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If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that 
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EXAMINER ARTTJNJT 

REGO, DOMINIC E 2647 

Change of correspondence address or indication of "Fee Addressn (37 
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PTOiSB/47; Rev 03-02 or more recent) attached. Use of a Customer 
Number is required. 

PUBLICATION FEE DUE PREY. PAID ISSUE FPE TOTAL FEE(S) D1JE DATEDLIE 

$0 $0 

CI.ASS-SlIBCLASS 

455-509000 

2. For printing on the patent front page, list 

(j) The names of up to 3 regjstered patent attorneys 
or agents OR, alternatively, 

(2) The rnune of a sjngle flnn (havjng as a rnernber a 
registered attorney or agenti and the names of up to 
2 registered patent attorneys or agents. If no narne is 
listed, no name will be printed, 

$960 06i30/2016 

Volpe and Koenig, P.C. 
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] _______________ _ 

3. ASSIGNEE NA1"\1E A1,D RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type) 

PLE_ASE NOTE: lJnless an assignee is identified beknv, no assignee data will appear on the patent. lf an assignee is identjfied below, the docnrrK:nt 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) NA.cv1E OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY) 

Intellectual Ventures II LLC Wilmington, IkJaware 

Please check the appropriate assignee catego1y or categories (wi1J not be printed on the patent) : [) Indjvidual [[I Corporation or other private group entity O G-overrn:nent 

4a. The fol1owjng fee(s) are subrnitted: 

~ Issue Fee 

lfil Publication Fee (No small entity discount perrnitted) 

[) A_dvance Order - # of Copies __________ _ 

5. Chang<: in Entity Status (from status indicated above) 

0 Applicant certifying micro entity status. See 37 CFR L29 

0 Applicant assertrng small entity status. See Tl CFR l .27 

[) A_p_plicant changing to regular undiscounted fee status. 

4b. Payment ofFee(s): (Pleas<: l.i:rst reapply any pi·evi<msly paid isrne fre shown above) 

0 A check is enclosed. 

[fil Payment by credit carcL Form PTO-2038 is attached. 

t:filThe director is hereby authorized to charge lge_re,quire.q fee(s), any deficiency. or credits any 
overpayment. to Deposit Account Number .k2·.li.'.1.9.•,5.. ..... ( enclose an extra copy of this form). 

NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue 
fee payrnent in the rr1icro entity arnoun_t will not be accepted at the risk of appHcatjon abandonment. 

;'.'.:!!)JJ;;_: If the application was previously under micro entity status, checking this box will be taken 
to be a notification of loss of entitlement to rnicro entity status. 

_NOTE: Checking this box wiH be taken to be a notification of loss of entit1ernent to srnaH or rnicro 
entity status, as applicable. 

NOTE: This form must be signed in accordance with 37 CFR L3l and l 33. See 37 CFR L4 for signature requirements and certifications. 

Authorilaed Signature __ ,_1I:_:l_:_1_r_r~v_\_1_a_.r_t_a_1_1_i_a_.n_,_i -------------

Typed or printed name __ 1_T_a_,_·•~·)_1 _\_rr_1r_t_a_n_lr_11_1 __________ _ 
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Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Utility Appl Issue Fee 1501 1 960 960 

Publ. Fee- Early, Voluntary, or Normal 1504 1 0 0 

Extension-of-Time: 
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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 
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National Stage of an International Agglication under 35 U.S.C. 371 
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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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Filing Date t2015-05-15 

INFORMATION DISCLOSURE First Named Inventor lt'-iicholas W. Anderson 
STATEMENT BY APPLICANT 

Art Unit 2647 
( Not for submission under 37 CFR 1.99) 

Examiner Name I Dominic E. Rego 

Attorney Docket Number IPW2-USCN207 446 

U.S.PATENTS I Remove I 

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

Initial* No 
Patent Number 

Code1 
Issue Date 

of cited Document 
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1 6442398 B1 [2002-08-27 0 adovani et al. 
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U.S.PATENT APPLICATION PUBLICATIONS I Remove I 

Examiner Publication Kind Publication Name of Patentee or Applicant 
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Initial* 
Cite No 
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If you wish to add additional U.S. Published Application citation information please click the Add button.I Add I 

FOREIGN PATENT DOCUMENTS IRemovel 

Name of Patentee or 
Pages,Columns,Lines 

Examiner Cite Foreign Document Country Kind Publication 
Applicant of cited 
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Initial* No Number3 Code2i Code4 Date Passages or Relevant 

Document 
Figures Appear 

English Abstract 

1 1128515 CN C 2003-11-19 
Samsung Electronics Co. provided. 
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2 1343400 CN A 2002-04-03 nterDigital Tech Corp 
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*WO00/57574 is the 
English Equivalent 

EFS Web 2.1.17 
ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /D.E.R/ 



INFORMATION DISCLOSURE 
STATEMENT BY APPLICANT 
( Not for submission under 37 CFR 1.99) 

Application Number 14713719 

Filing Date 2015-05-15 

First Named Inventor Nicholas W. Anderson 

Art Unit 2647 

Examiner Name Dominic E. Rego 

Attorney Docket Number I PW2-USCN207 446 

3 J0/57574 WO A1 2000-09-28 leira et al. 
*English Equivalent of 
CN1343400 

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

NON-PATENT LITERATURE DOCUMENTS IRemovel 

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

Initials* No 
(book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s), 
publisher, city and/or country where published. 
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If you wish to add additional non-patent literature document citation information please click the Add button I Add I 

EXAMINER SIGNATURE 

Examiner Signature 11 /DOMINIC E REGO/ I Date Considered I 04/11/2016 

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

T5 

1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. 2 Enter office that issued the document, by the two-letter code (WIPO 
Standard ST.3). 3 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document. 
4 Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. 5 Applicant is to place a check mark here i 
English language translation is attached. 
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ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /D.E.R/ 
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Examiner Publication Kind Publication Name of Patentee or Applicant 
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Filing Date 2015-05-15 
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Art Unit 2647 

Examiner Name Dominic E. Rego 

Attorney Docket Number I PW2-USCN207 446 

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

Initials* No 
(book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s), 
publisher, city and/or country where published. 
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8FFICE ACTION, Korean Patent Application No. 10-2007-7005478, dated December 21, 2011 with English 
Translation 

2 NOTICE OF ALLOWANCE, Korean Patent Application No. 10-2007-7005478, dated June 7, 2012. 

3 NOTICE OF ALLOWANCE, Korean Patent Application No. 10-2012-7004514, dated February 22, 2013. 

4 NOTICE OF ALLOWANCE, Korean Patent Application No. 10-2012-7004519, dated December 26, 2012. 

5 NOTICE OF ALLOWANCE, Korean Patent Application No. 10-2012-7004526, dated June 7, 2012. 

6 NOTICE OF ALLOWANCE, Korean Patent Application No. 10-2012-7020771, dated January 30, 2013. 
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EXAMINER SIGNATURE 
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*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through a 
citation if not in conformance and not considered. Include copy of this form with next communication to applicant. 

T5 

1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. 2 Enter office that issued the document, by the two-letter code (WIPO 
Standard ST.3). 3 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document. 
4 Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. 5 Applicant is to place a check mark here i 
English language translation is attached. 
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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 

3624 7590 03/30/2016 

VOLPE AND KOENIG, P.C. 
UNITED PLAZA 
30 SOUTH 17TH STREET, 18th Floor 
PHILADELPHIA, PA 19103 

APPLICATION NO. FILING DATE 

14/713,719 05/15/2015 

FIRST NAMED INVENTOR 

Nicholas W. Anderson 

TITLE OF INVENTION: POWER CONTROL IN A WIRELESS NETWORK 

EXAMINER 

REGO, DOMINIC E 

ART UNIT PAPER NUMBER 

2647 

DATE MAILED: 03/30/2016 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

IPW2-USCN207446 3361 

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

nonprovisional UNDISCOUNTED $960 $0 $0 $960 06/30/2016 

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT. 
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS. 
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON 
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308. 

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

HOW TO REPLY TO THIS NOTICE: 

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

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

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

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

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

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

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

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. 
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VOLPE AND KOENIG, P.C. 
UNITED PLAZA 
30 SOUTH 17TH STREET, 18th Floor 
PHILADELPHIA, PA 19103 

APPLICATION NO. FILING DATE 

14/713,719 05/15/2015 

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

(Depositor's name) 

(Signature) 

(Date) 

FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. 

Nicholas W. Anderson IPW2-USCN207446 3361 

TITLE OF INVENTION: POWER CONTROL IN A WIRELESS NETWORK 

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE 

nonprovisional UNDISCOUNTED $960 

EXAMINER ART UNIT 

REGO, DOMINIC E 2647 

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

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

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

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

$0 $0 

CLASS-SUBCLASS 

455-509000 

2. For printing on the patent front page, list 

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

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

$960 06/30/2016 

2 ______________ _ 

3 ______________ _ 

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

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

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

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

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

0 Issue Fee 

0 Publication Fee (No small entity discount permitted) 

0 Advance Order - # of Copies _________ _ 

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

0 Applicant certifying micro entity status. See 37 CFR 1.29 

0 Applicant asserting small entity status. See 37 CFR 1.27 

0 Applicant changing to regular undiscounted fee status. 

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

0 A check is enclosed. 

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

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

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

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

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

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

Authorized Signature _______________________ _ 

Typed or printed name ______________________ _ 

PTOL-85 Part B (10-13) Approved for use through 10/31/2013. 
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0MB 0651-0033 

Date ____________________ _ 

Registration No. ________________ _ 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
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APPLICATION NO. FILING DATE 
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VOLPE AND KOENIG, P.C. 
UNITED PLAZA 
30 SOUTH 17TH STREET, 18th Floor 
PHILADELPHIA, PA 19103 

FIRST NAMED INVENTOR 

Nicholas W. Anderson 

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. 

IPW2-USCN207446 3361 

EXAMINER 

REGO, DOMINIC E 

ART UNIT PAPER NUMBER 

2647 

DATE MAILED: 03/30/2016 

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

The Office has discontinued providing a Patent Term Adjustment (PTA) calculation with the Notice of Allowance. 

Section l(h)(2) of the AIA Technical Corrections Act amended 35 U.S.C. 154(b)(3)(B)(i) to eliminate the 
requirement that the Office provide a patent term adjustment determination with the notice of allowance. See 
Revisions to Patent Term Adjustment, 78 Fed. Reg. 19416, 19417 (Apr. 1, 2013). Therefore, the Office is no longer 
providing an initial patent term adjustment determination with the notice of allowance. The Office will continue to 
provide a patent term adjustment determination with the Issue Notification Letter that is mailed to applicant 
approximately three weeks prior to the issue date of the patent, and will include the patent term adjustment on the 
patent. Any request for reconsideration of the patent term adjustment determination ( or reinstatement of patent term 
adjustment) should follow the process outlined in 37 CPR 1.705. 

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of 
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be 
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571 )-272-4200. 
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0MB Clearance and PRA Burden Statement for PTOL-85 Part B 

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

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. The information is required to obtain 
or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is 
governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, 
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary 
depending upon the individual case. Any comments on the amount of time you require to complete this form 
and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and 
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT 
SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 
1450, Alexandria, Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no persons are required to 
respond to a collection of information unless it displays a valid 0MB control number. 

Privacy Act Statement 

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

The information provided by you in this form will be subject to the following routine uses: 
1. The information on this form will be treated confidentially to the extent allowed under the Freedom of 

Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records 
may be disclosed to the Department of Justice to determine whether disclosure of these records is required 
by the Freedom of Information Act. 

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

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

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

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

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

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

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

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



Notice of Allowability 

Application No. 
14/713, 719 
Examiner 
DOMINIC REGO 

Applicant(s) 
ANDERSON, NICHOLAS W. 
Art Unit AIA (First Inventor to File) 

2647 Status 

No 

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

1. 1:8] This communication is responsive to 03/17/2016. 

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

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

3. 1:8] The allowed claim(s) is/are 1,2,4-6,8-10, 12, 13, 15 and 16. As a result of the allowed claim(s), you may be eligible to benefit from the 
Patent Prosecution Highway program at a participating intellectual property office for the corresponding application. For more 
information, please see http://www.uspto.gov/patents/init events/pph/index.isp or send an inquiry to PPHfeedback@uspto.gov . 

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

Certified copies: 

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

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

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

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

International Bureau (PCT Rule 17.2(a)). 

* Certified copies not received: __ . 

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

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

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

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

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

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

2. 1:8] Information Disclosure Statements (PTO/SB/08), 
Paper No./Mail Date __ 

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

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

U.S. Patent and Trademark Office 

PTOL-37 (Rev. 08-13) 
20160320 

5. D Examiner's Amendment/Comment 

6. 1:8] Examiner's Statement of Reasons for Allowance 

7. D Other __ . 
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Application/Control Number: 14/713, 719 

Art Unit: 2647 

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

provisions. 

DETAILED ACTION 

Allowable Subject Matter 

Page 2 

2. Claims 1, 2, 4-6, 8-10, 12, 13, 15, and 16 are allowed for the same reasons 

presented in the previous office action and updated further search report. 

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 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to DOMINIC E. REGO whose telephone number is 

(571 )272-8132. The examiner can normally be reached on Monday-Friday, 9:00 am-

5:30 pm. 

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

supervisor, Nay A. Maung can be reached on 571-272-7882. The fax phone number for 

the organization where this application or proceeding is assigned is 571-273-8300. 
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Art Unit: 2647 
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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). If you would like assistance from a 

USPTO Customer Service Representative or access to the automated information 

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

/DOMINIC E REGO/ 
Primary Examiner, Art Unit 2647 
Tel 571-272-8132 
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based on in part the path Joss estimate weighted by a factor and the power commands. The factor is a function of a time separation of th, 
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COMBINED CLOSED LOOP/OPEN LOOP POWER CONTROL IN A 
TIME DIVISION DUPLEX COMMUNICATION SYSTEM 

BACKGROUND 

This invention generally relates to spread spectrum time division duplex 

(TDD) communication systems. More particularly, the present invention relates to 

a system and method for controlling transmission power within TDD communication 

5 systems. 

Figure 1 depicts a wireless spread spectrum time division duplex (TDD) 

communication system. The system has a plurality of base stations 301-307. Each 

base station 301 communicates with user equipments (UEs) 321-323 in its operating 

area. Communications transmitted from a base station 301 to a UE 321 are referred 

1 O to as downlink communications and communications transmitted from a UE 321 to 

a base station 301 are referred to as uplink communications. 

In addition to communicating over different frequency spectrums, spread 

spectrum TDD systems carry multiple communications over the same spectrum. The 

multiple signals are distinguished by their respective chip code sequences (codes). 

15 Also, to more efficiently use the spread spectrum, TDD systems as illustrated in 

Figure 2 use repeating frames 34 divided into a number of time slots 361-360 ,, such 

as fifteen time slots. In such systems, a communication is sent in selected time slots 

361-360 using selected codes. Accordingly, one frame 34 is capable of carrying 

multiple communication~ distinguished by both time slot 361-360 and code. The 
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combination of a single code in a single time slot is referred to as a resource unit. 

Based on the bandwidth required to support a communication, one or multiple 

resource units are assigned to that communication. 

Most TDD systems adaptively control transmission power levels. In a TDD 

5 system, many communications may share the same time slot and spectrum. When 

a UE 321 or base station 301 is receiving a specific communication, all the other 

communications using the same time· slot and spectrum cause interference to the 

specific communication. Increasing the transmission· power level of one 

communication degrades the signal quality of all other communications within that 

10 time slot and spectrum. However, reducing the transmission power level too far 

results in undesirable signal to noise ratios (SNRs) and bit error rates (BERs) at the 

receivers. To maintain both the signal quality of communications and low 

transmission power levels, transmission power control is used. 

One approach to control transmission power levels is open loop power 

15 control. In open loop power control, typically a base station 301 transmits to a UE 

321 a reference downlink commu·nication and the transmission power level of that 

communication. The UE 321 receives the reference communication and measures 

its received power level. By subtracting the received power level from the 

transmission power level, a pathloss for the reference communication is determined. 

20 To detennine a transmission power level for the uplink, the downlink pathloss is 

added to a desired received power level at the base station 301. The UE's 

transmission power level is set to the determined uplink transmission power level. 
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Another approach to control transmission power level is closed loop power 

control. In closed loop power control, typically the base station 301 determines the 

signal to interference ratio (SIR) of a communication received from the UE 321• The 

determined SIR is compared to a target SIR (SIRTARGcr). Based on the comparison, 

5 the base station 301 transmits a power command, bTPc· After receiving the power 

command, the UE 321 increases or decreases its transmission power level based on 

the received power command. 

Both closed loop and open loop power control have disadvantages. Under 

certain conditions, the performance of closed loop systems degrades. For instance, 

10 if communications sent between a UE and a base station are in a highly dynamic 

environment, such as due to the UE moving, such systems may not be able to adapt 

fast enough to compensate for the changes. The update rate of closed loop power 

control in TDD is 100 cycles per second which is not sufficient for fast fading 

channels. Open loop power control is sensitive to uncertainties in the uplink and 

15 downlink gain chains and interference levels. 

20 

One approach to combining closed loop and open loop power control was 

proposed by the Association of Radio Industries and Business (ARIB) and uses 

Equations 1, 2, and 3. 

TuE = Pas(n) + L 

P85 (n) == P85 (n-1) + bTPC ~TPC 

\ 

1: if SlRes ( SIRmGET 
bnc. 

-1: if SIR BS ) SIR TARGET 
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T uE is the determined transmission power level of the UE 321. L is the estimated 

downlink pathloss. P85(n) is the desired received power level of the base station 301 

as adjusted by Equation 2. For each received power command, bTPC, the desired 

received power level is increased or decreased by dTPc· dTPc is typically one decibel 

5 (dB). The power command, bTPC, is one, when the SIR of the UE's uplink 

communication as measured at the base station 30, SIR85, is less than a target SIR, 

SIR,.ARGET· Conversely, the power command is minus one, when SIR85 is· larger than 

SIRTARGET· 

Under certain conditions, the performance of these systems degrades. For 

10 instance, if communications sent between a UE 32 and a base station 30 are in a 

highly dynamic environment, such as due to the UE 32 moving, the path loss 

estimate for open loop severely degrades the overall system's performance. 

Accordingly, there is a need for alternate approaches to maintain signal quality and 

low transmission power levels for all environments and scenarios. 

15 

SUMMARY 

Combined closed loop/open loop power control controls transmission power 

levels in a spread spectrum time division duplex communication station. A first 

communication station receives communications from a second communication 

20 station. The first station transmits power commands based on in part a reception 

quality of the received communications. The first station transmits a second 

communication having a transmission power level in a first time slot. The second 
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station receives the second communication and the power commands. A power level 

of the second communication as received is measured. A path loss estimate is 

determined based on in part the measured received second communication power 

level and the first communication transmission power level. The second station 

5 transmits a second communication to the first station in a second time slot. The 

second communication transmission power level is set based on in part the path loss 

estimate weighted by a factor and the power commands. The factor is a function of 

a time separation of the first and second time slots. 

10 BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 illustrates a prior art 1DD system. 

Figure 2 illustrates time slots in repeating frames of a TDD system. 

Figure 3 is a flow chart of combine closed loop/open loop power control. 

Figure 4 is a diagram of components of two communication stations using 

15 combined closed loop/open loop power control. 

20 

Figures 5-10 depict graphs of the performance of a closed loop, ARIB's 

proposal and two (2) schemes of combined closed loop/open loop power control. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The preferred embodiments will be described with reference to the drawing 

figures where like numerals represent like elements throughout. Combined closed 

loop/open loop power control will be explained using the flow chart of Figure 3 and 
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the components of two simplified communication stations 50, 52 as shown in Figure 

4. For the following discussion, the communication station having its transmitter's 

power controlled is referred to as the transmitting station 52 and the communication 

station receiving power controlled communications is referred to as the receiving 

5 station 50. Since combined closed loop/open loop power control may be used for 

uplink, downlink or both types of communications, the transmitter having its power 

controlled may be located at a base station 301, UE 321 or both. According} y, if both 

uplink and downlink power control are used, the receiving and transmitting station's 

components are located at both the base station 301 and UE 321• 

10 The receiving station 50 receives various radio frequency signals including 

communications from the transmitting station 52 using an antenna 56, or alternately, 

an antenna array. The received signals are passed through an isolator 60 to a 

demodulator 68 to produce a baseband signal. The baseband signal is processed, 

such as by a channel estimation device 96 and a data estimation device 98, in the 

15 time slots and with the appropriate codes assigned to the transmitting station's 

communication. The channel estimation device 96 commonly uses the training 

sequence component in the baseband signal to provide channel information, such as 

channel impulse responses. The channel information is used by the data estimation 

device 98, the interference measurement device 90, the signal power measurement 

20 device 92 and the transmit power calculation device 94. The data estimation device 

98 recovers data from the channel by estimating soft symbols using the channel 

information. Using the soft symbols and channel information, the transmit power 
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calculation device 94 controls the receiving station's transmission power level by 

controlling the gain of an amplifier 76. 

The signal power measurement device 92 uses either the soft symbols or the 

channel information, or both, to determine the received signal power of the 

5 communication in decibels (dB). The interference measurement device 90 

determines the interference level in dB, IRs, within the channel, based on either the 

channel information, or the soft symbols generated by the data estimation device 

102, or both. 

The closed loop power command generator 88 uses · the measured 

10 communication's received power level and the interference level, IRs, to determine 

the Signal to Interference Ratio (SIR) of the received communication. Based on a 

comparison of the determined SIR with a target SIR (SIRTARGET ), a closed loop power 

command is generated, bTPc• such as a power command bit, bTPc, step 38. 

Alternately, the power command may be based on any quality measurement of the 

15 received signal. 

For use in estimating the path loss between the receiving and transmitting 

stations 50, 52 and sending data, the receiving station 50 sends a communication to 

the transmitting station 58, step 40. The communication may be sent on any one of 

various channels. Typically, in a TDD system, the channels used for estimating path 

20 loss are referred to as reference channels, although other channels may be used. If 

the receiving station 50 is a base station 301, the communication is preferably sent 

over a downlink common channel or a common control physical channel (CCPCH). 
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Data to be communicated to the transmitting station 52 over the reference channel 

is referred to as reference channel data. The reference data may include, as shown, 

the interference level, IRs• multiplexed with other reference data, such as the 

transmission power level of the reference channel, T Rs· The interference level, IRs• 

5 and reference channel power level, T RS• may be sent in other channels, such as a 

signaling channel, step 40. The closed loop power control command, bTPC, is 

typically sent in a dedicated channel, dedicated to the communication between the 

receiving station 50 and transmitting station 52. 

