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AO l.W (Rev. 08/lO) 

Mail Stop 8 REPORT ON THE 
TO: 

Director of the U.S. Patent and Trndemark Office 
P.O. Box 1450 

FILING OR DETERMINATION OF AN 
ACTION REGARDING A PATENT OR 

TRADEMARK Alexandria, VA 2231.3-1450 

In Compliance with 35 U.S.C. § 290 and/or l 5 U.S.C. § l 116 you are hereby advised that a court action has been 

filed in the U.S. District Court for the Western District of Texas on the following 

0 Trademarks or f;t Pa.tents. ( 0 the patent action involves 35 U.S.C. § 292.): 

DOCKET NO. DATE FILED l.LS. msTRlCT COURT 
6:22-cv•00138 2i8i2022 for the Western District of Texas 

PLA1NTlFF DEFENDANT 

WSOU hwestrnents, LLC d/b/a Brazos Licensing and ZTE Corporation 
Development 

PATENT OR DATE OF PATENT 
HOLDER OF PATENT OR TRADEMARK TRAD.EMARK NO. OR TRADtMARK 

l 7,477,876 ·1113/2009 WSOU Investments, LLC d/b/a Brazos Licensing and Deve!opio 

2 

" .J 

4 

5 

In the above--entitled case, the following patent(s)/ lrademark(s) have been included: 

DATE INCLUDED lNCLUDED BY 
0 Amendment 0 Answer D Cross.Bill D Other Pleading 

PATENTOR DATE OF PATENT 
HOLDER OF PATENT OR. TRADEMARK 

TRADEMARK NO. OR TRADEMARK 

1 

2 

3 

4 

5 

!n the above .... -entitled case, the following decision has been rendered or judgement issued: 

DECISION/JUDGEMENT 

l'BY) DEPUIY CLERK 

Cllpy 1-----llpon initiation of actfo11, mail this copy to Dfrector Co1,y 3-Upon termination of action, mail this copy to Director 
Copy 2-Upon filing document ad1Hng p:itent(s), mail this copy to Director Copy 4-----Case file copy 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NUMBER FILING OR 3 71 (C) DATE 

10/002,746 11/02/2001 

151091 
WSOU Investments, LLC 

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

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

FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

AmabDas 129250-002099/US 
CONFIRMATION NO. 3832 

POA ACCEPTANCE LETTER 

11150 Santa Monica Blvd., Suite 1400 
Los Angeles, CA 90025 

1111111111111111111111 ll]~!l]!~l!~IUI jlll~Hllllll 111111111111111 IIII IIII 
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. 

/tmwilliams/ 

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. 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NUMBER FILING OR 3 71 (C) DATE 

10/002,746 11/02/2001 

32498 

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

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

FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

AmabDas 129250-002099/US 
CONFIRMATION NO. 3832 

POWER OF ATTORNEY NOTICE 
CAPITOL PATENT & TRADEMARK LAW FIRM, PLLC 
P.O. BOX 1995 1111111111111111111111 ll]~!l]!~l!~IUI jlll~Hl!IIII 111111111111111 IIII IIII 
VIENNA, VA 22183 

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). 

/tmwilliams/ 

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. 
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[ 

PTO/AIA/80 (07-17) 
Approved for use through 03/31/2021. 0MB 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 0MB control number 

POWER OF ATTORNEY TO PROSECUTE APPLICATIONS BEFORE THE USPTO 

I hereby revoke all previous powers of attorney given in the application identified in the attached 

statement under 37 CFR 3.73(c). 

I hereby appoint: 

~ Practitioners associated with Customer Number: 1151091 

I 
OR 

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

Name 
Registration 

Name 
Registration 

Number Number 

As attorney(s) or agent(s) to represent the undersigned before the United States Patent and Trademark Office (USPTO) in connection with 
any and all patent applications assigned 9..!J.ly 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: 

□ The address associated with Customer Number: 

OR 

[] Firm or individual name Etheridge Law Group 

Address26OO East Southlake Blvd., Suite 120-324 

city Southlake State TX I Zip 76092 

Country US 

Telephone (817) 4 70-7249 Email jim@etheridgelaw.com 

Assignee name and address: wsou Investments, LLC 

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 s~s~ Date August 23, 2021 

Name Stuart Shan us 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, ca/11-800-PT0-9199 and select option 2. 

] 

Page 4 of 409



Privacy Act Statement 

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

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

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

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

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

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

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

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

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

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

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

EFSID: 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 I no 

File Listing: 

Document 
Document Description File Name 

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

134416 

1 
Assignee showing of ownership per 37 Das_ 14-18_A-US-NP _aia0096. 

no 3 
CFR 3.73 pdf 

a5781 c22ff9 5 Od 797 b26ad 23 869ae34bce 7 I 
OfSe 

Warnings: 
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Information: 

568072 

2 Power of Attorney 
WSOU_Executed_POA_Etherid 

no 2 
ge_Correspondence.pdf 

a7 40c804b91684000432730d03925b2a06 
b4fcbe 

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 AQQlications 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 AQQlication 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 AQQlication Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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PTO/AIA/96 (08-12) 
Approved for use through 11/30/2020. 0MB 0651-0031 

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

STATEMENT UNDER 37 CFR 3.73(c) 

Applicant!Patent Owner: _A_r_n_a_b_D_a_s _______________________________ _ 

Application No./Patent No.: ?,4?7,876 Filed/Issue Date: _J_a_n_u_ar_y_1_3_,_2_0_0_9 ______ _ 

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

WSOU INVESTMENTS LLC , a corporation 
---------------------------

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

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

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

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

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

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

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

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

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

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

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

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

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

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 US PTO. Time will vary depending upon the individual case. Any comments on the amount 
of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark 
Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND 
TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, call I-800-PTO-9!99 and select option 2. 
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PTO/AIA/96 (08-12) 
Approved for use through 11/30/2020. 0MB 0651-0031 

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

STATEMENT UNDER 37 CFR 3.73(c) 

3_ From: Alcatel Lucent To: WSOU Investments, LLC 

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

Reel 044000 , Frame oo53 , or for which a copy thereof is attached. 

4. From: ___________________ To: __________________ _ 

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

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

5. From: ___________________ To: __________________ _ 

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

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

6. From: __________________ To: _________________ _ 

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

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

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

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

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

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

/Sean D. Burdick/ January 31, 2022 
Signature 

Sean D. Burdick 
Printed or Typed Name 

[Page 2 of 2] 

Date 

51513 

Title or Registration Number 
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Privacy Act Statement 

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

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

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

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

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

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

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

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

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

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

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law 
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation. 
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A31 PTO/SB/66 
0MB 0651-00XX 

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

PETITION TO ACCEPT UNINTENTIONALLY DELAYED PAYMENT OF MAINTENANCE FEE IN AN EXPIRED 
PATENT (37 CFR 1.378(b}} 

Patent Number 
Issue Date Application Filing Date 

Docket Number (if applicable) 
Number 

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

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

Applicants claims the following fee status: 

O Small Entity 

0 Micro Entity 

@ Regular Undiscounted 

Applicants selects the following: 

0 31/2 lo 71/2 I® 11 1/2 

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)J 
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 unintentionat 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 
intentionally delays filing a petition for reinstatement of the patent under 37 CFR 1378. See MPEP 2590. 

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 statement that the entire delay was 
unintentional. See Clarification of the Practice for Requiring Additional Information in Petitions Filed in Patent Applications and Patents Based on 
Unintentional Delay, 85 FR 12222 (March 2, 2020). See MPEP 711.03(c)(IIJ(0-(FJ for additional guidance on the infonmation 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) .• 

I certify, in accordance with 37 CFR 1.4(d)(4) that I am 
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@ 

0 
0 

0 

0 

0 

A31 PTO/SB/66 
0MB 0651-00XX 

U.S. Patent and Trademark Office: U.S. DEPARTMENT 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 sole patentee 

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

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

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 applicant 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 I Registration Number I 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 
Sub-Total in 

USO($) 

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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Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Post-Allowance-and-Post-Issuance: 

Extension-of-Time: 

Miscellaneous: 

Total in USO($) 9800 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Patent No. 7477876 

Issue Date: January 13,2009 

Application No. 10002746 

Filed: November 2,2001 

Attorney Docket No. 129250-002099/US 

Commissioner for Patents 
United States Patent and Trademark Office 

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

www.uspto.gov 

:DECISION GRANTING PETITION 
:UNDER 37 CFR 1.378(b) 

This is a decision on the electronic petition, filed April 14,2021 ,under 37 CFR 1.378(b) 
to accept the unintentionally delayed payment of the 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 

EFSID: 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 
Document Description File Name 

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

38668 

1 Petition automatically granted by EFS petition-request.pdf no 2 
cb466730e71234ed26ae50038645811704 

06a3e 

Warnings: 

Information: 

32532 

2 Fee Worksheet (5B06) fee-info.pdf no 2 
3a4f2270276075f5e64de1 51 Sdbc237a55a 

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 Agglications 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 Agglication 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 Agglication Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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UNITED STA TES p A TENT AND TRADEMARK OFFICE 

APPLICATION NO. ISSUE DATE PATENT NO. 

10/002,746 01/13/2009 7477876 

32498 7590 12/22/2008 

CAPITOL PA TENT & TRADEMARK LAW FIRM, PLLC 
P.O. BOX 1995 
VIENNA, VA 22183 

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

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

ATTORNEY DOCKET NO. CONFIRMATION NO. 

129250-002099/US 3832 

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 http://pair.uspto.gov for additional applicants): 

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

IR103 (Rev. 11/05) 
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PATENT 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Application No. 

Filing Date: 

Applicant: 

Group Art Unit: 

Examiner: 

10/002,746 

Nov. 2, 2001 

Amab Das 

2618 

Nguy en, Thuan T. 

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

Attorney Docket: 129250-002099/US 

Customer Service Window 
Randolph Building 
401 Dulany Street 
Alexandria, VA 22314 
Mail Stop Issue Fee 

Sir: 

COMMENTS ON THE EXAMINER'S 
STATEMENT OF REASONS FOR ALLOWANCE 

October 7, 2008 

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. 
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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 

EFSID: 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-OCT-2008 

Filing Date: 02-NOV-2001 

Time Stamp: 20:47:38 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment I no 

File Listing: 

Document 
Document Description File Name 

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

58946 

1 
Post Allowance Communication -

comments.pdf 2 
Incoming 

no 
a5c29a6cc241 b21 f9fb5cf4da35d83bd96c0 

1354 

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 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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UNITED STA IBS p A IBNT AND TRADEMARK OFFICE 
UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

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

NOTICE OF ALLOWANCE AND FEE(S) DUE 

32498 7590 09/16/2008 

CAPITOL PATENT & TRADEMARK LAW FIRM, PLLC 
P.O. BOX 1995 
VIENNA, VA22183 

EXAMINER 

NGUYEN, THU ANT 

ART UNIT PAPER NUMBER 

2618 

DATE MAILED: 09/16/2008 

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

10/002,746 11/02/2001 AmabDas 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. 
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS. 
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON 
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308. 

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

HOW TO REPLY TO THIS NOTICE: 

I. Review the SMALL ENTITY status shown above. 

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

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

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

If the SMALL ENTITY is shown as NO: 

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

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

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

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

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

Page 1 of 3 
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PART B - FEE(S) TRANSMITTAL 

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

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

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

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block I for any change of address) Note: A certificate of mailing can only be used for domestic mailings of the 
Fee(s) Transmittal. This certificate cannot be used for any other accompanying 
papers. Each additional paper, such as an assignment or formal drawing, must 
have its own certificate of mailing or transmission. 

32498 7590 09/16/2008 

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

Certificate of Mailing or Transmission 
I hereby certify that this Fee(s) Transmittal is being deposited with the United 
States Postal Service with sufficient postage for first class mail in an envelope 
addressed to the Mail Stop ISSUE FEE address above, or being facsimile 
transmitted to the USPTO (571) 273-2885, on the date indicated below. VIENNA, VA22183 

(Depositor's name) 

(Signature) 

(Date) 

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

10/002,746 11/02/2001 AmabDas 129250-002099/US 3832 

TITLE OF INVENTION: VARIABLE RATE CHANNEL QUALITY FEEDBACK IN A WIRELESS COMMUNICATION SYSTEM 

APPLN. TYPE SMALL ENTITY ISSUE FEE DUE 

nonprovisional NO $1440 

EXAMINER ART UNIT 

NGUYEN, TRUANT 2618 

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

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

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

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

$300 $0 

CLASS-SUBCLASS 

455-067130 

2. For printing on the patent front page, list 

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

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

$1740 12/16/2008 

2 ______________ _ 

3 ______________ _ 

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

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

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

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

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

0 Issue Fee 

0 Publication Fee (No small entity discount permitted) 

0 Advance Order - # of Copies _________ _ 

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

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

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

0 A check is enclosed. 

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

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

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

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

Authorized Signature _______________________ _ Date ____________________ _ 

Typed or printed name ______________________ _ Registration No. ________________ _ 

This collection of information is required by 37 CFR 1.311. The information is required to obtain or retain a benefit by the public which is to file ( and by the US PTO to process) 
an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering, preparing, and 
submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to complete 
this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. 
Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, 
Alexandria, Virginia 22313-1450. 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid 0MB control number. 
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Notice of Allowability 

Application No. 

10/002,746 
Examiner 

THUAN T. NGUYEN 

Applicant(s) 

DAS ET AL. 
Art Unit 

2618 

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

1. D This communication is responsive to __ . 

2. [8J The allowed claim(s) is/are 1 and 4-15. 

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

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

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

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

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

International Bureau (PCT Rule 17.2(a)). 

* Certified copies not received: __ . 

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

4. 0 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. D CORRECTED DRAWINGS ( as "replacement sheets") must be submitted. 

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

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

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

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

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

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

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

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

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

U.S. Patent and Trademark Office 

5. D Notice of Informal Patent Application 

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

7. D Examiner's AmendmenUComment 

8. ~ Examiner's Statement of Reasons for Allowance 

9. D Other __ . 

/TONY T. NGUYEN/ 
Primary Examiner 
Art Unit: 2618 

PTOL-37 (Rev. 08-06) Notice of Allowability Part of Paper No./Mail Date 042208 
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Application/Control Number: 10/002,746 

Art Unit: 2618 

DETAILED ACTION 

Response to Appeal Brief 

Page2 

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 ofreasons 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 

Page 28 of 409



Application/Control Number: 10/002,746 

Art Unit: 2618 

Page 3 

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 ofrecord 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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Application/Control Number: 10/002,746 

Art Unit: 2618 

6. Any inquiry concerning this communication or earlier communications from the 

Page4 

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). 

TTN 
April 22, 2008 

/Tony T. Nguyen/ 
Primary Examiner 

Art Unit 2618 
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Notice of References Cited 

Examiner Art Unit 

THUAN T. NGUYEN 2618 
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U.S. PATENT DOCUMENTS 
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Document Number 

Country Code-Number-Kind Code 
Date 

MM-YYYY Name Classification 

* A US-6, 108,374 08-2000 Balachandran et al. 375/227 
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D US-

E US-
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G US-

H US-

I US-

J US-
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M US-
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Document Number Date 

Country Code-Number-Kind Code MM-YYYY Country Name Classification 
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T 

NON-PATENT DOCUMENTS 

* Include as applicable: Author, Title Date, Publisher, Edition or Volume, Pertinent Pages) 
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w 

X 

*A copy of this reference 1s not being furnished with this Office action. (See MPEP § 707.05(a).) 
Dates in MM-YYYY format are publication dates. Classifications may be US or foreign. 

U.S. Patent and Trademark Office 

PTO-892 (Rev. 01-2001) Notice of References Cited Part of Paper No. 042208 
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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. lA-D, while the 

effective transmission rate decreases through FIGS. lA-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 § 706.020) (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. lA 

and lB 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. 
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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 5 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. 
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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. 
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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) 

2 
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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. 

3 
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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 
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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. 
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15. (ORIGINAL) The method according to claim 14 wherein the 

second rate is faster than the first rate. 

* * * * * 

THE REMAINDER OF THE PAGE HAS BEEN LEFT BLANK INTENTIONALLY 
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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. 
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The Applicants contend that, as reflected in Chen's FIGS. IA-D (reproduced 

below), while the effective transmission rate decreases through FIGS. IA-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. IA 

FIG. IB 

FIG. IC 

FIG. ID 

REVERSE 
LINK 

POWER 
CONTROL 

PREVIOUS I I 1/S 
FRAME I I f@l I I I I I ~ I I I I I IRATE 

10 1 2 3 4 5 6 7 8 91011121314151 

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." 
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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. 
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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. IA 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. 
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BEGIN MAHO 
PROCEDURE 

12 

BASE STATION ISSUES 
MEASUREMENT ORDER 1 

14 

MOBILE PEREFORMS RSS 
AND BER MEASUREMENTS 

ON CURRENT CHANNEL 

16 

MOBILE REPORTS 
MEASURED RSS AND BER 

VALVES VIA SACCH 

18 

MOOBILE MEASURESS RSS 
ON A CANDIDATE BASE 

STATION CHANNEL LISTED 
ON MEASUREMENT ORDER 1 

20 

MOBILE REPORTS 
MEASURED RSS 

VALUE VIA SACCH 

22 

NO 

0 
~J®" ii~ 

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

24 

BASE STATION LOOKS AT THE 
REPORTED RSS VALUES AND 
MAY WAIT FOR A THRESHOLD 

26 

BASE STATION GENERATES 
MEASUREMENT ORDER 2 

(28 

MOBILE TUNES SND 
SYNCHRIONIZES TO A 

CANDIDATE BASE STATION 
CHANNEL LISTED ON 

MEASUREMENT ORDER 2 

30 

MOBILE READS AND 
DECODES CDVCC 

32 

MOBILE REPORTS 
DVCC VIA SACCH 

34 

36 

BASE STATION AND MSC USE 
THE REPORTED RSS AND DVCC 

VALUES TO MAKE HANDOFF DECISION 

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 
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ONEFRAME=40ms--------

SLOT 1 SLOT 2 ] SLOT3 I SLOT 4 I SLOT 5 I SLOT6 

54 
52 53 55 56 57 

SYNC SACCH DATA CDVCC DATA RSVD=1 CDL 

I 28 
12 130 12 130 

.. / 
11 I 

ONE SLOT= 6.67 ms+ 162 SYMBOLS = 324 BITS -----• 

50 

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 
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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. 

P.O. Box 1995 
Vienna, VA 22183 

Das 14-18 
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Respectfully submitted, 

CAPITOL PA TENT & TRADEMARK LAW FIRM, PLLC 

By /Gregory P. Brummett/ (Reg. No. 41,646) for 
John E. Curtin, Reg. No. 37,602 
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Application/Control Number: 10/002,746 

Art Unit: 2618 

DETAILED ACTION 

Response to Arguments 

Page 2 

1. Applicant's arguments filed on 6/13/2007 have been fully considered but they 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 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"; the examiner respectfully 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 time slot, meaning no communication or no transmission data; 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). 

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 been previously cancelled in the amendment dated 2/2/04, and 

claims 1 and 4-15 are pending for reconsideration. 

Claim 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 patent mC91 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/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, 
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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 receives data, the base station instructs the mobile to tune to a different channel the 

DVCC for further reports and communication-the second rpeasurement order). Therefore, it 

would have been obvious to one ofordinary 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 oftime intervals (Figs. IA- 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 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. 

I I/lines 40-63 & col. 13/lines 20-33 for recalled or previously stored power transmission control 

setting). 

As for claim I 0, 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 11-12, 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 

Page 87 of 409



Application/Control Number: 10/002, 7 46 

Art Unit: 2618 

Page6 

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 38 to col. 5/line I I, 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 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 

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

policy as set forth in 37 CFR l.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 3 7 

CFR l.136(a) will be calculated from the mailing date of the advisory action. In no event, 

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

date of this final action. 
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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 

Page7 

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 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 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). 

TTN 
August 24, 2007 

Tony T. Nguyen 
Primary Examiner 

Art Unit 2618 
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Application No. 10/002,746 
Docket No. 129250-002099/US 

IN THE CLAIMS 

The following is a complete listing of revised claims with a status identifier m 

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) 

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

The method according to claim 4, wherein 

, : the pi;escribed 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. 
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11. (Previously Presented) A method for adapting the rate of reporting 

ch~el 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 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. 

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

The method according to claim 14 wherein the second rate 
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REMARKS 

A. The Section 103{a) Reiections 

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

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). 
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(ii.) Claims 13-15 

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

Ea<;h of 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 and 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. 
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Application No. 10/002,746 
Docket No. 129250-002099/US 

If necessary, the Commissioner is hereby authorized in this, concurrent, and future 

reP,lies, to.charge payment or credit any overpayment to Deposit Account No. 50-3777 for any 
• 

additional fees required under 3 7 C.F .R. § 1.16 or under 3 7 C.F .R. § 1.17; particularly, extension 

of time fees. 

Respectfully submitted, 

CAPITOL PAT~RADEMARK LAW FIRM, PLLC. 

By ___ -:-+------------
Jo . Curtin, Reg. No. 37,602 
Po .. ox 1995 

, Virginia 22183 
266-3330 
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Group No.: 2618 
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Examiner: Thuan T. Nguyen 

For: VARIABLE RA TE CHANNEL QUALITY FEEDBACK IN A WIRELESS 
COMMUNICATION SYSTEM 

Attorney Docket No.: 

Customer Service Window 
Randolph Building 

. 401 Dulany Street 
Alexandria, VA 22314 
Mail Stop Amendment 

129250-002099/US 
CHANGE OF ADDRESS 

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 & RK LAW FIRM, PLLC. --
By ______________ _ 

E. Curtin, Reg. No. 37,602 
Box 1995 
a, Va. 22183 
266-3330 

Page 105 of 409



PATENT 
ATTORNEY DOCKET NO. 129250-002099 /US 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Applicants: 

Application No.: 

Filed: 

Arnab DAS et al. 

10/002,746 

November 2, 2001 

Group No.: 2618 

Examiner: Thuan T. Nguyen 

For: VARIABLE RA TE 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 correspondence 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 
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Jfht 11rl4tt1i~cd (whose dc:Jc is supplied below) it empowered to si.gn th.J~ Rc-vocation and Sulutiture 

Power of Anorney on behol! of the Anignce, 

r hereby deeluc that all atatcmenu made herein of my own knowledge ace 0'\1e, and !hat ~u 

suuemenu rnadc on infonnation A.nd belief nrc believed to be truCi nnd furtl1cr that the,e ustemenu 

were 1Mde with the knowledge thnt willful rnlse stamncim and the like so made ntc punishable by 

enc 01 imprisoarncnt, or both, w.1de1· Section 1001 of Title 18 of the United States Code, r.nd that 

auch willful false stateinenn tnl\Y jeopardize the vriUility o( the applkation or ;iny patrn1 m1,cd 

Corporate Counsel 
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Office Action Summary 

Application No. 

10/002,746 

Examiner 

THUAN T. NGUYEN 

Applicant(s) 

DAS ET AL. 

Art Unit 

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~ MONTH($) OR THIRTY (30) DAYS, 
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION. 

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed 
after SIX (6) MONTHS from the mailing date of this communication. 
II 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)0. Responsive to communication(s) filed on __ .. 

2a)O This action is FINAL. 2b)~ This action is non-final. 

3)0 Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

closed in accordance with the practice under Ex parte Qu_ayle, 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)0 Claim(s) __ is/are allowed. 

6)~ Claim(s) 1, 4-15 is/are rejected. 

7)0 Claim(s) __ is/are objected to. 

8)0 Claim(s) __ are subject to restriction and/or election requirement. 

Application Papers 

9)0 The specification is objected to by the Examiner. 

10)0 The drawing(s) filed on __ is/are: a)O accepted or b)O objected to by the Examiner. 

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

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

11 )0 The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152. 

Priority under 35 U.S.C. § 119 

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

a)O All b)O Some" c)O None of: 

1.0 Certified copies of the priority documents have been received. 

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

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

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

" See the attached detailed Office action for a list of the certified copies not received. 
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1) ~ Notice of References Cited (PTO-892) 
2) D Notice of Draftsperson's Patent Drawing Review (PTO-948) 
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Paper No(s)/Mail Date __ . 

4) 0 Interview Summary (PTO-413) 
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Application/Control Number: 10/002,746 

Art Unit: 2618 

DETAILED ACTION 

Response to After Final Appeal Brief 

Page 2 

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. Applicant'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 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). 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 
I 

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. lA- 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). 

Page 5 

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 

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 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 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 

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 attached) disclose 

systems realted to report channel quality and RSSI. 
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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 be made to Customer Service Window, 
Randolph Building, 401 Dulany Street, Alexandria, VA 22314. 

8. Any inquiry concerning this communication or earlier communications from the 

Page6 

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 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 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). 

TTN 
April 11, 2007 

Tony T. Nguyen 
Primary Examiner 

Art Unit 2618 
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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. 

II. 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. ST A TUS 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. 
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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 lx-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 r. In the case of the lx-EV-DO 

standard, the duration r 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 r. 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 lx-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 RI 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, pages '1-2.) 

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 information (i.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 Ix-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) ancr'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 -r, 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 -r. 

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 Rl 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 qu·ality 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 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 

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 (ITis) 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 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 
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more accurately for the retransmission according 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 lx-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 

(i) Whether claims 4-15 are anticipated by U.S. Patent No. 6,067,458 to Chen 

("Chen"). 

Page 13 

Page 139 of 409



VII. ARGUMENTS 

A. The Section 102(b) Reiections 

I) 

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

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): 

• 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. 

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 col. 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 information 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 reverse 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 power 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., 118th 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 portions 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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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. 

JEC:psy 

Respectfully submitted, 

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

. ox 8910 
Virginia 20195 

68-8000 

Page 22 

Page 148 of 409



1. (Previously Presented) 

APPENDIX A 

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

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. 
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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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PATENT AND TRADEMARK OFFICE 

Farooq Ullah Khan 

14-18 

10/002,746 

November 2, 2001 

Thuan T. Nguyen 

2685. 

CERTIFICATION OF FACSIMILE 
TRANSMISSION 

I hereby certify that this paper is being· 
facsimile transmitted to the Patent and 
Trademark Office on the date shown 
belo 

2,,/ilo r 
Date 

• Case 

Serial No. 

Filing Date 

Examiner 

Group 

Title Variable Rate Channel Quality Feedback in a Wireless Communication System 

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

Sir: 

AMENDMENT 

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 paper; 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: 

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. (Canceled) 

3. (Canceled) 

4. (Currently Amended} The method according to claim 1, wherein the mobile 

station reports shannel qblality inf:ormation at a first rate in the absenoe of a reseption of a 

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 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 period includes a plurality of time intervals such that the channel quality information is 

reported at different one§ of the plurality of rates during different one§ of the plurality of time 

intervals. 

6. (Currently Amended) The method according to claim 21, wherein the second 

rate is faster than the first rate. 

7. (Currently Amended) The method according to claim 61, 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 method according to claim e 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 station, the 

method comprising: 

varying a rate for reporting channel quality informatioo 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 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 

4 
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REMARKS 

By this a.mendment, 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 respectfully traversed as set forth below. 

Claims 1·12 

Briefly, the Chen reference appears to be directed to controlling the power lev~I 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 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. 

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 

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 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 .channel quality information from a 

mobile station as a function of the absence or detection of a data transmission from the base 

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, 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 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 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 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 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 

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 can then adjust power for the subsequent higher 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 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 

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 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 

subsequent 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 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. 
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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-speed transmission. That is, the base station receives 

a data transmission that is to be transmitted at a higher rate (defined a prior,) 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 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 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 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 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. 

Lucent Tecf1nologies Inc. 
Date: JIJ.1~1 

Respectfully submitted, 

By:$!16,~ 
JGregtT ~ M'urgia 

Reg. No. 41,209 
Attorney for Applicants 
(732) 949-3578 
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D An extension of ( ) month(s) for responding to the Final Rejection was 
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D 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: 

~ Large entity $500.00 

D Small Entity - $250.00 

Therefore, the TOT AL FEE due for the filing of this Notice of Appeal is $2,660. 

Payment of the above TOT AL FEE is being made in the following manner: 

~ Check in the amount of $4,160.00 is enclosed (this also includes a Petition to Revive fee). 

D Please charge Deposit Account No. 08-0750 in the amount of $0.00. A triplicate copy of 
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Lar e Entlt Small Entlt 

Fee Fee Fee Fee Fee Descrl11t1on 
Code ($) Code ($) Fee Paid 

1011 300 2011 150 Utility filing fee 

§ 1012 200 2012 100 Design filing fee 

1013 200 2013 100 Plant filing fee 

1014 300 2014 150 Reissue filing fee 

1005 200 2005 100 Provisional filling fee 

SUBTOTAL (1) ($} 0 

2. EXTRA CLAIM FEES FOR UTILITY AND REISSUE 

otal Claims 

Independent 
Claims 

Multiple 
Dependent 

Lar e Enti 
Fee 
Code 
1202 

Extra Fee from Fee 
Claims below Paid 

C==1-20·· =lo xi =rr==::J 

□ -3.. EJ x□ EJ 
I I Ll 

Small Entl 

Fee Fee Fee 
Fee Descri11tlon ($) Code ($) 

50 2202 25 Claims in excess of 20 

FEE CALCULATION (continued) 

3. ADDITIONAL FEES 
Lare Entit Small Entit 

Fee Fee Fee Fee Fee Description Fee Paid Code ($) Code ($) 

1051 130 2051 65 Surcharge • late filing lee or oalh 

1052 50 2052 25 Surcharge • late provisional filing fee 
or cover sheet 

1053 130 1053 130 Non-English specification 

1812 2,520 1812 2,520 For filing a request for reexamination 

1804 920' 1804 920· Requesting publication of SIR prior to 
Examiner action 

1805 1,840' 1805 1,840" Requesting publication of SIR after 
Examiner action 

1251 120 2251 60 Extension for reply within first month 

1252 450 2252 225 Extension for reply within second 
month 

1253 1020 2253 510 Extension for reply within third month 

1254 1,590 2254 795 Extension for reply within fourth 
month 

1255 2,160 2255 1080 Extension for reply within fifth month 2,160 

1401 500 2401 250 Notice of Appeal 500 
1402 500 2402 250 Filing a brief in support of an appeal 

1403 1000 2403 500 Request for oral hearing 

1452 500 2452 250 Petition to revive - unavoidable 

1453 1500 2453 750 Petition to revive - unintentional 1500 

1501 1400 2501 700 Utility issue fee (or reissue) 

1502 800 2502 400 Design issue fee 

1460 130 1460 130 Petitions to the Commissioner 

1807 50 1807 50 Processing fee under 37 CFR 1. 17 (q) 

1806 180 1806 180 Submission of Information Disclosure 
Stmt 

Recording each patent assignment 
8021 40 8021 40 per property (times number of 

properties) 

1809 790 2809 395 Filing a submission after final rejection 
(37 CFR § 1.129(a)) 

1810 790 2810 395 For each additional invention to be 
examined (37 CFR § 1,129(b)) 

1801 790 2801 395 Request !or Continued Examination 
(RCE) 

Other fee (specify) __ 

1201 200 2201 100 Independent claims in excess of 3 •Reduced by Basic Filing Fee Paid SUBTOTAL (3) ($)4,160 
1203 360 2203 

1204 200 2204 

1205 50 2205 

0 or number revious/ 

SUBMITTED BY 

Name (Print/Type) 

Signature 

180 Multiple dependenl claim, if not paid 4. SEARCH/EXAMINATION FEES 
100 •• Reissue independenl claims over 

original patent 1111 500 2111 250 Utility Search Fee 

25 •• Reissue claims in excess of 20 and 
over original paten! 

