to charge payment or credit any overpayment to Deposit Account No.08-0750 for any
additional fees required under 37 C.F.R. § 1.16 or under 37 C.F.R. § 1.17; particularly, extension
of time fees. |

Respectfully submitted,

HARNESS, D, IERCE, P.L.C.

By: /

E/Curtin, Reg. No. 37,602
. Box 8910

estgn, Virginia 20195

(703) 668-8000

JEC:psy
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APPENDIX A

1. (Previously Presented) A method for transmitting channel quality
information in a wireless communication system comprising at least one base station and at least
one mobile station, the method comprising:

varying a rate for reporting channel quality information from a mobile station to a base
station as a function of the presence or absence of a reception of a data transmission at the
mobile station, wherein the mobile station reports channel quality information at a first rate in the
absence of a reception of a data transmission from the base station and, upon detection of a
reception of a data transmission from the base station, the mobile station reports channel quality
information at a second rate for a prescribed duration.

2. (Cancelled)

3. (Cancelled)

4. (Previously Presented) The method according to claim 1, wherein, upon
detection of a reception of a data transmission from the base station, the mobile station reports
channel quality information at a plurality of rates over a prescribed time period after detection of
the reception of a data transmission, wherein the plurality of rates are different than the first rate.

5. (Previously Presented) The method according to claim 4, wherein the
prescribed time period includes a plurality of time intervals such that the channel quality
information is reported at different ones of the plurality of rates during different ones of the
plurality of time intervals.

6. (Previously Presented) The method according to claim 1, wherein the

second rate is faster than the first rate.

Page 23

Page 149 of 409



Serial No. 10/002,746
Atty. Ref. 29250-002099/US/US

7. (Previously Presented) The method according to claim 1, further
comprising the step of estimating channel quality at the base station while the mobile station is
reporting at the second rate, wherein estimated channel quality is used to derive a transmission
format for a subsequent transmission.

8. (Original) The method according to claim 7, wherein the transmission format
includes one or more parameters selected from the group consisting of modulation format,
number of codes, and transmission rate.

9. (Previously Presented) The method according to claim 1, further
comprising the step of estimating channel quality at the base station while the mobile station is
reporting at the second rate, wherein estimated channel quality is used to calculate an amount of
redundancy needed for a retransmission of a previous data transmission.

10. (Original) The method according to claim 1, wherein the channel quality
information comprises a transmission rate calculated by the mobile station based on one or more
channel conditions.

11. (Previously Presented) A method for adapting the rate of reporting channel
quality information in a wireless communication system including at least one base station and at
least one mobile station, the method comprising:

reporting channel quality information from the at least one mobile station to the at least
one base station at a first rate in the absence of a reception of a data transmission at the at least

one mobile station; and
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in the presence'of a reception of a data transmission at the at least one mobile station,
adapting the rate for reporting channel quality information from the at least one mobile station to
the at least one base station from the first rate to a second rate for a prescribed duration.

12. (Original) The method according to claim 11, wherein the second rate is
faster than the first rate.

13. (Original) A method for transmitting channel quality information in a wireless
communication system including at least one base station and at least one mobile station, the
method comprising:

varying a rate for reporting channel quality information from a mobile station to a base
station as a function of the number of base stations that the mobile station is communicating
with.

14. (Original) The method according to claim 13, wherein the mobile station
reports channel quality information at a first rate when the mobile station is communicating with
one base station and wherein the mobile station reports channel quality information at a second

rate when the mobile station is communicating with a plurality of base stations.

15.  (Original)  The method according to claim 14 wherein the second rate is faster

than the first rate.
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CERTIFICATION OF FACSIMILE

IN THE UNITED STATES TRANSMISSION

PATENT AND TRADEMARK OFFICE | | hereby certify that this paper is being’
‘ facsimile transmitted to the Patent and
Trademark Office on the date shown

TN . ' | belo
tent Application : , -
| . Ao _2/ed
Arnab Das “Gregoiid. Murgia Date

Farooq Ullah Khan

- Case o 14-18
~ Serial No. 10/002,746
Filing Date ~ November 2, 2001 =~
Examiner  Thuan T. Nguyen
Group 2685
Title Variable Rate Channel Quality Feedback in a Wireless Communication System

" Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

AMENDMENT
Sir; . ' o ;
In response to the Office Action dated October 2, 2003, please enter the following
‘amendments and remarks in the above-identified application, in which:

Amendments to the claims begin on page 2 of this papef; and
Remarks begin on page 5 of this paper.
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In the Claims
Please substitute the following claims for those currently on file in the application:

1. (Currently Amended) A method for transmitting channel quality information in a. .

wireless communication system comprising at least one base station and at least one mobile
station, the method comprising: 4

~varying a rate for reporting channel quality inforfnation from a mobile station to a base
station as a function of the presence or absence of a reception of a data transmission at the ‘

“mobile station, wherein the mobile station reports channel quality information at a first rate in the .

absence of a reception of a data transmission from the base station and, upon detection of a

reception of a data transmission from the base station, the mobile station reports channel quality

information at a second rate for a prescribed duration.

2, (Canceled)
3. (Canceled)

4. (Currently Amended) The method according to claim 1, wherein—the—mebile

trapnsmission-from-the-base-station-and, upon detection of a reception of a data transmission
from the base station, the mobile station reports channel quality information at a plurality of
rates over a prescribed time period after detection of the reception of a data transmission,
wherein the plurality of rates are different than the first rate. A

5. (Currently Amended) The method according to claim 4, wherein the prescribed
time period includes a plurality of time intervals such that the channel quality information is

reported at different ones of the plurality of rates during different ones of the plurality of time

intervals.

6. (Currently Amended) The method according to claim 2 1, wherein the second
rate is faster than the first rate.

7. (Currently Amended) The method according to claim 6 1, further comprising the
step of estimating channel quality at the base station while the mobile station is reporting at the
second rate, wherein estimated channel quality is used to derive a transmission format for a
subsequent transmission.
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8.  (Original) The method according to claim 7, wherein the transmission format
includes one or more parameters selected from the group consisting of modulation format,
number of codes, and transmission rate.

9. (Currently Amended) The method according to claim 6 1, further comprising the
step of estimating channel quality at the base station while the mobile station is reporting at the
second rate, wherein estimated channel quality is used to calculate an amount of redundancy

needed for a retransmission of a previous data transmission.

10.  (Original) The method according to claim 1, wherein the channel quality
information comprises a transmission rate calculated by the mobile station based on one or
more channel conditions.

11.  (Currently Amended) A method for adapting the rate of reporting channel quality'
information in a wireless communication system including at least one base station and at least
one mobile station, the method comprising:

reporting channel quality information from the at least one mobile station to the at least -
one base station at a first rate in the absence of a reception of a data transmission at the at
least one mobile station; and

in the presence of a reception of a data transmission at the at least one mobile station,
adapting the rate for reporting channel quality information from the at least one mobile station to
the at least one base station from the first rate to a second rate for a prescribed duration.

12.  (Original) The method according to claim 11, wherein the second rate is
faster than the first rate.

13. (Original) A method for transmitting channel quality information in a wireless
communication system including at least one base station and at least one mobile stafion, the
method comprising:

varying a rate for reporting channel quality informAation from a mobile station to a base
station as a function of the number of base stations that the mobile station is communicating
with.
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14.  (Original) The method according to claim 13, wherein the mobile'station

reports channel qualify information at a first rate when the mobile station is communicating with

~ one base station and wherein the mobile station reports channel quality information at a second
rate when the mobile station is communicating with a plurality of base stations.

15.  (Original) The method according to claim 14 wherein the second rate is faster

than the first rate
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REMARKS

By this amendment, claims 1, 4-7, 9 and 11 have been amended and claims 2-3 have
been canceled. Accordingly, claims 1 and 4-15 are still pending in the application for further
consideration by the Examiner.
35 U.S.C. 102(b) Rejection

Claims 1-15 were rejected under 35 U.S.C. §102(b) as being anticipated by U.S. Patent
No. 6,067,458 (“Chen”). Claims 1, 4-7, 9 and 11 have been amended, claims 2-3 have been
canceled, and all rejections of the remaining claims are resbectfully traversed as set forth below.

Claims 1-12 '

Briefly, the Chen reference appears to be directed to controlling the power level of

transmissions between base stations and mobile stations and, in particular, to controlling power
for higher rate data transmissions. Applicants acknowledge that Chen describes and it is well
known for a mobile station to send power control information (e.g., messages) to a base station
corresponding to the measured power level received at the mobile station. Furthermore,
Applicants acknowledge that Chen describes how a variable rate vocoder is used to transmit
voice and/or data at a plurality of rates over a link, e.g., col. 6, lines 10 et seq.

However, Applicants respectfully submit that Chen does not teach or suggest every
limitation set forth in Applicants’ claims and, as such, does not anticipate Applicants’ claims.
Applicants’ claim 1, as amended, recites that the mobile station reports channel guality

information at a first rate in_the absence of a reception of a data transmission from the base

station and, upon detection of a reception of a data transmission from the base station, the

mobile station reports channel quality information at a second rate for a prescribed duration.

Independent claim 11 recites similar limitations.

Chen is only concerned with power control and, as such, only describes a mobile station
transmitting power_control_information to a base station, wherein power control information is
characterized throughout the specification as either a signal corresponding o the measured
power level, a signal or message indicating that the power level deviated from a predefined
threshold, or other similar variations of communicating the power information. By contrast,
Applicants’ independent claims 1 and 11 each recite the mobile station reporting channel quality
information to the base station, which Applicants respectfully submit is different than power
control information. While the Office Action references one statement in Chen (e.g., col. 14,
lines 35-39) in which the patentee obliquely mentions that the invention would be applicable to a
“communication system that operates in accordance with the claims to provide channel quality
monitoring and power control”, Applicants respectfully submit that this statement alone does not
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supply an anticipatory and enabling teaching for a mobile station reporting channe! quality
information in the manner in which it is now being claimed by Applicants.

Notwithstanding at least the above distinction, Applicants respectfully submit that Chen
also fails to teach or suggest varying the rate for reporting channel quality infbrmation from a
mobile station as a function of the absence or detection of a data transmission from the base

In FIG. 7 and the accompanying description in col. 11, lines 35 et Seq., Chen describes a
routine for changing power levels for sending data at a high rate after sending data at one of the
low rates. More specifically, Chen describes the base station operating at an idle rate, e.g.,
sending no voice/data to the mobile. After data is “presented to the base station” for a high rate
transfer to the mobile (col. 11, lines 49-50), the base station (step 330, FIG. 7) first sends a
signal to the mobile station to increase the bandwidth of the power control information
transmitted by the mobile (col. 11, lines 64-67). According to Chen, increasing power control
bandwidth causes powei' control information to be sent at a higher rate from the mobile (col. 11,
line 67 to col. 12, line 3). More specifically, Chen clearly discloses that the base station sends
an encoded signal to the mobile, which then decodes the signal and, in response thereto,
increases the bandwidth of its power control information, e.g., by transmitting one or more
power control messages per several frames (col. 12, lines 3-13). Chen describes that this
increased power control information is necessary to predict the power needed to then
subsequently transmit data at the higher data rate (col. 12, lines 14-62).

Again, in col. 13, lines 48 to col. 14, line 41, Chen describes generally that the routine
shown in FIG. 7 allows the mobile and base station to estimate and test the proper power level
before sending data at a higher rate and, in particular, that the transmission rate of power
control information can be increased from the mobile so that the base station can estimate the
proper power level for fransmitting subsequent frames of data at high rates to the mobile.
Consequently, all teachings in Chen describe increasing power control feedback from the
mobile based on_the base station sending a message or signal instructing such action in

preparation for a subsequent high data rate transmission.

By contrast, Applicants’ claimed invention sets forth a mobile station that changes its
rate of transmitting channel quality information based on the mobile’s detection of the absence
or presence of a data transmission from the base station. That is, the mobile station receives a

data transmission from the base station and, in response thereto, begins transmitting channel

quality information back to the base station at a second rate. Using the actual data transmission
from the base station as a trigger for the mobile station to change its rate of transmitting channel
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quality information back to the base station is quite different from-using a separate signalihg

" message from the base station to the mobile telling the mobile to transmit more power control

information (i.e., so that the base station can then adjust power for the subsequent hlgher speed
data transmission) as described by Chen.

Furthermore, Applicants respectfully submit 'that neither the cited portion of Chen (col. 6,
lines 18-48) nor any other porﬁon of the reference teaches or suggests a mobile station that,
upon detection of a reception of a data transmission, reports channel quality information at a -
second rate for a prescribed duration. In particular, Chen only teaches that the bandwidth, and

hence the rate of transmission, of power control information from the mobile station is increased
in response to the instruction from the base station. Chen fails to teach or suggest transmlttlng
this information at a different rate for a prescribed duration.

Among other advantages, transmitting channel quality information at a second‘ rate fora
prescribed duration as set forth in Applicants’ claims addresses the problem of delay with
respect to uplink transmissions (from the mobile) and downlink transmissions (from the base
station). In particular, there is delay with respect to the calculation of rate information by the

mobile during a time slot and the subsequent reporting of that rate (vis-a-vis channel quality

feedback) to the base station, see, e.g., Applicants’ specification on page 2, line 8-33. By way
of example, this delay can cause problems in adapting the rate of channel quality feedback (and
subsequent chang'esvto transmission rate), especially when dealing with the bursty nature of
data traffic (e.g., all packets may not come at once or in immediate succession). In particular,
reporting channel quality information at a second rate for a prescribed duration as claimed by
Applicants will solve the problem of undesirable (e.g., premature) switching back and forth
between rates just because there may be some gaps in packet transmission. By maintaining
transmission of channel quality information at a second rate for a prescribed duration as claimed
by Applicants, insignificant gaps in packet transmission will not trigger an unnecessary switch in
the feedback rate (see, e.g., Applicants’ specification, page 6, line 26 through page 7, line 27).
Applicants respectfully submit that there are no such teachings in Chen.

Because Chen fails to teach or suggest every recited limitation in claims 1 and 11 (as
amended), Applicants submit that Chen therefore does not anticipate claims 1 and 11'and_
respectfully request that the Examiner withdraw the rejections accordingly.

Because claims 4-10 and 12 each depend from respective base claims 1 or 11, these
dependent claims are therefore also believed to be allowable for the same reasons set forth
above for claims 1 and 11 as well as for other novel features therein.

Page 161 of 409



" Serial No. 10/002,746

With regard to claim 8, for example, Chen does not teach or suggest estimated channel
quality being used to derive a transmission format for a subsequent transmission, wherein the
transmission format includes one or more parameters selected from modulation format, number
of codes, and transmission rate. As previously discussed, Chen only teaches deriving the
proper power level for a subsequent high-speed transmission. That is, the base station receives
a data transmission that is to be transmitted at a higher rate (defined a priori) and, upon

receiving the power control information from the mobile station, the base station then adjusts the
power level to a proper level for transmission of the higher rate data transmission. As such,
there is no teaching in Chen for deriving modulation format, number of codes, and/or

transmission rate for a subsequent transmission after estimating channel quality based on

feedback from the moblle as is now being claimed by Applicants.

With regard to claim 9, Applicants respectfully disagree that the cited portions or any
other portions of the Chen reference teach or suggest a base station receiving channel quality
information from a mobiie, estimating channel quality therefrom, and then calculating an amount
of redundancy for retransmissions accordingly. At most, Chen describes transmitting a new

* transmission to a mobile using a previously stored power level for the link. This teaching is not

at all the same or even suggestive of using estimated channel quality to calculate an amount of
redundancy for retransmission of a previous transmission as claimed by Applicants.

Claims 13-15

Applicants also respectfully submit that Chen does not teach or suggest every limitation

recited in independent claim 13. The distinctions noted above for the Chen reference and
Applicants’ claims 1 and 11, relating to channel quality information as claimed by Applicants

versus power controf information as disclosed by Chen, apply equally to claim 13 and will not be
repeated here for sake of brevity. Furthermore, there are absolutely no teachings in Chen, nor
are any cited in the Office Action, that either expressly or impliedly suggest varying the rate for

reporting channel quality information as a function of the number of base stations that the
mobile is communicating with, as is recited in Applicants’ claim 13. This feature of Applicants’
claimed invention, which is particularly advantageous for handling “soft handoffs”, is supported
in Applicants’ specification, see, e.g., page 9, lines 1-22.

Because Chen does not teach or suggest each of the limitations recited in claim 13,
Applicants’ submit that the Chen reference therefore does not anticipate claim 13 and
respectfully request that the Examiner withdraw the rejection accordingly. Because claims 14
and 15 depend from claim 13, these dependent claims are therefore also believed to be
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allowable for the same reasons set forth above for claim 13 as well as for other novel features
therein. ‘
Conclusion _

In view of the foregoing, Applicants believe that all pending claims stand in condition for
allowance. Accordingly, Applicants respectfully request reconsideration of the application and
passage of the case to issue. Any questions can be directed to the Applicants’ attorney at the
number below. ,

Respectfully submitted,

By: /&H/’f'\ /’L) -l
“Gregofy4d, Murgia
Reg. No. 41,209

Attorney for Applicants
(732) 949-3578

Lucent Technologies Inc.
Date: __ /2 /¢
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E] An extension of ( ) month(s) for responding to the Final Rejection was
previously requested and paid for on . Thus a fee of $ is required.

] Applicant claims small entity status. See 37 C.F.R. § 1.27.

The Government fee for filing a Notice of Appeal to the Board of Appeals is calculated as
follows:

X]  Large entity - $500.00
(]  Small Entity - $250.00
Therefore, the TOTAL FEE due for the filing of this Notice of Appeal is $2,660.
Payment of the above TOTAL FEE is being made in the following manner:
X Check in the amount of $4,160.00 is enclosed (this also includes a Petition to Revive fee).

] Please charge Deposit Account No. 08-0750 in the amount of $0.00. A triplicate copy of
this sheet is attached.

If necessary, the Commissioner is hereby authorized in this, concurrent, and future
replies, to charge payment or credit any overpayment to Deposit Account No. 08-0750 for any
additional fees required under 37 C.F.R. §§1.16 or 1.17; particularly, extension of time fees.

Respectfully submitted,

HARNESS, DICKEY & PIERCE, P.L.C.

By

Jo 7 Curtin, Reg. No. 37,602
P.O. Box 8910

Reston, Virginia 20195
JEC:psy (703) 668-8000
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The Commissioner has already been authorized to charge fees in this
application to a Deposit Account.
The Commissioner is hereby authorized to charge any fees which may be required,
or credit any overpayment, to Deposit Account Number
| have enclosed a duplicate copy of this sheet.
| am the [] applicant/inventor.

O OoOoo O

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

[ attorney or agent under 37 CFR 1.34(a).
Registration number if acting under 37 CFR 1.34(a).

January 10, 2005

Date ( Signature
John E. Curtin, Reg. No. 37,602

Typed or printed name

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

[ “Total of forms are submitted.

Burden Hour Statement: This form is estimated to take 0.1 hours to complete. Time will vary depending upon the needs of the individual case. Any
comments on the amount of time you are required to complete this form should be sent 1o the Chief Information Officer, U.S. Patent and Trademark
Office, Washington, DC 20231. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Assistant Commissioner for
Patents, Washington, DC 20231.

01/11/2005 ZJUHARY 00000016 10002746

02 FC:1255

2160.00 0P
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. I f b Y1404/ 200 1s:us LULEMT TECHNDLOGIES IPB + +317035583200 | HO.672 (es2

- BEST AVAILABLE COPY

PATENT
ATTORNEY DOCKET NO. 29250-002099/US

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

APPLICANTS: Amab DAS etal CONF.NO.: 3832
SERIAL NO.: 56/002,746 © GROUP: 2685
; FILED: November 2, 2001 * EXAMINER: Thuan T. Nguyen
| FOR: VARIABLE RATE CHANNEL QUA.LITY FEEDBACK IN A

WIRELESS COMMUNICATION SYSTEM

REVOCATION OF POWER OF ATTORNEY, SUBSTITUTE POWER OF ATTORNEY,
AND CHANGE IN CORRESPONDENCE ADDRESS

" U.S. Patent and Trademark Office
220 20th Street S. '
Customer Window _

* Crystal Plaza Two, Lobby, Room 1B03
Arlington, VA 22202

. Dear Sir:

The Assignee of the above-identified patent application, Lucent Technologies, Inc.

having a business office at 600 Mountain Avenue, P.O. Box 636, Murray Hill, NJ 07974-0636, as
‘ cvidenced by the recordation at Reel 012354 and Frame 0991, hereby revokes any and all previous
powets of attome? for the above-idendfied patent application or jssued patent, and hereby appoints
the firms of Harness, Dickey & Pierce, P.L.C. and Lucent Technologies as the attorneys of the
Assignee to receive all correspondence relating to the above-identified application or patent and to
transact all business in the United States Pat.ent and Trademark Office connected therewith, with vfull
power of substtution and revocation, and the Assignee radfies any act done by vthe Assignee’s
artorneys in respect of this patent. The new correspondence address is:

HARNESS, DICKEY & PIERCE, P.1..C.

P.O. Box 8910
Reston, VA 20195
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l j Ylduds 2003 13iug LULEMT TECHNULUISLES [MB 5 +317836688200 NO.672 0233

BEST AVAILABLE COPY U.S. Serial No. 10/002,746°

Customer Number 30594

The undersigned (whose title is supplied below) is empowered to sign this Revocation and
Substitute Power of Attorney on behalf of the Assignee.

T hereby declare that all statements made ht:ré'm of my own knowledge are true, and that all
statements made on information and belief are belicved to be true; and further that these statements
were made with the knowledge th;t willful false statements and the like so made are punishable by
fine or impnisonment, or both, under Section 1001 of Title 18 of the United States Code, and that

such willful false statements may jeopardize the validity of the application or any patent issued

thereon.
([1os | Heser | oS
Date » < 7Y ] Signarté

Gregory J. Murgia

(e (el

Title
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Please type a plus sign (+) inside this box —# +

DA #HES

HDP/SB/21 based on PTO/SB/21 (08-00) W

TRANSMITTAL
FORM

be used for all correspondence after initial filing)

Application Number

10/002,746

Filing Date

November 2, 2001

Inventor(s)

Arnab DAS et al.

Group Art Unit

2685

Examiner Name

Thuan T. Nguyen

Attorney Docket Number

ENCLOSURES (check all that apply)

29250-002099/US

& Fee Transmittal Form
IX Fee Attached

D Amendment

D After Final

|:| Affidavits/declaration(s)

E Extension of Time Request

[[] Express Abandonment Request

E] Information Disclosure Statement

D Assignment Papers
(for an Application)

D Letter to the Official Draftsperson and
— Sheets of Formal Drawing(s)

D Licensing-related Papers

& Petition

[ petition to Convertto a
Provisional Application

& Power of Attorney, Revocation
Change of Correspondence Address

D Terminal Disclaimer
[:] Request for Refund
[[] co, Number of CD(s)

D After Allowance Communication to
Group

[CJ LETTER SUBMITTING APPEAL
BRIEF AND APPEAL BRIEF (w/clean
version of pending claims)

IE Appeal Communication to Group
(Notice of Appeal, Brief, Reply Brief)

l:] Proprietary information

[:] Status Letter

D Other Enclosure(s)
(please identify below):

[ certified Copy of Priority
Document(s)

Remarks

l:l Response to Missing Parts/
Incomplete Application

D Response to Missing
Parts under 37 CFR

1.52 or 1.53
SIGNATURE OF APPLICANT, ATTORNEY, OR AGENT
Firm
" . Attorney Name Reg. No.
or Harness, Dickey & Pier .C. .
Individual name )7 ///‘// John E. Curtin 37,602

Signature / /%
Date Janu, y/10, 2005
\ ‘__/
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. PTO/SB/7 (12-04)
¢ * . Approved for use through 07/31/2006. OMB 0651-0032
U.5. 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.

F E E TR AN S M ITTAL Application Number 10/002,746
fO r FY 2005 Filing Date November 2, 2001

First Named Inventor | Arnab DAS et al.

Complete if Known

Effective 10/01/2004. Patent fees are subject to annual revision.

\ \\ Examiner Name Thuan T. Nguyen
3\;&\ ﬂi] Applicant claims small entity status. See 37 CFR 1.27 | art unit 2685
\'-.,” e \TOTAL AMOUNT OF PAYMENT | ($) 4,160 Attorney Docket No, | 29250-002099/US )
*e
METHOD OF PAYMENT (check all that apply) FEE CALCULATION (continued)
) 3. ADDITIONAL FEES
& Check [J Creditcard [] f\éozey [0 Other [J None Large Entity  Small Entity
rder
it nt: Fee Fee Fee  Fee
00 Deposit Account Code  (5) Code (5) Fee Description Fee Paid
Deposit 1051 130 2051 65 Surcharge - late filing fee or oath
Account 08-0750 1052 50 2082 25 Surcharge - late provisional filing fee
Number or cover sheet.
1053 130 1053 130  Non-English specification
Deposit 1812 2520 | 1812 2,520 For filiny inati
y . $ s g a request for reexamination
Q(;c"?gnt Hamess, Dickey & Pierce, PLC 1804 920* 1804 920*  Requesting publication of SIR prior to
Examiner action
The Director is authorized to: (check all that apply) 1805  1,840°| 1805 1,840" Requesting publication of SIR after
[ Charge fee(s) indicated below [ Credit any overpayments Examiner action

[J Charge any additional fee(s) during the pendency of this application 1251 120 2251 60 Ext § Iy within first th
[0 Charge fee(s) indicated below, except for the filing fee ensfon or repywA !n irst mon
to the above-identified deposit account. 1252 450 2252 225 Extension for reply within second

month
FEE CALCULATION 1253 1020 | 2253 510  Extension for reply within third month
1. BASIC FILING FEE 1254 1,500 | 2254 795 Extension for reply within fourth
Large Entity | Small Entity month
Fee Fee | Fee Fee Fee Description 1255 2,160 | 2255 1080  Extension for reply within fifth month | 2,160
Code (8} Code ($) Fee Paid 1401 500 2401 250 Notice of Appeal 500
1011 300 | 2011 150  Utility filing fee 1402 500 2402 250 Filing a brief in support of an appeal
1012 200 | 2012 100 Design filing fee 1403 1000 | 2403 500  Request for oral hearing
1013 200 | 2013 100  Plant filing fee 1452 500 2452 250 Petition to revive — unavoidable
1014 300 | 2014 150  Reissue filing fee 1453 1500 | 2453 750  Petition to revive - unintentional 1500
1005 200 | 2005 100 Provisional filling fee 1501 1400 2501 700 Utility issue fee (or reissus)
1502 800 2502 400 Design issue fee
SUBTOTAL (1) 1460 130 | 1460 130  Petitions to the Commissioner
2. EXTRA CLAIM FEES FOR UTILITY AND REISSUE 1807 50 1807 50 Processing fee under 37 CFR 1.17 (q)
Extra Fee from Fee 1806 180 1806 180  Submission of Information Disclosure
Claims below Pald 2“"‘ " h oatent assi "
[ 20" = i nt assign
o e B T | foer w0 | w21 40 porpropery (imes mumborat
Claims Ij | X I properties)
1809 790 2809 395 Filing a submission after final rejection
Multiple I:' I:] (37 CFR § 1.129(a))
Dependent : © 11810 790 2810 395 For each additional invention to be
Large Entity Small Entity examined (37 CFR § 1.129(b))
zz% . :;e)e Zif, . g;e Fee Descrintion 1801 790 2801 395 :gag;?st for Continued Examination
- 1202 50 2202 25 Claims in excess of 20 Other tes (specify)
1201 200 2201 100 Independent claims in excess of 3 *Reduced by Basic Filing Fee Paid SUBTOTAL (3) | ($)4,160 |
1203 360 2203 180 I:{lultigle de?andem claim, if not paid 4. SEARCH/EXAMINATION FEES
- 1204 200 | 2204 100 origﬁ"jf;:é“rﬁape""e"’ claimsover |11 500 | 2111 250 Utility Search Fes
~ Reis ims i f20and 1112 100 2112 50 Design Search Fee
1205 50 2205 25 over or?gf\;f:ar?:nlt" eeese 1113 300 2113 150 Plant Search Fee

1114 500 2114 250 Reissue Search Fee
SUBTOTAL (2) 1311 200 | 2311 100  Utility Examination Fee
1312 130 2312 65 Design Examination Fee
1313 160 2313 80 Plant Examination Fee

1314 600 2314 300 Reissue Examination Fee
“or number previously paid, if greater; For Fl;‘hges, S8 0 SUBTOTAL (4) I ($)0 [
ya

(SUBMITTED B8Y / / / / Complets (if applicable)

Registration No.
Name (Print/Type) John E. Cyftin (Attorney/Agent) 37,602 Talephone (703) 668-8000
 Signature / / [M\ Date January 10, 2005

. Jnformation on this form may become public. Credit card information should not be
on this form. Provide credit card information and authorization on PT0-2038.
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Q\PE &, | MAIL STOP PETITION

L

= PATENT
w1t g
- Q/'
Y IN THE U.S. PATENT AND TRADEMARK OFFICE
& TRADEY-
APPLICANT: Arnab DAS et al.
APPL. NO.: 10/002,746
FILED: November 2, 2001
FOR: VARIABLE RATE CHANNEL QUALITY FEEDBACK IN A
WIRELESS COMMUNICATION SYSTEM
PETITION TO REVIVE AN UNINTENTIONALLY ABANDONED
APPLICATION UNDER 37 C.F.R. §1.137(b)
U.S. Patent and Trademark Office January 10, 2005
220 20" Street S.

Customer Window Mail Stop PETITION
Crystal Plaza Two, Lobby, Room 1B03
Arlington, VA 22202

Sir:

The above-identified application became abandoned for applicant’s unintentional failure
to timely respond throughout duration of entirety to the Examiner’s Final Office Action dated
May 5, 2004,

APPLICANT HEREBY PETITIONS FOR REVIVAL OF THIS APPLICATION

1. Petition Fee

Small Entity - fee $ (37 CFR 1.17(m))
Small Entity Statement enclosed herewith.

Small Entity Statement previously filed.
_X Other than Small Entity - fee $1,500.00 (37 C.FR 1.17(m))

00016 10002746

1/2005 ZJUKARL 000
o 1500.00 0P

03 FC:1453
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Application Serial No. 10/002,746
Docket No. 29250-002099/US

2. Reply and/or Fee

A. The filing fee (no reply is necessary) of $ :
has been filed previously on
is enclosed herewith.

B. The issue fee of $
has been paid previously on
is enclosed herewith.

3. Terminal Disclaimer with disclaimer fee

X__ Since this utility/plant application was filed on or after
June 8, 1995, no terminal disclaimer is required.

___ A Terminal Disclaimer (and disclaimer fee (37 CFR 1.20(d)) of
$ for a small entity or for other than a small
entity) equivalent to the number of months from
abandonment to the filing of this petition.

4. Statement. The entire delay in filing the required reply from the due
date for the reply until the filing of a grantable petition under
37 CFR 1.137(b) was unintentional.

As of this date, no Notice of Abandonment has been received from the U.S. Patent
and Trademark Office.

If necessary, the Commissioner is hereby authorized in this, concurrent, and future
replies, to charge payment or credit any overpayment to Deposit Account No. 08-0750 for any
additional fees required under 37 C.F.R. § 1.16 or under 37 C.F.R_471.17; particularly, extension
of time fees.

January 10, 2005

Date Sfe

(703) 668-8000 John E. Curtin

Telephone Number Reg. No. 37,602
P.O. Box 8910

Reston, Virginia 20195
(703) 668-8000

Enclosure: ~ Fee Payment
2
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fid justeent dates 04
0171172003 ZJUHARY

02 FC:1255

' ) PTOISB/22 (10-00)
Appraved for use through 10/31/2002. OMB 0851-0031
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Aeduction Act oi 1995, no persons ara required 1o 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) 29250-002099/US
In re Application of Amab DAS et al. '

Application Number 10/002,746 I Filed November 2, 2001

For VARIABLE RATE CHANNEL QUALITY FEEDBACK IN A
WIRELESS COMMUNICATION SYSTEM

Group Art Unit Examiner
2685 Thuan T. Nguyen

.

"Applicant(s) hereby petition(s) for an extension of five (r) month(s) pursuant to 37 C.F.R. §§ 1.17
and 1.136(a).

The fee has been calculated as shown below:

[ NO extensions of time have been previously obtained for responding to the Final Rejection. Thus
afee of $2,160.00 is required for the full p_enod of the above-requested extension of time,

[0 An extension of () month(s) for responding to the Final Rejection was previously
requested and paid for on . Thus a fee of $0.00 is required to obtain an additional ()
month(s) for filing the .

Applicant claims small entity status. See 37 CFR 1.27. Therefore, the fee amount shown
above is reduced by one-half, and the resulting fee is: $
A check in the amount of the fee is enclosed.

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

The Commissioner has already been authorized to charge fees in this

application to a Deposit Account,

The Commissioner is hereby authorized to charge any fees which may be required,
or credit any overpayment, to Deposit Account Number
| have enclosed a duplicate copy of this sheet.

| am the [] applicant/inventor.

a oo a

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

[ attorney or agent under 37 CFR 1.34(a).
Registration number if acting under 37 CFR 1.34(a).

January 10, 2005

{
rap/2005 @KELLEY Date .Signature
16 1 745 Alle Wi x ShIRGI2U0% Fatiiy Ll FaLaSATal
000000z Oe{—}gigo.OO o ’ ‘:i‘:..(;&()m() u.‘aze. et s AMOHRE. Curtin, Reg. No. 37,602
' rls SR04 Y=Fitigd ofprinted name

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

[ *Total of forms are submitted.

Burden Hour Statement: This form is estimated to take 0.1 hours to complate. Time will vary depanding upon the needs of tha individual case. Any
comments on the amount of time you are required to complete this form should be sent to the Chief Information Officer, U.S. Patent and Trademark
Office, Washington, DC 20231. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TQ: Assistant Commissioner for
Patents, Washington, DC 20231,

01/11/2005 ZJUHARE 00000016 10002746

02 FC:1255

2160.00 0P
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————

UNITED S S DEPARTMENT OF COMMERCE

Patent and Trademark Office

Address: COMMISSIONER OF PATENTS AND TRADEMARKS
Wadhington, DC. 20231

| APPLICATION NUMBER | FILING DATE | FIRST NAMED APPLICANT | ATTORNEY DOCKET NO. |

to/ o024l

L EXAMINER ' B

NGs(eN TV
[ ART UNIT ] PAPER NUMBER_J
DATE MAILED:
INTERVIEW SUMMARY
All participants (applicant, applicant’s representative, PTO personnel):
a_obal  CURT @
@[ T é;.ﬁi‘é)zf Al @

Date of Interview f ZZ., /O L{~

Type: DTelephonic @[P,ersonal (copy is given to Dapplicant plicant's representative).

Exhibit shown or demonstration conducted: [JYes EINo If yes, brief description:

i
Agreement ] was reached. [“Iwas not reached.

Claim(s) discussed: !

Identification of prior art discussed: (}gzﬁ'm

Description of the general nature of what was agreed to if an agreement was reached or any other comments:

/fym({i.;k‘{ 5 %,x:{«g 414, /‘f: ‘”i{ " Q,/,ﬁ(,(r(j.,,ﬁ{/ («V%‘;&{_;g /’éf"’*.@&{“ '{ & Uﬁf“{”hﬁ;ﬂ@w
é’"i{'*“ ffr’v’ ot ""‘W\@g f%w-& e iﬂ/wz/i{ ,J He Eonertocrr 4 z"/'f‘”l/f{ﬁ ’ﬁw‘?« tomn
y
Lt Ur.qm“ < tb%ﬂ/{) VL A}(’ﬂ%) M & éz&l‘f md«mmr{‘ wméﬁ@{”l? [‘«

b, 7 , .
(M'ﬁ r{é‘ijﬁ,r ‘}i"‘ly{ qﬁ«f@‘[,&j’t’ {4)&«{}’& fl ol %Q ‘Jﬁ)(%lﬂrzgﬁ«.&‘ {’ml»ﬁ'l‘ /{?ﬁ,& . . C&E‘;}r”(&{ .

il
o
2t Loy,

,*{1% o w"wﬁ{;?? I
( A fuller description, if necessary, and a copy of the amendments, if available, which the examiner agreed would render t ims allowable -
must be attached. Also, where no copy of the amendments which would render the claims allowable is available, a summary thereof must bet’

attached.) :9{,“**%}5‘ mig .
1. {Z{ It is not necessary for applicant to provide a separate record of the substance of the interview.

Unless the paragraph above has been checked to indicate to the contrary. A FORMAL WRITTEN RESPONSE TO THE LAST OFFICE ACTION
IS NOT WAIVED AND MUST INCLUDE THE SUBSTANCE OF THE INTERVIEW. (See MPEP Section 713.04). If a response to the last Office

action has are ready been filed, APPLICANT IS GIVEN ONE MONTH FROM THIS INTERVIEW DATE TO FILE A STATEMENT OF THE
SUBSTANCE OF THE INTERVIEW.

2. [ since the Examiner’s interview summary above (including any attachments) reflects a complete response to each of the objections,
rejections and requirements that may be present in the last Office action, and since the claims are now allowable, this completed form
is considered to fulfill the response requirements of the last Office action. Applicant is not relieved from providing a separate record of
the interview unless box 1 above is also checked.

Examiner Note: You must sign this form unless it is an attachment to another form. .~

FORM PTOL-413 (REV.1-96)_ ;j\? “, 25?@\ i'i?/"’/l\ /TéWT.NGUYEN

g/ﬂ.i;yln{,f(/ " PATENT EXAMINER
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. 8B-B6B4 16:31 HOLMDEL. IP LAW » USPTO NO.@11 Pa3

CERTIFICATION OF FACSIMILE .
TRANSMISSION E 4

) hereby cartify that this paper is being
facsimile transimitted to the Patent and

IN THE UNITED STATES Trasemark Office on the dats shown
PATENT AND TRADEMARK OFFICE below.
| Sobsz ity
) G . Mirgia Date
PATENT APPLICATION '
nventor(s): Arnab Das : \ REC
Faraog Ullah Khan CENTRAL EJXE&TER
Case Nams/No.: 14-18 AUG 0 2004
Serial No.: 10/002,746 Group At Unit: 2685
Filing Date: Novamber 2, 2001 Examiner: T.Nguyen O F F
Title: Variable Rate Channel Quality Feedback In A Wireless
Communication System
COMMISSIONER FOR PATENTS
P.O. BOX 1450
ALEXANDRIA, VA 22313-1450
Fi IME_U 3 1 al

SIR:

Applicants petition the Commissioner for Patents to extend the period for filing a reply in the
abova-identified application for:

ona month (37 CFR 1.17(a)(1)).

Please charge Lucent Technologlies Deposit Account No. 12-2325 In the amount of
$110.00 to cover the cost of the extension. In the event of non-payment or improper
payment of a required fes, the Commissioner is authorized to charge or to credit Deposit
Account No. 12-2328 as required fo correct the error. Duplicate copies of this petition are

enclosed.
94 InE inna I l
LEA0E/2006 Lpw i BECRGOT Aenamy qoapeoa o
S X - lRLaEd o 100unTAg
N S H | 130,06 ga

ouer__ L16104

R Lucant Tachnologlas inc.

' 101 Crawfords Comer Road
Room 3J-218

) Holmde), Now Jersey 07733-3030

. o7 Q10 16N :
PAGE 3112* RCVD AT 8162004 5:57:45 At [Eastern Dayfight ﬁme] * SVR:USPTO-EFXRF-10 * DNIS:720308 " CSD:7 320400102 DURATION (mm-55):0344

~
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

Www.uspto.gov

| APPLICATION NO. | FILING DATE l FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. I
10/002,746 11/02/2001 Amab Das 14-18 3832
7590 11/04/2004 [ EXAMINER I

Docket Administrator (Room 3J-219)
Lucent Technologies Inc.

101 Crawfords Corner Road

Holmdel, NJ 07733-3030

NGUYEN, THUAN T

I ART UNIT I PAPER NUMBER |

2685

DATE MAILED: 11/04/2004

Please find below and/or attached an Office communication concerning this application or proceeding.

PTO-90C (Rev. 10/03)
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UNITED STATES DEPARTMENT OF COMMERCE

Patent and Trademark Oflice

Address: COMMISSIONER OF PATENTS AND TRADEMARKS
Washington, D.C. 20231

|_semal numser | rng pate | FIRST NAMED APPLICANT " | ATTORNEY DOCKET NO. |

i
i
I

DATE MAILED:

Below is a comrﬁunlcafion from the EXAMINER In charge of this application
COMMISSIONER OF PATENTS AND TRADEMARKS

ADVISORY ACTION
E( THE PERIOD FOR RESPONSE:
-
a) is extended to run or continues to run 3 Uws . from the date of the final rejection

b) E( expires three months from the date of the final rejection or as of the mailing date of this Advisory Action, whichever is later. In no
event however, will the statutory period for the response expire later than six months from the date of the final rejection.

Any extension of time must be obtained by filing a petition under 37 CFR 1.136(a), the proposed response and the appropriate fee.
The date on which the response, the petition , and the fee have been filed is the date of the response and also the date for the
purposes of determining the period of extension and the corresponding amount of the fee. Any extension fee pursuant to 37 CFR
1.17 will be calculated from the date of the originally set shortened statutory period for response or as set forth in b) above.

O Appellant's Brief is due in accordance with 37 CFR 1.192(a).

0

Applicant's response to the final rejection, filed has been considered with the following effect, but it is not deemed

to place the application in condition for allowance:
1 ’m/ﬁ\—é' proposed amendments to the claim and /or specification will not be entered and the final rejection stands because:

a.{_] There is no convincing showing under 37 CFR 1.116(b) why the proposed amendment is necessary and was not earlier
presented

b. [} They raise new issues that would require further consideration and/or search. (See Note)
c. [] They raise the issue of new matter. (See Note).

d M They are not deemed to place the application in better form for appeal by materially reducing or simplifying the issues for
appeal.

. (] They present additional claims without cancelling a corresponding number of finally rejected claims.

NOTE:

2. [7] Newly proposed oramendedclaims . would be allowed if submitted in a separately filed amendment cancelling
the non-allowable claims.