The reference channel data is generated by a reference channel data generator 

10 86. The reference data is assigned one or multiple resource units based on the 

communication's bandwidth requirements. A spreading and tr~ining sequence 

insertion device 82 spreads the reference channel data and makes the spread 

reference data time-multiplexed with a training sequence in the appropriate time slots 

and codes of the assigned resource units. The resulting sequence is referred to as a 

15 communication burst. The communication burst is subsequently amplified by an 

amplifier 78. The amplified communication burst may be summed by a sum device 

72 with any other communication burst created through devices, such as a data 

generator 84, spreading and training sequence insertion device 80 and amplifier 76. 

The summed communication bursts are modulated by a modulator 64. The 

20 modulated signal is passed through an isolator 60 and radiated by an antenna 56 as 

shown or, alternately, through an antenna array. The radiated signal is passed 

through a wireless radio channel 54 to an antenna 58 of the transmitting station 52. 

-8-



WO00/57574 PCT/US00/07476 

The type of modulation used for the transmitted communication can be any of the 

those known to those skilled in the art, such as direct phase shift keying (DPSK) or 

quadrature phase shift keying (QPSK). 

The antenna 58 or, alternately, antenna array of the transmitting station 52 

5 receives various radio frequency signals. The received signals are passed through 

an isolator 62 to a demodulator 66 to produce a baseband signal. The baseband 

signal is processed, such as by a channel estimation device 100 and a data estimation 

device 102, in the time slots and with the appropriate codes assigned to the 

communication burst of the receiving station 50. The channel estimation device 100 

10 commonly uses the training sequence component in the baseband signal to provide 

channel information, such as channel impulse responses. The channel information 

is used by the data estimation device 102 and a power measurement device 110. 

The power level of the processed communication corresponding to the 

reference channel, RTs, is measured by the power measurement device 110 and sent 

15 to a pathloss estimation device 112, step 42. Both the channel estimation device 100 

and the data estimation device 102 are capable of separating the reference channel 

from all other channels. If an automatic gain control device or amplifier is used for 

processing the received signals, the measured power level is adjusted to correct for 

the gain of these devices at either the power rneasuremen t device 110 or the pathloss 

20 estimation device 112. The power measurement device 110 is a component of the 

combined closed loop/open loop controller 108. As illustrated in Figure 4, the 

co:qibined closed loop/open loop power controller 108 consists of the power 
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measurement device 110, pathloss estimation device 112, quality measurement 

device 114, and transmit power calculation device 116. 

To determine the path loss, L, the transmitting station 52 also requires the 

communication's transmitted power level, T Rs· The transmitted power level, T Rs• 

5 may be sent along. with the communication's data or in a signaling channel. If the 

power level, T RS• is sent along with the communication's data, the data estimation 

device 102 interprets the power level and sends the interpreted power level to the 

pathloss estimation device 112. If the receiving station 50 is a base station 301, 

preferably the transmitted power level, T Rs, is sent via the broadcast channel (BCH) 

10 from the base station 301. By subtracting the received communication's power level, 

RTS in dB, from the sent communication's transmitted power level, TRs in dB, the 

pathloss estimation device 112 estimates the path loss, L, between the two stations 

50, 52, step 42. In certain situations, instead of transmitting the transmitted power 

level, T RS• the receiving station 50 may transmit a reference for the transmitted power 

15 level. In that case, the pathloss estimation device 112 provides reference levels for 

the path loss, L. 

If a time delay exists between th_e estimated path loss and the transmitted 

communication, the path loss experienced by the transmitted communication may 

differ from the calculated loss. In TDD systems where communications are sent in 

20 differing time slots 361-360 , the time slot delay between received and transmitted 

coffi?1unications may degrade the performance of an open loop power control 

system. Combined closed loop/open loop power control utilizes both closed loop 

-10-



WO 00/57574 PCT/US00/07476 

and open loop power control aspects. If the quality of the path loss measurement is 

high, the system primarily acts as an open loop system. If the quality of the path loss 

measurement is low, the system primarily acts as a closed loop system. To combine 

the two power control aspects, the system weights the open loop aspect based on the 

5 quality of the path loss measurement. 

A quality measurement device 114 in a weighted open loop power controller 

108 determines the quality of the estimated path loss, step 46. The quality may be 

deterinin·ed using the channel information generated by the channel estimation device 

100, the soft symbols generated by the data estimation device 102 or other quality 

10 measurement techniques. The estimated path loss quality is used to weight the path 

loss estimate by the transmit power calculation device 116. If the power command, 

bTPc• was sent in the communication's data, the data estimation device 102 interprets 

the closed loop power command, bTPC. Using the closed loop power command, bTPC, 

and the weighted path loss, the transmit power calculation device 116 sets the 

15 transmit power level of the receiving station 50, step 48. 

20 

The following is one of the preferred combined closed loop/open loop power 

control algorithms. The transmitting station's power level in decibels, PTs• is 

determined using Equations 4 and 6. 

PTS = P0 + G(n) + aL Equation4 

P0 is the power level that the receiving station 50 desires to receive the 

transmitting station's communication in dB. P0 is determined by the desired SIR at 

the receiving station 50, SIRTARGET' and the interference level, IRs• ~t the receiving 
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station 50 using Equation 5. 

Po= SIRTARGET+IRs Equation 5 

IRS is either signaled or broadcasted from the receiving station 50 to the 

transmitting station 52. For downlink power control, SIRTARGET is known at the 

5 transmitting station 52. For uplink power control, SIRTARGET is signaled from the 

receiving station 50 to the transmitting station 52. G(n) is the closed loop power 

control factor. Equation 6 is one equation for determining G(n). 

Equation 6 

G(n-1) is the previous closed loop power control factor. The power 

10 command, bTPc• for use in Equation 6 is either + 1 or -1. One technique for 

determining the power command, bTPc, is Equation 3. The power command, bTPC, 

is typically updated at a rate of 100 ms iri a TDD system, although other update rates 

may be used. ATPc is the change in power level. The change in power level is 

typically 1 dB although other values may be used. As a result, the closed loop factor 

15 increases by 1 dB if bTPC is + 1 and decreases by 1 dB if bTPc is -1. 

The weighting value, er., is determined by the quality measurement device 114. 

er. is a measure of the quality of the estimated path loss and is, preferably, based on 

the number of time slots, D, between the time slot of the last path loss estimate and 

the first time slot of the communication transmitted by the transmitting station 52. 

20 The value of er. is from zero to one. Generally, if the time difference, D, between the 

time slots is small, the recent path loss estimate will be fairly accurate and er. is set at 

a value close to one. By contrast, if the time difference is large, the path loss 
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estimate may not be accurate and the closed loop aspect is most likely more accurate. 

Accordingly, a is set at a value closer to zero. 

Equation 7 is one equation for determining a, although others may be used. 

a = 1 - (D - 1 )ID max Equation 7 

5 Dmax is the maximum possible delay. A typical value for a frame having fifteen time 

slots is six. If the delay is Dmax or greater, a approaches zero. Using the calculated 

transmit power level, P Ts, determined by a transmit power calculation device 116, the 

combined closed loop/open loop power controller 108 sets the transmit power of the 

transmitted communication. 

10 Data to be transmitted in a communication from the transmitting station 52 is 

produced by a data generator 106. The communication data is spread and time­

multiplexed with a training sequence by the spreading and training sequence 

insertion device 104 in the appropriate time slots and codes of the assigned resource 

units producing a communication burst. The spread signal is amplified by the 

15 amplifier 74 and modulated by the modulator 70 to radio frequency. 

20 

The combined closed loop/open loop power controller 108 controls the gain 

of the amplifier 74 to achieve the determined transmit power level, PTS, for the 

communication. The power controlled communication is passed through the isolator 

62 and radiated by the antenna 58. 

Equations 8 and 9 are another preferred combined closed loop/open loop 

power control algorithm. 

PTs = P0 + K(n) Equation 8 
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Equation 9 

K(n) is the combined closed loop/open loop factor. As shown, this factor includes 

both the closed loop and open loop power control aspects. Equations 4 and 5 

segregate the two aspects. 

Although the two above algorithms only weighted the open loop factor, the 

weighting may be applied to the closed loop factor or both the open and closed loop 

factors. Under certain conditions, the network operator may desire to use solely open 

loop or solely closed loop power control. For example, the operator may use solely 

closed loop power control by setting a to zero. 

Figures 5-10 depict graphs 118-128 illustrating the performance of a 

combined closed-loop/open-loop power control system. These graphs 118-128 

depict the results of simulations comparing the performance of the ARIB proposed 

system. a closed loop. a combined open loop/closed loop system using Equations 

4 and 6 (scheme I) and a combined system using Equations 8 and 9 (scheme II). 

15 The simulations were performed at the symbol rate. A spreading factor of sixteen 

was used for both the uplink and downlink channels. The uplink and downlink 

channels are International Telecommunication Union (ITU) Channel model [ITU-R 

M.1225, vehicular, type B]. Additive noises were simulated as being independent 

of white Gaussian noises with unity variance. The path loss is estimated at the-

20 transmitting station 52 which is a UE 321 and in particular a mobile station. The 

BCH channel was used for the path loss estimate. The path loss was estimated two 

times per frame at a rate of 200 cycles per second. The receiving station 50, which 
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was a base station 301, sent the BCH transmission power level over the BCH. RAKE 

combining was used for both the UE 321 and base station 301. Antenna diversity 

combining was used at the base station 301. 

Graphs 118, 122, 126 depict the standard deviation of the received signal to 

5 nmse ratio (SNR) at the base station 301 of the UE's power controlled 

communication as a function of the time slot delay, D. Graphs 120, 124, 128 depict 

the normalized bias of the received SNR as a function of the delay, D. The 

normalization was performed with respect to the desired SNR. Each point in the. : 

graphs 118-128 represents the average of 3000 Monte-Carlo runs. 

10 Graphs 118, 120 depict the results for an a set at one. For low time slot 

delays (D<4 ), scheme I and II outperform closed loop power control. For larger 

delays (D:2:4), closed loop outperforms both scheme I and II which demonstrates the 

importance of weighting the open loop and closed loop aspects. 

Graphs 122, 124 depict the results for an a set at 0.5. As shown, for all delays 

15 excluding the maximum, schemes I and II outperform closed loop power control. 

20 

The ARIB proposal only outperforms the others at the lowest delay (D=l ). 

Graphs 126, 128 depict the results for an a set using Equation 7 with Dmax 

equal to six. As shown, schemes I and II outperform both closed loop and the ARIB 

proposal at all delays, D. 

* * * 
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CLAIMS 

1. A method for controlling transmission power levels in a spread 

spectrum time division duplex communication system having frames with time slots 

for communication, the method comprising: 

receiving at a first communication station communications from a second 

5 communication station and transmitting from the first station power commands based 

on in part a reception quality of the received communications; 

transmitting from the first communication station a first communication 

having a transmission power level in a first time slot; 

receiving at the second communication station the first communication and 

10 the power commands; 

15 

measuring a power level of the first communication as received; 

determining a pathloss estimate based on in part the measured received first 

. communication power level and the first communication transmission power level; 

and 

setting a transmission power level for a second communication in a second 

time slot from the second station to the first station based on in part the pathloss 

estimate weighted by a quality factor and the power commands, wherein the quality 

factor is a function of a time separation of the first and second time slots. 

2. The method of claim 1 further comprising: 

determining a quality, ex, of the pathloss estimate based on in part a number 
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of time slots, D, between the first and second time slot; and 

wherein the quality factor is ct. 

3. The method of claim 1 wherein a maximum time slot delay is Dmax and 

the determined quality, ct, is determined by 

C( = 1 - (D-1) / Dmax• 

4. The method of claim 1 wherein the set transmission power level is 

based on in part a desired received power level at the first station, a closed loop 

factor and an open loop factor; wherein the closed loop factor is based on in part the 

received power commands and the open loop factor is based on in part the pathloss 

5 estimate weighted by the quality factor. 

5. The method of claim 1 wherein the set transmission power level is 

based on in part a desired received power level at the first station and a combined 

closed loop/open loop factor; wherein the combined closed loop/open loop factor is 

based on in part the received power commands and the pathloss estimate weighted 

5 by the quality factor. 

6. The method of claim 4 wherein the closed loop factor is updated for 

each received power command. 
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The method of claim 5 wherein the combined factor is updated for each 

received power command. 

8. The method of claim 4 wherein the desired received power level is 

based on in part a target signal to interference ratio and a measured interference level 

at the first station. 

9. · - The method of claim 5 wherein the desired received power level is 

based on in part a target signal to interference ratio and a measured interference level 

_ at the first station. 

10. The method of claim 1 wherein the first station is a base station and the 

second station is a user equipment. 

11. The method of claim 1 wherein the first station is a user equipment and 

the second station is a base station. 

12. A spread spectrum time division duplex communication system having 

a first and second communication station, the system using frames with time slots for 

communication, the system comprising: 

the first station comprising: 

means for receiving communications from the second communication 
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station and transmitting power commands based on in part a reception quality of the 

received communications; and 

means for transmitting a first communication having a transmission 

power level in a first time slot; and 

the second station comprising: 

received; 

means for receiving the first communication and the power commands; 

means for measuring a power level of the first communication as 

means for determining a pathloss estimate based on in part the 

15 measured received first communication power level and the first communication 

transmission power level; and 

means for setting a transmission power level for a second 

communication in a second time slot from the second station to the first station based 

on in part the . pathloss estimate weighted by a quality factor and the power 

20 commands, wherein the quality factor is a function of a time separation of the first 

and second time slots. 

5 

13. The system of claim 12 wherein: 

the second station further comprises means for determining a quality, a, of the 

pathloss estimate based on in part a number of time slots, D, between the first and 

second time slot; and 

the quality factor is ex. 
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14. The system of claim 12 wherein a maximum time slot delay is D max and 

the determined quality, a, is determined by 

a= 1 - (D-1) I Dmax. 

15. The system of claim 1 wherein the setting means sets the transmission 

power level based on in part a desired received power level at the first station, a 

closed loop factor and an open loop factor, the closed loop factor is based on in part 

the received power commands and the open loop factor is based on in part the 

5 pathloss estimate weighted by the quality factor. 

16. The system of claim 1 wherein the setting means sets the transmission 

power level based on in part a desired received power level at the first station and a 

combined closed loop/open loop factor, the combined closed loop/open loop factor 

is based on in part the received power commands and the path loss estimate weighted 

· 5 by the quality factor. 

17. The system of claim 15 wherein the closed loop factor is updated for 

each received power command. 

18. The system of claimJ6 wherein the combined factor is updated for 

each received power command. 

-20-



WO 00/57574 PCT/US00/07476 

19. The system of claim 15 wherein the desired received power level is 

based on in part a target signal to interference ratio and a measured interference level 

at the first station. 

20. The system of claim 16 wherein the desired received power level is 

based on in part a target signal to interference ratio and a measured interference level 

at the first station. 

21. The system of claim 12 wherein the first station is a base station and 

the second station is a user equipment. 

22. The system of claim 12 wherein the first station is a user equipment 

and the second station is a base station. 

23. A communication station having its transmission power level 

controlled in a spread spectrum time division duplex communication system, the 

system using frames with time slots for communication and having a second 

communication station transmitting a first communication in a first time slot and 

5 power commands, the communication station comprising: 

at least one antenna for receiving the first communication and the power 

commands and transmitting an amplified second communication in a second time 

slot; 
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a channel estimation device having an input configured to receive the received 

10 first communication for producing channel information; 

a data estimation device having inputs configured to receive the received first 

communication, the power commands and the channel information for producing 

soft symbols and recovering the power commands; 

a power measurement device having an input configured to receive the 

15 channel information for producing a measurement of a received power level for 

producing a pathloss estimate for the first communication; 

a quality measurement device for producing a quality measurement based at 

least in part upon a time separation of the first time slot and a second time slot; 

a transmit power calculation device having inputs configured to receive the 

20 pathloss estimation, the recovered power commands and the quality measurement for 

producing a power control signal based on in part the pathloss estimate weighted by 

the quality measurement and the recovered power commands; and 

an amplifier having inputs configured to receive the power control signal and 

a second communication to be transmitted in the second time slot for amplifying the 

25 second communication in response to the power control signal to produce the 

amplified second communication. 

-22-



WO00/S7S74 

•, 

\ 
\ 

... 

1 / 7 

\ / 

\., ./ 

I 
! 

/ 
---------( 

1 ~hr \ 
~ 

\ "·-· --~---- .. , ..... , .. , _,. ______ .,,, __ 

\ 

I 

I 
l 

I 
/ 

PCT/US00/07476 

-

.i:·--•-.. -·- •---••• •••••••--••·~-•H 

/ 



wu uu,:,,-,:,-,4 
PCT/US00/07476 

2 / 7 

• ~ 
~ N 

• ~ 

~ 
t:n -• U-

C 
'-..1) 
I"') 

• 
• 
• 

\ t-{ 
\J) 
('I'\ 

'-SJ-
~ 

C 
'--9 
~ 

• 
• 

t • 
r-l 

'-J) 
(V\ 

'-S) 
N\ 

C 
'-..J) 
rv) 

• 

l • 
• 

'-.J) r\ 

N\ 

~-
~ 



WO 00/57574 PCT/US00/07476 

3 / 7 

GENERA TE A POWER CONTROL . 
COtviMAND BASED ON A SIGNAL TO 

/'"'.. INTERFERENCE RATIO OF A 
COMMUNICATION SENT FROM THE 

TRANSMITTING STATION 

TRANSMIT A COMMUNICATION AND THE 

"'- POWER COMMAND FROM THE RECENING 
STATION 

DETERMINE THE RECEIVED POWER LEVEL 

r--- OF THE COMMUNICATION FROM THE 
RECEIVING STATION AT THE 

TRANSMfITING STATION 

DETERMINE AN ESTIMATED PATH LOSS 
BETWEEN THE RECEIVING AND 

TRANSMITTING STATION BY 

4-4-r-.. SUBTRACTING THE RECEIVED 
COMMUNICATION'S POWER LEVEL lN dB 

FROM THE COMMUNCATION'S 
TRANSMISSION POWER LEVEL IN dB 

t,<'v DETERMINE THE QUALITY OF THE 
ESTIMATED PATH LOSS 

SETTING THE TRANSMITTING STATION'S 
POWER LEVEL BASED ON IN PART THE 

r--_ POWER COMMAND AND WEIGHTING THE 
ESTIMATED PATH LOSS BASED ON THE 

ESTIMATE'S QUALITY . 
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(54) METHOD OF SCHEDULING PERMITTED TRANSMISSION lN WIRELESS COMMUNICATION 
SYSTEM 
(57)Abstrnct: 
PROBLEM TO BE SOL\/ED: To provide a rnethod of 
transmitting a control information in a -.vireless 
communication system, such as for reverse link packet 
access tnmsrnission. 
SOLUTION: The methrn:l includes trnnsrnission of a fon,vard 
!ink data, having at least one time multiplexed scheduling 
grant The method may also include receiving a forward link 
data, having at !east one time--mu!tip!exed scheduling 
permission and/or transmitting a packet, in response to 
receiving at !east one tirne rnu!tip!e:,;ed scheduling grnnt 
Here. the one or more scheduling pemiissions include at !east 
one of user identification information. rate indication 
information, tnmsrnit power contra! inforrnation and HARQ 
(hybrid autornatic repeat request) information. 
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Signature of Registered U.S. Patent Practitioner 

Harry Vartanian/ Date (YYYY-MM-DD) ~016-03-17 

Harry Vartanian Registration Number ~787 

I 
This collection of information is required by 37 CFR 1.114. The information is required to obtain or retain a benefit by the public which is to 
file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is 
estimated to take 12 minutes to complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time 
will vary depending upon the individual case. Any comments on the amount of lime 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. 

If you need assistance in completing the form, ca/11-800-PT0-9199 and select option 2. 
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Privacy Act Statement 

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

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

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

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

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

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

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

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

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

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

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law 
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation. 
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CERTIFICATION STATEMENT 
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That each item of information contained in the information disclosure statement was first cited in any communication 
from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the 
information disclosure statement. See 37 CFR 1.97(e)(1 ). 

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

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

See attached certification statement. 

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

X A certification statement is not submitted herewith. 
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form of the signature. 

Signature /Harry Vartanian/ Date (YYYY-MM-DD) 2016-03-17 

Name/Print Harry Vartanian Registration Number ~6787 

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

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

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

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

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

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

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

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

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

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

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

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law 
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation. 
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Patent Translate 
Powered by EPO and Google 

Notice 
This translation is machine-generated. It cannot be guaranteed that it is intelligible, accurate, 

complete, reliable or fit for specific purposes. Critical decisions, such as commercially relevant or 

financial decisions, should not be based on machine-translation output. 

ABSTRACT WO9107037 

the power control system for a cellular mobile telephone system in which users communicate 

information signals between one another via at least one cell location and by means of spread 

spectrum communication signals and multiple access Unlike code. The control system of the 

power control the power of the transmission signals for each cellular mobile telephone in the 

cellular mobile telephone system wherein each cellular mobile telephone has an antenna (70), an 

emitter (84) and a receiver (72, 74), and each cell site also has an antenna (52), an emitter (62) 

and a receiver (54, 56). The power of the signal transmitted by the cell site is measured as 

received by the mobile unit. ; The power transmitted by the mobile unit is regulated by regulatory 

subunits of the power transmission (76, 80) inversely in relation to increases and decreases in 

received signal power. 

Systeme de commande de la puissance pour un systeme telephonique mobile cellulaire dans 

lequel les utilisateurs communiquent des signaux d'information entre eux par l'intermediaire d'au 

moins un emplacement cellulaire et au moyen de signaux de communication a spectre disperse et 

a acces multiple par difference de code. Le systeme de commande de la puissance commande la 

puissance des signaux de transmission pour chaque telephone mobile cellulaire dans le systeme 

a telephones mobiles cellulaires dans lequel chaque telephone mobile cellulaire possede une 

antenne (70), un emetteur (84) et un recepteur (72, 74), et chaque emplacement cellulaire 

possede egalement une antenne (52), un emetteur (62) et un recepteur (54, 56). La puissance du 

signal transmis par !'emplacement cellulaire est mesuree telle qu'elle est rec;:ue par l'unite mobile. ; 

La puissance transmise par l'unite mobile est reglee par des unites regulatrices de la puissance de 

transmission (76, 80) de maniere inverse par rapport aux augmentations et aux diminutions de la 

puissance du signal rec;:u. 

a feedback system can also be used controlling the power. In cell location communicating with the 

mobile unit, the power transmitted by the latter is measured by the unit measuring the received 
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power (60). A control signal is created and transmitted to the mobile unit for further adjusting the 

transmission power of the mobile unit to correspond to the excursions of the signal power received 

by the cell site. ; The feedback system is used to further adjust the transmitter power of the mobile 

unit so that the signals transmitted by the mobile unit reaches the cell location with a desired 

power level. 