1112 100 2112 50 Design Search Fee 

1113 300 2113 150 Plant Search Fee 

1114 500 2114 250 Reissue Search Fee 
SUBTOTAL (2) ($) 0 1311 200 2311 100 Utility Examination Fee 

1312 130 2312 65 Design Examination Fee 

1313 160 2313 80 Plan! Examination Fee 

1314 600 2314 300 Reissue Examination Fee 

SUBTOTAL (4) ($)0 

Co 

37,602 Telephone (703) 668-8000 

Date January 1 o. 2005 

formation on this form may become public. Credit card information should not be 
o this form. Provide credit card information and authorization on PT0-2038. 

"' 

~ 
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MAIL STOP PETITION 
PATENT 

\l '}l\Oa ~ : 
.._ lf>-~ fi 

~4 // 
"'& m-.ot~--- IN THE U.S. PATENT AND TRADEMARK OFFICE 

APPLICANT: Arn ab 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 
220 20th Street S. 
Customer Window Mail Stop PETITION 
Crystal Plaza Two, Lobby, Room 1B03 
Arlington, VA 22202 

Sir: 

January 10, 2005 

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 l.17(m)) 

01/11/2005 ZJUHAR1 0000001& 1000274& 
1500,00 OP 

03 FC:1453 
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2. Reply and/or Fee 

Application Serial No. 10/002,746 
Docket No. 29250-002099/US 

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 

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 l.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 l.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. 1.17; particularly, extension 
of time fees. 

January 10, 2005 
Date 

(703) 668-8000 
Telephone Number 

Enclosure: Fee Payment 

n E. Curtin 
Reg. No. 37,602 
P.O. Box 8910 
Reston, Virginia 20195 
(703) 668-8000 

2 
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PTO/SB/22 (10-00) 
Approved tot use through 10/3112002. 0MB 0651-0031 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the p MOr1< Reduction Act of 1995, no ulred to res nd to a collection of inlonmtion unless It di la a valid 0MB 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 Filed November 2, 2001 

For VARIABLE RATE CHANNEL QUALITY FEEDBACK IN A 
WIRELESS COMMUNICATION SYSTEM 

Group Art Unit 
2685 

Examiner 
Thuan T. N u en 

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 
a fee of $2,160.00 is required for the full period of the above-requested extension of time. 

D 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 ( I 
month(s) for filing the _______ _ 

D 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:$ __ . 

D A check in the amount of the fee is enclosed. 
D Payment by_credit card. Form PTO-2038 is attached. 
D The Commissioner has already been authorized to charge fees in this 

application to a Deposit Account. 
D The Commissioner is hereby authorized to charge any fees which may be required, 

or credit any overpayment, to Deposit Account Number __ . 
I have enclosed a duplicate copy of this sheet. 

I am the D applicant/inventor. 

D 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. 

D attorney or agent under 37 CFR 1.34(a). 

Registration number if acting under 37 CFR 1.34(a). __ • 

WARNING: Information on this form rriay become public. Credit card informatio 
be included on this form. Provide credit card information and author. tlon 

January 10, 2005 

fldjustr::ent date: OL 128/2005 AKELl.EY Date 
01711/2005 ZJUH~R1 00000016 1000274S . 
02 FC:1255 -2160.00 OP 

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 dependlng upon the needs of the Individual case. Arr, 
comments on the amount of time yau are required 10 complete this form should be sent to the Chief Information Officer, U.S. Patent and TrademaJI< 
Office, Washington, DC 20231. 00 NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Assistant Commlssloner for 
Patents, Washington. OC 20231. 

Ol/ll/2005 ZJUHAR1 00000016 10002746 

02 FC:1255 2160.00 OP 
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UNITED S S DEPARTMENT OF COMMERCE 
Patent and Trademark Office 
Address: roMMISSIONER OF PAlENlS AND TRADEMARKS 

V\Whington. o.c. 201!31 

APPLICATION NUMBER FILING DATE FIRST NAMED APPLICANT ATTORNEY DOCKET NO. 

EXAMINER 

ART UNIT PAPER NUMBER 

DATE MAILED: 

INTERVIEW SUMMARY 

All participants (applicant, applicant's representative, PTO personnel): 

(1) ""-:)o{< 0-1 c~O fZT, l'J (3) _________________ _ 
\ 

(2) ~fl){}J~ ..--· . ;/ I)' /,-...,. l 
l , AJc,·v '1 t:;:. I\J (4) ___________________ _ 

I ,,,., I .. , 
Date of Interview ! ( ~7 0 lf· 
Type: □Telephonic J~ersonal (copy is given to D applicant '{Z(~plicant's representative). 

Exhibit shown or demonstration conducted: 0 Yes 0~o If yes, brief description: ___________________ _ 

/ 
/ 

Agreement O was reached. ~ was not reached. 

Claim(s) discussed: _____ ~------------------------------------

ldentification of prior art discussed: __ _,_.c:.ui..;,::...,.. ________ ----. _____________________ _ 

Description of the general nature of what was agreed to if an agreement was reached, or any other comments_· __________ _ 

,Ii· . f 
11 t., fl ·i L .I' t-¥-< s~ s "'l "!• u-..£ 

, .. 
•" . .(_ I ._ 

U7-4M • . . tdc.... r 
/., 'cN• 11t /,k {--/c,;r c:.&'"'-rt.1'71<,, 

( A fuller description, if necessary, and a copy of the amendments, if available, which the examiner agreed would render it cl ims allowable -/w 
must be attached. Also, where no copy of the amendments which would render the claims allowable is available, a summary thereof mus}be \, · 
attach~_d.) t:?{_lt,,.,t,.1)6,~ c:e_ 
1. azf"u 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. D 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 ol 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. ,.,/ 

" 2-r.-~~, A FORM PTOL-413 (REV.1-96) __ . t,1- u., --& r , , ,,.--''J>.A---·/1 Nvr. NGUYEN 
l/""-.,,.7 rlfL/ ·--· \... PATENT EXAMINER 

I ' / 
(/ V 

Page 174 of 409



16:31 HCLt1DEL IP LAW-+ USPTO 

IN THE UNITED STATES 
PATEN1 AND TRADEMARK OFFICE 

PATENT APPLICATION 

N0.011 

CERTIFICATION OF FACS1MILe 
TR/lNSMISSION 

I h8f'eby certify that lhl.$ paper Is being 
f&eslmlle transmitted to the Patent 811d 
TracJeMBrk Offloe on the dats shOWn 
bek>w. 

t/4Ar 
G Date 

003 

Inventor(&): ArnabDaa 
Fo1rooq Ullah Khan 

RECEIVED 
CENTRAL FJ\X CENTER 

Case NarM/No.: 
Serial No.: 
FIUng Date: 
Tltte: 

14-18 
10/002,746 Group Art Unit: 2885 
November 2, 2001 Examiner: i. Nguyen 
Variable Rate Channel Quality Feedback In A Wireless 
Communication System 

COMMISSIONER FOR PATENTS 
P.O. BOX 1450 
ALEXANDRIA. VA 22313·1450 

PETITION FOR EXTENSION OF TIMc UNDER 37 CFR 1,136(a) 

SIR: 

AUG O 6 200+ 

OFFICIAL 

Applicant& petition the Commissioner for Patenti to extend the period for filing a reply In the 
above-Identified application for: 

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

Please charge Lucent Technologies Deposit Account No. 12-2325 In the amount of 
$110.00 to cover the cost or the extension. 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. 12·2325 as required to correct the error. Duplicate copies of this petition are 
enclosed. 

Date: i/4 /of{ 
Lucant Tecnnologloa lne. 
101 CraWforda Comer Road 
Room3J.219 
Holmd&I, Now Jersey 07733-3030 

Respactlully, 

~9. No.: _4 __ 1..._12=09 ........ ____ _ 

1 DT 07ft l1M!\\ . 

PAC! 3112' RCYD AT 8/612004 5:57:45 PM {Eastern Daylight Ti~• SVR:USPTO-EFXRF,1/0*DNIS:8n93061 CSID:7329490102' DURATION (llllll-Ss):03-44 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NO. FILING DATE 

10/002,746 11/02/2001 

7590 11/04/2004 

Docket Administrator (Room 3J-219) 
Lucent Technologies Inc. 
10 I Crawfords Comer Road 
Holmdel, NJ 07733-3030 

FIRST NAMED INVENTOR 

Amab Das 

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

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

ATTORNEY DOCKET NO. CONFIRMATION NO. 

14-18 3832 

EXAMINER 

NGUYEN, THUAN T 

ART UNIT PAPER NUMBER 

2685 

DA TE 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 Tradamark Office 
Addr.ess COMMISSIONER OF PATENTS AND TRADEMARKS 

Washington, D.C. 20231 

(__sEfllA~ NU~ Fil.ING DA f~EC-·Jr ____ _ 
j 

1--~--··· 

Below Is a communication from the EXAMINER In charge of this application 

COMMISSIONER OF PATENTS AND TRADEMARKS 

ADVISORY ACTION 

~THE PERIOD FOR RESPONSE: 

/ . j u<or. 
a) [!I is extended to run _______ or continues to run _______ from the date of the final rejection 

b) g 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 lhe response expire later than six monlhs 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 petilion . 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 
t .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 <i?{ ti,( Of has been considered with the following effect, but it is not deemed 
to place the application in condition for allowance: 

- ·1. ·L!(n,., proposed amendments to the claim and /or specification will not be entered and the final rejection stands because: 

a. 0 There is no convincing showing under 37 CFR 1.116(b) why the proposed amendment is necessary and was not earlier 
presented. 

b. 0 They raise new issues that would require further consideration and/or search. (See Note) 

c. D They raise the issue of new matter. (See Note). 

d !'i'1' They are not deemed to place the application in better form tor appeal by materially reducing or simplifying the issues for 
appeal. 

e. 0 They present additional claims without cancelling a corresponding number of finally rejected claims. 

2. O Newly proposed or amended claims _______ would be allowed if submitted in a separately filed amendment cancelling 
the non.allowable claims. 

3. -e'.f Upon the filing an appeal, the proposed amendment D will be entered t'.J will not be entered and the status of the claims will 
be as follows: 

Claims allowed: /J{)fl/E. 
Claims objected to: -~/V~O~lJ=E::.,,.... _____________ _ 
Claims rejected:---+( ... 

1
..,M=f<,._' .=4,-.,c-_lL,£~--------

However; 

0 Applicant's response has overcome the following rejection(s): ____________________ _ 

.... -,,,, 1,7 
5. D The fidavit or exhibit will not be considered because ap~lic nt has not shown pood and sufficent reason~ why it was not earlier J.. 

presented. ~ fk, ~.5. rt.a;.,i,J ~r-_,6 (j<M '((.e._ ._~.'a_ (n' ~""? f-.,,,4_,1dJ. 

D The proposed drawing correction D has D has not been approved by the examiner. <- ~ 
-A.u. u~ ~BAN Oother 

PTOL-303 (REV. 5-89) 

SUPffl'ii5~RY P/\fENT EX1,Mlr~ER 
T~SMr-L•· ,'JGY C':NTEH 2;~.~iJ 

~.S. GPO: 1997-417-381162704 
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---~erial No. 10/002746 
.. ,PE . , ~ 

· 0 "o ~ · ' .>. 
{ 

~-

~\\«o '~~ I/ 
~ 

A,f.)~ 

IN THE UNITED STATES 

PATENT AND TRADEMARK OFFICE 

ATENT APPLICATION 

lnventor(s): Arnab Das 
Farooq Ullah Khan RECEIVED 

Case: 14-18 AUG 2 4 2004 

Serial No.: 10/002746 

November 2, 2001 

T.Nguyen 

Technology Center 2600 
Filing Date: 

Examiner: 

Title: 

Group Art Unit: 2685 

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. 

I 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. 

08/20/2004 HALI11 00000024 122325 10002746 

01 FC:1806 180.00 DA 

Certificate of Mailing 

,lhereby certljy'Lthat this(fQrresppndence,(i!hd;my pap'er referred to as beingtransmitte'ct:i 
:therewith) isct>elng dep()sjt~µwith the tJr1fte,dStates Postal Service with sufficient ,·. . _·.· 
. pos~age as First~~l!15smail;,Ln a11e_nve,lope addres~eNo: <.:ommissioner for Patents, P.o,, 

Bo5c 1450/AlexanliJia;VA"2231'3 6ti;the date .. icated belOV\- ... 

,~ Hfvl4f<~~" ' ···• 
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Serial No. I0/002746 2 

' 1 

Please charge the amount of $180.00 to Lucent Technologies Deposit Account No. 
12-2325. Duplicate copies of this letter are enclosed. 

. . 

I /__ 732-949-3578 
Date: __ /.,__· _I 6_1_ io_f ___ _ 
Docket Administrator (Room 3J-219) 
Lucent Technologies Inc. 
101 Crawfords Corner Road 
Holmdel, NJ 07733-3030 

PT968-l.97d 

· ttorney 
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4 ..... 

Case Name. A. Das 14-18 
10/002746 

ORMATION DISCLOSURE STATEMENT 
Serial No. 
Applicant: A. Das~ et al. 

November 2, 2001 
2685 

Filing Date: 
Group: 

-~~'t-7 U S PATENT DOCUMENTS 
7:.xaminer Document Date Name Class Subclass 

Initial Number 
AA 6,229,792 81 5/8/01 Anderson et al. 370 280 

- a:sma ..-..... ....... ,.. 

n CvCB \I 
- - . 

HUil c, '± LI 

T I ,_ - ,... - -

I Civl IIIVIV~J 

FOREIGN PATENT DOCUMENTS 
Document Date Country Class Subclass 
Number 

I OTiER (including Author, Title, Date, Pertinent Pages, etc.) 

I EXAMINER I DATE CONSIDERED 

Filing Date 

6/7/95 

·--
t:.U 
- . 
U't 

- - f\f'f\f\ 
C.Vvv 

Translation 

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

PT968-1.97Form 
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16:31 HOLMDEL JP LAW ➔ USPTO 
NO.011 r,01 

RESPONSE UNDER 37 CFR 
1.116 l!XPEDITEO PROCEDURE 

- EXAMINING GROUP 268$ • 

RE: 

TO: 

GAU: 

FAX COVl;R SHEEI 

OFFICIAL PAPER - n;;,;z·./< P1AI //1-

Exarnlner Thuan T. Nguyen 
U.S. Patent and Trademark Office 

2685 

PHONE: 703-308-5860 
FAX: 703-872•9306 

FROM: Gregory J. Murgia 
Reg. No. 41,209 
Lucent Technologies Inc. 

PHONE: (732) 949•3578 
FAX: (732) 949-0102 

DATE: August&,2004 
Pages (Incl. Co,,er): 12 

Case No.: A. Das 14-18 

10/002,746 

November 2, 2001 

Ser. No.: 

File Date: 

Title: Variable Reta Channel Quality Feedback In A Wireless 
Communication System 

Certification of Facstml1e Transmiaelon 

I Aefeb~ certify u,at-thls ~orrespondence Jer1~\,"-Y p~.~ar ~efEJrJeci to 
as aeil'rfl transmitted therewitt:'I) Is bairn:~ fS~JiM~· ~,:q,.sm~t~-w-t;re 
UAl$d·,States P.~tat"it s,u.t Tral!lema11k.ft~~.-~m11Re ~~~lil~'E'i,f~\i! 
~el~: 

Ail-,,2QQ4 
. DATE 

RECEIVED 
CENTRAL FAX CENTER 

AUG 0 6 2004 

OFFICIAL 

! . PAGE 1/12 * RCVD AT 8/612004 5:57:45 PM [Eastern Daylight Time): SVR:USPTO.EFXRF,1/0 i ONIS:8729306 * CSID:7329490102 * DURATION (mm,ss):03-44 
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16:31 HOLMDEL IP LAW ➔ USPTO 

PATENT APPLICATION 

Amab Oas 
Farooq Ullah Khan 

CASE 14-18 

Serial No. 10/002746 

Flied November 2, 2001 

Ex.Jminer T. Nguyen 

IN THE UNITED STATES 
PATENT ANO TRADEMARK OFFICE 

Group Art Unit 2685 

Titte Variable Rate Channel Quality Feedback. In A Wireless Communication System 

COMMtSSIONER FOR PATENTS 
P.O. BOX 1450 
ALEXANDRIA, VA 22313•1450 

SIR: 

Enclosed is an amendment In the above-identified application. 

NO ADDITIONAL FEE REQUIRED 

ln the event of non-payment or improper payment of a required fee, the Commissioner is 
authorized to c~arge or to credit Deposit Account No.12-2325 a5 required to correct the error. 

Date: ---:,&.,J;~/4"""-/o_......'-1 __ 

Oocket Administrator (Room 3J-219) 
Lucent Technologies Inc. 
101 Crawfords Corner Road 
Holmdel, NJ 07733·3030 

·.:: .. · I hel'Cbf}t!(. 
·. b11it13 fuilSii-ii; 
' 22313 tin th 

Respectfully, 

~d/~ 
Reg. No. 4'2~~ 
732-949-3578. 

.. A; ~ ~i~*f ~ii}/'.; 
PT 16 (10/01) Page I of 1 

NO.011 

PAGE 2/12 * RCVD AT 816/2004 5:57:45 PM [Eastern Oa~ight Time]* SVR:USPTO•EFXRF•1/0 * DNIS:8729306 t CSID:7329490102 t DURATION (mm-ss):0344 

1702 
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16:31 

RECEIVED 
CENTRAL FAX CENTER 

HOLMDa IP LAW ➔ USPTO 
AUG O 6 2004 

Serial No. 10/002,746 OFFICIAL 
IN THE UNITED STATES 

PATENT AND TRADEMARK OFFICE 

Patent Application 

Inventors Arnab Das 
Farocq Ullah Khan 

14-18 

10/002,746 

November 2, 2001 

Thuan T. Nguyen 

2685 

N0.011 

RESPONSE UNDER 37 CFR 
1.116 EXPEDITED PROCEDURE 

• EXAMINING GROUP 2685 • 
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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. {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 cf 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. 

8. (Original) The method according to clalm 7, wherein the transmissiol'I format 

Includes one or more parameters selected from the group consisting of modulation format, 

number of codes, and transmission rate. 
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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 ts 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 staUon 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 reoeption 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 Jeast 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 report& channel Quality information at a second tate 

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 
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 ( .. ChenM). All rejections are traversed for the reasons set forth below. 

c1a1ms 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 acknowle~gement of the 

different, 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 

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, eitner expressly or impliedly 

by Chen. For example, there are absolutely no teachings in Chen that either express&y or 

impliedly suggest varying the rate for reporting channel quality information as a fundion of the 
number of base stations that the mobile is communjcatjng with, as recited in Applicants' claim 

13. This feature of Applicants· claimed Invention, which is particularly advantageous for 

handling "soft handoffSD, is supported in Applicants' specification. see. e.g., page 9, llnes 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 c;:laim 13 and respectfully request 

that the Examiner withdraw the rejection accordingly. Because claims 14 and 15 depend from 

Claim , 3, 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. 

Claims 1. 4.12 
Applicants submit that claims 1 and 4-12 are not anticipated by Chen because each end 

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 
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response to Applicants' arguments from the previous Office Action response. Applicants submit 

that Chen does not describe, either expressly or impliedly, at least the following limitations 

recited in Applicants' claim 1 (and claim 11 which has similar limitations): 

• mobile station reports channel quality Information at a first rate in the absence of a 
reception of a data transmission from the bese station; and 

• upon detection of a reception of a data transmission from the bast station, the 
mobile station reports channel quallty information at a second rate for a prescrjbed 
duration. 

Chen is concemed 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 ra~es requires higher power (aee, 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 Idle rate; 2} that data is then received ftl 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 transmissjon 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 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 $tation Is whether there is a data transmission received by the mobile from the base 

~tation. 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 Applicants, is quite different from the teachings of Chen. In Chen, the rate of 

transmission of pcwer 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 instructjon from the base station .bfm2m (i.e., in preparation of) the base station 

sending the data transmission to the mobile. Accordingly, Chen does not teach varying 
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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. 

Furthermore, 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 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 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 particular step in isolation. As described for step 320, data is upresented" to the 

base station for a high rate transfer to the mobile. Step 330 recites "tell the receiver to increase 

bandwidth of power control information about foiward 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 (Le., power) culminating in the subseguent 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 rate& ... 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 ~ 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. Accordingly, 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 statjon. Instead, Chen only describes the base station receiving 

data for subsequent transmission to the mobile and, to prepare for sueh 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. 
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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 55~65 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. 

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 Chen 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 previously measured when data was greviously 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 transmissio_n 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 situation in which the reverse link Is 

operating at idle (e.g., 118th rate) and "date Is received for transmission along the reverse link" 

(emphasis added). Applicants submit-that, upon ca,reful reading and consistent with the entire 

disclosure in Ctlen, 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 paints out). That is, this embodiment refers somewhat to the converse of preceding 

embodiments, wherein here the mobile receives data for subsequent transmi,ssiQD J:Q !be 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 

7 

PAGE 10/12 * RCVD AT 8/612004 5:57:45 PM [Eastern Daylight TimeJ • SVR:USPTO-EFXRF-110 1 DNIS:8729306 1 CSID:7329490102 * DURATION (mm-ss):03-44 

1;110 

Page 189 of 409



16:31 HOLMDEL IP LAW ➔ USPTO N0.011 

Serial No.10/002,746 

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 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" (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 accurately summarized by what Applicants stated previously. 

That is, consistent with the teachings of Chen as a whole, the capabilities to infer for the mobile 

would be that. ta prgparstiQD fgr si subsequent data transmission oyer the reverse Unk 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 Applicants, 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, 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 cf the claimed invention 

must be found in Chen, which Applicants believe not to be the case for all the reasons set forth 

hereinabove. 

Because Chen falls to teach or suggest each and every recited 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 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. 

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 
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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 om transmission to a 

mobile using a previous!~ 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. 

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 earnestly solicit a Notice of Allowance. Any questions can be directed to the 

Applicants' attorney at the number below. 

Respectfully submitted, 

aYiJlr;t, P(•~iv 
re urg1a 
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earned patent term adjustment. See 37 CFR 1.704(b). 

Status 

1 )0 Responsive to communication(s) filed on __ . 

2a)[gl This action is FINAL. 2b)O This action is non-final. 

3)0 Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

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

Disposition of Claims 

4)[gl Claim(s) 1 and 4-15 is/are pending in the application. 

4a) Of the above claim(s) __ is/are withdrawn from consideration. 

5)0 Claim(s) __ is/are allowed. 

6)[gl Claim(s) 1, 4-15 is/are rejected. 

7)0 Claim(s) __ is/are objected to. 

8)0 Claim(s) __ are subject to restriction and/or election requirement. 

Application Papers 

9)0 The specification is objected to by the Examiner. 

10)0 The drawing(s) filed on __ is/are: a)O accepted or b)O objected to by the Examiner. 

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

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

11 )0 The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PT0-152. 

Priority under 35 U.S.C. § 119 

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

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

1.0 Certified copies of the priority documents have been received. 

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

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

application from the International Bureau (PCT Rule 17 .2(a)). 

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

Attachment(s) 

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

2) 0 Notice of Draftsperson's Patent Drawing Review (PTO-948) 

3) 0 lnfonnation Disclosure Statement(s) (PTO-1449 or PTO/SB/08) 
Paper No(s)/Mail Date __ . 

4) 0 Interview Summary (PTO-413) 
Paper No(s)/Mail Date. __ . 

5) 0 Notice of lnfonnal Patent Application (PTO-152) 
6) 0 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 us~ 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 --

Page2 

(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. 1 A- 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 

Page 3 
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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 rejected 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. 

Page4 

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 action is mailed, and any extension fee pursuant to 37 

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

however, will the statutory period for reply expire later than SIX MONTHS from the 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-delivered responses should be brought to Crystal Park II, 

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 shoulq be directed to the Technology Center 2600 Customer Service 

Office whose telephone number is (703) 306-0377. 

Tony T. Nguyen 
Art Unit 2685 
April 30, 2004 
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- In the Claims 

Please substitute the following clalms 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: 

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. (Canceled) 

3. (Canceled) 

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

statieA Feport£ sl:laAAel quality lnfermation et a fiFSt i:aie in U1e ab60F1se af a i=eseptioR ef a 

ticaAamissien from the base &•tlreR aRd, upM detection of a reception of a mm! transmission 

from the base station, the mobile station reports channel quality lnfonnation at a plurality of 

rates over a prescribed time period after detection of the reception of a m!l! transmission, 

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

5. (Currently Amended) The method acc.ording to claim 4, wherein the prescribed 

time period includes a plurality of time intervals such that the channel quality information is 

reported at different one§ of the plurality of rates during different one.§ of the plurality of time 

intervals. 

6. (Currently Amended) The- method according to claim a !, wherein the second 

rate is faster than the first rate. 

7. (Currently Amended) The methOd according to claim & 1, further comprising the 

step of estimating channel quality at the base station while the mobile station is rep0rting at the 

second rate, wherein estimated channel quality is used to derive a transmission fonnat for a 

subseciuent 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 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 data transmission. 

10. (Original) The method according to claim 1, wherein the chan.nel 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 repor11ng 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 di!!! transmission at the at 

least one mobile station; and 

in the presence 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 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 lnformatioo from a mobile station to a base 

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

with. 

3 
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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 

4 1: 
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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. 1021b) Refection 

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 end 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 end mobile stations and, in particular, to controlling power 

for higher rate data transmissions. Applicants acknowledge that Chen describes and lt 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 quality 

infonnation 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 

r 

transmitting power control infom,ation to a base station, wherein power control infonnation Is 

characterized throughout the specification as either a signal corresponding to 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 

infom,ation to the base station. which Applicants respectfully submit Is different than power 

control information. Whil& 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 thls statement alone does not 

5 
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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 I also fails to teacn or suggest varying the rate for reporting channel quality information from a 

mobile station as a function of the absence or detection of a data transmission from the base 

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, 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 power control information to be sent at a hlgher 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 et 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 transmitting subsequent frame§ 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 jn 

preparation for a subsequent high gata rate transmission. 

By contrast, Applicants' claimed invention sets forth a rnoblle station that changes its 

I 
rate of transmitting channel quality infonnatlon based on the mobile's detection cf 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 beck to the base station at a second rate. Using the actual data transmission 

from the base statlon as a trigger for the mobile station to change its rate of transmitting channel 

. ' 6 
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quality infonnation 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 

infomiation (i.e., so that the base station can then adjust power for the subsequent higher speed 

data transmission) as described by Chen. 

Furthennore, Applicants respectfully submit that neither the cited portion of Chen (col. 6, 

lines 18-48) nor any other portion of the reference teaches or suggests a mobile station that, 

upon detection of a reception of a data transmission, reports channel quality information §1..! 

8.§cond 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 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 (\/is-a-vis channel quality 

feedback) to the base station, sea, 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 changes to transmission rate), especially when dealing with th~ bursty nature of 

data traffic (e.g., all packets may not come at once or in immediate succession). ln 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 es 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-speed transmission. That is, the base station receives 

a data transmission that is to be transmitted at a higher rate {defined a prion) 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 

tmnsmission 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 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 ~ 

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 Chan 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 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 functlon 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 !imitations 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 

1- 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. 

Lucent Tec?.notogies Inc. 
Date: ;,. ;i / o ~, 

Respectfully submitted, 

By.~ lb.~ ..,..Grego. M'urgla 
Reg. No. 41,209 
Attorney for Applicants 
(732) 949-3578 
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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 --

Page 2 

(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. 

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 station in a 

plurality of time intervals (Figs. IA- 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 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 6, Chen further discloses that the base 

station determines the channel quality collected from the mobile station for 

Page 3 
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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, nwnber 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 rejected for the 

reasons given in the scope of claims 1-10 as already disclosed above. 
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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 Bl) 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 Al) 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 JI, 

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 
Art Unit 2685 
September 17, 2003 

TONYT. NGUYCN 
PATENT EXAMINEft 
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WO 00/16513 PCT/SE99/01538 

-1-

METHOD AND SYSTEM FOR ALTERNATING TRANSMISSION OF 

s CODEC MODE INFORMATION 

10 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 identifying coding modes in digital communication systems 

that support multiple speech/ forward error correction coding schemes. 

15 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 4¥.1alog ~odulation was used to. impress data onto a carrier 

20 wave, to systems whereindigital modulation was us~ to impress the data on carrier waves. 

In wireless digital communic,~tio11 syi;tems, .s~dardize~ 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 ~obile Communications (GSM). standard that uses time 

25 division multiple access (IDMA) t,().communicate control, voice and data information over 

radio frequency (RF) physical channels or links using .a Gaussian Minimum Shift Keying 

(GMSK) modulation sche~e at/ .a symbol· rate of 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 

30 mobile phone service (D-ANIPS), a TDMA system that uses a differential quadrature phase 

shift keying (DQPSK) modulation scheme for communicating data over RF links. 
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· TDM..l\. systems subdivide the available frequ_ency into ~me- or more RF channels. 

The RF. chaYlnels are further divided ·into a number of physical channels_ corresponding to 

timeslots in 1DMA frames. · Logical channels ru.--e formed of-:one or several physical 

.,channels wher£ modulation and coding is s~...cified. h:l these systems7 the moJ:>ile stations 

5 communicate with a plurality of scattered base stations by transmitting and receiving bursts 

.of digital information over uplink and downlink RF cl:i~nnelss .. -.· -.-

... The· growing number of mobile stations in use today has. generated the need for 

mo~ voice and data channels within cellular telecommunicz.tion $ystems. As a result, base 

stations have become more closely.spaced,-with an-increase in int~rference.between mobile 

· 10 stations operating on the same frequency in·neighboring.or closely sp'1Ced cells. In fac~ _ 

some systems now employ code 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 usefu1 channels from a given 

frequency spectrum. -there still remains a need to maintain interference at acceptable levels, 

1s · or more ·specifically to monitor aild control the ratio of the carrier signal strength to 

interference. (i.e.-,-car.rier-to-intetfetence (Gil) mti0).;ft,'°;••:-~·.- . 