3. ﬁ Upon the filing an appeal, the proposed amendment l:] will be entered ‘E]/will not be entered and the status of the claims will
be as follows:

Claims allowed: ____MNONE.
Claims objectod to: __INONE.
Claims rejected: ___{ ' ank 4—15~

However;

(] Applicant's response has overcome the following rejection(s):

4. M The aHidavit-exhibi-or request for re
9 wo

e A s J ﬂ.'\;z i a
, e Foned cffica aBis o furflely » om, @l (O liets (257
5. [] The dffidavit or exhibit will not be considered because applicant has not shown aood and sufficent reasons why it was not earlier \L

presented. d’r He BS, ricaves S‘STQ,& A (IV 150“1’:7#%&'@&@%
[ The proposed drawing comrection [ ] has [] has not been approved by the examiner. P

(] other A 2698 WAAD 7 URBAN
SUPErASCS PATENT EXAM
“0GY CTNTER

£R

e
[P

PTOL-303 (REV. 5-89) “U.S. GPO: 1997-417-381/62704
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[ s &//{QS’{

IN THE UNITED STATES
PATENT AND TRADEMARK OFFICE

Inventor(s):  Arnab Das

Farooq Ullah Khan RECEIVE

Case: 14-18 : AUG 2 4 2004
Serial No.:  10/002746 Technology Center 2600
Filing Date: November 2, 2001 ‘

Examiner: T.Nguyen - Group Art Unit: 2685

Title: Variable Rate Channel Quality Feedback In A Wireless

Communication System

COMMISSIONER FOR PATENTS
P.O. BOX 1450
ALEXANDRIA, VA 22313-1450

SIR:

INFORMATION DISCLOSURE STATEMENT
PETITION AND CERTIFICATION UNDER 37 CFR 1.97(d)

The Commissioner is hereby petitioned to consider the enclosed Information Disclosure
Statement.

In accordance with 37 CFR 1.97(d), the enclosed Information Disclosure Statement, with
attached reference(s), is submitted for consideration in the above-identified application.

| certify that each item of information contained in the Information Disclosure Statement
was cited in a communication from a foreign patent office in a counterpart foreign
application not more than three months prior to the filing of this statement. Copies of the
listed documents are enclosed together with the search report that listed these
documents.
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Please charge the amount of $180.00 to Lucent Technologies Deposit Account No.
12-2325. Duplicate copies of this letter are enclosed.

Respegtfully, )
/c% A /< (T

Gregory J. Myfgia, Attorney
Reg. No. 41209

Date: f/ 16/0¢ 732-949-3578

Docket Administrator (Room 3J-219)
Lucent Technologies Inc.

101 Crawfords Corner Road

Holmdel, NJ 07733-3030
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TO: Examiner Thuan T. Nguyen : G 06 2004
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PHONE: 703-308-5860
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FROM: Gregory J. Murgla
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Lucent Technologies Inc.
PHONE: (732) 949-3578
FAX: (732) 949-0102
DATE: August B, 2004
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IN THE UNITED STATES
PATENT AND TRADEMARIX OFFICE
PATENT APPLICATION

Amab Das
Farooq Ullah Khan

CASE 14-18
Serial No. 10/002748 Group Art Unit 2685
Flled November 2, 2001

Examiner T. Nguyen
Title Variabie Rate Channel Quality Feedback In A Wireless Communication System

COMMISSIONER FOR PATENTS
P.O. BOX 1450
ALEXANDRIA, VA 22313-1450

SIR:
Enclosed is an amendment in the above-identified application,

NO ADDITIONAL FEE REQUIRED

in the event of non-payment or improper payment of a required fee, the Commissioner is
authorized to charge or to credit Depasit Account No. 12-2325 as required to correct the error,

* » Respectiully,
, %.%gia)&omey
Reg. No, 44209

pate: __ /é /94/ 732-049-3578,

Oocket Administrator {Room 3J-219)
Lucent Technologies Inc.,

101 Crawfords Corner Road
Holmdel, NJ 07733-3020

Cevtifigation of Facsimile Traosmission
oy S —— . -
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Serial No. 10/002,746 OF F IC I AL RESPONSE UNDER 37 CFR
1.116 EXPEDITED PROCEDURE
- EXAMINING GROUP 2685 ~
IN THE UNITED STATES
PATENT AND TRADEMARK OFFICE
CERYIFICATION OF FACSIMILE
Patent Application TRANSMISSION
Inventors Arnab Das ' | hen:ebly Y that this paper Is being
facsimile transmitted to the Patent and
Farooq Uliah Khan Trader:'\ark Office on the :ate shown
beljow.
Serial No.  10/002,746 ‘ 4" Grog8i/ 3. vidroia o'ém ;i -
Filing Date  Novembear 2, 2001

Examiner Thuan T. Nguyen

Group 2685
Title Variable Rate Channel Quality Feedback in a Wireless Communication System

Commissioner for Patents

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

as A Final Unde! 1.116
Sir: )

In response to the Final Office Action dated May 5, 2004, Applicants respectfully request
entry and consideration of this response, in which:

Listing of Claims begin on page 2 of this paper; and
Remarks begin on page 4 of this paper.
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Listing of Claims

1. (Previously Presented) A method for transmitting channe! quality information in a
wireless communication system comprising at least ona base station and at least one mobile
station, the method comprising: ’

varying a rate for reporting channel quality information from a mobile station to a base
station as a function of the presence or absence of a reception of a data transmission at the
maobile station, wherein the mobile station reports channe! quality information at a first rate in the
absence of a reception of a data transmission from the base station and, upon detection of a
raception of a data transmission from the base station, the mobile station reports channel quality
information at a second rate for a prescribed duration.

| 2. {Canceled)
3. (Canceled)

¢ 4 (Previously Presented) The method according to claim 1, wherein, upon
" detection of a reception of a data transmission from the base station, the mobile station reports

channel quality information at a plurality of rates over a prescribed time period after detection of
the reception of a data transmission, wherein the plurality of rates are different than the first
| rate.
"' 5. {Previously Presented) The method according to claim 4, wherein the prescribed
time period includes a plurality of time intervals such that the channel quality information is
reparted at different ones of the plurality of rates during different ones of the plurality of time
intervals.

6. (Previously Presented) The method acéording to claim 1, wherein the second
i rate is faster than the first rate.

7. {Previously Presented) The method according to claim 1, further comprising the
step of estimating channel quality at the base station while the maobile station is reporting at the
second rate, wherein estimated channel quality is used to derive a transmission format for a
I' subsequent transmission. o

8. {Criginal) The method according to claim 7, wherein the transmission format
includes one or more parameters selected from the group consisting of modulation format,
number of codes, and transmission rate.

J
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9. {Praviously Presented) The method aooordirig to claim 1, further comprising the
step of estimating channel guality at the base station while the mobile station is reporting at the
second rate, wherein estimated channel quality Is used fo calculate an amount of redundancy
needed for a retransmission of a previous data transmission. '

10. (Original) The method according to claim 1, wherein the channel quality
information comprises a transmission rate calculated by the mobile station based on one or
more channel conditions,

11. (Previously Presented) A methad for adapting the rate of reporting channel
quality information in a wireless communication system including at least one base station and
at least one mobile station, the method comprising: ‘

reporting channel quality information from the at least one mobile station to the at least
ong base station at a first rate in the absence of a reception of a data transmission at the at
least one mobile station; and

in the presence of a recaption of a data transmission at the at leafst one maobile station,
adapting the rate for reporting channet quality information from the at least one mobile station to
the at least one base station from the first rate to a second rate for a prascribed duration. '

12.  (Original) The method accarding to claim 11, wherein the second rate is faster
than the first rate.

13. (Original) A method for transmitting channel quality infarmation in a wireless
communication system including at least one base station and at least one maobile station, the

method comprising:
varying a rate for reporting channel quality information from a maobile station to a base

station as a function of the number of base stations that the mobile station is communicating
with.

14, (Original) The method according to claim 13, wherein the mohile station reports ’
channel quality information at a first rate when the mobile station is communicating with one

base station and wherein the mabile station reports channel quality information at a second rate
when the mobile station is communicating with a plurality of base stations.

16.  (Original) The method according to claim 14 wherein the second rate is faster
than the first rate

3
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REMARKS

Claims 1 and 4-15 remain pending in the application for further consideration by the
Examiner. Applicants respectfully request that the Examiner enter this response after Final
Office Action since it is believed that the remarks provided herein overcome all rejections and
that the application stands in condition for allowance.
35 U.S.C. 102(b) Rejection

Claims 1 and 4-15 were rejected under 35 U.S.C. §102(b) as being anticipated by U.S.
Patent No. 6,067,458 (“Chen"). Aﬂ rejections are traversed for the reasons set forth below.

Claims 13-15

Applicants submit that claims 13-15 are not anticipated by Chen. As a preliminary
matter, neither the Final Office Action nor the previous Office Action sets forth with any
particularity how the specific limitations recited in these claims are anticipated by Chen. in both
Office Actions, the rejection of claims 13-15 was supported only by reference to the reasons
used for rejection of claims 1-10 in the Office Action without any acknowledgement of the
differant, additional limitations in claims 13-15. Secondly, the Final Office Action did not
address Applicants' arguments provided in the previous Office Action response with regard to

. the distinctions between claims 13-15 and the Chen reference. Accordingly, Applicants

Page

respectfully submit that entry of this Response After Final Is appropriate for at least this reason.

Most importantly, Applicants submit that claims 13-15 are not anticipated by Chen
because each and every element of claims 13-15 is not described, either expressly or impliedly
by Chen. For example, there are absolutely no teachings in Chen that either expressly or
impliedly suggest varying the rate for reporting channel quality information as a_function of the
number of base stations that the mobile is communicating with, as recited in Applicants’ claim
13. This feature of Applicants’ claimed invention, which is particularly advantageous for
handiing “soft handoffs”, is supported in Applicants’ specification, see, e.g., page 9, lines 1-22.
Because Chen does not teach or suggest each of the limitations recited in claim 13, Applicants’
submit that the Chen reference therefore does not anticipate claim 13 and respectfully request
that the Examiner withdraw the rejection accordingly. Because claims 14 and 15 depend from
claim 13, these dependent claims are therefore also believed to be allowable for the same
reasons set forth above for claim 13 as well as for other novel features therein.

ims o |

Applicants submit that claims 1 and 4-12 are not anticipated by Chen because each and
every element of claims 1 and 4-12 is not described, either expressly or impliedly by Chen.
Contrary to the Examiner's assertion otherwise, both in the statements of the rejections and in

4
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response to Applicants’ arguments from the previous Qffice Action response, Applicants submit
that Chen does not describe, either exprassly or impliedly, at least the following (imitations
recited in Applicants' claim 1 (and claim 11 which has similar limitations):

+ maobile station reports channel quality information at a first rate in the absence of a

reception of a data transmission from the base station; and

» upon detection of a reception of a data fransmission from the base station, the
mobile station reports channel quality information at a second rate for a pmggggg

duration.

Chen is concerned with adjusting the appropriate power level for transmitting data in
order to avoid data loss, to extend battery life in a mobile, and so on. Power control, as
described by Chen, is important especially for higher rate data transmissions because
transmitting data at higher rates requires higher power (see, e.g.. col. 3, lines 40-47 and col. 6,
lines 49-59). In one embodiment, Chen describes a mobile {receiver) being instructed by the
base station to send more power control information (e.g.. at a higher rate) for a specified time
period preceding the data transmission, so that appropriate adjustments to power can be made
by the base station before sending the high rate data transmission to the mobile (see, e.g., col.
3, lines 48-54). In yet another embodiment, Chen describes the case where: 1) the link can be
operating at the ldie rate; 2) that data is then received at the base station for subssguent
transmission to the mobile; 3) that the base station instructs the mobile to send more powaer
control information (e.g., on the reverse link);, and 4) thereafter, the base station adjusts its
power level and then seggg the data transmission at a higher rate to the mobile (see, e.g., col.
11, line 40 to col. 13, line 10).

These teachings are quite different from Applicants’ claimed invention. As recited in
claim 1, a mobile sends channel quality feadback to a base statian at different rates depending
on whether there is an absence or presence of a @Mmmm_ﬂ_mw
mabile. That is, the trigger for changing the rate of channel quality feedback from the maobile to
the base station is whether there is a data transmission received by the mobile from the base
station. Using the actual data transmission from the base stalion as a trigger for the mobile
station to change its rate of transmitting channel quality information back to the base station, as
claimed by Applicants, is quite different from the teachings of Chen. In Chen, the rate of
transmission of power control information over the reverse link (assuming for argument
purposes that the power control information is “feedback”) is varied as a function of the mobile
receiving an instruction from the base station before (i.e., in preparation of) the base station
sending the data transmission to the mobile. Accordingly, Chen does not teach varying

5
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feedback from the mobile based on the absence or presence of a data transmission from the
base station to the mobile.

Furthermare, Applicants respectfully submit that Chen fails to teach or suggest, contrary
to the Examiner's assertion otherwise, a mobile station that, upon detection of a reception of a
data transmission, reports channel quality information at a second rate for a prescribed duration.
in particutar, Chen only teaches that the bandwidth, and hence the rate of transmission, of
power control information from the mobile station is increased in response to the instruction
from the base station. Chen is silent about transmitting this information at a different rate for a
prescribed duration.

Referring now to the Examiner's responses to Applicants’ previous arguments in
conjunction with Chen’s FIG. 7 and accompanying description (col. 11, line 40 to col. 14, line
20), portions of which are cited in the Examiner's response to Applicants’ arguments, Applicants
respectfully submit that routine 300 described by Chen must be viewed in a larger context
instead of any panticular step in isolation. As described for step 320, data is “presented” to the
base station for a high rate transfer to the mabile. Step 330 recites “tell the receiver to increase
bandwidth of power control information about forward Jink”. Note that Chen does not teach that
data transmission occurs yet, but only that the base station and mobile are preparing for such
data transmission by one instructing the other to increase the rate of sending power control
information so that appropriate power adjustments can be made to support the subsequent data
transmission. Subsequent steps, including step 360, describe the adjustments then made to the
forward link (i.e., power) culminating in the subsequent data transmission from the base station
to the mobile in step 380. ,

Step 360, in particular, recites “control the power level of the transmitter using fow, full or
high rates...to set the correct high rate power level for the transmitter”. As described throughout
the speciﬁcation'. Chen is referring specifically to the process that occurs hefore any data
transmission occurs, whether it's via the forward link from base station to mobile as described in
the embodiments, or whether its via the reverse link as inferred by the Examiner in the Office
Action. Acoordingly. Chen does not describe or even suggest varying the rate of channel quality
feedback from the mobile to the base station as a function of the mobile receiving the data
transmission from the base station. Instead, Chen only describes the base station receiving
data for subsequent transmission to the mobile and, to prepare for such transmission,
instructing the mobile to vary the rate of feedback (power control information) from the mobile to
the base station so that appropriate power levels can be set at the base station before sending
the data transmission to the mabile.

8

PAGE 9112 RCVD AT 81612004 5:57:45 PH [Eastemn Dayfight Time] * SVR:USPTO-EF XRF-110 * DNIS:8729306* CSID:7320490102* DURATION (mm-ss).0344

Page 188 of 409

pes



~

08-/06-84

16:31 HOLMDEL IP LAW > USPTO NO.@11

Serial No. 10/002,746

With respect to the Examiner's response to Applicants' arguments from the first Office
Action, Applicants respectfully disagree with the Examiner’s interpretation and characterization
of the teachings in Chen at col. 13, lines 20-65 and lines 55-85 in particular. This portion of
Chen (or any other portion for that matter) does not describe varying the rate for reporting
channel quality information from a mobile to a base station as a function of the absence or
detection, by the mobile, of a data transmission from the base station, contrary to the
Examiner's assertion otherwise.

Applicants do agree generally with the Examiner’s statement that Chen teaches that the
mobile [and base station] can estimate and then test the proper power level necessary to send
data at the high rate. However, this statement simply reinforces the fact that Chen teaches a
mobile and base station exchanging and adjusting power control information (estimating,

testing, etc) prior to the actual high rate data transmission occurring between the mobile and the
base station. This is quite different than Applicants’ claimed invention in which the rate of the

channel quality information provided by the mobile is varied based on the presence or absence

of the data transmission from the base station to the mobile.

Moreover, the cited portion of disclosure from Chan at col. 13, lines 20-65 (see lines 20-
32 in particular), describe a completely different scheme than that being claimed by Applicants.
For example, in this cited portion, Chen discloses that the base station stores a power level that

was praviously measured when data was previously sent and the base station simply recalls a
previous power level for a subsequent data transmission. Here, Chen is not even describing

“varying the rate of any power control information feedback from the mobile to the base station.

Page

With regard to the cited portion of Chen at col. 13, lines 33-40 discussing the situation of
a transmission that is to occur via the reverse link from mobile to base station, Applicants again
must disagree with the Examiner’s characterization of the Chen teaching as being anticipatory
of Applicants’ claimed invention. Chen is describing a sltuation in which the reverse link is
operating at idie (e.g., 1/8" rate) and “data is received for transmission_glong the reverse (ink”
(emphasis added). Applicants submit-that, upon careful reading and consistent with the entire
disclosure in Chen, this statement simply refers to data being received at the mobile (e.g., from
a user) for subsequent transmission along the reverse link (i.e.. to the base station as the
Examiner points out). That is, this embodiment refers somewhat to the converse of preceding
embodiments, wherein here the mobile receives data for subsequent transmission to the base
station (but not from the base station) and, in response, the mobile increases to the full rate thus
increasing the feedback bandwidth to the base station. Again, this embodiment in Chen s stil

7
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is not the same as a mobile, in response to a data_transmission from the base station, varying
the rate of channel quality feedback, as claimed by Applicants.

Finally, while the Examiner appropriately acknowledges that the teachings in Chen are
primarily directed toward the control being effected on the base station side, Applicants do not
agree with the inferences or conclusions being drawn with respect to the capabilities of a mobile
station in the context of the Chen teachings. In particular, the Examiner states that, in the
context of the Chen teachings, the mobile station can have “its own capability in detecting the
status of the bage station in order to request or adjust to the appropriate power levels necessary
whether to send data or channel quality reports back to the base station at a low rate or at a
high rate" (emphasis added).

First, Applicants do not at all agree that Chen suggests this capability for a mobile (or a
base station for that matter) and respectfully invite the Examiner to specifically point out how the
teachings in Chen support such an interpretation. Instead, Applicants submit that the
capabilities of a mobile are more aocurately summarized by what Applicants stated previously.
That is, consistent with the teachings of Chen as a whole, the capablhtles to infer for the mobile
would be that, in 5 5 (10 z
station, that the mobile may adjust its rate of transmission of power control information to the
base station. As stated previously by Applicants, this is quite different than a mobile adjusting
its channe! quality feedback based on the presence or absence of a ggggjmmmﬂgn_t_rmmg
base station {e.g., over the forward link).

Moreover, Applicants respectfully submit that such general and liberal extensions of the
teachings in Chen are not only unsupported by the disclosure in Chen, but are also not sufficient
to establish a case for anticipation in which each and every element of the claimed invention
must be found in Chen, which Applicants believe not to be the case for all the reasons set forth

hereinabove.

Bacause Chen falls to teach or suggest each and every recnted limitation in claims 1 and
11, Applicants submit that Chen therefore does not anticipate claims 1 and 11 and respectfully
request that the Examiner withdraw the rejections accordingly. Because claims 4-10 and 12
each depend from respective base claims 1 or 11, these dependent claims are therefore also
believed 1o be allowable for the same reasons set forth above for claims 1 and 11 as well as for
other novel features therein that are not disclosed by Chen.

With regard to claim 8, for example, Chen doss not teach or suggest estimated channel
quality being used to derive a transmission format for a subsequent transmission, wherein the
transmission format includes one or more parameters selected from modulation format. number

8
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of codes, and transmission rate. As previously discussed, Chen only teaches deriving the
proper power level for a subsequent high-speed transmission. With regard to claim 9,
Applicants respectfully disagree that the cited portions or any other portions of the Chen
reference teach or suggest a base station receiving channel quality information from a mobile,
estimating channel quality therefrom, and then calculating an amount of redundancy for
retransmissions accordingly. At most, Chen describes transmitting a new transmission to a
mobile using a previously stored power level for the link. This teaching is nat at all the same or
even suggestive of using estimated channel quality to calculate an amount of redundancy for
retransmission of a previous transmission as claimed by Applicants. '

In view of the foregoing, Applicants submit that Chen fails to describe, either expressly
or impliedly, each and every element of Applicants’ claims and, as such, Applicants' claims are
not anticipated by Chen. Accordingly, Applicants’ respectfully request entry of this Response
After Final, reconsideration, and withdrawal of the rejections of claims 1 and 4-15.

Conclusion

Applicants believe that all pending claims stand in condition for allowance. Accordingly,
Applicants eamnestly solicit a Notice of Allowance. Any questions can be directed to the
Applicants’ attorney at the number below.

Respecitfully submitted,

By: - ///W' 9‘”

re urgia
Reg. No. 41,209
‘Attorney for Applicants
(732) 949-3578
Lucent Techpolggies Inc.
Date: /é (}4
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‘. Application No. . “ Applicant(s)
' 10/002,746 DAS ETAL.
Office Action Summary Exarminer At Unit
THUAN T. NGUYEN 2685

-- 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) 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 the period for reply specified above is less than thirty (30) days, a reply within the statutory minimum of thirty (30) days will be considered timely. .
- 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) filedon
2a)X] This action is FINAL. 2b)[] This action is non-final.
3)[] 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 O0.G. 213.

Disposition of Claims

4)X Claim(s) 1 and 4-15 is/are pending in the application.
4a) Of the above claim(s) is/are withdrawn from consideration.
5)] Claim(s) ___is/are allowed.
8)X Claim(s) 1, 4-15 is/are rejected.
7)[] Claim(s) ______is/are objected to.
8)[] Claim(s) _____ are subject to restriction and/or election requirement.

Application Papers

9)["] The specification is objected to by the Examiner.
10)[[] 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).
11)J The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.S.C. § 119

12)[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
a)JAl b)]Some * ¢)[] None of:
1.0 Certified copies of the priority documents have been received.
2] 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) [:] Notice of References Cited (PTO-892) 4) I___] Interview Summary (PTO-413)
2) [[] Notice of Draftsperson's Patent Drawing Review (PTO-948) Paper No(s)/Mail Date. ___.
3) [[J information Disclosure Statement(s) (PTO-1449 or PTO/SB/08) 5) ] Notice of Informal Patent Application (PTO-152)
Paper No(s)/Mail Date 6) (] Other:
U.S. Patent and Trademark Office
PTOL-326 (Rev. 1-04) Office Action Summary Part of Paper No./Mail Date 6
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DETAILED ACTION
Remark

1. Claims 2-3 were canceled in the amendment dated 2/2/04.

Claim Rejections - 35 USC 102
2. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that
form the basis for the rejections under this section made in this Office action:
A person shall be entitled to a patent unless --
(b) the invention was patented or described in a printed publication in this or a foreign
country or in public use or on sale in this country, more than one year prior to the date of
application for patent in the United States.
3. Claims 1, and 4-15 are rejected under 35 U.S.C. 102(b) as being anticipated by
Chen (U.S. Patent No. 6,067,458).
Regarding claim 1, Chen discloses a method for transmitting channel quality
information in a wireless communication system with at least a base station and at least
a mobile station (Fig. 2), the method comprising varying a rate for reporting channel
quality information from a mobile station to a base station as a function of the presence
or absence of a reception of a transmission at the mobile station (see col. 6/lines 10-48
for varying rate information exchange between mobile station and base station, in idle
time or absence of a reception of a data transmission at the mobile station, rate is
communicated at the eighth rate, and higher rate is used when voice or data
communicating between these two components; and col. 13/lines 48-65 as mobile
station communicates to base station & col. 14/lines 32-42 for channel quality monitoring
and control). Chen further discloses the mobile station reports channel quality

information at an idle rate (or the eighth rate) and either at a first rate set and a second
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rate set in the absence and in the presence of a transmission from the base station,
respectively, and upon the detection of the absence and presence of the transmission
from the base station (col. 6/lines 18-48; and col. 13/lines 20-65, see Examiner's
discussion in the Conclusion afterward).

As for claim 4, in view of claim 1, Chen discloses a plurality of rates over a
prescribed time period after the detection of reception of a data transmission,
particularly, ranging from a first rate set for transmitting speech data up to a second rate
set of 64 kbps for exchanging voice and other data (col. 6/lines 29-48 & col. 13/lines 48-
51).

As for claim 5, in view of claim 4, Chen discloses a plurality of rates can be
transmitted or reported at different ones of the plurality of rates on a reverse link from the
mobile station to the base station during different ones of the plurality of time intervals
(Figs. 1A- F shows an example within one time interval of 20ms, and col. 2/line 53 to
col. 3/line 3).

As for claim 6, in view of claim 1, Chen further discloses that the second rate is
faster than the first rate, i.e., the second rate either at the first rate set or at the second
rate set is faster than the first rate at idle time (or at the eighth rate, see col. 6/lines 18-
48).

As for claim 7, in view of claim 1, Chen further discloses that the base station
determines the channel quality collected from the mobile station for deriving a
transmission format for a next transmission (col. 13/line 55 to col. 14/line 20).

As for claim 8, in further view of claim 7, Chen further includes within the

transmission format one or more parameters selected from the group consisting of
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modulation format, number of codes, and transmission rate (col. 12/line 22 to col. 13/line
40).

As for claim 9, in view of claim 6, Chen further addresses the calculation an
amount of redundancy needed for a retransmission of a previous transmission by using
a routine 300 in recalculating the necessary step whether to use the previous
transmission or not (Fig. 7, and col. 11/lines 40-63 & col. 13/lines 20-33 for recalled or
previously stored power transmission control setting).

As for claim 10, in view of claim 1, Chen further discloses wherein the channel
quality information comprises a transmission rate calculated by the mobile station based
on one or more channel conditions (col. 12/line 63 to col. 13/line 47 for more additional
conditions can be collected by the base stations).

As for claims 11-15, these claims for same limitations are rejécted for the

reasons given in the scope of claims 1-10 as already disclosed above.

Response to Arguments
4, Applicant's arguments filed on 2/02/04 have been fully considered but they are not
persuasive.

Applicants mainly concerns and argues that Chen does not teach or suggest the step of
varying the rate for reporting channel quality information from a mobile station to a base station
as a function of the absence or detection of a data transmission the base station, which in fact,
Chen does disclose this feature. On column 13, lines 20-65, Chen teaches that, for instance, at
step 360, as the mobile station can estimate and then test the proper power level necessary
before sending data at high rates (col. 13/lines 55-65). Before this step or this suggestion, it

suggests that the mobile station has its own capability in detecting the idle status or not from the
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base station because “the reverse link” can be detected whether at “idle” or not (col. 13/lines 33-
40), and to any one of ordinary skill in the art, “the reverse link” refers to the communication link
or signal transmitting from the mobile station to the base station, whereas “the forward link”
means the reverse process. Chen tends to lean much for details on the base station side for
power level control in most parts of the reference because the base station is the controller in
the wireless communication systems, but it does not mean the mobile station does not have its
own capability in detecting the status of the base station in order to request or adjust to the
appropriate power levels necessary whether to send data or channel quality reports back to the
base station at a low rate or at a high rate (as already discussed in the Office Action).
Therefore, the Examiner disagrees with the Applicants’ arguments and stands with the

disclosure and teaching of Chen as disclosed and discussed in this Final Office Action.

Conclusion
5. Applicant's amendment necessitated the new ground(s) of rejection presented in this
Office action. Accordingly, THIS ACTION IS MADE FINAL. See MPEP § 706.07(a). Applicant
is reminded of the extension of time policy as set forth in 37 CFR 1.136(a).

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 ac;tion 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 date of this

final action.
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6. Any response‘to this action should be mailed to:
Commissioner of Patents and Trademarks
Washington, D.C. 20231
or faxed to:
(703) 872-9306, (for Technology Center 2600 only)
Hand-délivered responses should be brought to Crystal Park I,
2121 Crystal Drive, Arlington. VA., Sixth Floor (Receptionist).
7. Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Tony Thuan Nguyen whose telephone number is (703)
308-5860. The examiner can normally be reached on Monday-Friday from 9:30 AM to
7:00 PM, with alternate Fridays off.
If attempts to reach the examiner by telephone are unsuccessful, the examiner s
supervisor, Edward Urban, can be reached at (703) 305-4385.
Any inquiry of a general nature or relating to the status of this application or
proceeding should be directed to the Technology Center 2600 Customer Service

Office whose telephone humber is (703) 306-0377.

TONY T.NGUYEN .
PKTENT EXAMINER , TS &

Tony T. Nguyen
Art Unit 2685
April 30, 2004
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CASE 14-18
Serial No. 10/002746 Group Art Unit 2685
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Examiner T.Nguyen |
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i AMENDMENT
Sir:

In response to the Office Action dated Qctober 2, 2003, please enter the following
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Please substitute the following claims for those currently on file in the application:—

1. (Currently Amended) A method far transmitting channe! quality information in a
wireless communication system comprising at least one base station and at least one mobile
station, the method comprising:

varying a rate for reporting channel quality information from a mobile station to a base
station as a function of the presence or absence of a reception of a data transmission at the
mobile station, wherein the mobile station reports channel quality information at a first rate in the

absence of a reception of a data transmission from the base station and, upon detection of a
reception of a data transmijssion from the base station, the mobile station reports channsl quality
information at a second rate for a prescribed duration.

2, {Canceled)
3. (Canceted)

4. (Currently Amended) The method according to claim 1, wherein-the—mebile

ry oot fym e Py gy - h ntonn R0 - et . e g o pa ey OISR T TV Tl WL

tranemission-from-tho-base-station-and, upon detaction of a reception of a data transmission
from the base station, the mobile station reports channel quality information at a plurality of
rates over a prescribed time period after detection of the reception of a data transmission,
wherein the plurality of rates are different than the first rate.

5. {Currently Amended) The method according to claim 4, wherein the prescribed
time perlod includes a plurality of time intervals such that the channel quality information is
reported at different ones of the plurality of rates during different oneg of the plurality of time
intervals.

6. (Currently Amended) The method according to claim 2 1, wherein the second
rate is faster than the first rate.

7. {Currently Ainended) The method according to claim 6 1, further comprising the
step of estimating channel quality at the base station while the mobile station is reporting at the
second rate, wherein estimated channel quality is used to derive a transmission format for a
subsequent transmission.

2
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8. {Original) The method according to claim 7, wherein the transmission format
includes one or more parameters selected from the group consisting of modulation format,
number of codes, and transmission rate.

9. (Currently Amended) The methad according to claim € 1, further comprising the
step of estimating channel quality at the base station while the mobile station is raporting at the
second rate, wherein estimated channel quality is used to calculate an amount of redundancy
neaded for a retransmission of a previous data transmission.

10.  (Original) The method according to ctaim 1, wherein the channel quality
\ information comprises a transmission rate calculated by the mobile station based on one or
more channel conditions.

11.  (Curvently Amended) A method for adapting the rate of reporting channel quality
information in a wireless communication system including at least one base station and at least
one mobile station, the method comprising:

reporting channel quality information from the at least one mobile station to the at least
one base station at a first rate in the absence of a reception of a data transmission at the at
least one mobile station; and ) )

in the presence of a reception of a data transmission at the at least one mobile station,
adapting the rate for reporting channel quality information from the at least one mobile station to‘
the at least one base station from the first rate to a second rate for a prescribed duration.

12.  (Original) The method according to claim 11, wherein the second rate is
faster than the first rate.

] 13, (Original) A method for transmitting channel quality information in a wireless
., communication system including at least one base station and at least one mobile station, the
! method comprising:

." varying a rate for reporting channel quality information from a mobile station to a base
station as a function of the number of base stations that the mobile station is communicating
H with,

3
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14.  (Original) The method according to claim 13, wherein the mobile station
reports channal quality information at a first rate whan the mobile station is communicating with
one base station and wherein the mobile station reports channel quality information at a second
rate when the mobile station is communicating with a plurality of base stations.

\
@ 15.  (Original) The method according to claim 14 wherein the second rate is faster
than the first rate

4
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REMARKS

By this amendment, claims 1, 4-7, 9 and 11 have been amended and claims 2-3 have
been canceled. Accordingly, claims 1 and 4-15 are still pending in the application for further
consideration by the Examiner.

35 U.5.C. 102(b) Rejection

" Claims 1-15 were rejected under 35 U.S.C. §102(b) as being anticipated by U.S. Patent
No. 6,067,458 (“Chen"). Claims 1, 4-7, 9 and 11 have been amended, claims 2-3 have been
canceled, and all rejections of the remaining claims are respectfully traversed as set forth below.

Claims 1-12

Briefly, the Chen reference appears to be directed to controlling the power level of
transmissions between base stations and mobile stations and, in particular, to controlling power
for higher rate data transmissions. Applicants acknowledge that Chen describes and it is wefl
known for a mobile station to send power control information (e.g., messages) to a base station
corresponding to the measured power level received at the mobile station. Furthermore,
Applicants acknowledge that Chen describes how a variable rate vocoder is used to transmit
voice and/or data at a plurality of rates over a link, e.g., col. 6, lines 10 et seq.

Howaver, Applicants respectfully submit that Chen does not teach or suggest every
limitation set forth in Applicants’ claims and, as such, does not anticipate Applicants' claims.,
Applicants’ claim 1, as amended, recites that the mobile station reports channel guality
information at a first rate in the absence of a reception of a data_transmission from the base
station and, upon detection of a reception of a data transmission from the base station, the
maobile station reports channel quality information at a_second rate for a prescribed duration.
independent claim 11 recites similar limitations.

Chen is only concerned with power control and, as such, only describes a mobile station
‘ transmitting power_control information to a base station, wherein power control information is

characterized throughout the specification as either a signal corresponding to the measured
i| power level, a signal or message indicating that the power level deviated from a predefined
: threshold, or other similar variations of communicating the power information. By contrast,
: \ Applicants’ indépendent claims 1 and 11 each recite the mobile station reporting channel quality
information to the base station, which Applicants respectfully submit is different than power
control information. While the Office Action references one statement in Chen (e.g., col. 14,
lines 35-39) in which the patentee obliquely mentions that the invention would be applicable to a
| *communication system that operatas in accordance with the claims to provide channel quality
monitoring and power control”, Applicants respectfully submit that this statement alone does not

~m—a g c——

g
.o, 5
. PAGE 8/12* RCVD AT 2/2/2004 10:36:21 PM [Eastern Standard Time] * SVR:USPTO-EFXRF-1/0 * DNIS: 8729314 * CSID:7329490102 * DURATION (mm-5s):03-38

Page 207 of 409



\

02,602,084 22:13 HOLMDEL IP LAW < USPTO ND.523

' Serial No. 10/002,746

supply an anticipatory and enabling teaching for a mobile station reporting channel quality
information in the manner in which it is now being claimed by Applicants.

Notwithstanding at least the above distinction, Applicants respectfully submit that Chen
also fails to teach or suggest varying the rate for reporting channet quality information from a
mobile station as a function of the absence ot detection of a data transmission from the hase

station.

in FIG. 7 and the accompanying description in col. 11, lines 35 et seq., Chen describes a
routine for changing power levels for sending data at a high rate after sending data at one of the
low rates. More specifically, Chen describes the base station operating at an idle rate, e.g..
sending no voice/data to the mobile. After data is "presented to the base station™ for a high rate
transfer to the mobile (col. 11, linas 49-50), the base station (step 330, FIG. 7) first sends a
signal to the mobile station to increase the bandwidth of the power control information
transmitted by the mobile (col. 11, lines 64-67). According to Chen, increasing power controf
bandwidth causes power control information to be sent at a higher rate from the mobile {col. 11,
line 67 to col. 12, line 3). More specifically, Chen clearly discloses that the base station sends
an encoded signal to the mobile, which then decodes the signal and, in response thereto,
increases the bandwidth of its power control information, e.g., by transmitting one or more
power control messages per saveral framas (col. 12, lines 3-13). Chen describes that this
increased power control information is necessary to predict the power needed to then
subsequently transmit data at the higher data rate (col. 12, lines 14-62).

Again, in col. 13, lines 48 to col. 14, line 41, Chen describes generally that the routine
shown in FIG. 7 allows the mobile and base station to estimate and test the proper powsr level
before sending data at a higher rate and, in particular, that the transmission rate of power
contro! information can be increased from the mobile so that the base station can astimate the
praper power level for transmitting subsequent frames of data at high rates to the mobile.

. Consequently, all teachings in Chen describe increasing power control feedback from the

mobile based on the base station sending a message or signal instructing such _action_in
preparation for a subsequent high data rate transmission.

By contrast, Applicants’ claimed invention sets forth a mobile station that changes its
rate of transmitting channel quality information based on the mobile’s datection of the absence

or presence of a data transmission from the base station. That is, the mobile station receives a
data transmission from the base station and, in response thereto, begins transmitting channe!
quality information back to the base station at a sacond rate. Using the actual data transmission

from the base station as a trigger for the mobile station to change its rate of transmitting channel

6
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quality information back to the base station is quite different from using a separate signaling
message from the base station to the mobile telling the mobile to transmit more power control
information (i.e., so that the base station ¢an then adjust power for the subsequent higher speed
data transmission) as described by Chen.

Furthermore, Applicants respactfully submit that neither the cited portion of Chen (col. 6,
lines 18-48) nor any othar portion of the reference teaches or suggests a mobile station that,
upon detection of a reception of a data transmission, reports channel quality information at a
second rate for a prescribed duration. In particular, Chen only teaches that the bandwidth, and
henca the rate of transmission, of power control infarmation from the mobile station is increased
in response to the instruction from the base station. Chen fails to teach or suggest transmitting
this information at a different rate for a prescribed duration.

Among other advantages, transmitting channel quality information at a second rate for a
prescribed duration as set forth in Applicants' claims addresses the problem of delay‘ with
respect to uplink transmissions (from the mobile) and downlink transmissions (from the base

station). In particular, there is delay with respect to the calculation of rate information by the

mobile during a time slot and the subsequent reporting of that rate (vis-a-vis channel quality
feedback) to the base station, see, e.g., Applicants' specification on page 2, line 8-33. By way
of example, this delay can cause problems in adapting the rate of channel quality feedback (and
subssquent changes to transmission rate), especially when dealing with the bursty nature of
data traffic (e.g., all packets may not come at once or in immediate succession). In particular,
reporting channel quality information at a second rate for a prescribed duration as claimed by
Applicants will solve the problem of undesirable (e.g., premature) switching back and forth
between rates just because there may be some gaps in packet transmission. 'By maintaining
transmission of channel quality information at a second rate for a prescribed duration as claimed
by Applicants, insignificant gaps in packet transmission will not trigger an unnecassary switch in
the feedback rate (see, e.9., Applicants’ specification, page 6, line 26 through page 7, line 27).
Applicants respectfully submit that there are no such teachings in Chen.

Because Chen fails to teach or suggest every recited limitation in claims 1 and 11 (as
amended), Applicants submit that Chen therefore does not anticipate claims 1 and 11 and
respectfully request that the Examiner withdraw the rejections accordingly.

Because claims 4-10 and 12 each depend from respective base claims 1 or 11, these
dependent claims are therefore also believed to be allowable for the same reasons set forth
above for claims 1 and 11 as well as for other novel features therein,

7
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With regard to claim 8, for example, Chen does not teach or suggest estimated channel
quality being used to derive a transmission format for a subsequent transmission, wherein the
transmission format includes one or more parameters selected from modulation format, number
of codes, and transmission rate. As previously discussed, Chen only teaches deriving the
proper power level for a subsequent high-speaed transmission. That is, the base station receives
a data transmission that is 1o be transmitted at a higher rate (defined & priori) and, upon
receiving the powsr contro! information from the mobile station, the base station then adjusts the
power level to a proper level for transmission of the higher rate data transmission. As such,
there Is no teaching in Chen for deriving modulation format, number of codes, andlor
transmission rate for a subsequent transmission after estimating channel quality based on
feedback from the mobile, as is now being claimed by Applicants.

With regard to claim 9, Applicants respectfully disagree that the cited portions or any
other portions of the Chen reference teach or suggest a base station recaiving channel quality
information from a mobile, estimating channel quality therefrom, and then calculating an amount

of redundancy for retransmissions accordingly. At most, Chen describes transmitting a new

transmission to a mobile using a previously stored power level for the tink. This teaching is not
at all the same or even suggestive of using estimated channel quality to calculate an amount of
radundancy for retransmission of a previous transmission as claimed by Applicants.

Claims 13-15

Applicants also respectfully submit that Chen does not teach or suggest every limitation
recited in independent claim 13. The distinctions noted above for the Chen reference and
Applicants’ claims 1 and 11, relating to channel quality information as claimed by Applicants
versus power control information as disclosed by Chen, apply equally to claim 13 and will not he
repeated here for sake of brevity. Furthermore, there are absolutely no teachings in Chen, nor
are any cited in the Office Action, that either expressly or impliedly suggest varying the rate for
reporting channel quality information as_a function of the number of basg stations that the
mpbile is communicating with, as Is recited in Applicants’ claim 13. This feature of Applicants’
claimed invention, which is particularly advantageous for handling “soft handoffs”, is supported
in Applicants’ specification, see, e.9., page 9, lines 1-22.

Because Chen does not teach or suggest each of the limitations recited in claim 13,
Applicants’ submit that the Chen reference therefore does not anticipate clam 13 and
respectfully request that the Examiner withdraw the rejection accordingly. Because claims 14
and 15 depend from claim 13, these dependent claims are therefore also believed to be

8
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allowable for the same reasons set forth above for claim 13 as well as for other novel features
therein.
Conclusion

In view of the foregoing, Applicants believe that all pending claims stand in condition for
allowance. Accordingly, Applicants respectfully request reconsideration of the application and
passage of the case to issue. Any questions can be directed to the Applicants’ attorney at the

number below.
Respectfully submitted,

By: 2 ‘
Gregofyd. Murgia

Req. No, 41,209
Attorney for Applicants
(732) 949-3578
Lucent Technologies Inc.
Date: __ 212 /oY
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DETAILED ACTION

Claim Rejections - 35 USC § 102
1. The following is a quotation of the appropriate paragraphs of 35
U.S.C. 102 that form the basis for the rejections under this section made in this
Office action:
A person shall be entitled to a patent unless --
(b) the invention was patented or described in a printed publication in this or a

Jforeign country or in public use or on sale in this country, more than one year
prior to the date of application for patent in the United States.