On peut egalement utiliser un systeme a reaction commandant la puissance. Dans !'emplacement 

cellulaire communiquant avec !'unite mobile, la puissance transmise par cette derniere est 

mesuree par l'unite de mesure de la puissance regue (60). Un signal de commande y est cree et 

transmis a !'unite mobile pour un reglage supplementaire par la puissance de transmission de 

!'unite mobile afin qu'il corresponde aux excursions de la puissance du signal regu par 

!'emplacement cellulaire. ; Le systeme a reaction sert au reglage supplementaire de la puissance 

de l'emetteur de !'unite mobile afin que les signaux transmis par !'unite mobile atteignent 

!'emplacement cellulaire avec un niveau de puissance souhaite. 
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-g~#iJJt~l~crffl-f~~1t-~${f.J~?t:ft.riitio 
~ Jf1 ,Elf, fr% hl c CDMA) ffel *u tt ;tt Jt 11 f- 1E :ii! it o/ lli J,,f\l, fc _;_ * ;JE Jf1 f1 {f.J :iJl 

1tttit-f & i::.- o _if& e, f.l_j;ri ilt-i!.~J!: 't tt;tt, -P.ri affJ- $ hl (TDMA), ~ fJ-% :t.tl: 

(FDMA) 5fP ~ /J_ -l%J t 1J CAM)~~, -p_ri 1% ft Hi.~$ j}J_ * (ACSSB) tt ;ft, 15!. ~ CD­

MA itic * fclm1ft-f _l if. !t t tt;ft o {£ ~ 00 ¾ 5fU Lf-it No. 06/921261 o/ ¾ff J 

-# 1£ $ hl :ul 1t * ;JE ~ ~}f] CDMA tt it, i~ lf1 i-t {f.J lf1 -iN 8 J,; 1986 if- 10 J1 17 

s , ~ §I JJ "~ m JI £ ~ fljjj 1m cr ~ ~ {f.J tr ~ % t.tl: :u11t * ;JE ,, , Jt {£ {f.J ~ oo -t 5fu % 

No. 4 9 o 1301 w 1-1 ~ * tt EA {f.J ~ 1-1 A , -it/k'-* - * 11=: n %;=-~ 0 

1£ Mu :t-~ Ju st¾ fu cr , 1} * 1 - # ~ :hl. it* , :il 1. * * ;_ eig # ih tit * ~ m 
f1 , 4f -+ m f1 * -1'- 4!z £ 1t ,tn, , t it m ,Elf, fr~ ;tj[ c CDMA) tr~ if! 1t 1t % , :ul :cl. 
JI£ cr ~ ~ ~ fljjj :it¥% c ~~ ,t ~rim fM1 -rL % ~ m 11=: i1 eJ.J fM1 -rL) *rr :®.1t o 1£ ~m 

CDMA if! 1t o/, ~if~~~ i: ]f] ff; ;jz, it# 1iJ" ~ ~ /Jfl *~fl Jf1 f1 ~ _; o {t]f] CD­

MA !:!:', ~ m ~ 1t $ :tJ[ it ;ft ~t StH.ff $ q.; $ {f.J 4# ~ ~:k ~ 0 {£ CDMA * ~ o/ 'm ;}£ $J 

w--t-# ih m f1 £ M tJL {f.J r-}J $ , iiJ" Cl. 3t J,,f\l, ~ jJp f ;ft ~ _;_ , IV. il ~ 1t :xt ;it it f rJt, m P 
Et-J f- t}L 

if CDMA :iJl 1t rt ;ft {f.J £ £ m }f] o/, # i)J $ :it {f.J !&£ 1t tJl }fl)~_;_ ff:££~~ 

~ * #:: JU eJ.J 1t % -;)J $ t-¥ , ;tu JfJ it 1-}J $ ,1il~ .m , :#- tR % E £ W £ ~ T' fr£ :il ~ $ t 
-¥~#i};$ft~tttll~-Jt~~~.$i};$ftl}!z£1tm~~~tt#i};$ft~E 
£~~1t~{f.J:®.••~o ~~.~-:im.-~~~;~fc~.£~--~$~E£ 
* tl5z ~ ~ w.lt., # #1 tit t!!r.Jt it ,tJIJiftl )t ¾:it~~£ M :i:}J $, m -f # iJJ iii :it~ JI.£~ 

fa] ~it %tt• 0 

lf] ~ i)J $ 7C if__ :iA jlJ £ j_ s'-1 it % , lf1 J2_ j_ ~~ ii:. J~ ~ I~' 1£ W~ ! f,Jf, J~ [fil Ji5 0 o/ I\.,' iJ8 

~_;_*tteJ.JW%~$.~1t%¾~4f+;;f;fff#iJJ-l'tift~iz~tJL~:il{f.J~%o~ 
-1-



ffi,o/~%-~~~{r;J~$t~~-~·#~·~~if.J~$t~Z.~if.Jffl¾o~ 
M¾m••FfJ~$t+¾•~•#~~m•{r;J•~~•t~,~~~~*~-f 
tL 

~ 16 , tp I\_;' % iz i! - -t- r}J $ ~ ttl ~ 4 ~ °V ~ 4if:- -t-~ i)J J¥J /1 , i;i. 1t jft] :1l ~ "~ 
jft] "~ iJJ lfL 5t if-J izM#J $ o# iJJ ..t :it {Jt!FJ iP< t§',t-tt % *a~ izM 1); $ t+ ~ * ;Jt 
ti#~ • :if! 1t if-) ~ 1~ t + 0 ~ J; 1t ilt '$" 14 if-) e!z ~ ' ~ ~ :tilt, ' [f] -f # i)J $ ft Ff}# i)J , 

•W#i)J$ft~~Mr}J$~i~A±MffJr);$~~Rffi,~~~-~jft]-izi! 
w$t+,~~•#~~if.J~$t~oAtf~M*if.J~$~~Rffl-•¾*~ 
a',; , liJ -f :ii tl .TI. £ e ~ ;fifi7 1 / Z t) 1½ #ff at fal a',; {t :ilE. a.t-~ o 

JI £ ~ /lit Jilt,£ M J Yt i: fEiJ el;; - -t- i: ~ ¾ i 1J Jt fr ~ ~ iJJ J¥1- :it~ JI £ w. [M] 1L M 
if.J #I :xt fie ~ o E £ Ej flit Jt * r:t 1:L f) , t if.J J3 - -t- :t ~ ¾ iu Jt tll m tE ~ ~r. 1t ilt tf if.J 

1t ~ ~ ~ o [li 1ft , ,tf 17r ~ /ldT :ttt! Elk] J iJt: J)J $ t::: 1!fU o/ , iI th & ll~ * ;jt ~f '$ ~ tffJ o 

4: JI £ / # iJJ lfL ft 1t ilt tf , -YrI JI £ 1t ilt , i@. 1t JI £ If ~ a t.t. :Ji I i£ Jilt, J! ~ ffe 

if.J ft J,;Jt tJL ilt o liI -f fJr ~ if.J # iJJ J¥i- x fie JI £ t:f:1 it ~ * :ut #1 ~ FfJ ie: 7fii , ~ Jlt , t 1n t1-

m 1 11 5f- #I ~ s~ 1t • • 4{; 0 ffii 1L , 2., £ 1t ilt ~ ~ tt FfJ tt • • ¾ t4f ,r1: , t :ut 1~ ~ -Oli 

R~~-.~t½fff~¾R~-fm{JtJ¥JffJ#iJJlf!-:it~JI£r:p•a.z.~~"{lijffJ~~o 
tll Jlr. , l:£1 -f fie ~ 5t 1t 1l JI £ 1t ilt :if!~~~ s'9 ~ ¾ , ~ ~ ±tf! i7 J; 1 - ZdB o 

EJ .TI. £ 1t ilt :xt ct , llrtJ ±t a',; / # i)J lfL ft 1t ilt , f!P llrtJ ±t 1t ilt , # i)J lfL :it 5ft1 wJ 1L M .t 
~s'9~7fii~~~~~~~o~~.--t-#iJJ$:it~~~I-tf~~~Ms~~~~ 
"{lij' f{ij )J --t-# i)J }fl. :it~ tttkiiE fie wJ -JLM JL~ R_ El~ fie 1lli O ;}t.Iie ~ fY9 5t 1t ~ fr!tl 
-N~-o/ldT~~ilt~~if.J#fJ.~#tt.JI£~ilt-#o~Jt,,tf/ldT~~iltt½ tff. 4{; 44f ,ti R tr, -f 29 ~ ~ ft , f!P :if!~ if-; • ;t{ R tr, 11~ -f i@. ~ Re ~ FfJ 29 ~ ~ o ~ Jtt , 
if -,t-JJ,.~ 411 fl 5 /~ Jf if.J [M] :JL If , :iffi.~. ¾ ~ 1t ~~tit tu rtJ ft!±t 80dBo 

JI£ 11 ilt~ ~ J:{l!)')r fl~• W. ¥. JjtJ#ij * (Rician) ~4f ·t! a ~ ~L, ft~ if.J1t % 'el,~ 

--t-1itt FfJ¾ _;_ ~ JJ..* W i'U (Rayleigh). 1i- i! it ff;, *KM YJ- _;_ i:_;fO o 1i~¾ _;_ 
5ft1 1z M ¾ _;_ .t fa] FfJ 'J)J ¥ l;r, ~ fil ±tf! i~ f; 6 - 1 OdB , t ~ ;Jt -f t$ i)J lf:1- :it a'-J 44t ·I± 5ft1 8 
i)J $ jt %1 00 Ff} X1' !! 0 

JI£ 1t ilt EJ ~ Jtf! 1t :ilt#J :xt ct, flit ±tf! 1t ilt ~ ~ a'-J 1t % • 1i-, ~ !1J, ±ig, 'Eii ~ w -f~ 
• m- ~+ i. , x .1I * ~+ i. o ~ JL , llrtI ±t 1t ilt t~ JI £ 1t m ~ 1~ ~ ? i: FfJ it m- Jf !_t , fffi JI 

£~iltr:p~~~1i-¾-#A~~~~ttif.J1t:fi.#tto 
~~~1t~1t%1f~-~•1i-#tt¾~*~~~~~*i~~#~if.JRM 

mi Fi FJkJ" tll mi, --tit% JA. -it ff;, -Ji rtJ , A*~ [ii] {r;J et~. JL 3F- [ii] at lU it --t-8 iJJ 
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If!. it* 10C -t!L o :ii! 1t , ~ ~ ;% 1§i (UHF) 1§i * }fJ f # i}J 3c ~ t :ii! 1t , 'fL tt fi~ tt !l:t g it 
# iJJ tit * HE , :(£ ;r;; fiil :i! • .1.1t tff m 1t % 1rf ~~ % cl:l ~ 11" tx m w 1iI jJ: , 11" cl:l J! 1t % 
;r;Ji ;!;f ,r4: w 110 m 1rf ~t ,r1: , * flt w ~ fJf- ~ 1t- 0 

~~1t~•1t-~#iJJ1f!.it~~ttI*~m~~.#iJJ$itttI~~f~~ 
~~im~1t%1t•:ii!•m~~E1t~.~tt•~1~*-~~~-t-:ii!•r1~ 
~ m w 1iI O :ii tt , :ii! :r± xf Jt , # i}J if. it m 11 • ~~ ~ r ~ 1R m ii m ~ 1t- :r± ti O 11u tri , 
,ft 850MHz !l:t ;% x ~ ~ * i:p, :it#* :Jt ~ !J'.! ±{k 1rf ·fJc ~ A if:. ±!Lt s'-14Ij-1J, flt 4Ij- 1i;: .f 

~fj,' --t-~ -;t (fade), ii< i W. s'-1 :it 1i- 1rf ~ ti 1.i! ±1l!.t91 ~ ~ ±tl!, 1t ilt If a"11t % , r 1 ¾ 
s'g:ii!1tM•o~W.~~m£M-t!L~$~~Jf1f~m:ttm-~Mo 

~~m•gttt~*~~~~•¥--t-½~11t~.n1~*~~~~t 
~ il ~ fii'J Elt I it , fr_p {i 1-t §j[ fl'-) '1f ~ t ~ * §jf, - # , ¼ n -½~Ix ~ 1t ilt :ii! 1t ~ Jf1 
--t-~f.~ncl:l$-•,~~¾A~~£Mt!l~#iJJ*it*ioc-t!Ls'g#$o~f 
A~--~Jf1~fiil~~f,~~¾A#iJJ$Jt~M-t!L~~~~ioc-t!Ls'g#$o~ 
~'*~,~~~~~--t-#i}Jlf.Jt£Mt!l~~~t!l~~I~,~&**~Kti 
tJl xt * i& m s'g Jj_ 1!lr Ex, f- m: 0 

~Jf1~fii'Js'g~f~-1fs'g~¥~~:(£-f~~~M~#iJJ$it~Mt!lm~$~ 
~o~Jf1~fii'J~~fr11~•1t-.~A$~~$1tiltlf.~~~o#iJJlf.it~~ 
~$-~~$1t~:ii!$.~,Rfil~A$1tilt£~#J~s'g:ii!J!t·~o 

~~.*~~m§m¾~~-#m-t~~~~1t~KMm~$mffia0~~ 
* s'g -Ji i! ~~it. , ~ 1~ ~ Arl * ~ a'-J ~ ~ , ~ r 1 x ff ff;J * Yf.. f- tt , IE n it f- tt * 
~ ±tl!, I} PIPJ ff -t- Jdjc: ,y: _; O 

:(£ 1w ±{k CDMA r.f g tk t ~ l §j[ If,,~,~~ 1f?. ~1fltl # i)J $ it s'g KM -tJL-;}J $, 
~~:(£~~~i&tflJ'.t~~*~~-t-~~~:(£~~~I~s'-1%-t-#iJJlf.it£M-tJL 
s'-1~1tm*~1t%~$0S*~~:(£~~~~~~~fi;JM*#i}Jlf.Jt£Mt!lm 
£ M r.}J $ , !B 1t~ , :(£ ~ -rL g5 J'.l * "5z s'g .~, 1t % r.}J $ S ~ ~ -f WJ -rL ~ -k. _;_ £ M m # iJJ 
$it~Jf1:(£-~~#iJJ$itKM1t%~~1t*i&m~$o~~$~¥~.l.4:* 
~~J'.t*i&*~~~~~lf#i}J$it~**~•o 

~ -JL M s'g CDMA * 45Z tJl fr ]Ll ±~ I 1t, ffi ft** §#JS -f }!: If -1-lf!. it£ 
M {IL Ff] '!ff_, ' CDMA 1t % ,~ l; lt 11 1t % 89 ~ * tt * 1t ,~, 0 ~ at ' }3 - -t- #2 i& 89 
CD MA 1t % &. 11 :ti. i! tt , 1% tt )t:. $_, {Ir /fr -tr {t % o M -JL * lOC tJl at tt 4f ~ lfli $ ·ti ~~ 
:il ;ff ~ ,r;ftJ Jt , FZP JtJ Im- s1l. 'f't % (h 1;1; ~ lij :(E Fl =rL W': 1& .t!L .l. ilk_ fU ff-J ,~ :?ff• '1J. (f.J ,ft % ;:}J t¥-

~ ~ *-~. ~ ~ ¾. ~ M ~ ~ (f.J # i}J ~ it KM~£ Mm#~ 1t % (f.J ~ ioc 1t % ~ 
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$EJ~i--t-#~$ftKMMKM~~*~~%~*il!z~%~$~~0 *~~ 
+ fat J! , #J * fat I! , ft Jtt F 1. :ii '$' ?fr {$ ~"fat :fj :lt ~ " , % :lt -/Jr1 it % ~ % f- ft lt , 
A-1'-~~:lt~-1'-iEffi,il#~iif~~~~#~~$~~~~*I~a 

~ fiiliJik CDMA it 'ft; :!ft#~ t 1E %:. ME 'f1 ,}}_ fPJ ~ ~ t iE lllJ- 11Y et !l_;_ *;ft ,4t 
Ji1J ~ 1r * YE :rt jij i: f::. ?ff- _; , t -iE lllJ- !)4 ¾ :tli ~ ~ ;t l YE * ~ ~ fJ iif tJ. fat Jj_ s'g t i! 
lllJ- 11y O ~p *~ i,J 4ii:-1'-~ ~ .lf1- 5t:kM tn at 1-)J $ ,'f! 1l :kl! 1t % tJ. i: 1J, at1t % ~ {f-f 

t;lt It Cit bl 11 nt Jt it iif * ~ et ~ ti ·~ j_ ) 111 :it IMJ -JL * i!!z M , !i1U * iJE ?ff- _; 1iJ" fJ ioc f::. o 

~*~#~$5t:ki!~ft%tJ.A~~~-t~~:it~~~il!zM,~~#~~$ 
A ~ , w ~ x. it r% m _; ~ :ii! 1t " i - -;}J rm , -!J-ri * # ~ $ 5t :Ii:. M at 1t % tJ. A 1,ii ~ 1-JJ 

$ t -f- tt vJJ -JL * i!!z tJL * 45C , fffi EJ it 44' JE: ~ # ~ .lf1- 5t ii 1t ~ Jt iif * ~ 09 o 1EI. ~ , it 
f,ij ~ $1t % f- tt Jt.1t ~ ~ * 5t :! M ~ 1t % , w il t~ 1t % # ro #1 [;;] ~ 1t m , &~ * 
~oil J!..~ f-ttffe.i± * iif nt ti Pl") f§J Jt.1t# ~ $ Jt ~ ii 1t, ~ ~F ~Y- :ii 1t # ~ $ 5t g1g 
~ .WI.- .., 
,~, 'J;t).._ ~ 0 

~ !f 'ft; 1ft # ~ t iE 1t m UHF ifJHW ~ , 1t % ~ :ii! Nfr ~ ;It. iif ro ~ 1'- 1!1! .ft ~ Jl 

•• ~~:iffi.-~;lt.;fP~~**~o-f-~:iffi.-~tt.~ro~~iE~frw~tt~*ffl 
:ii , t ~ ~ ~.11 iE be, -f :i!. Ne ll!i [[Q ;x ~ -;}J gig 1!1 ~ , ffiJ lI. , t ~#ti 1«i ~ :ili 1~ ~ -f 
8dBo ~ -=-+~•¾~ :fi-±t-1£, ~ Ef11t % ~ $ ~ 1-½41 F 1. gig, t JfJ ffl" 3fU frW ** 
1iL -3¥- ~ :ii • ~ ;It. )t - 1- :xt ~ fr W , iif lJ. -R n ;It tB $ fP A $ t~Hlr ft!: - ff gig , :xt -f 
1-½ YE ~ if 'ftJ :!ft# ~ t it * itt: )t it:# at o 1EI. ~ , :/J.P .l ,Jr a , :xt -f A !ft- fP /±l !ft- tt IM-~ 
* ffiJ ~ , i' ;rU ~ ~ ~ 1!1! .ft ~ 11 • o .IJZ- t5J :ii! IM-~ t€. ~ :xt ~!z iE 0 ft w ;lt #J :xt-f 1ft Ji. 'ti 
i 1t ~ i11 ~ , #1 ffe. , w 5fu fr -111 n 11 :1 g1g i11 ~ , Jt i 1t #1 :xt ±t •tJt 0 

~;is::#._ rl}j ct-1 , ~ -1'- if 'ft; :!ft# i¼ t 1E * f!t J:., ~ Jl 3 JfJ CDMA -;}J ~ {! $ -t­
ro t * A "n: il ff at - -t- -* 1x er , n: - -t- rK 1~ ~ at fiJr ;¢r ~ -rL :! * -1'- #1 fPJ ~ • 3fP 
-IiEJ et"~~" 1t % 0 4: CDMA l fJE tp {£ ro ~ ~ 1t % E, ,~ jri J <> if :il # t4 J!fc s }f] 
ip , 111 # ~ * Jt 1i ro 80 ~ ~ 1t % m -f # ~ $ ft * il!z M ~ ill t& f;;J ±v O ~ ~ 1t % ,ig, ro 
-f~fJ~ftfP~$~~~~~,JfJfM~ti1vJJ~~KM~~ii!-tr~%<> 

4:*:!~ct-1,%-1'-#i¼~ft~#A~~M~#~*JtK~~%~~-~ 

,tf, o fJ J ~ 1l it 1t % ii!• ~ ,tf, 1-t it , S -it 591~ ;. ;(£ # i¼ $- ft #:. tu EY-1 ~ -rL MK* ~ 1t 

%~$t-3¥-o~##~*;t~.;A~~EJ#~$Jt~~g1g~~~~M*~~~ 
~~%~$o#~*ft~~ii£#~$Jt~*il!z~M~~~M:!M~%~~$ 
tf~o~•t~~~·~~mw~-,w~m~~~tt,~~~~~~~-~ 

ffi~.~~~*5t~~~~~~~~~%glg~-.~~~~[Mj~~~'$'~~~}f] 
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B0 * :i!t rig ~ -JL ~ fit o 

t8 !ft-ti n.:i@.n.1tft 1t it~m ~f ~ 'ii ;;i 5£. ~5%J!J.. o % ft iti±ti o/ ~f ~ 'ii B0 § 

rig¾ Jt if •~ft it Jtk Pi"] s. 1t ~ alg ~ ft & * ' ffij Jt it ti 1l $, alg Pl"] S.1t ~ {ig ~ ft ~ Jlz. 0 3 
i}J $ 5t PFJ S 1t 1Pl sl;; ~ ft & * , it# ~ f& l!f i~ # i}J $ ft£ M tJL s'-J ii:. ~t r}J $ o feri ~ -

~#i)J$fts0~~~?&&4,~~~~M~~#i}J$ft~i&~~%~~M~~ 
~~$oit#~ft~~~~$¥fri~#mffi~*~~~s0rfi~~%s0~~f 
tt O t:k: it Pr,;) s. ~ fit s~ a * , :J% ~i 1t i tx s0 -t tt o 