-Another factor which is increasingly:important in providing vaiious communication 

services is the desired/required user bit rate. for clata to, be transmitted over a particular 

connection. For example, for voice and/or data services, _user .bit rate corresponds to voice 

20 quality and/or data throughput, with a higher user bit ra~e producing better voice quality 

and/or higher data throughput.:·• The :total· user bit rate _i~ determined. by a .selected 

combination of techniques for speech coding, _channel _coding, modulatio11, and resource 

allocation, e.g.. for· a IDMA system~ this !att~r • technique may refer to the number of 

assignable time slots per connection, for a CDMA system, t.lris latter parameter may refer to 

25 the number of assignable codes per connection. 

•· -Speech coding (or more generally- "source·coqing" to include techniques associated 

with the compression of data)techniques are·,uscd.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;_ M.any different types of speech coding algorithms exist. 

30 e.g .• residual excited linear- predictfve (RELP), regular-pulse excitation (RPE), etc., the 

details of which are not particµlarly relevant to this invention.. More significant in this 

context is the fact that various speech coders have varioi..•s!output bit rates and that, as one 

Page 225 of 409



· wo 00116513 -PCT/SE99/01538 

-3-

would ex.pecti speech coders having a higher output bit· rate tend. to provide greater 

consumer acceptance of their reproduced voice quality:than those 1:iaving a lower output bit 

rate: As an· example, consider that more traditional, wire-based telephone systems use 

PCM speech·c·oding·at·64 kbps, ·while GSM systems employ an RPE speech coding scheme 

s operating at 13 kbps.::· · 

In addition to·speech coding, digital communication:systems also employ various 

techniques to handle erroneously received information. Generally speaking, these 

techniques· include those · which · aid a :receiver to• correct; the erroneously received 

information, e.g., forward error correction .(FEC). techniques,; and those which enable the 

· IO erroneously received information'=to be ·retransmitted to the receiver, e.g., automatic 

' · retransmission , request · (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 cqmmon to _refer to 

15 convolutional· ·codes by their code ,ra1es, e.g .• 1/2 and 1/3, :Wherein the .lower code rates 

provide greater error protection' btn ltiWer:tiserbit rates for,a given .channel bit rate. 

Conventionally, each of the techniques which impacted the user bit rate were fixed 

for any· given radiocom.mtinication' system, or at least for the- duration of a connection 

established by a radiocommunication system .. That is, each system.established connections 

20 that operated with one type ·of speech coding, one type of channel coding, one type of 

modulation and one resource. allocation.: ,More. r~e_ntly, however, dynamic ·adaptation of 

these techniques has become a-popular·method for optimizing system performance in the 

•face of the numerous parameters which:~may vary rapidly over time, e.g., the radio 

. · propagation characteristics of radiocommunication channels, the loading of the system, the 

25 user's bit rate requirements, etc. '.,;• · · ··· · 

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 

30 ·No. 5,577,087. Therein, a. technique for swi_tching between 16QAM and QPSK is 

described. The decision to switch between modulation types. is made . 9ased on quality 

measurer.-:cnts, however this• sy;,.-tem empJ.oys a constant user bit rate which means that a 
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: · change in:modulation· scheme also requires a changejn ~hann~l bit. rate_, e.g .• Llie number of 

timeslots used to support a transmission channel. 

--Jt is envisioned that many different combinations of these processing techniques 

· may be seiectiveiy- employed both. as between differe"Qt cor.nections support~d by a 

s radiocommunicaticn 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 

: the receiving entity to request a particular transmission mode from _the transmitti_ng entity. 

· For example. there are two· general categories of techniques for informing a receiver about 

IO 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 indicative of 

the processing type(s) and (2) implicit.information. which::is sometimes referred to as 

.. blind" decoding, whereupon· the receiver determines the processing performed by the 

transmitter by analyzing the received 0 signal. _ This latter technique i~ employed in CDMA 

15 · systems operatingcin accordance,with the,TI.AJEIAIS-95 sta.Qp.ard .. Explicit i~formation is 

. sometimes considered to·be preferable becauseit:creqµe~;processing,delay a.t 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 indic;:itors which. reflect the 

20 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 

mode to be employed. For example,. when channel ,conditions are good, the receiver may 

send a,· mode request . in the uplink for a speech coding/channel coding mode which 

. provides for a high source coding bit rate and a relatively low_ degree of error .protection. 

25 · · 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. a coding mode which 

provides a low bit rate speech codii1g technique .coupled with a relatively high degree of 

error·protection may be requested by the receiver.· The transmitter would then provide a 

30 corresponding indicator associated with· this other mode in the return link. Systems can 

rapidly change between these ,different coding modes based upon. yarying changes in 
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channel conditions. so themode·requests and/or indicators need to be transmitted relatively­

frequently. 

-Thus, mode indicators and mode requests are communicated between transmitting 

and receiving entities to enable variable codec· mode operation~ _ Typically, these mode 

5 · 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 partic1,1larly. • important for the 

receiver/transmitterto be a:bleto.accurately andrapidly 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 

10 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· transrn.itted for the mode indicator• and/or request field. Th.is is, as 

explained earlier, undesirable since overhead bits ,should :be minimized.- not• increased. 

15 Thus, it would be desirable to provide techniques and ·systems fgr-incr~asing the likelihood 

20 

. that mode. indicators; -ana:•.mquests,'.'Such··as, the: codi~g ,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 ass~iated with processing 

mode information.-

SUMl\lARY 

· These and· other drawbacks :and' limitations of conventi~nal, Illethods and systems 

for communicating information are overcome ·according to: the present invention, wherein 

the· rate· of transmission -of ~mode. information is decimated to reduce the bandwidth 

25 utilization associated therewith . and/or, permit · heavier channel coding of the · mode 

information. 

The mode information may comprisedorc-exarnple, a mode 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 

30 desired by a receiver for.subsequently transrrutted • information blocks 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 -~ 

Page 228 of 409



·:WO 00/16513 PCT/SE99/01538 

-6-

present invention, µte rate of change of. Ill:ode in!onnation is constrained to be less than 

every frame. For ~xampl~, the mode inq.ication and mode reques~ ca!l be constrained to 
~ , .. 

-.change no more ¢an once every other f~e. Under ~ese circumstances, the transmission 

. _ . of mode indicators and mode requ~s~ can also be alte~ated to reduce the transmission 
• • t i 

5 capacity. used by these- indicatoi::s_ .~d minimize proces~ing delays ~sociated with mode 

changes. 

According to other exemplary em.bodiments of the present invention, when links 
. . . ~ ' . . . . . ~ . 

become inactive, . e.g., when a . speaker_ ~ome~ · silent,. the transmi~sion of mode 

information can be further reduced or adjuste~ !n accordance therewith. 

BRIEF DESCRIPTION OF THEJ)RAWJN.GS. 

These and other objects, features . ~d; tl~vantages _o_f 1 !he present invention will 

become ~ore apparent upon reading from _the .follmvi_ng detailed description, taken in 

conjunction with ti)~ _accoll)panying ~wing~, wherein: 

15 FIG .. , i is a block diagram. of an, exemplary GSM communic:ation system which 
< ~ - ' • ~; • • • ! • . • • ,. 

.20 

25 

advantageou,sly.uses ~e pres~nqfl_;ventjop;3:;i .. ·,~,•r;; J~::,>::·· _ .. 
, . 

FIG. 2(a) qepicts_ a cod~ mode used in a conventional GSM system; 
. ·- . . .. 

FIG.-2(b) depicts a co~ventional ~apping _of bits in a speech frame for unequal 

error protection coding;_ -.. 

FIG. 3(~) is a bl9ek diagram il~ustrating_·multiple c~ec modes, individual ones of 
• ' ~_,. • , • .·, • ': •I . • - • - • , 

which can be selected. forjJroce~sing, da~ tQ be transmitted and a correspoding mode 
. . . - ' ~ . - - ' ~J ... , , - . • . ' . 

indicator according to. an exemplary embo9iment. Qf the present invention; 
. ·. ' . - ' ~ . ' . . . 

FIG. 3(b) is .another .bl~lc piagryun ,illµ~trating ~other . exemplary technique for 

generating multiple codec modes; 

FIG. 4.depicts a blockdiagram _ofa receiver inclu~~ng a_mode likelihood processor 

and a mode information model; : , 

FIG. 5 is a block diagx:am, of an exen1plary ,trat:tscei ver according. to the present 

invention; and 

_ FIG. 6.illustrates alterna_ting trans~ss_ion o( _mode indicators and mode requests 

30 according to an.exemplary _embodiment.of the pre_sent jnvention._ 

DETAILED DESCRIPTION 

i 
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The following exe'mplary embodiments are provided in the context of TDMA 

.radioco~unication systems. However. those ·skilled . in the art will appreciate that this 

access methodology is ~erety ·used. for the purposes of illustration and that the present 

invention is 'readily appiicable to all ·types of access methodologies including frequency 

s divisiori multiple ·actess (FDMA), .. TDMA, code division ·multiple· access (CDMA) and 

hybrids thereof. 
. . 

Moreover, operation in accordance 'with GSM communication systems is described 

in European Telecommunication Standard institute·"(ETSI) documents EfS 300 573, ETS 

300 574 and El'S 300 578, which are hereby incorporated by reference. Therefore, the 

10 operation of the GSM system is only described herein to the extent necessary for 

understanding the present invention.' . Although, 'the· present invention is described in terms 

of exemplary erilbodihlents in a GSM system, those skilled in the art will appreciate that 

the present invention coulcr'be · useq in a wide variety of other digital communication 

systems. such as those based on PDC or D-AMPS 'standards and enhancements thereof. 

15 Refening to FIG. 1, ·a communication' ~system· 10 according to an exemplary 

embodiment of the present inventioiFit"aepicted~ '.t The: 'system: 10 · is' designed as a 

hierarchical n~twork with im.tltiple levels Tor managing calls. Using a set of uplink and 

downlink frequencies: mobile statiorts 12 operating within the system 10 participate in calls 

using time slots allocated to them on these frequencies. , At an upper hierarchical level, a 

20 . group of Mobile· Switching Centers (MSCs) 14·are responsible for the routing of calls from 

an originator to a destination~ In particular/these'entities are responsible for setup, control 

and termination of calls~·· One of''the MSCs;14~ ·known as the gateway MSC, handles 

. communication with a Public S~tdied ·Telephone Network(PSTN) 18, or other public and 

private networks. 

25 At a lower hierarchical level,.each 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 knciwn as' the A.:.interface, which-is ·based on the Mobile 

Application Part of CCITT Signaling System No. 7. 

At a still lowt!r hierarchical· level. each. of the BSCs 16 controls a group of base 

30 transceiver stations (BTSs) 20. Each BTS 20 includes a number of TRX:s (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 BTS~:- 20 primarily provide the RF links 

Page 230 of 409



-. wo oo,16sn PCT/SE99/01538 

-8-

· for the trahsmission and reception-of data bursts to and from the mobile stations l-2 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 

according to a- fai:nily of RBS-2000 products~ which products are offered by 

s Telefonaktiebolaget L M Ericsson. the assignee of the present invention. For mme details 

regarding exemplary mobile station- 12 and RBS 22 implementations, the_interested reader 

· is referred to U.s~·Paforit Application Serial No. 08/921,319, entitled "A Unk 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 

1 o incorporated here by reference. - · 

According to exemplary! embodiments ·of the :present inventim1, information 

transmitted between a BTS 20 and a mobile station 12 can be processed according using 

· different codec modes. · The phrase "codec mode" as' it is used herein refers to a 

· combination of · source · coding · ( e.g., speech coding) and channel codir.g, . although the 

15 present invention is 'also -applicable • to the transmission and reception· of other · types of 

mode information :anc1;0 ·even 'mote' 'ge·11erally(td)the\transinission and reception of other 

information over an· air interface.· To more fully understand the exemplary modes for 

which · indicators, requests and informatio1r · associated therewith. can be protected, 

transmitted and' decoded.. consider·-the exemplary GSM codec mode illustrated in FIGS. 

· 20 · 2(a) and 2(b). 

FIG. 2(a) depicts a portion of the transmit.signal processing path downstream of the 

AID converter (not shown) which ·digitizes an exemplary input audio signal. A block of 

160 samples is presented toan RPE·speech·coder 30 which operates in accordance with the 

weil known GSM specifications (e.g., 6SM 06.53}- to produce two categories of output 

25 bits, ls2· class 't bits and 78-dass ·2 bits, for a -total output bit rate of 13 kbps: As seen in 

FIG. 2(b),'the class-1 bits are further divided~into class la bits and class lb bits. both of 

which are ·input -- to a channel coder 32, which performs rate ½ convolutional encoding. 

This results in an output of ·378 bits- from the channel coder 32, including 3 parity bits 

associated with the class la bits and four tail bits associated with the.class lb bits. This 

30 composite process can be considered to be'one example of a·single codec mode. 

However~ Applicants envision future systems that provide for a· plurality of 

different codec modes. For examp1e, as conceptually illustrated in FIG. 3(a}, there may be 
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two different speech coders and two different channel 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 kbp~. while a. second speech 

coder 42 may-.process the input digital s~pllt.s to provide an output bit rate of Y kbps, 

5 where X>Y: :. Similarly, two different channel .coders. 44 and. 46 {in this example 

convolutional coders, although one. _or• both could alternatively be block coders) provide 

different- degrees of error protection . by virtue of'. their different r~tes 1/ A and 1/B, 

respectively, where A>B. Thus, it can be seen that by using·mode control processor 48 in 

conjunction with. multiplexors 50 and 52 tQ select a path, i.e., a combination of speech 

IO coder and channel coder for this example, for processing a particular block or frame of 

. payload data~ four different codec modes are available. 

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 s9urce (e.g., speech) 

coders 60, 62, 64, and 66 are provided in selectable: transmit _signal proc~ssing p~ths. Each 

15 · coder has a different output rate (X>Y>Z>A 1'i;>ps}1~n~~.s assoc(ated with. a different <:me of 

the channel coders: 68;·1.0r~2::aild:74~; ~T-9,·Pf()vide a uniform output da~a rate of F kbps as 

· between the different, selectable .. paths (which may be desirable for. similar resource 

allocation/connection), _the channel c;o4ers .may .be qesigned so th~t the amo~nt of 

-redundancy added to _the source cod.ed. data stream i,s higher for the lower .bit rate source 

20 coder and lower for the higher bit rate source coders. As· in the earlier example, the 

· particular codec mode selected for any-:given. data plock or frame is controllable by, for 

example. a mode control processor 76 and :m1,1ltiplexor 78. 

Regardless of. the= technique u~(j .at the. transmit side to provide .different codec 

modes,. in order to .be able to correctly :dec~e the ~ceived data, a receiver will need to 

25 ·know the codec mode .. used by the transµritter to. _;process any given block or frame of 

received data .. According to exempl~; emb9diJ11en~ of the present invention, this can be 

accomplished by transmitting ~. moq.e indicaJor:,from the tra~smitter to the receiver in 

conjunction with, or in advance of;' tbe: bloc.~ .or, frame of .data to which it relates. In the 

example of FIGS .. 3(a) and 3(b),.atw,o 1:>it mode indicator field would suffice to inform the 

30 receiver of the combination of speech coder and channel coder used to process data prior to 

transmission. Additionally, the receiver may u:ansmit a request for a particular codec mode 

to the,;,transmitter in the return , radio link or. the receiver may wrnsmit signal quality 
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. measurements ·associated with the downlink channel (i,e., BTS to 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 types of mode information. 

In . any event, since· the mode information is also communicated over the air 

interface between the BTS 2G 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 ove~ead (i.e., non-

10 payload data) transmissions and reduces the user-'s .. effective bit~- It is also desirable to 

-·maintain low coding delay so that codec modes can-~ ch~ged quickly tQ account for rapid 

changes in transmission channel conditions .. 

According to ·the above-identified, related p.itc11t application, these objectives may 

be achieved by encoding the .mode information with a relatively weak (i.e., with a small 

15 amount ·of redundancy),channel code.- In-FIG. 3(a), this is ex~xpplifiecl by. chapnel c_oder 54 

which employs a rate 1/C convolutionaH::ode,:,,,InJ'1-0.-:..1{b};:•this is e?{.emp_lified.by.a block 

coder 67 employing {8.2)· block coding. However;. the present i:nvention a_ddJ::esses the 

capacity consumption .. issue associated with the transmission . of. mode information by 

reducing the rate of change of certain mode information as _will .be described below. 

20 At the receiver side, as exemplified by the block di,agram of FIG~ 4, an antt?nna 100 

of the receiver apparatus, for-instance, receives radio signals over a certain radio channel. 

The· signals (e~g., data/speech messages) ·transmitted .. o:v~r this channel may become 

strongly distorted, for. instance due to.fading,, sc .that.the IDMA-bursts give rise to a highly 

-distorted speech frame. 

25 Demodulation takes place:in- the radio·_receiver -102 at a given radio _frequency (in 

the GSM-system 865-935MHZ) in,a·known manner, so as.to ob~n a baseband modulated 

signal. The signal· strength level(s) of th_e· radio signals inconµng to the radio receiver 102 

can be measured and are referenced Sm in FIG~· 4 .. · The baseband modulated signal is 

demodulated in the demodulator 104 within theIF-: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 ex.ample, 

the well known Viterbi equalizer can be ~sed for this purpose. 
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So-called soft information associated with the likelihood of. any given symbo1 

estimate ·'is. obtained from . the Viterbi equa1izer 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 

5 receiver, in a known manner. 

··The ·receiver- a1so inch.ides a mode indication decoder l 07 that operates to identify a 

codec mode based -upon received inode 1 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 

10 transmission. Exemplary techniques-.for implementing the mode indication decoder 107 

· can be found in·· the above-identified and incorporated by reference application an~ 

accordingly are not further described here.-

More ·generally, a· transceiver (either in a remote device or. at .the network side) 

according to· the present invention will include functionality for transmitting mode 

15 indication ·information, -transmitting mode request· information, rec.eiving mode indication 

information and recdvin}fmodel.'tequest.linfoimation as ,represented by the block diagram of 

Figure 5: Therein, RX __ data received,by a transceiver 116 on a first link is sep_arated 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 

· 20 to mode and-payload information·, a1though those,skilled in the art will appreciate that other 

types of information ·may be received by the transceiver. : 

If the received frame includes mode indication information, then that information is 

provided _to the-mode ·indication· decoder -1-22,:.which ·determines the codec mode used to 

encode the received payload data. The decoded mode indication information is provided to 

25 · multi-mode decoder 124 :so that properly decoded payload data, e.g., speech, can be output. 

If, on the other hand,· the received frame,includes::mode request information, then that 

information • is provided to the Jrtode, request decoder 126. The mode· request decoder 

determines the codec mode requested by the.· other transceiver (not. shown), which 

information is then forwarded to the tra.11smitter side of this transceiver. 

30 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 W)1ich, for 
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example •. speec?. encodes and-error co~~tion encodes moom.rng speed! fTames. Th-e mode 

information is ·a.1s0 passed to the mode ,~ 132' wmob .. ~es a mode iiEriv:ati"n to be 

· transmitted to the other t:ransceivei" (not.~-p~).on a second (rerum) link.~ r~:tifies 

· · the mode employed-by the multi-mode ~needer 130. Additionally, the transmit side of 

5 trapsceiver 116 includes· a measurement or codec niode request function 134 which, for 

example based on the measured quality on~ the- first link, provides a-mode :request OI · 

measurement information to be-transmitted on the second link.-- The·mode request, payload 

information and mode indication are presented to multiplexor 136 for selective 

transmission using well known techniques. ·e.g., modulation, upconve:rsiim, etc. 

According to exemplary embodiments 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 con.sumed by the transmission of 

mode information. on the other hand. is resolved by decimating the ~permissible change rate 

associated with mode-iilfonnation·and alternating the transmissions-of the mode indicators 

15 · and transmissions of the mode requests (or measurement· information) ... This can be 

accomplished in a ·nurriber::of 'diffei'-ento Ways taccoidingitof ixemplary embodiments of the 

present invention. · 

For example, the codeb 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 

20 only change at a decimated rate of once per· n· frames, where, fo1· example, n can be equal to 

-2 or a multiple thereof. Similarly; codec imode. requests ·gene~ted by the receiver can be 

subsampled with•a·decimation factor of n, the:result being that codec mode requests can 

only change · at a· maximum rate · of ·· orice pe..- n · frames. · · These constraints on the 

changeability of the mode indications. and mode requests,can. in turn be used to alternate 

25 the transmission of mode · indicatio!ls ar~d ·mode • requests whereby. the total bandwidth 

consumed by the transmission of mode information can-bereduced by a factor of 1/n. 

Consider the example· illustrated .. jn Figure 6. with respect to communications 

between an exemplary GSM mobile station 150 and base,station 152. Therein. the mobile 

station · 150 transmits inforniation to the base. station· 152 on the. uplink and receives 

30 information transmitted by the base station :on the downlink. For the purposes of this 

example, the alternating transmi~sion ·characteristic of mode information received by e.g .• 

transceiver 116,according- to the present invention is illustrated on the downlink. Therein, 
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the infonnationc contained in several consecutive channel frames (after deinterleaving to 

siinplify_the illustration) are·shown. Iri particular, in frame n, mobile stati9nl50 receives 

a mode request (:r..1R).from the base station lSO;indicatipg_the-cod~ mode with-which the 

mobile station should transmit·to the base station on the uplink. Since no mode indication 

5 is transmi~ted. in frame n. the mobile station contmues w decode infonnation using the 

codec mode indicated in frame ··n-l -(not shown).. }\nalogously, since no mode request 

information is transmitted in frame n+l, the mode request from f~T?le n remains valid for 

frame•n+l~ ~ · ~ ~ 

In.frame n+J, · however,. the base station 152 transmits a mode indication(MI) 

10 · instead of a· mode request. - Thus,; the mobile _station uses this mode information to switch 

codec modes· (if -a new codec mode is indicated) to decoq.e the payload information found 

in this (and/or a subse.quent) 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 ~ts transmit side 

processing as described above with respect to FIG. 5._ . J\s. indicated in FIG .. 6, each. frame 

15 may also include other overhead information ,in~luding, _for e;xample, synchronization 

· information. Those· skiUed:jni_;the:;art :wilt {t;i~ :a.pp~iate. that, altl)~>Ugh not explicitly 

described here, the mobile station 150 can similarly alternate trans:xajssions. of mode 

requests·and mode indications tcdhe. b~e,station 152,on the uplink. Moreover, although 

not explicitly illustrated in FIG. 6, note that the mode information .MI and MR may occupy 

20 the same bifpositions within each frame. 

In an_ even more spe.cific, yet purely illustµtjve _ example, _the mode information in 

the·previous example may comprise eight 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 indications on odd frames. -After·diag<>nal interleaving, _the.gross bits -belonging to 

25 each code_ word are distributed individually on -s~parate bursts, -~ereby providing optimum 

interleaving gain for .frequency hopping ch~el_s. : , . _ 

By transmitting the mode indicatioras-and mode requests, in mdy every other frame, 

for example, the total .bandwidth for transmitting these over~ead fields is reduced by a 

factor of_ two, . regardless of the -amount c;,f redundancy added by virtue of the error 

30 correction coding. The particular manner used to select _the ,altemating__pattem may, of 

course, be varied; For example, consecutive codec mode requests may be transmitted using 

frames ( l ... nl2)+k*n, where k is an integer value. Then, codec IJlOde indications would be 
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- transmitted-using frames (n/2+L.:n)±k*n. Alternatively, codec mode requests can be sent 

.. only using odd-numbered frames, while mode· -indications can be sent only using even­

numbered frames although this latter solution may increase the transmis.,ion dclay. 

·"· · -· : ' Since these exemplary embodiments. of the present invention provide foe attemating 

5 the transmission of mode indications and mode requests, it is important that some fomm of 

· synchronization -of mode' 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 synchronization for the mode ·information is to align the transmission of 

10 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 

{Slow Associated Control Channel) such that. e.g.~ mode indications are sent in even 

frames relative to· the SACCH while mode requests are sent using odd frames. 

Alternatively.when both lfoks·are active, it could be understood that the first transmission 

15 will always be a specified one of the mode request 'or·mode indication .. 

According to. other aspeets oCthe:..:present: invehtion,t.the usage· of discontinuous 

transmission (DTX) or voice operated transmissions (VOX) in some radiocommunication 

systems can be accounted for in•conjunction with. the·transmission of mode information. 

DTX and VOX are mechanisms for transmitting frames of-information only during speech 

20 periods while · the transmitter is switched eff during speech inactivity to reduce power 

consumption and interference.:. In two.;.way communication .systems employing DTX. there 

can thus occur the situations where· both linJr.s 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 

25 referred to as silence descriptor ·(SID) frames or comfort noise information, that allows the 

receiver to generate an appropriate. background noise output rather than the listener 

experiendng pops and cracks associated with a· complete absence of reproduced sound. 

However these SID frames are transmitted with a reduced frame transmission rate relative 

·· to active speech frames: 

·30 · In additioi1 to Sin frames, in the types of systems described above, mode 

information also needs to be transmitted. However. instead . of· altem~ting mode 

information as described above, the occurrence of inactive links can be recognized and 
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used by the system to further reduce the transmission of mocte informatiQn. . For example, 

mode-indications need nofbe transmitted for inactive links.since coded speech frames are 

not '.included therewith. Consider the:·case where-,a· _!llobil~ .station is not .currently 

transmitting to a base station on the· uplink, but is receiving speech frames (or other- 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 wit.11 trn:nsrmssiams to be made to it by 

· the base station on the currently active downlink. Analogously. on the acti~ link codec 

mode requests for transmissions- qn· the inactive; link do nQt need to be sent until the 

inactive lihk. becomes·· active ,again.• : Having eliminat~d the need to transmit mode 

IO dndications· 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, m~de requests 

can be repeated, e.g., on .every sent SID frame, on the inactive Ii,ik and .mode indications 

can be repeated on the active link, which leads. to improved cha~nel error protection. 

Alternatively, some other type of overhead information can -.be. transmitted during the 

15 omitted mode information fields ... _. · '. . .-· .. , ::. - . : 

: · In the ;situation, :where both Jinks·0are.inac.tive. transmission of. all mode information 

may be temporarily suspended ,pending reactivation of one, or both Ii~~ The 

corresponding tnnismission .capacity is then, free for,otlter .uses, e.g.,. the transmission of 

. other overhead information. : Alternatively,. mode reqµ~sts may continue to be transmitted 

20 on the inactive link(s) as indicators of the current quality of the channel. Then, when the 

inactive -link becomes active, these mode· requests can be use4 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 detennine _which codec mode. to use initially 

until the receiving· entity. begins· to. return :I1)9de requests jn the other link. Several 

possibilities exist .. For ex.ample; the-transmitting el!tity c~ use a predetermined n-th most 

robust codec mode, where n=l· •implies· 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 inactivity. 

-·. 
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Another alternative for post-inactivity selection of a codec mode is to ~""e !lhe same 

codec mode currently being used for the active link. For example, if a mobile station is 

inactive on the uplink and ·active on the dowrJink, a00ce: ·it prepares anotbec ·frailne b 

trartsinission on the· uplink. it cari ·selecf!the·cooec mode cunently being used m deooo\e 

5 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 uplink 

channel and the downlink ·channel in ·a duplex pair. As iri the previous exemplary 

embodiment, the 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 

10 solution is to employ, instead of the same. mode being used on the active link, a mode 

which is n modes more robust than the mode·befoifused:·on·the active lin~ e.g. the next 

most robust mode, assuming that a more robust mode exis'ts~ Taking the exemplary modes 

illustrated in FIG. 3(b~. if the active link is currently using a codec mode defined by the 

combination of sou"rce coder 62 arid rate C channel coder 70, then (for n= l) the previously 

15 inactive lirik ~o~ld use' the ne:h ·'most 'robust' codec mode provided ·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 ~herein the radio channel conditions are 

20 not rapidly changing. As in the previous exemplary embodiment. this technique can be 

varied by using, instead of the same previously employed codec mode, a codec mode that is 

n m~des more robust, e:g., the riext ··most robust mode .. · • . 

Although the invention has been described in detail with reference only to a few 

exemplary embodiments, those skilled in the art will appreciate that various modifications 

25 caii ~ made without d~parting 'ffom the: invention~ · ·For example. although previously 

described exemplary embodiments of the present invention alternate transmissions of mode 

i~forniatio~--~r decim.itirig .the'change rates, othertransrnission patterns may be selected . 

. Thus, the present invention·can"be implemented by sending a portion of both mode request 

information and mode indication information in each frame. Accordingly, the invention is 

30 defined ·only by the following claims whi~h are intended to embrace all equivalents thereof~ 
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WHAT IS CLAil\.fED IS: 

L -~ .· .. ,:A:m~thod f~r.:,.tran~mit~ng information on .a. first link and receiving 

,· :infonnaticm on a second link in a communication system co~ing the $1~ of: 

·5 · . , .. providing _at le?St ~w~. diffei:ent codec.mocips fo~ ~ sai_d information 

10 

in said sy$tem; , .. 

- . tra'.'lsmitting, jn at least one first f~e on said first link, a mode indication 

. identifying one of said at.-_least two. different cod~ modes whicq f:las been used to process 

said first frame of data; and .. 

trans~tting,.,in at .l~~t one second frame on said first link different than 

said first frame; a mode; r~u"?st identifying one of said at le~t two different codec modes 

· to be used to process information to_ be transmitted on said second link._ 
. . . . . . . ·' . 

2 .. , . The method of claim l, w~erein e,ac;:h of s~d at least two codec modes 

15 identify,both a source c~ing.techniqu,e,,and a .. cl1an1.1el codipg_t~hnique._ 
. , ... ·- . ' - .. • : .,. . .. . . . . . . ; ~ .. , ; . . . 

3. _The me_thQ<iofclaim l,_wherein saidmode request is channel measu!"~ment 

information which can be used, by .a transceiver to determine an appropriate one of said at .. • ... ' ' ·,: ' ' 

. : . least two different codec-_.modes ,for_ ,processi11:g_ info?Da,tio? to be transmitted on said 

20 . second link. 

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,, ~herein .said first step of transmitting further 

comprises the _step of: . , 

. transmitting said, m9~e indic'1tiori. in,_,said at le~t one fi~t frame including 
• • ➔ • ••• • • •• • • 

frames (n/2+1.~.n)+k*n, where k isan incremenJal frame number and n 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 nuri1ber and ·n is an integer . 
• >:. • 

7. The,inethod of claim 1, whetein •said at least one firsfand second frames are 

s even and odd frames. 

8. The method of cf aim 7, wherein said at least one first franie comprises two 

consecutive, evenly numbered frames. 

9. The meth~ of drum 7; wheteirf said at leasf one·'se~ond frame comprises 

two consecutive, oddly numbered frames. 

10. The methoiof claim 1, further comprising the step of: 

synchronizing said first and second transmitting steps to a time frame 

15 structure of other information transmitted by said communication system. 