2. Claims 1-15 are rejected under 35 U.S.C. 102(b) as being anticipated by
Chen (U.S. Patent No. 6,067,458).

Regarding claim 1, Chen discloses a method for transmitting channel
quality information in a wireless communication system with at least a base
station and at least a mobile station (Fig. 2), the method comprising varying a rate
for reporting channel quality information from a mobile station to a base station
as a function of the presence or absence of a reception of a transmission at the
mobile station (see col. 6/lines 10-48 for varying rate information exchange
between mobile station and base station, in idle time or absence of a reception of a
transmission at the mobile station, rate is communicated at the eighth rate, and
higher rate is used when voice or data communicating between these two
components; and col. 13/lines 48-65 as mobile station communicates to base

station & col. 14/lines 32-42 for channel quality monitoring and control).
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As for claims 2 and 3, in view of claim 1, Chen discloses the mobile
station reports channel quality information at an idle rate (or the eighth rate) and
either at a first rate set and a second rate set in the absence and in the presence of
a transmission from the base station, respectively, and upon the detection of the
absence and presence of the transmission from the base station (col. 6/lines 18-48
as discussed above in claim 1).

As for claim 4, in view of claim 1, Chen discloses a plurality of rates over
a prescribed time period after the detection of reception of a transmission,
particularly, ranging from a first rate set for transmitting speech data up to a
second rate set of 64 kbps for exchanging voice and other data (col. 6/lines 29-48
& col. 13/lines 48-51).

As for claim 5, in view of claim 4, Chen discloses a plurality of rates can
be transmitted on a reverse link from the mobile station to the base stafion ina
plurality of time intervals (Figs. 1A- F shows an example within one time
interval of 20ms, and col. 2/line 53 to col. 3/line 3).

As for claim 6, in view of claim 2, Chen further discloses that the second
rate is faster than the first rate, i.e., the secohd rate either at the first rate set or at
the second rate set is faster than the first rate at idle time (or at the eighth rate, see
col. 6/lines 18-48).

As for claim 7, in view of claim 6, Chen further discloses that the base

station determines the channel quality collected from the mobile station for
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deriving a transmission format for a next transmission (col. 13/line 55 to col.
14/line 20).

As for claim 8, in further view of claim 7, Chen further includes within the
transmission format one or more parameters selected from the group consisting of
modulation format, number of codes, and transmission rate (col. 12/line 22 to col.
13/line 40).

As for claim 9, in view of claim 6, Chen further addresses the calculation
an amount of redundancy needed for a retransmission of a previous transmission
by using a routine 300 in recalculating the necessary step whether to use the
previous transmission or not (Fig. 7, and col. 11/lines 40-63 & col. 13/lines 20-33
for recalled or previously stored power transmission control setting).

As for claim 10, in view of claim 1, Chen further discloses wherein the
chénnel quality information comprises a transmission rate calculated by the
mobile station based on one or more channel conditions (col. 12/line 63 to col.
13/line 47 for more additional conditions can be collected by the base stations).

As for claims 11-15, these claims for same limitations are rejected for the

reasons given in the scope of claims 1-10 as already disclosed above.

Page 216 of 409



Application/Control Number: 10/002,746 Page 5
Art Unit: 2685

Conclusion

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

Chen (US Patent 6,330,462 B1) disclose a related system to Chen ‘458.

Bhaskar et al. (US Patent 6,154,499) disclose a communications system
using nested coder and compatible channel coding.

Wijk et al. (US Patent 5,995,836) disclose method and system for variable
handoff in a radio communication system.

Parkvall et al (US PUB no. 2002/0080719 A1) disclose scheduling
transmission of data over a transmission channel based on signal quality of a

receive channel.

4. Any response to this action should be mailed to:
Commissioner of Patents and Trademarks
Washington, D.C. 20231
or faxed to:
(703) 872-9314, (for Technology Center 2600 only)

Hand-delivered responses should be brought to Crystal Park II,

2121 Crystal Drive, Arlington. VA., Sixth Floor (Receptionist).
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5. Any inquiry concerning this communication or earlier communications
from the examiner should be directed to Tony Thuan Nguyen whose telephone
number is (703) 308-5860. The examiner can normally be reached on Monday-
Friday from 9:30 AM to 7:00 PM, with alternate Fridays off.

If attempts to reach the examiner by telephone are unsuccessful, the
examiner's supervisor, Edward Urban, can be reached at (703) 305-4385.

Any inquiry of a general nature or relating to the status of this application
or proceeding should be directed to the Technology Center 2600 Customer

Service Office whose telephone number is (703) 306-0377.

TONY T.NGUYEN
PATENT EXAMINER

Tony T. Nguyen
Art Unit 2685
September 17, 2003
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METHOD AND SYSTEM FOR ALTERNATING TRANSMISSION OF
CODEC MODE INFORMATION

BACKGROUND

The present invention generally relates to mode handling in the field of
communication systems and, more particularly, to handling the transmission of information
associated with requesting and idehtifying coding modes in digital communication systems
that support multiple speech/ forward error correction coding schemes.

The growth of commercial communication systems and, in particular, the explosive
growth of cellular radiotelephone systems, have compelled system designers to search for
ways to increase system capacity without reducing communication quality beyond
consumer tolerance thresholds. One technique to achieve these objectives involved
changing from systems wherein analog modulation was used to impress data onto a carrier
wave, to systems wherein digital modulation was usegi to impresS the data on‘ carrier waves.

In wireless digital communication systems, standardized air interfaces specify most
of the system parameters, including speech coding type(s), burst format, communication
protocol, etc. For example,. the European Telecommunication Standard Institute (ETSI)
has specified a Global System for Mobile Communications (GSM)- standard that uses time
division multiple access (TDMA) to communicate control, voice and data information over
radio frequency (RF) physical channels or links using a Gaussian Minimum Shift Keying
(GMSK). modulation scherhe at_';'_‘ a symbol rate bf 271 ksps. In the U.S., the
Telecommunication Industry Association (TIA) has published a number of Interim
Standards, such as IS-54° and IS-136, that define various versions of digital advanced
mobile phone service (D-AMPS), a TDMA system that uses a.differentiai quadrature phase
shift keying (DQPSK) modulation scheme for communicating data over RF links,
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- .- TDMA systems subdivide the available frequency into one-or more RF channels.
The RE channels are further divided into a number of physical channels corresponding to

timeslots in TDMA frames. - Logical channels ae formed of-.one or several physical

~channels wherg‘modulatidn and coding is specified. In these systems, the mobile stations

communicate with a plurality of scattered base stations by transmitting and receiving bursts

.of digital information over uplink and downlink RF channels.

- .- The growing number: of mobile stations in use today has. generated the need for

more voice and data channels within cellular telecommuniczation systems. As a result, base

- stations have become more closely spaced, with an increase in interference between mobile

stations operating on the same freguency in-neighboring or closely spaced cells. In fact,
some systems now employ codeé division multiple access (CDMA),.using a form of spread
spectrum modulation wherein signals -intentionally- share' the same time and frequency.
Although digital techniques. provide a greater number of useful channels from a given
frequency spectrum, there still remains a need to maintain interference at acceptable levels,
or more ~‘speéiﬁcally to monitor and control the ratio of the carrier signal strength to
interference, (i.e., carrier-to-interference (G/T) ratio):sins - . ‘ :

-Another factor which is increasingly. important in providing various communication
services. is the desired/required user bit rate for data to be transmitted over a particular
connection. For example, for voice and/or data services, user bit rate corresponds to voice
quality and/or data throughput, with a higher user bit rate preducing better voice. quality
and/or higher data throughput.:--The .total .user bit ratei_is détermined,by a selected
combination of techriiques for speech codiﬁg,,channel,_coding, modulation, and resource
allocation, e.g., for a TDMA system; this latter-technique may refer to the number of
assignable time slots per connection, for a CDMA system, this latter parameter may refer to
the number of assignable codes per connection.

- -Speech coding (or imore generaily “source-coding” to include_techniciues associated

~with the compression of data) techniques are used to compress the input information into a

format which uses an acceptable -amount of bandwidth but from which an intelligible
output signal can be reproduced: Many different types of speech coding algorithms exist,
e.g., residual excited linear predictive (RELP), regular-pulse excitation (RPE),'.etc., the
details of which are not particularly. relevant to this invention.. More significant in this

context is the fact that various speech coders have various.output bit rates and that, as one
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would expect; spéé_ch ‘coders having a higher output bit-rate tend to provide greater
consumer acceptance of t'ﬁei‘r repfo’du'ced voice quality:than those having a lower output bit
rate. As an-example, consider that more traditional, wire-based telephone Systems use
PCM speech coding at 64 kbps, while GSM systerns employ an RPE speech coding scheme
operating at 13 kbps.*" o o

In addjtion to speech coding, digital éommunication;systems also employ various

techniques to handle “erroneously received .information. - Generally speaking, these
techniques - include those -which " aid a ‘receiver to. cormrect: the erroneously received
information, €.g., forward error cerrection .(FEC).techniques,. and those which enable the

erroneously received: information”to be- retransmitted to the receiver, e.g., automatic

' retransmission "rec}uesf ‘(ARQ) techniques. - FEC techniques include, for example,
' convolutional or block coding {collectively referred to herein as “channel coding”™) of the
- data prior to modulation. Channel coding involves representing a-certain number of data

~ bits using a certain number of code bits. - Thus, for example, it is common to. refer to

convolutional ‘codes by their code ‘rates, e.g., 1/2 and 1/3,.wherein the lower code rates
provide greater error protection bt 16Wer-user bit rates fora given channe! bit rate.
Conventionally, each of the techniques which impacted the user bit rate were fixed

for any given radiocommunication' system, or at least for the. duration of a connection

" established by a radiocommunication system. . That is, each system established connections

that operated with one type of speech coding, one type of channel coding, one type of
modulation and one resource allocation. : :More. recently, however, dynamic -adaptation of

these techniques has become a popular method for optimizing system performance in the

‘face of thie numerous parameters which::may vary rapidly over time, e.g., the radio

" propagation characteristics of radiocommunication channels, the loading of the system, the

user’s bit rate requirements, etc. - . e

For example, different modulations:have been dynamically assigned to selectively

" take advantage -of the strengths of ‘individual-modulation schemes and to provide greater

user bit rates and/or increased resistance to-noise and interference. An example of a

communication system employing multiple modulation schemes is found in U.S. Patent

‘No. 5,577,087. Therein, a technique for switching between 16QAM and QPSK is

described. The decision to switch between modulation types is made based on quality

measurements, however this system employs a constant user bit rate which means that a
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- -change in'modulation scherne also requires a change:in channel bit rate, e.g., the number of

timeslots used to support a transmission channel.

It is envisioned that many different combinations of these processing techniques

" may be selectiveiy employed both.as between different copnections supported by a

radiocomimunicaticn system and during the lifetime of a single connection...However, there

will then be a need for some type of “handshaking” between. the transmitting and receiving

~*entities to inform the receiving.entity of a transmission mode being employed and/or for

10

15:

20

25"

30

“the receiving entity to request a particular transmission mode from the transmitting entity.
'For example, there are two general categories of techniques far informing a receiver about
processing techniques associated.-with ‘a radio signal: (1) explicit. information, i.e., a
message field within the transmitted information having a mode. value that is indicaﬁve of
the processing type(s) and (2) implicit information, which..is sometimes referred to as
“blind” deccding, whereupon the receiver determines the processing performed by the
transmitter by an‘alyziﬁg- the received-signal. . This latter technique is employed in CDMA
' Systems-Cperaiingsin accordance with the TIA/EIA 1S-95 standard. Explicit information is

- sometimes considered to be preferable because it:reduces processing delay at the receiver,

but comes at the cost of the need. for the transmitter to include additional overhead bits
along with the user data. - ,

Of particular interest for the present invention are mode indicators which. reflect the
transmitter’s currently employed speech coding/channel coding combination and mode
requests which reflect the receiver’s request for a particular speech coding/channel coding
modc to be employed. For example, when channel conditions are good, the receiver may
send a mode request.in' the uplink for a speech ceding/channel coding mode which
~pr0Vides for a high source coding bit rate and a relatively low degree of error protection.
When the transmitter transmits information. using the requested mode, it will also include a
corresponding mode indicator in its downlink transmissions. )

Alternatively, when channel ‘conditions_are poor, then. é coding mode which
‘provides a low bit rate speech coding technique coupled with a relatively high degree of
error protection may be requested by the receiver.- The transmitter would then provide a
corresponding indicator associated with this other mode in the return link. Systems can

rapidly change between these different coding modes based upon. varying changes in

SIA T ATEETRAS 1 - - =
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channel conditions, so the:mode requests and/or indicators need to be transmitted relatively-

frequently. : B T
“Thus, mode indicators and mode requests are communicated between transmitting

and receiving entities to enable variable codec mode operation. Typically, these mode

‘indicators/requests - may include just a few, e.g., two, bits which are-conveyed along with
“the data fields. - Thus, it will be -appreciated that it is particularly.-important for the

" receiver/transmitter to be able to. accurately and rapidly decode the mode indicator/request

since, otherwise, an entire frame of data may be unrecoverable .by the receiver or a sub-
optimal transmission mode may be employed. This desire for accurate and rapid reception

of -the mode indicator/request may lead designers' to strongly protect the mode

~ indicator/request with-heavy channel coding. * -

However, usage of heavy channel coding implies higher redundancy, which means
more bits to be transmitted for the mode indicator- and/or requeét field. This is, as

explained earlier; undesirable since overhead- bits :should ‘be minimized, not increased.

Thus, it would be: desirable to provide techniques and systems for-increasing the likelihood
" that mode indicators and-féquasts, such-as the coding-mode indicator and request, will be

~ properly decoded, while at the same time minimizing the number of overhead bits which

are transmitted with the payload data and reducing the delay associated with processing
mode information.
SUMMARY

These and other drawbacks:and limitations of conventional. methods and systeins

- for communicating information are overcome ‘according to. the present invention, wherein

the rate” of transmission -of ‘-mode:;information is decimated to reduce the bandwidth
utilization associated therewith . and/or: permit - heavier channel coding of the mode
information. B N (e

The mode information niay.compn'se;;for;example, a mbde indicator which informs
a receiver of the combination of speech coding/channel coding currently used to encode the
payload data, a- mode request which informs a transmitter of a particular codec mode
desired by a receiver for subsequently transmitted information bloéks or frames and/or
channel measurement information, which acts as an implicit request for a particular codec

mode to be provided by the transmitter. According to exemplary embodiments of the

ERa.
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present invention, the rate of change of mode mformahon is constramed to be less than

every frame. For example, the mode mdlcatxon and mode requests can be constrzuned to

- .change no more than once every other frame. Under these circumstances, the transmission

_of mode indicatdrs and mode requests can also be alternated to reduce the transmission

capacity used by these.indicators .and minimize processing delays associated with mode

changes.

ST According to other exemplary .embqgiments of the present invention, when links

- become inactive, e.g.,, when a speaker becomes- silent, the transmission of mode

information can be further reduced or adjust_eq in accordance therewith.

BRIEF DESCRIPTION OF THE DRAWINGS _ . |

These and other objects, features and advantages of, the present invention will

‘become more apparent upon reading from the ,following detailed description, taken in

conjunctxon with the accompanying drawings, wherein:

FIG. 1 is a block diagram. of an, exemplary GSM commumcanon system which

advantageously.uses the present:invention;,

5 Try g -

FIG. 2(a) depicts a codec mode used ina convennona] GSM system V
FIG. 2(b) depicts a conventional ;nappmg of bits in a speech frame for unequal
error protection coding; - ' e |
FIG. 3(a) is a block diagram 1llustratmg multxple codcc modes individual ones of
which can be selected. for processing, data to,,be transmitted and a corrcspodmg mode
indicator according to an exemplary embodiment of the present invention;
FIG. 3(b} is another block diagram xl]ustratmg another exemplary techmque for
generating multiple codec modes; _ ,
- FIG. 4 depicts a block diagram of a receiver including a mode hkelxhood processor
and a mode mformanon model; : _ ]
FIG. 5 is a block dlagram,of an cxemplary transcexver -according to the present
invention; and ‘ e v
_ FIG. 6 illustrates alternating transmission of mode indipatoré a;xd mode requests

according to an.exemplary embodiment .of the present invention..

DETAILED DESCRIPTION |
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The following liéx:é‘fnplary embodiments are provided in the context of TDMA

radiocommunication systerns. However, those skilled in the art will appreciate that this

access methodology is merely ‘used for the purposes of illustration and that the present
invention is readily app’l‘icablé to all types of access methodologies including frequency

division multiple access (FDMA), ‘“TDMA, code division multiple- accéss (CDMA) and

hybrids thereof.

Moreover, opéfétibn m accordance with'GSM communication systems is descriﬁed
in European Telecommunication Standard Institute’ (ETSD)- docurtents ETS 300 573, ETS -
300 574 and ETS 300 578, which are hereby incorporated by refesénce. Therefore, the
operation of the GSM system is only described herein to the extent necessary for

understanding the present invention. 'Aﬁhoﬁé‘n, ‘the present invention is described in terms

of exemplary embodiments in a GSM system, those skilled in the art will appreciate that

the present invention could be used in a wide variety of othier digital communication
systems such as those based on PDC or D-AMPS ‘'standards and enhancéments thereof.
Refemng to FIG. 1, a communication ‘system 10 according to an exemplary
embodiment of the present invention ' is’ déplcted‘. “The'system- 10 is: designed as a
hierarchical network with multiple levels‘for managing'calls. Using a set of uplink and
downlink frequencies, mobile stations 12 ;operating within the system 10 participate in calls

using time slots allocated to them on these frequencies. - At an upper hierarchical level, a

“group of Mobile Switching Centers (MSCs) 14-are responsible for the routing of calls from

" an originator to a destination. In particular, these éntities are responsible for setup, control

and termination of calls. One of the ‘MSCs ‘14, kiiown as the gateway MSC, handles

' communication with a Public Switched Telephone Network (PSTN) 18, or other public and

private networks.

At a lower hierarchical level, edch of the MSCs 14 ‘are connected to a group of base

station controllers (BSCs) 16. Under the GSM standard, the BSC 16 communicates with a

" MSC 14 under a standard interface know as the Alinterface, which-is based on the Mobile

Application Part of CCITT Signaling System No. 7.

At a still lower hierarchical ievel, each of the BSCs 16 controls a group of base
transceiver stations (BTSs) 20. Each BTS 20 includes a number of TRXs (not shown) that
use the uplink and downlink RF channels to serve a particular common geographical area,

such as one or more communicati~n cells 21. The BTSz 20 primarily provide the RF links
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*for the transmission and reéception-of data bursts to and from the mobile stations 12 within -

their designated cell. In an exemplary embodiment, a number of BTSs 20 are incorporated

~* into a radio base .station (RBS) 22. The RBS 22 may be, for example, configured

10

according to a- family of RBS-2000 products, which products are offered by
Telefonaktiebolaget L M Ericsson, the assignee of the present inveation. For more details

regarding exemplary mobile station’ 12 and RBS 22 implementations, the.interested reader

"is referred to U.S. Patent Application Serial No. 08/921,319, entitled "A Link Adaptation
 Method For Links using Modulation Schemes That Have Different Symbol Rates”, to

Magnus Frodigh et al., and-filed on ‘August 29; 1997, the disclosure of which is expressly
incorporated here by reference. -~ ° e

According to exemplary embodiments ‘of the :present .invention, information

~ transmitted between a BTS 20 and a mobile station 12 can be processed according using

15

20

" different codec modes. - The phrase “codec mode” as’it is used herein refers to a

‘combination of source coding (€.g., speech coding) and channel codirg, although the

present inVétxﬁbﬂ is ‘also-applicable -to the transmission and reception of other types of
mode information ‘and; evén moré generally; totheltrafismission and reception’ of other
information over an air interface. To more fully understand the exemplary modes for
which “indicators, requests ‘and information ‘associated therewith. can be protected,

iransmitted and'deched,: consider'the exemplary GSM codec mode illustrated in FIGS.

" 2(a) and 2(b).

FIG. 2(a) dépicts a portion-of the transmit signal processing path downstream of the
A/D converter (not shown) which digitizes an exemplary input audio signal. A block of

"160 samples is presenied to an RPE-speech coder 30 which operates in accordance with the

well known GSM speciﬁcation‘s (e.g., GSM 06.53) to produce two categories of output
bits, 182 class 1 bits and 78 class 2 ‘bits, for a total cutput bit rate of 13 kbps: As seen in
FIG. 2(b), the class’1 bits are furthet di#ided into class ia bits and class 1b bits, both of
which are input to a channel coder 32, which performs rate Y2 convolutional encoding.

This results in an output of 378 bits from the channel coder 32, including 3 parity bits

" associated with the class 1a bits and four tail bits associated with the .class 1b bits. This

30

(el e T T T e

composite process can be considered to be ‘one example of a'single codec mode.
However, Applicants envisicn future systems that prox)ide, for a-plurality of

different codec modes. For example, as conceptually illustrated in FIG. 3(a), there may be
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two different speech coders and two different éhannel coders which can be used in various

combinations to encode bits prior to transmission. A first speech coder 40 may operate to

process digital samples and provide an output bit rate of X kbps, while a second speech

coder 42 may-process the input digital samples to provide an output bit rate of Y kbps,

where X>Y. ! Similarly, two different channel coders 44 and 46 (in this example

. convolutional coders, although one or beth i:,oxild, alternatively be block coders) provide

different. degrees of error protection by virtue of.their different rates 1/A and 1/B,
‘res'pectively, where A>B. Thus, it can be seen that by using ' mode control processor 48 in
conjunction with: multiplexors 50 and 52 to select a path, i.e., a combination of speech

coder and channel coder for this example, for processing a particular block or frame of

. payload data, four different codec modes are available.

‘A Many other techniques are, of course, available to create multiple codec modes in a

" transmitter. Consider the example in FIG. 3(b), wherein a plurality of source (e.g., speech)

coders 60, 62, 64, and 66 are provided in selectable, transmit signal processing paths. Each

- coder has a different output rate (X>Y>Z>A kbps).and is associated with a different one of

the channel coders: 68;70;:72-and-74.; To.provide a uniform output data rate of F kbps as

between the different, selectable paths (which may be desirable for. similar resource

allocation/connection), the channel coders may be designed so that the amount of

redundancy added to the source coded data stream. is higher for the lower bit rate source

coder and lower for the higher bit rate source coders. As in the earlier example, the

- particular codec mode: selected for any given data block or frame is controllable by, for

* ‘example, a mode control processor 76 and multiplexor 7_8.' E

Regardless. of the: technique used at the transmit side to provide different codec

modes,.in order to be able to correctly ;decpde the _;xjeccivedv data, a receiver will need to

-know - the codec mode used by the transmittcr to process any given block or frame of

received data.. Accbrding to exemplary embodiments of the present invention, this can be
accomplished by transmitting a mode indicator. from the transmitter to the receiver in
conjunction with, or in advance of; the.block or frame of data to v}hich it relates. In the
example of FIGS. .3(a)and 3(b),.a two bit mode indicator field would suffice to inform the
receiver of the combination of speech coder and channel coder used to process data prior to
transmission. Additionally; the receiver may transmit a request for a particular codec mode

to the.transmitter in the return . .radio link or the receiver may transmit signal quality

© 1 *aNSROCID: <WO * -LiEBIBE Y 5 .
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" . measurements ‘asscciated -‘with the downlink channel (i.e., BTS 10 mobile station link) to
the transmitter which the transmitter then uses to identify an appropriate codec mode. In

- any of.these three cases, some type of mode information is exchanged between the
transmitter and the receiver over the air interface, which phrase is used to include each of

5 these three specific examples, as well as other fypes of mode information.

In .any event, since the mode information is also communicated over the ar

interface between the BTS 26 and the mobile station 12, it should also be protected against
-channel errors as well as the-data. - However, . adding heavy channel coding, i.e., with a
large amount of redundancy, is not desirable :since it adds further to overhead (i.e., non-

1

=]

‘payload data) transmissions and reduces the user’s effective bit rate. It is also desirable to
- “maintain low coding delay so that codec'modes can be changed quickly to account for rapid
changes in tra.nsmission channel conditions..
According tothe above-identified, related patent application, these objectives may.
be achieved by enceding the mode information with a relatively weak (i.e., with a small
~ 15 = amount of .rcdu.ndancy) channel code. In FIG. 3(a), this is exemplified by.charnel coder 54
which employs a rate: IIC convolutional tode:: In FEG.-2(b); this is exemplified by.a block
coder 67 employing (8,2) block coding. -However;: the present invention add:esseé the
capacity consumption.issue associated with the transmission . of mode information by
reducing the rate cf change of certain mode information as will be described below.
20 - Atthe receiver side, as excmpliﬁed by the block diagram of FIG. 4, an antenna 100
of the receiver apparatus, for-instance, receives .radio:s,ignals ;over a certain radio channel.
‘The' signals (e.g., data/speech messages) transmitted over. this channel may become
strongly distorted, for, instance due to fading, sc that.the TDMA-bursts give rise to a highly
-distorted speech frame. S e , A
25 - - Demodulation takes place’in the radic receiver 102 at a given radio frequency (in -
the GSM-systemn 865-935 MIZ) inxaknbwn manner, so as to obtain a baseband modulated
signal. The signal strength level(s) of the radic signals incoming tpAvthe radio receiver 102
can be measured and are referenced s, in FIG. 4. - The baseband modulated signal is
demodulated in the-demodulator 104 within the IF-range, this demodulator also including -
30 an equalizer for compensating or correcting.-the multipath propagation to which the
incoming signal has been-subjected during transmission, in-a known manner. For example,

the well known Viterbi equalizer can be used for this purpose.

BNCRIHY, <WHE 22 c ONIRSIAA Tad - 3253 ¢
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So-called soft information associated with thé likelihood of any given symbol
estimate is obtained from the Viterbi equalizer in the demodulator 104, this soft
information being referenced s; in FIG. 4. A deinterleaver 106 is connected downstream of
the demodulator/equalizer 104 and recovers -the time divided bursts intended. for the
receiver, in a known manner. st , ‘

"The receiver also includes a mode indication decoder 107 that operates to identify a
codec mode based -upon receiyc‘d modei information;, ‘-The mode indication decoder

provides an output to the channel decoder 109 and the speech decoder 112, indicating the

techniques used by the transmitter to process the received ‘data block or frame prior to

transmission.  Exemplary techniques-for implementing the mode indication decoder 107

‘can be found in-the above-identified and incorporated by reference application and,

accordingly are not further described here.
More gernerally, a trafnsceiver (either in a remote device or. at the network side)
according to' the present invention will include functionality for transmitting mode

indication-information, transmitting mode request-information, receiving mode indication

* - information and receiving riicdé request/information as represented by the block diagram of

‘20

" Figure 5. Thercin, RX_data received by a transceiver 116 on a first link is separated into

its component fields and provided to.:an .appropriate: decoding block or algorithm by
demultiplexor 120. "For simplicity in describing the present invention, Figure 5 refers only
to mode and payload information, although those:skilled in the art will appreciate that other
Atypes of information may be received by the transceiver.: |

If the received frame includes mode indication information, then that information is

- provided to thé -mode -indication decoder ‘122, .which ‘determines the codec mode used to

25

30

L .
SR <WO__ 0016513A1_1 >3k "

" encode the received payldad data. The decoded mode indication information is provided to

‘multi-mode decoder 124 so that properly decoded payload data, e.g., speech, can be output.

If, on the other hand, the received frame.includés’ mode request information, then that
infbrmation~is provided to the .mode - request decoder 126. The mode ‘request decoder
determines the codec mode requested by the:other transceiver  (not shown), which
informatibﬁ is then forwarded to the transmitter side of this transceiver. -

On the transmit side, the requested mode is presented to mode control‘unit 128
which selects ‘an appropriate codec mode ‘for processing incoming payload, e.g, speech,

information. This mode information -is passed to a multi-mode encoder 130 wich, for
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example_,’speecch' encodes and error correction encodes incoming speech frames. The mode

information is ‘also passed to the mode encogder 132 which creates a mode indication to be

- transmitted to the other transceiver (not shown) on a second (return) tink which identifies
" the mode employed by the multi-mc')de'_encoder 130. Additionally, the transmit side of

transceiver 116 includes a measurement or codec mode tequest function 134 which, for
example based on the measured quality on.the first link, provides a mode réqucst or
measurement information to be-transmitted on the second link.- The mode request, payload-
information and mode indication are presented to muitiplexor 136 for selective
transmission using well Known technigues, e.g., modulation, upconversion, etc.

According to exemplary einbodiments of the present invention, the tension between

protecting the mode information against transmission errors and providing low delay, on »

"the one hand, and reducing the amount.of bandwidth cbnsumed by the transmission of

mode information, on the other hand, is resolved by decimating the permissible change rate
associated with mode information and alternating the transmissions-of the mode indicators
and Lransmissibns' of the mode requests (or measurement information}.. - This can be
accomplished in a‘numiber’of diffeiént Ways laccordingito! éxemplary embodiments of the
present invention. - co foe o |

For example, the codec mode changes at the transmitting entity can be constrained
to occur only every n-th frame. As a result of this constraint, codec mode indications will

only change at a decimated rate of once per n frames, where, fbr example, n can be equal to

-2 or a multiple théreof. Similarly, codec mode requesté-genergted by the receiver can be

subsampled with-a'decimation fictor of #, the: result'being that codec mode requests can
only change at a maximum rate of ‘once per n-frames.- These constraints on the
changeability of the mode indications and mode requests:can, in tumn be used to alternate
the transmission of mode indications ard ‘mode :requests whereby the total bandwidth
consumed by the transmission of mode information can be reduced by a factor of 1/n.
Consider the example' illustrated in Figure 6 .with respect to communications
between an exemplary GSM mobilé station 150 and base.station 152. Therein, the mobile
station 150 transmits information >to the base station 152 on the uplink and receives
informatioﬁ transmitted by the base station on the downlink. For the purposes of this
example, the alternating transmission characteristic of mode information received by e.g.,

transceiver 116, according to the present invention is illustrated on the downlink. Therein,

Tvenc T, WG, L CLISSIIAL Y >F
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the information-contained in several consecutive channel frames (after deinterleaving to

sirnplify the illustration) are-shown. In particular, in frame n, mobile stétipn 150 receives

a mode request (MR).from the base station 1:50?indi_cati'n‘ghthe- codec mode with .which the
mobile station should transmit to the base station on the uplink. Since no mode indication

is transmitted in frame n, the mobile station continues to decode information using the

: codec mode indicated in frame 'n-1 (not shown).. Analogously, since no mode request

information is transmitted in frame n+1, theA mode request from frame n remains. valid for
frame n+1: : v y )
“In.frame n+1, - however, the base station 152;transmits a mode indication(MI)

instead of a ' mode request.- Thus, the mobile station.uses this mode information to switch

- ‘codec modes (if a néw codec mode is indicated) to decode the payload information found

in this (and/or a subsequent) frame. - Then, in frame n+2, this link once again contains a
mode request which is decoded by the mobile station 150 and used in its transmit side
processing as described above with respect to FIG. 5. .-As indicated in FIG..6, each frame

may alsc inc;lhde. other overhead information including, for example, synchronization

- information. Those skilled:in: the:art :will- further :appreciate that, although not explicitly -

described here, the mobile station 150 can similarly alternate transmissions. of mode
requests-and mode indications to:the base station 152 .on the uplink. Moreover, although

not explicitly illustrated in FIG. 6, note that the mode information MI and MR may occupy

the same bit positions within each frame. -

In an even more speciﬁ_c,- yet purely illustrative example, the mode infbnﬁat_ion in
Lhe'previods example may comprise 'eighf gross bits (full rate, four gross bits half rate) and
the decimation. factor n: equals two. :Mode requests are transmitted on even frames and
mode iﬁdicationé ‘on oddvf'rames; - After diagonal interleaving, the gross bits belonging to
each code word are disuibuted individually on separate bursts, thereby providing optimum
intérleaving gain for frequency hoppihg channels. ., o )

" By transmitting the mode:indications;_,and,modé réquestq in only every other frame,
for example, the total bandwidth for transmitting these overhead fields is reduced by a
factor of two, regardiess of the amount of redundancy added by virtue of the error
correction coding. The particular manner used to select _the .alternating_pattern may, of
course, be varied. For example, consecutive codec mode requests. may be transmitted using

frames (1..n/2)}+k*n, where k is an integer value. Then, codec mode indications would be

AT g; . . A e Les. .
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-transmitted using frames (n/2+1...n)+k*n. Alternatively, codec mode requests can be sent

.- only using odd-numbered frames, while mode indications can be sent oiily using even-

numbered frames although this latter solution may increase the transmissiocn delay.

-+ Since these exemplary embodiments of the present invention provide for alternating

the transmission of mode indications and mode requests, it s important that some form of

“synchronization .of meode’ information - transmission/decoding be ‘~,provided so that -a
““receiving entity knows when it is receiving a- mode indication and when it is receiving a

“'mode request. Otherwise, erroneous decoding of the mode information may.occur. One

way to provide synchrcnization for the mode information is to align the transmission of

mode information to the time frame structure of the radiocommunication system. For

" example, in the GSM system, the mode information :cou’d be aligned with the SACCH

15

20

25

‘30

(Slow Associated Contrel Channel) such’ that, e.g., mode indicaﬁons are sent in even
frames relative to- the SACCH while mode requests are sent using odd frames.
Alternatively,  when both links are iactive, it could be understoad that the first transmission
will always be‘ a specified one of the mode request ‘or-mode indication. . .

According to-other aspects ‘ofthexpresént: invention, the usage of discontinuous

transmission (D'7X) or voice coperated transmissions (VOX) in some radiocommunication

" systems can be acccunted for in conjunction with. the transmission of mode information.

DTX and VOX are mechanisms for transmitting frames of information-only during speech
;Seriods while the transmitter is switched off during speech inactivity to reduce power
corisumption and interference.:- In two-way communication systems employing DTX, there
can thus océur the situations where both links are active (e.g., when the active speaker

during a conversation changes), one link active/one link inactive.or both links inactive.

~The transmitters having inactive.links typically still transmit some information, commonly

referred to-as silence descriptor (SID) frames or comfort noise information, that allows the

receiver to generate an appropriaté. background noise output rather than the listener

* experieéncing pops and cracks asscciated with a complete absence of reproduced sound.

However these SID frames are transmitted with a reduced frame transmission rate relative

" to active speech frames.

“In addition to SID frames, in the types. of systems described above, mode
information also needs to be transmitied. However, instead of -altemating mode

information as described above, the occurrence of inactive links can be recognized and

RN ST IV WY T (R RS Y IR S5 - - = T = = - =
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used by the system to further reduce the transmission of mode infoermation.  For example,

mode indications need not be transmitted for inactive links:since coded speech frames are

not 'included therewith. Consider the: case where-a mobile station is not currently

transmitting to a base station on the uplink, but is receiving speech frames (or ctirer data)

5 on the downlink. “Then, the mobile station need not send mode indications on the uplink

and can, instead, only send mode requests associated with transmissions to be made to it by

- the base station on the cu_rreﬁtly active downlink. Analogously, on the active Enk codec

mode requests for transmissions: on' the inactive: link do not need to be sent until the

inactive  link. becomesactive 'again.. . Having eliminated the neéd to transmit mode

10 “‘indications on the inactive link and mode- requests on the active link, the bandwidth

- released thereby can be used in a number of different ways. For example, mode requests

can be repeated, e.g., on every sent SID frame, on the ihactive_link and mode ir_xdications

can be repeated on the active link, which leads to improved channel error protection.

Altematively, some other type of overhead information. can .be.transmitted. during the

15 omitted mode information fields. ... - : ' ) .

nan - In the situation where bothlinks-aré:inactive, transmissiofl of all mode information

- may be temporarily suspended -pending reactivation of one.or both links. The

corresponding transmission capacity is then, free for:other uses, e.g., the transmission of A

. other overhead information. - Alternatively, mode requests may. continue to be transmitted

20 on the inactive link(s) as indicators of the ,currenf quality of the channel. Then, when the

inactive link Becomes active, these mode-requests can be used to select an appropriate
codec mode for coding the next frame of information to be transmitted.. |

- If mode’ requests ‘associated with inactive links are not transmitted to use the

- transmission capacity. for other purposes, then, when an inactive link becomes active again,

25 some other technique must be employed to determine which codec mode.to use initially

until the receiving entity. begins' to.return mode requests .in the other link. Several

" possibilities exist. . For example, the transmitting entity can use a predetermined n-th most

robust codec mode, where n:l"imp»li_es‘a codec mode having a greatest level of error

correction protection. If this solution is used, then no mode indication need be transmitted

30 . ‘with this initial frame or frames of information since the receiving entity will know a priori

which mode is being used for transmission after jnactivity.
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Another alternative for post-inactivity selection of a codec mode is t¢ use the same
codec mode currently being used for the active link. For example, if 2 mobile station is
inactive on the uplink and active on the downlink, once it prepares another frame for
transinission on the uplink, it can ‘select’the codec mode cuneixtiy'b&mg used 1o decede
received frames on the downlink from the base station. This solution is based on the
recognition that there is a certain correlation between the characteristics of the ﬁplink
channel and the downlink channel in a duplex pair: As in the previous exemplary
embodiment, thé receiving entity knows the applied codec mode as it is the same mode that
it is employing to transmit frames of information on the other link. A variation on this
solution is to employ, instead of thé same mode being used on the active link, a mode
which is n modes more robust than the mode-being used on the active link, e.g, the next
most robust mocic, assuming that a more robust mode exists. Taking the exemplary modes
illustrated in FIG. 3(b), if the active link is currently using a codec mode defined by the
combination of source coder 62 and rate C charme} coder 70, then (for n=1) the previously

inactive link would use the next ‘tost robust codcc mode provnded by-source coder 64 and

channel coder 72 to transmit its first frame of information.

Yet another alternative for selecting a codec mode after a period of transmission
inactivity is to select the’ mode used to transmit on that link prior to the inactivity. This
solution can be useful particularly in- situations y-vherein?me radic channel conditions are
not rapidly changing. As in the previous exemplary embodiment, this technigue can be
varied by using, instead of the same previously employed codéc mode, a codec mode that is
n modes more robust, e.g., the next most robust mode.”

Although the invention has been described in detail with reférence only to a few
exemplary embodiments, those skilled in the art will appreciate that various modifications
can be made without departing ffom the’ invention. * For example, although previously
described exemplary embodiments of the present invention alternate transmissions of mode

informiation after decimating the chiangeé rates, othér transmission patterns may be selected.

" Thus, the present inventién can‘be implemented by sending a portion of both mode request

information and mode indication information in each frame. Accordingly, the invention is

defined only by the following claims which are intended to embrace all equivalents thereof:

BNETK XY <NGQ  DO1ESIIAT Fa
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WHAT IS CLAIMED IS:
oL 2 ..+A -method for: transmitting information. on a. ﬁrs; linvk and receiving
.- .information on a second link in a communication system compnsing the sxeps of:
L5 B ..providing at least two different codec modes for pmcesmg sai_a information
in said system; . | . ,
: ,txansmitting,.:jﬁ at least one first frame on said first link, a mdde indication
-identifying one of said at least two;diffe;ent codec modes which has been used to process
said first frame of data; and - - - . o
10 -~ ¢ - ..  transmitting, in at ,]éast one second frame on said first link different than
' said first frame, a mode: request identifying one of said at least two different cc‘ydec modes

’

- - to be used to process information to be transmitted on said second-llink.. _

2. ,The method of claim 1, wherein each of s_vaAig‘i:at least two codec modes
15 identify,both a source coding technique.and a channel _c.odipgltt_:ghgi‘que,;
3. - The method of claim 1, wherein said mode request is channel measurement
.information which can be used by .a transceiver torc‘,iqq:rminc an approbriate one of said at
:~least two different codec- - modes. for processing _infoymatiog:l to be transn_littgd on said
20 .second link. |

P

4. The method of claim 1, wherein said at least one first and second frames are

consecutively transmitted.
.25 - 5. -The method of claim. 1, wherein said first step of transmitting further

comprises the step of: . "

- transmitting said. mode indication in said at least one first frame including

frames (n/2+]...n)+k*n, where k is an incremental frame number and » is an integer.

30 - ., 6. The method of claim 5, wherein said second step of transmitting further

- comprises the step of:
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transmitting said mode request information in said at least one second frame

including frames (1...n'/2)+k*n; where k is an incremental frame nurﬁbcr and n is an integer.

L ’ . - R S RN ) o LIS
L -

7. The method of claim 1, whérein said at least one first and second fraimes are

5 even and odd frames.

8. The method of claim 7, wherein said at least one first framie comprises two

consecutive, evenly numbered frames.

10 9. The method of ¢laim 7, wherein said at least one second frame comprises

two consecutive, oddly numbered frames.

10. The method of claim 1, further comprising the step of:
synchronizing said first and second transmitting steps to a time frame

15 structure of other mformanon transmitted by saxd communication system

Y LR B B < ;-'4’. L X el
Y Iyl ot 1:,’;4, TOIEYS f';‘ i s cEel i

el IETLIT MDD gTImre,

11. The method of claim 10, wherein said time frame structure is a slow

associated control ¢hannel (SACCH) structure.

20 12. A system for transmitting information on a first link and 'réceiving
mformatxon on a second link in a communication system comprising the steps of:
. means for provxdmg at least two'different codec modes for processing said
mformatxon in said system;
" means for transrmttmg, in'at least one first frame on said first link, a mode
25 indication identifying one of said at least two different codec modes which has been used
to process sa1d first frame of data; and 7
' means for transrmttmg, in ‘at ‘least one’ second frame on said. first link
different than said first frame, a mode request ldenntymg one'of said at least two different
codec modes to be used to process information to be transmitted on said second link.
30 T ‘ B
13.  The system of claim 12, wherein each of 'said at least two codec modes

identify both a-source 'cédi’ng technique and a channel coding technique.

. =
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-14.. . The system of claim 12, wherein said mode request is chapnel measuzrement
information which can be used by a transceiver to determine an appropriate cne of said at
least two different codec modes for processing information to be transmitted on said

second link.

. 15.  The system of claim 12, wherein said at least one first and second frames

are consecutively transmitted.

. 16. _The system of claim 12, wherein said first means for transmitting further
comprises: _ o

means for transmitting said rr;ode indication in said at least one first frame

including frames (n/2+1...n)+k*n, where k is an incremental frame number and n is an

integer.