~~~M&•s0-~~~~~t8~tE,*~i}J•{ig-~#i}J$Jt~i±ril* 
B0~~~~~~~4~-&ff-J~~,#AM~8t8•&gs0~~0~-fA$#i}J 
{t 1ti€: aJ.J &-!-~~ ~ tE j'g JL-t ~f'J o/ ii:. i 1t~ & * 0 riJ -f 3 i}J $5tllt t8 •• g 'l:fJ 
#i)J$ft~i&ff-Jt8:Jt-Mn-~%*~M~~~~~o 

tf#i}J$ft~t8:Jt-ttn-~n-1t;ftWit¾nJ~#i}J$ft~~#i}J$ftiz.M 
tJL ~ $ o ~ # , t½ #:: s'g 1t % k& fl , 3 i}J $ ft ii:. M trL al;; r}J $ :J% k& ifr. o JA. ~ -JL M :ji #:: 
El'-1 11 1t % * :if' # i}J iti :7t ~ ¾ a ut l#J 1L *Ji , ~ 1r ¾ ~ ~ l#J 1L *G FJ'g 4~ iu fit rig :ii• 0 st 
1t % rig ~ i& :t ~ * , .xt -f ~ -JL 3 i}J $ ft iE 1t EB t½ #:: J:)J $ ffii ii , ~ * #1 :xt 1J, W-J # i}J 
lf1. :it£ M tJL r}J $ t 3f o 

tE 1lai at sJ.J ,~, ~ r= , 1t ~ r, ~ ~ r& Jtk iit tffi. , mu $ ~ * i}J $ 5t ii:. M tJL -sJJ $ Jt if fR 
~~~~,it#tttt~~#i}J$5tiz.MtJL~$~¾m$~~.~~ffi~##iti5t 
iz.MtrL~$~~¥~mit~~o~n,it#~$~~~m~~~#i}Jiti5t~~f 
fto ~~'~j~3Em~#i}J$:7t~~B0littffi.,-~3i}J$:7t~Jfl~~litJlt.¾~ 
% m 1-J-, 
.-,::;r- ,~ .... t:PJ o 

tE 1t ~ ~ 1-& lit W-- rig +~ 1t, r , ~P ~ ir! ii 5£ ~ ~ 1t 3 i}J El'-1 £ M tJL r}J $ G1- i% it$ 
rig~~.~~S.#i$ft~#::~%B0~%~$B0~Mlit~o3#$5t£MtJL£Af 
r}J $ ~ /JP FJ9 it$ , - M: ¼' JW rR tu £ })_ VtJ 1L M ii:. ~ HJ tf r}J $ ~ 1i t~ 4- B0 it $ , ( :!tri 

r rJf :i£ ) ~t ~ !if i~ # # $ ft iJ:.. M trL £ M s'-J r}J $ a'1 ii $ o 3f1J m r i r}J $ ift1 :t: t~ 4- EY;; 

~ -JL M , ¥f ~ 1t ~ JJP gig t -f- -k -k Jtl!, ~ -f JJR 1t f)r ~ * FJ'] t -f- , 44 ½V fit , 15Z. 1£ W -W-14 
-~-frri~1£A-W-••~-o/~~~M~~~l!f~~o 

S*~~~.~$~~$~~mttlt~S.#i$5t£MtrL~$~~~,~oo 
~mf~~~~%~i~~~~~o/¾~ili~~~~~~-tE##$:5t£M~ 
FJI;; ~ $ ~ ~j o/ B0 ·ti it PFl S. fit ~ $ ~ 89 , lz3J f; , ~ M ~Jz 4 to %t ifaJ. s0 ~ ~t ·ti ~ ~ Ji 13 

P(ti} A !ff-~ t8 -W-1t :i! • fep * PPJ s * M & ~ . 11 m ~ ;t ~ , t ~ ·ti ·ti ±tk r= ~* , ~ J§" , ~ 

##~ft£ti~~$ili~~~t~#~~~*~mt~i~tt~.~~~•ili 
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JJ\Ll :if +f ~,, ~ 1t ,;tiz nJJ {E 1titif!• _:itft o/ ~m 1 Wit- at f0J ~ ~fP ~F ~ ,t1 ~ o 

i;t 1 JN ~ 3 i;)J ifL it m * ljJ(_ lf-J 1t % 5! !! :t_ j~ , :h 1 m -t- 3 i;)J ifL it ff-J Jt l! -a , iE 

$ ~ ~P~ rMJ -JL zj- :)j_Af ;/JL ff-) 1}J $;ft1 :,k rx 1t iJ. (EIRP), rMJ .'.JL ii! ff-) G/TC* qi;k ~~ 

tJ. c ~ * qi ,t/L * {t t + T ~ ) , rt r;}J ifL it * rx ~ tJ. ifl1 1g -it rMJ -rL ii! tr 1x sJ;; 1- ll4 ~ 

§o*W~Jt~#i;)J$itJt~-a~~~it1f-~-t-;t~J}J$~Jt®tt~•~J}J$ 
t l\7- o ii# it 1f-¾J¥J it 1f- f#J -JL M £3 i;)J ttM-1-}J $ Ni '1f-*3t;}}. s9, # >Jt~ 1:8 i!Jlt ~ 

~o ~~.*~-·~~itffi-f#i;}JEJ';Jf#]~--ffl-~~.3jt-~n~i$~~ 
~%tl\7-Wffl~m#i;)Jifl-it£Mff-JJ}J$o~#~hJt~f~A~WS-ff#1~* 
1J, fig~ ~ EIRP t + 09 f#J -JL M o 17~ ftp , - t-1J, 41ii. f#J -JL ~ ffl ~ it M 1i - t-* 41ii. 
f#J~~#~EJ';J~$t+,,~¾,*#i;)J$5t~-t-~~$f#J~n-Jtfig~~at. 
~~*~-+~*f1~~$~~~HEJ';J~%o*3i;)Jifl-5t~-~~fig~~tt* 
-,,Jl ~ ~~ Pr,;J s ~ ~ lf-J £ M 1JJ • 0 !E1 J1L , A~ 4if:-+ ~ -JL it~ 1t ,~- m ~ :!f 'ri , .IE¾* 1JJ 

$~1F1J EJ';Jit,ti 0 

~ -JL ir6it~EJ91t ,~- ~, f#1 -JL M EJ9 EIRP, G /T fP if -t- f#J -fL Jt ir.1t ilt m ~ ~ 
'1- 11

~ tt o * 11 3t ;tJt qf f fit ~ ffe at , # i;)J ifL :5t * qi -i* it ,~- , * * El 0 # t i8 3( 1~ f#J 

a"1 lllf- 114 tr 1f-m # i;)J ifL it ~ "" w ~ 1~ at , ~ ~ 'Ji. iJl it it ilt o # i;)J ifL it * @; ~ i1f. 1f fit 
;(£ # i;)J .!fl- jt EJlg 1f {it -a o/ ' ii at ii{ 3 i;)J $ it ~ ~ if /'\ :$: .!. 0 

ftfl .l rft :if , # i;)J $ it£ M ,t/L m JJI $ :if -J:. * @ f#J -rL M it % fig ~ 1!11J o 4ii:- - t- f#J -rL 
~*~-tJL~~;(Ef#J~M*qi~s1g*~l§*~~:i!~E194iJ:--t-3i;)J$-itE19~%ffl 
f!o~~m~%YJ!~~n#~#i;)J$itm#~E19~%HJ!W~~o~i-t­
~$~~~4,~~!Jf-tillt~-~~{t~ilt£~£#i;)J$5t,4~£~Sm#i;)J 
1¥1- it O Pl"] s -f [#] -JL ii£ 1-)J $ 1%] ~ #r 4 ' # i;)J $ jt ~A ffl Jt ~ ' :i! it 1 dB ' ~ JJP ~ JfaX. y # 

# $ x£.M-tJL m :i:JJ • 0 

f#J -rL it M -tJL ~ ~ .xt ~ EJ';J J! • , ~ ~ J~ n 4fJ:- ~ t>' iv 1 t- t~ 4 , £. :i! :r:JJ $1%1 ¥ t~ 
4 o 1/J $1%] ~ t~ 4 s9 it ~r J! $ ,J.., ~ ¾ ~ 09 , fl ~:,Z Jt if ft[{ IE# A Ji- t,t Jlt i! M- E19 W ftl ~ 
m- o :itf: - ffe Jfg $ ~ ili !Jf- ti Jlt :ill! Ii&- W f tl :ft m- iJfl 1E t!t ftR i# EJ';J A !Jf- t,t Jlt if! llt it % _l o 4fj­

~ 1f 1 t-t/if 4, .xt-f 850MHz ~ * EfJ ~ i;)J i! 1t, 4ij- 1J\ at 25- 50 *-'-~IE fig$ it, 
ftK £# _:it m: :i± if.¥ ¾. ¾ :r! 0t o ~ * ff-J ¾ , iftl Jt :i:}J $ ~ if 1§' 4 EfJ $ Ht at f§J )fP 1! * 1t 4k ~ 
£ ia: / j, , ~~ 1J {£ # i); ~ it * il5z fP Pro} m_ 1t % .Z:, rufI , 1t ilt $" 14 :J% ~ ~ % * , 1t o 

,e, .:t' tI1 T WY+ 'ffi jfij ;ft*()._ !Jf-fv ill !Jf-) i@_. EfJ 1:1! iL ·ri '# i;)J ~ it 'Ii.. M -tJL 1)J $ 

'J:.*~~~~J}J$1%]~~4m~~o4IJ:--rMJ~*-J:.-tJL~;~~t-#i;)J~it*t& 
fig 1t % Ht ft o .iYl1J qf at it % ~i ft ~ it n 44 x # iJJ $ it ff-J w ~ et it % ~i ft tEI tL ~ , # 
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lL r !£ -1- 1}; $ 1fil !!I it % o ii< 1}; $ -if.! ~ 1§ % lZ-( t8 !ft-. ~ =% ~ ~ {f it ill , :Ii__ it i: # #J 
$ft,#~~£~~#i)J$ft. *1);$if.1-~4~##J$ft~#ttffiill~,ff~ 
# #J if!- ft ii._ M tJL 1)J $ st JR: J§- ffi • 

[;,( - + '!!:; ~ tu n i1~ , m 4if=-~ fj,' i: ~ - + ~ !r + m 11 ~ * ~tit a'g -Ji * , ii._ it 1}; 

$~·ffi♦'l§%o~CDMAl~i:p~ffl~~~l~~~f;fflf1~-~#~~ 

tt~-~offlr}J$~·~4i:~,~TJ1§~~#~~~~~*~~,#1Lffl~~ 
tt~*tt~.~-##J$ft*~tJLi:p~-~0~1};$~-ffi4~#*fi~~~~ 
~ iJb , ~ it ~ +~ 1(, -i:: , ;r:: ~ fl~ Jt Hr w ~ &a , !!l n ~ * ~ t:p r 1- 1 ~ -/JP ~ +t s:t rs1 #­
PJ<i) Jtj_ TW $if.1 ~f~4 o -tl1, PJ" l;J_fJJt_j~, ;r::_xf ffl P ~ •1t~1tr % i: ~, tTT1 ~ffl 6'J71' 

~ffl )!c1t~r)J ·~ !!lt~4 ~tit 0 

~~~~-~~~•PJ"mr~~m•~a'g1§%~£,*1§%fJw!tif-t-##J 
if!- ft ii._ M , ,ft ~ -JL M * lJ1z ~ 1t % • rJr ~ ~ if-1 'I§ % 5! £ t ifZ- 111# ~ 4if -1'-~ -JL tt ~ 
tJL O it~ ~ a"1 1t % 5! ft 11 m -=r- ~ 591,1 1l st 1t % 5J £ 11 #I ~t tx:: , m -fr 1- J:)J $ iF-1 :tt ~ 
4o 

~m-1-i~tt~•*fflff~+~~~~-.~~m~m~~~a'g1§%~ 
~ffio ~#a'g1};$tifZ-Pf~~r~•.lZ-(:rtS~~+~*#a'g~~-~~.~• 
~~#a'g*{fttI~~~~~a'g~~~~~~~ffi~~#A!ft-.1};$tifZ-~~&g 
tifl-01Q;lt ':itl~ if~ -JL ~ .I it a'g ~~st :i:}J $ t f '~ r !£ w ~ a'g T tit t-12-- '.xti~ 
~~-~~a'g~~f-tt.:it#f-titPJ"ffl~~~~~~~a'g~~A!ft-.M~r};$~ 
tf * **l-1f. :it#, ,1t 11ai ~ ~ -rL i:p ~ /JP FJkJ A!ft--1}; $ ~ 11, -=r- w -=r- # #J mt if~ 1fr 1r 
~~~~-1§m•~a'g1};$o*-~~~.~~~~-PJ"~~~f~~#~~ 
$ol~tt~-~~ffl~~-.*~ff~~~~-~~-+~~a'gA!ft-.M•w$ 
t f 1% ii£ 1iT * ~ EJ{J 1ft Aft Ji! it D 

~~~~~-#~I,ffl-=ftt~w~~:!i__AfaJg!tif1-~-'1§%l:f~ffla'g#I~ 
JJ; $, p~ S w !tif/~# iJJ ir-1- Jt£it s'g :tf 1M it.~, oftt 1#:it# tttu 0'g .i. ~}Jf[ l!1 ¾i!S :it 
tt a'g fl ~ , ~r if - ~ Ef-J 11 JI , J1' ~ 1L i: # i)J $ Jt te !ft-.1t :ifi ta • 1if ~t ¾ tt J1J * ~ FtJ 

Ef-J.~*;r::~~£~~*#i)Jir-1-ftalgJJ;$.~'l§miriT~tfJ~~tt~a'g.:it# 
~•ij;J-1-~~~:it#~-~~t.~~-~~~+~~~~~a'g~-~~~ 
:llt {fz #I ~ -f- Ej $ #J $ ft ~ 1t 8~ M -JL EJ{J jiff ~ -l ~ 0 ;(£ il ff fJ'-; -+ 1iL I ' ,fs, ff] T tt m 
$i)J$ft,t£#1~tt~~~~aJgftI~!ta'gf-tJt~~~~o~#,*~:it~®~~ 
::rL fY'] f- tt ~ ;r:: ~ "Ji. • Ej Hr :¾ ~ fY'] 1t % #I - ~ , tP 11 * §7 ~ ~ E)'g M ::rL a'g f- tJt EJ'-J ·rt 1l, 

- ff: • :it# 'ff 1't, 1iT n~ ~ ~ 3 - 4dB et flit -/JP it % JJ1 $ , lZ-( il ~ 1!'1- % i! EJ'-J ·ti n~ o 
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y; - # ·tt £7(, , # iJJ lf- jc Pf ~~ ft Jik I ,ft - J!_r. ~1 Fh $ :iff!. ~ 1t % tu :rt s"I ±i -Ji , r ± 
tri _iE 1t -F tt ~ * ~ f- tt o ,ft ±:[ # ·tt 1(, r . ts ;t -t- f tt 1i -JJri ~ ~ tt % Fh -;JJ $ , Pf ~ 

Jt i-t- "iif * -J:. at ,rf n~ o :!fl- et , # # if- jc Pf & ~ ,ft tt % If- tit rt ff ?It fff ~ 1* -}f O ,tr :rt 
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;~~o±:[#~.;.:iff!_tl~#~F/-J~%-;}J$~~F/-Jf-t}t~~%-;}J$*fi~~*;% 

~o ~*~;Ff-J~ffi~-fffi~fil,8#-fjtiz~-+~~~~~M.~~~~M 
£~m~F1-J-;JJ$o~*~;F1-J~ffiMtl-Yffi~fil,8#.fftit~-+~*fflrllf 
it it M J}J $ o 

fMJ fL M JJ. 4Jf + i$ iJJ if- 3t * i& w $ ~ ll it ~ it % , # iL J¥J ~ !ff J}J $ * µrrq S. , rlp 

m ffi ~ E8 _;_ fil ¾ rsc. ~#Is Ff-J fM] fL iz M tt % 0 Jt ~ ~ _;_ i@_ 1t ft 11'- Ff-J 'i~ 0. SdB' ~ 

12 % o r}J $ ,: 1t it$ iiJ" Fi~ f~ -Ot{ 1t -f }!_ # i)J $ JC £ ~ fL A !ft- ti~ .l {~ J¥J at 11i. o -k 
••%~&~-k.~~1t•15~#-*o ~•;Ff-Ji)J~~OO~~~,tf~f_iE 
#it 4dB ~ ~ -f _iE #11 6dBo 

!MJ~M~~ffi~~M~#i)J.fftri.~w$•~·~*~ft~~S.~M# 
-##.fftFh**om~.~*fMl~M~~~~;~ffl~-;JJ$Ff-J~*iiJ"~4S., 
12. 1x. 6 % ~ ~ 1~ , ffiJ ~ ft 12 % o ,ft±:[# '!Jf 1(, r , -;)J $ !If i~ sf;J ilt ~ ilJ $. 4 $. ,t£ iE # 

EJ9 12% tit 0 

~tlr~~~fflOOA4+fflS:~~~~%#~F/-J~~.*iz~Fh#~~ft 
,~ # t :r-J ~ n rifl 1. , * q:i : 

001¾-+~mtt#iJJ•~~t~l~M~iT~~; 
ill 2A - 2D * 7f - ill dtJ ~ 00 , * i"f # # .f JC* t& F/-J 1t % 5! }! ;ft1 it M Ff-J r}J $ 

n IH~ i% Ff-J L1I ~ ; 

l1/3¾-+#m~AA~*iz~Fhw$~~#~~~~~Ff-J-}fffl~; 
oo 4 ¾ - + 4~ ]u ~ ». * ~ * iz flJJ Fh rJJ $ ~ tu 1t 1iE ~ # # 1r1- x st -}f tlf oo ; 
oos~-+*-t#~*~004~#iJJlf-ft-;JJ$~~#~~-}ffflOO;~ 
l1/6¾-+*-##~~~~3~~~M~$~~#~~~tlfmo 
illl*~T-#~***~~F/-J~~ttn~~#~t~l~o m1~~~ 

~ Jd,t , -it Xdtl ;r~ ffl 1 4: Jldtl ~ # ffl ? 5fo fMJ .:YL -t. i'iiJ illi 1t 0~ CDMA -i%J iu tt it o -Jc 
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~ 1J?: -f ~ j;r; J¥1 f1 -t _;_ 0 

11 lB 1 q:i , * ft j£ 1M ~ ;fP :Jf * 1 O, ~ fil J{k 'el, ts" 'fr- 1€ av jt o ;fP J¥1 -f rtiJ f#J 1L M 

tJt 1# * ft~ wu 1t ,~, av Ji: JI~ 14- 0 N WU ~ 10 ~ t 1JJA /,!} # X f~ t -1! f#J (PSTN) £ ,g­
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EB,~,* tl!z :i:JJ $ o ~ ;/$, # i}J $ JG 18 Jui 11 :ii!~ 22a fP 24a .1. IE WJ 1L 345 12 fP 14 

it.. M Ef-J -If ~ 1t % s'g ,fS, t½ 4t :i:JJ $ o # i}J $ JG 16 fP 18 EB 4if - ,t # i}J $ JC , :£E * tl!z tJL 

t••-\f~w%Ef-J:0$,:it~Ef-Jw%JJ~*w%o ~~'*:0$Ef-J~_;_~11A1'r 
~~Pr~w%EB*ilt~%~iE.z:.~*fiEBo 

* 1$ i}J $ JC 16 ~ :3: :rlt -f- WJ fL iri5 12 at,* tl!{ Ef-J w % :i:)J $ :J% tfJ 1t :Jff :ii!. 20a 

.1. EB 1t % * ~ *L * # i}J $ JC 16 ~ a :ur: l#J -JL M- 14 iH-, * tl!z EB 1t % :0 $ * ru #:Jff 
:ii!~ 26a .l EB it%* N wL ~ it;.{ !tL * # iJJ $ :5t 18 ~ a :rlt-f- f#J 1U1i5 14 at,* tl!z 
EB 1t % :i:JJ $ :J% ru it :Jff :t ~ 2 4a J: Ef-J it % 3lt ~ tL * 1$ i}J $ :5t 18 ~ t: :rlt -f- f#J -JL 345 

1 z iH- , #H~ ffJ it % :i:)J $ :J% ru it ti :@, ~ 2 2a 1-. EB 1t % * if 1/f~ o 

# i}J $ JG 16 5f P 18 st ~ -1- # i}J $ JG {t JfJ 1r'- A Ef-J Ju ; , ~ WJ -tL it.. M tJL :i:)J $ 

fP#i}Jlf!.JC:k~~~ij~-~.*~tt~ft:rlt~~MEf-J:®••~o~ttEf-JA•• 
;tt, ~ 1$ i}J :Jc~~ ~;fP WJ :fLM G/T Ef-J 5~ ,~, -~ ,J¥1 f 1iftJ >t iE 'it 0'1 itM ,t)LJJJ $, -i~ 

:i:}J $ ;It 7J 1 11 f#J -JL * tl!{ -trL q:i 1.\t jlj 1ti ~ E}9 ~ 5/J_ I~ if tt jnj ff Ji- ijg O # i}J $ JG 5fP f#J -JL 
~ ~ Ef-J libJ ,~, ~ ;it ~ Jt ;{E # Mi' ~ o/ ]X. ;it }fl Wl fl 1t .~- ; ti it % it.. tii 1:1:l -t , Jt iL it ilt , 
*ffi~-1-¾~WJ~M~~t#~~~o 

ru f ~ iJJ $- JC iE ,m- '!f:_ M r)J $ ~)'B Jt sf,; ~ * , ~ ff :(£ W- Jf U ~ -:i- , # 1& Jt iE ifti Ef-J J~ 

_;_ , i$ i)J lfL JC it.. M el,; tt · ~ ~J ffi iJo 0'-J f Jf $ 11. lf.J ~ 51k I ffe if rt J1J it ft ui Ef-J f#J -JL O :it# 
IV- ft 1J, _;_ Ef-J ~ i)J $ :5t £ M :0 $ , :J% ~ 1.\t PJf $ ~ 0t ·ti~~ o # iJJ lY1- JC it.. M :i:JJ $ Ef-J ft 1J" 