20 

l L The method of claim 10, wherein said time frame stm.cture is a slow 

associated control channel (SA.CCR) structure., 

12. A system for transmitting information on a first link and receiving 

information on a second link in a communication system comprising the steps of: 

m~ans for p~oviding at l~t tW(>. different codec modes for processing said 

information in said system; 

means for transilllttiiig, 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 said first frame of data; and 

30 

means for 'transm.itti0:g~ in at ·1east one second frame on said. first link 

different than said first frame, a mode request identify) ng one of said at least two different 

codec modes to be used to process information to be transmitted on said second link. 

13. The system of claim 12, wherein each of ·said at least two codec modes 

identify both a-source codfng technique and a channel coding technique. 
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14.-.-. . The system of.claim lZ, wherein said mode request is channel measurement 
. - . .. . · .. 

information which can be used by a transceiver to determine an appropriate one of said at 

~~ast two different codec modes for_ processing information to be transmitted on said 
• • • • l 

5 second link . 

10 

15 

. l?. Th~ system ofcl
1
aim 12, wh_erein_ sai~ at l~t one first and second frames 

are consecutively transmitted . 

.. 16 .. 

comprises: 

. The sys~m of claiin 12, wherein said first means for transmitting further · ... •.• . . ; . . . .• 

means for transmitting said mode indication in said at least one first frame 

including frames (n/2+1...n)+k:4<n, where k is an increm~ntal frame number and n is an 
: ; . . . . . . , ~ . : 

integer. 

17. The system of claim 16, wherein said second means for transmitting further 

comprises: . 

means for transmitting_,~aid µiode request, ~nformation in said at least one 
> , • ~ : • • • • •• : fh? r 

second frame including frames (1...n/2)+k"'n, where k is an incremental frame number and 

20_ . n is an integer. -

25 

30 

18. The .system of claj.n1,.12., _w,herein said at least one first and second frames 
.· . . . . . . . . : .... ' -. ' . . ... · 

are even and odd frames. 

19. _. .The system of claim ~8,.\\'.Jle:c;ein sai~_at)eas~ one first frame comprises two 
. ~. . . . . . . . - •. . . 

cons_ecutive, evenly numbered frarI1es~ 

20. The ~ystem_ of c!ailll ,18, whe~~p s~d ~t least ~ne second frame comprises 
. ~- . -, -· . . ; . ' . - ~ . : - . . . 

two consecut~ve, oddly numbered frames._. 

21. The system of claim 12, further comprising: 

means_ for synchron,izing said first and se.cond tra~_smitting means to a time 

frame structure of other information transmitted by said communication system. . ,,1 ~:., 
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22. The system of' claim 2'1-, .wh,~rein · said .time fraQie_ structure is a slow 

=-~: associated control channel (SACCH) structure. • ·: . ._ ·, .-:: , 

5 23. A communication station comprising: . 

a processor-: for··ptocessing payload .information and mode· indication and 

requesflnformatiori; and 

a· transmitter for i-eceiving said payload information, said mode indication 

information and said mode request information from said processor and .for s~Iectively 

to transmitting one of said mode indication information and said mode request information in 

each frame in addition to said payload information on a· first comm.unication. link. 

24. · The coinmunicatior. station of claim 23, further comprising: 

a receiver for receiving -·mode indication information. ;node request 

15 information and payload information on a second communication link, wherein said mode 

indication information is· used byc<Said>prooessorr:tofdec~.,: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 

25 

30 

adapts transmission of said mode indication information based upon incoming payload 

information. 

26. -The method of clain11, furtfier:comprising the steps of:. 

determining that a data source associated with said first link is inactive; and 

halting the transmission of said. 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: 

transmitting said mode requests both during said at least one first and 

second frame during said period of inactivity .. 

Page 243 of 409



5 

15 

WO-00/16513 · PCT/SE99/01538 

-21-

28. The method of claim 26, further comprising the step of: 

·. 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 period 

of inactivity has ended. 

· 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 transmission on said first link after said period of inactivity 

· has ended~ 

30.· Themethodofdaim 26, further comprising the step of: 

using a codec mode which is n 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 .. · 

3-L The system:(;)f; claim· 12.~Jun~er,comprising: 

means for determining that a data source associated with said ~rst link is 

. inactive; and 

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 .. 

25 

32. The system of claim 31, further comprising: 

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,. furth~r comprising:. 

means for 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 period of inactivity has ended. 

34. The system of c_laim 31, further comprisipg: 

1il 
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means· for using .a .codec· mode . .which was use.d prior to said period of 

inactivity to process said infonnatioT? fonransmission on said firstli_nk_after said period of 

inactivity has ended. 

35. The system of clam~ 3 !, further comprising: 

· means for using a cod~~~ mode which :is n-_ inodee more. r~bust than a codec 

mode employed immediately before. srue.1 ~eriod of inactivity to process said information 

for transmission after said period of inactivity has ended . 

36. A method for receiving information on a first Enk_ in· a communic':1tion 

system comprising the steps of: 

·· providing at least two different codec modes for processing sai_d information 

in said system; 

receiving, in at least one first frame on said first link, a mode indication 

15 : identifying one of said at ·least two:different co.dee m9d~s . .w,hich has been used to process 

20 

payload data; and 

receiving~ in at least one• second frame. on said first link different than said 

first frame~ 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 coding technique .. 

38. The· method :of claim 36; wherein said payload data is contained in a same 

25 received frame as said mode indication. 

30 

39. · , 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 least one. second frame, continuing to process additional 

payload data.based on a previously received mode -indic·ation. -

41. The method of claim 1, wherein said first step of transmitting further 

5 comprises the step of: 

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. 

42. The method of claim 41, wherein said second step of transmitting further 

· 10 · comprises tlie step of: 

15 

20 

transmitting said mode request information in said at least one second frame 

including frames 2*(1...n/2)-l+k""n, where k is an incremental frame number and n is an 

integer. 

43. · · The system of claim 12; wherein· said :first. means Jor u:ansmitting :further 

comprises: 

means for transmitting said mode indication. in said at least one first frame 

including frames ( l ... 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 

secorid frame including frames 2*( l.~.n/2)-1 +k*n, where k is. an incremental frame number 

25 and n is an integer. 

45. The method of ciaim· 36,'-further 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_ lil)k during a period 

30 when said data source is inactive. 

46. The method of claim 45 • .:further.comprising th.x,A!fP of: 
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transmitting mode indications on said second link both during said at least 

one first and second frame during said•period of inactivity: 

47. The method of claim 26, further comprising the step of: 

using a codec mode which is n 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 ~om.prising:.-· 

means for receiving mode indications in every fuune on said second link 

10 during said period of inactivity on said first link. 

·49. · The S}'Stem of claim 31, further comprising: 

means for using a codec mode which is n modes more robust, than a codec 

_ mode used on said second link to process said information for transmission after said 

15 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 

20 during said at least one first frame, continuing to process said information to 

25 

30 

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 (TOMA) 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:. 

mea_ns 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 

·s has ended.· 

10 

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. 

56. The system of claim 12. wherein said at least one first and second time 

frames are time frames associated with the time f.nune structure of the employed source and 

channel coding processing. 

<, •,•. 
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- 1 -
Error contro1 method and apparatus 

FIELD OF THE INVENTION 

The present invent~on relaies t6 an error control 

method and apparatus for .p.erfoiming 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 a~knowledged, 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 cellular network.such as a GSM 

15 

(Global System for Mobile communications} or a GPRS 
' -

(General Packet Radib Services) network. 

BACKGROUND OF THE INVENTION· 

In a digital transrniss.ion' sys·t-ern, ~transmission errors 

occur due to noise·and distortion. There are two types of 

20 tran~missibn errors: random errtirs and.burst errors. Random 

errors may be caused by thermal noise. Burst errors-are 

generated during a fade in the rran~mi~~inn rhannPl. 

Tra~srnission·erro~s cari b~ detected by adding a redundant 

signal ( check bi ts) - to the· inforri1ation signal. 

25 

Upon detecting a tr~nsinissi6n error, there ~re two ways 

to· control the error. Ohe is· ·called ARQ (Automatic Repeat 

Request) and uses a ·feedback control to- request a 

retransmission of the' corrupted· data. The- other called FEC 

30 (Feed-fo~~ard Error Coirection)· uses~ feed-forward control 

to control the errors. 

In packet data networks; differ~nt transmission 

protocols are used to convey data via a transmission 

.. -~ - . .. , . 
~~-~a,u~•iY-<WO,.. :oiz!s~,Uu'sl>:.: · :---4---~~-----------~-~-~~~---------'--'-~-----,.~--,,.-~-,...,_ 
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- 2 -
channel ~ram a sou~qe_(t~ansmi~teF} to a destination 

(receiver). Transmission protocols are typically arranged 

in such a manner that-data to be transferred is segmented 

into a sequence of data packets, called Packet Data Units 

5 ( PDUs} w,hich- are then in~i v,i_dually transferred to the 

destin_ation where they are. ~inally reassembled by the 

transmission protocoL. 

Each PDU has a header_ and a data pari. The former 

10 contains inform~tion es~ential for the transmission 

protocol, such as .an eleme~t defining the destination 

and/or the sequence number by which the PDU can be 

identified, whereas the Latter contains a pi~ce of the 

actual data packet being .transferred. 

15 

20 

To achiev~.a reliable data transmission, the 
• • •• -• r 

transmission protocol has to assure that all transmitted 

· PDOs are_ received correctly _by the receiver. For this ,., 

purpose, the receiver sends acknowledgments to the 
• transrni tter whi_ch in _ t1:1~n .:retransmits the unacknowledged or 

negatively acknowledged_P~Us according to a specified ARQ 

scheme .. A widely used ARQ scheme is the so-called Go-Back-N 

method where the receiver ack~owledges ~~1- the PDUs up to a 

certain sequence number N. I!1 particular, t_h_e receiver 

25 sends the sequence number N ·up to which it has received all 

PDUs properly ad in OFder. ~f~~r receiving.such an 

acknowledgment, the transmitte~ continues the transmission 

starting from the specif ieci _se.quence number _N. During the 

so-called round-trip_delay, the receiver may have already 
•••• > • •• • • 

30 transmitted PDUs with segue.nee _nµrnbers larg-er than N. 

Nevertheless, the transmitter continues transmission by 

(re)transmitting the PDUs with sequence numbers N, N+l, 

N+2, ... , when receiving such an acknowledgement·. 

, 
.. -, 1r.:4·t~~~:;·:,'\' .. t/.'.t:J ;,~;-~-'1itu• .. 4..:. 
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In the so-called Selective Retransmission ARQ scheme, 

the_r~~eiver sends acknowledgment~ where t~e successfully 

received PDUs are_specifie~ base~ 6~ their s~q~ence 
. - . 

numbers. When ~e~ei ving such ~-n a~~nowled9ment, the 

5 transmitter tas to_ret~ansmit only the lost or erased PDUs, 
. .. 

whereby transmissi9n ~esources are saved. Thus, this scheme 

ha_s the high_est ef_fici~ncy. The Selective Retransmission 

ARQ scheme is _commonly_ used together with the so~c-all~d 

Sliding Window method. According to this method ·the 

10 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 ~cknowledged and spreads over K PDUs, wherein 

K denotes the size of the window. The receiver has a 

15 corresponding receive w~ndow and accepts only those PDUs 

having sequence numbers within the receive window. The 

receive window starts at the first POU which has '~ot been 

received and spreads over K PDUs ._ It can be shown that with 
• • • ; • • • ~, ,• , ~ • -• I 

a window size of K the transmitted PDUs can be uniquely 

20 identified for sequence numbers ranging from 0 to (2K - 1) . 

In the acknowle?gment messages, the successfully 

received PDUs are specified. When the first unacknowledged 

POU in the beginning oft~~ tra?~mit window i~ acknciwledged 

25 the transmitter qan _move its transmit window forward until 

the next unaGknowledged POU __ is . found. The-reby,. th
0

e 

transmission is slid over new PDUs which can then be 

transmitted. 

30 However, in case a transmitter using th~ Selective 

Retrans~i~sion ARQ scheme with the Sliding Window method is 

able to transmit_a considerable amount of PD0s within the 

transmit window during a roun~-trip delay of the 

transmission channel, i.e. a delay between the transmission 

Page 263 of 409



1· ••• 

WO 01/22645 PCT/EP99/06952 

- 4 -
of a Prid and the receipt of the corresponding 

ackno~ledgment -~ess.age, the transmit window may be stalled 
... , 

during th~ transmis~ion resulting-in a reduced throughput. 

In such a case,.all PbUs wiihin the transmii wiridow·ha~e 
, . . . 

5 been transmitfed ai ie~st once· ari~-the trarismitter has to 

10 

wait until the transmit window can be slid further. The 

probability of a ~tall~d-tiansmit window ri~es with the 

rate of erased PDUs within all-transmitted PDUs {Packet 

Erasure Rate, PER). 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to 

provide an error control metho~ and apparatcis by means of 

15 which the transmission throughp~t can b~ lricreas~d in the 

Sliding window method. 

This object;- is : achi~~~d ·:by:'. ~ri ~;ror ·• control method for 

a transmission chann"al I wher"ein a·· transmission of data 

20 units via the transmission channel ii controlled in 

dependence on the sequence number of a preceding data unit 

not yet acknowledged, the error ~rintiol method comprising 

the steps of: 

defining a transmit ·win.dew ·hased on the sequence number 

25 of the pr~ce<:fing data unit not yet 'ack~owledged; 

allowing the -transmiss{ori 6f a d~ta unit only if the 

sequence number.of the data unit lies within the transmit 

window; 

estimating a transmission quality of the transmission 

30 channel; and 
. . 

changing the transmis~ion rate of a~kno~ledgrnent 

messages in response· to the e~tirnated transmission quality 

of the transmission channel. 
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Additionally, the abov~_6bj~c~ ~s ~chieved by an error 

. -
control apparatus for perf?rming a controls~ as to allow a 

. . . . 

transmission of data units via a transmission channel in 
. . 

dependence on the seque~_ce ::umber 9_f a preceding data unit 
-•; . 

5 not yet acknowledged, the erro~ control apparatus 

c;:omprising: 

detecting means .for_ detecting a transmission quality of 

the transmission channel; and 

control means for changing the transmission rate of 

10 acknowledgment messages in response to the transmission 
- . 

quality detected by the detec~ing means. 

Accordingly, the retransmission protocol is made faster 

in poo~ channel conditions, whereas the amount of resources 

15 used for ackno_wledgment messages is lower for better 
. . . - .. . 

channel conditions. Ther~by, the retransmis~ion delay and 

t~e amount of resources requi~ed for the ~cknowle~~ment 

messag~s are ad~:~t:~d _.t~::~';;~ chca~d~~l '~-~-nd~tions~ t~ thereby 

optimize the ARQ scheme. The acknowledgment strategy for 

20 the Selective Retransmission ARQ scheme wfth the Sliding 

Window method can _thus be adapted to different and possibly 

changing PER values ~nd provides a good throughput without 
-

an excessive amount of transmitted acknowledgment messages. 

Acknowledgment messages are generated more frequently, when 

25 the ~ER is h~~h, wh~r~~s ~he ··~ck~ow.ledgrnent rat_e i:s reduced 

in cases of. lower PER values. Ther~by, trans~issf6n 

resources and_proces~i~g ?o~e~_can ~e saved without 

reduci1:1g the throughp.ut o_f. the primary transmission. 

30 The transmission rate of the acknowledgment messages 
. . 

may be changed in response to a data unit erasure or loss 

detected at the r_ecei ving end of the transmission channel. 

In this case_, the number of da_ta uni ts· which· have been 

successfully received may be counted~ the count value may 

(I 
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be increased by the predetermined value when a packet 

erasure or loss has be~n detf:cte'ci, and ~n a~knowledgment 

message may be transmit t·ed when the counter value exceeds a 

predetermined threshold value. Alternatively, instead ·of 

5 increasing ·the -count value by the predetermined value, the 

predetermined threshold value may be decreased when a data 
-·. 

unit erasure or loss has been det~cted. 

Thus, the receiver decides on the transmission timing 

10 of acknowledgments and is able to count· the data units lost 

or erased during th~ tiiii~mi~s{on. 

Alternativ~ly, the fiansmission rate 6f the 
- . . 

acknowledgment messages may be cha'riged in dependence on a 

15 retransmission of a negatively ack~owleciged data un'it. In 

this case~ the number of unacknowledged data units 

transmitted via the· transmi~::_~ion°·-~ha\1ne·1 may be cdunted, 
- • • • - : ~ ••• - --. •- I , • ; • :. , " ': •• f • , 

the counter vaii:ie.·rnay' be- increased be a .pred.etermined value 

when a negatively acknowledged data unit has been 

20 retransmitted, and a transmission of an acknowledgment 

message may be polled, when.the cpunter value exceeds a 

predete~~i~ed th~eshold value.· Alter~atively, instead of 

increasing the count value by the predetermined value, the 
. . .. _: -· 

predetermined threshold ~alci~-m~y be-·decreas~d-when a 
. . . . . ' 

25 negatively acknowledged data unit-has been retransmitted~ 
- . ~ 

Thus, the transmitter commands or·polls· the receiver to 

send-an-acknowledgment.message. This cail be done for 

instance by setting a predefined polling bit· provided or 

30 defined in the -h~ade~ of a tran·smitted data unit. 

In the transmitter iide error control as well as the 
. . . . . . 

receiver side error control, a simple algorithm easy to 

implement is thus provided. 
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Preferably·;- -the' predetermined .value _and/or the 

~redetermined thre2~--i value are adjusted based on a 

transmission rate~~ _ d~ta units~ .a size of the.transmit 

window and/or a iound-c. d~lay of the transmission 

channel: Thereby, the err~ control can· be optimized with 

respect to the characterist~: of the transmission channel. 

The detecting means may be · .,rranged to detect a data 

10 unit erasure or loss at a receiving end of the transmission 

channel, or may be arranged to detect a.negat±ve 

acknowledgment message received'at a- transmis~ion end of 

the transmission channel. 

15 In ca:se· of the. receiver side control, counting means 

for counting the number of data units which have been 

received successfully"/···:ia"nd -_comparing, means .for comparing 

'the . cou;;t vaiue obtained"" from <tlie 'C6unting ,means -with · the 

predetermined thresh6ld value may be pro~ided, wherein the 

20 control means may be arranged to increase the count value 

of the counting means by a predetermined value or to 

decrease the predetermined thre~hold value, .when a data 

un'it erasure· ·or loss has heen · detected by the detecting 

means, and to initiate· ·a· ·transmission of an acknowledgment 

25 message when the comparing result of the comparing means 

indic~t~s that th~ cotint value has exceeded the 

pr~determined thre·shold · va-lue. 

·1n·th~ tr~nsmitter :~id~-corttrol,: counting means for 

30 counting the number of unacknowledged data uni ts 

transmitted via the transmission channel and comparing 

means for comparing the count value of the counting 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~. ~hen a negatively 

acknowledged data-:. unit is retransmitted, and .to. poll for a 

transmission of an- acknowled_gment message .when the 

5 comparing -result of·· the comparing means indicates that the 

count value has, exceeded the predetermined t_hreshold value. 

Preferably, the control means is arranged to adjust the 

predetermined value and/or the •predetermine-ct threshold 

10 ·value based on a transmissiqn rate of the data units, a 

size of the transmit window and/or a round-trip delay of 

the transmission:channel~ 

15 BRIEF DESCRIPTI.O.N OF. THE. DRAWINGS. 

. :. In the follow.in_g ,.: :~h:€;·•:An"'i?'J~tlti_on ,~i~l be described. in 

greater ·detai:l .. 'on·. t.he -bas i~ ,of, a ,p.i;efe_rred embodiment with 

reference to the accompanying drawings, wherein 

20 Fig. 1 shows a b~sic block diagram of an error control 

apparatus. according -to.· the preferred embodiment arranged at 

the ~eceiving. side of the transmiss~on channel, 

Fig. 2 shows a:flow diag;-a~ of the receiver si.de error 

control according to :the. pref erred_ embodiment of the 

25 present .invention, 

Fig. 3 shows a. basic ~lock tjiagram of an ~rror control 

apparatus according to th~ _preferr.E:d embodiment arranged at 

the transmitting side of the transmission channel; and 

Fig. ·4 shows a_ flo~di~gram.~f a transrnitte~ side error 

30 control. according to . the •-pret~n;ed. embodiment. __ 
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DESCRIPTION OF THE PREFERRED EMBODIMENT 

The pre:-~~~ed. embodiment of the present invention will 

5 now be qescrir: :...::;; Cr? the _b_asis of an RLC (Rad_io Link 

Control} connection provided in a GPRS _network. 

An RLC connection is ~o~prised of two peer entities. 

Each RLC endpoint has a receiver which receives RLC data 

10 blocks. Each RLC endpoint also h~s a transmitter which 

transmits RLC data block~. Each_. endpoint's receiver _has a 

receive window. In an RLC ackno_w~edged mode, the receive 

windo~ is defined in such a manner th~t _the differ~nce 

between the_s_equence· number of the oldest data packet, i.e. 

15. RLC data b~ock, not. received and the sequence number of the 

next data-block expected to.be rece~ved is le~s or equal 

than a predefined wil).09.W.$i~e._A.l,l r~ceivetj. data bloc~s 
• :;: • .". l .: __ .'._,' •. ~. •., ·. -•. _-·, •~-· •• '. "; •' "· • 

20 

which meet this criteria are valid within the receive 

window. 

.Furthermore, each _endpoint's transmitter has a transmit 

window. In the RLC aGknowledged mode, the transmit window 

is defined such that the diffe~enc~ between the sequence 

number of the oldest data block not positively acknowledged 
. - ... ,- . ; ._ . 

25 and the sequeriGe number of _the. next data block. to be 
. ,' -· ... 

30 

transmitted is less or equal to the pr_e_,ctefined window size. 

All data blocks which meet this criteria are valid within 

the transmit window. 

In the_present GP~S-~etwork, one connection endpoint 

may be a mobile station and the oth~r endpoint may be a 

network element such as a PCU (Packet Control Un~t}. 

,'BNSoq:::10: <WO 0122645A 1.J :. 
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Each RLC endpoint transmitter has an associated 

acknowledge ~state array indicating·· the- acknowledgment 

status of the previous RLC data blocks within the transmit 

window. The array i~ iridexed r~lati~e to the oldest data 

5 block not positively ackhowledg·ed (unacknowledged data 
. . . 

block) or relative to· the ·starti.ng sequence number. The 

sequence number of the next data block to be transmitted 

is updated based on the content of a received packet 

acknowledgment message. r·f a received packet 

10 acknowledgement message has indicated that some of the data 
. . 

blocks ·have to be retransmitted, then the RLC.endpoint 

tiansmitt~r r~trahi~{fs ne~atively acknowledged data blocks 

at first; starting from the oldest one; and then returns to 

the o~iginaI t~ansmission order.· If- the transtni t window is 

15 stalled, then the RLC endpoint transmitter may retransmit 

the unacknowledged data blocks starting from the oldest one 

until the wind~w·ban be· slia·tu~i~ei~ 

In the uplink direction, a packet uplink acknowledgment 

20 message is sent by the GPRS network to the mobile station 

in order to indicate the ·status of the receiv.ed RLC data 

blocks .. This mes~age may ~lso ~pdate the timing advance and 

p_~wer control par·ameters .. In· the ·downlink direction, a 

packet ·downlink ackriowledgrnent· message -is-sent from the 

25 mobile · stati.on t~ · the ~etw~rk · t6 ··1ridi:cate · the status of 
.. . -

downlink RLC data blocks received and·to report·the channel 

qualit~ of the downiirik ~h~nrt~i~· 

Each RLC endpoint receiver has an associated sequence 

30 number of the oldest data -block: not received. This sequence 

number may be set to the· value O at· the beginning of· each 

transmi~sion iri which the RLC endpoint is the rec~iver. 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-r~~eived, if all RLC data blocks within the receive 

window have been received properly. 

Each. RLC e_n_dpoint receiver has an associated receive 

5 state array indicati,ng the r~c.e_i:'e· _status of prev_ious RLC 

data blocks within.the, receive window. The array is indexed 

relative to the sequence number of the next data block 

expected to be received. When an RLC data block having a 

sequence number withi~ the receive window is received, the 

10 corresponding element of the 0 re~eive state array is set to 

the value RECEIVED.· When an element falls _outside the 

active receive windo~, the .. corr~sponding eletient is set to 

the value INVALID. Thereby, the.receive window is moved 

forward during the transmission. 

15 

According to the preferred embodiment, a str_at_egy for 

gen~rating ._acknow.l~qgn\~P:1;., .r:n_e __ ss~g~s is ,implemented, wherein 
• .• •. • .- • .,. - --~ ~• - . .... -· l • . ' • • • : - ·• •-· , . • • . .• . 

the rate of tr~nsmitting:ackno~iedgmen~ ~essages is chang~d 
' . ,. ~ -. ~ }. ·.'" . . 

on the basis of th~ transmission quality of the 

20 transmission channel~ e.g. the RLC connection. In 

particular, acknowledgment messages are generated more 

frequently when the PER is high, _and the acknowledgment 

rate is reduced when th~ PER.is low. 

25 In the following t~o alt~rnative examples for 

implementing the above sFr.ategy are described. 

According to, the. first, examplE=, a recei v.er side error 

control is performed,, wherei~ ~he RLC endpoint receiver 
. .. . . . - . 

30 decides when an acknowl~dgment shall be send and is able to 

count the data blocks _lost pr erased during the 

transmission. This means that the rece~ver has to have 

khowledge -0f the data blocks to ~e received pr 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. 

fig. 1 sho~s a blo6k"diagram· of a receiver at an 

·5 endpoint of an RLC: conn'et:.tion.: ·It is t·o· be· noted that only 

those blocks o·{ the receiver which are 'essential to the 

present invention are shown · in Fig. f~' 

According to Fig. 1, · the receiver comprises · a 

10 transceiver {TRX) 10 for rede·i ving data blocks transmitted 

via the RLC connection .cirid'· for transmitting acknowledgment 

m~ssage~ g~n~rat~d by ari-~cknb~ledgment message generator 

16. The received data blocks are supplied to an· error 

detector 11 arranged for detecting a lost or erased data 

15 block. This may be achieved on the basis of the sequence 

numbers of received data blocks, the recep"tion timing of 

r·eceived .data blocks,"th\l"re~e·iv~{ state array, o:r the like. 

The rece.ived d~tl'hicibki( ift-~· :then suppi1.ed t'o• a decoder 12 

20 

for decoding the data blocks a'ccording to a { higher level) 

protocol used-~or sup~lying the data to a dat~ sink. 

Furthermore, the ·receiver comprises a ··packet counter 14 

which is initialized at the beginning of·~ transmission. An· 

error control unit 13 controls the packet counter 14 so as 

25 to be inctemerited by ~~e-~hene~er an informaticin indicatirig 

a successful receipt: of --"a_ data· block has been supplied from 

the error detector 11 to the error control unit 13. The 

control 6f the packet totititer· 14' ma~ be ~erforrned by 

supplyin~ ~cunt pulse~ br the iike theieto. Whenever a lost 

30 or er~sed data block· i~ defe6fed:by th~ error detector 11, 

a correspondi~g ·infor~ati.on is · appl'ied to -the error control 

unit 13 ~hich s\~bseque~tiy .controls the pac-ket ·count~r 14 

so as to be i~cf~ased by (1 + W), where·W denotes a 

weighti~~ par~~ete~ large~ than 0. 
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Furthermore, a comparator 15 is provided to which the 
. -. 

count valu~-of the packet cou~ier.14 is -supplied and which 

compares the·count value with a predetermined threshold 

5 value T supplied from the error control unit 13. The 
: - . 

comparison result is supplied to the error control unit 13. 

According to the above arrangement, an error processing 

unit 1 consisting of the blocks 11, 13, 14 and 15 is 

10 provided, which detects lost o~ erased data blocks and 

which controls the_ acknowled~~nt m.~ssage generator 16 so 

as to generate an acknowledgment ~essage wh~n~the count 

value of ~he _packet counter 14 ~_xceeds the pr~de_terrnined 

th~eshold value T. T~ achieve this, the error control unit 
. . 

15 13 is connected to the acknowledgment. message generator 16. 

in. order to suppl_y a cont_rol signal for initiat_ing the 
. . 

generation of an acknowledgment message. 
. • ·- . • '~! ;:~ -. :;· ::.1-: # .... ;-: ·~:;. ·:.~ :-_~ ; :"". ;~;-: ·: :.: " • ••• 

The parameters W and T ~ay be adj ust_ed separately for 

20 various system~ based on their transmission rates, window 

sizes and round-trip delays. This may be performed by the 

error control unit 13 based on a corresponding e~ternal 

information or an initi~l.J2rogramrning of the error control 

unit 13. 

25 

In_the following, the error control operation according 

to the first example of the preferred embodiment will be 

described on the basis of a flow diagram shown in Fig. 2. 

. . 
30 At the_beginning of~ tr~nsmission, the packet counter 

14 is initialized (S100), then the transmission is started 

in step S~Ol. Thereafte~, the error control unit 13 

determLnes in step S102, whether the error detector 11 has 

indicated the successful receipt of a data block. If so, 
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the error control unit 13 supplies a control signal to the 

packet ·counter 14 so. a·s to increm'ent the count value 

(S103). If the error-detector 11 has detected a lost or 

er~ied data block; i.e. the conirol u~ii 13 determines in 

5 step s102'that the data block has not been received 
,· . 

successfully, ·1t·controls the.packet counter 14 by a 

corresponding control signal so as to increase the count 

value by the value· 1 +·w. 

10 Thereafter, the error control unit 13 checks in step 

15 

20 

S105. whethe·r·- the comparator I'S. indi.cates that the threshold 

value T·~is b~eri ~xc~eded~ or· not. If so, th~ coritrol unit 

13 initiates .the transmission of an acknowledgment ·message 

by the ackno~ledg~ent message geneiator 16 ·(s106) and 

resets the counter 14 (S107). If not the control flow 
' ' . ~ ' . 

~roce~ds to step S108, wher~ it i~ ·ch~cked wheth~r the 

transmission en"d •i-ia·s -b'ee·n ·-'.iJ'~th~'ct: or ·not· .. :If the 

transmission is not yet finished, the control flow returns 

to stei S101 in ·order to check for th~ stic~~ssful receipt 

of a new data block. Otherwise, the control procedure is 

terminated. 

According to a second example of the preferred 

embodiment, the error control may be performed at the 

25 transmitting end of the RLC connection, wherein the 

transmitter polls the receiver to·send an acknowledgment 

message. 

Fig. 3 shows a basic block diagram of a transmitter at 

30 an endpoint of an Ric c6nn~ctlori~ It is to be noted that 

only those blocks of the iransmit~er, which are essential 

to ~he present invention are shown in Fig. 3. 
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According to Fig.· 3, th~ transmitter comprises a 

transceiver (T-RX)· 2-0 arranged to transmit data blocks 

·supplied from an .encoder 22 to the RLC connection, and to 

,;r·ecei ve acknowledgment messages· from a recei ve-r · arranged at 

5 the other end of· the RLC 1 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 ar~ supplied to an error 

detector 21 arranged for detecting negatively acknowledged 

10 data packets to be retransmitted. The detection may be 

performed on the basis of the status information included 

in the recei v.ed acknowledgment message,. the a·cknowledge 

state array, or the like. The·.error detector- 21 supplies a 

corresponding dete~tion information to an error contiol 

15 unit 23 arranged for coritrolling a packet counter 24 by 

supplying· a corresponding control information, e.g.. control 

pulses, based on the detection result. Furthermore, the 

error control unit 23 is-connected·to .the encoder 22 in 

order to receive an information indicating the transmission 

20 of a new, i ~ e. unacknowledged, data packet. 