~ T - ol R PN

17.  The system of claim 16, wherem saxd sei:ori&' means fér transmitt-ivng further

_ comprises: . L o o
means for transmitting said :rpqde rcéuesg j;pfonnétion in said at least one
second frame including framés (1...n/2)+k*n>, whére k Vis an Ainérememal framé number and

_nis aninteger. . .

18.  The system of claim 12, wherein said at least ornvev first and second frames
are even and odd frames. ’
19. . The system of claim 18,}\'}!’1’6(@:{1‘ said at least one first frame comprises two

forl

consecutive, evenly numbered frames.

)

20. = The system of claim 18, wherein said at least one second frame comprises
two consecutive, oddly numbered frames.
21. The system of claim 12, further comprising:
means for synchronizing said first and second transmitting means to a time

frame structure of other information transmitted by said communication system.

L2
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22. The system of claim 21, wherein- said ,tiine frame_structure is a slow

= associated control channel (SACCH) structure. . -~

5 23. A communication station comprising:
a processor- for-processing payload information and mode indication and
: request’infbrmatioﬁ; and - - . s o Ce

a transmitter for receiving said payload information, said mode indication
information and said mode request information from said processor and for selectively
10 - transmitting one of said mode indication information and said mode request information in

each frame in addition to said payload information on a first communicatior. link.

'24. The coinmunicatior: station of claim 23, further comprising:
' a receiver for ‘receiving -mode indication information, mode request
15 information and payload information on a second communication link, wherein said mode
indication information is ased by said:processor:taidecods said payload information and
said mode request information is ‘used' to determine a coding mode for said payload

information transmitted by said transmitter.

20 25. The communication station of claim 23, wherein said processor selectively
adapts transmission of said mode indication information based upon incoming payload
information. Rt P

26. The method of claim 1, further:comprising the steps of:- -
25 determining that a data source associated with said first link is inactive; and
halting the transmission of sdid mode-indications in said at least one first
~ frame during a period when'said dzta'source is inactive. . .
27.  The method of claim 26, further comprising the step of:
30 transmitting said mode requests both during said at least one first and

second frame during said period of inactivity. .

Fs i Wi SWQ a 001851 3ALAS 3ual ¢
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28. The method of claim 26, further comprising the step of:
7. - using a predetermined n-=th most robust one of said ‘at least two different
code modes to process said information for transmission on said first link after said peried

of inactivity has ended.

5 AR
°29:"  The method of claim 26, further comprising the step of:
using a codec mode which was used prior to said period of inactivity to
process said. information for tra‘ﬂsrr’iission on said first link after said period of inactivity
“‘has ended. -
10 S :
+30..  The method of claim 26, further comprising the step of:
using a codec mode which is » modes more robust than a codec mode
employed immediately before said period of inactivity to process said information for
transmission after said period of inactivity has ended. -

31 The systemofiolaim:12,-further.comprising:.; ...- ... .. .
- means for determining that a data source associated with said first link is
_inactive; and » oo :
means for halting the transmission of said mode indications in said at least

20 one first frame during a period when said data source is inactive..

32.  The system of claim 31, further comprising: o
means for transmitting said mode request during both said at least one first

and second frames during said period of:inactivity.

33.  The system of'claim 31, further comprising: -
means for using.a 'predeten-nined;ﬁrth- most robust-one of said at least two
different code modes to process said information for transmission on said first link after
said period of inactivity has ended. -
30

34, The system of claim 31, further comprising: -
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N means for using.a codec' mode which was used prior to said period of

inactivity to process said informatior: for-transmission on said first link after said period of

inactivity has ended.

3s. The system of claiy: 31, further comprising: .
! “mears for using a coé:¢ mode which.is n. modes more robust than a codec
mode employed immediately before sai peried of inactivity to process said information

for transmission after said period of inactivity has ended.

36. A method for receiving information on a first link in 2 communication

" system comprising the steps of:

15

20

30

MOy CWERS 00§

" providing at least two different codec modes for processing said information
in said system;

receiving, in at least one first frame on said first link, a mode indication

. identifying one of said at-least two:different codec modes which has been used to process

payload data; and N
receiving, in at least one:second frame. on said first link different than said
first fraine, a mode request identifying one of said at least two different codec modes to be
used to process information to be transmitted on a.second link.
37. The method of claim 36, wherein each of -said at least two codec modes

identify both a source coding technique and a channel codmg technique. .

- 38.  The method of claim 36; wherein said paylcad data is contained in a same

received frame as said mode indication.

32. - The method ‘of claim: 36, wherein said payload data is contained in a

subsequent received frame different than said at least one first frame including said mode

“indication.

40. The method of claim 36, further comprising the steps of:

- processing said'paylcad data based on said received mode indication; and
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during said at le€ast ‘one. second frame, continuing to process additional

payload-data based on a previously received mode indication.- - -

41. The method of claim 1, wherein said first step of transmitting further
comprises the step of: .
transmitting ‘said mode ‘indication in said at least one first frame including frames

(1..n/2)*2 +k*h; whére k is an incremental frame number and n is an integer.

42.  The method of claim 41, wherein said second step of transmitting further

‘comprises the step of:

transmitting said mode request information in said at least one second frame
including frames 2*(1...n/2)-1+k*n, where k is an incremental frame number and n is an

integer.

43, The system of claim 12, wherein said first. means for transmitting -further
comprises:

means for transmitting said mode indication.in said at least one first frame

* ‘including frames (1...n/2)*2 +k*n, where k is an incremental frame number and n is an

integer.

44. ° The system of claim 43, wherein said second means for transmitting further
comprises:- '

means for transmitting said mode request information in said at least one

. second frame including frames 2*(...n/2)-1+k*n, where k is an incremental frame number

and n is an integer. : N

45.  The method of ciéi-m'36,'»funher comprising the steps of:
" "determining that a data source associated. with said first link is inactive; and
halting transmission of mode requests on said second link during a period

when said data source is inactive.

46. The method of claim 45, further comprising thmg;ep of:
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transmitting mode indications on said second link both during said at least

one first and second framé during said period of inactivity:

47.  The method of'claim 26, further comprising the step of:
using a codec mode which is » modes more robust than a codec mode used

on said second link to process said information for transmission after said period of

- inactivity has ended.

48. The system of claim 26, further coraprising:
means for receiving mode indications in every frame on said second link
during said period of inactivity on said first link.
‘49. - The system of claim 31, further comprising:

‘means for using a codec mode which is » modes more robust.than a codec

~mode used on said second link to process said information for transmission after said

period of inactivity has ended.

50. The method of claim 36, further comprising the steps of:
transmitting information on said second link, which information is
processed in accordance with said received mode requests; and
during said at least one first frame, continuing to process said information to

be transmitted on said second link based on a previously received mode request.

51. The method of claim 1, wherein said at least one first and second frames are

time frames associated with a time division multiple access (TDMA) structure.

52. The system of claim 12, wherein said at least one first and second frames -

are time frames associated with a time division multiple access (TDMA) structure.

53. The method of claim 26, further comprising the step of:
using a codec mode which is the same as a codec mode used on said second

link to process said information for transmission after said period of inactivity has ended.
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54.  The system of claim 31, further comprising:
means for using a codec mode which is the same as a codec mode used on

said second link to process said information for transmission after said period of inactivity

<5 -~has ended. .

Pa

55.  The method of claim 1, wherein said at least one first and second frames are

time frames associated with the time frame structure of the employed source and channel

" coding processing.

10
56. The system of claim 12, wherein said at least one first and second time
frames are time frames associated with the time frame structure of the employed source and
channel coding processing.
.:,2»::";';.::»19-,L;e.- . .. . ".:',‘.""ité.f-.'.dj') 1l A EONCEAT
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Error control method and apparatus
) ' 'FIELD OF Taﬁ INVENTION
5 The present invention relates to an error control

method and apparatus for performing a control so as to
allow a transmission of data packets via a transmission
channel in dependence on the sequence number of a preceding
data packet not yet acknowledged, i.e. an earlier data

10 packet which has been transmitted but not yet acknowledged
as a properly received data packet. The transmission
channel may be provided in a ceéllular network such as a GSM
(Global System for Mobile communications) or a GPRS
(General Packet Radio Services) network.

15 ‘

BACKGROUND OF THE INVENTION: -

In a digiﬁai tfanéﬁiséioﬂ’system,’trahsmission errors
occur due to noise and distortion. There are two types of
20 transmission errors: random errors and burst errors. Random
errors may be caused by thermal noise. Burst errors-are
generated during a fade in the transmission channel.
Transmission errors can be detected by adding a redundant

signal (check bits) to the information signal.

25
Upon detecting a transmission error, there are two ways
'to‘control fhe error. One is'called ARQ (Automatic Repeat
Request) and uses a feedback ‘control to-requést a
retransmission of the;corrupted’déta. The- other called FEC
30 (Feed-forward Error Correction) uses a feed-forward control

to control the errors.

In packet data networks, different transmission

protocols are used to convey data via a transmission

o ONSONITY  WIN TZ2BRS AR I i o e "

’~5.¥
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channel -from a source (transmitter) to a destination

(receiver). Transmission protocols are typiéally arranged
in such a manner that -data to be transferred is segmented
into a seguence of dsta packets, called Packet Data Units
(PDUs) which: are phen_inqividuallyvt:ansferred to the
destination where they are finally reassembled by the
transmission protocol. - ' .
Each PDU has'a_headen.anq a data part. The fofmsr
contains information.essential for the transmission
protocol, such as .an element definiﬁg the destination
and/or the sequence number py which the PDU can be
idehtified, whereas the. latter contains a piece of the

actual data packet being transferred.

To achleve a rellabl° data transm1531on, the

transmission protocol has to assure that all transmitted

- PDUs are received correctly by the receiver. For this

purpose, the receiver sends acknowledgments to the
transmitter which in turn retransmits ﬁhe unacknowledged or
negatively acknowledged,EQUsAaccqrdiﬁg to s specified ARQ
scheme. A widely used ARQ scheme is thé so-called Go-Back-N
method where the receiverjacknowledgés allvthe PDUs uﬁ to a

certain sequence number N. In partlcular, the recelver

. sends the sequence number N up to which it has received all

PDUs properly ad in o;der.‘prsr:rece1v1ng,such an
acknowledgment, the transmitter continues the transmission
starting from: the specified‘ssqusnceInumber N. During the
so-called round—trip_delay{'ths'rs;eiyerAmay have already
transmitted PDUS'With seqpsnce?qumbers largsr than N.
Nevertheless,rthe transmitter con;inues transmission by
(re)transmitting the PDUs with sequence nﬁmbers N, N+1,

N+2,..., when receiving such an acknowledgement.
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In the so-called Selective Retransm1551on ARQ scheme,

. the recelver sends acknowledgments where the successfully

recelved PDUs are spec1f1ed based on their sequence

numbers When rece1v1ng such an acknowledgment, the

,transmltter has to. retransmlt only the lost or erased PDUs,

whereby transmlsSLOn resources are saved. Thus, ‘this scheme
has the hlghest eff1c1ency The Selectlve RetransmlsSLOn
ARQ scheme is commonly used together w1th the so- called
Sliding Window method. According to thlS method the
transmitter is allowed to transmit or retransmit only those
PDUs having sequence numbers»within a specified transmit
window. The transmit window starts at the first PDU which
has not been acknowledged and spreads over K PDUs, wherein
K denotes the 31ze of the w1ndow. The receiver has a
correspondlng recelve w1ndow and accepts only those PDUs
having sequence numbers ‘within the recelve w1ndow. The
receive window starts at the flrst PDU whlch has not been
received and spreads over K PDUs - It can be shown that with
a window size of K the transmltted PDUs can be uniquely

identified for sequence numbers ranglng from 0 to (2K - 1).

_In the acknowledgment messages, the'successfully
received PDUs are spec1f1ed When the first unacknowledged
PDU in the beglnnlng of the transmlt wrndow is acknowledged
the transmltter can move 1ts transmlt wlndow forward until
the next unacknowledged PDU 1s found Thereby,'the

transmlsSLOn 1s Slld over new PDUS whlch can then be
transmitted.

However; in case.avtransmitter‘using the Selective
RetransmlsSLOn ARQ scheme wlth the Sliding Wlndow method is
able to transmlt a consrderable ~amount. of PDUs w1th1n the
transmit window during a round trip delay of the

transmission channel, i.e. a delay between the transmission

e ""W‘?tram 012284583 41>

S

deorrar

Page 263 of 409

LIES



10

15

20

25

30

[ERE Sehnt oS 2 PR SE-UR LT Bt SRR

WO 01/22645 " PCT/EP99/06952
- 4 -

_of a PDU and the recelpt of the correspondlng -
acknowledgment message, the transmlt w1ndow may be stalled
during the transm1551on resultlng in a reduced throughput

In such a case, Tall PDUs w1th1n the transmit window Have

been transmltted at least once and’ the transmitter has to

wait until the transmlt w1ndow can be slid further. The
probablllty of a stalled transmlt window rises with the

rate of erased PDUs thhln all transmltted PDUs (Packet

<Erasure Rate} PER)

" SUMMARY OF THE INVENTION

It is therefore an object of the present invention to
provide an error control method and apparatus by means of

whlch the transmlsSLOn throughput ¢an be ircreased in the -

' Slldlng W1ndow method.

Thls object ‘is achleved by an error ‘Gontrol method for
a transm1551on channel whereln a transm1551on of data
units via the transm1551on ‘channel is controlled in
dependence on the sequence humber of a preceding data unit

not yetbacknowledged,{the error control method comprising

the steps of

deflnlng a transmlt w1ndow based on the sequence number
of the precedlng data unlt not yet acknowledged

allow1ng the transm1531on of a data unit only if the
sequence number of the data unlt lies w1th1n the transmit

window;

estlmatlng a transm1551on quallty of the transmission

'channel and

changing ‘the transmission rate of acknowléedgment
messages in response to the estimated transmission quality

of the transm1551on channel.
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Additionally, the above Object is achieved by an error

control apparatus for performlng a control so as to allow a

.transm1351on of data units v1a a transm1551on channel in

dependence on the sequence ru.oer of a precedlng data unlt
not yet acknowledged, the error control apparatus'

comprlslng :

detecting means for detectlng a transm1551on guallty of
the transmission channel and

control means for changing the transm1551on rate of
acknowledgment messages 1n response to the transm1551on
quality detected by the detectlng means. '

Accordingly, the retransmission.protocol is made faster
in poor channel conditions,‘wnereas'the amount of resources
used for acknowledgment messages is lower for ‘better
channel condltlons. Thereby, the retransm1551on delay and
the amount of resources requlred for the acknowledgment
messages are adapted to the channel condltlons, to thereby
optimize ‘the ARQ scheme.kThe acknowledgment strategy for
the Selective Retransm1551on ARQ scheme with the Sliding
Window method can thus be adapted to dlfferent and possibly
changlng PER values and prov1des a good throughput without
an exce551ve amount of transmltted acknowledgment messages.

Acknowledgment messages are generated more frequently, when

the PER ‘is hlgh, whereas the acknowledgment rate 1s reduced

in cases of. lower PER values. Thereby, transm1551on

_resources and process;ng power can be saved without

reduc1ng the throughput of the prlmary transm1331on.

The transm1551on rate of the acknowledgment messages
may be changed in response to a data unit erasure or loss

detected at the rece1v1ng end of the transmlSSlon channel.

In this case, the number of data unlts which have been

successfully recelved may be coanted the count value may
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be 1ncreased by the predetermlned value when a packet

erasure or loss has been detected, and an acknowledgment
message may be transmltted when the counter value exceeds a
predetermlned threshold value. Alternatlvely, instead of

5 increasing-theHCOunt value by the predetermined value, the
predetermined threshold value may be decreased-when‘a data

unit erasure or loss has been detected.

Thus, the recelver de01des on the transm1551on timing
10 of acknowledgments and 1s able to count’ the data units lost

or erased during the transm1351on.

Alternatively, the transm1551on rate of the
'acknowledgment messages may be changed in dependence on a
15 retransm1551on of a negatively acknowledged data unlt. In
.thlS case, the number of unacknowledged data unlts —
transmltted v1a the transmissiOn channel may be counted,
Tthe counter value may be lncreased be a predetermlned value
when a negatlvely acknowledged data unlt has been
20 retransmltted and a transmlsSLOn of an acknowledgment
'message may be polled ‘when the counter value exceeds a
predetermlned threshold value{ Alternatlvely, 1nstead of
lncrea31ng the count value by the predetermlned ‘value, the
predetermlned threshold value may be’ decreased when a
25 ’negatlvely acknowledged data unlt has been retransmltted.
Thus, the transmltter commands or polls the receiver to
send an acknowledgment message. Thls can be done for
instance by settlng a predeflned polling bit provided or

30 Vdeflned 1n the header of a transmltted data unit.

In the transmltter smde error control as well as the
recelver sxde error control a 51mple algorlthm easy to

1mplement is thus provided.

W QTURY A L DESRARET LY. . : i S
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Preferably,; the prédetermined .value and/or the .- -
3 wvalue are adjusted based on a
transmission rate o= . ¢data units,.a size of the.transmit

window and/or a round-tu.. délay of the transmission

‘channel. Thereby, the err. aontrol can be optimized with

respect to the characteristi- o5f the transmission channel.

The detecting means may be ..rranged to detect a data
unit erasure or loss at a receiving end of the transmission
channel, or may be arranged to’ detect a .negative
acknowledgment message received at a..transmission end of

the transmission channel.

In caSéfof~tﬁe.féCeiver side contrel, counting means
for counting the number of data units which have been

received successfully, ~afid comparing:means for comparing

‘the count value dbtainéd from the counting -means with the

predetermined threshold value may be provided, wherein the
control means may be arranged to increase the count value
of the cbdnting means by a prédetermined value or to
decrease the predetermined threshold value, .when a data
unit erasure or loss has beéen detected by the detecting
means, and to initiate @ transmission. of an acknowledgment

message when the comparing result of the comparing means

‘indicates that the count value has exceeded the:

predetermined threshold value.

‘In the transmitter “side -coritrol,: cocunting means for
counting the humber"offunacknowledged data units
transmitted via the transmission channel and comparing
means for comparing the count value of the cohnting means
with a predetermined threshold value may be provided,

wherein the control means may be arranged to increase the
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count value by a predetermined value, or to decrease the

predetermined threshold. value, when a negatively
acknowledged data-unit is retransmitted, and»£0»poll for a
transmission of an acknowledgment message when the
comparing result of the comparing means indicates that the

count value has: exceeded the predetermined threshold value.

Preferably, the control means is arranged to adjust the
predetermined value and/or the predetermined threshold
value based on a transmission rate of the data ugits, a
size of the transmit window and/or a round-trip delay of

the transmission-channel.

BRIBF DESCRIPTION OF THE DRAWINGS

.+ In - the following,: the:-invention will be described in

'Jgreéterwdetail{onzthesbasis:of;angefer:ed embodiment with

reference to the accompanying drawings, wherein

Fig. 1 shows a basic blqck diagram of an error control

_apparatus“accordinguto,theApreferred embodiment arranged at

the receiving side of the transmission channel,

Fig. 2:- shows a: flow diagram of the receiver side error

" control according to~£he_preferredlembodiment_of the

present .invention, ‘ ) B - ‘

Fig. 3 shows a basic block .diagram of an error control
apparatus according to the preferred embodiment arranged at
the transmitting side of the transmission channel; and

Fig. "4 shows. a flow .diagram-.of a.transmit;e; side error

control.according to the-preferred. embodiment.
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. DESCRIPTION OF THE PREFERRED EMBOﬁIMENT_

. The orerttfed embodlment of the present 1nvent10n w1ll
now be descr [ e n the ba51s of an RLC (Radio Link

Control) connectlon prov1ded in a GPRS network.

An RLC connection is comprised of two peer entities.

Each RLC endpeoint has a recelver which recelves RLC data

~ blocks. Each RLC endp01nt_also has a transmltter which

transmits RLC data blocks. Each endpolnt s recelver ‘has a
receive window. In an RLC acknowledged mode, the recelve
window is deflned in such a manner that the difference
between the sequence number of the oldest data packet, i.e.
RLC data block not rece*ved and the sequence number of the
next data-block expected to be received is less or equal
than a predeflned w1ndow sxze..All recelved data blocks

which meet this criteria are valid w1th1n the recelve
window.

Furthermore, each endp01nt s transmltter has a transmlt
window. In the RLC acknowledged mode, the transmlt window
is deflned such that the dlfference between the sequen
_number of the oldest data block not p051t1vely acknowledged
and the sequence number of tbe next data block to be
transmltted is less or equal to the predeflned window size.
All data blocks whlch meet thls crlterla are valld w1th1n
the transmit window.

In tbe present GPRS. network one connectlon endp01nt
may be a moblle station and ‘the other endeLnt may be a

network element such as a PCU (Packet Control Unlt)

S BNSDOCID: <WO ___0122645A1 1 _>
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Each RLC endpornt transmltter has an associated

acknowledge state array 1ndlcat1ng the acknowledgment
status of the prevxous RLC data blocks within the transmit
window. The array is indexed réelative to the oldest data
block not p051t1Vely acknowledged (unacknowledged ‘data
block) or relative to the startlng sequence number. The
seduence number of the next data block to be transmitted

is updated based on the content of a received packet
acknowledgment message If a received packet
acknowledgement message has indicated that some of the data
blocks ‘have to bBe retransmltted then the RLC endpoint
transmltter retransmlts negatlvely acknowledged data blocks
at firstf startlng from the oldest one, and then returns to
the orlglnal transmlsSLOn order. If the transmit window is
stalled, then the RLC endpoint transmitter'may retransmit
the unacknowledged data blocks startlng from the oldest one

untll the w1ndow can be slld further

N~ s

In the uplink direction, a packet uplink acknowledgment

message is sent by the GPRS network to the mobile station

in order to lndlcate the status of the received RLC data
blocks "This message may also update the tlmlng advance and
‘power control parameters. In the downllnk direction, a
packet downllnk acknowledgment message is sent from the
mobile statlon to the network té ‘indicate the status of
downlink RLC data blocks received and to report the channel
Aquallty of the downlink channél.

Each RLC endpoint receiver has an associated seguence
humber of the oldest data block“not received. ThisAsequence
number may be set to the value O at the beginning of each
transmiSSion:in which the RLC endpoint is the receiver. The
sequence number of the oldest data block not received is

set to the sequence number of the next data block expected
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to be.received, if all RLC data blocks within the receive

window have been received properly.

Each. RLC endpoint receiver has an associated receive
state array indicating the rece;ye”etatus of previous RLC
data blocks within .the, receive yindoﬁ. The array is indexed
relative to the sequence number of the hext data block
expected to be received. When an RLC data block ﬁaving a
sequence number within the teceive window ie received, the
corresponding element of the receive state array is set to
the value RECEIVED. When an element falls outside the
active receive wigdow,»the"correepquiné eleﬁent is set to
thervaluerINVALID.VIhereby, the:receite window is moved

forward during the transmission.

According to the preferred embodiment, a strategy for
generating. acknowledgment messages is, lmplemented, whereln
the rate of transmlttlng acknowledgment messages lS changed
on the basis of the transm1551on quallty of the
transmission channel, e.g. the RLC connectiocn. In
particular, acknowledgment messagee are generated more
frequently'when the PER is,highﬁland the acknowledgment

rate is reduced when the PER.is low.

In the following two alternative examples for

implementing the above strategy are described..

According to:thezfirst example, a receiver side error
control is performed, ,whereln the RLC endpoint recelver
decides when an acknowledgment shall be send and is able to
count the data blocks .lost or erased durlng the »
transmission. This means that theArecetver has to have
knowledgewof‘the data blocks to ce,received cr‘has to be

able to detect the data blocks which have been transmitted
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to it, even if the data blocks may have been corrupted

during the transmission. SR s

' "Fig. 1 shows a block diagram of a receiver at an
.5 endpoint of an RLC connection. It is to be noted that only
those blocks of the réceiver which are ‘essential to the

present invention are shown in Fig. 17

According to Fig. 1, the receiver comprises-a
10 transceiver (TRX) 10 for receiving data blocks transmitted
via the RLC connection and for transmitting acknowledgment
messages generated by ‘an acknowledgment message geénerator
16. The received data blocks are supplied to an error
detector 11 arranged for detecting a lost or erased data
15 Dblock. This may be achieved on the basis of the seguence
numbers of received data blocks, the reception timing of
' received data Blocks, thHe reéeivé state array, or the like.
" The }eceEQéaVaétﬁygiéékg”gfé~iﬁéﬁ'édpbliéd'tb'a decoder 12
for decoding the data blocks according to a (higher level)
20 proﬁocol used for suppiying'the.data to a data sink.

Furthermoré, the‘receivericdmpriSés a packet counter 14
which 1is initialized.at’the’beginning of a transmission. An-
error control unit 13 controls the packet counter 14 so as

25 to be incremenited by one whenever an information indicating
a successful receipt.of a data block has been supplied from
the error detector 11 to the error control unit 13. The
control of the paéketabéﬁdter’idémay be performed by
supplying’éount pulées:brvthe like thereto. Whenever a lost

30 or erased data block'is detected by the error detector 11,
a corréspondihg information is applied to the error control
unit 13 thch édbséqueﬁtly.controls’the packet counter 14
so as to be increased by (1 + W), where W denotes a

weighting paréhétef Iargef'than-o.
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Fdfthermore;'a comparator»lS_is provided to-which the
count value of the packet coudtef‘lé isﬂsupplied and which
compaies the count vaiue witbﬁa predetermined threshold
value fﬁsuppliedqfrom tne error control unit 13. The

comparison result is supplied to the error control unit 13.

According to the above aftanQement, an error processing
unit 1 consisting of the blocks 11, 13, ié and 15 is
provided, which detects lost or erased data blocks and
whlch controls the acknowledgment message generator 16 so
as to generate an acknowledgment message when the count
value of the packet counter 14 exceeds the predetermlned
threshold value T To achieve this, the error control unit
13 is connected to the acknowledgment message generator 16.
in order to supply a control 51gnal for 1n1t1at1ng the

generation of an acknowledgment message._

DB aE -t

The parameters W and T may be adjusted separately for
various systems based on thelr transmlsslon rates, window
sizes and round-trip delays Thls may be performed by the
error control unit 13 based on a correspondlng external

lnformatlon or an lnltlal programmlng of the error control
unit 13

In the followiné;_tneietroticontrol operation.according
to the first exampie of the oteferred embodiment will be
described on the basis of a flow diagram shown in Fig. 2.

At;tne_beginning of a t?ansmission; tne.packet counter
14:is initialized (SlOO), then the transmission is started
in step Sldl Thereafter,tthe error control unlt 13
determines in step S102, whether the error detector 11 has

indicated the successful receipt of a data block. If so,

o
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ol srgnal to the

>packet counter 14 so as to 1ncrement the count value

(5103) If the error detector 11 has detected a lost or

B erased data block 1 e. the control unit 1
> step S102 that the data block has not been
successfully, it controls the packet count
correspondlng control s1gnal so as to incr

value by the value 1 + W

3 determlnes in
received
er 14 by a

ease the count

10 ’ Thereafter, the error control unit 13 checks in step

SlOS whether the comparator 15 indicates that the threshold

value T has been exceeded, or not. If so,
13 lnltlates the transm1551on of an acknow
" by the acknowledgment message'generator 16
15 resets the counter 14 (8107) If not the <
.~ proceeds to step s108, where 1t 1s checked

transmission end has been reached or not.

the control unit

ledgment message
'(S106) and

ontrol flow
whether the

If the

transm1551on is not yet flnlshed the control flow returns

to step 5102 in order to check for the successful recelpt

20 of a new data block. Otherwxse, the control procedure is

terminated.

According to a second example of the'preferred'

embodiment, the error control may be performed at the

25 transmlttlng end of the RLC connectlon, wherein the

transmltter polls the recelver to send an acknowledgment

message

Fig. 3 shows a ba51c block dlagram of a transmltter at

30 .an endp01nt of an RLC connectlon It is to

be noted that

'only those blocks of the transmltter, which are essentlal

to the present 1nventlon are shown in Flg
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According to Fig. 3, the transmitter comprises a

transceiver (TRX) 20 arranged to transmit data blocks
'supplied from an .encoder 22 to the RLC connection, and to
sreceive acknowledgment messages from a receivér-arranged at
the other end of the RLC, connection. The encoder 22 is
arranged to generate-RLC data packets from supplied input
data, e.g. PDUs of a higher transmission protocol. The
received acknowledgment messages are supplied to an error
detector 21 arranged for detecting negatively acknowledged
data packets to be retransmitted. The detection may be
performed on the basis of the status informatton included
in. the received acknowledgment message,. the aEknowledge
state array, or the like. The-error detector 21 supplies a
corresponding. detection information to an error control
unit 23 arranged for controlling a packet counter 24 by
supplying a corresponding control information, e.g.- control
pulses, based on the detection result. Furthermcre, the
error control unit 23 isssconnected to the encoder 22 in
order to receive an information indicating the transmission
of a new, ‘i.e.. unacknowledged, data packet.

In particular - the error control unit 22 nerforms an
in-particular,’ the error con L 243 performs ar

error control in such‘'a.manner that the packet counter 24
"is incremented by one whéneve; an: unacknowledged new data
packet - is. transmitted by the TRX 20.*Howevei, whenever the
error detector 21 detects a negative acknowledgment
message, and the negatively acknowledged data block is
retransmitted, the error control unit>23 controls the
packet counter 24 so as. to. increase.the count value by (1 +
W)Y. Additionally, a comparator. 25 is: provided to which the
count value of the packet counter 24 is supplied and which
compares the-count value: with a ﬁredetermined threshold
value T supplied from the errcor control unit 23. The

comparison result is supplied to the error control unit 23
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which controls the encoder 22 so ‘as to poll an

acknowledgment message from the receiver at the -other
connection end, when the count value of the packet counter
24 exceeds the given threshold wvalue T. Furthermore, the

error control:*unit 23 is arrangéd to reset the packet

. counter 24 after 'each polling operation: The polling may be

performed by controlling:-the encoder 22 so as to set a
predetermined peclling bit defined in ‘the header of a
transmitted data block.

Thus, .an .error processing unit 1 comprising the blocks
21, 23, 24 -and 25 is provided, which changes the
transmission rate of acknowledgment messages from the
receiver at the other connection end by commanding or

polling the receiver based on the received acknowledgment
messages. .

As an alternative,” the ‘error detection function may be
privided in a kind of scheduler which supplies the data
blocks to the encoder 22 according to . -the above described
selective transmission scheme. In.this case, the scheduler
knows whether .the actual transmission .is a retransmission
of a negatively acknowledged..data block or a transhission
of a new .unacknowledged data block. This information may be
fedAtg the ‘error control unit 23 whenever a data block is
transmitted. -

In the following, the error control operation according
to the second example. is described on the basis of a flow
diagram shown in Fig. 4.

According to-Fig. 4, the packet counter is initialized
in step S200 at the beginning of a transmission. Then, the

transmission is started in step S201.
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In step S202 the error control unit 23 checks whether
a negatlvely acknowledged data packet is retransmitted,
based on the 1nformatlon supplled from the error detector
21 and the encoder 22. If_not, i.e. in case an ]
unacknowledged data packet-is transﬁitted the packet

counter 24 is incremented by one in step 5203. Otherw1se,

in case of a retransmission of a negatively acknowledged

data packet, the error control unit 23 controls the packet
counter 24 so as to increase the count value by (1 + W).

Tﬁen,-in step 8205, the error cohtrol unlt 23 checks

whether the predetermlned threshold T has been exceeded by

the count value. If so, the error control unit 23 controls
the encoder 22 so as to poll the recelver to send an
acknowledgment message (5206) . Then, the error control unit
23 controls'the,packepﬁ;qgn}%gﬂ%4%§pwas:to,reset its count
valueA(SZO7). R ‘ S o

If the threshold value T is. not exceeded in step S205,
the flow advances to step 5208 where the transmission end
is checked. If the transmLSSLOn has not vet termlnated, the

flow returns to step 5202 where the retransm1551on of a

_negatively acknowledged packet is checked‘agaln. Otherwise,

the control procedure is terminated.

Also in the second<e§ample, thevparametets W and . T may
be adjusted separate;y or in combination by the error
control unit 23 for yaripus_systemstAbased_on their
transmission rates, window si;es and/ot‘round—trip delays.
A corresponding‘system information may be_externally

supplied to or,programmed into the error control unit 23.
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As an alternative to the above described error control

.performed in the first and the second exaﬁple, the control
units 13 and 23 may be arranged to” decrease the
predetermined threshold value T by a‘predetermined;amount,
whenever a lost or erased data packet is detected, or,’
respectlvely, whenever a negatlvely acknowledged data
packet is retransmitted. In this case, the packet counters

14 or 24 not neceésarily have to be increased by (1 + W).

Accordingly, the number of frames transmitted between
successive acknowledgment messages is made dependent on the
channel quallty When the channel quallty is poor, the
acknowledgment messages are transmitted more frequently,
whereas the transmission rate of the'acknowiedgment-~
messages'is decreased when the channelpqdality is'higher.

It {s ‘to be notad that fté error ‘control functions
performed by the respective blocks of the error processing
unit 1 depicted in Figs. 1 and 3 may as well be implemented
by corresponding software routines stored in a program
memory and executedmby:respective mikroprocessors (CPUs)

arranged in the transmitter and receiver.

In summary, the invention rélates to an error control
method and apparatus for performing a control so as to
allow a transmission of data units via a transmission
channel independence on the sequence number of a preceding
data unit not YetAacknowiedged, wherein the transmission
rate of acknowledgment messages is changed in response to
an estimated transmission quality of the transmission
‘channel. Thereby, the retransmission protocol is made
faster in poor’channel conditions, whereas the amount of
resources used for the acknowledgment message is lowered

for better channel conditions. The error control may be
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performed at the transmitter side, wherein the transmitter

commands or polls the receiver to send an. acknowledgment

message. The channel quallty may be determined by detecting

a retransm1551on of negatlvely acknowledged data unit.

Alternatlvely, the error control can be performed at the
receiver 51de, wherern the recerver decides when an
acknowledgment shall be sent and is able to count the data
unlts lost or erased durlng the transmission to thereby

estlmate or detect the channel quallty.

It should be understood that the‘abovewdeseription and
the accompanying figures are only intended to illustrate
the present lnventlon. Thus, the error control method and
apparatus accordlng tokthe present invention may also be
used in other cellular or non- cellular data networks ‘
Furthermore, the estlmatlon of the channel or transm1551on

quality may be performed on the basrs of other parameters,

such as an SIR (Signal Interference Rate), an Eb/NO rate,

or a corresponding information derived from the received
data units. Moreover, the data unit may be any data packet,
frame, cell, octett or part of data packet (e.g. TCP data

1ich can be acknowledged. The present invention may

thus vary within the scope of the attached claims.
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‘" Claims

1. An error conttol‘mefnod for a transmission channel,

wherein a transmlsSLOn of data unlts v1a said transm1351on
channel is controlled in dependence on the sequence number
of a precedlng data unlt not yet acknowledged said error
control method compr131ng the steps of:

a) defining a transmit w1ndow based on said sequence
number of said unacknowledged precedlng data unit,

b) allowlng the transm1551on of a data unit only if the
sequence number of said data unit lies thhln said transmlt

window;

c) estlmatlng a transm1551on quallty of ‘said transmLSSLQn
channel ‘and .
d) changlng ‘the transm1551on rate of acknowledgment

messages in response to sald estlmated transm1551on quallty

Lol Tl w e,

2. . A method according to claim 1, wherein said
transmission rate of said acknowledgment messages is
changed in response to a data unit erasure or loss detected

at the receiving end of said transmission channel.

3. A method according to claim 2, further comnrising the
steps of counting the number of data units which have been
successfully received; increasing the count value by a
predetermined value when a data unit erasure or loss has
been detected; and transmitting an acknowledgment message

when said count value exceeds a predetermined threshold
value.

4. A method according to claim 2, further comprising the
steps of counting the number of data units which have been

successfully received; transmitting said acknowledgment

e SOTRAT I B o
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message when the count value exceeds a predetérmined .

threshold.value; and decreasing said predetermined
threshold value when a data unit erasure or loss has been
detected.

5. A method according to claim 1, wherein said
transmission rate of said acknowledgment messages is
changed in dependence on a retransmission of a negatively

acknowledged data unit.

-6. A method according to claim 5,. further comprising the
steps of counting the number of unqqkqowledgéa data units
transmitted via said transmission channel; increasing the
count value by a predetermined value when a negatively
acknowledged data unit has ‘been retransmitted; and polling
for a transmission of an-acknowledgment message when said

count value¢exceed3;anp£egetggmiggd threshold value.

7. A method according to claim 5, further comprising the
steps of counting the number of unacknowledged data units
transmitted via said transmission channel;‘polling'for a

transmission of an acknowledgment message when the coun

0 =il

- value exceeds a predetermined threshold value; and

decreasing said predetermined threshold value when a

negatively acknowledged data unit has been retransmitted. .

- 8. A method accordlnc to clalm 3 or 6 whereln said

- predetermined value is adjusted on the basis of a

transmlsSLOn rate. of sald data unlts, a size of sald
transmlt w1ndow and/or a round trlo delay of said

transm1551on channel.

9. A method accordlng to any one of clalms 3 to 8,

wherein said predetermlned threshold value is adjusted on

_ . - . c I - it
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the basis of a transmissidn rate of.said data units, a size

of said transmit window and/or-a round-trip delay of said

transmission channel. °:. = .~

10. A method according to any one of the preceding claims,
wherein said transmissién channel is an RLC connection for
transmitting ' RLC data blocks in an uplink or downlink

direction of a GPRS network.

11. An error control apparatus for performing a control so

as to allow a transmission of data units via a transmission

- channel in dependénce orn the sequence number of a preceding

data unit not yet ‘acknowledged, said error control
apparatus comprising:

a) detecting means {(11; "21) for detecting a transmission
'quality'df said transmission- chdnnel; and

b) ~ control ‘mé&ans (¥3;723)"for changing the transmission
rate of acknowledgment messages in response to the

transmission quality detected by said deteécting means.

12. An apparatus according to claim 11, wherein said
detecting means (11) is arranged to detect a data unit
erasure or loss at a receiving ‘end of said transmission
channel. . I

13. An apparatus according to claim 11, further comprising
counting means (14) for ‘counting the number of data units
which have beén received successfully, and comparing means
(15) for comparind the ééﬁﬁt:vélué"obtaihed from said
counting ﬁeans (iq) with“éAbrédéﬁermined thfeshoid value,
wherein said control means (13) is arrénged'tb increase the
count value of said counting means (14) by a predetermined

value when a data unit erasure or loss has been detected by

Coaduns U T M b wesgen

Page 282 of 409



10

15

20

25

30 °

(W
- WO 0122645 i

PCI/EP99/06952

- 23 -
said detecting means (11) -and to initiate -a transmission of

an acknowledgment -message when the comparing result of said
comparing means (15) indicates that the count value has
exceeded said predetermined threshold value.

14. - An apparatus-according to claim 12, further comprising

‘counting means (14) :for.counting the number of data .units

which have been received successfully, and comparing means
(15) for comparing the count value-obtainéd from said
counting means (14) with a predetermined threshold value,
wherein said control means. (13). is-arranged qé“decrease
said predetermined threshold value when a data unit eraéure
or loss has been detected by said detecting means (11) and
to initiate a transmission .of ‘an acknowledgment message
when the comparing result of said comparing means (15)
indicates that the count value has exceeded said

predetermined: threshold: valuey ynmrs v osa

13. An apparatus-according to claim 11, wherein said
detecting means (21) is arranged to deteét a negative
acknowledgment message.reeeivedmét a transmission end of

said transmission channel.

16. - An apparatus according-to:claim 15, further comprising
counting means (24) for counting the number of .
unacknowleged data units.transmitted via said transmission
channel;vand‘comparingfmeéns {25) for Comparing the count
value of said counting means (24) with a predetermined
threshold value, whereéin said control means (23) is
arranged to increase the count'value?by a predetermined'

value when a negatively acknowledged-data unit is

. retransmitted, and to poll for a transmission of an

e

~<We—01!

acknowledgmént message when the comparing result of said

Tt T

-

Page 283 of 409

1=l e



10

15

20

25

30 .

L - - - . - ‘ g vy
Crporehin T MRy : N : ' - o PRI

Page 284 of 409

WO 01/22645 ' "~ PCT/EP9%/06952

, - 24 -
comparing means (25) indicates - that the count value has

éxceeded -said predetermined threshold value.
17. An appardtus’according to.claim 15,. further comprising
counting means (24) for counting the number of
.unacknowledged data units transmitted via said transmission
.channel; and.:comparing means. {25)  for comgéring the count
‘value of said counting means (24) with a predetermined
threshold value, wherein said control means (23) is
arranged- to decrease’said predetermined threshold wvalue
when a negative:acknowlédgment'message has been detected by
said detecting means (21), and to poll for a transmission
of an acknowledgment message when-the comparing result of
said comparing means (25) indicates that the count value

has exceeded said predetermined threshold value.

i !

18. A apparatus according. to claim:13"or: 16, wherein said
control means (13; 23) is arranged to adjust said
predetermined value based on a transmission rate of said
data units, a size of said transmit window and/or a round-

trip delay of said transmission channel.

19. An apparatus according to any one of claims 13 to 18,
‘wherein said control .means. (13; 23) is arranged to adjust

said predetermined "threshold value based on a transmission
rate of said data units;:a.size:of said transmit window

and/or a:.round trip délay .of said transmission channel.

20. An apparatus according to.claim 16 or 27, wherein said
control means (23) 1is arranged to petform a control such
that a polling-bit is set in the header of a data unit to
be transmitted.

- -~
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21. An apparatus according to any one of claims 11 to 20,

wherein said error control apparatus is arranged in a
mobile station and/or a network element of a GPRS network.