-9-



1t , 1I c D MA * ill tJ=1 Jt m ~ Fig , f!l J; , -BJ- - 1'-# ;& -lf:L it r ± Ef:J f- ft , %- f- tt Xdlt 

tp -EJ- -1'-Jt1i Ef:J # i)J -lf:L it o -0: ~1J, Ef-J # i)J $ itizM :r}J $ 09 * ill tJ=i, ff-. ill f-tt ¥t1t 
-f ~ 1J, , :lt # , Jt it isft fJp s~ # i)J Jfl ft 3lt # Jfl ~ 117 o f!l ilL, i ill~_;_ ;f1144= 1% Ef-J i;.x $ J; 

~JCo 
IE 2A ·i,Jl B}J 1 W" iu ;ft %- J; Ee ~ ~ i1J ~ , :& xt ;(E # ;& $ it * qi a'g IMJ -JL iz M 1t 

%Ef:J~~S~o +~i1!-~ttffl!lli~30*~•~~#,~~~~~~~#i);$ft 
~~EY:J~~EY:J~*~;fJ1~ffi~~Ef-J~%*~*~~o--#i}J$ft;fJ1~~~~ 
~~~Ef:J~~.~-f00~~$izM~~~%W~.~-O:#i)J·it~*~Ef:7~%~ 
$ ~ d> o xt -t- M • 0'-J WI 1'-7i fiiJ * ii , Jl: 312- :l:!g :i@: • :tt #.¾#I ~ 09 , ~ !l'! ±t , + ~ :ii• 
~ #, ~ Jl xt ~ iE .t 71' 1Ji o 

f;t 1 'l!i. t 1t 09 :xt !#x iE .t + ~:@ 1M- ~ #, ~ f~ , t:f1 -f- !§ i1! • 1t % 1t tJ Ef:J # -0: , F 
±1W~if-~~-$#.illit~%Ef-J.l~~~~o~~~%~Mt/L~fflfi;fo~lt 
fA :lt ~~ !; :@. JU :it ' M" * .¥. 'fil" ;fu * % 14= tt O IE 2A Ji)r if: ijg 00 ~ 3 2 * 7F t=E -f- 1It tu 
~ %- W F ± Ef-J 1t % i1! • ~ #, 09 ~ 1-t o i' 5fU * ;t xt [#j -JL / # i:JJ • ft if! 1t ti• Ef:J Wi 1'-
7i riiJ C flP tB !ft- ;fl1 A !ft- ) 3/t 1Jt , ~ !M ±11!, :1t 5i iL Ef:J o 11~ ftp , * ill !ft..1t ilt ¾ * ;t Ef:J st 1~ , -0: 
~ - st f§J , A !ft..1t ilt ;f :1t ¾' 19f -0: * % o 

IE2B*:iF#i);.itizMtJLEf-J~$~-~fflS-f-lE2AEf:JM•i1!•~%Y 
Lt o -0: IE 2B tj:i !lli ft 34 ¾ :iF ffl S -f- IE 2A i ft 30 Ef:J +~if!. ;ft ttl'Jr $ ~ ~ + :l5J 

itM :r}J $ 0 ~ 1~ ±t' !Hdi. 36 JJ Ptf;j s [11 2A 00 ft 32 * :if; ijg W' ifU $ %-ffl s tfJ # i)J $ 

ft it M tJL :r}J $ o * i' 1tl $ % 1t % , f11 2 A a'g ttb ft 3 2 fJr iF , 1t % a'-1 Y! Lt 1riJ ~ 1J\ft-J-, 

itM~$F±illitEf:J~~o~#itM~~$illitriiJ.l~#~#1'-i~ttttF± 
~ -'!- Ef:7 JJ Ptf;J O f!l i1L , * £ sJJ f9l !J!, 1; m ~1: ft ti ;1 ~t ~ * ~ t 1J m it riiJ .11; # w. ~ fJp , 

mr lL ii~ 1#U it M tJL ~ r}J $ , 4': it. eJJ if i' u J¥J * 'fl [#j -JL tfJ WJ lf r}J $ ffeJ ~ Ez -~ , * ffeJ # 
# i)J $ it Ef:J iz M tJL :r}J $ o 

IE 2C $: :if: ~ ~ ~ ~ [#j -JU;JJ ~ :r,h $ 1fil # Ez ti st , #J S -f- IE 2A 09 # i:JJ $ it tfJ 

it M ,tJL :r,h $- o if rB 2c tp , ~ :r!Ui";-5¥- :l5J it M ~ $- J¥J tfb !¾. 34 $: :iF , ;J<gi S: -f- IE 2A tfJ 

ttb~30ti-J#i)J$it~~~%tf-Jm~o ttb~38$::iF-0:4':iz.~Ef:7~$~~~~Jfl 
~I: ft ,ti ~ ;;t ~ 09 it. M -tJL :r}J $ o 

it. M -tJL :r,h $ ill it rtJ 1-. ~ 3 , :{m %Z IE 2C Ef-J Ji ft r,Jr 7F , #- lL tfl b'2 --f rB 2B gJg i 
~ 3 6 Ef:7 rtiJ 1-. 1!#i # '!l'f5 * * ±t rt 1~ 1 o -JI rfu ~ 3 s tr • =@. ii -m·. Jt it. M -tJL :r,h • ~ oo ~ 1i 
~~Ef-J~$.mr**~~~1~~~~#oii:.M-tJL~$ffi~--f~~ti-JizM~$~ 
1.EY:Jf~~i}J,t~~;fJ1f~~·~#~·EY:J~~o~~~~~~Jf~$~-tz 
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·~ j:J: ~ lV-. 1~ 1f ~ FJ~ ~ tu ti({% it$ ]?_ ?ff- j; ±it ;r; l)l ' rm lL J1_ ~ 1i-X O db ii: 3 8 ?ft if; gig Ji:_ 

M~$X~lV-.~~~i!$*fffif,Ji!$W~~o 
~ ~ ie ~ at~ fJp ' }A {if ie, ,P., D1 - D3 if__ Mm~ $1~ ,W: Nt lik ~ ifr. ' t§J ti -fit ilt 

ef.J m i! & #- o fif ic ,r!i Dz - D3 ffe ~ .t. fa} if,J 1t ilt ~ flt , #1 ti -f if__ M ,f}L r}J $ ~ iJP o lit 
~ if,J t 1t~ ?lJ]!) 1- ~ 1-k, f!l n, ~F ~·t1~5ta W-Jl:*ii* ~R tu 1 £.M ,t}Lr}J ·~ JJP 
W-Ji!$o 

~ ~ je ~ if,J ~ -JJp '}A je ~ {if iG ,P,. D3 - D4' 1t m: ~ flt bL ~F ~ ·ti~ 5ff_ ,a-~ X it 
if__ M ,f}L Jj; $ 89 ~ JJP ~ •tft 1f ~ 0 :rt iil JtrJ fs] 'Ji:_ M ,t}L-;}J $ iv,. ~F ~ ti ~ ik ,a X it s'g l: * 
i! $~/JP o ;rt tf7 {if ic D4 - Ds fi1 if; ~ j§ 11i tit JtEJ fs] , 1t it Jf #, & #- o 1!7_ ¾., ~~it 

m:m;~&t-,£.Mm~•~~tV-.ft*ii*~~.~~:!i:_Mm~•~~~~~* 
ie, Ds !J:1: ?ft$ 1l s~ t f o 

$1l )~ ~ iz M tJL J}J $ Ef-J fiiJ ..t ~ 5f$ , :l! # ~ # 1if ll r :t ~ Y ~ if-J .% ;Jl -f tt o feo 

* tB 1! -1-- bL tk !J.f a~ :iiR JM. ~ }J -1-- ~ -tL M , 't ~ :rt .% til o/ r :t ~ ,y'_,, ~ s1g -f tt , f!l 
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A power control system for a cellular mobile telephone system 
in which system users communicate information signals between one 
another via at least one cell-site using code division multiple access 
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received at the mobile unit Transmitted power at the mobile unit is 
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A power control feedback scheme may al:m be utilized. At the cell-site 
communicating with the mobile unit, the mobile unit transmitted pow­
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cell-site. A command signal is generated at the ceii-site and transmit­
ted to the mobile unit for further adjusting mobile unit transmitter 
power corresponding to deviations in the cell-site received signal pow­
er. The feedhack scheme is used to further adjust the mobile unit 
transmitter power so that mobile unit transmitted signals arrive at the 
cell-site at a desired power level. 
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1 

METHOD AND APPARATUS FOR CONTROLLING 
TRANSMISSION POWER IN A CDMA CELLULAR MOBILE 

TELEPHONE SYSTEM 

BACKGROUND OF THE INVENTION 

I. Field of the Invention 

The present invention relates telephone systems. More specifically; 

the present invention relates to a novel and improved method and 

1 0 apparatus for controlling transmitter power in a code division multiple 

access (CDMA) cellular mobile telephone system. 

II. Description of the Related Art 

The use of code division multiple access (CDMA) modulation 

i 5 techniques is one of several techniques for facilitating communications in 

which a large number of system users are present. Although other 
techniques such as time division multiple access (IDMA) frequency 

division multiple access (FDMA) and AM modulation schemes such as 

amplitude companded single sideband (ACSSB) are known, CDMA has 
2 0 significant advantages over these other techniques. The use of CDMA 

techniques in a multiple access communication system is disclosed in 

U.S. Patent application Serial No, 06/921,261, filed October 17, 1986, 
entitled "SPREAD SPECTRUM MULTIPLE ACCESS COMMUNICATION 

SYSTEM USING SATELLITE OR TERRESTRIAL REPEATERS", now U.S. 

2 5 Patent No. 4,901,307 assigned to the assignee of the present invention, the 

disclosure thereof incorporated by reference. 

In the just mentioned patent; a multiple access technique is 

disclosed where a large number of mobile telephone system users each 

having a transceiver communicate through satellite repeaters or terrestrial 

3 0 base stations {also known as cell-sites stations, or for short cell-sites) using 

code division multiple access (CDMA) spread spectrum communication 

signals. In using CDMA communications, the frequency spectrum can be 

reused multiple times thus permitting an increase in system user capacity. 

The use of CDMA results in a much higher spectral efficiency than can be 

3 5 achieved using other multiple access techniques. In a CDMA system, 
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increases in system capacity may 'be realized by controlling the transmitter 
power of each mobile user so as to reduce interference to other system 

users. 
In the satellite application of the CDMA communication 

5 techniques, the mobile unit transceiver measures the power level of a 

signal received via a satellite repeater. Using this power measurement, 

along with knowledge of the satellite transponder downlink transmit 

power level and the sensitivity of the mobile unit receiver, the mobile 

unit transceiver can estimate the path loss of the channel between the 
1 0 mobile unit and the satellite. The mobile unit transceiver then 

determines the appropriate transmitter power to be used for signal 
transmissions between the mobile unit and the satellite, taking into 

account the path loss measurement, the transmitted data rate and the 
satellite receiver sensitivity. 

1 5 The signals transmitted by the mobile unit to the satellite are 

relayed by the satellite to a Hub control system earth station. The Hub 

measures the received signal power from signals transmitted by each 
active mobile unit transceiver. The Hub then determines the deviation in 
the received power level from that which is necessary to maintain the 

2 0 desired communications. Preferably the desired power level is a 
minimum power level necessary to maintain quality communications so 
as to result in a reduction in system interference. 

The Hub then transmits a power control command signal to each 

mobile user so as to adjust or "fine tune" the transmit power of the mobile 
2 5 unit. This command signal is used by the mobile unit to change the 

transmit power level closer to a minimum level required to maintain the 

desired communications. As channel conditions change, typically due to 
motion of the mobile unit, both the mobile unit receiver power 
measurement and the power control feedback from the Hub continually 

3 0 readjust the transmit power level so as to maintain a proper power level. 
The power control feedback from the Hub is generally quite slow due to 

round trip delays through the satellite requiring approximately 1/2 of a 
second of propagation time. 

One important difference between satellite or terrestrial base 
3 5 stations systems are the relative distances separating the mobile units and 
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the satellite or cell-site. Another important different in the satellite versus 

the terrestrial system is the type of fading that occurs in these channels. 

Thus, these differences require various refinements in the approach to 

system power control for the terrestrial system. 

5 In the satellite/mobile unit channel, Le. the satellite channel, the 

satellite repeaters are normally located in a geosynchronous earth orbit. 

As such, the mobile units are all at approximately the same distance from 

the satellite repeaters and therefore experience nearly the same 

propagation loss. Furthermore, the satellite channel has a propagation 

1 0 loss characteristic that follows approximately the inverse square law, i.e. 

the propagation loss is inversely proportional to the square of the distance 

between the mobile unit and the satellite repeater in use. Accordingly, in 

the satellite channel the variation in path loss due to distance variation is 

typically on the order of only 1-2 dB. 

1 5 ln contrast to the satellite channel, the terrestrial/mobile unit 

channel, i.e. the terrestrial channel, the distance between the mobile units 

and the cell sites can vary considerably. For example, one mobile unit may 

be located at a distance of five miles from the cell site while another 

mobile unit may be located only a few feet away, The variation in distance 

2 0 may exceed a factor of one hundred to one. The terrestrial channel 

experiences a propagation loss characteristic as did the satellite channel. 

However, in the terrestrial channel the propagation loss characteristic 

corresponds to an inverse fourth-power law, Le. the path loss is 

proportional to the inverse of the path distance raised to the fourth power. 

2 5 Accordingly, path loss variations may be encountered which are on the 

order of over 80 dB in a cell having a radius of five miles. 

The satellite channel typically experiences fading that is 

characterized as Rician. Accordingly the received signal consists of a direct 

componen~ summed with a multiply reflected component having 

3 0 Rayleigh fading statistics. The power ratio between the direct and reflected 

component is typically on the order of 6-10 dB, depending upon the 

characteristics of the mobile unit antenna and the environment about the 

mobile unit. 

Contrasting the satellite channel 'With the terrestrial channel, the 

3 5 terrestrial channel experiences signal fading that typically consists of the 
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Rayleigh faded component without a direct component. Thus, the 

terrestrial channel presents a more severe fading environment than the 

satellite channel where Rician fading is the dominant fading characteristic. 

The Rayleigh fading characteristics in the terrestrial channel signal 

5 is caused by the signal being reflected from many different features of the 

physical environment. As a result, a signal arrives almost simultaneously 

at a mobile unit :receiver from many directions with different 

transmission delays. At the UHF frequency bands usually employed for 

mobile radio communications, including those of cellular mobile 

1 0 telephone systems, significant phase differences in signals traveling on 

different paths may occur. The possibility for destructive summation of 

the signals may result, with on occasion deep fades occurring. 

Terrestrial channel fading is a very strong function of the physical 
position of the mobile unit. A small change in position of the mobile unit 

1 5 changes the physical delays of all the signal propagation paths, which 

further results in a different phase for each path. Thus, the motion of the 

mobile unit through the environment can result in a quite rapid fading 

process. For Example, in the 850 MHz cellular radio frequency band, this 

fading can typically be fast as one fade per second per mile per hour of 

2 0 vehicle speed. Fading on this order can be extremely disruptive to signals 

in the terrestrial channel resulting in poor communication quality. 

However, additional transmitter power can be used to overcome the 

problem of fading. 
The terrestrial cellular mobile telephone system typically requires a 

2 5 full-duplex channel to be provided in order to allow both directions of the 

telephone oonversation to be simultaneously active such as provided by 

the conventional wired telephone system. This full--duplex radio channel 

is normally provided by using one frequency band for the outbound link, 

i.e. transmissions from the cell-site transmitter to the mobile unit 

3 0 receivers. A different frequency band is utilized for the inbound link, i.e. 

transmissions from the mobile unit transmitters to the cell-site receivers. 

According, this frequency band separation allows a mobile unit 

transmitter and receiver to be active simultaneously without feedback or 

interference from the transmitter into the receiver. 

3 5 The use of different frequency bands has significant implications in 
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the power control of the cell-site and mobile unit transmitters. Use of 

different frequency bands causes the multipath fading to be independent 

processes for the inbound and outbound channels. A mobile unit cannot 

simply measure the outbound channel path loss and assume that the 

5 same path loss is present on the inbound channel. 

It is therefore, an object of the present invention to provide a novel 
and improved method and apparatus for controlling in the terrestrial 

channel transmitter power so as to overcome deleterious fading without 

causing unnecessary system interference which can adversely affect 
1 0 overall system capacity. 

SUMMARY OF THE INVENTION 

In a terrestrial CDMA cellular mobile telephone system, it is 

1 5 desirable that the transmitter power of the mobile units be controlled so as 

to produce at the cell site receiver a nominal :received signal power from 

each and every mobile unit transmitter operating within the cell. Should 

all of the mobile unit transmitters within an area of coverage of the cell­

site have transmitter power controlled accordingly the total signal power 

2 0 received at the cell--site would be equal to the nominal receiver power of 

the mobile unit transmitted signal multiplied by the number of mobile 

units transmitting within the cell. To Uris is added the noise power 

received at the cell-site from mobile units in adjacent cells. 

The CDMA receivers of the cell-site respectively operate by 
2 5 converting a wideband CDMA signal from a corresponding one of the 

mobile unit transmitters into a narrowband digital information carrying 

signal At the same time, other received CDMA signals. that are not 

selected remain as wideband noise signals. Toe bit-error-rate performance 

of the cell-site receiver is thus determined by the ratio of the power of the 

3 0 desired signal to that of the undesired signals :received at the cell~site, i.e., 
the received signal power in the desired signal transmitted by the selected 

mobile unit transmitter to that of the received signal power in undesired 

signals transmitted by the other mobile unit transmitters. The bandwidth 

reduction processing, a correlation process which results in what is 

3 5 commonly called "processing gain", increases the signal to noise 
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interference ratio from a negative value to a positive value thus allowing 

operation within an acceptable bit-error-rate. 

In a terrestrial CDMA cellular mobile telephone system it is 

extremely desirable to maximize the capacity in terms of the number of 

5 simultaneous telephone calls that may be handled in a given system 

bandwidth. System capacity can be maximized if the transmitter power of 

each mobile unit is controlled such that the transmitted signal arrives at 

the cell-site receive at the minim.al signal to noise interference ratio which 

allows acceptable data recovery. If a signal transmitted by a mobile unit 

1 0 arrives at the cell-site receiver at a power level that is too low, the bit~ 

error-rate may be too high to permit high quality communications. On 

the other hand if the mobile unit transmitted signal is at a power level 

that is too high when received at the cell site receiver, communication 

with this particular mobile unit will be acceptable. However, this high 

1 5 power signal acts as interference to other mobile unit transmitted signals 

that are sharing the same channel, i.e. bandwidth. This interference may 

adversely affect communications with other mobile units unless the total 

number of communicating mobile units is reduced. 

The path loss of signals in the UHF frequency band of the cellular 

2 0 mobile telephone channel can be characterized by two separate 

phenomena, average path loss and fading. The average path loss can be 
described statistically by a log-normal distribution whose mean is 

proportional to the inverse fourth- power of the path distance, and whose 

standard deviation is approximately equal to 8 dB. The second 

2 5 phenomena is a fading process caused by multipath propagation of the 

signals which is characterized by a Rayleigh distribution. The average path 

loss, which is a log-normal distribution, can be considered to be the same 

for both the inbound and outbound frequency bands, as is for the 

conventional cellular mobile telephone systems. Howeverr as mentioned 

3 0 previously Rayleigh fading is an independent phenomena for the 

inbound and outbound link frequency bands. The log-normal distribution 

of the average path loss is a relatively slow varying function of position. 

In contrast, the Rayleigh distribution varies relatively fast as a function of 

position. 
3 5 In the present invention, a CDMA approach to multiple user access 
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in a cellular mobile telephone system is implemented. In such a system 

all the cell-sites in a region transmit a "pilot" signal of the same frequency 

and code. The use of a pilot signal in CDMA systems is well kno'Wn. In 
this particular application, the pilot signal is used by the mobile units for 

5 initial synchronization of the mobile unit receiver. The pilot signal is also 
used as a phase and frequency reference, and a time reference for 

demodulation of the digital speech signals transmitted by the cell-site. 
In the present invention, each mobile unit estimates the path loss 

in signals transmitted from the cell~site to the mobile unit. In order to 

1 0 make this signal path loss estimate, the power level of the cell-site 

transmitted signals, as received at the mobile unit, are measured. The 
mobile unit thus measures the pilot signal power as received from the 

cell-site to which the mobile unit is communicating. The mobile unit also 

measures the power level sum of all cell-site transmitted signals as 
15 received at the mobile unit. The power level sum measurement as 

described in further detail later herein, is necessary to handle cases in 

which the mobile unit might temporarily obtain a better path to a more 
distant cell-site than to a normally preferred closest cell-site. 

The outbound link path loss estimate is filtered using a non-linear 

2 0 filter. The purpose of the nonwlinearity in the estimation process is to 

permit a rapid :response to a sudden improvement in the channel while 
only allowing a much slower :response to a sudden degradation in the 

channel. The mobile unit in response to a sudden improvement in the 
channel thus suddenly reduces mobile unit transmitter transmit power. 

2 5 Should the channel for one mobile unit suddenly improve, then 

the signal as received at the cell-site from this mobile unit will suddenly 

increase in power. This sudden increase in power causes additional 

interference to all signals sharing the same wideband channel. A rapid 
response . to the sudden improvement will thus reduce system 

3 0 interference. 

A typical example of a sudden improvement in the channel occurs 

when a mobile unit is moving through an area that is shadowed by a large 

building or other obstruction and then drives out of the shadow. The 

channel improvement, as a result of the vehicle movement, can take 

3 5 place on the order of a few tens of milliseconds. As the mobile unit drives 
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out of the shadow, the outbound link signal ,as received by the mobile unit 

will suddenly increase in strength. 

The outbound link path loss estimate at the mobile unit is used by 

the mobile unit to adjust the mobile unit transmiH:er power. Thus, the 

5 stronger the received signal, the lower the mobile unit transmitter power 

will be. Reception of a strong signal from the cell-site indicates that the 

mobile unit is either close to the cell~site or else an unusually good path to 

the cell-site exists. Reception of a strong signal means that a relatively 

smaller mobile unit transmitter power level is required in nominal 

1 0 received power at the cell-site the mobile unit. 

In the c.ase where there is a temporary but yet sudden degradation in 

the channel it is desirable that a much slower increase in mobile unit 

transmitter power be permitted. This slow increase in mobile unit 

transmitter power is desired so as to prohibit an unnecessarily rapid 

1 5 increase in mobile unit transmit power which increases the interference to 
all other mobile units. Thus a temporary degradation in one mobile unit 

channel will be tolerated in order to prevent a degradation of all mobile 

unit channels. 

In the case of a sudden degradation in the channel, the non-linear 

2 0 filter prevents the mobile transmitter power from being increased at a 

high rate in response to the .sudden decrease in signal power in signals 

received at the mobile unit. The rate of increase of the mobile unit 

transmitter transmit power must generally be limited to the rate of a 

closed loop power adjustment comm.and transmitted from the cell-site, as 

25 described below, can reduce the mobile unit transmitter transmit power. 

Using the cell-site generated power adjustment commands, the mobile 

unit transmitter power will be prevented from. being increased to a level 

significantly higher than the level required for communications, 

particularly when a sudden channel degradation occurs in only the 

3 0 outbound link path and not in the inbound link path. 

It should be noted that it is undesirable to simply use a slow 

response on the mobile unit transmitter power control in an attempt to 

separate the fast Rayleigh fading from the slow fading due to distance and 

terrain. A slow response in the mobile unit transmitter power control is 

3 5 undesirable because the possibility of sudden improvements and fades 
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that affect the inbound and outbound channels equally. If the response to 

a sudden improvement were to be slowed down by a filter, then there 

would be frequent occasions when the mobile unit transmitter power 

would be quite excessive and cause interference to all other mobile users. 

5 Thus the present invention uses a two-time constant§ non-linear approach 

in estimating the path loss. 
In addition to measuring the received signal strength in the mobile 

unit, it is also desirable for the processor in the mobile unit to know the 

cell-site transmitter power and antenna gain (EIRP), the cell-site G/T 

1 0 (receive antenna gain G divided by receiver noise level n the mobile unit 

antenna gain, and the number of calls active at this cell-site. This 

information allows the mobile unit processor to properly compute the 

reference power level for the local power setting function. This 

computation is done by calculating the cell- site to mobile link power 

1 5 budget, solving for the path loss. This path loss estimate is then used in 

the mobile cell-site link budget equation, solving for the mobile unit 

transmit power required to produce a desired signal level. This capability 

allows the system to have cell-sites with differing EIRP levels to 

correspond to the size of the cells. For example, a small radius cell need 

2 0 not transmit with as high a power level as a large radius cell. However, 

when the mobile unit is a certain distance from a low power cell, it would 

receive a weaker signal than from a high power cell. The mobile unit 

would respond with a higher transmit power than would be necessary for 

the short range. Hence, the desirability of having each cell-site transmit 

2 5 information as to its characteristics for power control. 

The cell-site transmits information such as cell-site EIRP, GIT and 

number of active calls on a cell-site setup channel. The mobile unit 

receives this information when first obtaining system synchronization 