In -particular, the error r("')nt- rnl _ 11n i -t- 23 p,::,.r-rr,rmc: ;:in 

error control in such a manner that the packet counter 24 

•is incremented by.one whenever an~unacknowledged new data 

25 packet-is transmitted by the TRX 20.-However, 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 a·s. to increase. the count value by. ( 1 + 

30 W). 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 predetermined threshold 

value T supplied from the error control unit 23; The 

comparison result is supplied to the error control unit 23 

Page 275 of 409



\, 

WO 01/22645 PCT/EP99/06952 

· - 16 -
which controls the encoder 22 so as to poll an. 

acknowledgment ·message from th.e receiver at the ·other 

connection end, when the count value.of the packet counter 

24 exceeds the given thresnold value .T. Furthermore, the 

5 error control·"unit 23 · is• ·arranged to reset the packet 

·.counter 24 after each polling operation~ The polling may be 

performed by controlling.the en~oder 22 so as to set a 

10 

- predetermined polling 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 me$sages from the 

receiver at the other connection end by, commanding or 

15 poll·ing the receiver based on .the received acknowledgment 

messages. 

As an· al-ternative,··' the ·error detection function may pe 
privided in a kind of scheduler which supplies the data 

20 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. a·cknowledged .. data block or a transmission 

of a new .unacknowledged data block. This information may be 
C • 

2s·· fed to the ·error control unit 23 whenever a· data. block is 

transmitted. 

In the folltiwing~ the:error. control operation according 

to the second.example is described on the basis of a flow 

30 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_ errqr co~trol unit 23 checks whethe,r 
: . ... . . 

a negatively acknowledged tjata pa~ket is retransmitted, 
. .:. -

based on the in~ormation supplied fr9m the error detector 

5 21 and the encoder 22. If not, i.e. in case an 

unacknowledged data packet is transmitt.ed, the packet 

counter 24 is incremented by one in step S203. Otherwise, 

in case of a retransmission of a negatively acknowledged 

data packet, the error control unit 23 controls the packet 

10 counter 24 so as to i~crease t~e count value by (1 + W). 

Then, in step; S205, the error control unit 23 checks 

whethe_r the predE:_t.erm_ined threshold T has been excee_ded by 

the count value. If so, th_e error control unit 23 controls 

15 the encoder 22 so as tp poll the receiver to send an 

acknowledgment message (S206). Then, the error control unit 

20 

23 controls. th:e ,P.ac.k-:e~~;:~~~H-~7tE;;r..n~~4 i--~/~T,-~s }O reset _its count 
value {S207). 

If the threshold value_T is _not exceeded in step S205, 

the flow advanc~s to ~tep S208 where the Jransmission_ end 

is checked. If the ~ransmission has not yet terminated, the 

flow returns to step S202 where the retransmission of a 

negatively acknowledg~~ packet is checked_again. Otherwise, 

25 the control. prqcedu~e is ter~inated. 

Also in the second example, the parameters W and.T may 

be adjusted separately or_. in,. compination by the error. 

control unit 23 for varipu;s syst~ms, . b_?sed on their 

30 transmission rates, windo_w sizes and/or rountj-trip delays. 

A corresponding ·system information may be externally 

supplied to or.programmed into the error cont~ol unit 23. 
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As an alternative to the above described error control 

performed in the first and the second example, the control 
. ' ., ' :· 

un~ts 13 and 23 i:nay be arranged-to-decrease the· 

predetermined threshbld ~~lu~ T by a ~re~etermi~;d-- a~6~nt, 

5 whenever a lost or er'~sed· ·ct1ta··packet >is detected, or, 

respecti v·~ly, wh~never a n·egati vely acknowledged data 

packet is retransmitted. In thls c~se, the packet counters 

i4 or 24 not nece~~arily h~v~ t6"be increased by (1 +·w). 

. . 
10 Accordingly, the· number of frames transmitted between 

15 

successive acknowledgment messages is made dependent on the 

ch~nhel quality. When the channel qbality is poor, the 

ackno~ledg~ent m~ssaies ~re tians~iit~~ mo~e frequen~ly, 
. -

whereas the transmission rate of the ackhowledgment 

messages is decreased when the channel· quality is higher. 

It is to b~ -riodid "th~t: "jtri-'€ error 'control functions 

performed by the respective blocks of the eri6~ processing 

unit 1 depicted in Figs. 1 and 3 may as well be implemented 

20 by correspcinding software routines stored in a program 

memory and exetuted-by respectiv~ mikroprocessors (CPUs) 

arranged in the transmitter and receiver. 

In summary, the· inve~tibn r~iates· to· an error control 

25 method and apparatu·s for· 'performing a control so as to 

allow a transmission of data units via a transmission 

channel independence on °th~ sequence number·of a preceding 

data unit not yet ack:ribwledged·, wherein . the· transmission 

rate 6i a~knowledg~ent fu~~s1i~s:is c~~nged in res~dnse to 

30 an estimated· t.tan~missi·on ·quai'fty of the transmission 

channel. Thereby, the-ieirans~ission protocol is made 

faster in poor channel conditions, where~s 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 trans~it~~r side, wherein the transmitter 

~ ♦ I• - • 

commands or polls the receiver to send an.acknowledgment 

message. The channe_l qua~ity may be determined by detecting 

a ~etransmission of negatively ~cknowledged data unit~ 

5 Alt~rnatively, the error con~rol can be performed at the 

receiver side, wherein the receiver decid€s when an 

acknowledgment shall be sent and is able to count the data 

units lost or erased during the transmission to thereby 

estimate or detect the channel quality. 

10 

It should be understood that the above description and 

the accompanying figures are only infended t~illustrate 

the present invention. Thus, the error control method and 

apparatu~ according to the present invention may also be 

15 used in other cellular or non-cellular data networks. 
. -

Furthermore, the estimation of the channel or transmission 
. . ~ . . . : 

quality may be performed o~ the _basis of other parameters, 
• 4. :-. f : ,--:, ::1 .:-· ·: .,_•: :~ ~ .L t::' :-:_: _:. r ·; :., .- : .. -· . -· : . · 

such as an SIR {Signal Interference Rate), an Eb/No rate, 

or a corresponding information derived from the received 

20 data units. Moreover, the data unit may_be any data packet, 

frame, cell, octett or part of data packet (e.g. TCP data 

unit) which can be acknowledged. The present invention may 

thus vary within the scope of the attached claims. 

25 . 
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1. An error conti:-.01 · method for a transmission channel, 

wherein~ transmission of data units via said transmis~ion 

5 channel is co.ntr:olled in. 'cie.pendence on the se.quen.ce· number 

10 

. . . . 

of a preceding· ·da.ta uni_t ·not yet acknowledged, said error 

control method c·omprising the steps of: 

a) defining a·transmit ~indow based on said sequen~e 

number of said unack.nowledged preceding data unit, 

b) allowing the transmission of a data unit only if the 

sequence number of said data unit lies within said transmit 

window;· 

c) estimating a transmission quality of said transmission 

channel; and 
. . . 

15 d) changing the transmission rate of acknowledgment 

messag~s ·in res~onse to said esti~ated transmiisicin quality 

of said transmlssio~' channel: L-:_,; 

2. A method according to claim 1, wherein said 

20 transmission rate of said acknowledgment messages is 

changed in response to a· data.unit erasure or loss detected 

at the receiving end of said trans~is~ion channel. 

3. A method according to claim 2, further comprising the 

25 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 

30 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 
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message .when the GQunt va,lue ~x~eeds i?. prede.termined . 

threshold.value; ~ng decr~astng said.predetermined 

threshold value when a data unit e~asure or loss has been 

detected. 

5. A method according to claim L, wherein said 

transmission rate of said acknowledgment messages is 

changed in dependence on a re~ransmiss~on of a negatively 

acknowledged data unit. 

- 6. A method according to claim 5,.·· further comprising the 

steps of cqunting . the number of un~c,kr1owledgeci data uni ts 

transmitted via said transmission channel; increasing the 

count value by a predetermined value.when a negatively 

15 acknowledged data uni~ has:been retransmitted; and polling 

for a trarismission ot .an:ack~owledgment m~ssage:wh~n_said 

count value exc~E!ds_:A:··Pii~¢eE~~mi~~d f0:;:eshol0. value. 

7. A method according to claim 5, further comprising the 

20 steps of counting the number of unacknowledged data units 

transmitted via said transmission channel;_ polling for a 

transrnission of count 

value exceeds a predetermin~.d threshold value; and 

decreasing said predetermined threshold value when a 

25 negatively acknowledged data unit has been retransmitted. 

8. A method ~ccor~ing to clai~ 3 o~ 6, wherein said 

predetermined value is adjusted.on the basis of a 
. . . ' . :: : ~ . . . -. 

transmission rate. of said data units, a size of said . . . . . . . ' 

30· transmit window and/bra !ound-trip ~~lay of said 

transmission channel. 

9. A method according to any one of claims 3 t6· s; 
wherein said predetermined threshold value is adjusted on 
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the- basis of'. a' transmission rate of ·-said data units,. a size 

of said transmit win~o~ ind/or-~ rofind-trip delay·of said 

transmission channe'l~ · '·:, 

5 10. A method according to any one of the preceding claims, 

wherein said-tr~n~missl6n channel is an RLC connection for 

transmitting" 'RLC · data blocks· in an uplink or downlink 

direction of a GPRS network. 

10 11. An error control apparatus for performing a control so 

as to allow -a transmission of ·aata units v·ia a, transmission 

channel in dependence ori the sequence number of a preceding 

data unit not yet a6knowledged, said error control 

apparatus comprising: 

15 

20 

25' 

a) detecting 'me·ans (11; -21) -fo.t detecting a· transmission 

·quality ·6f s~id transmis~ion°ch~nnel; and . 

b) . control' ·'means '(l::3; '123)' ~= foi<;chariging the transmission 

rate of acknowledgment messages in response to the 

transmission quality detected by said detecting means. 

12. An apparatus· according t~ claim 11~ wherein said 

detecting means (~1) ls aiianged to ·dete~t a data ·unit 

erasure or loss ~ta receiving ·end of said transmission 

channel. 

13. An apparatus according to claim 11, further comprising 

counting means (14) ·tor ·counting the number of data units 

which have been recei ve'd succe·ssful·ly ,· and ·comparing -means 

(15) for cornpaiing' the 26unt .· v~lue>obtziined from said 

30 counting means (i4) with a .predetermined thieshoid'value, 

wherein said control means (13) is arranged t6 increase the 

count _value of said counting means (14) by a predetermined 

value when a data unit erasure or loss has been detected by 
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?aig 9-etecting means · (11)· .and_ to·· initiate ·-a transmission of 

an acknowledgment .-·roe-ssage. wl}.en the comparing result of said 

comparing means {15_) indicates that the count value has 

exceeded said predetermined threshold value. 

14. -.An app~ratus · according to claim 12, further comprising 

countjng_ mea.ns (14) : for:. counting. the number of data . uni ts 

which have been received successfully, and comparing means 

(15) for comparing _the count va~ue-obtained from said 

10 counting m~ans (14) with a predetermined threshold value, 
-

wherein said control means. (13) . is' a-rranged t,s>·· decrease 

·said predetermined threshold value when a data unit erasure 

or loss has been detected by said detecting_means (11) and 

to initiate a transmission .of·an acknowledgment-message 

15 when the ~ornparing result of said comparing means (15) 

indicates that the count value has exceeded said 

predetermined·. thresho:J.d v:a~lu:e"'.: ,. :.:·-,.::··:· ::· _ 

15. An apparatus according to claim 11, wherein said 

20 detecting means (21)· is arranged to detect a negative 

acknowledgment message reeeived at a transmission end of 

said transmission channel. 

16. ·-. An apparatus according 0 to :-claim 15, further: comprising 

25 counting means (24) for counting the number of 

unacknowleged data ~nits,transmitted via said transmission 

channel; and cornparing~rne~ns (25) for comparing the.count 

value of said counting means (24) with a predetermined 

threshold-value, wh~r~in·said ~bhtrol rne~ns (23) is 

30 arranged to ~ncrease the count value b~ a predetermined 

value when a negatively acknowledged-data unit is· 

retransmitted, and to poll for a transmission of an 

acknowledgment message when the comparing result of said 

. 

V 

~-BNSt30Gl0'."'<W0---0122645Act::I::,,•~-.-... •. "", -----~--------------~--~---+-'---...,.----~-~ 
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comparing means (25) ind~cates;that the count value has 

e:Kceeded.said .predetermined threshold value. 

17. An apparatus_: according to .claim 15,.: further comprising 

5 counting means (24) for counting the number of 

.unacknowledged data units transmitted via said transmission 

. channel; and .,comparing means . . (25) . for comparing the count 

• ·value of said counting means (24) -with a predetermined 

threshold· value, · wherein said control means (23) is 

10 arranged-to decrease·sa~d predetermined threshold value 

when a negative, acknowled~ment 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 

15 has exce~ded sa'id predetermined threshold value. 

18. A apparatus according bo. clairtL·l3: or: 16,, wherein said 

control means (13; 23) is arranged to adjust said 

predetermined value based on a·transmission rate of said 

20 data units, a size of said·transmit ~indow and/or a round­

trip delay of said transmission channe~. 

19. An apparatus according to any one of claims 13 to 18, 

wherein said con~roL-~eans. t13; 23) is arranged to ~djust 

25 said predetermined.threshold val~e 'based on a transmission 

rate of said data· units,:,a .size.:of said transmit window 

and/or a round trip d~lay.of said transmission channei. 

20. An_ apparat_us. accqrding to. claim 16 or _27 ~ wherein said 

30. control means (23) is arranged to perform 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. 

.. ·•·· -. .--·-· -~-' - .. 

" 
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The present invention provides a method and apparatus for more effectively monitoring the quality of a traffic channel in a 
communication system, and in response, modifying transmission coding or data transmission rates, or both. This permits improving 
communication quality and increasing data transfer rates in digital wireless communication systems. The present invention provides a 
channel quality estimator to determine and evaluate the bit error rate {BER) of a signal on a control channel. An estimation of the quality of 
the traffic channel is made based on the quality of the control channel signal. Accordingly the processing and control circuitry of either of 
a mobile station or a base station adjusts the error correction applied to traffic channel transmissions. The traffic channel data transmission 
rate may also be modified based on the control channel signal quality. 
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TRAFFIC CHANNEL QUALITY ESTlMATJON DERIVED FROM A DIGIT AL 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 quality based on evaluation of a control channel. 

Background of the Invention 

Wireless communication systems continue to experience rapid growth to meet the needs of cellular teJephone 

users. The demand for wireless communication has increased the number of users attempting to gain access to the 

10 system and has placed higher expectations on the clarity provided by wireless communication systems. For 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" calls to be at a minimum. 

·The expanding wireless systems places a premium on existing cellular sites, and in particular, the available 

bandwidth or bit rate capacity of each base station. The limited number of suitable locations at which cellular sites 

15 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 traffic channel and of at 

20 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 tink· 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 

location, in-coming call traffic control, billing information, and security verifications. Similarly, control channels often 

25 provide paging or broadcast services. The amount of data exchanged ~ver the control channel is relatively 

insig'nificant compared to the'amo~~t' of data exchanged over the traffic channel. However, the control channel is 

very; robust because of the importance of t_l)e control channel: ,Although not the focus of the present invention, these 
. . . y . . 

30 

35 

safeguards may include extens,ive· redundan'cy in the form of block-coding and convolutional coding. The extensive 
' .. '. 

;edundancy associated with the c~htrol ch~nnel provides robust e~ror detection and correction. 

~'.: Summary of the Invention 

A mobile station is typically configured with a fixed bandwidth or bit rate. The communication system 

· assigns th~ total bit rate based on a system standard. This total bit rate does not change regardless of channel 

quality, and is typically selected for worst case or near-worst-case channel conditions. Accordingly, the m"ximum 

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 

. r.hannel frame success rat\'!; signal strength, bit error rate on the ·traffic channel. and the frame ratio. However, the 
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traffic channe_l p~ovi~es .. an. un{eliable channel_ qualjty indicator due to its high incidence of noise. for example, noise 
. ~ . ,. ,._ ' ... . - . ,. . . -

.· Qr S!a_ti~ ;~V~~ the t~afJic ~h~n~el aicpost. alw~y~ exists. Likewise, a plura!ity_~f int~ce !(eTeF.iE1,mgsimces exist, 

su_ch ~s _c~_.passing -~ru.c~, a~ u~derpass, _or. ~~~-.-~c;tromagnetic intelfereace whida .im! w&ei0:11 m si.ass 
• • • ..,; • • ·-· •• ·- ... .... • -l ~ • • ~- .; ~ : • 

comn:,ynicaJio.n. The high in~id(!_nc~ o_f int~rference .on the traffic cha~-~ with a generaT!y sma» degr:e-e of 

5 . error corrett~:1 (redundancy)_ on the .traffic. channeJ h_ind~rs iJs employ as_ a reliable channel quality indicator. 
. . . .. . . --...... i. . . . ....... ·-

The :·· .,_:~!Ors recognized the. n_ee_d. for a_ m~r,e reliable _and ~~r;urate method af evaluating th2 qlli!&y 0l tbe 

traffic channel to t~•J more flexibility in the ;yst_em,. such a~ e11abling m_od.ifying the channel coding andlor 

permining a higher bit or lower bit r~te. 

The prese_n~;inventi9n provides a method and apparatus for use in a digital communication ·systems, such 

10 , as GSM, to more accurately, evaluate, the traffic channel _quatity, __ ami i!' response, modify the channel coding used 
. . . ' . -· . ' . . 

during the transmissioo of speech da,ta or rpodify the channel Cllding _andfor the effective bit r.ate on a traffic channel. 
• ·- • • • • • •. • • •1 • ' 

t • -. 

The present invention provides_.an improved method an~ appara~us for evaluating the traffic channel quality. 
. . . ! '. ~ • ~. .. . .• . .. : . 

An associated contr.~I ch~nn~Lis _ p_~esJ!nt ~uring an active speec!l call , or. acti!,'e -~~ta transmission. Because the 

15 ~ontrol channel is very robust,. th,e control channel quality is very predictive of the_ actual channel quality of the . . . . . . ~ ·- . .· ' . . ·. '. . . 

traffic channel where the traffic channel and the control channel are rel~~~d. su~h as by_ frequency, or otherwise 
. . : ~ .·..... _:;. ' , .. 

experiencing similar interf~~en~e a~d J_~din~: 111, :other_ ~ords, the efficacy of a channel quality determination based 

on the control. i:hannel is reli~bl~. ~eca~s~ cm. the. cQntrol _chimnel _sp_u_ri9!JS noise is l~ss likely to provide a non-reliable 
' - .•.. •. "- . ;_ - • :, •. ,r..i . -: .... _. :., ·-•. :..-:_,.', -· .• . . ~- .: -·:::-; • • ; , . . • • • 

indicator of steady-statP. i;hanging. ch~_nn~I: qu,ality. __ ~4rin~. ,an. ~~tiy_~_,.vojc~ or _d~ta. call, the associated control 

20 channel, such as the Slow Associated Control Channel in a GSM comm!Jnication system, is monitored to obtain an 

estimation of gross bit error rate (BER). The BER of the control ch~nnel is calculated by re-encoding the successfully . . . . . - ... . ·.. . ' 

decoded information bits and comparing them to the received bits. In a preferred embodiment, BER rate is only 

calculated if, a PASS result from ~lock d~c.oding. , The estimated BER, which may be filtered, is then used to 

determine the control channel quality. The quafity of the control channel can then be appl_ied to the traffic channel 

25 · ... g1nd _us~d to_ sele~t channel coding .. for the .. .t_raffic channel which max~izes the efficient use of system bit rates 
• . :. . : - · •• • ..,, - ~ • . • . • r • • • • •· - • • 

30 

without significantly degrading the speech quatity. The determination of the traff_ic .~hann~I quafaty from the control 

. channel estimated a ER can be .ma~e, by pr~set_ th!~sholds or var\able, thresholds. Where the control channel and 

traffic channel are related such that the control channel experiences similar int_e~erence t.o the traffic channel, as 

in most cases,. the. control channel ~ignal quality is predictive of_ the traffic channel quality. 
- • • - - - ' • • ' . : -· !_ • .. • : • : :1 • - . ; ~ . - . 

In one embodiment. the invention comprises a method for estimating the quality of a -traffic channel in a 
. : : . . . .; ~-. ': ~ ~ .. . .. . . . . 

wireless comr,i_unication s_ystem having. at least _one ~or:it_rol _~hannel and at least one associated traffic channel. In 

,_panic_ular, the.method involves receiving a coded version of. a. ~ontrol chann_el signal, decoding and re-encoding the 
' -. - - • - .. • • • - • .1 - • • • .~ • • • • 

control channel signal, and comparing the received coded ve~sion of the control_ channel signal with the decoded 
. ; . . . . : - .... 

(corrected) and: re-encoded control channel signal to. determine t~~, differ_ence b1Hween the two. The difference 

35 represents en:ors in the _control ~hannel signal, and is. used to calc~late. the bit er!or _rate. Based on the difference, 

a similar signal quality is assumed for the traffic channel. 
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In anothe"r embodiment, the channel qualit~ estimatoi--c;iimprises a signal decoder configured to decode an 

,;encoded control'ctiannel signal and a signal storagJ device; configured to Store the received cont.rot channel signal 

while the estimator re-encodes the 'det'oded 'control ch.annef iignal. A.: comparator'·coupled 'to the re-encoder and the 

signar storige. device dete.tiriines ;the ri~rtiti~{tifbitt~hich' differ. betwe~n the two. The difference, or bit error rate, 

5. enters an evaluation module ~hich estimatefthe qua.lity of the ·channei based on the bit error rate. 

In yet. another einbociim~nt, the· invention comp.rises an error correction controller configured to select the 

error cofre~tion ~~e~head (than~~, coding) to' apply'to signals'on a traffic channel. The controller comprises a signal 

decoder configured to decode an encoded control channel signal. 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 

10 a stored signal from a· signal. storage device (containing the received signall' compares the. two signals. An error 

correction seledor r~ceives info~niation fror,{ttie comparator and evaluates the' control channel signal quality. Based 

on the control channel signal quality, the selector selects appropriate overhead (error detection and correction coding) 

to. apply to outgoang-data 'tra~smissions on the traffic channel. .. 

15 

20 

In one embodiment, the frame error rate can be used rather than thiftiit error rate: As with the bit error 

rate, preferably, the deco'ded COlltrol channel sigmH is only re-encoded and the' frame error rate calculated if a PASS 

results'f~o·m blo'ck decoding~ . ._: ' : ,. . ' ' 

·. Brief 'Oestription ot'ttle Drawings. 

· · Figure 1 illilstrates basit. components' of a' tNireieH commuhicatfon''svsterit 
l~: "i .• f:,'. ,~ '.:•1:•;~, ~·.,·'::"':.~. t1.;: ;;;·•.,•:::'·";' .·1;:•:·,::; it..-...-:~•r-r'·· .. ;~··.•·,~-' ... ,_-., . ., 

. Figure 2 is a 'block .diagranf illustrating l chilnnl!I quality"estimator; .. 

. Figure 3 is -a flow chart ·of a bit ~rror' t~te evaiuator; 

Figure 4 is a block diagram of a. base. siation havi~g a channel quality estimator in accordance with the 

present invention .. 

Fig·ure 5 is a block diagram of a mobile station having a channel quality estimator in accordance with the 

present invention. 

25 . . ; Figure 6 illustrat~s va'rying voice' frames hi'sulting from varying the:'use. of overtiead in 'accordance with the 

; pr·esent uniention~ 
· -Figure•i:illusfrates varying data' ·pa'ckets based upon channel quality estimation in accordance with the 

piesent invention. ·· 

· Figure 8 illustiat~s j~rying ,b~ii{ the 'arriaunt ofaata and 'the amourit of error correction in accordance with 

30 . . on~ aspect of the pie~ent invention:' .. • · ·. · . · 

. < Detailed'oe·scription of the Preferred Embodiment·: . 

. . . ... As \jsed in· this application,: ... total bit' rate" ·is ·1hil'bit rate· of all bits inciuding redundancy. "Effective bit 

rate" refers to the bit' r~te of data bits without" encoding. redundancy. 

; . Figure 1 Illustrates ihe' basic components ot"a wireless communication 'system; as· embodied in a cellular 

35 telephone communication network. · Modern cellular communication systems generally . comprise a plurality of base 

. :-.. :.: 
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statioi:i_s 100, (cellular sites) _an_d m!Jb!le .statio!"s 102. _Each base statio~ ~PO_ generally compris_es a base station 

ante!)n~ 104 a~d ·ba~e_.St{Jtion ~rchit~cture.106.: .. ;·. 

· · . • , •· .. · Ea~h ~obi!e statjon JJJZ generally inclu~e~_.an antenna 1µa and is often klcated t.n a haffn had imit, an 
• - • .4.. • • • - ~ •• , \ ' ' •• - • • •• • • 

automobile qr ~ther mobile ve~E~l,,..},he; mo~i!e stations .1.g2,. movable w~thin the networlCoperate to transmit data 

5 to !he base stations 106. The .base. stations 106 are similarly equipoed to transmit data to the mahile su-t~Ml t02. .. . . ~ . . ·;. . . . ._ · .. : -. -; . "" ; . .. 

. In many modern digital communication systems, such as GSM, tJte base station 106 and tlm m&ae ~11 . - .. : . ' ~ . . .- . . . ·. 

102 communicate over at leas~ two ~eparate channels, e_ach c~an~eJ po~smg ~ _separate frequency or cadilr.g 

scheme, or occupyi11g a. separ~te .tim~ _frame on ,the sai:ne ·frequency YJit~ the same_ or diff8n!ffl cedmg ~- Dre 

: first channel, a traffic channel generally . carries the majority o( .the data, either. voice or other digital data, wtih."'h - . . . ~ - -' 

.10 a cser desires t!) tfa!lsmit. -:rhe control channel provide~ a comn:iunica!io_n link between the mobile statio~ and the­

base statio,n for mobile !J1anagement tasks, such as,mobile location, in;coming ~all traffic con~rol, billing information, . . . . . . .. -

security verifications, paging. or broadcast_ services. 

Transmission over a wireless network often introduces errors into the. digital data stream. To detect and 
• a ,. , • • •• •·· : ,··.. • • • -

correct these euors . .the tratf\c _channel d~ta is typically coded with block and convolutional encoding (generally 
• ,.... - • • • • . •• . • • . • ! •. 

15 referred to in this description as .. error. correction overhead·_and/or redundancy). The encoding (error _correction 
- < - • • • • • • • • • •• ·.., ~ • : • • • ' 

overhead) permits the receiving station tQ, correct some .errors in the signal whi_ch occur during transmission from 
• . • • • • . • . ;:_ - - • • , : • • . • • 't : ~ • • • ·, . ' 

station to station. Exa~ples. of t~e. type of. encoding mP.tnods inclu~e bl~ck co~ing, convoll)tional coding and others. 
. . '· .. · . . ' . . : . . . 

Using these ty~es: of .. encodino .patterns, the receiving _st_atiori can more, accurately repro.duce the original speech or 
• • • • • "!'" . • ••• ~ -~ •• ·.• -·. . •• ~.. t . : ' <.<, •• • \ ._•, - ~ • .' ~ ·_:' i ".: •• :- ·.: •• • . . • • .• ' 

data transmi1-sion. Ho\:vever, the. error ,cllr.rection 1JVe~~ead on Jh~Jraff,ic. c~_annel is fixed,_ and)$ generally minimal. 
.. r' • . -.· J • \: • • •. '. 

20 The number of errors which ar,e. i_ntrorfll;ced during transmission is often referred to as the bit error rate 

or BER. The .BER is simply a ratio of the number of biti; in error to the number of total bits received. A high BER 
. , . . . ' 

indicates a. high rate of error which is generally_ caused by a poor _channel. 

In the prior art, the overhead, often ref erred to as forward error correction encoding algorithm or channel 

coding, is constant, regardless of the actuc1I need for the _particular channel coding. likewise, if the traffic channel 

25 is configured to .. ~arry d_ig,tal data,.:the .da,a ra,te_. is held CO(!Stc!nti regardless of the capabiµty of the channel to 
• < • • ·,: • : •• ' • • • , • ~ • • ... • • • • ~ ' • 

scpr,crt an increased_ data rate. , This is. a signifiFant, drawback becaus.e it restricts communication systems from . . . ·'· . . .. . '· : ·.• 

adjusting to changing channel l:onditions, a~d mos,t. efficie_ntly usin~ sys~em bandw_idth. 

As mentioned previously 
0
.one or .. mon, :ad~itjo~al c~a,nrtels, known as control channels, are maintained 

between the base station 106 and mobile station 102. The co~trol channels have a_ slow effective bit rate and carry 

30 . extenshre ,error correction overhead .. The contrpl .channel.carries extensive. ch~nnel coding because the accurate 
• ~ 1 • - • . ~ • • . • • • - • ! . : 

exchange of information over the control channl31,is e~sential, for proper_ system !)peration, The extensive error 
. . -. . . . . . .. ·,, '."''. - . :, . . .... 

correction capability enhances the robusueeonst_ruction of t_he signal. t_r.an~mit_ted. Examp!es of the type of data 

exchanged over th~. r.ontrol channel(s) include, but 2re not limited to, base station selection, mobile station location. 
. . . . .. 

billing information and paging i!lformation •. 

. 35 . Conv~ntional base stations are limited in the ,number of mo~ile station~ simultaneously supported because 

. of the constant total bit rate capacity. In addition, in times of poo! channel quality, current systems do not provide 
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a~y flexibility· to incre~s~ channel coding a~d reduce the ·maxim.mif number of users. The present invention provides 

flexibility and increases the efficient use of available· bandwidth·: In ihe preserif invention, each base station 106 

has a maximum bit rate or a -~axirilum: nimiber ol tilts which it may prb'cess per second from all mobile stations 

combined. The base station 106 is not c~pabie ·ot prrice~sing a greater number of bits per second than its maximum 

5 :: ··:bit rate.· This bit ratEl'is d~ter~ined by'·ttle'gener'alboiifigliratidn of the base station electronics and the_network. 

·Accordingly, this : rriaxifuiim bit .:~ate esta.blishes · an absolute· maximum·. Thus, a base station 106 always has a 

maximum number of riiobile st.atlons 102' it 'can support with 110 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 

10 mobile station 102' and· base' station 106 increases the numlier· of mobile statiohs which a base station may support. 