5 - . e ) »i_:: . ; L -

-

) v At - L
RNV SN T Y wiEIIT

Page 285 of 409



WO 01/22645

PCT/EP99/06952

TRX

10

16

ACK

generator

Page 286 of 40

T miam o

T INSERIRMN VIO, ARSI e

9

1/4
%-. data
error | |decoder| out
detector |- N
11 Co[12
error
ctrl.
13
) A 4 T )
packet comparator
counter p
14 15

S L WA Y 2Rk . S ST AR



SNSRI SO - 01 22645A 1§ o=

‘WG 01/22645

2/4

(Start- -2 ... 2.

h

PCT/EP99/06952

initialize
S100 packet counter
start
. S101 transmission:
T
receipt No
S102 uccessful?
o S104 ,
S103 © increment - increase
counter: by 1 counter by 1+W
— ]
S105 T exceeded?.
o send
S106 ACK message
reset |
S107 packet counter
Te
end of
S108 no

transmission
- i

Page 287 of 409



WO:-01/22645 * PCT/EP99/06952

3/4

TRX encoder}-
" data

20 22~ | . 1m

MMACKS

error . error
detector —— ctrli. |
21 23

packet |
counter —»
124 25 '

comparator

RSP p . A —— .
R SN
TRLDOCEY SN0 AR 2ee T L - . . . ) o . L S EARETEL LW L adumee.

Page 288 of 409



WO 01732645 PCT/EP99/06952
' ~4/4
( St ar‘t ) X Ax' - -’W/M':";; NI - -
initialize )
8209 packet counter
transmission
T
sS202 retransmission .¥e§ﬂ'
S204 1
5203 increment “I-}. . increase
counter by 1 counter by 1+W
S205 T exceeded? P TeY onox
poll receiver for
S206 ACK message
T
h 4
reset
S207 packet counter
|
.
- . endgéf\ ~ W.Né
S208 - ~transmission =
Ne SN
Fig. 4
A - ' . LT Teai

BRSTOCID WO ™7 ToSTR T - i =

Page 289 of 409



INTERNATIONAL SEARCH REPORT

According to intemational Patent Classification (IPC) or to both national classification and 1PC

inte * jonal ApplicationNo
PCT/EP 99/06952
A. CLASSIFICATION OF SUBJECT MATTER
TeC 7 HO4Li/18 041 1/00 HO4L1/16 HO4L12/56

B. FIELDS SEARCHED

IPC 7 HO4L HO4Q

Mlnl-num documentation searched (classification system foliowed by clasaification symbois)

Documentation searched other than mini

to the extent that such documens are inckuded in the flelds searched

EPO-Internal, WPI Data, PAJ, INSPEC

Blectronic data base consulted during the international search (hame of data base and, ‘'where practical, search tarms used3

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category * | Citation of document, with indication, where appropriate, onhorelovampaeaagao Relevant to claim No.
Y -US 4 841 526 A (WILSDN JON C ET AL) 1-9,
20 June 1989 (1989-06—?0) 11—20
" abstract S -
column 3, 11neu38,fgo]umn 4, line 56 .
column 8, line 11 ~ line 48 .
column 9, line 57 —column 10, 11ne 22
Y ¢ EP 0 695 053 A (AT & T*CORF) PR T - 1-9,
. 31 January 1996 (1996-01-31) - 11-20
abstract
column 1, line 10 - Iine 50 .
column 5, line 33 —column 6, line 11
column 8, line 4 - line 26 :
figure 3
-f— -

mﬁ Further documents are isted in the continuation of box C.

E _ Patent tamily members are listad in annex.

* Special categ

"A* document defiing the general state of the atwhichisnot =~
considered to be of par

‘€ e:g:;mbmmbﬁdndmoraﬂume intemational

"L* document which may throw doubts on pﬁaﬂyclahn(s)or
which is cited to establish the publicat!
citation of othor special reason (as wﬁed)

*0* document refening to an orel disciosurs, use, exhibition or
other means

‘68 of cited nts :

ki o eard

P o the in atl

document prior
htsrmmmepdodydmadmmed

} fling date but

.1- IE‘-’J vy i L Aawm . ey mgm
: orprbﬂ!ydmemdnotnconmawmm application but
. emdwmmmmlpborm underlying the .
invention
X‘d:mmofpmmmtfndwnedmvm
be d novel or be considered to
mmmm«ﬂwmmhmmh takanslona
"Y*" document of particul ; the claimed

. ments, such
‘in the art.
'&* document member of the same patent family

Date ot the actual compietion of the intemational search Dats of mailing of the intemational search report
12 July 2000 21/07/2000

Name and mailing sddress of the ISA Authorized officer

B e - Evrvpean Patent Office, P.B. 5818 Patentiaan 2

4 Tt TR0} DA 2040, Tx. 31 651 epo ni

LT - . TX. . ] B

i Fre: (+31-70) 340-3016 ope Poggio, F o

= T Rskan e c AT - - - T T
fh AT L page 1 of 2 i ERYT i

Page 290 of 409

RS e L



- INTERNATIONAL "SEARCH:-'REPORT

inte lonal Application No

PCT/EP 99/06952

C.{Continuation), DOC‘UIIENTS CO!GIDERED YO BE. RELEVAHT

Category * Cmdma,m.-.dmmmmm ctmetsbvantpaasagsa

Relevant to daim No.

A

WO 98 20511 A (-?TACKETEE#INC')‘ o
- 14 May 1958 {1998+05-14)-

abstract - . .

page 5, line 1 =~ :iu¢ “3

page 6, line- 5'—'1§ne Z3

page 14 line 15 -page io }ine‘13~-'

US4 939 731 A (REED ALLYSON ET AL)

3-July 1990 (1990—07-031’

abstract

column 1, line 43 - line 61

column 2, linad 31 - line 56

column 4, line 47 —column 5, line 38

WO 96 36150 A (AHOPELTO JUHA PEKKA ;NOKIA
TELECOMMUNICATIONS-OY (FI); KANERVA MIK)
14 November 1996 (1996-11 14)

abstract -

page 1, line 34 -page 2, ‘line 15-

page 4, line:30 -page 5, line 26

page 8, 11ne 1‘ -page 10 line 8

L1
L1

1,11

mmmammumtm - : .

LR 3 b u."'l,a. I P

page 2 of 2

RS S . St

anchemin. Jon=&1'~

Page2910f409



'

-

-~

INTERNATIONAL SEARCH: REPORT: 1

ation on pstent family

“inte “lonal Appilcation No

PCT/EP 99/06952

Patent document Publication " Patentfamiy © . pubkcation
cited in ssarch report - date .  members) dmts
US 4841526 A -20-06-1989 - - - EP----- 0162478 A 27-11-1985
EP 0695053 A 31-01-1996 Us: 5570367 A 29-10-1996
. CA 2145782 A,C . 29-01-1996
CN 1123980 A . 05-06-1996
JP 8065355 A - . . 08-03-1996
W0 9820511 A 14-05-1998 Us .. 6038216 A 14-03-2000
s o AU 5094498 A: - 29-05-1998.
US 4939731 A 03-07-1990 AT 72080 T 15-02-1992
. AU 594216 .B 01-03-1990
AY:.. 8234787 A -+, 30-06-1988
- CA 1303678 A -16-06-1992
DE 3776332 A 05-03-1992
~« EP . 0290525 A - 17-11-1988 .
. WO - 8804496°A . ... 16—06-1988
TR =+« 23547 A.: - 22-03-1990
WO 9636150 A 14-11-1996 . .- “FI_ ... 98023:8B . + 13-12-1996
: . AU -707904-8. . 22-07-1999
AU ~-5650296 A : 29-11-1996
CA.-. . 2220426 A 14-11-1996 -
CN 1183870 A 03-06-1998
EP 0826280 A 04-03-1998
JP 11505084 T 11-05-1999

bmvomer s o eoimes e o

S I
- e L Fram T e T BT

i S ¥0 § opsq
Page 292 of 409

TR

e A e

- N X s v
AT i Bt ONI00D S KOS SRy S0

e A




s

L rhenag MY

Page 293 of 409



PCT

WORLD INTELLECTUAL PROPERTY ORGANIZATION
Interniational Bureau

Das 14-18
Ser. No. 10/002,74
Filed 11/2/01

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification 6 :

(22) International Filing Date:

(30) Priority Data:

09/046,060 23 March 1998 (23.03.98)

(US).

(Us).
92612 (US).

Beach, CA 92660 (US). .

(11) International Publication Number: WO 99/49610
4L 1/12 Al

HO (43) International Publication Date: 30 September 199 (30.09.99)

{21) International Application Number: PCT/US99/04947 | (81) Designated States: CN, European patent (AT, BE, CH, CY,

5 March 1999 (05.03.99)

(71) Applicant: CONEXANT SYSTEMS, INC. [US/US]; IP Dept.
510-900, 4311 Jamboree Road, Newport Beach, CA 92660

(72) Inventors: WAN, Yongbing; 33 Vetrina, Irvine, CA 92606
KOMAILI, Jaleh; 64 Canyon Ridge, Irvine, CA

(74) Agent: ALTMAN, Daniel, E.; Knobbe, Martens, Olson and [ - :
Bear, LLP, 16th floor, 620 Newport Ccnt;_rDrive, Newport | . ] o

DE, DK, ES, Fl, FR, GB, GR, IE, IT, LU, MC, NL, PT,
SE).

Published

us With international search report.

(54) Title: TRAFFIC CHANNEL QUALITY ESTIMATION DERIVED FROM A DIGITAL CONTROL CHANNEL

['750
[ ettt 3
1 138 ‘

1 ‘\ nv\\ 742~ uuﬂl :
SN SIGNAL T SIGNAL BER. ¢ -;n.-u»:;-i !
STORAGE ; DETERMINATION |e=; F 1
: unit_| | | COMPARATOR .( MOOULE | Lopecd |

CONTROL 1 R N4 K 145 {
CHANNEL | 1I5= RASAPEN = ™~ :
RECEIVED 1 . S ‘ o BER. i
SIGNAL :» SR EVALUATOR |1
! —

PO~ SN P aad 148
B iy SIGNAL CONTROL CHANNEL QUERHEAD
OEMODULATOR DECODER DATA PROCESSOR SELE

(57) Abstract
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TRAFFIC CHANNEL QUALITY ESTIMATION DERIVED FROM A DIGITAL CONTROL
CHANNEL

Background of the Invention

Field of the Invention

The present invention relates to the field of communications. In particular, the present invention provides
an improved apparatus and method for determining channel guality based on evaluation of a control channel.
Background of the Invention

Wireless communication systems continue to experience rapid growth to meet the needs of ceflular telephone
users. The demand for wireless communication has increased the number of users attempting to gain access to the
system and has placed higher expectations on the clarity provided by wireless communication systems. Far example,
users prefer the audio quality of their wireless service to meet that of a wired connection, and expect wireless
service to consistently place a call. Furthermore, users expect the number of "dropped” calis to be at a minimum.

"The expanding wireléss systems places 3 premium on existing celiular sites, and in particular, the available
bandwidth or bit rate capacity of each base station. The limited number of suitable locations at which cellular sitas
may be placed increases the demands on existing cellular base station capacity thereby placing an even greater
premium on the bandwidth or bit rates of existing base stations.

In general, each cellular site operating in current digital wireless communication systems, such as for
example, GSM (Global System for Mobile Communications) use at least two channels over which communication
between a mobile station and a base station (cellular site} may occur--at least one data or traﬂic'channei and of at
least one control channel. The data or traffic channel shoulders the majority of the exchange by carrying the
encoded voice or data transmitted between mobile and base stations of the wireless system.

The control channel provides a communication link between the mobile station and the base station for

mobile management tasks. Examples of data exchanged over the one or more control channels include mobile station

" lacation, in-coming call traffic contral, biliing information, and security verifications. Similarly, control channels often

'pmvide paging or broadcast services. The amount of data exchanged over the control channel is relatively

insig'niﬁcam compared to the‘amohdf of dé;té exchanged over the traffic channel. However, the control channel is

very robust because of the importance of t,hé control channel: =Aitho'u‘gh not the focus of the present invention, these

'safeguards may include extensive reﬂundar‘fcy in the form of btack;coding and convolutional coding. ‘The extensive

. redundancy associated with the control channel provides robust error detection and correction.

. Summary of the inverition
A mobile station is typibally con'f.igured with a fixed bandwidth or bit rate. The communication system

- assigns $h§ total bit rate based on 2 system standard. This total bit rate does not change regardiess of channel

guality, and is typically selected for worst case or near-worst-case channel canditions. Accordingly, the maximum

number of users per base station is also fixed.

Various methods exist for determining the quality of the trafﬁc channel. The typical methods include traffic

- channel frame success raty, signal strength, bit error rate on the traffic channel, and the frame ratio. However, the
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tf_afﬁt:: channql'_p.rzoyidgs,‘an' unseliable char}nel_quakity indicator due to its high incidence of noise. For example, noise

. 0r static over the traffic channel aimost always exists. Likewise, a plurality of interference gamerasing samces exist,

.. such as a passing truck, an underpass, or other electromagnetic interference wivich ane inbevemt n witeless

communication. The high incidence of interference on the traffic channal-coupled with a generally smah degree of

. error correctien redundancy) on the traffic. channel hinders its employ as a reliable channel quality indicator.

The 7..c2%013 recognized the need for a more reliable and accurate methed of evaluating the guafty of the

'trafﬁc channel @ 2imv more ﬂexibility'in the system, such as enabling modifying the channel coding andler

permitting a higher bit ar lower bit rate.

8

The present. invention provides a method and apparatus fnr use in a dng:tal communication systems, such

as GSM, to more accurately evaluate the traffic channel quality, and : in response, modify the channel coding used

. during the transmission of speech data or modify the channel coding and/or the effective bit rate on a traffic channel.

~ i Cy

The present invention provides.an impmvgd ma_thoq an_;g_i gpparégyg for e\{aiuzgting the traffic channel quality.
An assaciated control channel.is_present during an active speech cail 'or}a_c}iyé ;!a,ta transmission. Because the
control channel is very robust, the control channel quality is very pre:iicxive‘ of t.he: actual channel quality of the
traffic channel where the traffic channel and the control channel are._jgla_t;etd, sﬁph as hy,frevq'uency, or otherwise
experiencing similar interference and fadmg in ether words, the effiéa& u; a chénnél qualitf determination based

on the control channel i is rehahfe because on the cnmrol channei spuuous nmse is tess likely to provide a non-reliable

indicator of steady-state changing channel quality.. D‘u,rmg}éavnv active voice or dgta_.,call, the. asso:xazed control

channel, such as the Slow Associated Control Channel in a GSM communication system, is monitored to obtain an
estimation of gross bit error rate (BER). The BER of the control channel is calculated by re-encoding the successfully
decoded information bits and comparing them to the received'hits. In a preferred embodiment, BER rate is only
calculated if a PA_SS resuit from block dgcpding. _The estimated BER, which may be filteréd. is then used to

determine the control channei quality. The quality of the control channei can then be applied to the tratfic channel

_and used to select channel ceding.. for. the. traffic charmei ‘which maxtmtzes the efficient use of svstem bit rates -

without significantly degrading the speech guality. The determmatzon of the traffn: channel quaﬁty fmm the control

-channel estimated BER can he made, by preset th:eshnlds or vanable thteshoids Where the control channel and

traffic channel are refated such that the control channel experiences similar interference to the traffic channel, as

. in most cases, the control channel s:gnai quamv is preductwe of :he traffu: channei quality.

In one embodiment, the invention comprises a methcd fur estxmatmg the quahty of a traff:c channel in a

wireless communication system having. at least ‘one c_om;oi_c,hannel and at least one associated traffu: channel. In

-particular, the method involves receiving a coded ,versian of a,c_antml chann_e! signal, decoding and re-encoding the

control channel signal, and _comparing the received cuded version of the cumrnl channel signal with the decoded
{corrected) and. re-encoded control channel signal to. determine the dlfference hetween the two. The difference
represents errors in the control channel signal, and is used to calculate the bit error rate. Based on the difference,

a similar signal quality is assumed for the traffic channel.

BNSOOID: MO - 9B4SBIAL 173 ¢ . ] - i . .
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in another embodiment, the channel quality estimator comiprises a signal decoder configured to decode an

““encoded control ctiannel signal and a signal storage dévice configured to store the received control channel signal

while the estxmator re-ericodes the decuded ‘tonitral channel S|gnal A° comparamf cuupled t6 the ‘re-encoder and the

\"sngnaf stnrage dev:ce determines the numbet ‘of ‘bits Which'differ between the two. The difference, or bit error rate,

enters an evaluation module which estimates the quahtv of the ch'annel based on the bit error rate.

In yefénnfhe’r’hinﬁﬁﬁirﬁént, the invention comprises an error correction controller configured to select the
error correction 6§er'héad'(cﬁamifal éoding) ta 'a‘ppb,?‘to Signals:bn a traffic channel. The contraller comprises a signal
decoder configured to decode an encaded control channei signél. A re-encoding module re-encodes the decoded
{corrected) signal, and a comparator configured to receive both of the re-encoded signal from the signal decoder and
a stored éignal from a sigrnél.'slorége device (containing the received signal)} compares the two signals. An error

correction selector réceives information from the comparator and evaluates the cantrol channel signal quality. Based

on the control channel signal quality, the selector selects appropnate overhead (ermr detection and correction coding)

to apply to outgumg data transmissions on the traffic channel.
in one embodiment, the frame error rate can be used rather than the bit error rate. As with tha bit error
rate preferablv. the decoded cnntrul thanriel s:gnai is oniy re-encoded and the’ frame error rate calculated if a PASS
results from block decodmg '
o " Brief Description of the Drawings
“Figure 1 illustratés biasié components of a wireles§ communication'systém:
* “Figure 2'is 4 block diagram ilustrating & chiHRél quality estimator: © * -
Figure 3 is a flow chart of a bit "’érréf'rate evaiuator:
Figure 4 is a block dcagram of a base statltm havmg a channel quality estimator in accordance with the

present invention. . Choe e '

Figure 5 is a bluck dsagram of a mobile station havmg a channel quality estimator in accordance with the
present invention. ‘ ' '

thure 6 lllustrates varymg voice frames resuhmg from varymg the ‘use of overhead in“accordance with the

Figure 7 m"s"ates varymg data packets based umm channel quahty estimation in accordance with the
presem invention. et e o . v .

F:gure 8 illustrates varymg bth the” amount of data and the amount of error correction in accerdance with
one aspect of the present invention. T v B ’
o S " Detailed” ‘Description of the Preferred Embddiment
" As'used in’this application, “total bit rate” is the bit rate of all bits inciuding redundancy. “Effective bit
rate" refers to the bit rate of data bits withadt encoding redundancy. _
" Figre 1 illustrates the basic components of a wireless communicationi system, as embodied in a cellular
telephone communication figtwork. - Modern cellular communication systems generally ‘comprise a plurality of base

..-:.«
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stations 100 {cellular sites) and mobi!e stations 102. Each base station 100 generally comprises a base station
antenna 104 and base station architecture 106.: V
- Each mobile .station 102 generally includes_an antenna 108 and is otten lpcated in 3 hand beld ualt, an
automebile or other mabile vessel.., The mobile stations 102, movable within the network, operate to transmit data
to the base stations 106. The base. stations 106 are similarly equipped to transmit data to the mehile station 102,
in many modern digitai communication systems, such as GSM, the base station 108 and the mebie statien
102 communicate over at least twe separate channels, each channel pa.ss'.gssmgj separate frequency or codiag
scheme, or occupying a. separate time frame on the same frequency with the same or ditferent cofing sohems. Tihe
. first channel, 2 traffic channel generally carries the majority of the (data, either voice or other digital data, which
a user desires to transmit. - The contro! channel provides a communication link between the mobile station and the
base station for mobile management tasks, such as.mobile location, in-coming cail traffic control, billing information,
security verifications, paging. or broadcast services. ‘ . . \

. Transmission_over a wireless network often mtroduces errars into the dxgltal data stream. To detect and
correct these errors, the traffic channel data is typically coded with block and canvolutional encoding {generally
referred to in this-description as_ error. corsection overhead and/or redu;}dar‘_xc.y)'. The encod'fmg' (error correction
overhead) permits the receiving station to, correct some errors in the signal which occur during transmission from
station to station. Examples of the type of encoding methads include block coding, convalutional coding and others.
Using these-types. of encoding .pat__ggmg,!tkhg receiving station can more accurately reproduce the original speech or
data transmission. However, the error correction n\(eihea_;iVnn;._vti.lg,gra_ﬁg’_c‘,:;ﬁghngl; is fixe_d,:qnd‘_i.shgenerally minimal.

The number of errors which are introduced during tranémiss'mn is often referred to as the bit error rate
or BER. The BER is simply a ratio of the qumbég of bits in error to the number of total bits ;ecéived. A high BER
indicates a high rate of error which is generally caused by a poor channel.

In the prior art, the overhead, often referred to as forward errar correction encoding algorithm or channel
_ coding, is constant, regardless of the actual.need for the particular channel coding. Likewise, if the traffic channel
{is configured to_carry dig§tal data, .the data rate is held constant, rggard!es; of the._capabi;lilty of the channel to
suppert an increased data rate. . This is.a significant, drawback because it testricts comrqun};atiun systems from
adjusting to changing channel conditions, and most efficiently using system handwxdth
As mentioned orevreusly .ene’or..more .additional channels known as r.ontml channels, are maintained
between the base station 106 and mobile station 102. The control channels have 3 slow effective bit rate and carry
extensive error correction overhead. - The control channel carries extensive channel coding because the accurate
exchange of infermation over the control chznnel is essential for proper. systerp,ppe;a;ipn,' The extensive error
correction capability enhances the robust.reconstruction of the signal transmitted. Examples ot the type of data
ekchanged over the mbtrol channelis) include, but are not limited to, base station sgleption, mobile station location,
billing information and paginé'iﬁformatinn, . e L
Convantional base stations are limited in the number of mobile stations simultaneously supported because

 of the constant total bit rate capacity. in addition, in times of .poor channel quality, current systems do not provide

~
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any flexibility to increase channel coding and reduce the maximurii number of users. The present invention provides
flexibility and increases the efficient use of available bandwidth. ‘I the presant invention, each base station 106
has a maximum bit rate or a maximum humber of tits ‘Which it may process per second from all mobile stations

combingd. The base station 106 is not cagablé of processing a greater fiumber of bits per second than its maximum

" "'bit raté. " This bit rate’is determified by"he general configuration of the base station electronics and the network.

‘Accordingly, this ‘maximum bit-rate establishies an absolute maximum. Thus, a base station 106 always has a

maximum number: of mobile stations 102'it can support with no encoding.

Reducing the error correction overhead reduces the total bit rate for one the traffic channel for a particular

“'mobile station having a constant effective bit rate. “Therefore, reducing the total bit rate exchanged between each

mabile station 102 and base station 106 increases the number of mobile stations which a base station may support.
Lowering the arhount of €rror correction overhead reduces the total bit rate of the fratfic channel on a per mobile
basis (leaving the effective bit rate constant) and consequently allows'each base station 106 to support additional
mobile stations 102 within its maximum bit rate constraint (total bandwidth). Increasing the number of mobile

stations 102 which a base station 106 may service' advantageously increases the number of users serviceable on

" a network and further reduces the need fof additional base stations (cellular ‘sites).

" However, when the 'quality ‘of the traffic channel'is paor, minimal error correction aigorithms or schemes

do not provide the receiving Station with adequate information to recreate an accurate signal. ‘Thus, calls may be-

" dropped or the receiving Station (base of ‘mobile) may imaccurately recreate the transmitted signals. Inéreasing the
*“erfor Corréction overhead provides additional efrof Correction ¢¥pability, biit this undesirably increases the total bit

rate for the particular mobile station, and consumes valuable base station bandwidth. In short, under poor channel

conditions, increasing error correction capability is-desirable, while during periads of robust channel conditions, a high
degree of its error correction overhead is undesirable because it wastes base station bandwidth with more
redundancy than necessary. ' ' »

‘In an effort to increase the number of mobile stations 102 a base station 106 may support, and more

reltabty transmit data in accm’dance with changmg signal quahty, a wireless communication ‘system in accordance

wnh one aspect ‘of the present invention preferably utilizes the commi channel te ascertain the quality of the traffic

channel and, based ‘on the quality of the control chaniiel, adjusts the amount of error correction overhead (selects

different channel coding) included’ on the traffac channel. Thus; oniv the ‘dagree of errar correction necessary for

' ex;stmg channel conditions is ‘used:” i
30

' The traffic’ channel, enstmg “simultaneots in’ time ‘and route with-'the control’ channel, experrences

* interference which closely matches that of the traffic channél. The trafhc channe! provides, therefure, an accurate

inference that the'quality of the traffic channel mirrars the quality of the control channel.
" Determining the’ quality of the traffic channel basedon the quality of the control channel has many
advantages. One advantage over prior systems is that data on the control channel provides a better indication of

the true channel guality because the high degree of error- correction included on tiie control channel allows the

‘ receivinj station to create an exact replicatien of the transmitted signal, which may be compared to the possibly
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corrupted signal which was actually received. Thus, a mare accurate portrayal of true channel conditions is available
using the control channel. Using. the traf‘fic'nhanngi to monitor signat quality is fess desirable because the traffic
channel redundancy is much lower and errors are common even with the reasonable channel quality. However, the

traffic channel could also be used in monitoring signa! quality and adjusting channel coding and/or bit rates.

_ Contrel Channel Quality Estimation ., -, .- ...,

Figure 2 provides a block diagram which illustrates the channe! guality estimation: of the present nwentien.

_ An antenna 108, 104 (Figure 1) or other reception means obtains an incoming control channel signal which enters

a demodulator 120, which demodulates the signal as well known ia the art., The resuiting signal is reverse coded

{e.g., reverse convolutional encoded and reverse block coded) with the.signal decader 132, as well. understood in the
art. The deceded control channel signal is provided to the conventional contrcl channel grocessing module 134.

In addition, the signal arriving over the cantrol channel is provided to a channel quality estimator 150 from
the demedulator 130. and from the decoder 132. The channel quality estimater 150 evaluates the bit error rate
{BER) of the signél arriving over the control channel. The system.may.infer the quality of the traffic channel based
on the output of the channe! quality, estimator 150 because the contral.channel and the traffic channel are generally
subject to the same distarting effects. - _ , .

The channel quality estimator .150 has a signal storage unit 138, .2 signal re-encoding module 136, a signal

comparater 140, 2 bit error rate determination module. 142, an ontienal filter . 144 and bit -error rate evaluation

_ module 146. _Ar-overhead selector 148 receives.the cutput of the estimator 150.. .

The -demodulated control-channgl. signal-enters: the .signa! storage unit. 138 from. an.input 137 to the

estimator 150. The signal storage unit 138 stores the signal for later analysis. Another input 135 to the estimator -

150 provides the decoded control channel signal to the. signal re-e_ncod&ng module 136. As explained above, the
decoded signal has undergene reverse encoding techniques {such as reverse convolutional {e.g.,, Viterbi) and reverse
block coding) well understoed in the art, so that the decoded signal is an error-free reconstruction of the transmitted

data bits. Indeed, fer the control channel, the reverse biock decading or cyclical redundancy check (CRC) is very

. 1obust, and a very high corfidence is required to: obtain a PASS for the decaded control channel signal. The re-

encoding module ;136 re-encodes. the decoded signal.; . Preferably, the. re-encoding is only completed if PASS was

obtained with the revarse block decoding. ;The signal is re-encoded so that the received signal and the re-encoded '

- . .signal may be comparcd for differences on a.bit-by-bit basis. ..~ -

A signal comparator 140 coupled to bath the signal storage unit 138 and the signal re-encoding module 136

compares the received signal with the.re-encoded signal on, a bit-by-bit basis ta determine the number of bits which

- are different between the two signals.. Based on this evaluation, the bit-error-rate determination module 142

calculates at:a-bit error rate (BER), for the incoming control channel signal. The BER determination module of the
current embodiment obi_ains information abeut the totai»numbe; of bits.by monitoring the signal storage unit output
139. The BER determination module 142 is also coupled to via a signal line 141 to the signal comparator 140.

The BER is the number of incoming bits which are in error or. corrupted.as compare to the total number of incoming

- bits. A lcw BER.indicates a high quality channel whereas a high BER indicates poor channel quality.
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It should be understond that th2 BER determination module is an exemplary method of determining the

- quality of the control channel. The “frame error rate;” also well undérstood-in the art, could also be used in place

of or in addition to the'BER, ¢ & i< f o b

In one embodimént, ‘the BER signal éhters an optional filter 144 to provide 'a more useful representation
of the actual BER over time and thereby efiminating minute fluctuations of the BER in time. FiiteringAthe BER reveals
more consistént trends which ‘thereby provide: a moré accurate representation of the true quality of the channel

through averaging or smoothing. For example; the contral channel may ‘degrade for 3 moment while a large vehicle

" passés. Decisions, such as switching to a different base station or modifying the rédundancy of ‘the traffic channe!

should not be based on such-transient occurrences.
Finally, a BER evaluator <146 analyses the BER. Based on an evaluation of the BER, either of the base

station transmitter or-mobile station transmitter may adjust the error correction encoding used for the outgaing signal

‘'on the traffic channel. “The overhead is selected with an overhead selector 148. The overhead selector 148 may

be embodied in many Wways; such as program executing on the processor for the mobile or base station, or both, or
as firmware or-as a separate circuit. Typically, the monitoring and/or adjustment would take place at the base

station 106 because of the potential for higher processing capabilitiés at' the base station. However, with a bit error

© fate determination module in the mobile statioh; such Hecisions can also ‘be'made at the mobile station. The station

selecting the encoding transmits the selectéd encoding process to the receiving station to enable proper decoding.

As discussed previously, adjusting the’ dﬁefﬁe"aﬂ‘-ind!dded'un thé traffic channel with the voice data affects

dore

' the {otal bit rate Between mobilé Station’ 102 ‘and ihie'basé station T06. ‘Reducing the redundancy allows additional

mobile stations 102 10°gain access to the base station 106. Alterations tu redundancy may be to alter block coding
{.e.g, parity) redundancy and/or alter the convolutional encoding algorithm or complaxity.
Bit Error Rate Evaluater ~ ~ © - % o oo S

Figure 3 illustrates a flow chart for ane example of the operation of the BER evaluator 146 of Figuré 2.
A wireless communication system in accordance with the present ‘in‘v'e'minn may be capable of using a number of

different encoding schemes.’ These encoding schemes may involve different levels of redundancy for varying channel

- quality.: Ai:cdrﬂingly;:eat’:h'-scheme'wwlﬂ p’reféréblv utilize-a different amount of overhead. Error correction schemes

having a high amount of overhead would provide the -greatest 2mgunt of error correction capability. and are best

suited for poor channel conditions. Conversely; errai corréction schames having minimai overhead would provide little

“errer correction capability and ére_"bési‘f'sniieﬂ“for' ideal ‘channe! conditions. -'In exceptionally high channel guality

- {rarely present), encoding may -be~5d‘ropi:e'ﬂ’e'ftt‘il‘eiv’;""sr’bfxiy’pa’rity ‘may be calcuiated.

In ‘the exemplary émbodiment described hérein, the- communication system inclides three error correction

" schemes or algorithms, each beiﬁg'seie‘i:t'iveiy implemented based on ‘an evaliation of the BER of the control channel,

and each providing a different degree of error correction overhead with the'signai on the traffic channel. Further,
the present embodiment aiso includes three BER thresholds, each BER threshold: causing either the system to transfer

communication with the mobile station 102 to a.new base station 106 or theadoption of a different error correction

- scheme.: in particular, a BER threshold defines a range of BER wvalues whith define 2 set mode of aperation. When

v37a310851 = . - R . B e
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the BER crosses one of the threshold values, it is at. a lavel wtxa:h the system should take action based on the
cnality of the contro! channel. - However,-of course, any number of schemes could be implemented, and two or more
provide an improvement over existing systems which have. no flexibeity.

After the-channal quality estimator 150 detarmines the BER, the overhead schems selector 148 (Figure 2)
selectively adjusis the amount of. errer .correction-cverhead applied for the data cn the waffiz chaosel 'n the
exemplary embodiment described herein, the BER is tested for plurality. of the threshalds.. The first thseshold (block
180) is set to a BER value representing the.lower channel guality. limit, If the BER rises above-this limit, the number
of bits which arrive corrupted is too great to maintain an.acceptable traffic channel communication link between the
base siation 106 and the mobile station 102 over the existing channal with the available encoding schemes.

Censequently, if the BER is greater than or equal to the first threshold, the communication network may switch te

-another physical channel, ancther. frequency, another frame combination (e.g., half rate. to full rate channel) or

transfers respensibility for communication to a differant base station (bleck 182} - .
- If the BER is less then the first threshold, the BER is compared-to 5 second threshold (bleck 184). A BER

value between-the first and.secand thresholds represents high errcr rates in the system, which are appropriately

. afforded thz greatest degree of etroc correction. If the value of the BER.is between the first and second threshold,

the overhead selector 148 causes-the transmiiting ciccuitry in either or both of the basz:station 106 and the mobile
station 102 to assume a. first overhead (encoding) scheme (block:- 186). The first overhead scheme incorporates a
high degree of ‘error detection.and correction to ‘compensate for the generally high BER. -

-Increasing the amadnt :sf -errorscorraction:.overhead -when - the. BER.«is.. high (ie.,.when the signal is
encountering a large amount of co?mption), advantageously ensures that the receiving station. obtains adeguate
encoding permit accurate recnnstmctién of. the transmitted data. .Systems af.the prior.art undesirably hold the
encodin§ scheme ccnstaﬁx. even-during poor channel conditions and thus pass siatic, garbled sounds and corrupt data
to a user or subject a-user:to “dropped” calls.

if the BER is less than the second threshald, the BER is compared to a third threshold (block 188). If the

BER is less than or equal ta the second threshold but greater than the third threshold, a second encoding scheme’

- 13 selected {block 180). - The sécond;encudingrschama incorporates less overhead than the first overhead scheme

becausz the lower BER indicates a better channei quality, requiring less error correction. Most wireless

- communication systems in cperation today:fix_a-leve!-of error correction overhead equivalent to the second error

correction scheme. This inflexibility undesirably prevents-the wireless network from. adjusting the bit rate on the
‘traffic nhannél to account for the changing channel conditions encountered by each of a plurality:of mabile stations.
This results in less efficient use of .the base station bandwidth..:. - -

i the BER does not fall within. the limits  of the second and: third threshold, a third overhead scheme is
selected (block 192). When the BER is below the third- threshold, the sverhead scheme selector selects the third
encoding scheme. The third encoding scheme incorporates the least amount of redundancy because the low BER
indicates a robust channel which does nat introduce corrupticn on-the. traffic channel, and hgnce does not require

extensive error correction overhead. Of course, additional levels of encoding complexity could be used, but the more

\‘

Page 303 of 409



v

{;’/

10

15"

20

25

30 -

35

i % ‘ANSDOCIDr <WO . 98456147 4 5. .-

WO 99/49610 . .9 R '.P‘CTR‘JS99/04947

levels that are provided, the more complex the processing.required of theisystemé;‘ which adds cost. Advantageously,
reducing the amount of overhead included-with the data packets.or. voice-frames transmitted on-the traffic channel
reduces the total bit rate of-each miohile station 102:without decreasing the effective bit rate {i.e., the number of
bits to represent (effective: bit: rate) thié -voice: transmission-remains ‘the'same whil the total bit rate decreases).
Maintaining the effective’ (data} bit rate maintains.the requisite amount of information to ensure accurate and clear
voice or data reproduction. - Each:base station-106 in'the network is able to support additionai mobile stations 102
because 2ach mobile statidn corsumes a smaller. portion.of a base: station's bandwidth.

Figure 4 illustrates a block diagram of one embodiment: of a. base station 106 incarporating the above-

“described channel quality:estimator 150 and overhead scheme selector 148 {operating within the processing and

control circuits 206). One embodiment of the base station 106 includes an antenna 104 for receiving radio waves

- and transforming the radioiwaves into electrical signals. The' antenna ‘104 functions “in cooperation with a

transmitter 210 and receiver 202. Processing and control circuitry. 206 oversees operation of the base station 106

“.and prov}des the overhead selector 148. The processing ‘and:control circuitry 208 coordinates operation of the

receiver 202, a decoder 132, a channel quality estimator 150 and the transmitter 210. -

The receiver 202 obtains the incoming signals from the antenna 104 and performs various functions on the

‘incoming signal, ‘including, bt not limited to demodulation, channei separation and signal strength adjustment.

Preferably, the receiver: 202 ‘separates'the traffic channel and the control channel, as shown, and routes both to the

decoder 132. - In-addition; the- receiver-202 is-in. communication with.the- protessing :control circuit 206 which

‘eceives the demodifated control-chianifiah sigral from: the receiver 202~ -~

The decoder 132 performs reverse encoding operations, and applies various error correction algorithms to

the incoming signals. An output of the:decoder 132 forwards the traffic channel information to the output circuitry

- 204. The decoder 132 also provides the decoded control'channel signal.to the processing and control circuitry 206

for communication link management in a conventional manner. The contrel circuitry also provides the control channel

can be- provided directiy from the receiver 202 ts-the channel quality .estimaiur 150, and.directly from the decoder

7" 132t6- the estimator 150. . The channel guality. estimator 150 evaluates the: guality of the control channel in the

manier-described above with reference-to Figures-2 and 3. :The quality of tratfic channel is generally similar to the

-guality of the control channel. :The channet quality estimator 150 reports the BER to the prucessing and comrpl

circuitry which in conjunction atters ithe error correction:scheme (encoding) for the outgoing data on the traffic

‘channel. The transmitter 210 performs the selected encoding (error averhead) and.modulation:and transférs the data

to the antenna 104 for transmissiof.- = .7 .30 - o
-+ " -Other arrangements, either in hardware-andjor software are available as a substitute to the above described
configuration which do not depart from the scope of the present:invention. .~ .. .

" «Figure § iilustfatesr 3 block diagram of one embodiment of a mobile station 102.incorporating the above

described channel quality estimator: and-overhead scheme selector 148:  As.shown, the components and operation

of the: mobile station 1G2 are generally similar to the compenents ‘and:operation.af the base station 106.
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Accordingly, a detailed description of the components and operation of the mobile station 102 is not repeated.

However, if the data on the traffic chapnel is voice information. the autput circuitry 204 includes means to convert

the,djgital data to an_ana!og s_igna! and amplitica;ion means 1o pmvide an audible signal 1o a speaker {not shown).

Because the quality of the channel from zhe mobile statmn 102 to the base station 106 often differs from the

channel gquality from the base station to the mohtle statmn both_the mnhrle statmn and the base station may

.incorporate the channel guality estimator 150, and overhead scheme selector 148 in a preierred embodiment.

Incorporating the channel quality estimator and overhead selector on both the mobile station, 102 and base station

102 adyantagequﬁ? provides means.on each station to accurately evaluate the channel quality and adjust the amount

of associated error correction overhead. In another embodiment, each station may exchange BER miormation

regarding the incoming control channel signal so that each station may adjust the amount of error correction everhead
in direct relation to the quality of the channel over which that station. must transmit data. The particular overhead
scheme selected is transmitted from the appropriate station so that the proper decoding scheme is selected at the
receiving s:ation. Thé selected.scheme can be transmitted with one or mare bits in each packet or frame, each time
a change is made, or on.a scheduled, penudm hasls

Figure 6 provides a visual ullustratum of the overhead ad;ustmems made 10 data transmissions over the

traffic channel in response. to control channel quality. Transmissions over digital wireless. systems comprise a

plurality of bits.- These bits cnmpris'e: efte_;;_tive dg;a 250. a'n_d_éa. :;gr_tain ampunt_ uf,: error cpr(ecgion overhead 252,
253, 264 both of which are pgmhingdzi:ptn_a; voice f_rame 254, gSSﬁ,}}Z{ng?,;,pfjcaut__sg, as i§ i_mtj_erstood in the art,
the overhead is generally not one block u;! bits. Wuh cxgrwmulu__t\igrgii: gngéﬁing,gnd ather, ‘gncgc.i‘ing technigues, the
redundancy is encoded such that the an:gual gata bits no longer exist as separate, identifiable bits.' Accordingly,

Figure 6 is merely illustrative of changing the level of overhead. ,:!“ addition, the proportions of the data and

overhead are not intended to indicate a precise scale. A transmitter in. either of base station 106 or mohile station

102 transmit the frames 254, 256, 262. Since each frame 254, 256, 262 is comprised of a number of bits, the

< transmitter outputs the data at a certain bit rate. As menticned previously, for systems of the prior art, the bit rate,

or bits transmitted per second, is generally held constant during the duration of the communication link, regardiess

. of channel quality.. Holding the bit rate constant undesirably fimits the maximum number of mabile stations 102

which a base station 106 .may. support. S L )
Using the principles of the present invention, however, the {ransmitting station, the base station 106 andior

mahile station 1‘02. alters the nverhgad,depqua’qg on _vth'g‘qqarl:;!ty; of, thev cogttol channel. For example, assuming each

_frame of Figure 6 is, transmitted in the same amgunt pf time, the second frame 256 includes minimal overhead 253,

yet maintains.the same effective data rate for the effective data 250 lvoice or data _infnrméti_nnl. Thus, the total
bit rate for the second frame 256 is lower than for. the first frame 254. The overhead selector 148 reduces the

overhead in response to a low BER as determined by the channel quality estimator 159 {Figure 2). Accordingly, the

. reduced overhead 253 resuits in a reduced number of bits to send.. Reducing the}bit- rate of a plurality of mabile

_stations 102 frees bandwidth of the base station 106, therehy al_luwing the base station to suppart additional mobile

stations.
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Conversely, it the chanriel quality estimator 150 indicates a high BER. the overhead scheme selector 148
increases the overhead: The thifd frame 262 illustrates ‘an‘increase in the amount of overhead 264 to provide
additional error correction capabmty i response 10 the high BER value.” As shown however, the system maintains
the effectwe bit rate of ‘the' voice data 250 to ensure a hxgh qual:ty s;gnal But, the overhéad 264 increases as does
the total bit rate of the"but‘going "trame 262, which'in"turn consumes a greater percentage of a base station’s bit
rate allocation. " The" mcreased error correction overhsad 264 desirably ensures voice clarity and reduces incidence
of drdpged calls. feT ' B '

Figure ‘7 provides a similar illustration of the ‘advantages eof the present invention ‘when utilized in
conjunction with digital data transmission for both veice or digital data other than voice. Digital wireless

communication systems generally maintain a constant sampling rate of the anaiog voice signals causing the rate of

"digital data genérated for vaice communication to be generally constant. Figure 6 illustrates the generally constant

size of the voice data information 250. However, in another émbadiment, for instance when wireless communication

* systems transmits non-voice digital data or voice data, the ‘effective data rate need not be held constant, and hence

the rate of data transmission may increase in‘"responsé”to id"eal"‘channel"cdhdiiibns Examples of digital data

' transmission with chariges 10 vsice 'encodmg ‘While 'systéms of the prior art undesirably hold the data transmission

" rate or effective bit rate constant during the entue communication link even though the channel may support a higher

effective bit rate, systems adnptmg the pnncxples of the presem invention benefit from the channel quality estimator

o e P

150" (Figure 2) 10 aker the eHeetve Bt rate, © T I e A s

" As shown in Figure 7, the' first data packet 300 is”exemplary of a first datajoverhead percentage. As

shown, the data 302 comprises the majority of the data packet and the overhead 304 comprises a generally smaller

" portion of the signal packet 300. If the channel quality is toopoor to support the standard bit rate, the averhead
may be adjusted. - A ‘ o

The second data packet 310 illustrates a' situation when the channel quality estimator 150 (Figure 2)

determines a high BER on the controi channel. ‘Inferring that theé traffic ‘chanhel is also encountering corription, the

* “overhiead seléctor 148 reduces the effective ‘data rate’ and increases overhead thereby sending less data 312.