and continues to monitor this channel when idle for pages for calls 

3 0 originated within the public telephone switching network intended for 

the mobile unit. The mobile unit antenna gain is stored in a memory in 

the mobile unit at the time the mobile unit is installed in the vehicle. 

As mentioned previously, mobile unit transmitter power is also 

controlled by a signal from the cell-site. Each cell-site receiver measures 

3 5 the strength of the signal, as received at the cell-site, from each mobile 
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unit to which the cell-site is in communication with. The measured 
signal strength is compared to a desired signal strength level for that 

particular mobile unit. A power adjustment command is generated and 

sent to the mobile unit in the outbound link data, or voice channel, 

5 addressed to that mobile unit. In response to the cell~site power 

adjustment command, the mobile unit increases or decreases the mobile 

unit transmitter power by a predetermined amount, nominally 1 dB. 

The power adjustment command is transmitted by the cell-site 

transmitter at a relatively high rate, typically on the order of about one 

1 0 command every millisecond. The rate of transmission of the power 

adjustment command must be high enough to permit Rayleigh fading on 
the inbound link path to be tracked. It is further desirable for the 

outbound link path Rayleigh fading impressed on the in.bound link path 

signal to be tracked. One command per millisecond is adequate to track 

1 5 the fading processes for vehicle speeds in the range of 25-50 miles per hour 

for 850 MHz band mobile communications. It is important that the 

latency in determining the power adjustment command and the 

transmission thereof be minimized so that channel conditions will not 

change significantly before the mobile unit receives and responds to the 

20 signal. 
In summary, to account for the in.dependence of the two Rayleigh 

fading paths (inbound and outbound), the mobile unit transmitter power 

is controlled by the power adjustm.ent command from the ceU.-site. Ea.ch 

cell-site receiver measures the received signal strength from each mobile 

2 5 unit. The :measured signal strength is compared to the desired signal 

strength for that mobile unit and a power adjustment command is 

generated. The power adjustment command is sent to the mobile unit in 

the outbound data or voice channel addressed to that mobile unit. This 

power adjustment command is combined with the mobile unit one way 

3 0 estimate to obtain the final value of the mobile unit transmitter power. 
The power adjustment command signal is transmitted, in an 

exemplary embodiment, by overwriting one or more user data bits every 

millisecond. The modulation system employed in CDMA systems is 

capable of providing correction coding for user data bits. The overwrite by 

3 5 the power adjustment command is treated as a channel bit error or erasure 
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and corrected by the error correction as decoded in the mobile unit 

receiver. Error correction coding on the power adjustment command bits 

in many cases may not be desirable because of the resulting increased 

latency in reception and response to the power adjustment command. It is 

5 also envisioned that time division multiplexing for transmission of the 

power adjustment command bits may be used without overwriting user 

data channel symbols. 

The cell-site controller or processor can be used to determine the 

desired signal strength, as received at the cell-site, for signals transmitted 

1 0 by each mobile unit. The desired signal strength level values are provided 

to each of the cell-site receivers. The desired signal strength value is used 

for comparing with a measured signal strength value for generating the 

power adjustment command. 

A system controller is utilized to command each cell-site processor 

1 5 as to the value of desired signal strength to use. The nominal power level 

can be adjusted up or down to accommodate variations in the average 

conditions of the cell. For example, a cell~site positioned in an unusually 

noisy location or geographic region might be allowed to use a higher than 

norm.al inbound power level. However, such a higher power level for in-

2 0 cell operation will result in higher levels of interference to immediate 

neighbors of this cell. This interference can be compensated for by 
allowing the neighbor cells a small increase in inbound link power. Such 

an increase in inbound power in neighboring cells would be smaller than 

that of the increase given to the mobile users communicating in the high 

2 5 noise environment cell. It is further understood that the cell-site 

processor may monitor the average bit..error-rate. Th.is data may be used 

by the system controller to command the cell-site processor to set an 

appropriate inbound link power level to assure acceptable quality 
communi~ations. 

3 0 H is also desirable to provide a means for controlling the :relative 

power used in each data signal transmitted by the cell-site in response to 

control information transmitted by each mobile unit. The primary reason 

for providing such control is to accommodate the fact that in certain 

locations, the outbound channel link from the cell-site to the mobile unit 
3 5 may be unusually disadvantaged. Unless the power being transmitted to 
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this mobile is increased, the quality may become unacceptable. An 

example of such a location is a point where the path loss to one or two 

neighboring cells is nearly the same as the path loss to the cell-site 

communicating with the mobile unit. In such a location, the total 

5 interference would be increased by three times over the interference seen 

by the mobile unit at a point relatively dose to its cell- site. In addition, 

the interference coming from these neighboring cell-£ites will not fade in 

unison with the desired signal as would be the case for interference 

coming from the desired cell-site. This situation may :required 3-4 dB 

1 0 additional signal power to achieve adequate performance. 

In another situation, the mobile unit may be located where several 

strong multi-path signals arrive, resulting in larger than normal 

interference. In such a situation, increasing the power of the desired 

signal :relative to the interference may allow acceptable performance. At 

1 5 other times, the mobile unit may be located where the signal-toa 

interference ratio is unusually good. In such a case, the cell-site could 

transmit the desired signal using a lower than normal transmitter power, 

reducing inl:erference to other signals being transmitted by the system. 
To achieve the above objectives, the preferred embodiment 

2 0 includes a signal-to-interference measurement capability within the 

mobile unit receiver. This measurement is performed by comparing the 

power of the desired signal to the total interference and noise power. If 
the measured ratio is less than a predetermined value, the mobile 

transmits a request to the cell-site for additional power in cell-site 

2 5 transmissions. If the ratio exceeds the predetermined value the mobile 

unit transmits a request for a reduction in power. 

The cell-site receives the power adjustment requests from each 

mobile and responds by adjusting the power allocated to the 

corresponding cell-site transmitted signal by a predetermined amount. 

3 0 The adjustment would usually be small, on the order of 0.5 dB, or 12% . 

The rate of change of power may be somewhat slower than that used for 

the inbound link from the mobile unit to cell-site, perhaps once per 

vocoder frame, or nominally once per 15 milliseconds. The dynamic 

range of the adjustment would also be limited to 4 dB less than nominal 

3 5 to about 6 dB greater than nominal. 
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The cell-site must also consider the power demands being made on 

it by all the mobiles in deciding whether to comply with the requests of 

any particular mobile. For example, if the cell-site is loaded to capacity, 

requests for additional power might be granted but only by 6% or less, 

5 instead of the normal 12%. In this regime, a request for a reduction in 

power would still be granted at the normal 12% change. 

BRIEF DESCRIPTION OF THE DRAWINGS 

1 0 The features and advantages of the present invention will become 

more apparent from the detailed description set forth below when taken 

in conjunction with the drawings in which like reference characters 

correspond throughout and wherein: 

Figure 1 is a schematic overview of an exemplary mobile cellular 

1 5 telephone system; 

Figures 2A-2.D illustrate, in a series of graphs, mobile unit received 

signal strength and transmit power as a function of distance; 

Figure 3 is a block diagram of a cell-site with particular reference to 

the power control features of the present invention; 

2 0 Figure 4 is a block diagram of the mobile unit with particular 

reference to the power control features of the present invention; 

Figure 5 is a block diagram illustrating in further detail the power 

control features of the mobile unit of Figure 4; and 

Figure 6 is a block diagram illustrating in further detail the power 

2 5 control features of the cell-site of Figure 3. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

3 0 An exemplary terrestrial cellular mobile telephone system in which 

the present invention is embodied is illustrated in Figure 1. The system 

illustrated in Figure 1 utilizes CDMA modulation techniques in 

communications between the system mobile user, and the cell-sites. 

Cellular systems in large cities may have hundreds of cell-site stations 

3 5 serving hundreds of thousands of mobile telephones. The use of CDMA 
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techniques readily facilitates increases in user capacity in systems of this 

size as compared to conventional FM modulation cellular systems. 

In Figure 1, system controller and switch 10, typically includes 

appropriate interface and processing hardware for providing system 

5 control information to the cell-sites. Controller 10 controls the :routing of 

telephone calls from the public switched telephone network (PSTN) to the 

appropriate cell-site for transmission to the appropriate mobile unit. 

Controller 10 also controls the routing of calls from the mobile units via at 

least one cell-site to the PS1N. Controller 10 may direct calls between 

1 0 mobile users via the appropriate cell-site stations since such mobile units 

do not typically communicate directly with one another. 

Controller 10 may be coupled to the cell-sites by various means such 

as dedicated telephone lines, optical fiber links or by radio frequency 

communications. In Figure 1, two exemplary cell-sites, 12 and 14, along 
i 5 with two exemplary mobile units 16 and 18 which include cellular 

telephones are illustrated. Arrows 20a-20b and 22a-22b respectively define 

the possible communication links between cell-site 12 and mobile units 16 

and 18. Similarly, arrows 24a-24b and arrows 26a-2.6b respectively define 

the possible communication links between cell-site 14 and mobile units 18 

2 0 and 16. Cell-sites 12 and 14 normally transmit using equal power. 

Mobile unit 16 measures the total received power in pilot signals 

transmitted by cell-sites 12 and 14 upon path 20a and 26a. Similarly, 

mobile unit 18 measures the total received power in pilot signal as 

transmitted by cell-sites 12 and 14 upon paths 22a and 24a. In each of 

2 5 mobile units 16 and 18, pilot signal power is measured in the receiver 

where the signal is a wideband signal. Accordingly, this power 

measurement is made prior to correlation of the received signal with a 

pseudonoise (PN) spectrum spreading signal. 

When mobile unit 16 is closer to cell-site 12, the received signal 

3 0 power wiU be dominated by the signal traveling path 20a. When mobile 

unit 16 is nearer to cell-site 14, the received. power will be dominated by 

the signal traveling on path 26a. Similarly, when mobile unit 18 is closer 

to cell-site 141 the received power will be dominated by the signal on path 

24a. When mobile unit 18 is closer to cell-site 12, the received power will 

3 5 be dominated by the signal traveling on path 22a. 
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Each of mobile units 16 and 18 uses the resultant measurement, 

together with knowledge of the cell-site transmitter power and the mobile 

unit antenna gain to estimate the path loss to the closest cell-site. The 

estimated path loss, together with knowledge of the mobile antenna gain 
5 and the cell-site G /T is used to determine the nominal transmitter power 

required to obtain the desired carrier-to-noise ratio in the ce11-site :receiver. 

The knowledge by the mobile units of the cell-site parameters may be 

either fixed in memory or transmitted in cellwsite information broadcast 

signals, setup channel, to indicate other than nominal conditions for a 

1 0 particular cell-site. 

As a result of the determination of the mobile unit nominal 

transmit power, in the absence of Rayleigh fading and assuming perfect 

measurements, the mobile unit transmitted signals will arrive at the 

nearest cell-site precisely at the desired carrierwto-noise ratio, Thus the 

15 desired performance will be obtained with the minimum amount of 

mobile unit transmitter power. The minimization of the mobile unit 

transmitted power is important in a CDMA system because each mobile 

unit causes interference to every other mobile unit in the system. In 

minimizing the m~bile unit transmitter power, system interference will 

2 0 be held to a minimum, thus allowing additional mobile users to share the 

frequency band. Accordingly, system capacity and spectral efficiency is 

maximized. 

Figure 2A illustrates the effect of both Rayleigh fading as a function 

of distance on the strength of the cell-site transmitted signal as received at 

2 5 a mobile unit. The average path loss, indicated by curve 30, is determined 

primarily by the fourth-power of the distance between the cell-site and the 

mobile unit, and by the shape of the terrain between them. As distance 

increases between the mobile unit and the cell-site, signal power decreases 

as receive~ at the mobile unit for a constant power transmitted cell-site 

3 0 signal. The average path loss is the same for both directions of the link, 

and typically exhibits a log~normal distribution about the average path 

loss. 

In addition to the slowly varying log-normal average path loss, the 

rapid fading up and down around the average path loss is caused by the 

3 5 existence of :multiple path signal propagation. The signals arrive from 
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these multiple paths in random phase and amplitude, resulting in the 

characteristic Rayleigh fading. Curve 32, as illustrated in Figure 2A, 

represents the variation in signal path loss as a result of Rayleigh fading. 

The Rayleigh fading is typically independent for the two directions of the 

5 cell~site/mobile unit communication link, i.e. outbound and inbound 

channels, For example, when the outbound channel is fading, the 

inbound channel is not necessarily fading at the same time. 

Figure 2B illustrates the mobile unit transmitter power adjusted to 

correspond to the link path signal strength of Figure 2.A. In Figure 2B, 

1 0 curve 34 represents the desired average transmit power corresponding to 

the average path loss of curve 30 of Figure 2A Similarly, curve 36 

corresponds to the mobile unit transmitter power responding to the 

Rayleigh fading as represented by curve 32 of Figure 2.A. As the Rayleigh 

faded signal, curve 32 of Figure 2A, decreases in signal strength, rapid 

1 5 increases in transmitter power result. These rapid upward excursions of 

transmitter power can result in deleterious effects in overall system 

performance. Therefore, the present invention envisions the use of a 

nonlinear filter to control rapid upward excursions, or increases, in 

transmitter power Furthermore, the present invention also utilizes closed 

2 0 loop power adjustment feedback from the cell-site to adjust mobile unit 

transmitter power. 

Figure 2C illustrates the mobile unit transmitter power 

corresponding to Figure 2A without taking into consideration the cell-site 

closed loop power adjustment feedback. In Figure 2C the desired average 

25 transmit power, as represented by curve 34', corresponds to the mobile 

unit received signal strength of curve 30 of Figure 2A. Curve 38 illustrates 

the transmitter power utilizing the non-linear filter in power control of 

the present invention. 

The rapid upward excursions in transmitter power, as indicated by 

3 0 the dashed lines of Figure 2C and correspond to the upward excursions in 

curve 36 of Figure 2B, are significantly reduced. In curve 38, the upward 

excursions are significantly reduced by setting the rate of increase in 

transmit power to a fixed value. The resulting variation in transmitter 

power :relative to the desired transmit power is both limited in dynamic 

3 5 range and in rate of change. This limitation allows the dosed loop power 
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adjustment feedback process to be easier to implement and to be more 
effective at a much lower control data rate. Transmit power, as indicated 

by curve 38, is permitted to decrease at a much greater rate than an 

increase. 
5 As distance increases from the points marked D1-D2, transmitter 

power decreases rather quickly corresponding to a sudden improvement 
in the channel. Between the distance points marked DrD3 the channel 

degrades with a corresponding increase in transmitter power. The change 

in degradation is not so significant such that the non-linear filter 

1 0 maximum rate limits the rate of increase in transmitter power. 
As distance increases as from the distance points marked D:3-D4,, the 

channel degrades much more rapidly than the nonlinear filter will permit 

an increase in transmitter power. During this period, transmitter power 
increases at the maximum rate permitted by the non-linear filter. During 

1 5 the distance change indicated by marks D4wD5, the channel begins 

improving. However, as the quality of the channel improves the 

transmitter power continues to increase at the maximum :rate until 

transmitter power is sufficient to meet the desired level such as at 
mark D5• 

2 0 It is desirable to eliminate the upward excursions in transmitter 

power which may cause unnecessary system interference. Should a better 

path to another cell-site occur, which would result in unnecessary 

interference in the system, quality communications in the system may be 

maintained by limiting the rate of increase in transmitter power. 

2 5 Figure 2D is a graph illustrating the cell-site :received signal power 
strength with respect to transmissions of the mobile unit as it travels from 

the cell-site. Curve 40 indicates the desired average received signal power 

at the cell-site for a signal transmitted from a mobile unit. It is desirable 

that the average received signal power be at a constant level, yet a 

3 0 minimum necessary to assure a quality communication link with the 

mobile unit. Corrections are made at the mobile unit to correct for 
Rayleigh fading in the cell-site transmitted signal. 

The mobile unit transmitted signal experiences Rayleigh fading 

before arriving at the cell-site receiver. The signal received at the cell-site 

3 5 is therefore a signal of constant average :received power level but still with 
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the Rayleigh fading of the inbound channel impressed thereupon. 

Curve 42 represents the Rayleigh fading that occurs on the inbound signal. 

Additionally, there is the possibility that the mobile unit may come 
to rest at a place where the outbound link is not faded but yet the inbound 

5 link is severely faded. Such a condition would disrupt communications 

unless an additional mechanism is employed to compensate for the 

inbound channel Rayleigh fading. The closed loop power adjustm.ent 

command process employed at the cell-site is such a mechanism for 

adjusting the mobile unit transmitter power, so as ~o compensate for the 

1 0 Rayleigh fading on the inbound channel. Jn Figure 2D, curve 44 illustrates 

the mobile unit transmitted signal power as received at the cell~site when 

compensating for average path loss and Rayleigh fading on both the 

inbound and outbound channels. · As can be seen in Figure 2D curve 44 

follows close to curve 40 except for instances of severe fading where the 

1 5 fading process is minimized by the closed loop control. 

In Figure 3, antenna 52 is provided for receiving multiple mobile 
unit transmitted signals which are then provided to analog receiver 54 for 

amplification, frequency downconversion and IF processing of the 

received RF signal. The analog signals output from receiver 54 are 

20 provided to a plurality of receiver modules for, extraction of user directed 

information signals, generation of power adjustment commands, and 
modulation of user input information signals for transmission. One such 

module used in communications with a particular mobile unit, such as 

mobile unit N; is module 50. Thus the output of receiver 54 is provided to 
2 5 a plurality of these modules including module 50. 

Module 50 comprises digital data receiver 56, user digital baseband 

circuit 58, received power measurement circuitry 60 and transmit 

modulator 62. Digital data receiver 56 receives the wideband spread 

spectrum signals for correlating and despreading the mobile unit N 

3 0 transmitted signal to a narrowband signal for transfer to an intended 

recipient communicating with mobile unit N. Digital data receiver 56 

provides the narrowband digital signals to user digital baseband 

circuitry 58. Digital data receiver 56 also provides the narrowband signal 

to received power measurement circuitry 60. 

3 5 Received power measurement circuitry 60 measures the power 
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level in the received signal from mobile unit N. Received power 

measurement circuitry 60 in response to the measured level of power 
generates a power adjustment command which is input to transmit 

modulator 62 for transmission to mobile unit N. As previously discussed, 

5 the data bits in the power adjustment command are used by mobile unit N 
in adjusting mobile unit transmitter power. 

When the received power measurement is greater than the preset 
level provided by a cell-site processor (not shown), an appropriate power 
adjustment command is generated. Should the received power 

1 0 measurement be less than the preset level, the power adjustment 

command data bits are generated and indicate that an increase in mobile 

unit transmitter power is necessary. Similarly, if the received 

measurement is greater than the preset level, the power adjustment 
command is generated such that the mobile unit transmitter power is 

1 5 reduced. The power adjustment command is utilized to maintain a 
nominal received power level at the cell-site. 

The signal output from digital data receiver 56 is provided to user 

digital baseband circuitry 58 where it is interfaced for coupling to the 
intended redpient via the system controller and switch. Similarly, 

2 0 baseband circuitry 58 receives user information signals intended for 
mobile unit N and provides them to transmit modulator 62. 

Transmit modulator 62 spread spectrum :modulates the user 

addressable information signals for transmission to mobile unit N. 

Transmit :modulator 62 also receives the power adjustment command 

2 5 data bits from received power measurement circuitry 60. The power 

adjustment command data bits are also spread spectrum modulated by 
transmit modulator 62 for transmission to mobile unit N. Transmit 
modulator 62 provides the spread spectrum modulated signal to summer 

64 where ~ombined with spread spectrum signals from other module 

3 0 transmit modulators also located at the cell-site. 

The combined spread spectrum signals are input to summer 66 

where they are combined with a pilot signal provided by pilot signal 
generator 68, These combined signals are then provided to circuitry (not 
shown) for frequency upconversion from the IF frequency band to the RF 

3 5 frequency band and amplified. The RF signals are then provided to 
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antenna 52 for transmission. Although not illustrated, transmit power 
control circuitry may be disposed between summer 66 and antenna 52. 
This circuitry, under control of the cell-site processor, is responsive to 

power adjustment command signals transmitted by the mobile unit which 
5 are demodulated at the cell-site receiver and provided to the cell-site 

control processor for coupling to the circuitry. 
In Figure 4, the mobile unit, such as mobile unit N, includes an 

antenna 70 for collecting cell site transmitted signals and radiating mobile 
unit generated CDMA signals. Mobile unit N receives the pilot signal, 

1 0 setup channel signals and the mobile unit N addressed signals using 
antenna 70, analog receiver 72 and digital data receiver 74. Receiver 72 
amplifies and frequency downconverts the received RF CDMA signals to 
IF, and filters the IF signals. The IF signals are output to digital data 
receiver 74 for digital processing. Receiver 72 also includes circuitry for 

1 5 performing an analog measurement of the combined power of the 
received signals. This power measurement is used to generate a feedback 
signal that is provided to transmit power control circuitry 76 for 