Lowering the amount ·of error correction overhead reduces the total bit' rate of the traffic channel on a per mobile 

basis {leaving the effective bit rate constant) and consequently allows; each base station 106 to support additional 

mobile st.ations' 102 within . its· maximum' bit rate constraint (total ban·dwidth). . Increasing the number of mobile 

stations 102 which a base station 106 may service advantageously increases the number of users serviceable on 

· 15 a network a'nd further r~dui:es the 'need. for ··additionai base stations. (cellular''sites). 

However, when;the'quality'ofthe traffic ctiannel'is poor; minimal error correction algorithms or scheme~ 

do not provide the' receiving station with···ad·equate· information 'to recreate an accurate signat Thus, calls may be 

dro·pped or the receiving station (~ase ofmobile{ rriay foaccuraiely·recreate· the transmitted signals. ln.i:reasing the 

;erfor COrrectibJi°o~~rhe~,f~Vovfdei 'ailHitioifai·efrofi:or'iectior{tapaoility; bi.it this undesirably increases the total bit 

20 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 periods 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 

25 rel~bly transmit 'data in 'accordance with' changing' signal quality, a wireless communication ··system in accordance 

·. with one asp~ciof the present.invention preferably i:itilize'S the''.control' channel to ascertain the quality of the traffic 

channel and;'based'on the quality of the' cohtrolchannel, adjusts the amount of error correction overhead (selects 

different channel coding)· included' on. the ir~ffic channel. . Thus; only the 'degree of error correction necessary for 

existing channel conditions is ·usecf"·· ,; : : : : .· 

30· . The. traffic: 'chanriei, "exi~t1ng· ·;$trnultaneous in· time · and route · with ·the control· channel, experiences 

; interference Which closely matches that of tile' traffic channel. The traffic channel provides, therefore, an accurate 

inference that the: quality of the traffic channel mirrors the quality of tae control channel. 

. Determining the'· quality. of the traffic. ch an net based· on. th& quafity. of the control channel has many 

advantages. One advantage over prior systems is that data on the control channel provides a better indication of 

35 the. true channel quality . because the high' degree· of error correction included on the. control channel allows the 

· receiving station to create ao exact replication of tlie · transmitted signal; which may be c·ompared to the possibly 
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corrupted signal which_ w~_s a_ctually received. Thus, a: m_ore accurate portray~! of true channel conditions is available 

using the control channel. . ,U~~ng: th~ traUit channel to ~onitor srgnal qua!ity is iess desirable because the traffic 

channel redundancy is much lower and errors are common even with the _reasonable thattMf quality. Ho'aever, th:! 

t_raf.fic ctiannel could also be .u~ed _ in IJlOni\oring ~igi,a! qµa~ity and a.di~sting channel coding and/or bit rates. 

Control Channel Ouality Estimation , _., 

Figure 2 provides a-block diagram which illustrates the.ch.a_nnel quality est,imatio!l. of the present im?ntmn. 

_ An antenna 108, 104 (Figure, 1 I or other rece:>tion means obtains an incoming contr~I channel signal which enters 

a demodulator 130, which demodulates the signal as well known in_ the art.; 1T~e res~l!ing sienal is reverse coded 

(e.g., reverse convolutional encoded and reverse block coded) with .the signal decoder 132, as w~II understood in the 

art. The decoded control channel signal is ·provided to the conventional co11trni ch~el Jrncessing module 134. 

In addition, the signal arriving over the control channel is provided to a ch?n~el quality estimator 150 from 

the demodulat_or 130. and from the de_coder 132. The channel qu~lity esr.imat9r 150 ev_a!uates the bit error rate 

{BER) of the signal arriving over. ~he control channel. T~~ systef!l may ._inf~r t~e quality !)f, the traffic channel based 

on the output of _th.e. channel quality, estimator J50 because the control,channel and the traffic channel are generally 

15 subjec·t to the same ,di$torting ef,fects_. . 

The channel_ quality estimato_r .150 has ~- signal storage unit_.13~. -~ _signal_ re-encoding module 136, a signal 

comparator 140, .a bit error rate determi11_ation ~odule;-~_42, r.n O!)tiona!.f!lter.)44, and bit er~or rate evaluation 

module 146 .... ~.n -ov~rllead selectll~ ) 4:& receive~.' the cu~p"t ·~-~' thv~~t!~at~r 150 •. :- : . 

The-demodu!ated ~i1ntrnl:(;hanrn~~:~ignal·,e11u~rs~tllf:!:sign1:1,l._.stor~g.P, .µni:t JJ.8 from. an,input 137 to the 

20 estimator 150~ The signal storage unit 138 stores th~ sigr.al for later analysis. Another input 135 to the estimator 

150 provides. the decoded :ontrol channel sign~I, to the. sjgnal re-encoding module 136. As explained above, the 

decoded signal has undergone reverse encoding techniques (such as reverse conv~lutional (e.g •• , Viterbi) and reverse 

block coding) well understood in the art, so that the ,decoded .signal is an error-free reconstruction ot the transmitted 

data bits. Indeed, _fer the control channel, the reverse block decoding or cyclical redundancy check (CRC) is very 

. 25. robust, and. a very_ high confidence is require~ Jo.i~b,ta.in. ~:PASS tor the decode rt control channel signal. The re­

encoding module 1136 re-encodes. the de.cqded .sig~al. 1 ,~referably, the. re-e[!coding_is only completed if PASS was 

obtained with the revorse block• deco~ing. ;J~e sign~! -is re-encoded so that the receilfed signal and the re-encoded 

. signal may be. compared for differences .on, a, bit-by~bit basis ... ·· 

30 

A signal comparato.r 140 couple.d t9,bot~ th.e,s/gnaht~rage unit 138 and the signal re-encoding module 136 

compares the received signal wi_th the re-encoded signal on, a bit-by-bit ba~is to determine the number of bits which . . . - . . 

are diff~rent be!we~n the two signals. . Based O!l this evaluati1m, the bit-erro_r-rate determination module 142 

calcula!es at, a bit error rnte (BER), for ,tile. incoming control channel signal. . The BE~. determination module of the 

current embodimeQ~ obt_ains information abcut_ the total number of bit_s.by monit~ring_ the si_gnal storage unit output 

139. The BER determination rpodule 142 is also coupled to Yia a signal line 141 to the signal comparator 140. 

35 The BER is the m1mber- of inc~miilg bits which are in error or. corrupted.as compare to the t_otal number of incoming 

bits, A lcw BER indicates a high quali_ty channel whereas a high BER indicates poor channelquality. 
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rt should be understood that the BER determination module is an exemplary· method of determining the 

quality of the control channel. The "frame error· rate;" also well understood·in the art, ·could also be used in place 

of or in addition to the'BER.· :'·. -~ :-:· · ·' r"·. ·, . ' 

In one embodiment, :the BER signar eniilrS an optionartilter 144 to provide a inore useful representation 

5 of the actual BER over time and thereby eliminating minute fluctuations of the BER in time. Filtering the BER reveals 

more consistent trimds which :thereli{ provide· a more accurate representation of the true quality of the channel 

through averaging or smoothing~ For example; the con·trol channel may ·degrade for a moment while a large vehicle 

passes. Decisions, such a·s switching to a different base' station or modifying the redundancy otihe traffic channel 

should n·ot be- based ·on such ·transient occurrences. 

10 Finally·,· a BEA evaluattir '146 analyses the BEA. Based on ari evaluation:·of .the BER. either of the base 

station transmitter or mobile station transmitter may adjust the error correi:tion·entoding used for the outgoing signal 

on the traffic ch'annel. ',The ii'verhead is selected with ari overhead selector 148. The overhead selector 148 may 

be embodied in many ways: such as program executing on the proi:e'ssor for the mobile or l:iase: station, or both, or 

as firmware or as a separate circuit. Typically, the monitoring and/or adjustm'ent would. take place at the base 

15 station 106 because of the potential for higher processing capabilities atthe oase station. However, with a bit error 

rate determination module in ttie mobile station; such aeciifons can also be·made at the mobile station. The station 

selecting the encodin'(f transrriits t~e selected encoding ·process to the receiving station to enable proper decoding. 

As discussed previously, adjusting the:overaead'·included on the traffic t:hannelwith the voice data affects 

-' ,, ttte .fotal· bit rift~ tfohntee'rt mlibii~(sfatiorY f02 'aiid;'tliei&a1§e;,mfrioh :tos~ 'Reducing the redundancy allows additional 

20 mobile stations 102 to gain access fo the base station 106~ Alterations to redundancy may be to alter block coding 

(.e.g. parity)' redundancy aildfor alter tile convolutional encoding algorithm or complexity/ 

Bit Error Rate Evaluator· 

Figure 3 illustrates a flow chart· for one example of the operation of the BER evaluator 146 of Figure 2. 

A wireless communication system in accordance with the present ·invention may be capable of using a number of 

25 different encoding schemes_, These encoding schemes may involve different levels of redundancy for varying channel 

' · quafrty.' Accordingly; each·scheme would prefe'rably utilize•a different amount of overhead. Error correction schemes 

having a high amount of overhead would provide· the :greatest ·amount of error correction capability and are best 

suited for poor channel conditions. Conversely';· ·error correction schaines having minimai overhead would provide little 

· e'rror correction capability and are '·b·esf suiiei:f for ideal ·channel ·conditions. · In elCi:eptionally high channel quality 

30'' (rarely preseritt; encoding may ·beiiftopped'ehtirely/or only'parity may be calculated. 

In lhe exemplary emboi:timent described herein, the· c·o·mmunication system includes three error correction 

schemes or atg·orithms, each being·selectively implemented based' on an evaluation ·ot the BER of the control channel, 

and each providing a different degree of error correction overhead with the signal on the traffic channel. Further, 

the present embodiment aiso· includes three BER thresholds, each BER thres.hold0 causing either the system to transfer 

35 communication with the mobile station 102 to a riew base statioa· 106 or the'adoption of a ·diiterent error correction 

· scheme: In particular. a BER threshold defines a range of B_ER •values whid1 define ·a set mode of operation. When 
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the BER crosses one of the .threshold values. it _is a.t. a_ lavel which the system should take action based on the 

~uality of the control channel. · However.-of course; any nugtber. of schemas could be implemented, and two or more 

provide an improvement ovei existing systems_which.ha1.:e-110Jlexibifrty~ 

After the ·channel quality estimator -150 detarmines the BER, the ·oveihcad scheme selector 148 lfigare 2) 

. 5 selectively adjus,s the amount of. error :.correction·.overhead applied .f.or the data en the traf& ~- In tm 

e,iemplary embodiment described .herein, the BER is tested for plurality. of the ,thresholds.- The first th1asnold (block 

180) is set to a BER value representing the. lower channel quality- limit. -If the BER _rises above -this limit, the numbel 

of.bits which arrive corrupted is too great to maintain an.acceptable traffic channel communication link between the 

base station 106 ,and the mobile station 102 over the existing channal ooth the avail3ble encoding schemes. 

10 Consequently, if the BER is greater than or equal to the first threshold, the_ communication network may switch to 

· another physical channel,· another. frequency, another frame combination (e.g., half rate. to fuO rate channel) or 

transfers responsibility for communication to a diffarnnt base station {block 182}. : · 

lf the ·BER is less then, the first threshold, the BER is compared to a second thrash old (block 184). A BER 

value between•the first and ,second ·thresholds represents high error rates in the sysJem, which are appropriately 

15 afforded the greatest degree of error correction. _ If the value of the BER -is between the first and second threshold, 

the overhead selector 148 causes ·the transmitting circuitr-; in either or both of the base ,station J 06 and the mobile 

station 102 to assume a. firsa overhead {encoding)- scheme (block~ 186). The .first o;,erhead scheme incorporates a 

high degree of .·error- detection and correction to compensate for the generally high BER: · 

. Increasing the amotirit ,of· ,erro~ :icoriaction :overhead· w_hen ,,the,1 BE_R,'.,is, .~hi9:!i (i.e.,,. when the signal is 

· 20 encountering a large amount of corruption). advantageously ensures that the receiving station- obtains adequate 

encoding permit accurate reconstruction of. the transmitted data. . Systems of -the prior .,art undesirably hold the 

encoding scheme constant, even·during poor channel conditions and thus pass S\:atic, garbled sounds and corrupt data 

to a user or subject a user to "dropped" calls. 

If the BER is less than the second threshold, the BER is compared to a third threshold (block 188}. If the 

25 -, BER is -less than .or .equal to the second threshold but greater th~n the third threshold, a second encoding scheme· 

· is sele~ted (blor.k .190). -The second encoding scheme incorporates less overhead thao _the first. overhead scheme 

because the lower BER indicates a better channei quality, reqr.iring le_s:. error correr.tinn. Most wireless 

communication systems in operation today.fix _ a -level -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 

· 30 . traffic channel to account for the· changing charmel conditions. encountered by _each of a plurality: of mobile stations. 

This results in less efficient use of the base station bandwidth.:':,- • _ -

If the BER docs not_ fall within the limits· of .the second ar.d, third threshold,_ a third overhead scheme is 

selected (block 192). When the BER is below the third threshold, -the overhead sche.me selector selects the third 

encoding scheme. The third encoding scheme incorporates the !.?ast amount of redundancy because the low BER 

35 indicates: a robust channel which does not introduce com.1pti1m nr. -the traffic channel. ,and hence does not require 

extensive error corre.-:tion overhead. Of course, additional leYels of encoding complexity could be .used, but the more 
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levels that are provided, the more complex the processing.required of the systems; which adds cost. Advantageously, 

reducing the amount of ovelhead ,included·:with the data packets -or, voice-:frames transmitted on the traffic channel 

reduces the total bit rate of•each .mobile"station 102°without ~ecrea:sing·the effective bit rate (i.e., the number of 

bits to represent (effective, :bit' rater the 'Voice transmissil:Jn · remains :the, same while ·the: total bit rate decreases). 

5 · , Maintaining the effective: (data}.bit rat'e·maintaini,the mquisite amount of information to ensure accurate and clear 

voice or data reproduction:• . Each :base station· 106 in the netwo1k is able to support additional mobile stations 102 

because each mobile station consumes a smaller portion .of a base: station's bandwidth. 

Figure 4 illustrates a block diagram .of one embodiment of 'a. base station 106 incorporating the above­

described channel quality•estiinator 150 and overhead scheme selector 148 (operating within the processing and 

10 control circuits 206). One embodiment of the base station 106 includes ari antenna 104 for receiving radio waves 

20 

· arid transforming the radio; waves into electrical signals. The· antenna ·104 · functions •-in cooperation with a 

transmitter 210 and receiver 202.· Processing arid control circuitry. 206 oversees operation of the base station 106 

·•and provides the . overhead selector 148~ The processing and·: control circuitry 206 coordinates operation of the 

receiver 202, a decoder 132, a channel quality estimator l50 am:I the transmitter 210. . 

The receiver 202 obtains the incoming signals from the antenna ·1.04 and performs various functions on the 

incoming signal,·· including,, bur. not limited to ·demodulation, channel separation and signal strength adjustment. J;l 

Preferably, the receiver 202'separates·the traf.fit'.channel and the control channel.as shown, and routes both to the :i:l 

decoder 132. ·. liL ·addition·; the• receiver, 202 is in communication with the- processing control circuit 206 wh\ch -· . --~ 

:receivu the demodtiiatefl1contr·otscftanl'ieh1gnal f:rom:;fhe,:meeiver 2821 -- ,,, 

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·cha~nel signal to the processing and control circuitry 206 .-,:~c-<'. ·51 

for communication link management in a conventional manner. The control circuitry also provides the control channel 

. (prior to and subsequent to decoding) 'to tbe channel quality estimator 150: Alternatively, the control channel signal 

25 can be- provided directly from the receiver 202 t& the channel quality estimator ;150, and ,directly from the decoder 

·. 132 :to the estimator 150. - The channet qu-ality: estimator 1 so-evaluates the· quality of the· control channel in the 

manner described above with reference to Figures, 2 and 3. , The quality of traffic .channel is generally similar to the 

. quality of the control channel. , Tire channel quality estimator 150 reports the BER to the processing and control 

circuitry which in conjunction altcrs,•;the e-rror correctioincheme (encoding) for the outgoing data on the traffic 

30 • · channet The transmitter -210 performs ·the selected encoding, (error overhead) and modulation: and transfers the data 

to the antenna 104 for transmission:: ·· . ,, . , : . : 

·Other arrangements, either in llardware and/or software are a\/ailable as a substitute to the above described 

configuration which do not depart from the scope of the present' invention. : 

, . • · , Figure 5 illustrates a block diagram of one .embodiment of a mobile station 102 incorporating the above 

35 described channel quality estimator and overhead stheme selector 148: As shown, the .components and operation 

of the· mobile station 102 are generally similar to the components and~rnperation ,nf the base station 106. 
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Accordi~~ly, ~ de~aile.~. ~escrip~ion of the components a~d operati~n. of the mobile station 102 is not repeated. 

However, if the~da_ta on the traffic channel is voice informatio_n. t_he. output circuitry 204 iru:ludes means to convert - . . . ~ - . . . .. . ; . . - •. . . . " . . 

, the
0
di~ital_d~_1a t~_an.~n_a_!og ~l_gP.?I a~~ ~~Pllficafipn_~e~ns_tq pr!~yi~~ an audible signal to a speaker (not snown). 

Because the quality of the channel from the .mobile station 102 to the base station 106 often differs from the 
. . : . • ·!;.. . • ~:- ~ • • •. _ . ~ ~ .• • : . . 

5 channel quality from the :b~se_ station to th~ mq~_ile s_tat,io.n, ~oth_th~ f!lO.~ile ~t~tion and the base sta~ion may 

10 

15 

. .. incorporate the channel quality estimator 150 .. and overhead scheme selector .148 in a .preferred embodiment. 
• • • • ' • • • • • •· • •. • f l • • • • •• 0 • . • 

Incorporating the channel quality estimator and overhead selector on both the mobile station, 102 and base station 

l_oi advantageously provides means,on.each station to accurately evaluate the channel quality and adiust the amount 
• • • • • I • • •• 

of a_~sociated error correction overhead. In another embodiment, each station may exchange BER information 

regarding the incoming control channel signal so that each station may adjust the amount of error correction overhead 
,, . ·• • •I . : . . 

in di~,ect r~latio~- to t_he __ quality o!: !he ·cj:lannel over which thatstatio!1. ~ust t,ransmit data. The particular overhead 

sch~me selected is transmitted frqm t~e appropriate station so that the proper decoding scheme is selected at the 
• • • • • • I • • • • : • • 

receiving station .. Jh_e -~elected:sch_eme can be tr_ansmitted with one or more bits in each packet or frame, each time 

a _change is made, or on,,a sched~l,ed, periodic ~a~is. 

Figure 6 provides a visual illustration of_ the overhead adjust!llents made. t~ data transmissions over the 
. . . . ~ . .- . ' . . . ; - . - :: . . ' .. -·. ' . 

traffic channel in response to control.channel quality. Transmissions over digital.wjreless systems comprise a 
. . . : . . . . - • . - • ! • . . - - - • • - ' . . ~. . 

plurality of bits.· These bits comprise. eff ei;tive d;ita 250 and. _a certain amount of. errqr correction overhead 252, . . . . ' . ,· .: . ' . - _.. .: . .· - . . 

253, 264, both of which. are combined .into. a voice frame 254, 256, 262, .. Of course, as is imderstood in the art, 
, . . :' . . ·'; , . ; • l . . . . • :! . . . . ···. . . . . , a, •• , ~• '.. · _ _; . ' •. : ;:; •• • . : ; . • ! . . . 

the overhead is generally not one block of bits. With conv.olutional .enc.o_ding. and other en~odiog techniques, the 
. ,.. I. • . : " , ·. • :, •• •. • '.;,', • I;'\ • • • ,' ,, 

20. redundancy is encoded such that the actual data bits no longer exist as separate, identifiable bits. Accordingly, 

figure 6 is merely illustrative of_,chan~i~g the leve! of overhepd, . ,In addition. the proportions of the data and 

overhead are not intended to indicate a p_recise scale. A tr.ansmitter in either of, base station 106 or mobile station 
• • > • • 

102 transmit the frames 254, 256, 262. Since each frame 254, 256, 262 is comprised of a number of bits, the 

transmitter outp:uts tlte dat~ at a certain bit. rate. As mentioned previously, for systems of the prior art, the bit rate, 

. 25 or bits transmitted per .second, ,is generally he14 constanf _during the duration of the communi~ation link, regardless 
. . . . . . . . . . ~ . . . . . ' , . . . . . . 

of channel quality .. Holding _the bit_ rat~ co~stao~:und~sirat,I~ limits __ the max_imu~ -~~mber,~f _ mobile stations 102 

which a base sta_tion 106 .may ~L!pport. 

Using the principles of the pres~nt in~e.nti!ln'. ho~ev~r. the _transmitting _station, the bas.e station 106 and/or 

mobile station 1_02, alte~s the 1Jverpead de~e~~i,~g o.n _th~ qual,i~y_. of, t~e co?trol ch~nnel. For example, assuming each 

. 30 .. frame of_ Figu_re, 6 is, transmitted in th1;1 s~me am~unt ~f time, t.he:. second frame 256 includ7s rpinimal overhead 253, 

yet maintains. the same effective data rate .for Jhe effective dcita .250 _(voice or data information). Thus, the total 
• • ' • • • ~ •• •. ,. • • • • I • •• • 

bit rate for thf .seco!ld frame 256 is lower th~n f~r: the first frame 254 .. The oyerhead, s_elector 148 reduces the 

overhead in respon~_to a low BER as_ determined by the channel quality (!sti~ator 150 (Figure 2). Accordingly, the 

. reduced overhead 253 results. in a reduced number of bits to send.. RE!ducing the. bit ratE! of a plurality of mobile 

35 . stations 102 frees bandwidth ~f the base station 106, therelly al!owing the base station to support additional mobile 

stations. 
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Conversely, ·if the chami~I ~-uality estimator 150 indicates a hig.h BER; the overhead scheme selector 148 

increases the overhead: The thltd frame 262 'illustrates 'an ·increase' in ·the amount of overhead 264 to provide 

additional error correction ·capability ih. re:sponse .tci the high BER value .. As shown howev·er, the system maintains 

·the effectlv~ bit' rate of 'the' ~oice da.ia 250 h,· en'sure 'a. high 'qu~lity sign:at su't, the ·overhead 264. increases as does 

5 the total bit 'rate· of thih,'ut'going 'tr~mii 2s2; Whic'h' in· tur~ consumes a gr.eater percentage of a base station's bit 

rate allocation."· The' increasecf emfr correction 01ierhea:d 264 desirably ensures voice clarity and reduces incidence 

of dropped calls. .: 

Figure 7' provides ··a . similar illustration of the advantages of the present invention when utilized in 

conjunction With digital data transmission for both voice or' ir1gitai. data ather than voice. Digital wireless 

10 communication systems generaHy' maihtain a constant sampling rate of the· analog voice signals causing the rate of 

15 

digital data generated for v·oice communication to be generally constant. Figure 6 illustrates the generally constant 

size of the voice data information 250. However, in another'embodlmeilt, fodnstance when wireless communication 

· ·systems·transmits non-voice digital data or voice data, tile 'effective. data rale n~~d riot be h·eld constant, and hence 

the rate of data transmission may increase in· ·response' to ideal"channel tdnditions. Examples of digital data 

·transmission show·n in figure 7 comprise transmission of e-mail, facsimilei'file 'download, Internet access, or voice 

' transmission with changes tti. voice ·encoding .. While ·systems of. the prior art undesirably hold the data transmission 

rate or·effective:bit rate' constant during ttie entire commimicatiordink even though the channel may support a higher 

effective bit rate, systems 'adopt'.i~g the principles of the present invention beilef it from the ch.annel quality estimator 

.•: •, · ·,t::: 1 sif!Figuie if tra1ter,;tfi~'elt~c1ivli''t116:ate: .-.... '- :i,; l-r_, <",i·, 2;·r: ·,·:•', \ ·: 

20 As shown in Figure 7, the' first data packet 300 is' exemplary of a first data/overhead 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--channei quality is too·~oor to suppor·t the standard bit rat~, the overhead 

may be ad)usted. 

The second data packet 31 o· illustrates a situation '.when' the c~annel quality estimator 150 (Figure 2) 

25 determines a high BER on 'the controi channel. 'Inferring that the.traffic ·channel is.also encountering corruption, the 

., :overliead seiectoi' 148 reduces the effoctivtfdat'{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· Stgriif1can't'1y ·reduced.'· ·. 

The third data pa·cket 320' illustrates an 'i!lt~niple ·of the channel quality. estimator 150 (figure 2} reporting 

. 30 . a low BER,· a 'sign ~f a robust traffic c'tliinnel. : The ·communication ·system takes advantage of the traffic channel's 

ability to support an elevated efffictive bit rate and a~cordingly increases the amciu'nt (if. dafa 322 {bits for voice or 

. bits or ·data), while decreasing the amount of overnead 324. Increasing the effective 'data rate effectively decreases 

the torte required to· download a set amount of data or increase~ the voice'·'quality·~ In the case of non-voice data, 

this in turn redu·ces the time that a communication system must maintain the communication link. Advantageously, 

35 this more rapidly frees system ··resources so that the base station 106 may support other mobile data links. 
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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;'a,.frames or packets 400; ·402, 404~ 406 differ in the number of data bits 

408, 412, 416, 420, overhead 410, 414, 418,=422 antfiil the overali tength ohhe packet or frame. In accordance 

5 with the present invention, channel quality '~stimation, is• used to··provide flexibility in all of these parameters. as 

·depicted:in Figure 8. · · : ,.: •:>· .· . ;:··.: :·::: ·:··· -· ·:.:: • - .... , · ·:0 •• 

Of course, the principles of the present invention to adjust overhead in response to channel quality could 

also be utilized by monitoring the traffic channel itself rather than the control channel However, due to the many 

fluctuations and the inherent unreliability of the traffic channel to determine signal qualify, the control channel is the 

10 more desirable embodiment. To use the control channel, the requirement is that the control channel signal quality 

is representative of the traffic channel quality. This. is the case where the channels are related. as is usuaUy the 

case. Such relation between the channels may be frequency, frequency band, or simply experiencing similar 

interference or· fading. 

Methods and apparatus· for evaluating the quality of the control channel other than those described herein 

15 may be employed without departing from the teachings of the invention discJosed herein. Likewise, those of ordinary 

· skill in the art may develop other benefits from using the controi channel to evaluate quality of the traffic channel. 

For example, in one alternatively embodiment the present- inveritioa 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'i'ate"liur1hg·1:a11 ·setup, th'iis:maximizing;,thc::effectiva1datJ~throughput or speech quality at the· 

20 beginning of a call or transmission. 

·· It is contemplated that--the-·apparatus- evaluating the control channel be embodied in hardware and/or 

software and integrated into both of a mobile' station 102 and/or base station 106. 

. ) • l: . 

P•.: ·, 
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WHAT IS CLAIMED IS: 

.1; _ . , A method for modifying the bit rate for at least one connection in a communicat_ion system having 

at _least one cont.roLchannel and .. at:leas.t· .one, traffic .:bannel, sa~d: method-comprising· the steps of:- • 

rponitoring-,·the 1qualtty ·of said at leaitone ·control channel; 

,assigning ,a :comparable quality ito said. at least one traf{ic. channel; 

selecting an encoding scheme ar -data rate to appl't liO said traffic clmm.el b,ased upon the quality 

. assigned to· said: control ,channel.- ·· 

. 2·. . The .metfJod of Claim· 1 ,- wherein ~aid cont~,, channel signal is an en.coded. signal, said step of 

monitoring com.prises the steps of: 

receiving· .a, cont.ml channel signal over said. at least one control channel; . 

decodlnQ said control channel signal; , 

reencoding the control channel signal; and 

comparing the received control channel signal with the re-en.coded control channel signal to 

determine the difference between the received and reenco,ded sign~l,-said difference representing errors in 

said control ch.annel · signal. 

.3,,;., ~i:The metlJod.of,Claim,1, wherein said controlchannel-signal is an encoded signal, said step of 

monitoring comprises the. steps of:, .: ,. ·•, .- ., 

·; ; receiving ,a, control "hann,el signal over sa.id at .least .cme,.c.onJrol channel;_ 

· · ,dec,dirn.J,saitH:ontrotchannel sign,al, ~mJ,.if '&· PASS, .results, . 

reencoding the control channel signal; aQd 

comparing· the rece.ived control channel signal with the re-encoded control channel signal 

to. determine the difference . between the • re~e_ived and reencoded signal, said difference 

representing errors in said control channel signal 

4. The method of Claim 2, wherein receiving a control channel signal comprises using an antenna to 

25 receive a signal via radio waves. 

30 

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. 

6. 

7. 

8. 

9. 

The method of Claim 2, further comprising filtering said difference. 

The method of Claim 2, wherein the difference is used to generate a bit error rate. 

The method of Claim 3, wherein the difference is used to generate a bit error rate. 

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 quality. 
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12. The method of Claim 2. w~erein selecti11g, the. encoding sch~me comprises selecting the amount 

of err.o~ c.orrection Qverhead.. .. . : . 
••h., .. •. •:i ...... ~,~l~•••~ • 

. 13. The method of Claim 1. wh~f~!~ s~id_ s~,e~ of, selecting comprises selecting an e!lcoding scheme 

and a data rate. 

14. 

1.5. 

16. 

The method of Claim 1, wherein said step of monitori,ng _comprises the steps of: 

receiving a.control channel signal·over said.at lea~t one .co~trol channel; 

decoding said control channel signal; 

reencoding the -control channel signal; and 

determining a frame error rate fc;ir said control channel. _ 

The method of Claim 3, wherein said step of monitoring comprises the steps of: 

receiving a control channel signal over said at least one control channel; 

dec!>ding saidc~ntrol ch~nnel signal; 

reer.coding th_e contr~I- channel signal; and 

determining a frame error rate for said control channel. 

A method of estimating the channel quality for a traffic channel in a communication system having 

at least one traffic channel and at least one control channel, said method comprising the steps of: 

determining quality of said at least one control channel; and 

17. 

assigning a comparable channel quality to said at least one traffic channel. 

The method of Claim 16, wherein said step of determining comprises the steps of: 

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 signal with the re-encoded control channel signal to 

determine the difference between the received and re-encoded signal 

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 Claim 18, further comprising a method of selecting an encoding scheme, said 

method comprising the step of selecting an encoding scheme to be applied to said traffic channel based upon the 

quality of said control channel 

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 channel and at least one 

traffic channel, said controller comprising: 

a control channel signal quality estimator; 

a traffic channel encoding selector coupled to said control channel signal quality estimator, said 

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 correction contr'oller of Claim 20, wherein said unulitl cfl.aolael signal quaflty estimator 

comprises a control channel signal storage module, a .control chanool fiH!nwding module,. :a comparator coupled to 

· said control channel signal ·storage·module and:satd 're;em:od1n9 module, and ·an error evaluator. 