Lowering the effective bit rate maintains the data link and continues data transmission, albeit at a slower rate.
Hence, the likelihood of a dropped data link is significantly reduced.”

The thwd data packet 320" illustrates an exampie of the channel quahtv estu-nator 158 {Figure 2} reporting

" alow BER, a sngn of a robust traffic chiannel. ‘The communication ‘system takes ddvantage of the traffic channel's

ability te support an elevated effective bit rate and 'accordmgiy‘ increases the amount of data 322 (bits for voice or

“bits or data), while decreasmg the amount of overhead 324. Increasmg the effective data rate effectively decreases

the time’ reqmred to download a set amount of data or mcreases the veice“quality. In the case of non-voice data,
this in turn reduces the time that a communication System must maintain thé communication link. Advantageously,

this more rapidly frees system resources so that the base station 106 may suppart other mobile data links.

Page 306 of 409

Serenim



10

15

20

‘WO 99/49610 R 12. PCT/US99/04947

Figure 8 illustrates yet another application of the channel quality estimation of the present invention. As
depicted in Figure 8, the number of data bits, the amount of overhead, and the overall size of the packet or frame
may be adjusted. As depicted in Figure, @ frames or packets 400,402, 404, 406 differ in the number of data bits
408, 412, 416, 420, overhead 410, 414, 418,°422 and in the everali length of the packet or frame. In accordance
with the present invention, channel quality ‘gstimation- is dsed to-provide flexibility in all of these parameters, as

-depicted:in Figre B, - . wim . wiUREOS one o0 s

Of course, the principles of the present invention to adjust overhead in respuvnse te channel quality could
alse be utilized by maonitoring the traffic channel itself rather than the control channel. However, due to the many
fluctuations and the inherent unrefiability of the traffic channel to determine signal quality, the controi channel is the
more desirable embodiment. To use the control channel, the requirement is that the cantrol channel signal quality
is representative of the traffic channel quality. This*is the case where the channels are related, as is usually the
case. Such relation between the channels may be frequency, freqiiency band, or simply experiencing similar
interference or- fading. S ‘ '

Methods and apparatus fér evaluating the guality of the control channel other than those described herein
may be employed without departing from the teachings of the invention disciosed herein. Likewise, those of ordinary

- skill in the art may develop other banefits from Using the controi channel to evaluate quality of the traffic channel.

For example, in one alternatively embodiment the present-invéntion may monitor:the channel condition on

a paging channel or- broadcast channel; both of which are control channels. : The-estimated BER from these channels

can determine the bit rateduring tall Setiip, thus miximizing”the:efféctiva data throughput or speech quality at the

beginning of a call or transmission.

~ It is contemplated that-the-apparatus- evaitating the control channel be embodied in hardware andlor

software and integrat_éd into both of 2 mebile station 102 and/cr base station 106.
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WHAT IS CLAIMED IS:

1:. .. A method for modifying the bit rate for at least one connection in 2 communication system having
. -at least one control channsi and. at; least one.traftic.channel, said: method-comprising the steps of: -
- .. monitoring-thequality -of said at least one control channel;
.5 L - ;assigning:a comparahte quality .to said. at least one- traffic. nhannel
selecting an enceding scheme or data rate 1o apply 10 said !rafht channel tzased upun the quality
- assigned to-said: control channel. -
2. ,,The method of Claim'l,- wherein. said contrgl channel signal is an encoded. signal, said step of
monitoring campnses the steps of: . _ _
10 receiving- a-control channel signal over said at least one control-channel; .
decoding said control channel signal; .
reencoding the control channel signal;-and = e
comparing the received control channel signal with the re-encoded contral channel signal to
determine the difference between the received and reencoded signal,-said difference representing errors in
15 - - said control channel-signal. AN =
-3.:.: ~:+ The method of ;Claim-1, wherein said control. channel-signal is an encoded signal, said step of
monitoring comprises the steps.of:. ... - .- ,
- 3: receiving .a, control channel signal over said .at least one control channel; - .
Se A lnEne i fniee s pein e adecaﬁngwsssid}coft-trnta,shanne! signal, and-if -a-PASS. results, .
20 reencoding the control channel signal; and
comparing the recejved control channel signal with the re-encoded control channel signal
. to. determine the difference between . the . received and reencoded sigriai. said difference

representing errors in said cantrol channel signal.

4 The method of Claim 2, wherein receiving a contro! channel signal comprises using an antenna to
25 receive a signal via radio waves.
5. The method of Claim 2, wherein said step of decoding comprises applying a decoding algorithm

to said signal to obtain a signal representative of the signal prior to initial encoding.

8. The method of Claim 2, further camprising filtering said differgnce.
7 The method of Claim 2, wherein the difference is used to generate a bit error rate.
30 8. The method of Claim 3, wherein the difference is used to generate a bit error rate.
9. The method of Claim 2, wherein the traffic channel carries digitized voice signals.
10.  The method of Claim 2, wherein said at least one control channel comprises a slow associated

control channel in a GSM system.

11 The method of Claim 2, further comprising permitting additional mobile stations to communicate
35 with a base station during periods of high channel gquality.
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12. The method of Claim 2, wherein selecting the. encoding scheme comprises selecting the amount

of error correction overhead., ..

13 The method of Ctaim 1, wherein said step.of selecting comprises selecting an encoding scheme

SRR T

and a data rate.

5 14. The method of Claim 1, wherein said step of monitoring comprises the steps of:
. . . .- receiving a-control channel signal over said.at least one control channel;
decoding said control channe signal; -
reencoding the -contral channel signal; and .
determining a frame error rate for said control channel. .

10 - 15 The method of Claim 3, wherein said step of monitofing comprises the steps of:
receiving a control channel signal over said at least ane control channel;
decading said control channel signai;
reercoding the control-channel signal; and )

" determining a frame error rate for said control channel.

15 16. A method of estimating the channel quality for a traffic channel in a communication system having

at least one traffic channel and at teast one control channe!, said method comprising the steps of:
- determining gquality of said at least one control channel; and
assigning a comparable channgl quality to said at least one traffic channel.

17. The method of Claim 16, wherein said step of determining comprises the steps of:

20 receiving a control channel panel signal over said at least one control channel;

decoding said control channel signal;

re-encoding said control channel signal; and

comparing the received control channel sﬁgnal with the re-encoded control channel signal to
determine the difference between the received and re-encoded signal.

25 18. The method of Claim 17, further comprising the steps of calculating a bit error rate based upon
the difference obtained in said step of comparing.

19. The method of Ciaim 18, further comprising a method of selecting an encoding scheme, said
methed comprising the step of selecting an encoding scheme to be applied to said traffic channel based upon the
quality of said controf channel.

30 20. An error correction controller selector which selects the amount of error correction overhead to
apply to a traffic channel signal in a communication system having at least one control chanhel and at least one
traffic channel, said controlier comprising:

a control channel signal quality estimatos;
a traffic channei encoding selector coupled to said controal channel signal quality estimatcr, said

35 encoding selector selecting an appropriate error correction scheme to apply to data transmissions on said

at least one traffic channel in response to said control channel signal quality estimator.
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21. The error carréction controller of Claim 20, wherein said contsal charael signal quality estimator
comprises a control channel signal storage module, a contral channsl ra-encéﬁimg module, 3 éomparamr coupled to
- said tontrol channel signal ‘storage' module and said re-enceding module, and an error evaluator.
22. A station in a wireless communication system comprising;
5 - “an ‘antenna; ' LT AR
" ‘a receiver coupled to said antenna anid canfigured to receive a signal from -the antenna and 1s
demodulate said signal; ‘ »
a control channel quality estimatar which evakuates a signal arriving on a control channel;
an error correction ‘selector coupled to said control channel quality estimator and responsive to
10 said control charinel quality estimator to select error- correction encoding of data transmitted on d traffic
channel. A

23. The mobile station of Claim 22, wherein said' station comprises a cellular telephone.

24, The base station of Claim 22, wherein said station comprisés a cellular site.
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Fig. 21 shows mapping of RLP frames to layer -1 data symbols for 4-level, 8-level and 16-level modulation formats
on the uplink; ) .

Fig. 22 shows a Mode 1 downlink time slot structure; and
Fig. 23 shows a Mode 1 uplink time siot tormat.

Detailed Description

[0014] Adaptive data rate schemes based on & combination of incremental redundancy coding and adaptive modu-.

lation are described earlier for circuit data. Such a channel quality measured technique is described in the commonly
owned U.S. patent application SN 08/921454 titled *"SYSTEM AND METHOD FOR MEASURING CHANNEL QUALITY
INFORMATION; by Krishna Balachandran, Sanjiv Nanda, Srinivas R. Kadaba and Richard P. Ejzak, filed on August
24,1997, and U. S. patent application SN 08/938031 titled "ADAPTIVE MODIFICATION OF MODULATED AND COD-
ED SCHEMES IN A COMMUNICATION SYSTEM?", by Richard P. Ejzak, filed on September 21, 1997, the disclosures
of which are hereby incorporated by reference. These schemes achieve high throughput under delay constraints.
Provided herein in accordance with the invention is a detailed descripnon of the appncanon of these techniques to
136+ packet data services.

[0015] Described in the application SN 08/938031 by Ejzak is the use of fixed size biocks of size such that an integer
number can be accommodaled in a slot of a time slotled transmission channel, as a4 method that enables adaptive
modulation. in particular, two, three and four, blocks are accommodated respectively, in a QPSK, 8 PSK and 16 PSK
TDMA slot. The requnrements ofa Iarge per block sequence number to identify the data and parity packets, reduces
the efficiency of this method of providing an mcremental redundancy, adaptwe modulation data communication system
using a time slotted communication channel.

[0016] in describing the invention this application uses the media access control (MAC) layer assumptions which
are based on the Open System Interconnections (OSH) model. OSl is an internationally accepted frame work of stand-
ards for communication between different systems made by different vendors. Most of the dominant communication
protocols used today have a structure based on the OS! model. The OSI model organizes the communication process
into seven different categories and places these categones in layered sequence based on their relation 1o the user.

Layer 7 through 4 deal with the end 1o end commum ahon message source and the message destmatlon While layers

3 through 1 deal with network access.

[00171 Layer 1, the physical layer, deals with the physical means of sending data over lines i.a. the electrical, me-
chanical and functional control of data circuits. Layer 2, the data link layer, deals with procedures and protocols for
operating communication lines. Layer 3, the network layer determines how data is transferred between computers
and routing within and between individual networks.

[0018] it is appreciated that the packet data channel is capable of supporting multiple modulations. The MAC layer
is provided with layer 3 frames and translates them into a byte stream using flag deliriters. A radio link protocol (RLP),
also referred 1o as a retransmission link protocol, is used to transfer layer 2 frames between a cell and the mobile

- station and vice versa. The layer 3 byte stream is segmented into RLP frames, and a sliding window retransmission

scheme is used for in-sequence delivery and recovery o

[0019] MAC layer transaction preferably starts with the lransm:ssaon of a BEGIN frame. On the uplink and downlink,
the MAC layerconverts the layer 3 frames into a byte stream and packs the byte stream into a series of CONT!NUE
frames. The last new data burst of a transaction is transmittéd using’an END frame.

[0020] The BEGIN frame of each transaction is transmitted using 4-level modulation in a stop and wait mode to
obtain an acknowtedgment from the receiver. On reception of the BEGIN frame, the receiver inilializes an RBLF. The

BEGIN frame is also used to initialize a partial echo (PE) tor the transaction, and to specify the mode of operation for’

subsequent automatic retransmission request (ARQ) mode CONTINUE frames in that transaction.

{0021] There are iwo possible modes of operation for ARQ mode CONTINUE frames on the downlmk and uplink.
The first is incremental redundancy (Mode 0} and the second is flxed codnng (Mode 1)

[0022]  ARQ checks for errors in transmitted data. The sender encodes an error-detection (check) fieid in the trans-
mitted data based on the contents of the message. The receiver then recaiculates the check field and compares it with
the check field received. If the check fields match, an ACK (acknowledgment) is transmitted to the sender. If both check
fields do not match, a NAK (ncgative acknowledgment) is returned, and the sender retransmits the message.

[0023] For both uplink and downlink transmissions, bitmap feedback in the form of an ARQ status is provided. In
addition, ACK/NAK feedback is provided on a per time slot basis for uplink transmissions.

[0024] For the best tradeoff between high throughput under delay objectives, incremental redundancy or fixed coding

. is combined with adaptive modulation. Results in the patent applications incorporated by reference herein previously

show that if a delay objective is set, 8 or 16-level modulations fail to meet that objective across'theﬁ range of
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[0012] These and other features and advantages of the present invention will becorne apparant from ihe following
detailed description, the accompanying drawings and the appended claims.

Brief Description Of The Drawings
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[0013]

Fig. 1 shows a block diagram describing operation on a packet data channel in accordance ‘with the invention;

Flg 2 shows a block diagram of the transmmer operatron for Mode 0 and shows the blocks involved in conversion

_of Layer 3 frames into Layer 1 frames

Fig. 3 shows a block d;agram of the transrnmer operauon for Mods 1 and shows the blocks mvo&ved in conversion
of Layer 3 frames mto Layer 1 frames,

Fig. 4 shows a block diagram descnb:ng Mode O with'a base station to mobile communlcanon link and feedback

interactions between the uplink and downlink;
Fig. 5 illusirates the format for a time slot frame with of a data and header frame,

Fig. 6 shows a construction of data -‘and parity blocks from radio link protocol (RLP) frames;

" Fig. 7 illustrates the format for a data segment héader (DSH) with the nurnber of bits required for each field indicated,

Fig. 8 shows logical layer-1.frame fo?mats assuming 4—ieve!:moauiatioh_;

Fig. 9 shows logzcai !ayer-‘l frame formats assummg 8-level moduiation with 3 b!ocks transmitted in éach 1S-136
tcmeslol - . e e T . ’

Fxg 10 shows Ioglcai Iayer 1 frame formats “dssum [+ B-level modutanon wnh 4 biocks transmmed in each iS-

136 time slot;

Flg 11 shows apartof a compos;te !og:ca! How chart shown also in Fig. 12, of the process performed at the
incremental redundancy soft decoder and FCS checker of Fig 4, .

Fig. 12 shows anocther pan of the compasite logical flow chart, shown aisoin Frg 11, of the process performed at
the receive RLP of Fig. 4

Fig. 13 shows a logical flow chart of the process of generanng the feedback signal from the receive BLP and

- incremental redundancy soft decoder and FCS checker to the Mode 0 RLP of Fxg 4

Fig. 14 shows a iogxcal ﬂow ‘chart of the process of updatmg the bnt maps at the Mode o RLP from the feedback
described in Fig. 13;

Fig. 15 shows a togrcal ﬂow chart of ‘the process of. determlnmg the transm:ss;on of data andlor parity blocks for

each RLP frame without using block bnmaps

Fig. 16 shows a logical ﬂow charnt of the process of determmmg the lransmxss;on of data and/or parity blocks lor

. each RLP frame using block bitmaps. and frame bitmaps

50

55

I3
TBNEDTTI) <TF 038

Fig. 17 shows a Mode 0 downlink time siot format;

Fig. 18 shows a Mode O uplink time siot formé!;'
Fig. 19 shows uplink ARQ Statz)s block logical format with 2 bits used for channel quality feedback; -

Fig. 20 shows mapping of RLP frames to Iayer-l data symbols for 4-level, 8-level and 16-level modulanon formats
on the downlink; .

SOESTAZ S ! ‘ : * - . - t
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cating acknowledgment of the data and parity blocks. The transmit BLP 275 and modulation decision umt 278 is a
functional biock that represents the functions of Mode 0 RLP 200 of Fig 2.

[0032] . The IRSD 265 receives the output from the receive RLP 260 and produces three outputs. The first output is
a decoded data sequence of the received layer 1 frampes 120 that is input into a flag remover 280. The second is an
ACK/NAK feedback 270 outgut 1o the transmit RLP 275. The third output is a channel quality feedback signal 125,
which is transmitted back to the transmit RLF 275 and modulatlon decision unlt 278. The flag remover 280 removes

.the flags.fromthe received data and oui;": .‘* ~azeived Payer 3 frames 285.

[0033] Fig. 5 shows the format of the Ffi_r‘-" Zzre 280, 2uiaut or the Mode 0 RLP framer 160, which is constructed
by adding a FCS 295 to RLP data, R, 300. The F{S 23k v 2 eyclic redundancy check (CRC) of length LDcpC 305

- computed over the data bits. The FCS.295 is added to each PL? trame 300.which consists of L pa74 310 data bits. The

lengths L7, 310 and Lpepe 305 are design parameters. The frames of Iength LFRAME 315 =Lps74 310 + Lo 305
are passed to the encoder 165 of Fig. 2.

[0034] Fig. 6 shows that each RLP frame 290, of size LFRAME 315, F:g 5, bxts is encoded using a binary rate 1/2
systematic convolutional code by enceder 165. The rate 1/2 binary convolutional encoder 165 is preferably a 32 state
maximum.free distance code with octal generators. There are Lrgape 315, Fig. 5, data bits 170, and Lggape 315 parity

. bits 175, at the output of the encoder 165, Fig. 6, which are divided into blocks as described as follows.

f0035]) The (¢ %5315 Fig. 5. data bits 170 at the output of the encoder 165 are. segmented into D blocks.of length
Lgiock _—w.ugg‘—- These blocks are called data blocks 320 which are denoted by D ;7320(/=1. .. D). The parameter
D determines t?\e detay and/cr throughput performance as described in the patent applzcauons mco'rporated by refer-
ence herein. The parily bils 175 are punclured and segmented into D parily blocks 325 of egual size denoled by Py
325 (j=1... Dasanexample F;; 330, P, 335 and P;3340). it is appreciated that pum:turmgoﬁ outpu\soia convoiutlona!
encoder is a'procedure of deleting a set of predetermined bits to decrease the number of parity bits. Of the Lepame
315 parity bits 175 at the encoder 165 output,. Dh parity bits are punctured (A in each of the D parity blocks 325); his
the size of the header required for each parity biock.

[0036] To cach parity block 330, 335 and 340, a parity/control block header (PCBH) 345, 350 and 355 is appcnded
to the front of the parity bleck P 325. For parity blocks, PCBH 345, 350 and 355 contains a one bit PCBH header type
(=1 for parity block) and a ten bxt block sequence number (BSN). The PCBH 345, 350 and 355 is se!ectweiy encoded
using a Hamming code. . . -

[0037] The data blocks, Di; to Dy 320 contam no. redundancy and represent a one to one mapping to the frame R;
290. The parity blocks Pi, to P 325 contain parity mforrnanon der:ved from R 290 and.are used by 1 the protocoi for
forward error correction {(FEC) upon decoding- fa;lure at *he recewer 130 e -1, Fig 6.is xlIustrat;ve ofthe mappmg
of data 170 and parity 175 bits to blocks 320 and 325 when D=3 {1 e., wnh three data blocks per frame). A separate
header for each data block 320 is not required. The data 320 and parity 325 blocks are derived from R; 290 by using
a systematic rate 1/2 binary convolutional encoder 165 as shown. For a non-systematic convolutional encoder the
same procedure is used. The output bits of the encoder 165 are mapped 1o the blocks 320 and 325 in an interleaved
manner to maximize time and code diversity.

{0038] The Mode 0 RLP 200 of Fig. 2 delivers data m—sequence by initialty sendmg just the RLP data blocks Dj;. .
D,p 320 followed by sending additional RLP parity blocks £; 325:whenever the receiver 130 of Fig..1 fails to decode
the BLP-frame R; 280 of Fig. 5 correctiy. The.transmitter ‘5‘15 of Fig. 1 cannot discard the data 170 and parity 175 bits
corresponding to a RLP frame A; 290 until it has received a positive acknowledgment from the receiver 130, Fig. 1, for

-R,;290: The protocol operates by maintaining ina table, frame table and block table, a bitmap for blocks that have been
- transmitted but not yet acknowledged. Upon obtasmng feedback from the recewer 130, Fig. 1, the transmitting protocol

updates the table and decides on which data 320 and/or pamy 325 blocks to transm:t in subsequent time slots.
[0038] Control blocks may be inserted instead of parity blocks 325 in the time slot. For each controi block, the PCBH
345 header type bit is set to 0. Examples of controi blocks mciude ARQ Status Block - indicates a bit map of received
blocks along with the last in-sequence received block sequence number and END Block - used to indicale completion
of a transmission.

[0040] The receive.RLP 260 and the IRSD 265 of Fig. 4 is the peer of the Mode 0 RLP 200 of Fig. 2 and is responsible
for combining.the received blocks D;320 and P; 325, Fig. 8, and jointly decoding them to recover the layer 2 frame R;
290. The receive RLP 260, Fig. 4, maxntams a table fo store the received data and parity blocks and decoded RLP
frames 300, Fig. 6, until they are delivered in-sequence to Iayer-a as layerSframes 285, Fig. 4. The blocks are retrieved
from layer-1 in soft-decision-format and to reduce memory overhead are stored in the rece:ve table by quamrzmg toq
levels. -

- [0041] The incremental redundancy decoder 265, Frg 4 corresponds to the transmit encoder 165 of Fig. 4. It is

passes the received subset of the soft-decision blocks Dy and P;and attempts to decode using preferably a soft decision’
Viterbi algorithm. Any. missing soft bits are treated as erasures by the decoder 265 of Fig. 4. The output of the Viterbi
decoder is passed to the FCS decoder which computes the FCS and indicates to the receive RLP 260 whether the
received frame R; 290 passed the frame check.

Page 327 of 409



BN

10

20

25

30

35

40

50

55

| BRLOTCID: ABF ‘%}--e«. A . R

- EP'0'938 207 A2

interest.’ As the Tatio of signal to interference plus noise decréases a srnaller.consteliation {i.e” level 4 modulation)
density is applied. Adaptation to 4 level modulation-is employed under delay spread conditions.

_fo025] Fig. 1 shows a high lével block diagram of operation-on the packet data channei 100 in accordance with the

invention. A mcremental redundancy transmission ¢communication system 102 is shown were layer 3 frames 105 are
provided to the Iayer 2. MAC layer 110, at the transmitter 115-and"are translated into a byte stream using fiags for
demarcation. This permits the MAC layer 110 to provide a Unified transport mechanism for different layer 3 proiocois.
This byte streamis segmented into RLP frames and assigned a frame sequence number (FSN). The FSN & is not expix:my
transmitted as part of the RLP frame!

[0026] For higher throughput in sither mode, Layer 1 120 data is mapped into" symbols chosen frem a 4-level, 8—!eve$
or 16-level modulation based on knowledge of layer 2 backlog and channel quahty feedback 125 from the receiver
130. The channel quality is measured in terms of the signal to interference plus noise ratio, —<— at the input to the
decoder in the layer 2 block 135 via physncal Iayer 140 at the receiver 130 The decoder 135 then outputs the layer 3
framés 145.

{0027} Fig. 2 shows thelayer 2 110 functions (i e. ihe procedure for mapping layer 3 frames 105 into |ayer 1 frames
120) of Fig. 1 for Mode 0. In Mode O, the layer 3 frames 105 are translated by a flag delimiter 150 in a byte stream 155
time slot signal. The byte stream 155 is segmented into tixed length RLP frames and a frame check sequence (FCS)
is computed, by a computation unit, on the data portion of the RLP frame (excluding the' FSN) by an RLP iramer 160
(atime slot signal generator). The resumng RI.P frame is encoded using, for illustration purposes, a Rate 1/2 systematic
convolutionat encoder 165: A non- systemauc convolutional encoder may altematively be employed. The sub-siots of
data blts 170 and the parity bils 175 hom the systematic encoder 165 (also known as both a data block signal generalor
and parrty block" sxgnal generator) are-interleaved separately in Mode 0. interleavers (a first segmenter) 180 and (a
second segmenter)185 and are blocked, by a biocker 180 (also known as an assembler), into D data (a data block
signal) and D parity blocks (a parity block signal) 195 which are assigned block identifications 1,... D,.D+1,. .. 2D,
respectively. The block sequence number (BSN), also known as a data block signal sequence number, is determined

as a comb:naﬂon of the frame sequence number (FSN) and block identification. Fifteen parity bits are punctured in

each pamy block so that a parity block header contammg the block sequehce number may be added. Preferably the
data blocks do not contain a block header. Dependxng on whether 4-level, 8-level or 16-level modulation is used, two,
three or four blocks (data or parity), outputted from the Mode 0 RLP 200, are respectively combined into a single layer
1 data segment by a N‘IAC and layer 1 field adder (header'addér and puncturing unit) 210, which is transmitted in a

'smg!e 1S-136 time slot- S|gnal Adata’ segmem header mdtcatmg thé block sequence number of the first data biock in
“tKe segment is used to ;denufy data bidck sequence ‘numbBeéts The remaining data blocks have consecutive block
'sequence numbers Along with the coded data‘segment headef (CDSH), other MAC and physical layer headers such
‘as modulation type and partial echo (PE), are added in each time slot signal.

[0028] in Mode 1, Fig. 3, the layer 3 frames 105 are translated by a flag delimiter (flag marker 150) in a byte stream
155. The byte stream 155 is segmented into fixed length RLP frames and a FCS is computed on the data portion of
the RLP frame by Mode 1 RLP framer 161. The resuiting RLP frames are processed by the Mode 1 RLP 220. Depending
on whether 4-level, 8-level or 16-level modulation is used, two, three or four consecutive RLP frames, outputted from
the Mode 1 RLP 220, are respectively comibined into a single data segment by a data segment and FCS combiner 230
(also called header and FCS adder). The FCS compuled ori this data segment and a data segment header indicating
the FSN of the first RLP frame are added in headér and FCS adder 230.-

" [0029] Thien, the header, data and FCS are'encoded using a Rate % convolutionai encoder 235. The output of the

encoder 235'is run through a Moda 1 intefléaver 240°and additionial MAC and physical layer header fields are added

. bya header adder 210. The output constitutes: layer 1'data" 120- which-is transmitted in a single time slot. The data

segment header 5 transmmed as part of the encoded layer 1 data segment in this case.
[0030] The advamage of mcrementai redundancy (Mode 0) is that it achieves a higher throughput because redundant

" bits are ransmitted when necessary. The'combination of incremental redundancy and adaptive modu!at ion is proposed

for both downlink and uplink directions.

[0031] Fig. 4 shows both the transmitling (shown in Fig. 1 as layer 2: funclzons) and receiving functions for the Mode
0 procedure of Fig. 2. The procedure described at transmitter 115 from the receipt of layer 3 frames 105 to the output
195 of blocker 190 is the same as describad with reférénce to Fig: 2: The layer 1 frames 120 are output fromthe header
adder 210 and input xnto an adaptwe modulator 250 The adapnve modulator 250 modulates and transmits the layer
1 frames 120 through the packet data channel 100 to the channel derhodulator 255 at the receiver 130. The channel
demodulator 255 demodulates the modulated layer | frames 120 received from the packet data channel 100 and input
tha results to a receiver RLP 260. The receiver RLP 260 decodes the data segment header to determine the sequence
numbers of the received data blocks, as well as the number of parity blocks. The receiver RLP 260 also decodes the
parity biock header to determine the sequence numbers of the parity blocks. [f any of the headers of data on parity
blocks are decoded correctly, the data is provided to the incremental redundancy soft decoder and FCS checker {(IRSD)
285, and ACK/NAK (acknowledgment/non-acknowledgment) feedback 270 is provided to the transmit RLP 275 indi-
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[0052] if the FCS check is successtul, the IRSD 265, Fig. 4, in step 460, Fig. 12, updates the table from the RLP

. frames and in step. 475 slores the successfu%ly decoded frames in sequence buffer. In step 480, the IRSD 265, Fig. 4,

passes the. m-§equence data to the flag remover 280 and updates the frame bit map table and ends the process at
470, Fig. 12.

[0053] Fig. 13 illustrates the process of generatmg the feedback sugnal 270 of Fig. 4. First the receive RLP 260, Fig.

" 4, obtains the frame Sl mss u*r‘n the frame bit map table in step 485, Fig. 13. The receive BLP 260, Fig. 4, then obtains
- the data and/or parity bise.: ot %z =5 trom the biock bit map table in step 490 Fig. 13, and transmits the bit maps via

feedback signal 270, Fig. 4, to 716 made § SP 275in step 495,.Fig. 13.

. [0054] Fig. 14 1s illustrative ¢ ol the mess @ FLP 275, Fig. 4, processing the feedback signal 270. In step 505, the
.mode 0 RLP 275, Fig. 4, receives the bit maps transmitted by the receive RLP 260. The mode 0 RLP 275 then updates

the RLP frame bit maps in step 510. Fig. 14, and. updates the data and/or parity block bit maps in step 515.

[0055] . Fig. 15 illustrates the process of transmitting data and/or parity blocks for each RLP frame if only frame bit
map are used. In step 525, the mode 0 RLP 275, Fig. 4 receives a new encoded blocked RLP frame and in stép 530
orders the block of the RLP frame into a transmit sequence. As an example a round robin sequénce of D;;, Dp. Dy
P;;, Ppand Pyis used where D;, repeats after Pj3. In step 535, the mode 0 RLP 275, Fig. 4, transmils the data blocks

Dy, Dipand D3 In decision step 540, if the frame bit map indicates a frame acknowledgement (ACK) at the receive

RLP 260, Fig. 4, the process continues 10 step 545. If instead a NAK is reglstered at the receive RLP 260, Fig. 4, the
process continues to step 550. In step 550, the mode 0 RLP 275, Fig. 4, discards the transmit sequence and the
process ends at 555. .

[0056] At slep 545, the mode O RLP 275, Fig. 4, transmits the next data or parity block m the transmit sequence and

~waits in step 560 for the receive RLP 260 to'respond. The process then contlnues back to dec1ston step 540 and the |

process continues unit all the blocks are properly transmitted.

[0057] Fig. 16 illustrates the process of lransmtﬂlng data and/or parity blocks for each ALP frame if both a block and
a frame bit map are used. In step 565, the mode O RLP 275, Fig. 4, receives a new ‘encoded blocked RLP frame and
in step 570 orders the block of the ALP frame into a transmit sequence. As an example a round robin sequerice of Dy,
Dy, Dy, Pjy, Ppand P is used where Dj; repeats after P;5. In step 5§75, the mode 0 RLP 275, Fig. 4, transmits 1he
data blocks D;;, D;p and 0,3 In decision step 580, if the frame bit map indicatés a'frame acknow!edgemem (ACK) at
the receive RLP 260, Fig. 4, the process continues to step 585. If instead-a NAK is registered at the receive RLP 260,
Fig. 4, the process continues to step 590 In step 590. the mode G RLP 275 ‘Fzg 4 d:scards the transmu sequence
and the process ends at 595. ] '
[00588] At decision step 585, if the btock blt map scates a biock non-a‘ knowledgement (NAK) at the recelve RLP
260, Fig. 4. the process continues {o step 600 If mstead decision step 585 result in ACK, the process continues to
step B05. At step 605, the mode 0 RLP 275, Fig. 4, transmits the next data or parity block in the transmit sequence
and waits in step 610 for the receive RLP, 260 to respond. The process then continues back to decision step 580 and
the process continues unit all the biocks are properly transmitted.

{0059] If a NAK is the result of decision step 585, the process proceeds 1o step 600. At step 600, the mode O RLP
275, Fig. 4, transmits NAK data or panty block without a transmit sequence and waits in step 610 for the receive RLP
260 to respond. The process then contmues back to decision step 580 and the process continues unit all the blocks
are properly transmitted.

[0060] Fig. 17 shows a downlmk t(me slot format for Mode 0. The ttme slot has the foliowing fields: SYNC - synchro-
nization field (SYNC) 615, packet channel feedback (PC| F) 620, ¢oded supertrame phase (CSFP) and coded adaptation

field (CAF) (shown as CSFP/CAF 625), coded pamal echo (CPE) 630, coded data’ segmem header (CDSH) 635 385,
. Figs. 8, 9 and 10, reserved (RSVD) 640 and data block 320 Figs. 6, 8, 9 and .10,

[0061] The time siot structures for the downlmk and uplink preferab!y use dm‘erentcaily encoded PSK {DPSK) con-
steliations. If coherent PSK is used, pltct symbols and rererence symbofs are xnsened at appropnate posmons in the
time siot structure.

[0062]) The PCF620 flelds areusedasa mechamsm for prcv:dmg ACK/NAK 270, Fig.4, and channel quahty feedback
125, Fig. 4, and lime slot assignments on the reverse packetl daia channel. The CAF 625 on the downlink consists of

two bits which indicate the modulation Iormat {4-level, 8- Ievel or 16-!evel) used for the data. The layer-1 data fields

consist of two, three or four blocks which are constructed usmg the procedure described earlier in Figs. 8, 9, 10 and
11. The adaptation field. superframe phase (SFP) and one reserved bit are encoded together using the same Hamming

_code that is used.for COVCC in 1S-136, 22 bits are used for the COSH field 635, and a 12 bit CPE 630 field'is used to

identity the recipicnt of the data. The SYNC 615 field is transmmed using 7:/4 DQPSK. The CSFP/CAF 625, PCF 620,
CPE 630 and CDSH 635 are also transmitted using 4-level modulation.

{0083] Contention accesses are transmitted using 4- -level moduiation. Hrgherlevel modulat:ons {8-tevel and 16-level)
are used by mobile stations which have more than one burst to transmlt in ARO CONTINUE mode and are sniffing
for reservation based transmission opportunities. '

[0084] Figure 18 shows the preferred uplink time slot stmcture The guard {G)645, ramp (R) 650, p(eamb!e (PREAM)

"‘*"”"‘«"4{1 <EE’(WQJ~> ey T
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[0042} The data bit'stréam 170, F:g 4, andparity bit stream 175 at the enicoder output 165 are separatety interleaved,
by Mode O interleavers 180 and 185, and segmented into data and parlty blocks by blocker 190. The two, three of four
(combinations of data’ ‘and parity/control) blocks, outputted by 'thé Mode O RLP 200, are transmitied in each time slot
corresponding to the use of 4-level, 8-level or 16-level modulation respectively. Data or parity blocks are ‘selectively

s mapped direclly into thé Layer 1 data pomon of an |S-136 time slot’ (DATA fields shown in Fig. 11 and 12). Fxgs 8,9
and 10 illustrate the logical Layer 1 frame 120, Flg EXN formals as'a funétidn of the modulation type.

[0043] Fig. 7 ilustrates that a Layer 1 frame.120,, Flg ‘4, is associated with a data segment header {DSH) 360’ The
DSH 360 contains a block sequence number | BSN) 365 which preferably consists often bits. The BSN 365 is assoc:ated
with the first data block in a time s!ot if. there are no data blocks, then the BSN 365 is given a default value which is

10 ignored by the receiver 130 of F\g 4 The DSH 360 also includes a poll indicator (P!) 370: Fig. 7, which preferably
consists of one bit. The PI 370 is used by the system 102, Fig. 1, to request an ARQ status frame. The DSH 360 also

. includes parity/control block’ pomter (PCBP) 375 which preferably consists of two bits. The PCBP 375 indicaies the
. composition of the time slot in terrmis of data and parity/control blocks. The DSH 360 also has a reserved (RSVD } 380
_header which is preferably one bit in length for future needs.

15 [0044] The 14 bit DSH 360. Fig. 7, is encoded to obtain a 22 bit coded DSH-(CDSH) 385 of Fig. B, 9 and 10. The
encoding. preferab!y emp!oys Hamming codes. In addition each time slot contains a 12 bit coded partiai echo (PE)
assigned to the transactlon in progress whlch :dentmes the recipient of the data on the downlmk or the ongmator on
the uplink.

[0045] On the downlink, each RLP frame of size 336 bits (40 octet RLP data frame + 16 bits CRC) is encoded using

20 arate 1/2, memory five, systemauc convoluuonal code. The number of dala blocks per RLP frame (D} is set to anominal
value of three. The output of the encoder i segmented into three data biocks, each of size 112 bits, and three parity
blocks, each of size, 97 bit (punctured from 112 bits). A 15 bit header pamy/comrol block (PCBH) 390, Figs. 8, 9 and
10, is used for each parity biock These blocks are carried two, three or four per time slot as discussed above.
,[0046] On the uplink, each frame of size 342 bits (41 octet RLP frame + 14 bifs CRC) may be encoded using a rate

2s 1/2, memory five. systemahc convolutional ¢ode. The number of data blocks per RLP frame (D) is set to three. The
output of the encoder is segmented into thiee data blocks, each of size’ 114 bits, and three parity blocks, each of size,
99 bits (punctured from 114 bits). A 15 bit header (PCBH) 390, Figs. 8, 9and 10, is used for each parity block. These

_blocks are carried lwo ‘three or four per time slot as discussed above :
[0047] Fig. 8 shows the logical layer-1 frame’ foimats assummg level' 4 modulation with two biocks transmitted in

30. .. each 18-136 time slot. The PCBP. 375 value in the DSH 380, Flg 7, is used to sdent:fy the composition of the data

' segment irt the time slot i in terms of data and panty olocks As an example PCBP 375 = 00 indicated two parity-blocks,
PCBP 375 = 01 indicatés one data and one parity block and PCBP 375 = 10 indicates two parity blocks. Fig. 9 shows
the use of PCBP and the composition of time slot for 8 level modulation and Fig. 10 is for 16 level modulation.-

[0048] Fields such as adaptation field (AF) 395, Figs. 8, 9 and 10, and DSH 360, Fig. 7, assume special positions
a5 in the time slot and are not transmitted as part of the layer-1 data. The block sequence number (BSN) 365, Fig. 8, in

the CDSH 385, Figs. 8, 9 and 10, denotes the sequence number corresponding to the first data block 320 in‘the slot.

If only parity blocks 340 are transmitted, !hzs field is lgnored In addition to the fields shown above the coded PE

assigned to the MAC Layer transaction is used as a mobilé station identifier.

[0049] Figs. 11, 12, 13 and 14 are illustrative of examples of the process performed by the receive RLP 260, Fig. 4,

40 IRSD 285, feedback 270 to the Mode O RLP 275, and the Mode 0 RLP 275. In step-400 of Fig. 11, the receive RLP
‘260, Fig.' 4, receives a demodulated time slot from the channel demodulatxon 255 and in step 405, Fig. 11, decodes
the data segmem header (DSH) 360 of Fig. 7. in decision step 410 if the DSH 360, Fig. 7, is’ successfully decoded
the process continues to step 415, Fsg 114 the DSH 360, Fig. 7.°is not successiully decoded the process instead
_continues to step 420, Fig. 11. in step 420, the receive RLP 260 Fig. 4;discards the time slot and the process continues

45 to node A 425, Flg 11, which starts the new process at the IRSD 265 of Fig. 4.