controlling transmit power. 

Digital data receiver 74 is used for despreading and correlating the 
2 0 received signals addressed to mobile unit N. Receiver 74 also separates the 

digital data from the power adjustment commands generated by the cell 
site. The power adjustment command data bits are sent to control 
processor 78. Processor 78 in response to the power adjustment command 

data bits generates a transmit power control command that is provided to 
2 5 transmit power control circuitry 80. Processor 78 also provides a level set 

command to transmit power control circuitry 76. Further details on the 
interaction of receiver 72, ttansmit power control 76 and 80, and processor 
are described in further detail with reference to Figure 5. 

Receiver 74 also provides data such as digitized encoded speech to 
3 0 user digital baseband circuitry 82 for decoding and interface with the user. 

Baseband circuitry 82 includes interface hardware for coupling receiver 74 
and transmit modulator 82 to the user handset (not shown). 

Data to be transmitted is provided through baseband circuitry 82 
where it is encoded and provided to transmit modulator 84. The data is 

3 5 spread spectrum modulated by transmit modulator 84 according· to an 
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assigned spreading code. The spread spectrum signals are output from 
transmit modulator 84 to transmit power control circuitry 80. The signal 

power is adjusted in accordance with the transmit power control 

command provided by control processor 78. This power adjusted signal. is 
5 provided from transmit power control circuitry 80 to transmit power 

control circuitry 76 where the signal is adjusted in accordance with the 
analog measurement control signal. Although illustrated as two separate 
units for controlling the transmit power, the power level could be 

adjusted by a single variable gain amplifier with two input control signals 
1 0 combined before being applied to the variable gain amplifier. However in 

the illustrated exemplary embodiment the two control functions are 

shown as separate elements. 
In the operation .of the power control circuitry illustrated in 

Figure 4, receiver 72 measures the combined power level of all signals 

1 5 received from all cellusites. These power level measurement results are 
used in controlling the power level as set by transmit power control 

circuitry 76. Transmit power control circuitry 76 includes circuitry in 
which the rate of increase transmitter power is limited by a non00linear 

filter as previously discussed. The rate of increase is set to be no faster 
2 0 than the :rate at which transmit power control circuitry 80 can turn the 

power down in response to a series of downward commands from the cell­

site as processed by receiver 74 and processor 78. 

Figure 5 illustrates in further detail the power control aspect of 

mobile unit N discussed with reference to Figure 4. In Figure 5, received 

2 5 RF signals from the antenna a.re provided to frequency downconverter 90 
where the received RF signals are converted to an lF frequency. The IF 

frequency signals are coupled to bandpass filter 92 where out of band 

frequency components are removed from the signals. 

The filtered signals are output from filter 92 to variable gain IF 

3 0 amplifier 94 where the signals are amplified. The amplified signals are 

output from amplifier 94 to an analog to digital (A/D) converter (not 
shown) for digital signal processing operations on the signals. The output 

of amplifier 94 is also coupled to automatic gain control (AGC) detector 

circuit 96. 

3 5 AGC detector circuit 96 generates a gain control signal which is 
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coupled to a gain control input of amplifier 94. This gain control signal is 
used to control the gain of the amplifier 94 so as to maintain a constant 

average power level as output from amplifier 94 to the AID converter. 

AGC detector circuit 96 also provides an output to one input of 
5 comparator 98. The other input of comparator 98 is provided 'With a level 

set signal from the mobile unit processor (not shown). This level set 

signal is indicative of a desired transmitter reference power level. These 

input signals are compared by comparator 98 with the comparison signal 
provided to a non-linear filter circuit: 100. This comparison signal 

1 0 corresponds to a deviation in the received power measurement from a 

desired mobile unit transmitter power level. 
Filter 100 may be configured as a simple resistor-diode-capacitor 

circuit. For examp1e, the input to the circuit is a common node shared by 

two resistors. The other end of each resistor is coupled to a respective 
1 5 diode. The diodes are reversed in their connection to the resistors and the 

other end of each diode coupled together at a common node as an output 

of the filter. A capacitor is coupled between the diode common node and 

ground. The filter circuit is designed to limit the rate of power increase to 
less than 1 dB per millisecond. The rate of power decrease is typically set 

2 0 to be about ten times faster than the rate of power increase, i.e. 10 dB per 
millisecond. The output of filter 100 is provided as a power level control 
signal input to the gain control input of variable gain IF amplifier 102. 

AGC detector circuit 96, comparator 98 and filter 100 estimate 

received mobile unit signal power and the power correction necessary for 

2 5 the mobile unit transmitter. This correction is used to maintain a desired 

transmitter power level in conditions of fading on the outbound channel 

that are comm.on to the inbound channel. 

Transmit modulator circuit 84 of Figure 4, provides a low power, IF 
frequency spread spectrum signal to an input of variable gain IF 

3 0 amplifier 104. Amplifier 104 is gain controlled by a power level control 
signal from processor 78 (Figure 4). This power level control signal is 

derived from the dosed loop power adjustment command signal 

transmitted by the cell~site and processed by the mobile unit as discussed 

with reference to Figure 4. 

3 5 The power adjustment command signal consists of a sequence of 



WO 91/07037 PCT/US90/06418 

23 

power-up and power-down commands that are accumulated in the mobile 

unit processor. The mobile unit control processor starts with the gain 
control level set to a nominal value. Each power-up command increases 

the value of a gain control command corresponding to a resultant 

5 approximate 1 dB increase in amplifier gain. Each power-down command 

decreases the value of the gain control command, corresponding to a 

resultant approximate 1 dB decrease in amplifier gain. The gain control 
command is converted to analog form by a digital to analog (D / A) 

converter (not shown} before applied to amplifier 104 as the power level 
1 0 control signal. 

The mobile unit reference power level may be stored in the 

memory of the control processor. In the alternative, the mobile unit 
reference power level may be contained within a signal sent to the mobile 

unit. This signal command data is separated by the digital data receiver 
1 5 and interpreted by the control processor in setting the level. Th.is signal as 

provided from the control processor is converted by a digital to analog 

(D/ A) converter (not shown) before input to comparator 98. 

The output of amplifier 104 is provided as an input to amplifier 102. 

Amplifier 102 as previously mentioned is also a variable gain IF amplifier 
2 0 with the gain determined according to the power level control signal 

output from filter 100, The signal for transmission is thus amplified in 
accordance with the gain set by the power level control signal. The 

amplified signal output from amplifier 102 and is further amplified and 

frequency translated to the RF frequency for transmission. The RF signal 

2 5 is then fed to the antenna for transmission. 

Figure 6 illustrates in further detail the power control scheme of the 
cell~site as illustrated in Figure 3. In Figure 6, a mobile unit transmitted 
signal is received at the cell-site. The received signal is processed by the 

cell-site an~log receiver and cell-site corresponding to mobile unit N. 

3 0 In the digital data receiver, receiver 56 of Figure 3, the received 

analog signal is converted from analog to digital form by AID 

converter 110. The digital signal output from AID converter is provided 

to pseudorandom noise (PN) correlator 112 where the signal undergoes a 
correlation process with a PN signal provided from PN generator 114, 

3 5 The output of PN correlator 112 is provided to a fast Hadamard transform 
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digital filter 114 where the signal is filtered. The output of filter ll4 is 
provided to a user data decoder circuit 116 which provides user data to the 
user digital baseband circuitry. Decoder 116 provides the largest transform 
filter symbols to power averager circuit 118. Power averager circuit 118 

5 averages the largest transform outputs over a one millisecond interval 
using well kno-wn digital techniques. 

A signal indicative of each average power level is output from 

power averager 118 to comparator 120. Comparator 120 also receives a 
power level set signal indicative of the desired received power level. This 

1 0 desired received power level is set by the control processor for the cell-site. 

Comparator 120 compares the two input signals and provides an output 
signal indicative of the deviation of the average power level from the 
desired power level. This signal is provided output to power up/ down 
command generator 122. Generator 122 in response to the comparison 

1 5 generates either a power-up or a power-down command. Power 
command generator 122 provides the power control commands to the 
cell-site transmit modulator for transmission and control of the 
transmitter power of mobile unit N. 

If the received power at the cell-site is higher than that desired of 

20 mobile unit N, then a power-down command is generated and 
transmitted to mobile unit N. However, if the received power level at the 
cell~::idte is too low, then a power-up command is generated and 
transmitted. The up/down commands are transmitted at a high rate, 

nominally 1,000 commands per second in the exemplary embodiment At 
2 5 one bit per command, the overhead of the power command is 

insignificant compared to the bit rate of a high quality digital voice signal. 
The power adjustment command feedback compensates for changes 

in the inbound channel that are independent of the outbound channel. 

These independent inbound channel changes are not measured in the 
3 0 outbound channel signal. Therefore the path loss estimate based upon 

then outbound channel and the corresponding transmitter power 
adjustment do not reflect the changes in the inbound channel. Thus, the 
power adjustment command feedback is used to compensate for 
adjustments in the mobile unit transmitter power based on the inbound 

3 5 channel path losses that do not exist in the outbound channel. 
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In using a dosed loop control process it is highly desirable for the 

command to arrive at the mobile unit before conditions change 

significantly. The present invention provides a novel and unique power 

control circuitry at the cell~site for minimizing delay and latency of 

5 measurement and transmission. The power control circuitry at the 

mobile unit, analog control and digital command response, provides a 

vastly improved power control process in the cellular mobile telephone 

system. 

The previous description of the preferred embodiments are 

1 0 provided to enable any person skiUed in the art to make or use the present 

invention. Various modifications to these embodiments will be readily 

apparent to those skilled in the art, and the generic principals defined 

herein may be applied to other embodiments without the use of the 

inventive faculty. Thus, the present invention is not intended to be 

i 5 limited to the embodiments shm~rn herein, but is to be accorded the widest 

srope consistent with the principals and novel features disclosed herein. 

WE CLAIM: 



WO 91/07037 PCT /US90/06418 

26 

CLAIMS 

1. In a cellular mobile telephone system in which system users 
2 communicate information signals between one another via at least one 

cell-site using code division multiple access (CDMA} spread spectrum 
4 communication signals, a power control system for controlling 

transmission signal power for each mobile telephone in said cellular 
6 mobile telephone system, wherein each mobile telephone has an antenna, 

transmitter and receiver and each cell-site has an antenna, at least one 
8 transmitter and at least one receiver, said power control system 

comprising: 
1 0 at least one first power measurement means, each coupled to a 

respective mobile telephone receiver, for measuring signal power in 
1 2 CDMA communication signals received by said respective mobile 

telephone receiver; 
14 at least one first power adjustment means"' each coupled to a 

respective mobile telephone transmitter and corresponding first power 
1 6 measurement means, said first power adjustment means responsive to 

decreases and increases in power measurements of said corresponding first 
1 8 power measurement means with respect to a first predetermined power 

level, for respectively increasing and decreasing transmission signal power 
20 of said corresponding mobile telephone transmitter; 

at least one second power measurement means, each coupled to a 
22 respective cell-site receiver, for measuring signal power in each CDMA 

communication signal directed to said respective cell-site receiver from a 
24 corresponding mobile telephone transmitter in communication 

therewith; 
2 6 at least one power adjustment command generator means, each 

coupled to a respective cell-site transmitter and corresponding second 
2 8 power measurement means for, generating power adjustment commands 

corresponding to deviations in power measurements of said 
3 0 corresponding second power measurement means from a second 

predetermined power level, said respective cell-site transmitter 
3 2 transmitting said power adjustment commands; and 

at least one second power adjustment means, each coupled to a 
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3 4 respective mobile telephone receiver and corresponding transmitter, said 
second power adjustment means responsive to said power adjustment 

3 6 commands directed to said respective mobile telephone receiver, for 

adjusting transmission signal power of said corresponding mobile 

3 8 telephone transmitter. 

2. The :fX)Wer control system of Claim 1 wherein said first power 
2 adjustment means provided increase in transmission signal :fX)Wer is at a 

rate less than said first power adjustment means provided decrease in 
4 transmission signal power. 

3. The power control system of Claim 1 wherein said first power 

2 measurement means power measurements correspond to a sum of all 
contemporaneously received CDMA communication signals within a 

4 predetermined frequency band, and said first power measurement means 
is further for generating and providing a corresponding first power 

6 measurement signal to said corresponding first power adjustment means. 

4. The power control system of Claim 3 wherein said first power 
2 adjustment means comprises: 

comparator means for receiving said first power measurement 
4 signal and a first power level set signal, said first power level set signal 

corresponding to a desired mobile telephone transmitter power level, for 

6 comparing said first power measurement signal with said first power level 
set signal, and for providing a corresponding comparator output signal; 

8 and 
variable gain amplification means operatively coupled to said 

1 0 mobile telephone transmitter for receiving said comparator output signal 

and respof!.sive thereto for varying transmission signal power of said 

1 2 corresponding mobile telephone transmitter. 

5. The power control system of Claim 4 further comprising 
2 filter means disposed between said comparator means and said variable 

gain amplification means for receiving said comparator output signal, for 

4 unequally limiting a rate of change in increases and decreases in said 
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received comparator output signal and for providing a corresponding 
6 limited comparator output signal to said variable gain amplification 

means. 

6. An apparatu..g;; for controlling transmission signal power in a 
2 cellular mobile telephone in communications with at least one cell-site 

station using code division multiple access (CDMA) spread spectrum 
4 communication signals, said cellular mobile telephone having an antenna 

coupled to a transmitter and a receiver, said transmitter for generating and 
6 transmitting a CDMA carrier signal according to an assigned spreading 

function modulated by a mobile user input information signal, said 
8 receiver for receiving CDMA communication signals and spectrum 

processing said received CDMA communication signals according to an 
1 0 assigned spreading function so as to recover a mobile user output 

information signal intended for a user of said cellular mobile telephone, 
1 2 said cell-site station communicating power control commands in CDMA 

communication signals intended for said cellular mobile telephone with 
1 4 said receiver providing an output of said power control commands, said 

apparatus comprising: 
1 6 measurement means for, operatively coupling to said receiver, 

measuring t.-ombined signal power in contemporaneously received CDMA 
1 8 communication signals and providing a measurement signal indicative of 

measured signal power; 
2 0 adjustment means for, operatively coupling to said transmitter, 

receiving said measurement signal, varying transmitter signal power in 
2 2 opposite correspondence to variations in measured signal power about a 

predetermined power level; and 
2 4 additional adjustment means for, operatively coupling to said 

receiver and transmitter, receiving said power adjustment commands, 
2 6 and varying transmitter signal power in correspondence thereto. 

7. The apparatus of Claim 6 wherein said adjustment means is 
2 responsive to said measurement signal for, increasing transmitter signal 

power in response to decreases in measured signal power with respect to 
4 said predetermined power level, and decreasing transmitter signal ·power 
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in response to increases in measured signal power with respect to said 

6 predetermined power level. 

8. The apparatus of Claim 7 wherein said adjustment means 

2 rate of increase in transmitter signal transmission power is less than a rate 

of decrease in transmitter signal transmission power. 

9. The apparatus of Claim 6 wherein said ceH~site station 

2 measures signal power of said cellular mobile telephone transmitted 

CDMA communication signals and generates for transmission said power 

4 adjustment commands indicative of one of an increase and a decrease in 

said cellular mobile telephone signal power so as to maintain a 

6 predetermined power level for cell~site station received CDMA 

communication signals from said cellular mobile telephone. 

10. The apparatus of Claim 6 wherein said adjustment means 

2 comprises: 

comparator means for receiving measurement signal and a first 

4 power level set signal, said fust power level set signal corresponding to a 

desired cellular mobile telephone transmitter power level, for comparing 

6 said first power measurement signal with said first power level set signal, 

and for providing a corresponding comparator output signal; 

8 Jilter means for, receiving said comparator output signal, limiting a 

rate of change in variations in said comparator output signal, and 

1 0 providing an output of a corresponding limited comparator output signal; 

and 

1 2 variable gain amplification means, operatively coupled to said 

transmitter, for receiving said limited comparator output signal and 

1 4 responsive thereto for varying signal power of said transmitter. 

11. The apparatus of Claim 10 wherein said additional 

2 adjustment means comprises: 

processor means for, receiving said power adjustment commands, 

4 accumulating said power adjustment commands with a predetermined 

gain control level setting, and providing a corresponding power 
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6 adjustment signal; and 
additional variable gain amplification means, operatively coupled 

8 to said transmitter, for receiving said power adjustment signal and 
responsive thereto for varying signal power of said transmitter. 

12. A transceiver having a receiver for receiving and 
2 demodulating an outbound information containing spread spectrum 

signal as transmitted by a base station to an intended user, and a 
4 transmitter for transmitting an inbound information containing spread 

spectrum signal to said base station for transfer to another intended user, 
6 said transceiver having a power control system for controlling transmitter 

signal power at a predetermined level for said inbound spread spectrum 
8 signal as received at said base station, said power control system 

comprising: 
1 0 control processor means coupled to said receiver for, receiving from 

said receiver power adjustment commands transmitted in said outbound 
1 2 spread spectrum signal, accumulating values corresponding to each of said 

power adjustment commands with respect to a predetermined closed loop 
i 4 power level value, and generating a corresponding dosed loop power 

level control signal, said control processor further for generating an open 
1 6 loop power level signal in accordance with a predetermined open loop 

power level value; 
1 8 first amplifier means operatively coupled to said transmitter for, 

receiving said closed loop power level control signal, and amplifying said 

2 0 inbound spread spectrum signal at a first gain determined by said closed 

loop power level control signal; 
22 automatic gain control means coupled to said receiver for, 

measuring a combined signal power of signals received by said receiver, 

2 4 and providing a corresponding power measurement signal; 
comparator means for, receiving and comparing said power 

2 6 measurement signal and said open loop power level signal, and providing 
a corresponding comparison signal; 

2 8 filter means for, receiving said comparison signal, non-linearly 
limiting a rate of change in said received comparison signal, and 

3 0 providing a corresponding open loop power level control signal; and 
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second amplifier means operatively coupled to said transmitter for, 

3 2 receiving said open loop power level control signal, and amplifying said 

inbound spread spectrum signal at a second gain determined by said open 

3 4 loop power level control signal. 

13. The transceiver of Claim 12 wherein said receiver has an 

2 analog receiver portion and a digital receiver portion, said automatic gain 

control means coupled to said analog receiver portion for measuring 

4 wideband signal power of all received outbound spread spectrum signals. 

14. The transceiver of Claim 12 wherein said filter means 

2 provides a rate of change in increases of said comparison signal that is 

greater than a ral:e of change in decreases in said comparison signal. 

15. The transceiver of Claim 12 wherein an increase in measured 

2 signal power corresponds to an increase in said comparison signal and 

corresponding open loop power control level signal with said second 

4 amplifier means responsive thereto for decreasing said second gain, and a 

decrease in measured signal power corresponds to a decrease in said 

S comparison signal and corresponding open loop power control level 

signal with said second amplifier means responsive thereto for increasing 

8 said second gain. 

16. The transceiver of Claim 13 wherein said digital receiver 

2 portion extracts said power adjustment commands from said outbound 

spread spectrum signal and said control processor means is coupled to said 

4 digital receiver portion for receiving said power adjustment commands so 

as to generate said closed loop power level control signal, wherein each 

6 power adju~tment command affects a change in said closed loop power 

level control signal with said first amplifier means responsive to each 

8 change in said closed loop power level control signal so as to provide a 

corresponding change in said first gain. 

17. The transceiver of Claim 16 wherein each change in said first 

2 gain corresponds to a predetermined dB change in gain of said transmitter. 
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18. A system for controlling transmission power of a first 
2 transceiver capable of transmitting information signals of a first user, 

using spread spectrum communication signals, to a second transceiver for 
4 transfer to a second user, and capable of extracting information signals of a 

second user transmitted to said first transceiver by said second transceiver, 

6 also using spread spectrum communication signals, said system 

comprising: 
8 open loop power control means operatively coupled to said first 

transceiver for controlling signal power of said first transceiver 
1 0 transmitted spread spectrum communication signals in opposite 

correspondence to variations in signal power of first transceiver received 
1 2 spread spectrum communication signals; and 

dosed loop power control means operatively coupled to said first 
1 4 and second transceiver for further conttolling signal power of said first 

transceiver transmitted spread spectrum communication signals in 