22. A station in a wireless communication system comprising; 

·a receiver coupled to said antenna: and configured ·to receive a signal from the antenna ao.d ts 

demodulate said signal; 

a control channel quality estimator which Eri'afuatu a l}!lrtal azrmng on a control channel; 

an error correction :selector coupled to said ·control channel quality estimator and responsive to 

said control' channel quality estimator to select error correction encoding of data transmitted on a traffic 

channel. 

23. The mobile station of Claim 22, wherein said" ·station comp-rises a cellular telephone. 

24. The base station of Claim 22, wherein said station comprises a cellular site. 

I. 
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Fig. 21 shows mappii:19 of f3LP 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 sic>! to-rrral. 

Detailed Description 

ro (0014] Adaptive data rate schemes_ based on a combination of incremental redundancy coding and adaptive modu-. 
lation are described earlier for circuit data. Such a channel quality mea·sured technique is described in the commonly 
owned U.S. patent application SN 08/921454 titled "SYSTEM ANO METHOD FOR MEASURING CHANNEL QUALITY 
INFORMATION; by Krishna Balachandran, Sanjiv Nanda, Srinivas A. Kadaba and Richard P. Ejzak, filed on August 
24, 1997, and U. S .. patent application SN 08/938031 titled• ADAPTIVE MODIFICATION OF MODULATED AND CO0-

75 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 sche~es achieve high throughput under delay constraints. 
Provided herein in accordance with the invention is a detailed desc~ption orthe application of these techniques to 
136+ packet data services. · 
(0015] Described in the application SN 08/938031 by Ejzak is the use of fixed size blocks of size such that an integer 

20 number can be accommodated in a slot of a time slotted transmission channel, as c1 method that enables adaptive 
modulation. In particular, two, three _and four, blocks are accommodated respectively, in a QPSK, 8 PSK and 16 PSK 
TOMA sloL The requirements of a large per block sequence number to identify the data and parity packets, reduces 
the efficiency of this .method of providing an incremental redundancy, adaptive modulation data communication system 
using a time slotted communication channel. . . ' . . 

25 (0016] In describing the invention this application uses the media access control (MAC) layer assumptions which 
are based on the Open System Interconnections (OSlfmodet OSI is an internationally accepted frame work of stand­
ards for communication b~tween different systems made by different vendors. Most of the dominant communication 
protocols used today have·a structure based on the OSI model. The OSI model organizes the communication process 
into seven different categories and places these categories in layered sequence based on their relation to the user. 

30 Layer 7 through 4 deal with the end to eng_cgmrj,µnic,ation message source and the message destination. While layers 
. . ~ ·: ~- . ~ • . .- ._ .. _"1.··~· i.'•' 'f". ,,. ~- --•• ~ -~.-... ,~ ,::,-~•- ·- 1,. • ·~.: : • - •• 

3 through 1 deal with network access. · · ·- · · · · · · · · · · · 

(0017] Layer 1, the physical layer, deals with the physical means of sending data over lines i.e. 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 

35 and routing within and between individual networks. · 
[0018] It is appreciated that the packet data channel is cap_able of supporting multiple modulations. The MAC layer 
is provided with layer 3 frames .and translates them into a byte stream using flag delimiters. A radio link protocol (ALP), 
also referred to 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 ALP frames, and a sliding window retransmission 

40 scheme is used for in-sequence delivery and rec~very. . · · . 
[0019] MAC layer transaction preferably starts with 'the transmission of a BEGiN frame. On the uplink and downlink, 
the MAC layer converts the layer 3 frames into a_by_te stream and packs the byte stream into a series of CONTINUE 
frames. The last new data burst of a transaction is transmitted using· an END frame. 
(0020) The BEGIN frame of each transaction is transmitted using 4-level modulation in a stcip and wait mode to 

45 obtain an acknowledgment from the receiver. On recept_ion. of the BEGIN frame, the receiver initializes an ALP The 
BEGIN frame is also used to initialize a partial echo (PE) for the transaction, and to specify the mode of operation fof 
subsequent automatic retransmission request (ARO) mode CONTINUE frames in that transaction. 
[0021] There are two possible modes of operation fe>r ARO mode CONTINUE frames on the downlink and uplink. 
The first is incremental redundancy (Mode 0) and the ·second is fixed codi~g (Mode· 1 ). . 

50 [0022) · ARO checks for errors in transmitted data. The sender encodes an error-detection (check) field in the trans­
mitted data based on the contents of the message. The receiver then recalculates 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 (negative acknowledgment) is returned, and Jhe sender retransmi1s the message. 
[0023] For both uplink and downlink transmissions, bitmap feedback in the form of an ARO status is provided. In 

55 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 moijulation. Results in the patent applications incorporated by reference herein previously 
show th~t if a delay objective is set, 8 or 16-level modulattons fail t6 meet that objective across:the 

1 
~ N range of 

4 

1' 
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[0012] These and ·other features and advantages·'ot the pr~sent invention will become appanml from 1he tallowing 
detailed description, the accompanying drr1wings and the appended claims. 

Brief Description Of The Drawings 

[0013) 

Fig. 1 shows a block diagram describing operation on a packet data channel in accordance with the invention; 

10 Fig. 2 shows a block diagram of.th~ tr':'lnsmitter op,eragon for Mode O and. shows the blocks involved in conversion 
. of Layer 3 frames into Layer 1 frames; . - . . . . 

15 

20 

Fig. 3 shows a bl~k di~gra~ of _the transrriltter operation for. Mode 1 and shows the blocks involved in conversion 
of .Layer 3 frames into Layer 1 frames; · · · · 

Fig . .4 shows a block diagram d_escribing Mode O with a base station to mobile communication link and feedback 
interactions between the uplink and downlink; 

Fig. 5 ill~strates the format fo~ ~ time slot fr~me with of a data and header frame; 
. . . . . . . . . 

Fig. 6 shows a constr_uction of dafa _and parity blocks from radio link t>r~tocol {RLP) frames;. 

Fig .. 7 illustrates the form~t f~r a data segment header (DSH) with the ;1umber of bits req~ired for each field indicated, 

25 Fig.· 8 shows logical laym-1.framc formats assuming 4-ievelmoduiation; 
• • I • • • • • • ·;., • • • 

Fig. 9 shows l~gical.iayer~1 tram~ form~is assuming 8-level ~odulatioii with 3 blocks transmitted in each IS-136 
time slot; · · · ·· ·· · · 

30 Fig. 10 sho~s· iogic~I i~ye~-{ f~~~'ii fcii~at's"iii~du'mirf{rriil~Je1 'fubiiulatiori' with 4 blocks transmitted in each IS-
1 36 time slot: ·. · · · 

Fig·. 11 shows a part of a composite logical flow chart, shown also in Fig. 12, of the process performed at the 
incremental redundancy soft decoder and FCS checker of Fig 4; 

35 

Fig. 12 shows another part of the composite logical' flow chart, shown· also in Fig. 11, of the process performed at 
the receive ·ALP of Fig. 4: · · 

Fig. 1 3 shows a logical flow chart of the proc~ss' of gen~tating ttie feedback _signal from the receive RLP and 
40 . incremental redundancy soft decoder ~nd: f C_9 checker to the _Mod~ 0 ALP of Fig. ·4:, · 

Fig. 14 show; a logica'1 flow'chart of ttle pr&ess•ikupdatlng the bit maps at the Mode O RLP from the feedback 
describe_d in Fig. 13; ' · · ' · · · ·· · · · · 

45 Fig. 15 shows a logical flow chart of .the proces~ of .determining the transmission of data and/or parity blocks for 
· each ALP frame without using block bitmaps;. · · · · 

Fig. 16 shows a logical 'flow ch~rt of the process of determining the transmission or data and/or parity blocks lor 
each ALP fran-:ie using block bitmaps_an(j fram~hitmaps; , '; , . . . . 

50 

Fig. l7 shows a Mode O downlink tjme slot format;. 
. . . ' . 

Fig. 18 shows a Mode O uplink time slot formal; 

55 Fig. 19 s1:tows uplink ARO Stat~s block logical f~rrnat with 2 bits used for channel quality feedback; · 

Fig. 20 shows mapping of RLP frames to layer-1 data symbols for 4-level, 8-level and 16-level modulation formats 
on the downlink; 

3 

·,·t:,, .. J~Or~~~J <;;f=-~t'~C.(~•TA.i_; _':..t ( 
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5 

eating acknowledgmer,t of !ti~ dc:lta and parity blocks. The transmit !,LP 275 and modulation decision unit 278 is a 
functional block that represents the functions of Mode O ALP 200 of Fig. 2 .. 
[0032] . The IRSO 265 receives the output from tt}e receive RlP 260 and produces three outputs. The first output is 
a decoded data sequ~nce of the. received layer 1 frarµes 120 that.is input into a flag remover 280.,The second is an 
ACK/NAK feedback 270 outpui. 10 the transm_ii ALP 275. 1:~e third output is q channel quality feedback signal 125. 
which is transmitted back to the transmi! lnLP ;.:. :_5 anrll modulatio~ d!3dsion unit 278. The flag remover 280 removes 

.the flags.from the received data and ot;:;.· · .. ~~ ~-acef,1ed .!ayer 3 frames 285. 
(0033] Fig. 5 shows the format of the RU~ I'~~ 290. ::'--'~!lU! or the Mode 0 ALP framer 160, which is constructed 
by adding a FCS 295 to RLP data, R, 300. The r -.""$ ~Si: ", 2.> C/clic redu9d~.r1cy check (GAG) of length LocP.c 305 

10 .. computed over the data bits. The FCS,295 is added to each ?.LP frame 300~wii[ch consists of LoATA 31 O data b.its. The 

15 

20 

25 

30 

35 

40 

45 

50 

lengths LoATA 310 and LocRc 305 are design parameters. The frames pf length LFRAME315 = LoATA 310 + LocRc 305 
are passed to the encoder 165 of Fig. 2. · · · 

(0034] Fig. 6 shows that each ALP frame 290. of size LFRAME 315, Fig. 5, bits: is encoded using a binary rate 1 /2 
systematic convolutional_ code by encoder 165. The rate 1/2 binary convotutional encoder 165 is preferably a 32.state 
maximum.free distance code with octal generators. There are LFRAME315, Fig. 5, data bits 170, and LFRAME 315 parity 

.. bits 175, at the output of the encoder 165, Fig. 6, which are divided.into blocks as described as follows. 
(0035] The L~Mfi 315, Fig. 5, da_ta bits 170 at the output of th~ encoder 16? are. segmented into D. blocks of lengrh 
LsLOCK · LFaou~

1 1
. These b!ocksarecalleddatablocks 320 which ar~ denoted by Dii3_20 U= 1 ... DJ. The parameter 

D determines t?ie delay and/or throughput performance as described in the P,atent applications incorporated by refer­
ence herein. The parily bits 175 are punctured and segmented ir)to D parity blocks _325 or_equal siz~ denoled by Pij 
325 (j = l ... Das an example Pi1 330, Pi2 ~35 and Pi3 340). It is appreciated that puncturing a& outputsol a convolutional 
encoder is a- procedure of deleting a s_et of _predetermined bits to decrease the m~mb~r ot parity biis. Of ttie LFRAME 

315 parity bits 175 at the encoder 165 putput, Oh parity bits are punctured ( h in each of the D parity blocks 325); his 
the size of the header require<;! for each parity block. · · . 
(0036] To each parity block 330, 335 and 340, a parity/control block header (PCBH) 345, 350 ~nd 355 is appended 
to the front of the parity block Pif 325. For parity blocks. PCBH 345, 350 and 355 cont~ins a one bit PCBH header type 
(=1 for parity block) and a ten bit block sequence number (BSN): Th_e PCBH 345, 350 and 355 is selectively encoded 
using a Hamming code. _, · 
[0037] The data blocks, Di1 to D;o 320 cont_ain no_ r~qu_ndanGy and (epresent_ a one to one mapping to.the frame R; 
290. The parity .blocks Pi1 to Pio 32!:? contain_ pa_r~y _iriforrn~Ji?~.,deriv,~9 l_roiri _R; 290 __ and, are u_sed by the protocol for 
forward error correction {FEC} upon decoding·fa\lufe,at the receiv~r 130:of~ig, 1, Fig. 6 is illustrative 9tthe mapping 
of data 170 and parity 175 bits to blocks 320 and .~25 when ~3 {i.e .. -with three data blocks per frame). A separate 
header for each data block 320 is not r!3quired. The data 320 and parity 325 blocks are derived from Ri 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 outp1.,1t bits of the encoder 165 are mapped to the blocks 320 and 325 in an interleaved 
manner to maximize time and code diyersity. 
[0038] The Mode O ALP 200 of Fig. 2 delivers data in-sequence _by initially sending just the Rl.,,P data blocks Di1 , .. 

D;o 320 followed by sending additional ALP parity blocks P,; 325:whenever the receiver 130 of Fig: 1 fails to decode 
the RLP-irame R; 290 of Fig, 5 correciiy. The. transmitter _115 of Fig, 1 cannot discard the data i 70 and parity i 75 bits 
corresponding to a ALP frame R; 290 unt_il it has r_eceivep a positive acknowledgment from the receiver 130, Fig. 1, for 
. R; 290: The protocol operates by maintaining in a table, frar:ne table and block table, a bitmap for b!~ks that have been 

. transmitted but not yet acknowledged. Upon obta_ining feedgack from· the receiver .130, Ffg. 1, the transmitting protocol 
updates the table and decides on which data.320 and/or parity325 blqcks to transmit in _subsequent time slots. 
(0039] Control blocks may be inserted instead of parity blocks 325 in the time slot: _For _each cor:itrol block,. the PCBH 
345 header type bit is set to 0. Examples of control blocks include 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 indicate completion 
of a transmission. · · · 

[0040] The receive RLP 260 and the IRSD 265 of Fig. 4 is th~ peer of the Mode O ALP ,200 of Fig. 2 and is responsible 
for combining.the received blocks Dij320 and F'g 325, Fig.~. and joinUy decoding them to recover the layer 2'trame R; 
290. The receive ALP 260. Fig. 4, maintains_ a table to store_ the re~eived data and parity blocks and decoded ALP 
frames 300, Fig. 6, until they are delivered in-seq~e~ce to layer-3 as layer 3 frames 285, Fig. 4. The blocks are retrieved 
from layer-1 in soft-decision format and.to reduce memory_ overhead are stored in the receive table by qu~ntizing to q 
levels. · · 

[0041] The incremental redundancy decoder 265, Fig. 4, corresponds to the transmit encoder 165 of Fig. 4. It is 
ss passes the received subset of the soft-decision bloqks Dqand Pq<!,nd attempts _to ~ecode using preferably a soft decision 

Viterbi algorithm. Any missing soft bits are treated as erasures by the decoder ~65 of Fig. 4 .. The output of the Viterbi 
decoder is passed to the FCS decoder which computes the FCS and indicates to the receive ALP 260 whether the 
received frame Ri 290 passed the frame check. 

6 
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interest As the ratio of signal to interfe·rence plus noise decreases a srilaller-cons1etiation '{LeClevel 4 modulation) 
density is applied. Adaptation to 4 leve_l modulation-is employed under delay spre"d conditions. 
[0025] Fig. 1 shows a high level block diagram of operation on the packet data channel 100 in accordance witn the 
invention. A incremental redundancy transmission-c:ommuiiication system 102 is shown were layer 3 frames 105 are 

s provided to the iayer 2, MAC layer 110. at the transmitter n·s- c:i.ncf'are -translated into a byte stream using flags tor 
demarcation. This permits the MAC layer 110 to·provide· a unified transport mechanism for different layer 3 protocot:s_ 
This byte stream is segmented into ALP frames and assigned a frame sequence number (FSN), The FSN is not explicitly 
transmitted as part of the ALP frame~ . . . 
[0026] For higher throughput in either mode. Layer 1 1 20 data is mapped into·symbols chosen from a 4-level, 8-level 

10 or 16-level ·modulation based on knowledge of layer 2 backlog and channel quality 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 

. I+ N 
decoder in the layer 2 block 135 via physical layer 140 at the receiver 1 30. The decoder 135 then outputs the layer 3 
frames 145. . 
[0027] Fig. 2 shows the layer 2 1 i O functions (Le, the procedure for mapping fayer 3 frames 105 into layer 1 frames 

1 s · 120) of Fig. 1 for Mode 0. In Mode 0, the layer 3 frames 105 are translated by a flag delimiter : 50 in a byte stream 155 
time slot signal. The byte stream 155 is segmented into tixed length ALP 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 ALP framer 160 
(a time slot signal generator). The resulting RI.P frame is encoded using, for illustration purposes, a Rate 1 /2 systematic 
convolutional encoder 165: A non-sys.tematic convolutional encoder may alternatively be employed. The sub-slots of 

20 data bits 170 and the parity bits 175 lrorrdhe systematic encoder 165 (also known as both a data block signal generator 
and parity block ·signal generator) are interleaved separately in Mode O. interleavers (a first segment er) 180 and (a 
second segment er) 185, anti are blocked. by a blocker 190 (also known as an assembler), into D data (a data block 
signal) and O parity blocks (a parity'block signal) 195 which are assigned block identifications 1, ... 0,.0+ 1, . .. 20, 
respectively. The block sequence number (BSN), also known as a data block signal sequence number, is determined 

25 as a combination of the frame sequence number (FSN) and block identification .. Fifteen parity bits are punctured in 
each parity block so that a parity block header containing the' block sequence numbet may be added. Preferably the 
data blocks do not contain a block header. Depending on wheth1:1r 4:1ev'el, 8°1evel or 16-level modulation is used, two, 
three or four blocks (data or parity), outputted from the Mode O ALP 200, are respectively combined into a single layer 
1 data segment, by a MAC and layer 1 field adder (heade(adder and puncturing uriit) 210, which is transmitted in a 

30 . singie IS~ 136 time slot signal_ A data 'segment heaaefindicatiri\'.{the~iblock sequence number of the first data block in 
. the segme\it is used ·to identify d~ta .bi&k si:iq\Je"r1ce. nufnbet~( The ::remaining data blocks have consecutive block 
. sequence numbers. Along with the coded data'segment header (GOSH), 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 

35 155. The byte stream 155 is segmented into fixed length ALP frames and a FCS is computed on the data portion of 
the RLP frame by Mode 1 ALP framer 161. The resulting RLPframesare processed by the Mode 1 ALP 220. Depending 
on whether 4-level, 8-level or 16-level modulation _is used, two, three or four consecutive ALP frames, outputted from 
the Mode 1 ALP 220, are respectively combined into a single'data segment by a data segment and FCS combiner 230 
(also called header and FCS adder). The Fcs·computed on this data segment and a data ·segment header indicating 

40 the FSN of the first ALP frame are added in header and FCS adder 230. 
[0029] · Then, the header, data and FCS are'ericoded using- a Rate ½ convoluticinai encoder 235. The output of the 
encoder 235 is run through a Mode 1 interleaver 2;io and additional MAC and physical layer header fields are added 
by a header adder 210. The output constitutes layer 1 data 120 which is transmitted in a single time slot. The data 
segment header is transmitted as part of the encoded layer 1 data segment in this case. 

45 . [0030] the advantage of incremental redundancy (Mode 0) is that it achieves a higher throughput because redundant 
.. bits are transmitted when necessary. The combination of incremental redundancy and adaptive modulation is proposed 

for both downlink and uplink directions. 
[0031) Fig. 4 shows both the transmitting (shown in Fig.1 as layer 2 functions) and receiving functions for the Mode 
0 procedure of Fig. 2.- The procedure described at transmitted 15 from "ttie receipt of layer 3 frames 105 to the output 

so 195 of _blocker 190 is the same as described with reference to Fig: 2: The layer 1 frames 120 are output from the header 
adder 210 and input into an adaptive modulator 250." The· adaptive modulator 250 modulates and transmits the layer 
1 frames 126 through the packet data channel 100 to the ·channel" demodulator 255 at the receiver 130. The channel 
demodulator 255 demodulates the modulated layer I frames 120 received from the packet data channel 100 and input 
th.:i results to a r·eceiiver ALP 260. The receiver ALP 260 decodes the data segment header to determine the sequence 

ss numbers of the received data blocks, as well as the number of parity blocks. The-r"eceiver ALP 260 also decodes the 
parity block header to determine the sequence numbers of the parity blocks. ·11 any of the headers of data on parity 
blocks are decoded correctly, the data is provided to the incremental redundancy soft decoder andFCS checker (IASD) 
265, and ACK/NAK (acknowledgment/non-acknowledgment) feedback 270 is provided to the transmit ALP 275 indi-

s 
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[0052] If the FCS ch~ck !? suc_c~ssful. the IRSD 265, Fig. 4. in step 460. Fig. 12. updates the table from the RLP 
. fram~s and in_$tep_475.stores the s4ccessfully d~coded frames·in sequ~e buffer. In step 480. the IASD 265, Fig. 4 . 
. passes the.in-~eq~e11ce data to the flag remover 280and updates the frame bit map table and ends the process at 
470. Fig. 1i. ~ .. • -~ .. - ... . . ... .. . .· ·. ,·· . ·· -

5 [0053] Fig. 13 illustrates the process of_ generating the feedback signal 270 of Fig. 4. First the receive ALP 260. Fig. 
4. obtains the frame bit rn,~p fr!im the frame bit map table in st~p 485, Fig. Y3. The receive ALP 260. Fig. 4, then obtains 

· the data and/or parily t:Ce:: ;,_._, · .. :::!'.Ci- from.,he block bit map table in step 490, Fig. 13, and transmits the bit maps via 
feedback signal 270, Fig. 4, to ~;~0 !?;:;de D ~,y· 275 in st~ 49?,.flg. 13 . 

. [0054f Fig. 14 1s illustrative cf t!~G me~a O ·F.LP 275. Fig. 4, processing ·the f~dback signal 270. In step 505, the 
10. . mode O ALP 275. Fig. 4. receives the bit maps transmitted by the receive ALP 260. The· mode O ALP 275 then updates 

the ALP frame bit maps in step 510.· Fig. 14, and. updates the data anp/or pcirity block bit maps in step 515. 
[00~5] Fig. 15 illustrates the process of tran?mitting data an~or parity blocks for each ALP frame if only frame bit 
map are used. In step 525, the mode O ALP 275, Fig. 4 receives a new encoded blocked ALP frame and in step 530 
orders the block of the ALP frame into a transmit sequence. As an example a round robin sequence at 0;1, D;2, D3 

1s P;1, P;2 and Pi3 is used where DH repeats after P;3. In step 535, the mode O ALP 275, Fig. 4, transrrnts the data blocks 
0;1, D;2 and Di3. In decision step 540, if the frame bit map indicate~ a fr~me acknowledgement (ACK) at the receive 
ALP 260, Fig. 4, the process continues to step 545. If instead .a NAK is. registered at the receive ALP 260, Fig. 4, the 
process continues to step 550. In step 550, the mode O ALP 275; Fig. 4, discards the transmit sequence and the 
process ends at 555. 

20 (0056] At slep 54~. Lhe mode O ALP 275, Fig. 4, transmits the next data.or parity block in the transmit sequence and 
. waits in step 560 for the receive ALP 260 icnespond. The process then continues back to decision step 540 and the . 

process continues unit all the blocks are properly transmitted. . .. 
[0057] Fig. 16 illustrates the process of tra_rismitting 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 ALP 275. Fig. 4, receives a new ·encoded blocked ALP frame and 

25 in step_ 570 orders the block of the ALP fram'3 into a transmit sequence. As an example a round robin sequence· qf D;1, 

Di2, Di3, P,1, P,2 and P;3 is used wtiere q~· reP,eats after_ P;3. In step 575, the· mqde O RLP 275, Fig. 4, transmits the 
data blocks D;,, Di2 and D;3. In decision step 58(), if the frame bi(map indicates a·frame ack.nowledgement (ACK) at 
the receive RLP 260, Fig. 4, ttie process contir~es to step" 585. If instead aNAK is registered at the receive ALP 260, 
Fig. 4. the process continues to step 590. }n st~p 59P,. the ,mode O ALP 27$. Fig. 4. discards the transmit sequence 

30 and the process ends ai 595. "·, .. ·, . :: \,,~-... ~:~·,,' ·,t .. ' ·_; ·,- ·'.:,=:.,:::. ... :,>·,:--,,".-:. 'i .. · .. :· ; . . ..... ' -: <-.: .: 
[0058] At decision step 585, if the !;!lock bit map indicates a block non-acknowledgement (NAK) at the receive ALP 
260, Fig. 4, the process continues to step 600. If in.stead, decision step '595 result in ACK, the process continues to 
step 605. At step 605, the mode O RLP 275, Fig. 4, tr~nsrnits the next data or parity block in the transmit sequence 
and waits in step 610 for the receive ALP 260 to respond. The process then·c_ontinues back to decision step 580 and 

35 the process continues unit all the bhxks are properly transmitted. 
[0059] If a NAK is the result of decision step 585, the process proceeds to step 600. At step 600, the mode O ALP 
275, Fig. 4, transmits NAK data or parify block without a transmit sequence and waits in step 61 O for the receive ALP 
260 to respond. The process then contin~es back to decision St';!J:> 580 and the process continues unit all the blocks 
are properly transmitted. 

40 (0060] Fig. 17 shows a.downlink time 5.lot format.f9r Mode b. The time slot has the following fields: SYNC - synchro­
nization field (SYNC) 615, packet channel feedpack (PCF).620: coded superffame phase (CSFP) and coded adaptation 
field (CAF) (shown as CSFP/CAF 625), coded_partial ';!Cho (CP~) 63(), coded.data·segment header (COSH) 635, 385, 

. Figs. 8, 9 and 10, _reserved (RSVD} 640 and data block 3~0 Figs. 6, 8, 9 and 10. . . 
[0061] The time· siot structures for the downlink and uplink preferaqly use differentially encoded PSK (DPSK) con-

45 stellations. If coherent PSK is used, pilot' symbols_ and. refetence symbols are inserted' at appropriate positions in the 
time slot structure. · · · 
(0062] The PCF 620 fields are used as a mechanism for providi~g ACK/NAK 270, Fig.4, and channel quality feedback 
125, Fig. 4, and lime slot assignments on the reverse packet data chann_el. The CAF 625 on the downlink consists of 
two bits which indicate the modulation format (4-level,8-levelor 16-levei) used for the data. The layer-1 data fields 

so consist of two, three or f~ur blocks whi~h are_ constructed using the. p_r~edure 'describe'd earlier in Figs. 8, 9; 10 and 
11. The adaptation field, superframe phase (SFP) and one reserved bit are encoded togeth.er using the same Hamming 
code that is used.for COVCC in 1S-136, 22 bits are used for the GOSH field 635, and a 12 bit CPE 630 field. is used to 
. identify the recipient of the ·data. The SYNC 615 field is transmitted using ~4-00PSK. The CSFP/CAF 625, PCF 620. 
CPE 630 and CDSH 635 are also transmitted using 4-level modulation. . . 

55 [0063] Contention accesses are transmitted using 4-levei modulation. Higher level mod1Jlation~ (8-level and 16-level) 
are used by mobile stations which have more than one burst to transr:ni~ in ARO CONTINUE mode, and are sniffing 
for reservation based transmi?siorl opportunities. · · ·. 
[0064] Figure 18 shows the preferred upljnk time slot structure. The guard (G)645. ramp (R) 650, preamble (PREAM) 
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[0042] · The dat~ bit'stream 170.Fig. 4, and parity bit strea~ ·175 at the encoder output 165 ·are ~eparately interleaved. 
by Mode O interleavers 180 and 185. and segmen~ed into cicita and parity blocks by blocker 190 The two, three or four 
(combinations of data:and parity/control) blocks. outputted by 'the Mode O ALP 200. are transmitted in each time slot 
corresponding to the use of 4-leve.I. 8-level or 16-level modulation respectively. Data or parity blocks·are·selectively 
mapped direclly into the Layer 1 data 'p9rtion otan IS-136 time slo((QATAfields shown in Fig. 11 and 12). Figs. 8, 9 
and 10 ilh.1strate ~he logical Layer 1 frame 120·. Fig·. ·5; fo~~ats as:a t'unctibrfot the modulation type. · 
[0043) Fig. 7 illustrates that a Layer 1 fr~me.120·. Fig. 4; i$ associated with a data segment header (DSH) .360'. The 
OSH 360 contains a block sequern;:e r.:ium.ber ,(BSN).365 which preferably consists often bits. The BSN. 365 is associated 
with the first data block in a _time siot; if. there are no data blocks, then the BSN 365 is given a default value which is 
ignored by the receiver 130 of Fig. 4, The OSH 360 also includes· a poll indicator (Pl) 370; Fig. 7, which preferably 
consists of one bit. The PI 370 is used by the system 1 02, Fig. 1 , to request an ARO status frame. The OSH 360 also 
inch,id_es parity/control block ·poinier· (PCBP} 375 which preferably consists of two bits. The PCBP 375 indicates the 
composition of the time slot in terms of data and parity/control blocks. The OSH 360 also has a rese·rved (RSVD) 380 

.. header which is preferably one bit in length for future needs. 
[0044] The 14 bit DSH 360. Fig. 7, is encoded to obtain a 22 bit coded DSH (CDSH) 385 of Fig. 8, 9 and 10. The 
encoding. p~eferably ~~ploys Hamming codes. In addition each time slot contains a 12 bit coded partial echo (PE) 
assigned to the transaction ii1 progress .which identifies the recipient of the data on the downlink or the originator on 
the uplink. ' · · · · · 

[0045] Of1 thE;l downlink, each ALP frame of size 336 bits (40 octet ALP data frame+ 16 bits CRC) is encoded using 
a rate 1 /2, memory five, systematic convoiutional code. The number of data blocks per ALP frame (D) is set to a nominal 
value of three. The output of the encoder is 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 parity/control block (PCBH) 390, Figs. 8, 9 and 
10, is used for each parity block. These .blocks are carried two, three or four per time slot as discussed above . 
.[0046] On the uplink, each i°r~me of size 342 bits (41 octet ALP frame+ 14 bits CRC) may be encoded using a rate 
1/2, memory five. systo~atic co~volutional c~e. Tho n~mbcir of data blocks pe; RLP frame (D) is set to three. The 
output of the encoder is segmente·d into three data blocks, each of size 114 cits, and three parity blocks, each of size, 
99 bits (punctured from. 1'14 bits). A 15 bit he_ader (PCBH) 390_-F,gs: 0·, 9 and 10, is used tor each parity block. These 
blocks are carried two, three or four. per time slot as disctf~$ed above: ' . 