[0050] If the DSH 360, Fig. 7, is successfully decoded the receive RLP 260, Fig. 4, in step 415, Fig. 11, reads the
PCBP 375, Figs. 7, 8, 9 and 10, in the DSH 360 Flg 7. and determinés the number of data 320, Fig. 6,-and parity
blocks 325 and decodes the PCBH 345 350 355 Fig. 6,390 Flgs 8, 9'and 10 for the parity blocks. The receive RLP
260, Fig. 4, then, in step 430, Fig. 11, updates the ‘block bnmap tanle for the received data and parity blocks and in
50 step 435 passes the soft information and dataipamy block sequence numbers to the IHSD 265 and continues the
' process at the IRSD 265 at node A 425.. |
{oos1] Fig. 12 shows the process performed by the !RSD 265 of Fig. 4. The process starts in step 440, Fig. 12, the
IRSD 265, Fig. 4, receives soft information and data/parity block numbers from the receive RLP 260. In step 445, Fig.
12, the IRSD 265, Fig. 4, decodes the RLP frames associaled with the new received data and/or parity blocks using

55 previously stored data and/or parity blocks associated with the RLP frames. The IRSD 265, in step 450, Fig. 12, then
checks the FCS associated with each RLP frame decoded. In decnson step 455, if the FCS check is successful the
-process continues to step 480. If the FCS check is not successiul the process instead continues to step 465. In step
465, the new soft information associated with the received data/parity block is stored and the process ends at 470.
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segment header (DSH) whsch contams a ten bit b!ot:k sequence number {BSN} andane bé pol indicator (P1) to request
ARQ status ’

’ [0075] ‘The r'e'su!tmg data segmem oomammg RLP frames. DSH, and CRC bits. is encoded using a memory 5, rate

" 172 convolutional code. The coded bits are punctured and’ mapped to symbols that are-chosen from a 4-leve), &-tevel

or 16-level constellation. The punctunng depends on :he modulatlon format used for the ransmission of that siot as

~ shown'in Figs. 20, and 21,

[0076] Since the frams 5= *2k 3 on the data segment consisting of two, three, or four RLP frames, if the CRC tails

. at the receiver, then all fram; -1 the slot will be lost and will have to be recovered through ARQ reccven,v Assigning

'aFCS'to each *small* RLF frama is inefficient due to excessive overhead
[0077] On the downlink, each RLF frame consists of 88 bits’ (e!even octets). To each set of two, three or four RLP
frames, an eleven bit DSH and ten bit CRC are added. The resulting combination is encoded using a rate 1/2, memory
5 convolutional code as shown in Figure 20. At the éncoder outp(.n,"128, 201 of 254 bits are punctured depending on
whether 4-level, 8-level or 16-level modulation is used, and the remaining bits are mapped to the desired modulation
format, and inserted in the DATA fields in the time slot.
[0078] On the uplink each RLP frame consists of 86 biits {12 octets). To each set of two, three or four RLP frames,
an eleven bit DSH and ten bit CRC are ;jadded. The resulling combination is encoded using a rate 1/2, memory 5
convolutional code as shown in Fig. 21. At the encoder output, 176, 243 or 310 bits are punctured depending on whether
4-level, 8-level or 16-level modulation is used, and the remaining bits are mapped 1o the desired modulation format
[0079] Tte slot formats assume the use of DPSK. if coherent PSK or QAM are used, then pilot symbols are inserted
al appropriate positions in the time slol.
[0080] The downlink time slot format is shown'in Figure 22. The pacxet channel feedoauk (PCF) 800 fields are used ~
as a mechanism for prowd:ng ACK/NAK and channel quality feedback and time slot assignments on the reverse packet
data channel. The layer-1 data fields consist of two, three or four RLP frames which are constructed using the procedure
described above. The adaptation field (AF) on the downlink consists of two bits which indicate the modulation format
(4 level, 8 level or 16 level) used for the data. The 'adaptation field, superframe phasé (3FP) and one reserved bit are
encoded together using the same (12,8) Hamming code that is used for CDVCC in iS-13€. A 12 bit CPE 810 figid is
used to identify the recipient of the data 805. The SYNC 805 field is transmmed usmg 5/4 DOPSK The CSFP/CAF
820, PCF 800 and CPE 810 are transmitted using’4-level modulation. -~ °
[oo81] Fig. 23 showsthe proposed uphnk time siot structure. The guard (G) 825, ramp (Fi) 830, predmble (PREAM)
835 and SYNC 815 fields are maintained as in 1S-1886; a new coded’ adaptation fietd (CAF) 840 is introduced to indicate
the modulation format for the data 845. A 12" bit CPE810is used 1o ihdicate tha transmitier ‘identity. Two bits &resed
for the modulation type; these are encoded using a (6.2) code. G 825; R 830 PREAM 835 CPE 810 and CAF '840
are transmitted using 4-tevel modulation.
[0082] Contention accesses are transmitted using 4-level modulation. Higher level modulations (8-level and 16-level)
are used in ARQ Mode CONTINUE frames by mobile stations which have more than one burst to transmit, and are
sniffing for reservation based transmission opportunities.
[0083] Adaptive modulation as in Mode 0, the modulation type is fixed only for a time slot and not over an entire
MAC Layer transaction. Layer 1 determines the modulation typé to use for the next time siot based on the channel
quality feedback from the receiver and the needs of Layer 2. Since the RLP frame siZes in Mode 1 are chosen to be

) ‘the same mdependem of the modulation type, retransmitted frames may be sent on a different modulation type from

" the original transmission. The modulation formats considered are 4 level (DQPSK or n/4-coherent PSK), 8 levei (dif-
ferentiai or coherent) and 16 level (PSK, DPSK or QAM) modulation. A two bit adaptation field is used to describe the
coding and/or modulation fonmat used. Table 1 shows the mapping of the AF values to corresponding modulation
formats.
{0084} ° A delault value specifies the detaun DOPSK format with Rate 5/6 coding. Thb permﬁs duﬁerem packet data
channel frame formats and interworking between incrementat redundancy and coding modes.
[o085] Similar to Mode O, the downlink Channel Quality Feedback (CQF) is provided by the mobile station on the
reverse packetdala channel in a layer-2 "ARQ Slatus frame. The ARQ status frame may be transmitted in any reserved
uplink time slot. A two bit channel quality indicator is used to denote the maximum allowable modulation type, and the
cell transmitter uses this information along with knowledge of the Layer-2-data backiog in order to determine the mod- -
ulation to use in subsequent slots.
[oo86] Forthe uplink, channel quahty feedback is provuded in the PCF correspondmg to reserved slots The'subchan-
nel feedback (SF) field in the PCF provides ACK/NAK and channel quality feedback for the prewous “slot as well as
channel quality feedback (CQF) which serves as a modulat;on format adwsory for subsequent assignments to the
mobile station being acknowledged..For ACK/NAK feedback, as in Mode 0, a snmple 6,1) repetmon code is used. A
(6,2) code is used for channel quality feedback.
[0087] Stated generally, the present invention encompasses an incremental redundancy transmission communica-
tion system 102, Fig. 2. The system comprises a time slot signal generator 160 that creates a time slot signat 155
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655 and SYNC 615 fislds are maintained as in 1S-136; a' new coded adaptation 20 field (CAF) 660 is introduced to

indicate the modulation format for the data. Two bits are used for the moduiatron type; these are encoded using.a (6,2)

code. The CDSH 635 uses 22 bits, and a 12 bit CPE, 665 rs us rdenufy the mobrle station. G 845, R 650, PREAM
655, CPE 665, CDSH 635 and CAF 660 are lransmmed usang 4level’ modulatlon

[0065] The modulation type is fixed for a time slot and not over an RLP frame or an entire MAC Layer transaction.

Layer 1 determines the modulation type to use for the next.time slot based on the channel quality feedback 125, Fig.

4, from the receiver 130 and the needs of layer 2. The modutatron formats utilized are 4 level (DQPSK or n/4-coherent
PSK), 8 level (differential or coherent) and 16 Jevel (PSK. DPSK or C}AM) modulation. A two bit adaptation field is used
to indicate the coding and/or modulation’ format_ used. Table 1 shows the mapping of the AF values to corresponding
modulation formats.

[0066] A defauit value, specrfres the default DQPSK format with Rate 5/6 coding within the time slot to allow different
packet data channel frame formats and interworking between incremental redundancy and cading modes

) ) R Table 1
. AF Ce Codmg and/or Modulation Format
oQ 4-level (7/4-QPSK or w/4- DQPSK)
01. }. 8-level (PSK or DPSK) .. )
i0 16-level (QAM, PSK or DPSK) e

11| Defautt (e.g. rate 5/6, memory 5 convolutional coding with 4-level modulation)

[0087] Channel Qualrty Feedback {CQF) 125, Fig. 4, is provided by the mobite station .on.the reverse‘packel data

channel in a layer-2 "ARQ Status® block as shown in Fig. 19. The ARQ status. biock is prererab:y transmitted in any
reservad uplink time slol. A two bit channel quaility indicator is used lo denole the maximum allowable modulation lype.

- [0068] The PCBH 6?Ofor the ARQ stalus biock consists of one-bit PCBH. header type = O) one bit control block

type (= 0, for ARQ slatus block), two bit CQF field, seven bit frame sequence number (FSN), identifying the beginning
frame for the bit-map feedback.
{0089] -, The PCBH 670 is encoded - usrnglhe (1 5; 11) code The rest of the, ARQ status biock consssts of the bit- -map

-.-feedback 675 and CRC.680, encoded.using-the: defau!t 5/6 rate convo%utrona! code.
+. [0070] .Forthe uplink, channel quality feedback is provrded inthe PCF correspondlng to reserved slots. The subchan-

nel feedback (SF) field in the PCF provides ACK/NAK and channel quality feedback for the previous slot as well as
channel quality feedback (CQF) which serves as a modulation format advisory for subsequent assignments 1o the
mobile station being acknowledged. For ACK/NAK feedback, a simple (6,1) repetition code is used A (6, 2) code is
used for channel quality feedback.

[0071] The receiver 130, Fig 4, obtains channel qualrry mformatron by averagmg the Euclidean distance between
the received symbol sequence and the-decoded sequence of symbols 1o obtain an implicit measure of the signal to
interference plus noise ratio, C/(1+N) at the input to the decoder 265, As described in the patent applications incorpo-
rated by reference herein, this method yields.good estimates under both noise limited and interference limited conditions
for different coded modulation schemes across the range of Doppler frequencres The metric, computation is lndepend-
ent of the actual decoder implementation and.can be compuied using the decoded mformanon sequence.

“Table 2
Channel Conditions | Channel-Quality Indicator - Maximum Allowable Meduiation Format
cri+N)y <8 | ST 00 (adevel)
8 < C/(1+N) < 84 7. ... 01 (8-level)
C/(i+N) > 8y - | ceE e T 107 (16-level)

[0072] Table 2 shows the scheme for determining the maximum allowable modulation type based on C/(1+N) esti-
mated at the receiver. The mobrle station receiver uses the channel ‘quality metric along with knowledge of C/{1+N)
thresholds 6. '8, and which are transmmed over the packet broadcast control channel {PBCCH).

[0073] As in Mode 0, the byte stream obtainad from Layer 3 frames is segmented into RLP frames. However, in this

mode, RLP frames are smaller in size than in the incremental redundancy case. Two, three or four RLP frames are '

transmitted in each time slot depending on the modulation type (i.e., if 4- -level, 8- Ievel or 16 level modulation respec-
tively, is used). ’
[0074] Two, three or four RLP frames are concatenated with a ten bit frame check sequence (FCS) and a data

~E --wﬂ{k,.
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The system of claim 1 including a transmitter that transmits a parity biock signal with the dala block signal sequence
number in the sub-s!m . : .

R .

The system of cla!m 1 mcludmg a recewer_that xdentmes the sequence of data block srgnals in the time siot as
being consecutive from a first data block.

.The system of claim 1 including a transmmer that sves the data block signals for operanon ina plurahty of mod

ulation schemes.

The system of claim 9 wherein the transmitter selectively sizes the da!a b!ock signals so(hat the data block ssgmats
fit within the sub-siot at each one of the plurality of modulation schemes

The method of claim 10 wherein the transmitter uses a code rate defined by the eauation

ND N
(ND+ MP)~ 2N - q)

in wnlch N is the data block srgna! size, M is a parity block sxgnal size, gisthe tength of the data block s:gnal
sequence number field, D is the number of data blocks and P os the number of pamy blocks

The system of clarm 1 mcludmg a computatlon unit that computes a frame check sequence and a adder that adds
the frame check sequence to the radio link protocol frame to define a frame Bi.

The system of claim 12 xncludmg an encoder that encodes ‘the frame Bi into N data bits and N panty bits, a first
segmenter that segments the N data bits into D data block signals, a second segmenter that segments the N parity
bits into P parity block signals of equal size, and a puncturing unit that selectively punctures the P parity biock
signals to insert a header.

The system of claim 13 wherein the header mc!udes a header type |den’(mer and a data block signal sequence
number for selected parity block sngnais

The system of clazm 13 funher |ncludes a rnemory unit that sxores information correspondmg to the N data bits
and N parity bits.

The system of claim 15 wherein the memory unit includes a bitmap for delivered D data block signals and P parity
block signals.

A method for incremental redundancy rransmiss:ion in @ communication system that uses radio protocol frames,
comprising the steps of: '

creating a time slot signal having at least one sub-siot wrth afixed srze

creating a data block signal sized to fit in. the sub-slot

establishing a header having a data block s:gna( sequence number in the header for the tame slot signal, and
identitying in the header for the time slot signal the number of data block signais consecutlve y transmltted

The methed of.claim 17 including the steps ¢ of creatinga panty block signal sized sma!!er than the data block signal
such that the parity block signal and the data biock s:gnal sequence number fit within the sub-slot and transmmmg
the data block signat-and parity block signal in the sub-slol within the time slot signal.

The method of clarm 17 :ncludmg the step of transm«ttmg the paraty block srgnat with the data block srgna! sequence
number in the sub-siot.

The method of clairn 17, .ipcluding ‘the step of ‘irjentifyihg- the seduence of'data block signals irr the time slot as
consecutive irom a first data block. '

The method of claim 17 including the slep of sizing the data b!ock s(gnals for operauon in a plurality of modulation
schemes.

| BNSDCCIO<EP . D9SBATAT.L > & . t
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having at least one sub-slot with a fixed size and a datd block signal generator 165 that créates a data block signal
170 sized to fit in the time slot. A header adder 210 that generates a header having a data block signal sequence
number in the header for the time slot signal is also provnded A receiver 130, Fig. 4.is also provaded lhat |dentmes in
the header for the time slot signal, a number ‘of data Block signals 170" consecunvely transmitted.

[0088] The invention further includes a parity block signal generator 165, Fig. 2, that creates a parity block signal
175 sized smaller than the data block s:gnai 170 such that the parity block signal 175 and the data block signal sequence
number fit withiri the sub-sidt, and'a transmitter 115 that transmits the data block signal 170 and panty block signal
175 in the sub-slot within the time slot signal.

. [0089] The present invention further encompasses a method for incremental redundancy transmrssson in a commu-

nication system that uses radio {or retransm|35lon) pro(ocol link frames. The method comprises the step of creating a
time slot signal having at least one sub-siot with a fixed size, creating a data block signal 170, Fig. 2, sized to fit in the
sub-slot, establishing a header having a data block signal sequence number in the header for the time slot signal and
identifying in the header for the tirhe slot signal, the number of data block signals 170 consecutively transmitted. The
steps of providing, in a header of the time slot signal, a data block sequence number for a first data block signal 170
in a sequence of data block signais 170 and éreating a parity block signal 175 smaller than the data block signal 170
such that the parity block signal 175 sequence number fits within the sub-slot signal are also provided.

[0090] While the specification in this invention is described in relation 1o centain implementaléons or embodiments,
many details are set forth for the pwpose of illustration. Thus, the foregoing merely illustrates the principles of the
invention. For example this invention may have other specific forms without departing from its spirit or essential char-
aclerislics. The described arrangements are illustrative and not restrictive. To those skilled in the arl, the invention is
susceptible to additional mplementaﬂons or embodiments and certain of the details described in this application can
be varied considerably without departing from the basic principles of the'invention. It wili thus be appreciated that those
skilled in the art will be able to devise various arrangements which, although nol exphcmy described or shown herein,

. embody the prmc:ples of the mvennon are thus wnhm 1ts sptnt and scope :

Claims

1." “An incremental fedundancy t;aﬁ'émissien'Eemfhu}\idé‘tion éyét’éfhi _eeqﬁﬁ)rie?ng:
a time ;let As{i_gna! generator that ereates a tvim.e slot _sig_nai having at least ene sub-slot with a fixed size;
a data block signal generator that creates a data block signal sized to fit in the at least one sub-siot;

a header adder that generates a header having a data block signal sequence number in" the header»for the
time slot signal; and

a receiver that identifies in the header for the time siot signal a number of data block signals consecutively
transmitted.

2. The system of claim 1 including a parity block stgnal generator that creates a parity block signal sized smaller than

the dala block signal such that the parity block signal and the data block signal sequence number fit within the

sub- slot, ‘and a lransmttter thal transmns the dala block sngnal and panty block signal in the sub—slot within the
time slot srgnal

- 3. The system of claim 2 wherein the receaver ldentmes inthe headerfor xhe time siot stgna! the number of data biock

signals and parity block s:gnals in the tlme slot s;gna!
4. . The system of claim 2 wherein the data block signat generator and parity block signal generator create an integer
" number of total data block s:gnals and the parity block signals that fit in the time slot svgna! ' :

5. The system of claim 2 including an encoder that separately encodes the sequence of data block signals and parity
block signals, and an interfeaver that separately interleaves the sequence of data block stgnals and parity block
signals.

6. ‘The system of claim 5 further including an‘assembler that assembles the sequence of data block signals and parity
block signals into time slot signals as determined by a retransmission protocol after to the encoder and interieaver.
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37. The method of claim-35 including the steps of storing in @ memory information corresponding to the N data bits
and N parity bits, transmitting the ‘U data block signals-correspending to the radic tink protoco), decoding the Bi
frame, and transmitting additional P panty b!ock sngna!s correspondmg to the radio link protocol when whenever
the Bi-irame is not correctly decoded. "~ -+ .

38. The method of claim 37 including the step of ctearmg the memory whenever the Bi frame is conecfly decoxtod
39. The method of claim 37 in which the memory mcludes a bﬁmap for deilvered D data block 5|gnals and P pasity
block s¢gnals .

14
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22. The method of claim 21 including the step of selectively sizing of the data block signals so that the data block
signals fit within the sub-slot. at each one of the. plurality of modulation’ schemes. - .

23. A method for incremental redundancy transmission in a communication system, comprising the steps of:

creating a time slot signal having a sub-slot with a fixed size;..
creating a data block signal sized to fit within the sub-siot;
providing, in a header of-the time siot signal, a-data block signal sequence number for a first data block signal
in a sequence of data block signals; and

10 creating a parity block signal smaller than the data block signal such that the parity block sxgnal and the data
block signal sequence number fit within the sub-slot signal.

24. The method of claim 28including the step of transmitting the parity block signai with the data block signal sequence
number in the sub-slot.

15
25. The method of claim 23 including the step of identifying the sequence of data block signals in the time slot signal
as consecutive from the first data block signal.
26. The method of claim 18 or 23 including the step of identifying in the header for the iime siot signal the number of
20 data block signals and parity block signals in the lime slol signal.

27. The method of claim 26 including the step of sizing the data block signals for operation in a plurality of modulation
schemes.

25 28. The method of claim 27 including the step of selectively sizing of the data block signals so that the data block
signals fit within the sub-slot at each one of the plurality of modulation schemes.

29. The methed of claim 18 or 23 including the step of inserting into the time slot signal an integer number of total data
block signals and parity block signats.
30

30. The method of claim 22 or 29 wherein the transmitter uses a code rate defined by the equation

ND N
(ND+ MP)~ (2N - q)

35

in which N is the data block signal size, M is a parity block signal size, q is the length of the data block signal
sequence number field, D is the number of data blocks and P is the number of parity blocks.

31. The method of claim 18 or 23 invoiving the steps of separately encoding the sequence of data block signals and
40 parity block signals, and interleaving separately the sequence of data block sighais and parity block signals.

32. The method of claim 18 or 31 including the step of assembling the sequence of data block signals and parity block
signals into time slot signals as determined by a retransmission protocol prior to the steps of enceding and inter-
leaving.

45

33. The The method of claim 32 including including the steps of decoding the sequence of data block signals and
parity block signals, and decoding the data stored at the transmitter only when a positive acknowledgment is
received lhat the lime siol signal is correclly decoded.

The method of claim 17 or 33 including the steps of computing a frame check sequence, and adding the frame
check sequence to the radic link protoco! frame to define a frame Bi.

so 34

h

35. The method of claim 34 including the steps of encoding the frame Bi into N data bits and N parity bits, segmenting
the N data bits into D data block signals, segmenting the N parity bits into P parity block signals of equal size, and
55 selectively puncturing the P parity block signals to insert a header.

36. The method of claim 35 wherein the header includes a header type identifier and a data block signal sequence
number for selected parity block signals.
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PRELIMINARY AMENDMENT
Sir:
Prior to examination of the above-identified application, please enter the following
amendments and remarks.
In the Claims

Substitute the following claim for pending claim 1:

1. (Amended) A/method for transmitting channel quality information in a wireless
communication system comprjsing at least one base station and at least one mobile station, the
method comprising:

varying a rate for reporting channel quality information from a mobile station to a base

station as a function of thg presence or absence of a reception of a transmission at the mobile
station.

Substitute the following claim for pending claim 2:

2. (Amended) The method according to claim 1, wherein the mobile station
reports channel qualify information at a first rate in the absence of a reception of a transmission
from the base statiop and at a second rate in the presence of a reception of a transmission from

the base station.
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Substitute the following claim for pending claim 3:
3. (Amended) The method according to claim 1, wherein the mobile station
a first rate in the absence of a reception of a transmission

reports channel quality information
from the base station and, upon detgction of a reception of a transmission from the base station,

the mobile station reports channel gquality information at a second rate for a prescribed duration.

Substitute the following claim fog pending claim 4:

4, (Amended) The method according to claim 1, wherein the mobile station
reports channel quality information at a first rate in the absence of a reception of a transmission
from the base station and, upoh detection of a reception of a transmission from the base station,
the mobile station reports channel quality information at a plurality of rates over a prescribed
time period after detection of the reception of a transmission, wherein the plurality of rates are

different than the first rate.

Substitute the following cfaim for pending claim 11:

11. (Amende A method for adapting the rate of reporting channel quality
information in a wireles§ communication system including at least one base station and at least
one mobile station, the fmethod comprising:

reporting channel quality information from the at least one mobile station to the at least
one base station at a first rate in the absence of a reception of a transmission at the at least one
mobile station; and

in the presgnce of a reception of a transmission at the at least one mobile station,
adapting the rate for reporting channel quality information from the at least one mobile station to
the at least one base station from the first rate to a second rate.
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By this preliminary amendment, originally filed claims 1-4 and 11 have been amended.
Claims 1-15 are still pending in the application. Attached hereto is a marked-up version of the
changes to the claims by the current amendment. The attached pages are captioned “Version
With Markings to Show Changes Made”.
Applicants submit that the amendments to the claims are not being made for any reason
relating to patentability. In particular, the originally filed claims as well as those amended herein
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are believed to meet all statutory requirements for patentability.
Accordingly, consideration of this application is respectfully requested. Any questions
can be directed to the Applicants’ attorney at the number below.
Respectfully submitted,

By: /% / /ﬁ S
Gregory,d. Murgia
Reg. No. 41,209
Attorney for Applicants
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In the Claims:

Amend claim 1 as follows:

1. (Amended) A method for transmitting channel quality information in a wireless
communication system comprising at least one base station and at least one mobile station, the
method comprising:

varying a rate for reporting channel quality information from a mobile station to a base
station as a function of the presence or absence of a reception of a transmission [from the base
station to] at the mobile station.

Amend claim 2 as follows:
2. (Amended) The method according to claim 1, wherein the mobile station

reports channel quality information at a first rate in the absence of a reception of a transmission
from the base station and at a second rate in the presence of a reception of a transmission from
the base station.

Amend claim 3 as follows:

3. (Amended) The method according to claim 1, wherein the mobile station
reports channel quality information at a first rate in the absence of a reception of a transmission
from the base station and, upon detection of a reception of a transmission from the base station,
the mabile station reports channel quality information at a second rate for a prescribed duration.

Amend claim 4 as follows:

4. (Amended) The method according to claim 1, wherein the mobile station
reports channel quality information at a first rate in the absence of a reception of a transmission
from the base station and, upon detection of a reception of a transmission from the base station,
the mobile station reports channel quality information at a plurality of rates over a prescribed
time period after detection of the reception of a transmission, wherein the plurality of rates are
different than the first rate.
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Unchanged claim 5:

5. The method according to claim 4, wherein the prescribed time period includes a
plurality of time intervals such that the channel quality information is reported at one of the
plurality of rates during one of the plurality of time intervals.

Unchanged claim 6:
6. The method according to claim 2, wherein the second rate is faster than the first

rate.

Unchanged claim 7:

7. The method according to claim 6, further comprising the step of estimating
channel quality at the base station while the mobile station is reporting at the second rate,
wherein estimated channel quality is used to derive a transmission format for a subsequent

transmission.

Unchanged claim 8:
8. The method according to claim 7, wherein the transmission format includes one
or more parameters selected from the group consisting of modulation format, number of codes,

and transmission rate.

Unchanged claim 9:

9. 'The method according to claim 6, further comprising the step of estimating
channel quality at the base station while the mobile station is reporting at the second rate,
wherein estimated channel quality is used to calculate an amount of redundancy needed for a
retransmission of a previous transmission.

Unchanged claim 10:

10. The method according to claim 1, wherein the channel quality information
comprises a transmission rate calculated by the mobile station based on one or more channel
conditions.
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Amend claim 11 as follows:

11. (Amended) A method for adapting the rate of reporting channel quality
information in a wireless communication system including at least one base station and at least
one mobile station, the method comprising:

reporting channel quality information from the at least one mobile station to the at least
one base station at a first rate in the absence of a reception of a transmission [from the at least
one base station to the] at the at least one mobile station; and

in the presence of a reception of a transmission [from the at least one base station to
the] at the at least one mobile station, adapting the rate for reporting channel quality information
from the at least one mobile station to the at least one base station from the first rate to a

second rate.

Unchanged claim 12:
12.  The method according to claim 11, wherein the second rate is faster than the first
rate.

Unchanged claim 13:

13. A method for transmitting channel quality information in a wireless
communication system including at least one base station and at least one mobile station, the
method comprising:

varying a rate for reporting channel quality information from a mobile station to a base
station as a function of the number of base stations that the mobile station is communicating
with.

Unchanged claim 14:

14. The method according to claim 13, wherein the mobile station reports channel
quality information at a first rate when the mobile station is communicating with one base station
and wherein the mobile station reports channel quality information at a second rate when the
mobile station is communicating with a plurality of base stations.

Unchanged claim 15:
15. The method according to claim 14 wherein the second rate is faster than the first
rate.
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VARIABLE RATE CHANNEL QUALITY FEEDBACKIIN A
WIRELESS COMMUNICATION SYSTEM
Technical Field
The invention relates generally to wireless communication systems and, more
particularly, to providing channel quality information from a mobile station to a base
station in such systems.

Background of the Invention

in wireless communication systems, an air interface is used for the exchange
of information between a mobile station and a base station or other communication
system equipment. The air interface typically comprises a plurality of communication
channels. In wireless transmission, a channel is time varying due to fading, mobility,
and so on. More specifically, channel quality is affected by factors such as distance
between the mobile and base station, speed of the mobile station, interference, and
the like. Given the limited resources (e.g., bandwidth) of wireless transmission as
well as the large number of mobile stations supported by a base station at any given
time and therefore competing for those limited resources, it is therefore important to
maximize throughput of a wireless communication system. For example, in a time-
multiplexed system in which the transmission time interval spans one or more time
slots, system throughput can be maximized by allowing a user with the best channel
guality to transmit ahead of users with comparatively low channel quality.

In one known arrangement, a mobile station performs a rate calculation
based on measurements of a pilot sighal from the base station once every time slot
and then reports back the rate at which it is going to receive data from the base
station.  Alternatively, the moi)ile station can send channel quality feedback
information to the base station and the base station can then select the appropriate
rate corresponding to that channel quality. In general, the purpose of sending
channel quality feedback information from the mobile station to the base station is to
inform the base station of the transmission rate that best matches the current
conditions (e.g., quality) of the channel at that present time.

FIG. 1 shows one example of wireless transmission based on the well-known
1x-EV-DO (data only) standard in which a so-called fast rate adaptation scheme is
used to maximize the system throughput by exploiting the time varying channel
conditions. More specifically, FIG. 1 shows a signaling diagram between a base
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station (BS) and a mobile station (MS). The data channel 100 for the downlink from
the base station to the mobile station is divided into time slots 101-117, each of which
has a duration 7. In the case of the 1x-EV-DO standard, the duration t would be 1.67
milliseconds. In the example shown in FIG. 1, time slots 101-106 and 110-115 are
not carrying transmissions from the base station to the mobile station. However, the
base station is transmitting to the mobile station during time slots 107-109 and during
time slots 116-117.

From the perspective of the mobile station, the uplink channel 200 is also
divided into time slots 201-217, each of which has a duration t. As shown in FIG. 1,
the calculation and reporting of the rate for the dedicated control channel 200 by the
mobile station is performed according to well-known methods once every time siot
201-217. More specifically, channel quality information (e.g., transmission rate in 1x-
EV-DO systems) is transmitted via communications 151-165. For example, mobile
station is transmitting channel quality information to the base station via
communications 151-153 during time slots 201-203 indicating that rate R1 is the
desired rate of transmission based on the channel quality. As shown in this example,
this rate information is received at the base station during time slots 103-105, so
there is some delay with respect to the calculation of the rate in the mobile station
during a time slot and the subsequent reporting of that rate to the base station. In
slot 204, the mobile station detected a change in channel quality and reported back
to the base station that transmission should occur at rate R2. This channel quality
feedback is received by the base station during its time slot 106. Because the base
station is sending a transmission to the mobile station during time slots 107-109 and
because the base station is receiving channel quality feedback indicating rate R2 as
the desired rate (e.g., R2 reported by mobile station during its time slots 204-206 and
received by the base station during its time slots 106-108), the transmission by the
base station during time slots 107-109 is therefore sent at raie R2. In time slots 207-
212, the mobile station is reporting rate R1 as the desired rate, but no transmissions
are occurring from the base station during time slots 110-115. As shown, the mobile
station reports rate R3 as the desired rate during time slots 213-216, which are
received at the base station starting at time slot 115. Because the base station starts
sending another transmission during time slot 116, this transmission therefore is sent
at rate R3 based on the channel quality feedback received from the mobile station.
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Another approach to providing rate feedback is described in U.S. Patent
Application Serial No. 09/716,106, entitted “Asymmetric Rate Feedback and
Adjustment System for Wireless Communications” and filed on November 17, 2000,
the subject matter of which is incorporated herein by reference in its entirety. As
described, rate calculation and prediction is still being performed at every time slot,
but the reporting of this rate feedback from a mobile station to the base station
occurs every third time slot. In this manner, the reporting of rate feedback from a
plurality of mobile stations can be staggered such that each mobile station is only
sending rate feedback every third time slot, but the base station is receiving rate
feedback at each time slot (i.e., from different mobile stations).

There are several disadvantages to these constant rate feedback
approaches. Performing rate calculation and prediction in every time slot uses up a
large amount of processing overhead at the mobile station. Providing rate feedback
to the base station at every time slot uses a large amount of transmission overhead
and, because rate feedback is being provided regardless of whether there is a
transmission being sent from the base station, transmission resources are therefore
being inefficiently used. Even if rate feedback is provided at a slower rate (e.g.,
every third time slot), there is still inefficient use of resources because the rate
feedback is being provided regardless of whether the base station is transmitting.
Summary of the Invention

Processing overhead for rate calculation/prediction and transmission
overhead for rate feedback is substantially reduced for wireless transmissions
according to the principles of the invention by varying the feedback rate for reporting
channel quality information from a mobile station to a base station as a function of
the presence or absence of a transmission from the base station to the mobile
station. More specifically, channel quality feedback is provided from the mobile
station to the base station at a variable rate such that the feedback rate is faster
when the base station is transmitting to the mobile station and slower when there is
no transmission occurring.

Wireless resources can be more efficiently used since the rate at which the
mobile station reports channel quality to the base station is varied as a function of the
absence or presence of transmission from the base station. When the base station is
not transmitting to the mobile station, the feedback rate for reporting channel quality
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from the mobile station is at a slower rate, which, in turn, frees up wireless resources
that can be used for other purposes, e.g., for fransmissions between the mobile
station and the base station. When the base station is transmitting to the mobile
station, the rate of reporting channel quality from the mobile station is increased so
that rate adaptation can be carried out more accurately by the base station.
Moreover, because of the short duration of time slots in wireless transmission, it is
highly unlikely that the rate or channel quality will change over a period of a few time
slots under most operating conditions.

Brief Description of the Drawing

A more complete understanding of the present invention may be obtained
from consideration of the following detailed description of the invention in conjunction
with the drawing, with like elements referenced with like reference numerals, in
which:

FIG. 1 shows a simplified block diagram of a typical channel quality feedback
and rate adaptation scheme in one prior art arrangement;

FIG. 2 shows a simplified block diagram of a channel quality feedback and
rate adaptation scheme according to one exemplary embodiment of the invention;
and

FIG.3 shows a simplified block diagram of a channel quality feedback and
rate adaptation scheme according to another exempiary embodiment of the
invention.

Detailed Description

FIG. 2 shows one exemplary embodiment for providing variable rate channel
quality feedback according to the principles of the invention. By way of example
only, this scheme will be described in the context of wireless transmission according
to the 1x-EV-DOQ (data only) standard, but the teachings set forth herein are not at all
limited to just this particular wireless implementation.

More specifically, FIG. 1 shows a signaling diagram between a base station
{BS) and a mobile station (MS). The data channel 300 for the downiink from the
base station to the mobile station is divided into time slots 301-317, each of which
has a duration 1, e.g., 1.67 milliseconds. In the example shown in FIG. 2, time slots
301-306 and 310-315 are not carrying transmissions from the base station to the
mobile station. However, the base station is transmitting to the mobile station during
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time slots 307-309 and during time slots 316-317. From the perspective of the
mobile station, the uplink control channel 400 is also divided into corresponding time
slots 401-417, each of which has a duration .

As shown in FIG. 2, the calculation and reporting of the rate for the dedicated
control channel 400 by the mobile station is performed using a variable rate in
contrast to the prior art methods. In general, when there is no data transmission from
the base station (e.g., time slots 301-306), the channel quality information (e.g., rate
information) is sent from the mobile station every two (2) slots as shown by
communications 352, 354, 361, 363, and 365. As previously described, there is a
delay factor with respect to the uplink transmission (from the mobile station) and the
downlink transmission (from the base station). When the mobile station is receiving a
transmission over the forward link (e.g., downlink from the base station), the channel
quality feedback is sent every slot as shown by communications 356-359. As such,
the rate at which channel quality feedback is provided when there is a transmission
from the base station is faster than the rate at which channel quality feedback is
provided when there is no transmission from the base station.

More specifically, FIG. 2 depicts the mobile station transmitting channel
quality information (e.g., rate information) to the base station via communications 352
at time slot 402 indicating that rate R1 is the desired rate of transmission based on
the channel quality. As shown in this example, this rate information is received at the
base station during time slot 304 because of the aforementioned delay factor. In slot
404, the mobile station detected a change in channel quality and reported back to the
base station that transmission should occur at rate R2. This channel quality
feedback is received by the base station during its time slot 306. Because the base
station is sending a transmission to the mobile station during time slots 307-309 and
because the base station is receiving channel quality feedback indicating rate R2 as
the desired rate (e.g., R2 reported by mobile station in time slot 404 and received by
the base station in time slot 306), the transmission by the base station during time
slots 307-309 is therefore sent at rate R2. Because the base station is now
transmitting data to the mobile station during time slots 307-309, the mobile station is
adapted to send the channel quality feedback at a faster rate (e.g., every time slot)
for the corresponding time slots 407-409, e.g., as shown by communications 357-
359. It should be noted that, because transmission did not start until time slot 307 by
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the base station and because of the delay factor, the channel quality feedback
information indicating rate R2 via communication 356 is still being sent at the slower
rate (e.g., every two (2) slots). The faster rate of reporting channel quality feedback
does not begin until time slots 407-409 at the mobile station which correspond to time
slots 307-309 where transmission is occurring from the base station.

When transmission from the base station ends and there is no further
transmission, the mobile station resumes its reporting of channel quality information
at the slower rate (e.g., every two (2) slots) as shown by communication 361. For
example, there is no transmission from the base station in time slot 310, so the next
report of rate information from the mobile station is sent at time slot 411, e.g., two
time slots after time slot 409, which corresponded to time slot 309 when transmission
ended from the base station.

It should be noted that the feedback rate for transmitting the channel quality
information and the point in time when the information is reported (e.g., at the ieading
edge, during, or at the trail edge of the time slot) are all matters of design choice. As
such, the example shown in FIG. 2 where the slower first rate is every two (2) slots
and the faster second rate is every one (1) slot, and where the channel quality
information is sent at the end of the corresponding time slot at the mobile station are
all meant to be illustrative and not limiting in any way. However, those skilled in the
art will appreciate that a large value for the reporting interval (time between the
reports of channel quality from the mobile station) will reduce the channel quality
feedback overhead. However, the resulting slower rate channel quality feedback
may also result in large errors in channel quality estimates at the base station and
performance degradation. Again, these are matters of design choice that are well
understood by one skilled in the art.

According to another aspect of the invention, there are numerous
implementations for providing rate feedback at a faster rate after detection of a
transmission from the base station. For example, upon detection of a transmission
from the base station, the mobile station can report channel quality information at a
second rate for a prescribed duration after the detection of the transmission. In this
manner, the rate feedback may therefore be provided at a faster rate for a period of
time even though transmission from the base station has ended. By way of example,
a mobile station may report rate feedback every 100 milliseconds in the absence of a
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transmission. Upon detection of a transmission from the base station, the mobile
station can then provide rate feedback every 20 milliseconds for a prescribed period
of time regardless of whether transmission ends from the base station. At the end of
that prescribed period of time and assuming there is an absence of a transmission,
the mobile station would then resume reporting of rate feedback at the first rate of
100 milliseconds (e.g., the slower rate). In yet another example, the mobile station,
upon detection of a transmission from the base station, can report channel quality
information at a plurality of rates over a prescribed time period after detection of the
transmission, wherein the plurality of rates are different than the first rate. More
specifically, upon detection of a transmission, the mobile station would begin
reporting rate feedback at a second rate that is faster than the first rate for a
prescribed time period. At the end of this prescribed time period and assuming there
is an absence of a transmission, the mobile station could then report rate feedback at
a third rate that is different than the first and second rates, and so on. Other
variations will also be apparent to those skilled in the art and are contemplated by the
teachings herein.

On the downlink transmission from the base station, the total capacity is
shared by a large number of mobile stations. Due to the bursty nature of the data
traffic, the mobile stations are active only a fraction of the time. Therefore, an
increased rate of channel quality feedback during the time of data transmission for a
given mobile station will not result in any significant increase of overhead. The fast
channel quality feedback rate during a transmission from the base station will result
in better channel quality estimates that will be used for appropriate selection of
transport format for new transmissions and retransmissions. Note that due to the
bursty nature of the traffic, when a transmission is sent to a mobile station, it is likely
that more transmissions or retransmissions will occur to the same mobile station
within a short period of time.

According to another aspect of the invention, the increased feedback rate
during data transmission also helps to estimate the quality of a transmission so that,
in case of retransmissions, the appropriate amount of redundancy or repetition can
be included in the retransmissions. This aspect of the invention is advantageous
since it is possible that a transmission might initially start from the base station with a
less accurate transmission rate (e.g., not matching up to the actual, current channel
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quality) since a slower feedback rate is being used before transmission commences.
So, although rate adaptation will be accurately performed once the feedback rate
increases (e.g., fo every time slot), there may be initial portions of the transmission
that will require retransmission under certain circumstances. As such, the ability to
estimate the quality of the transmission in the current feedback scheme will be
helpful for the retransmission process. For example, these estimates can be used for
selecting an appropriate transport format (e.g., modulation, number of codes, etc.) for
retransmissions for the corresponding previous transmissions.

The embodiment shown in FIG. 3 helps to illustrate this aspect of the
invention. Data channel 500 represents the downlink (forward link) from the base
station to the mobile station and is shown as comprising two (2) millisecond frames
or transmission time intervals (TTls) 506. More specifically, data channel 500 shows
multiple transmissions for the same user in data blocks 501-505, wherein data blocks
501-504 contain new transmissions while data block 505 contains a retransmission
corresponding to the transmission in data block 501. As in the preceding
embodiments, control channel 600 represents the uplink (reverse link) from the
mobile station. The example shown in FIG. 3 depicts two (2) millisecond
transmission time intervals 602, each of which comprises three (3) time slots 601 of
.67 milliseconds each. This format is characteristic of the aforementioned HSDPA
standard.

As in the preceding embodiments, the feedback rate for channel quality
information from the mobile station is at a slower rate when there is no data
transmission, e.g., as shown for time periods 603 and 604. However, when the
mobile station detects transmission from the base station, the channel quality
feedback rate is increased to once every transmission time interval (TT1), e.g., two
(2) milliseconds, as shown by communications 610-614. In this example, the
transport format for the retransmission 505 for data block A (RTX A) can be based on
the most recent channel quality feedback (i.e. m) as well as the channel quality
estimates k and / that, in turn, provide an estimate of the quality of the previous
transmission 501 of data block A (NTX A). Accordingly, the appropriate rate,
modulation, and coding scheme can be derived more accurately for the
retransmission according to the principles of the invention.
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In another exemplary embodiment of the invention, the feedback rate for
channel quality information from the mobile station is varied as a function of the
number of base stations that the mobile station is communicating with. In particular,
this embodiment is particularly advantageous when handling so-called “soft handoffs”
in CDMA wireless communication systems. As is well known, a “handoff” is the act
of transferring support of a mobile station from one base station to another base
station. A “soft handoff’ occurs when the mobile station makes a connection to a
new base station (e.g., cell) before leaving the current base station (e.g., cell) that is
supporting the mobile station. In particular, a “soft handoff” is designed to ensure
that there is connectivity with the old (e.g., current) base station while the new base
station has been assigned to take control over the communication link with the
mobile station. As such, a mobile station may be simultaneously communicating with
multiple base stations at a given instant of time during such handoffs. According to
the principles of the invention, the feedback rate for reporting channel quality
information is adapted or otherwise varied to be slower when the mobile station is
communicating with only one base station and faster during a “soft handoff” when the
mobile station is communicating with two or more base stations. By increasing the
rate of reporting quality information during “soft handoffs, the base stations can
effectively and accurately perform the appropriate rate adaptations during such
critical times such as “soft handoffs” and the like. It should be noted that other
variations to this aspect of the invention will be apparent to those skilled in the art
and are therefore contemplated by the teachings herein.

In general, the foregoing embodiments are merely illustrative of the principles
of the invention. Those skilled in the art will be able to devise numerous
arrangements, which, although not explicitly shown or described herein, nevertheless
embody those principles that are within the scope of the invention. For example,
although the invention was described in the context of wireless transmission
according to the CDMA2000 1x-EV-DO standard, the invention could also be
applicable to other known or to-be-developed wireless transmission standards. For
example, the teachings of the invention may be applied to wireless transmission
according to the well-known High Speed Downlink Packet Access (HSDPA)
specification in the Universal Mobile Telecommunication System (UMTS) standard.
Other modifications or substitutions will be apparent to those skilled in the art and are
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contemplaied by the teachings herein. Accordingly, the embodiments shown and
described herein are only meant to be illustrative and not limiting in any manner. The
scope of the invention is limited only by the claims appended hereto.
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We Claim:

1. A method for transmitting channel quality information in a wireless
communication system comprising at least one base station and at ieast one mobile
station, the method comprising:

varying a rate for reporting channel quality information from a mobile station
to a base station as a function of the presence or absence of a transmission from the
base station to the mobile station.

2, The method according to claim 1, wherein the mobile station reports
channel quality information at a first rate in the absence of a transmission from the
base station and at a second rate in the presence of a transmission from the base

station.

3. The method according to claim 1, wherein the mobile station reports
channel quality information at a first rate in the absence of a transmission from the
base station and, upon detection of a transmission from the base station, the mobile
station reports channel quality information at a second rate for a prescribed duration.

4. The method according to claim 1, wherein the mobile station reporis
channel quality information at a first rate in the absence of a transmission from the
base station and, upon detection of a transmission from the base station, the mobile
station reports channel quality information at a plurality of rates over a prescribed
time period after detection of the transmission, wherein the plurality of rates are
different than the first rate.