. [0047] Fig. 8 shows the logical layer-1 frame·iormats· as1s"t.1ming level 4 modulation with two blocks transmitted in 
.. each IS-136 time slot. The PCBP 375 value in the DSH 360, Fig. 7, is used to identify the composition of the data 
. ~egm~nt iri the time slot in-terms 6f dat1 i:l~d par1ty blocks. As an example. PCBP 375 ~ 00 indicated two parity,blocks, 

PCBP 375 = 01 indicates o~e data and o~e 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 tor 16 level modulation.· 
[0048] Fields such as adaptation field (AF) 395, Figs. 8, 9 and 10, and DSH 360, Fig. 7, assume special positions 
in the time slot and are not transmit1ed as part of the layer-1 data. The. block sequence number (BSN) 365, Fig. 6, in 
the CDSH 385, Figs. 8, 9 and 10, denotes the sequence number corresponding to the first data block 320 iri'fhe slot. 
If only parity blocks 340 are transmitted, this field is ignored. In addition to the fields shown above, the coded PE 
assigned to the MAC Layer transaction is used as a mobile station identifier. . . 
[0049) Figs. 11, 12, 1 3 and 14 are illustrcltive of exampl_es of the process performed by the receive ALP 260, Fig. 4, 
IRSD 265, feedback 270 to the Mode O ALP 275, and the Mode O ALP 275. In step-400 of Fig. 11, the receive ALP 

. 260: Fig.· 4 ;eceives a demodulated tirrie slot from the channel demodulation 255 and in step 405, Fig. 11; decodes 
the data segment header (DSH) 360 of Fig. 7. In decision step 410; if the □SH 360, Fig. 7, is successfully decoded 
the process continues to step 415, Fig. 11. lfJhe DSH 360, Fig. 7, is not successfully decoded the process instead 
continues to step 420, Fig, 11. In step 420, the receive_'ALP 260, Fig.4;.discards the time slot and the process continues 

· to node A 425, Fig. 11. which starts the new process at the ·1Rso' 265 of Fig: 4. · 
[0050) If the DSH.360, Fig. 7, is successfully_cfe~~ed the rec~ive ALP 260. Fig. 4, in step 415, Fig. 11, reads the 
PCBP 3_75, Figs. 7, 8, 9 and 10. in th_e DSH 36(): ·Fi!;J. 7, and determines the number of data 320, Fig. s; and parity 
blocks 325 and decodes the PCBH 345, 350. 355 Fig.?;· 390 Figs. 8, 9 anci 10 for the parity blocks. The receive ALP 
260, Fig. 4, then. in step 430, Fig. 1): updcites the_'block bitmap table for ttie received data and parity blocks and in 
step 435 passes the· soft inforl'T)ation arid dataiparity 'block' s~quence numbers to the I RSD 265 and continues the 
process at the IRSD 265 at node A 425.. . · · · · 

. [0051] Fig. 12 shows the process performed by the IRSD 265 of Fig. 4. The process starts' in step 440, Fig. 12, the 
IRSD 265, Fig. 4, receives soft information a11d data/parity blocl{numbers from the receive RLP 260. In step 445. Fig. 
12, the IRSD 265, Fig. 4, decodes the ALP frames associaied with the new received data and/or parity blocks using 
previously stored data and/or parity blocks associated with the ALP frames. The IRSD 265, in step 450, Fig·.· 12, then 
checks the FCS associated with each RLP frame decoded. In decision step ·455, if the FCS check is successful the 

-process continues to step 460. If the FCS check is not successful the process instead continues to ste·p 465. In step 
465, the new soft information associ;:;ted with the received data/parity block is stored and the process ends at 470 . 

.. 7 
.. •,; .. 
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seg"!ent header (0Sf:i),':"11i~h cont~ins ~ ten bit b~k sequence number (BSiN) and one bit poll indicator (Pl) to request 
ARO status . · · · · · · -.. ·· · · · : ' · .· ·· · · · · · 

. (0075) _ The resulting -~ta segment, containing ALP frames:· osH, and CRC bits is encoded using a memory 5, rate 
1/2 convolutionai'c6de.

1
The C<'.lded bits are punctured and·mapped to symbols that are-chosen from a 4-leve~ 8-te\l~ 

5 or 16-level constellation. The pu~ctufin·g d~pe;,ds on ttie m6dulation fonnat used for the transmission ot tl1al. slot as 
showninFigs.20:and.21. ·. · · •-. · · ·· · 

[0076) Since the frame.;"! ~::k :-, on· the data segment consisting of two, three, or four ALP frames, if the CRC fails 
.. at the rece~er, th~n all fra!'n.'Y..3 •,l :he slot wiil l:>e lost and ·will have to be recovered through ARO recovery. Assiglling 

. a FCS ·10 each "small" RLP fr;!;."r.e is inefficient due to· excessive ove·rhead. . • · 
10 . (OOn] On the downlink, each ALP frame consists of 88 bits·(eleven octets}. To each set of two, three qr four ALP 

frames, an eleven bit OSH and ten bit CRC are added. Th_e resulting combination is encoded using a rate 1/2, memory 
5 convolutional code as shown in Figure 20. At the encoder output,· 128, 201 or 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. 

1s (0078) On the uplink each ALP frame consists of 96 bits (12 octets). To each set o1 two, thr~ er four ALP 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 Fig. 21. At the encoder output. 176, 243 or 310 bits are punctured depencmg on whether 
4-level, a-level or 16-level modulation is used, and the remaining bits are mapped to the desired moduiation tormat. 
(0079] The slot formats assume the use of DPSK If coherent PSK or Of.M are used_,_then pi~t symbols are inserted 

20 al appropriate positions in the time slot. 
(0080] The downlink time slot format is shown in Figure 22. The packet channel feedback(PCF) 800 fields are used· 
as a mechanism for providing ACK/NAK and channel quality feedback and time slot as~ignments o.n_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 

?5 (4 level, 8 level or 16-level) used for tho ·data. The adaptation field, superframe phase (3FP) and one reserved bit are 
encoded together using the.same (12,B)·Hamming code-that is used for CDVCC in iS-136: A 12 bit CPE 810 field is 
used to identify the redpient of the data 805: The SYNC 805 field is transmitted using 1i/4-DQPSK The CSFP/CAF 
820, PCF 800 and CPE 810 are transmitted using'4-leve( modulation. 
(0081] Fig. 23 shows the proposed uplink time slot structure. The guard (G) 825, ramp (R) 830, preamble (PREAM) 

30 835 and SYNC 815 fields are· maihtained as in TS-'t36; aiiiewcddi:?d'adaptation:·field (CAF) 840 is introduced to Indicate 
the modulation format for the data 845. A f~-bif CPE' 81 ci is osecf tc>inaica1e'tf\e'transmftter identity. two bits are >i:.ised 
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-leve! modulation. Higher level modulations (8-level and 16-level) 

35 are used in ARO 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 ari entire 
MAC Layer transaction. Layer 1 determines ttie modulation type to use for the next time slot based on the channel 
quality feedback from the receiver and the needs of Layer 2. Since the ALP frame sizes in Mode 1 are chosen to be 

40 .the· same independent 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 1t/4-coherent PSK), 8 level (dif­
ferential or coherent) and 16 level (PSK, OPSK or QAfvlfmodulation. A two bit adaptation field is used to describe the 
coding and/or modulation format used. Table 1 shows the mapping of the AF values to corresponding modulation 
formats. 

45 [0084) · A default value specifies ttie default OOPSK format with Rate 5/6 coding, This.permits different packet data 
channel frame formats and interworking betw_een incremental redundancy and coding modes. 
(0085) Similar to Mode O, the downlink Channel Quality Feedback (CQF) is provided by the mohile station on the 
reverse packet data channel in a layer-2 • ARO Status• frame. The ARO status frame may be transmitted in any reserved 
uplink time slot. A two bit channel quality indicator is used to denote the rnaximum allowable modulation type, and the 

so cell transmitter uses this informatio,1 along with knowledge of ·the Layer-2-data backlog in order to determine the mod­
ulation to use in subsequent slots. 
(0086] For· the u·pli~k. channel quality feedback is pr_ovided in lt!e PCF corresponding to reserved slots. ThEfsubchan­
nel feedback (SF) field in. ihe 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 subsequ·ent assignments to the 

55 mobile station being acknowledged.. For ACK/NAK feedback, as in Mode 0, a simple (6, 1) repetition 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·s1ot signal 155 

. . . . . 

10 
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655 and SYNC 615 fields ar~ .maintaine~ as .in is~136; a' n"ewcoded adaptation 26 fi~ld (CAF} 660 ·is introduced to 
indic;:ite the modulation format for the data. Two pits are_ u_l?_ec;i fpr_th~ n;iod\J(a~ion type; thesf3.~re encoded using.a (6,2)· 
code. The GOSH 635 u·ses 22 bits. and a 12 bit CPE 665. 1~ _u5ijd ~q ide'ntify· the mobile' siation. G 645. A 650, PREAM 

. •··; , 1, ·-:- ~ ~~~~-:· :. •. c .. '7~,.. , , , • • - · 

655. CPE 665. GOSH 635 and CAF 660 are transmitt_ed using 4-level m_odulation. 
5 [0065] The modulation type is fixed for-,; time slot and not over an ALP frame or an entire MAC 'Layer transaction. 

Layer 1 determines the modulation type to use for the nextUme_ slot based on the channel quality feedback· 125. Fig. 
4, from the re~~iver 130 and the needs of layer 2_. The modu.lation.'tormats utilized are 4 level (DQPSK or Jt/4-coherent 
PSK), 8 levei (differential or coherent} and 16 lev~I {PSI<. DPSK or OAM) 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 

10 modulation formats. . - · 

15 

20 

25 

(0066] A default valuesp~cifies the def~iJh DQPSK format with Rate 5/6 coding within the time slot to allow different 
pac_ket data channel frar,ryeformats and interworki.ng between incremental redundancy and coding modes, 

Table 1 .. 

AF Coding anoJor Modulation Format 

bo 4-level {1t/4-0PSK or 1t/4-DOPSK) 

Ol .. . 8-level (PSK _or DPSK) .. 

10 16-level (QAM,_ PSK or DPSK) ·; 

11 Default (e.g. rate f5/$, memory 5 convolutional coding with 4:level mod~l~tion) 

.(0067] . Channel Quality Fe~db~ck {C0°F) 125, Fig. 4, is prt:)Vided by the mobile_St9tion on.the reverse.-packet data 
channel in a layer-2 "ARO Status• block as shown in Fig. 19. The ARQ status. block is preferably transmitted in any 
reserved uplink time sloL A two bit channel quality indicator.is used lo denote tt)e maximum a·llo_wable modulation type. 

· [0068) The PCBH 670.. for the ARO status _block consists of one bit PCBH. header type (;:: 0), one bit control block 
type (=- 0, for ARO status block), two bit COF fi~ld, seven bit frame seq_uence number (FSN), identifying the beginning 
frame for- the bit-map feedback. 
[0069) , J"he ,PCBH 67Q is enc9d~dµsiri_g;tl)_e.(1 ?r H ),cod~. Tti.e.r.~s_t_ of the.A8Q .status block consists of the brt-map 

3o .•. ,feeqback 675 and CRC.680, encoded,using.thedefault 5/6,rateconvolutionai°code. 
(0070) For the uplink, ~hannel quality f~~dba~k is provided.in the PCF- ~~rre~ponding to reseNed slots. The subchan­
nel feedback (SF) field in the PCF provides ACK/NAK and channel quality feedback {or the previous slot as well as 
channel quality feedback (CQF) which serves as a modulation format advisory for subsequent assignments to the 

35 

40 

45 

50 

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 quality information by averaging the Euclidean distance between 
the received_ symbol sequence and the,decoded sequence of symbols to obtain ari 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-
ra_ted by refere(!ce herein, this method yields-good estimates under both noise limited and interference limited conditions 
for different coded modulation schemes across the. r?mge of Doppler frequencies. The metric.computation is independ­
ent of the actu_aJ de.9oder_implementation and can be 9omputed using the decoded _Information sequence. 

Table 2 

Channel Conditions Channel Quality Indicator - Maximum Allowable Modulation Format 

C/(l+N) < 0~ _ 

C/(l+N) > 0H 10·(16~level) 

[0072] Table 2 shows the scheme for determining the maximum allowable modulation type based on C/(l+N) esti­
mated at the.receiver. The mobile station receiver uses the channel quality metric along with knowledge of C/(l+N) 
thresholds, 0v~ and wtiich are .. trans~itted over the packet broadcast.control channel (PBCCH). 
[0073] As in Mqde'0, the byte stream obtained from Layer 3 frames is segmented into ALP frames. However, in this 

55 mode, ALP frames are smaller in size than in the incremental redundancy case: Two, three or four ALP frames are.· 
transmitted in each time slot depending on the modulation type (i.e., if 4-level. 8-level or 16-level modulation respec-
tively, is used). · · · · · · · · · · 

[0074) Two, three or four ALP frames are concate.nated with a ten bit. frame check sequence (FCS) and a data 

9 

Page 332 of 409



5 

10 

15 · 

20 

7. 

8. 

9. 

10. 

11. 

EP 0 938 207 A2. 

T~e system of cl~im 1 .. inclu!;ling ~ transmitf:er tpat transm~ ~ parity b1ock sjgna! with the data btoci\ sjgna! sequence 
number in the. sub~sl<;>t.. 

The sy~te~ :~f cla(rii: 1 · including ~ receive;_ ttiat ·,de~tif1e_s the s'equence of data block signals in the time slot as 
b~i':g consecutive.from a first data ?lock. - . . . . . 

The_ system of claim 1 including a trao"smitt~r th~t sizes_ the data block signals for qperation in a pl~rality of mod-
ulation schemes. · 

The sysiem of claim 9 wherein the transmitter selectively sizes the.data block signals so that the data btock s~ls 
fit within .the sub-slot at each one of the plurality of modulation schemes. . . 

The method of claim 10 wherein the transmitter uses a code rate defirted by the equation 

ND N 
(ND+ MP) .(2N - q) 

in which N is the data block signal size, Mis a parity block signal size, q is the length of the data block signal 
sequence number field.' 0 is the number of data blocks and P i~ the number ~f parity blocks." . . 

12. The system of ~!aim 1 including a computation unit that computes a frame check seque;,ce, ~nd a adder that adds 
the frame check sequence to the radio link protocol frame to define a frame s( . 

~ . ' .. . -

13. The system of claim 12 i~cluding .an encoder t.hat encodes the frame Bi int~ N data b.its and N pari_ty bits, a first 
2s segmcnter that segments the N data bits into ·o data block signals, a second segmentcr that segments the N parity 

bits into P parity block signals of equal size, and a puncturing unit that selectively punctures the P parity block 
signals to insert a header. 

14. The system of claim 13 wher~Ln the heape_r_ i[lC,lu_d_es _a _he~der type idemtifier ~nd a data block signal sequence 
30 number for selected ,Parity block signals . . . .. ·. ,. . . . . .: ' ... ·.. . - ·. . . . . . ·. . 

15. The system of claim 13 further includes a memory unit that stores information.corresponding to the N data bits 
and N parity bits. 

35 16. The system of claim 15. wherein the memory un_it includes a bitmap for delivered D data block signals and P parity 

40 

45 

block signals. 

17. A method for incremental redundancy transmiss:ipn in a communication system that uses radio protocol frames. 
comprising the steps of: 

creating a time ~lot .signal hay_ing at le_ast ~ne sub~slot ~ith a fixEld size_; 
creating a data block signal sized to fi~ in th_e 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 time slot signal the number of data block signals consec~tively transmitted. 

18. The method of.claim 17 including the steps _of creating a parity block signal sized smaller than the data block signal 
such that the parity block signal and the data block signal sequence number fit _within the sub-slot and transmitting 
the data block signal-and parity block signal in the sub-slot within the time slot signal. 

so 19. The method of cla_im 1.7 including the s!ep of transmitting ~he.parity biock signal with the data block signal seq~ence 

55 

number in the sub-slot. · · · · · · 

20. The method of claim 17, including 'the step of identifying the sequence of data block signals in the time slot as 
consecutive from a first data block. · 

21. The method of claim 17 including the step of sizing the data block signals for operation in a plurality of modulation 
schemes. 
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having at least' one s'ub-slot with a fixed size and a: datci block signal gen-era tor 165 that ·creates a data block signal 
170 sized to fit in the time slot A header adder 210 th.=it generates a header having a data block signal sequence 
number in the header for the time slot signal is also provided. A receiver 130, Fig. 4.is also provided that identifies in 
the header for the time slot signal, a number of data bloc°k'sig'n'als 170·consecutively 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 signal 170 such that the parity block signal 175 and the data block signal sequence 
number fit withiri the sub-slot, and a transmitter 115 that irans'mits the aata block signal 170 and parity block signal 
175 in the sub-slot within the time slot signal. 
[0089] The present invention further_ encompasses a method for incremental redundancy transmission in a commu­
nication system that ·uses radio (or\e~ran'smi~sion) protocol link frames. The method comprises the step of creating a 
time slot signal having at least one sub~slot 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 bloc~ signal sequence number in the header for the time slot signal and 
identifying in the header for the time 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 nu.mber for a first data block signal 170 
in a sequence of data block signals 170 and creating a parity block signal 175 smaller than the data block signal 170 
such that the parity block signal 175 sequence number tits within the sub-slot signal are also provided. 
[0090] While the specification in this invention is described in relation to certain implementations or embodiments, 
many· details are set· forth f_or the purpose 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
acteristics. The described arrargements are illustrative and not restrictive. To those skilled in the art, the invention is 
susceptible to additional implementations or embodiments and certain of the details described.in this application can 
be varied considerably without d·eparting f~om the basic principles of the'invention. l(will thus be appreciated that those 
skilled in the art will be able to devise various arrangements which, although not explicitly described or shown herein, 
embody the principles of the invention are thus within its spirit and scope. · · -· 

•• ':. : • • • ·-· • ·, .! '- •• , ; • • •• ,:·--

Claims 

1 .. An incremental redundancy tfa~~mission commt.inication system comprising: 

a time slot s_ignal generator that creates a time slot signal having at least one 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-slot: 

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 slot signal a number of data block signals consecutively 
transmitted. 

2. The system of claim 1 including a parity :biock signal generator that creates a parity block signal sized smaller than 
the data !:>loci< signal such that the parity block signal arid tlie data block signal sequence number fit within the 

. sub-slot,. and a transmitter that trahsmits the· ·data block signal· and parity block signal in the sub-slot within the 
' . . ' . . . ' . . . . .. . .. 

~-

4. 

_s. 

6. 

time slot signal. 

The system of claifTI 2 wherein the receiver iden:tifies iri the" header for the time slot signal the number of data block 
signals and parity block ·signals in the time s'lot signal. . . ·. .. . . . . 

,• •• f • ·•' • ••• 

The system of claim 2 wherein the data block signal generator and parity block signal generator create an integer 
number of total data block signals and the parity block •signals that fit in the time slot sig-nal. . 

T_he system of claim 2 including an encoder that separately encodes the sequence of data block signals and parity 
block signals, and an interleaver that separately interleaves the sequence of data block signals and parity block 
signals. -

. 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 interleaver. 
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· 37. The method of claim-35 including the steps of sto.ring in a memory information carespooding to the N data bits 
and N parity bits. transmitting the-0 data block signals·correspcnding to the radio \ink protcco3. decoding the Bi 
frame. and transmitting additional P parity block signals corresponding to the radio !inx. protocol when whenever 
the Bi-frame is not correctly decoded:·: 

38. The method of claim 37 including the step of clearing the.memory whenever the Bi frame is correctly deooded 

39. Tho method of claim 37 in which the memory includes a bitmap for delivered D data block signals and P pruiliy 
block signals. 

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;,, 

24. 

25. 

26. 

27. 

28. 

29. 

30. 

creating a data block signal sized to fit within the sub-slot; 
providing, in a header of-the time· slot signal, a-data block signal sequence number for a first data block signal 
in a sequence of data block signals; and 
creating a parity block signal smaller than the data block signal such that the parity block signal and the data 
block signal sequence number fit within the sub-slot signal. 

The method of claim 23including the step of transmitting the parity block signal with the data block signal sequence 
number in the sub-slot. 

The method of claim 23 including the step of identifying the sequence of data block signals in the time slot signal 
as consecutive from tlie first data block signal. 

The method of claim 18 or 23 including the step of identifying in the header for the time slot signal the number of 
data block signals and parity block signals in the time slot signal. 

The method of claim 26 including the step of sizing the data block signals for operation in a plurality of modulation 
schemes. 

The mothod 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 t~e plurality of modulation schemes. 

The method 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 signals. 

The method of claim 22 or 29 wherein the transmitter uses a code rate defined by the equation 

ND N 
(ND+ MP) (2N - q) 

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 involving the steps of separately encoding the sequence of data block signals and 
40 parity block signals, and interleaving separately the sequence of data block signals and parity block signals. 

45 

32. The method of claim 18 or ~1 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 encoding and inter­
leaving. 

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 that the time slot signal is correctly decoded. 

so 34. The method of claim ~ 7 or 33 including the steps of computing a frame check sequence, and adding the frame 
check sequence to the radio link protocol frame to define a frame Bi. 

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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lnventor(s) · Arnab Das 
Farooq Ullah Khan 

Case 14-18 

Serial No. 10/002,746 

Filing Date November 2, 2001 

Examiner Group Art Unit 

CQpyrAPERS 
ORIGIN~ FILED 

2681 

) 

RECEIVED 

MAY 1 4 2002 
Technology Center 2600 

Title Variable Rate Channel Quality Feedback in a Wireless Communication System 

ASSISTANT COMMISSIONER FOR PATENTS 
WASHINGTON, D.C. 20231 

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 ethod for transmitting channel quality information in a wireless 

communication ~ystem compr' ing at least one base station and at least one mobile station, the 

method comprising: 

varying a rate for r orting channel quality information from a mobile station to a base 

station as a function of th presence or absence of a reception of a transmission at the mobile 

station. 

claim for pending claim 2: 

2. (Amen ed) The method according to claim 1, wherein the mobile station 

reports channel quali information at a first rate in the absence of a reception of a transmission 

from the base statio and at a second rate in the presence of a reception of a transmission from 

the base station. 

1 
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0

al No. 10/002, 7 46 • • ' . 

Substitute the following claim for pen ing claim 3: 

3. (Amended) to claim 1, wherein the mobile station 

reports channel quality information a first rate in the absence of a reception of a transmission 

from the base station and, upon det ction of a reception of a transmission from the base station, 

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

Substitute the following claim fo pending claim 4: 

4. (Amended) Th method according to claim 1, wherein the mobile station 

reports channel quality informa on at a first rate in the absence of a reception of a transmission 

from the base station and, upo detection of a reception of a transmission from the base station, 

the mobile station reports ch nnel quality information at a plurality of rates over a prescribed 

time period after detection o the reception of a transmission, wherein the plurality of rates are 

different than the first rate. 

Substitute the following c aim 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 ethod comprising: 

reporting chan el quality information from the at least one mobile station to the at least 

one base station at a irst rate in the absence of a reception of a transmission at the at least one 

mobile station; and 

in the pres nee of a reception of a transmission at the at least one mobile station, 

adapting the rate f r reporting channel quality information from the at least one mobile station to 

the at least one b se station from the first rate to a second rate. 

2 
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Serial No .• 10/002,746 • • 
REMARKS 

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 

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. 

Lucent Techhl~ies Inc. 
Date: 5 1 02... 

Respectfully submitted, 

Grego . Murgia 

3 

Reg. No. 41,209 
Attorney for Applicants 
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Serial No. 10/002,746 
' ' . 

In the Claims: 

Amend claim 1 as follows: 

COPY OF PAPER. 
ORIGINALLY FILED Attachment 

0 SHOW CHANGES MADE 
RECEIVED 
MAY 1 4 2002 

Technology Center 2600 

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 

5 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. 

10 Amend claim 2 as follows: 

15 

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, 

20 the mobile 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 

25 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. 

1 
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5 

Serilll No._ 10/002,746 • • Attachment 

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. 

10 Unchanged claim 7: 

15 

20 

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 

25 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 

30 conditions. 

2 
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5 

SeJic?I No .• 10/002,746 • I • • Attachment 

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 

10 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 

15 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 

20 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. 

, 25 Unchanged claim 14: 

30 

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. 

3 
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Das 14-18 1 

VARIABLE RATE CHANNEL QUALITY FEEDBACK IN A 

WIRELESS COMMUNICATION SYSTEM 

Technical Field 

The invention relates generally to wireless communication systems and, more 

5 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 

1 o 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 

15 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 ~xample, 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 

20 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 

25 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. 

30 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 T. 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 

5 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 1:. As shown in FIG. 1, 

1 o 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 

15 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 

20 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 

25 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 

30 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 

5 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 

10 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 

15 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. 

20 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 

25 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. 

30 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 

5 that rate adaptation can be carried out more accurately by the base station. 

10 

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 

15 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 

20 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 

25 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 channel 300 for the downlink from the 

30 base station to the mobile station is divided into time slots 301-317, each of which 

has a duration -r, 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 

5 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 

10 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 

15 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 

20 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 

25 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 

30 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 

5 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 

10 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 

15 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 

20 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 

25 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 

30 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, 

5 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 

10 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 

15 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 

20 increasetd 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 

25 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, 

30 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., to every time slot), there may be initial portions of the transmission 

that will require retransmission under certain circumstances. As such, the ability to 

5 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 

1 o 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 

15 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 

20 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 

25 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 I that, in tum, provide an estimate of the quality of the previous 

30 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" 

5 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 

10 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 

15 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 

20 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 

25 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 1 x-EV-DO standard, the invention could also be 

applicable to other known or to-be-developed wireless transmission standards. For 

30 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. 
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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 least one mobile 

station, the method comprising: 

varying a rate for reporting channel quality information from a mobile station 

5 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 

1 o 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 

15 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 reports 

channel quality information at a first rate in the absence of a transmission from the 

20 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. 

25 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. 

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 quality is used to derive a transmission 

format for a subsequent transmission. 

8. The method according to claim 7, wherein the transmission format 

5 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 6, further comprising the step of 

estimating channel quality at the base station while the mobile station is reporting at 

1 o the second rate, wherein estimated channel quality is used to calculate an amount of 

redundancy needed for a retransmission of a previous transmission. 

15 

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: 

20 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 

25 from the at least one mobile station to the at least one base station from the first rate 

to a second rate. 

30 

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. 

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. 

Page 374 of 409



5 

Das 14-18 14 

VARIABLE RATE CHANNEL QUALITY FEEDBACK IN A 

WIRELESS COMMUNICATION SYSTEM 

Abstract of the Disclosure 

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 

1 o 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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VARIABLE RATE CHANNEL QUALITY FEEDBACK IN A 

WIRELESS COMMUNICATION SYSTEM 

Technical Field 

The invention relates generally to wireless communication systems and, more 

5 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 

1 o 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 

15 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 

20 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 

25 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. 

30 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 't. 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 

5 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 116JF-

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, 

h1, 1 o the calculation and reporting of the rate for the dedicated controi 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 

15 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 
:=::-

20 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 

25 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 

30 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 

5 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 

i"" 10 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 

15 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. 

20 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 

25 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. 

30 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 

f 
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from the mobile station is at a slower rate, which, in tum, 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 

5 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 

1 o 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 

15 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 

20 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 

25 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 channel 300 for the downlink from the 

30 base station to the mobile station is divided into time slots 301-317, each of which 

has a duration 't, 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 -r. 

As shown in FIG. 2, the calculation and reporting of the rate for the dedicated 

5 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 

ik 10 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 

15 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. 

20 

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 

25 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 

30 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 

5 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 

10 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 

ff'rr 15 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 

20 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 

25 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 

30 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, 

5 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 

10 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 

15 variations will also be apparent to those skilled in the art and are contemplated by the 

teachings herein. 

20 

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 

25 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, 

30 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., to every time slot), there may be initial portions of the transmission 

that will require retransmission under certain circumstances. As such, the ability to 

5 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 . 

1 o 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 

15 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 

20 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 

25 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 tum, provide an estimate of the quality of the previous 

30 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" 

5 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 

10 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 

15 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 

20 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 

25 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 

30 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. 
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We Claim: 

1. A method for transmi ng channel quality information in a wirele 

communication system comprising at east one base station and at least one 

station, the method comprising: 

varying a rate for reporting c annel quality information from a 

5 to a base station as a function of th presence or absence of a trans ssion from the 

20 

25 

base station to the mobile station. 

2. The method accor ing to claim 1, wherei he mobile station reports 

channel quality information at a rst rate in the abse e of a transmission from the 

base station and at a second r 

station. 

3. 

channel quality information 

base station and, upon det 

of a transmission from the base 

te in the absence of a transmission from the 

a transmission from the base station, the mobile 

station reports channel qualit · ormation at a second rate for a prescribed duration. 

4. The meth cj ccording to claim 1, wherein the mobile station reports 

tion at a first rate in the ·absence of a transmission from the 

base station and, pan de ction of a transmission from the base station, the mobile 

station reports hannel q ality information at a plurality of rates over a prescribed 

of the transmission, wherein the plurality of rates are 

5. The meth d according to claim 4, wherein the prescribed time period 

includes a plurality of ime intervals such that the channel quality information is 

reported at one of the p urality of rates during one of the plurality of time intervals. 

6. The m hod according to claim 2, wherein the second rate is faster 

30 than the first rate. 

· 7. The 

estimating channel 

ethod according to claim 6, further comprising the step of 

ality at the base station while the mobile station is reporting at 
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the second rate, wherein estimated channel · s used to derive a transmission 

8. The method according to claim 7, wherein the transmission format 

5 includes one or m re parameters selected from the group consisting of modulation 

des, and transmission rate. 

9. The method according to claim 6, further comprising the step of 

estimating channel uality at the base station while the mobile station is reporting at 

10 the second rate, w erein estimated channel quality is used to calculate an amount of 

redundancy neede for a retransmission of a previous transmission. 

15 

10. method according to claim 1, wherein the channel quality 

information comp ses a transmission rate calculated .by the mobile station based on 

11. ethod for adapting the ate of reporting channel quality information 

munication system i luding at least one base station and at least 

one mobile stati , the method com ·sing: 

reporting channel quality · formation from the at least one mobile station to 

~ the at least one ase station a a first rate in the absence of a transmission f~om the 

at least one bas station to t e at least one mobile station; and 

in the pr transmission from the at least one base station to the at 

least one mobil statio , adapting the rate for reporting channel quality information 

25 from the at leas 

to a second rat . 

obile station to the at least one base station from the first rate 

30 

12. he method according to claim 11, wherein the second rate is faster 

than the first r te .. 

13. A method for transmitting channel quality information in a wireless 

communicati n system including at least one base station and at least one mobile 

station, the ethod comprising: 
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varying a rate for reporting channel q 1ty information from a mobile station 

to a base station as a function of the nu er of base stations that the mobile station 

is communicating with. 

14. ccording to claim 13, wherein the mobile station reports 

channel quality inform ,on at a first rate when the mobile station is communicating 

with one base st 10n and wherein the mobile station reports channel quality 

rate when the mobile station is communicating with a 

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

VARIABLE RATE CHANNEL QUALITY FEEDBACK IN A 
J 

WIRELESS COMMUNICATION SYSTEM 

Abstract of the Disclosure 

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 

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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patent issued thereon. 
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