5. The method according to claim 4, wherein the prescribed time period
includes a plurality of time intervais such that the channel quality information is

reported at one of the plurality of rates during one of the plurality of time intervals.

6. The method according to claim 2, wherein the second rate is faster
than the first rate.

7. The method according to claim 6, further comprising the step of
estimating channel quality at the base station while the mobile station is reporting at
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the second rate, wherein estimated channel quality is used to derive a transmission
format for a subsequent transmission.

8. The method according to claim 7, wherein the transmission format
includes one or more parameters selected from the group consisting of modulation

format, number of codes, and fransmission rate.

9. The method according to claim 6, further comprising the step of
estimating channel quality at the base station while the mobile station is reporting at
the second rate, wherein estimated channel quality is used to calculate an amount of
redundancy needed for a retransmission of a previous transmission.

10. The method according to claim 1, wherein the channel quality
information comprises a transmission rate calculated by the mobile station based on
one or more channel conditions.

11. A method for adapting the rate of reporting channel quality information
in a wireless communication system including at least one base station and at least
one mobile station, the method comprising:

reporting channel quality information from the at least one mobile station to
the at least one base station at a first rate in the absence of a transmission from the
at least one base station to the at least one mobile station; and

in the presence of a transmission from the at least one base station to the at
least one mobile station, adapting the rate for reporting channel quality information
from the at least one mobile station to the at least one base station from the first rate
to a second rate.

12. The method according to claim 11, wherein the second rate is faster
than the first rate.

13. A method for transmitting channel quality information in a wireless
communication system including at least one base station and at least one mobile
station, the method comprising:
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varying a rate for reporting channel quality information from a mobile station
to a base station as a function of the number of base stations that the mobile station
is communicating with.

5 14. The method according to claim 13, wherein the mobile station reports
channel quality information at a first rate when the mobile station is communicating
with one base station and wherein the mobile station reports channel quality
information at a second rate when the mobile station is communicating with a
plurality of base stations.

10
15. The method according to claim 14 wherein the second rate is faster
than the first rate.
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VARIABLE RATE CHANNEL QUALITY FEEDBACK IN A
WIRELESS COMMUNICATION SYSTEM

Abstract of the Disclosure

5 A channel quality feedback method for wireless transmission is described in
which the rate for reporting channel quality information from a mobile station to a
base station is variable as a function of the presence or absence of a transmission
from the base station to the mobile station. In particular, the feedback rate from the
mobile station to the base station is increased when the mobile station detects a

10  transmission from the base station. As such, the feedback rate is slower when there

is no data transmission for the mobile station and faster when the mobile station is
receiving data.
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IN THE UNITED STATES
PATENT AND TRADEMARK OFFICE

Declaration and Power of Attorney

As a below named inventor, | hereby declare that:
My residence, post office address and citizenship are as stated below next to my name.

| believe | am an original, first and joint inventor of the subject matter which is claimed
and for which a patent is sought on the invention entitled Variable Rate Channel Quality
Feedback In A Wireless Communication System the specification of which is attached
hereto.

| hereby state that | have reviewed and understand the contents of the above identified
specification, including the claims, as amended by an amendment, if any, specifically referred to
in this oath or declaration.

| acknowledge the duty to disclose all information known to me which is material to
patentability as defined in Title 37, Code of Federal Regulations, 1.56.

| hereby claim foreign priority benefits under Title 35, United States Code, 119 of any
foreign application(s) for patent or inventor's certificate listed below and have also identified
below any foreign application for patent or inventor's certificate having a filing date before that of
the application on which priority is claimed:

None

| hereby claim the benefit under Title 35, United States Code, 120 of any United States
application(s) listed below and, insofar as the subject matter of each of the claims of this
application is not disclosed in the prior United States application in the manner provided by the
first paragraph of Title 35, United States Code, 112, | acknowledge the duty to disclose all
information known to me to be material to patentability as defined in Title 37, Code of Federal
Reguiations, 1.56 which became available between the filing date of the prior application and
the national or PCT international filing date of this application:

None

| hereby declare that all statements made herein of my own knowledge are true and that
all statements made on information and belief are believed to be true; and further that these
statements were made with the knowledge that willful false statements and the like so made are
punishabie by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States
Code and that such wiliful false statements may jeopardize the validity of the application or any
patent issued thereon.

I hereby appoint the following attorney(s) with full power of substitution and revocation,

to prosecute said application, to make alterations and amendments therein, to receive the
patent, and to transact all business in the Patent and Trademark Office connected therewith:

Page 379 of 409



2 A. Das 14-18

Kenneth M. Brown (Reg. No. 37590)
Donald P. Dinella (Reg. No. 39961)
Martin I. Finston (Reg. No. 31613)
Barry H. Freedman (Reg. No. 26166)
Julio A. Garceran (Reg. No. 37138)
Jimmy Goo (Reg. No. 36528)
Stephen M. Gurey (Reg. No. 27336)
John M. Harman (Reg. No. 38173)
Matthew J. Hodulik (Reg. No. 36164)
Eugene S. Indyk (Reg. No. 30711)
Michael B. Johannesen (Reg. No. 35557)
Irena Lager (Reg. No. 39260)
John B. Macintyre (Reg. No. 41170)
Christopher N. Maivone (Reg. No. 34866)
John F. McCabe (Reg. No. 42854)
Michael A. Morra (Reg. No. 28975)
Gregory J. Murgia (Reg. No. 41209)
Neil R. Ormos (Reg. No. 35309)
Eugene J. Rosenthal (Reg. No. 36658)
Bruce S. Schneider (Reg. No. 27949)
Ozer M. N. Teitelbaum (Reg. No. 36698)
Jeffrey M. Weinick (Reg. No. 36304)

Please address all correspondence to the Docket Administrator (Rm. 3J-219), Lucent
Technologies Inc., 101 Crawfords Cormner Road, Holmdel, New Jersey 07733-3030. Telephone
calls should be made to Gregory J. Murgia by dialing 732-949-3578.

Full name of 1st joint inventor: Amab Das

Inventor's signature ‘AKV\MO Des Date H/ 0 77/ 200

Residence: Old Bridge, Middlesex County, New Jersey

Citizenship: Indian
Post Office Address: 26 Osage Drive
Old Bridge, New Jersey, 08857

Full name of 2™ inventor: Farooq Ullah Khan

Inventor's signam Date /S0 o /

e 4

Residence: Manalapan, Monmouth County, New Jersey
Citizenship: Pakistan

Post Office Address: 22 Inverness Drive
Manalapan, New Jersey, 07726
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ASSISTANT COMMISSIONER FOR PATENTS
WASHINGTON, D.C. 20231
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VARIABLE RATE CHANNEL QUALITY FEEDBACKIIN A
WIRELESS COMMUNICATION SYSTEM
Technical Field

The invention relates generally to wireless communication systems and, more
particularly, to providing channel quality information from a mobile station to a base
station in such systems.

Background of the invention

In wireless communication systems, an air interface is used for the exchange
of information between a mobile station and a base station or other communication
system equipment. The air interface typically comprises a plurality of communication
channels. In wireless transmission, a channel is time varying due to fading, mobility,
and so on. More specifically, channel quality is affected by factors such as distance
between the mobile and base station, speed of the mobile station, interference, and
the like. Given the limited resources (e.g., bandwidth) of wireless transmission as
well as the large number of mobile stations supported by a base station at any given
time and therefore competing for those limited resources, it is therefore important to
maximize throughput of a wireless communication system. For example, in a time-
multiplexed system in which the transmission time interval spans one or more time
slots, system throughput can be maximized by allowing a user with the best channel
quality to transmit ahead of users with comparatively low channel quality.

in one known arrangement, a mobile station performs a rate calculation
based on measurements of a pilot signal from the base station once every time slot
and then reports back the rate at which it is going to receive data from the base
station.  Alternatively, the mobile station can send channel quality feedback
information to the base station and the base station can then select the appropriate
rate corresponding to that channel quality. In general, the purpose of sending
channel quality feedback information from the mobile station to the base station is to
inform the base station of the transmission rate that best matches the current
conditions (e.g., quality) of the channel at that present time.

FIG. 1 shows one example of wireless transmission based on the well-known
1x-EV-DO (data only) standard in which a so-called fast rate adaptation scheme is
used to maximize the system throughput by exploiting the time varying channel
conditions. More specifically, FIG. 1 shows a signaling diagram between a base
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station (BS) and a mobile station (MS). The data channel 100 for the downlink from
the base station to the mobile station is divided into time slots 101-117, each of which
has a duration 7. In the case of the 1x-EV-DO standard, the duration t would be 1.67
milliseconds. In the example shown in FIG. 1, time slots 101-106 and 110-115 are
not carrying transmissions from the base station to the mobile station. However, the
base station is transmitting to the mobile station during time slots 107-109 and during
time slots 116_J}7.

From the perspective of the mobile station, the uplink channel 200 is also
divided into time slots 201-217, each of which has a duration . As shown in FIG. 1,
the calculation and reporting of the rate for the dedicated control channel 200 by the
mobile station is performed according to well-known methods once every time slot
201-217. More specifically, channel quality information (e.g., transmission rate in 1x-
EV-DO systems) is transmitted via communications 151-165. For example, mobile
station is transmitting channel quality information to the base station via
communications 151-153 during time sliots 201-203 indicating that rate R1 is the
desired rate of transmission based on the channel quality. As shown in this example,
this rate information is received at the base station during time slots 103-105, so
there is some delay with respect to the calculation of the rate in the mobile station
during a time slot and the subsequent reporting of that rate to the base station. In
slot 204, the mobile station detected a change in channel quality and reported back
to the base station that transmission should occur at rate R2. This channel quality
feedback is received by the base station during its time slot 106. Because the base

station is sending a transmission to the mobile station during time slots 107-109 and

because the base station is receiving channel quality feedback indicating rate R2 as
the desired rate (e.g., R2 reported by mobile station during its time slots 204-206 and
received by the base station during its time slots 106-108), the transmission by the
base station during time slots 107-109 is therefore sent at rate R2. In time slots 207-
212, the mobile station is reporting rate R1 as the desired rate, but no transmissions
are occurring from the base station during time slots 110-115. As shown, the mobile
station reports rate R3 as the desired rate during time slots 213-216, which are
received at the base station starting at time slot 115. Because the base station starts
sending another transmission during time slot 116, this transmission therefore is sent
at rate R3 based on the channel quality feedback received from the mobile station.
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Another approach to providing rate feedback is described in U.S. Patent
Application Serial No. 09/716,106, entitled “Asymmetric Rate Feedback and
Adjustment System for Wireless Communications” and filed on November 17, 2000,
the subject matter of which is incorporated herein by reference in its entirety. As
described, rate calculation and prediction is still being performed at every time slot,
but the reporting of this rate feedback from a mobile station to the base station
occurs every third time slot. In this manner, the reporting of rate feedback from a
plurality of mobile stations can be staggered such that each mobile station is only
sending rate feedback every third time slot, but the base station is receiving rate
feedback at each time slot (i.e., from different mobile stations).

There are several disadvantages to these constant rate feedback
approaches. Performing rate calculation and prediction in every time slot uses up a
large amount of processing overhead at the mobile station. Providing rate feedback
to the base station at every time slot uses a large amount of transmission overhead
and, because rate feedback is being provided regardless of whether there is a
transmission being sent from the base station, transmission resources are therefore
being inefficiently used. Even if rate feedback is provided at a slower rate (e.g.,
every third time slot), there is still inefficient use of resources because the rate
feedback is being provided regardless of whether the base station is transmitting. '
Summary of the invention

Processing overhead for rate calculation/prediction and transmission
overhead for rate feedback is substantially reduced for wireless transmissions
according to the principles of the invention by varying the feedback rate for reporting
channel quality information from a mobile station to a base station as a function of
the presence or absence of a transmission from the base station to the mobile
station. More specifically, channel quality feedback is provided from the mobile
station to the base station at a variable rate such that the feedback rate is faster
when the base station is transmitting to the mobile station and slower when there is
no transmission occurring.

Wireless resources can be more efficiently used since the rate at which the
mobile station reports channel quality to the base station is varied as a function of the
absence or presence of transmission from the base station. When the base station is
not transmitting to the mobile station, the feedback rate for reporting channel quality
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from the mobile station is at a slower rate, which, in turn, frees up wireless resources
that can be used for other purposes, e.g., for transmissions between the mobile
station and the base station. When the base station is transmitting to the mobile
station, the rate of reporting channel quality from the mobile station is increased so
that rate adaptation can be carried out more accurately by the base station.
Moreover, because of the short duration of time slots in wireless transmission, it is
highly unlikely that the rate or channel quality will change over a period of a few time
slots under most operating conditions.

Brief Description of the Drawing

A more complete understanding of the present invention may be obtained
from consideration of the following detailed description of the invention in conjunction
with the drawing, with like elements referenced with like reference numerals, in
which:

FIG. 1 shows a simplified block diagram of a typical channel quality feedback
and rate adaptation scheme in one prior art arrangement;

FIG. 2 shows a simplified block diagram of a channel quality feedback and
rate adaptation scheme according to one exemplary embodiment of the invention;
and ‘

FIG.3 shows a simplified block diagram of a channel quality feedback and
rate adaptation scheme according to another exemplary embodiment of the
invention.

Detailed Description

FIG. 2 shows one exemplary embodiment for providing variable rate channel
quality feedback according to the principles of the invention. By way of example
only, this scheme will be described in the context of wireless transmission according
to the 1x-EV-DO (data only) standard, but the teachings set forth herein are not at all
limited to just this particular wireless implementation.

More specifically, FIG. 1 shows a signaling diagram between a base station
(BS) and a mobile station (MS). The data channei 300 for the downlink from the
base station to the mobile station is divided into time slots 301-317, each of which
has a duration 1, e.g., 1.67 milliseconds. In the example shown in FIG. 2, time slots
301-306 and 310-315 are not carrying transmissions from the base station to the
mobile station. However, the base station is transmitting to the mobile station during
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time slots 307-309 and during time slots 316-317. From the perspective of the
mobile station, the uplink control channel 400 is also divided into corresponding time
slots 401-417, each of which has a duration z.

As shown in FIG. 2, the calculation and reporting of the rate for the dedicated
control channel 400 by the mobile station is performed using a variable rate in
contrast to the prior art methods. In general, when there is no data transmission from
the base station (e.qg., time slots 301-306), the channel quality information (e.g., rate
information) is sent from the mobile station every two (2) slots as shown by
communications 352, 354, 361, 363, and 365. As previously described, there is a
delay factor with respect to the uplink transmission (from the mobile station) and the
downlink transmission (from the base station). When the mobile station is receiving a
transmission over the forward link (e.g., downlink from the base station), the channel
quality feedback is sent every slot as shown by communications 356-359. As such,
the rate at which channel quality feedback is provided when there is a transmissioh
from the base station is faster than the rate at which channel quality feedback is
provided when there is no transmission from the base station. '

More specifically, FIG. 2 depicts the mobile station transmitting channel
quality information (e.g., rate information) to the base station via communications 352
at time slot 402 indicating that rate R1 is the desired rate of transmission based on
the channel quality. As shown in this example, this rate information is received at the
base station during time slot 304 because of the aforementioned delay factor. In slot
404, the mobile station detected a change in channel quality and reported back to the
base station that transmission should occur at rate R2. This channel quality
feedback is received by the base station during its time slot 306. Because the base
station is sending a transmission to the mobile station during time slots 307-309 and
because the base station is receiving channel quality feedback indicating rate R2 as
the desired rate (e.g., R2 reported by mobile station in time slot 404 and received by
the base station in time slot 306), the transmission by the base station during time
slots 307-309 is therefore sent at rate R2. Because the base station is now
transmitting data to the mobile station during time slots 307-309, the mobile station is
adapted to send the channel quality feedback at a faster rate (e.g., every time slot)
for the corresponding time slots 407-409, e.g., as shown by communications 357-
359. It should be noted that, because transmission did not start until time slot 307 by
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the base station and because of the delay factor, the channel quality feedback
information indicating rate R2 via communication 356 is still being sent at the slower
rate (e.g., every two (2) slots). The faster rate of reporting channel quality feedback
does not begin until time slots 407-409 at the mobile station which correspond to time
slots 307-309 where transmission is occurring from the base station.

When transmission from the base station ends and there is no further
transmission, the mobile station resumes its reporting of channel quality information
at the slower rate (e.g., every two (2) slots) as shown by communication 361. For
example, there is no transmission from the base station in time slot 310, so the next
report of rate information from the mobile station is sent at time slot 411, e.g., two
time slots after time slot 409, which corresponded to time slot 309 when transmission
ended from the base station.

It should be noted that the feedback rate for transmitting the channel quality
information and the point in time when the information is reported (e.g., at the leading
edge, during, or at the trail edge of the time slot) are all matters of design choice. As
such, the example shown in FIG. 2 where the slower first rate is every two (2) slots
and the faster second rate is every one (1) slot, and where the channel quality
information is sent at the end of the corresponding time slot at the mobile station are
all meant to be illustrative and not limiting in any way. However, those skilled in the

‘art will appreciate that a large value for the reporting interval (time between the

reports of channel quality from the mobile station) will reduce the channel quality
feedback overhead. However, the resulting slower rate channel quality feedback
may also result in large errors in channel quality estimates at the base station and
performance degradation. Again, these are matters of design choice that are well
understood by one skilled in the art.

According to another aspect of the invention, there are numerous
implementations for providing rate feedback at a faster rate after detection of a
transmission from the base station. For example, upon detection of a transmission
from the base station, the mobile station can report channel quality information at a
second rate for a prescribed duration after the detection of the transmission. In this
manner, the rate feedback may therefore be provided at a faster rate for a period of
time even though transmission from the base station has ended. By way of example,
a mobile station may report rate feedback every 100 milliseconds in the absence of a
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transmission. Upon detection of a transmission from the base station, the mobile
station can then provide rate feedback every 20 milliseconds for a prescribed period
of time regardless of whether transmission ends from the base station. At the end of
that prescribed period of time and assuming there is an absence of a transmission,
the mobile station would then resume reporting of rate feedback at the first rate of
100 milliseconds (e.g., the slower rate). In yet another example, the mobile station,
upon detection of a transmission from the base station, can report channe! quality
information at a plurality of rates over a prescribed time period after detection of the
transmission, wherein the plurality of rates are different than the first rate. More
specifically, upon detection of a transmission, the mobile station would begin
reporting rate feedback at a second rate that is faster than the first rate for a
prescribed time period. At the end of this prescribed time period and assuming there
is an absence of a transmission, the mobile station could then report rate feedback at
a third rate that is different than the first and second rates, and so on. Other
variations will also be apparent to those skilled in the art and are contemplated by the
teachings herein.

On the downlink transmission from the base station, the total capacity is
shared by a large number of mobile stations. Due to the bursty nature of the data
traffic, the mobile stations are active only a fraction of the time. Therefore, an
increased rate of channel quality feedback during the time of data transmission for a
given mobile station will not result in any significant increase of overhead. The fast
channel quality feedback rate during a transmission from the base station will result
in better channel quality estimates that will be used for appropriate selection of
transport format for new transmissions and retransmissions. Note that due to the
bursty nature of the traffic, when a transmission is sent to a mobile station, it is likely
that more transmissions or retransmissions will occur to the same mobile station
within a short period of time.

According to another aspect of the invention, the increased feedback rate
during data transmission also helps to estimate the quality of a transmission so that,
in case of retransmissions, the appropriate amount of redundancy or repetition can
be inciuded in the retransmissions. This aspect of the invention is advantageous
since it is possible that a transmission might initially start from the base station with a
less accurate transmission rate (e.g., not matching up to the actual, current channel
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quality) since a slower feedback rate is being used before transmission commences.
So, although rate adaptation will be accurately performed once the feedback rate
increases (e.g., to every time slot), there may be initial portions of the transmission
that will require retransmission under certain circumstances. As such, the ability to
estimate the quality of the transmission in the current feedback scheme will be
helpful for the retransmission process. For example, these estimates can be used for
selecting an appropriate transport format (e.g., modulation, number of codes, etc.) for
retransmissions for the corresponding previous transmissions.

The embodiment shown in FIG. 3 helps to illustrate this aspect of the .
invention. Data channel 500 represents the downlink (forward link) from the base
station to the mobile station and is shown as comprising two (2) millisecond frames
or transmission time intervals (TTls) 506. More specifically, data channel 500 shows
multiple transmissions for the same user in data blocks 501-505, wherein data blocks
501-504 contain new transmissions while data block 505 contains a retransmission
corresponding to the transmission in data block 501. As in the preceding
embodiments, control channel 600 represents the uplink (reverse link) from the
mobile station. The example shown in FIG. 3 depicts two (2) millisecond
transmission time intervals 602, each of which comprises three (3) time slots 601 of
.67 milliseconds each. This format is characteristic of the aforementioned HSDPA
standard.

As in the preceding embodiments, the feedback rate for channel quality
information from the mobile station is at a slower rate when there is no data
transmission, e.g., as shown for time periods 603 and 604. However, when the
mobile station detects transmission from the base station, the channel quality
feedback rate is increased to once every transmission time interval (TTI), e.g., two
(2) milliseconds, as shown by communications 610-614. In this example, the
transport format for the retransmission 505 for data block A (RTX A) can be based on
the most recent channel quality feedback (i.e. m) as well as the channel quality
estimates k and / that, in turn, provide an estimate of the quality of the previous
transmission 501 of data block A (NTX A). Accordingly, the appropriate rate,
modulation, and coding scheme can be derived more accurately for the
retransmission according to the principles of the invention.
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in another exemplary embodiment of the invention, the feedback rate for
channel quality information from the mobile station is varied as a function of the
number of base stations that the mobile station is communicating with. In particular,
this embodiment is barticulariy advantageous when handling so-called “soft handoffs”
in CDMA wireless communication systems. As is well known, a “handoff’ is the act
of transferring support of a mobile station from one base station to another base
station. A “soft handoff’ occurs when the mobile station makesv a connection to a
new base station (e.g., cell) before leaving the current base station (e.g., cell) that is
supporting the mobile station. In particular, a “soft handoff” is designed to ensure
that there is connectivity with the old (e.g., current) base station while the new base
station has been assigned to take control over the communication link with the
mobile station. As such, a mobile station may be simultaneously communicating with
multiple base stations at a given instant of time during such handoffs. According to
the principles of the invention, the feedback rate for reporting channel quality
information is adapted or otherwise varied to be slower when the mobile station is
communicating with only one base station and faster during a “soft handoff’ when the
mobile station is communicating with two or more base stations. By increasing the
rate of reporting quality information during “soft handoffs, the base stations can
effectively and accurately perform the appropriate rate adaptations dﬂring such
critical times such as “soft handoffs” and the like. It should be noted that other
variations to this aspect of the invention will be apparent to those skilled in the art
and are therefore contemplated by the teachings herein.

In general, the foregoing embodiments are merely illustrative of the principles
of the invention. Those skilled in the art will be able to devise numerous
arrangements, which, aithough not explicitly shown or described herein, nevertheless
embody those principles that are within the scope of the invention. For example,
although the invention was described in the context of wireless transmission
according to the CDMA2000 1x-EV-DO standard, the invention could also be
applicable to other known or to-be-developed wireless transmission standards. For
example, the teachings of the invention may be applied to wireless transmission
according to the well-known High Speed Downlink Packet Access (HSDPA)
specification in the Universal Mobile Telecommunication System (UMTS) standard.
Other modifications or substitutions will be apparent to those skilled in the art and are
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contemplated by the teachings herein. Accordingly, the embodiments shown and
described herein are only meant to be illustrative and not limiting in any manner. The
scope of the invention is limited only by the claims appended hereto.

od) Wt Hioil e
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We Claim:
1. A method for transmitiing channel quality information in a wirelegs

communication system comprising at jeast one base station and at least one magbile
station, the method comprising:
| varying a rate for reporting channel quality information from a mgbile station
5 to a base station as a function of thg presence or absence of a transmaission from the
base station to the mobile station.

2. The method accorging to claim 1, wherein/the mobile station reports
channel quality information at a first rate in the absep€e of a transmission from the
base station and at a second rate in the presence/of a transmission from the base
station.

3. The method acgording to £laim 1, wherein the mobile station reports
channel quality information atfa first pate in the absence of a transmission from the

base station and, upon detecfion of a transmission from the base station, the mobile
station reports channel quality jifformation at a second rate for a prescribed duration.

4. The methgd according to claim 1, wherein the mobile station reports

channel quality informpétion/at a first rate in the absence of a transmission from the

20  base station and, ¥pon detection of a transmission from the base station, the mobile
station reports €hannel qgality information at a plurality of rates over a prescribed
time period after detectign of the transmission, wherein the plurality of rates are
different than the first rate '

@ 25 5. The methpd according to claim 4, wherein the prescribed time pefiod
' includes a plurality of fime intervals such that the channel quality information is
reported at one of the plurality of rates during one of the plurality of time intervals.

6. The method according to claim 2, wherein the second rate is faster
30 than the first rate. '

7. The method according to claim 6, further comprising the step of
estimating channel quality at the base station while the mobile station is reporting at
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the second rate, wherein estimated channel is used to derive a transmission

format for a subsequent

8. The [method according to claim 7, wherein the transmission format
includes one or mogre parameters selected from the group consisting of modulation
format, number of dodes, and transmission rate.

9. The |method according to claim 6, further comprising the step of
estimating channel quality at the base station while the mobile station is reporting at

the second rate, wherein estimated channel quality is used to calculate an amount of

redundancy needed for a retransmission of a previous transmission.

10. The method according to claim 1, wherein the channel quality
information comprjses a transmission rate calculated by the mobile station based on
one or more chanpel conditions.

11. A mmethod for adapting the fate of reporting channel quality information
in a wireless compmunication system in€luding at least one base station and at least
one mobile station, the method comptising:
reporting [channel quality jformation from the at least one mobile station to
the at least one pase station ay/a first rate in the absence of a transmission f}om the

at least one base station to tie at least one mobile station; and

from the at leas{ one Mobile station to the at least one base station from the first rate
to a second rate.

12. he method according to claim 11, ‘wherein the second rate is faster
than the first rate. .

13.

communication system including at least one base station and at least one mobile
station, the method comprising:

A method for transmitting channel quality information in a wireless
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varying a rate for reporting channel g
to a base station as a function of the nu

ity information from a mobile station

er of base stations that the mobile station
is communicating with.

14. The metho
channel quality inform

ccording to claim 13, wherein the mobile station reports
fon at a first rate when the mobile station is communicating

with one base stafion and wherein the mobile station reports channel quality
information at second rate when the mobile station is communicating with a

plurality of bage stations.

The method according to claim 14 wherein the second rate is faster
than tie first rate.
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VARIABLE RATE CHANIEL QUALITY FEEDBACKIN A
WIRELESS COMMUNICATION SYSTEM

Abstract of the Disclosure

5 A channel quality feedback method for wireless transmission is described in
which the rate for reporting channel quality information from a mobile station to a
base station is variable as a function of the presence or absence of a transmission
from the base station to the mobile station. In particular, the feedback rate from the
mobile station to the base station is increased when the mobile station detects a

10 transmission from the base station. As such, the feedback rate is slower when there
is no data transmission for the mobile station and faster when the mobile station is
receiving data.

R

s i i
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IN THE UNITED STATES
PATENT AND TRADEMARK OFFICE

Declaration and Power of Attorney

As a below named inventor, | hereby declare that:
My residence, post office address and citizenship are as stated below next to my name.

| believe | am an original, first and joint inventor of the subject matter which is claimed
and for which a patent is sought on the invention entitled Variable Rate Channel Quality
Feedback In A Wireless Communication System the specification of which is attached
hereto.

I hereby state that | have reviewed and understand the contents of the above identified
specification, including the claims, as amended by an amendment, if any, specifically referred to
in this oath or declaration.

| acknowledge the duty to disclose all information known to me which is material to
patentability as defined in Title 37, Code of Federal Regulations, 1.56.

[ e s e s
SO A W T

| hereby claim foreign priority benefits under Title 35, United States Code, 119 of any
foreign application(s) for patent or inventor's certificate listed below and have also identified
below any foreign application for patent or inventor's certificate having a filing date before that of
the application on which priority is claimed: ’

None

< | hereby claim the benefit under Title 35, United States Code, 120 of any United States
= application(s) listed below and, insofar as the subject matter of each of the claims of this
- application is not disclosed in the prior United States application in the manner provided by the
first paragraph of Title 35, United States Code, 112, | acknowledge the duty to disclose all
information known to me to be material to patentability as defined in Title 37, Code of Federal
Regulations, 1.56 which became available between the filing date of the prior application and
the national or PCT intemational filing date of this application:

None

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

| hereby appoint the following attorney(s) with full power of substitution and revocation,

to prosecute said application, to make alterations and amendments therein, to receive the
patent, and to transact all business in the Patent and Trademark Office connected therewith:
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A}

Kenneth M. Brown (Reg. No. 37580)
Donald P. Dinella (Reg. No. 39961)
Martin . Finston (Reg. No. 31613)
Barry H. Freedman (Reg. No. 26166)
Julio A. Garceran (Reg. No. 37138)
Jimmy Goo (Reg. No. 36528)
Stephen M. Gurey (Reg. No. 27336)
John M. Harman (Reg. No. 38173)
Matthew J. Hodulik (Reg. No. 36164)
Eugene S. Indyk (Reg. No. 30711)
Michael B. Johannesen (Reg. No. 35557)
Irena Lager (Reg. No. 39260)
John B. Macintyre (Reg. No. 41170)
Christopher N. Malvone (Reg. No. 34866)
John F. McCabe (Reg. No. 42854)
Michael A. Morra (Reg. No. 28975)
Gregory J. Murgia (Reg. No. 41209)
Neil R. Ormos (Reg. No. 35309)
& Eugene J. Rosenthal (Reg. No. 36658)
{3 Bruce S. Schneider (Reg. No. 27949)
i2 Ozer M. N. Teitelbaum (Reg. No. 36698)
i3 Jeffrey M. Weinick (Reg. No. 36304)

Please address all correspondence to the Docket Administrator (Rm. 3J-219), Lucent
Technologies Inc., 101 Crawfords Comner Road, Holmdel, New Jersey 07733-3030. Telephone
calls should be made to Gregory J. Murgia by dialing 732-949-3578.

W e

a Full name of 1st joint inventor: Amab Das
Inventor's signature Avnids Dos Date _| l/ / 0 2/ 200/

id Residence: Old Bridge, Middlesex County, New Jersey

Citizenship: Indian
Post Office Address: 26 Osage Drive
Old Bridge, New Jersey, 08857

Full name of 2™ inventor: Farooq Ullah Khan

Inventor's signam Date /7 //Z % ya

Residence: Manalapan, Monmouth County, New Jersey
Citizenship: Pakistan

Post Office Address: 22 Inverness Drive
Manalapan, New Jersey, 07726

Page 403 of 409



"

UNITED STATES PATENT AND TRADEMARK OFFICE

‘ Page 1 of 1

OO

Bib Data Sheet

COMMISSIONER FOR PATENTS

UNITED STATES PATENT AND TRADEMARK OFFICE
WasHINGTON, D.C. 20231

www.uspto.gov

CONFIRMATION NO. 3832

Amab Das, Old Bridge, NJ;
Farooq Ullah Khan, Manalapan, NJ;

akd CONTINUING DATA 'k********************i***ND ({w
** FOREIGN APPLICATIONS d’(@‘

IF REQUIRED; FOREIGN FILING LICENSE GRANTED
** 12/20/2001

FILING DATE ATTORNEY

SERIAL NUMBER 11/02/20 CLASS GROUP ART UNIT DOCKET NO

10/002,746 222000 455 68T '
APPLICANTS

Foreign Priority claimed M yes l?.%

STATE OR | SHEETS TOTAL [INDEPENDENT

35 USC 119 (a-d) conditions L yog T o L] wet atter COUNTRY | DRAWING | CLAIMS CLAIMS
met Allowance NJ 3 15 3
\Verified and "

JAcknowledged Examiner's $iggature Initials

ADDRESS v
Docket Administrator (Room 3J-219)
Lucent Technologies Inc.

101 Crawfords Corner Road
Holmdel ,NJ 07733-3030

TITLE

Variable rate channel quality feedback in a wireless communication system

FILING FEE [FEES: Authority has been given in Paper
RECEIVED [No. to charge/credit DEPOSIT ACCOUNT
740 No. for following:

O All Fees
|CI 1.16 Fees ( Filing )

0 1.17 Fees ( Processing Ext. of
time )

U118 Fees (Issue)

U other

U Credit

Page 404 of 409



PATENT APPLICATION SERIAL NO.

U.S. DEPARTMENT OF COMMERCE
PATENT AND TRADEMARK OFFICE
FEE RECORD SHEET

12/07/2001 BSAYASI1 00000054 122325 10002746
01 FC:101 740.00 CH

PTO-1556
(5/87)

*U.S. GPO: 2000-468-987/39595

Page 405 of 409



A ’

Appilication or Docket Number
PATENT APPLICATION FEE DETERMINATION RECORD ,
Effective October 1, 2001 [Ll -1 ¥
CLAIMS AS FILED - PART | SMALL ENTITY OTHER THAN
(Column 1) Column 2 TYPE [ OR SMALL ENTITY
TOTAL CLAIMS iz RATE | FEE RATE | FEE
FOR NUMBER FILED NUMBER EXTRA JBASIC FEE] 370.00 |HR[PASIC Feq 740.00
TOTAL CHARGEABLE CLAMS | |5 minus 20= |* X$ 9= orl xste-
INDEPENDENT CLAIMS 5 minusa=|" R -
! X42= OR X84=
“ MULTIPLE DEPENDENT CLAIM PRESENT D
+140= OR} +280=
* If the difference in column 1 is less than zero, enter “0” in column 2 TOTAL OR TOTAL 7
CLAIMS AS AMENDED - PART Il OTHER THAN
CLAIMS
ADDI- ADDI-
< REMAINING NUMBER
= AFTER PREVIOUSLY | o RATE |TIONAL RATE | TIONAL
& AMENDMENT PAID FOR FEE \ FEE
= )
% Total - * / 5 Minus ok o’l_@ =\ X$ 9= OR X$18= \
E independent |« 3 Minus Y = } 42— onl| x84 \
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM | I
+140= OoR| +280= \
TOTAL OR TOTAL
ADDIT. FEE ADDIT. FEE
Column 1 Column 2)  (Column 3)
LAIMS HIGHEST
@ REMAINING NUMBER PRESENT ADDI- ADDI-
= AFTER PREVIOUSLY EXTRA RATE |TIONAL RATE | TIONAL
E AMENDMENT PAID FOR FEE FEE
% Total * Minus *x = X$ 9= or| xs18=
Ind dent Mi =
5 ndependen * INus dedck X42= OR X84=
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM E
+140= OR| +280=
TOTAL OR TOTAL]
ADDIT. FEE ADDIT. FEE
Column 1 Column 2)  (Column 3)
CLAIMS HIGHEST
o REMAINING NUMBER PRESENT ADDI- ADDI-
'E AFTER PREVIOUSLY EXTRA RATE |TIONAL RATE | TIONAL
in AMENDMENT PAID FOR FEE FEE
= Total Mi =
g o * inus o = X$ 9= OR | X$18=
g Independent |+ Minus ke =
4 - sm——— X42= OR X84=
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM []__
: +140= OR | +280=
* If the entry in column 1 is less than the entry in column 2, write “0” in column 3. —————
= f the "Highest Number Previously Paid For* IN THIS SPACE is less than 20, enter 20" 5o ToReE OR ,oomres
*if the “Highest Number Previously Paid For” IN THIS SPACE is less than 3, enter *3.” ’ o
The “Highest Number Previously Paid For” (Total or Independent) is the highest number found in the appropriate box in column 1.

. 0 S ————
FORM PTO-873 (Rev. 8/01) Patent and%ademark Office, U.S. DEPARTMENT OF COMMERCE

PLU.S.GPO:2001 482-124 1 59197

Page 406 of 409



4 Q
SERIAL NO. FILING DATE
CLAIMS ONLY RS
CLAIMS -
AS FILED 16t Ammam 2l AMEROMENT * ¥ *
IND, DEP. IND. DEP. IND. DEP. IND. e, IND. DEP. IND. DEP.
1 | | 51
2 ! ) [ 52
3 | 53
3 | 54
5 | 55
6 { i 56
7 { I 57
8 | [ 58
9 1 | 59
10 | i 60
1 | [ 61
12 [ ! 62
13 i [ 63
14 X i { 64
15 i | €5
16 : 66
17 67
18 68
19 69
20 70
21 71
22 72
23 73
24 74
25 75
26 76
27 77
28 78
29 79
30 80
3 81
a2 )
33 83
34 84
35 85
36 86
37 87
38 )
39 89
20 90
41 91
a2 92
) )
44 94
45 95
46 %
a7 97
48 )
49 99
50 100
"o | '3 | "o, 3 | |
TOTAL - - - " TOTAL - - -
e / 9. DEP.
L3I -réw-' Il &6 T N e
/-9
( *MAY BE USED FOR ADDITIONAL CLAIMS OR ADMENDMENTS
U.S.DEPARTMENT OF COMMERCE
FORM PT0-2022 (1-89) Patent and Trademark Office

Page 407 of 409

*U.S. Government Printing Office: 1998 - 433-214/70303



Ll

olLd ‘s'n ssotTl-

10/20/11

Em——
—
S—

i

i3
.
)
i

[ec~0S -a)

>

IN THE UNITED STATES \Dg
PATENT AND TRADEMARK OFFICE o=
\ [+ ——
L=
A PATENT APPLICATION ggg
Amab Das 23:%
Farooq Ullah Khan TI=
CASE 14-18
TITLE Variable Rate Channel Quality Feedback In A Wireless Communication System
ASSISTANT COMMISSIONER FOR PATENTS
WASHINGTON, D.C. 20231
SIR:
NEW APPLICATION UNDER 37 CFR § 1.63(b)
Enclosed are the following papers relating to the above-named application for patent:
Specification
3 Informal Sheets of drawing(s)
1 Assignment(s) with Cover Sheet
Declaration and Power of Attorney
CLAIMS AS FILED
NO. FILED NO. EXTRA RATE CALCULATIONS
Total Claims 15-20= 0 x$18= $0
Independent Claims 3-3= 0 x $84 = $0
Multiple Dependent
Claims, if applicable +$280 = $0
Basic Fee $740
TOTAL FEE $740

Please file the application and charge Lucent Technologies Deposit Account No. 12-2326 the amount
of $740, to cover the filing fee. Duplicate copies of this letter are enclosed. In the event of non-payment
or improper payment of a required fee, the Commissioner is authorized to charge or to credit Deposit

Account No. 12-2326 as required to correct the error.

The Assistant Commissioner for Patents is hereby authorized to treat any concurrent or future reply,
requiring a petition for extension of time under 37 CFR § 1.136 for its timely submission, as incorporating
a petition for extension of time for the appropriate length of time if not submitted with the reply.

Please address all correspondence to Docket Administrator (Room 3J-219), Lucent Technologies
Inc., 101 Crawfords Corner Road, Holmdel, New Jersey 07733-3030.
should be made to me at 732-949-3578.

ower___11/>/°1

Respectfully,

/%//
Greg . Murdia

Reg. No. 41209
Attorney for Applicant(s)

However, telephone calls

~

11/02/01

Date of Deposit

"Express Mall’ m label '
number

1 hereby certify that this is
being deposited with the Un tates Postal

Service “Express Mail Post Office to
Addressee” service under 37 CFR 1.10 on the
date indicated above and is addressed to the
Commissioner of Patents and Trademarks

Docket Administrator (Room 3J-219)
Lucent Technologies Inc.

101 Crawfords Corner Road
Holmdel, NJ 07733-3030

PT13 (10/01)

Page 408 of 409

Meashingiog, BEABR' LoBOSCO

(Printad na
(Sl;naturo of

of fee)

] mmn} malling

peraon mailing paper of fee)

e

~ .

- Pagelofl

.



Ll

olLd ‘s'n ssotTl-

10/20/11

Em——
—
S—

i

i3
.
)
i

[ec~0S -a)

>

IN THE UNITED STATES \Dg
PATENT AND TRADEMARK OFFICE o=
\ [+ ——
L=
A PATENT APPLICATION ggg
Amab Das 23:%
Farooq Ullah Khan TI=
CASE 14-18
TITLE Variable Rate Channel Quality Feedback In A Wireless Communication System
ASSISTANT COMMISSIONER FOR PATENTS
WASHINGTON, D.C. 20231
SIR:
NEW APPLICATION UNDER 37 CFR § 1.63(b)
Enclosed are the following papers relating to the above-named application for patent:
Specification
3 Informal Sheets of drawing(s)
1 Assignment(s) with Cover Sheet
Declaration and Power of Attorney
CLAIMS AS FILED
NO. FILED NO. EXTRA RATE CALCULATIONS
Total Claims 15-20= 0 x$18= $0
Independent Claims 3-3= 0 x $84 = $0
Multiple Dependent
Claims, if applicable +$280 = $0
Basic Fee $740
TOTAL FEE $740

Please file the application and charge Lucent Technologies Deposit Account No. 12-2326 the amount
of $740, to cover the filing fee. Duplicate copies of this letter are enclosed. In the event of non-payment
or improper payment of a required fee, the Commissioner is authorized to charge or to credit Deposit

Account No. 12-2326 as required to correct the error.

The Assistant Commissioner for Patents is hereby authorized to treat any concurrent or future reply,
requiring a petition for extension of time under 37 CFR § 1.136 for its timely submission, as incorporating
a petition for extension of time for the appropriate length of time if not submitted with the reply.

Please address all correspondence to Docket Administrator (Room 3J-219), Lucent Technologies
Inc., 101 Crawfords Corner Road, Holmdel, New Jersey 07733-3030.
should be made to me at 732-949-3578.

ower___11/>/°1

Respectfully,

/%//
Greg . Murdia

Reg. No. 41209
Attorney for Applicant(s)

However, telephone calls

~

11/02/01

Date of Deposit

"Express Mall’ m label '
number

1 hereby certify that this is
being deposited with the Un tates Postal

Service “Express Mail Post Office to
Addressee” service under 37 CFR 1.10 on the
date indicated above and is addressed to the
Commissioner of Patents and Trademarks

Docket Administrator (Room 3J-219)
Lucent Technologies Inc.

101 Crawfords Corner Road
Holmdel, NJ 07733-3030
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