1 6 opposite correspondence to variations in signal power of second 

transceiver received spread spectrum communication signals. 

19. The system of Claim 18 wherein said open loop power 
2 conttol means provides increases in signal power at a rate less than 

decreases in signal power. 

20. The system of Claim 18 wherein said open loop power 
2 control means provides increases in signal power at a rate less than said 

dosed loop power control means provides decreases in signal power. 

21. The system of Claim 18 wherein said open loop power 

2 control means compensates for variations in channel conditions affecting 
signal power in a second i.Tansceiver to first transceiver communication 

4 channel. 

22. The system of Claim 18 wherein said dosed loop power 
2 control means compensates for variations in channel conditions affecting 

signal power in a first transceiver to second transceiver communication 
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4 channel. 

23. The system of Claim 18 wherein said open loop power 

2 control means comprises: 

means for measuring signal power of first transceiver received 

4 spread spectrum communication signals; and 

means for adjusting signal power, of said first transceiver 
6 transmitted spread spectrum communication signals, in opposite 

correspondence to deviations in said first transceiver measured signal 

8 power with respect to a predetermined transmission power level. 

24. The system of Claim 18 wherein said dosed loop power 

2 control means comprises: 

means for measuring signal power of second transceiver received 
4 spread spectrum communication signals transmitted by said first 

transceiver; 

6 means for generating power adjustment commands in opposite 

correspondence to deviations in said second transceiver measured signal 

8 power with respect to a desired reception power level; 

means for inserting said power adjustment commands in said 

1 0 spread spectrum communication signals as transmitted by said second 

transceiver to said first transceiver; and 

1 2 means for further adjusting signal power of said first transceiver 

transmitted spread spectrum communication signals in correspondence 

1 4 with said power adjustment commands as received by said first 

transceiver. 

25. The system of Claim 23 wherein said dosed loop power 

2 control means comprises: 

means for measuring signal power of second transceiver received 

4 spread spectrum communication signals transmitted by said first 

transceiver; 

6 means for generating power adjustment commands in opposite 

correspondence to deviations in said second transceiver measured signal 

8 power with respect to a desired reception power level; 
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means for inserting said power adjustment commands in said 

1 0 spread spectrum communication signals as transmitted by said second 

transceiver to said first transceiver ; and 
1 2 means for further adjusting signal power of said first transceiver 

transmitted spread spectrum communication signals in correspondence 
14 with said power adjustment commands as received by said first 

transceiver. 

26. The system of Claim 25 wherein said means for measuring 

2 signal power of first transceiver received spread spectrum communication 
signals measures wideband signal power, and said means for measuring 

4 signal power of second transceiver received spread spectrum 
communication signals transmitted by said first transceiver digitally 

6 measures narrowband signal power. 

27. The system of Claim 18 further comprising additional closed 
2 loop power control means operatively coupled to said first and second 

transceiver for controlling signal power of said second transceiver 
4 transmitted spread spectrum communication signals in opposite 

correspondence to variations of a measured ratio; of signal power of first 
6 transceiver received spread spectrum communication signals to a signal 

power of interfering signals, with respect to a desired ratio. 

28. The system of Claim 27 wherein said additional dosed loop 

2 power control means comprises: 
means for, measuring signal power of all first transceiver received 

4 spread spectrum communication signals including other transceiver 
transmitted spread spectrum communication signals and multipath 

6 signals of said spread spectrum communication signals transmitted by said 
second transceiver, measuring signal power of first transceiver received 

8 spread spectrum communication signals as transmitted by said second 
transceiver, comparing said measured signal power of first transceiver 

1 0 received spread spectrum communication signals as transmitted by said 
second transceiver with said measured signal power of all first transceiver 

1 2 received spread spectrum communication signals so as to provide a 
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signal0 to-interference ratio value, generating power adjustment requests 
1 4 in opposite correspondence to deviations in said signal-to-interference 

ratio value with respect to a desired predetermined signal-to-interference 
i 6 ratio value, and inserting said power adjustment requests in said spread 

spectrum communication signals as transmitted by said first transceiver to 
1 8 said second transceiver; and 

means for adjusting signal power of said second transceiver 
2 0 transmitted spread spectrum communication signals in correspondence 

with said power adjustment :requests as received by said second 
22 transceiver. 

29. A method for controlling transmission power of a first 
2 transceiver capable of communicating information signals of a first user, 

using spread spectrum communication signals, to a second transceiver for 
4 transfer to a second user and capable of extracting information signals of a 

second user communicated to said first transceiver by said second 
6 transceiver using said spread spectrum communication signals, said 

method comprising the steps of: 
8 controlling signal power of said first transceiver transmitted spread 

spectrum communication signals in opposite correspondence to 
1 0 variations in signal power of first transceiver received spread spectrum 

communication signals; and 
1 2 controlling signal power of said first transceiver transmitted spread 

spectrum communication signals in opposite correspondence to 
1 4 variations in signal power of second transceiver received spread spectrum 

communication signals, 

30. The method of Claim 29 wherein said step of controlling 
2 signal po""!'er of said first transceiver transmitted spread spectrum 

communication signals in opposite correspondence to variations in signal 

4 power of first transceiver received spread spectrum communication 

signals comprises the steps of : 
6 measuring signal power of first transceiver received spread 

spectrum communication signals; and 
8 adjusting signal power, of said first transceiver transmitted spread 
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spectrum communication signals, in opposite correspondence to 

1 0 deviations in said first transceiver measured signal power with respect to a 
predetermined transmission power level. 

31. The system of Claim 29 wherein said step of controlling 
2 signal power of said first transceiver transmitted spread spectrum 

communication signals in opposite correspondence to variations in signal 
4 power of second transceiver received spread spectrum communication 

signals comprises the steps of: 

6 measuring signal power of second transceiver received spread 
spectrum communication signals transmitted by said first transceiver; 

8 generating power adjustment commands in opposite 

correspondence to deviations in said second transceiver measured signal 
1 0 power v-.dth respect to a desired reception power level; 

inserting said power adjustment commands in said spread 
1 2 spectrum communication signals as transmitted by said second transceiver 

to said first transceiver; and 
1 4 adjusting signal power of said first transceiver transmitted spread 

spectrum communication signals in correspondence with said power 
16 adjustment commands as received by said first transceiver. 

32. The system of Claim 30 wherein said step of controlling 

2 signal power of said first transceiver transmitted spread spectrum 
communication signals in opposite correspondence to variations in signal 

4 power of second transceiver received spread spectrum communication 
signals comprises the steps of: 

6 measuring signal power of second transceiver received spread 
spectrum communication signals transmitted by said first transceiver; 

8 generating power adjustment commands in opposite 
correspondence to deviations in said second transceiver measured signal 

1 0 power with respect to a desired reception power level; 
inserting said power adjustment commands in said spread 

1 2 spectrum communication signals as transmitted by said second transceiver 
to said first transceiver; and 

1 4 adjusting signal power of said first transceiver transmitted spread 
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spectrum communication signals in correspondence with said power 
1 6 adjustment commands as received by said first transceiver. 

33. The method of Claim 29 further comprising the step of 

2 controlling signal power of said second transceiver transmitted spread 

spectrum communication signals in opposite correspondence to 
4 _variations of a measured ratio, of signal power of first transceiver received 

spread spectrum communication signals to a signal power of interfering 
S signals, with respect to a desired ratio. 

34. The system of Claim 33 wherein said step of controlling 

2 signal power of said second transceiver transmitted spread spectrum 

communication signals comprises the steps of: 
4 measuring signal power of all first transceiver received spread 

spectrum communication signals including other transceiver transmitted 

6 spread spectrum communication signals and multipath signals of said 

spread spectrum communication signals transmitted by said second 

8 transceiver; 
measuring signal power of first transceiver received spread 

1 0 spectrum communication signals as transmitted by said second 

transceiver; 

12 comparing said measured signal power of first transceiver received 

spread spectrum communication signals as transmitted by said second 

1 4 transceiver with said measured signal power of all first transceiver 

received spread spectrum communication signals so as to provide a signal~ 

1 6 to-interference ratio value; 

generating power adjustment :requests in opposite correspondence 

1 8 to deviations in said signaHo-interference ratio value with respect to a 

desired signalwto-interference ratio value; 

2 0 inserting said power adjustment requests in said spread spectrum 

communication signals as transmitted by said first transceiver to said 

2 2 second transceiver; and 

adjusting signal power of said second transceiver transmitted spread 

2 4 spectrum communication signals in correspondence with said power 

adjustment requests as received by said second transceiver. 
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35. In a cellular mobile telephone system in which system users 
2 communicate information signals between one another via at least one 

cell-site using code division multiple access (CDMA) spread spectrum 
4 communication signals, a method for controlling transmission signal 

power for each mobile telephone in said cellular mobile telephone system, 

6 wherein each mobile telephone has an antenna; transmitter and receiver, 
and each cell-site has an antenna, at least one transmitter and at least one 

8 receiver, said method comprising the steps of: 
measuring signal power in CDMA communication signals received 

1 0 by each respective mobile telephone receiver; 
varying transmission signal power of each corresponding mobile 

1 2 telephone transmitter in opposite correspondence to variations in 
corresponding mobile telephone power measurements with respect to a 

i 4 first predetermined power level; 
measuring signal power in each CDMA communication signal 

1 6 received at each respective cell-site receiver as transmitted from a 
corresponding mobile telephone transmitter in communication 

i 8 therewith; 
generating power adjustment commands corresponding to 

2 0 deviations in corresponding cell-site power measurements from a second 

predetermined power level; 
2 2 transmitting said power adjustment commands along with said 

information signals from each respective cell-site to a corresponding 
2 4 mobile telephone in communication therewith; 

receiving at each respective mobile telephone receiver said power 

2 6 adjustment commands corresponding thereto; and 
adjusting transmission signal power of each corresponding mobile 

28 telephone transmitter in correspondence to said power adjustment 
commands directed to said respective mobile telephone receiver. 

36. The method of Claim 35 wherein said step of varying 

2 transmission signal power of each corresponding mobile telephone 

transmitter in opposite correspondence to variations in corresponding 

4 mobile telephone power measurements with :respect to a first 
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predetermined power level further comprises the step of: 
6 limiting a rate of increase in transmission signal power of each 

corresponding mobile telephone lransmitter less than a rate of decrease in 

8 transmission signal power of each corresponding mobile telephone 
transmitter. 

37, The method of Claim 35 wherein said step of varying 
2 transmission signal power of each corresponding mobile telephone 

transmitter in opposite correspondence to variations in corresponding 
4 mobile telephone power measurements with respect to a first 

predetermined power level comprises the steps of: 
6 providing an increase in transmission signal power of each 

corresponding mobile telephone transmitter in response to a decrease in a 
8 corresponding mobile telephone power measurement with respect to said 

first predetermined power level; and 
1 0 providing an decrease in transmission signal power of each 

corresponding mobile telephone transmitter in response to an increase in 
1 2 a corresponding mobile telephone power measurement with respect to 

said first predetermined power level. 

38. The method of Claim 35 wherein said step of generating 
2 power adjustment commands corresponding to deviations in 

corresponding cell-site power measurements from a second 
4 predetermined power level comprises the steps of: 

generating a poweM.1p command in response to a decrease in a 
6 corresponding cell-site power measurement from said second 

predetermined power level; and 
8 generating a power-down command in response to an increase in a 

correspon~ing cell-site power measurement from said second 
i O predetermined power level. 

39. The method of Claim 38 wherein said step of adjusting 
2 transmission signal power of each corresponding mobile telephone 

transmitter in correspondence to said power adjustment commands 
4 directed to said respective mobile telephone receiver comprises the steps 
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of: 

6 increasing mobile telephone transmitter signal in response to each 

power-up command; and 
8 decreasing mobile telephone transmitter signal in response to each 

power-down command. 

40. The method of Claim 37 wherein said step of generating 

2 power adjustment commands corresponding to deviations in 

corresponding cell-site power measurements from a second 
4 predetermined power level comprises the steps of: 

generating a power-up command in response to a decrease in a 

6 corresponding cell-site power measurement from said second 

predetermined power level; and 
8 generating a power-down command in response to an increase in a 

corresponding cell-site power measurement from said second 
1 0 predetermined power level. 

41. The method of Claim 40 wherein said step of adjusting 

2 transmission signal power of each corresponding mobile telephone 
transmitter in correspondence to said power adjustment commands 

4 directed to said respective mobile telephone receiver comprises the steps 

of: 
6 increasing mobile telephone transmitter signal in response to each 

power-up command; and 
8 decreasing mobile telephone transmitter signal in response to each 

power-down command. 

42. The method of Claim 35 wherein in said step of measuring 
2 signal power in CDMA communication signals received by each respective 

mobile telephone receiver, measured signal power corresponds to a sum 

4 of all contemporaneously received CDMA communication signals within 
a predetermined frequency band. 

43. The method of Claim 35 further comprising the step of 
2 generating a first power measurement signal corresponding to said 



WO 91/07037 PCT/US90/06418 

41 

measured signal power in CDMA communication signals received by each 

4 respective mobile telephone receiver. 

44. The method of Claim 43 wherein said step of varying 

2 transmission signal power of each corresponding mobile telephone 

transmitter in opposite correspondence to variations in corresponding 

4 mobile telephone power measurements with respect to a first 
predetermined power level comprises t.he steps of: 

S comparing said first power measurement signal with a first power 

level set signal, said first power level set signal corresponding to a desired 

8 mobile telephone transmitter power level; 

providing a comparator output signal corresponding to a difference 

1 0 between said first power measurement signal and said first power level set 

signal; and 

1 2 varying mobile telephone transmitter gain according to said 

comparator output signal 

45, A method for controliing transmission signal power in a 

2 cellular mobile telephone in communications with at least one cell-site 
station using code division multiple access (CDMA) spread spectrum 

4 communication signals, said cellular mobile telephone having an antenna 

coupled to a transmitter and a receiver, said transmitter for generating and 

6 transmitting a CDMA carrier signal according to an assigned spreading 

function modulated by a mobile user input information signal, said 

8 receiver for receiving CDMA communication signals and spectrum 
processing said received CDMA communication signals according to an 

1 0 assigned spreading function so as to recover a mobile user output 

information signal intended for a user of said cellular mobile telephone, 

"! 2 said cell-site station communicating power control commands in CDMA 

communication signals intended for said cellular mobile telephone with 

14 said receiver processing said received power control commands and 

providing an output of said power control commands, said method 

"! 6 comprising t.he steps of: 

measuring combined signal power in contemporaneously received 

1 8 CDMA communication signals; 
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varying transmitter signal power in opposite correspondence to 

2 0 variations in measured 1?ignal power about a predetermined power level; 

and 

2 2 varying transmitter signal power in correspondence to received 

power adjustment commands. 

46. The method of Claim 45 wherein said step of varying 

2 transmitter signal power in opposite correspondence to variations in 

measured signal power about a predetermined power level comprises the 

4 steps of: 

increasing transmitter signal power in response to decreases in 

S measured signal power with respect to said predetermined power level; 

and 
8 decreasing transmitter signal power in response to increases in 

measured signal power with respect to said predetermined power level. 

47. The method of Claim 46 wherein increases in transmitter 

2 signal power are at a rate less than decreases in transmitter signal power. 

48. The method of Claim 45 wherein said cell-site station 

2 measures signal power of said cellular mobile telephone transmitted 

CDMA communication signals and generates for transmission said power 

4 adjustment commands indicative of one of an increase and a decrease in 

said cellular mobile telephone signal power so as to maintain a 

6 predetermined power level for cellMsite station received CDMA 

communication signals from said cellular mobile telephone. 

49. The apparatus of Claim 45 wherein said step of measuring 

2 combined signal power in contemporaneously received CDMA 

communication signals further comprises the step of generating a 

4 measurement signal indicative of measured signal power, and wherein 

said step of varying transmitter signal power in opposite correspondence 

6 to variations in measured signal power about a predetermined power 

level comprises the steps of: 

8 generating a first power level set signal corresponding to a desired 

,,. 
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cellular mobile telephone transmitter power level; 

1 0 comparing said first power measurement signal with said first 

power level set signal; 

1 2 providing a comparator output signal corresponding to a difference 

between said desired cellular mobile telephone transmitter power level 

1 4 and said measured signal power; 

limiting a rate of change in variations in said comparator output 

'1 6 signal; 
providing a corresponding limited comparator output signal; and 

1 8 varying signal power of said transmitter in response to said limited 

comparator output signal 

50. The apparatus of Claim 49 wherein said step of varying 

2 transmitter signal power in correspondence to received power adjustment 

commands comprises the steps of: 

4 accumulating said processed power adjustment commands with a 

predetermined gain control level setting; 

6 providing a power adjustment signal corresponding to said 
accumulation of said processed power adfustment comm.ands with said 

8 predetermined gain control level setting; and 

varying signal power of said transmitter in response to said power 

1 0 adjustment signal. 



WO 91/0i037 

TO FROM 
PSTN 

- 1 / 5 ... 

10 

SYSTEM 
CONTROLLER 

S SWITCH 

FIG. I 

PCT/lJS90/0Ml8 

TO FROM OTHER 
CELL-SITES 



WO 91/07037 

MOBILE 
UNIT 
RECEIVED 
SIGNAL 
POWER 

MOBILE 
UNIT 
TRANSMIT 
POWER 

PCT/lJS90/0Ml8 

-2/5-

DISTANCE 

FIG. 2A 

DISTANCE 

FIG. 28 



WO 91/07037 

MOBILE 
UNIT 
TRANSMIT 
POWER 

DISTANCE 

DISTANCE 

PCT /US90/06418 

FIG. 2 C 

FIG. 2D 



WO 91/07037 

52 

ANTENNA 

54 

ANALOG 
RECEIVER 

68 

Pl LOT 
SIGNAL 

GENERATOR 

-415 ... 

DIGITAL 
DATA 

RECEIVER 

56 

· RECEIVED 

60 

L POWER 
. MEASUREMENT 

64 

PCT/lJS90/064Hl 

USER 
DIGITAL 
BASEBAND 

58 

62 

TRANSMIT 
MODULATOR 

TO OTHER DIGITAL __,._ ..... 
FROM OTHER 

TRANSMIT MODULATORS 

_____ _J 
DATA RECEIVERS 

FIG. 3 

70 

ANTENNA 

ANALOG 

RECEIVER 

TRANSMIT 
POWER 

CONTROL 

74 

DlGITAL 
DATA 

RECEIVER 

CONTROL 
PROCESSOR 

80 

TRANSMIT 
POWER 

CONTROL 

FIG.4 

8 

PROCESSOR 

82 

USER 
DIGITAL 

BASEBAND 

TRANSMIT 
8'1111111----1 MODULATOR 



WO 91/07037 

-5/5-

FROM 
90 92 

ANTENNA DOWN-
BPF CONVERTER 

100 

NON-LINEAR 
FILTER 11o11111,,------... 

TO 
ANTENNA 

102 

FROM 
ANALOG 

RECEIVER 

FIG. 5 

AID VIIO 
CONVERTER 

FAST 
PN HADAMARD 

CORRELtrrOR ~ TRANSFORM 
FILTER 

1 
)14 

PN ~ 
GENERATOR 

POWER 

4 

PCT/US90/0M18 

TO AID 
CONVERTER 

96 

AGC 
DETECTOR 

POWER LEVEL 
llolllll---SET FROM 

PROCESSOR 

FROM TRANSIT 
~--MODULATOR 

POWER LEVEL 
,__ ___ CONTROL FROM 

120 
( 

PROCESSOR 

USE.R 
DATA 

DECODER 

POWER 
AVERAGER 

USER 
DATA_ 

TO TRANSMIT 
MODULATOR - UP/DOWN M-........,.--11 COMPARATOR POWER LEVEL 

COMMAND 1<181-- SET FROM 
GENERATOR PROCESSOR 

FIG. 6 



... 

INTERNATIONAL SEARCH REPORT 
lniemalionai Aoplication Na PCT/US90/06418 l. 

I. Ci.ASSli'ICATIOl\l 011' SIJIIIIJll!C'f MAT'f!!R (i! sev•ral class1tic1110n •ymi;o;s apply, mdieml• all) s 

AcIPC(5t) t1"'Ho4~ Pa27 J38ificah<m (ll"Cl or ta both National cra .. ific~t,on and IPC 
U.S. Cl. 375 l 

I!. FIELOS Si!ARCHED 

M,n,mum Documentation Searchsd 7 

Class;ticatwn .Svstem Ctass1ficcSt•on Symbols --· ----- ..• 

375/1 
u&s9 380/33,34 

455/33,54,56,59 370/18,50 379/58,59 
Oocum!!'ntatior; S~arehed ottieir than Mini1num Documantation 

to th• Ex!MI Iha! suoh Document~ ue lnc;uded in the Field• Surched s 

Ill. li:IOCUill!i!N'fS COIIUlilDEffll!D TO 1H Rl&:!.ll!VAl'l!T t 

Cat~gory • ! Cita!!on ol Document, " with indic•tlon. wh•r• ~1>1>r0<pn~i•, ol th~ rele•anr PllHagei ta !lel@vant to Claim No. 11 

A us, A, 4,641,322 Published 03 February 1987, l-50 
HASEGAWA -

X us, A, 4,811,421 Published 07 March 1989, 12-34 
HAVEL et al. 

• 5~41<:U!li Cllll4fl:IOfiH Clf Ci!od aocum&r.is: 10 "T" laler document publi&OOll ~ft:er !Ile in!ernaMnal flllr.g dml• 

"A" aoeumtnl dofoning !h• gor.srsl ~!ale ei lhs art which i1 nol or priari!y date and no! in conflict wilh the a11pheation but 
eited io 11ndsrs!Md tho p,ioeiplt ar lhacry t1nd6fly,ng !he cona,aorod to b& ol part,eular rt!l!Wanes !ti'd4Bret1on 

"E" ..arlio, doeumont but publishtd on or after the inttmsll<i>!ll!II "l(" documsn! ,i,! partieu!a, r~hM1111ee: tho cl41m1d inv$ntion filinQ: dat$ cannot be eonsidt1'111! novel or e11n1101 ba CM&idf>r~d !o 
'IL/' decvment vvhieil may throw doubt& on priority elairn(tl or involve 1111 mve11li•<11 lilt!) 

which ,1 e,tod ta e111abl111> tho pul!liemlion !lat& of .inoiher "'(" dMumen! ol ~artlcula>r role,anc.i: !ht elaimoa invsr.twn ci!alilm or othsr , ;,1tc1&i r&&t!>n (H sp11ciilel!) cannot lltt c;:,nsidffN to involvt an invent111e stg;i wh41n thtt 
•
10ii ch.,eum•nt riaf~rrtng to &~ orai ditiaioasurt, usi&, eshibit!on or dooumtt"l it oombln•d with on,i or mora oihe, such docw• 

otha, m1t""• monts, t\.lt:h eombimi:tjon b*tng IQ!bvicn.!I to ai perso~ ikdled 

"I'" documt"! ,11bli1hu prio, to lhtt ill!dl>m&tienAI filing data ilut In tho i!lrt, 

la!•• !han th& pmmly daio claimod "&." documont m<3Mblll' of the Hm<1 pstitnt family 

IV. C:ill'l'll'!CAT!OH 

01!1 o! !h"' AcluAI Campl&tia!i ,:,! !h8 fol1trn1!lon&I SHrth 
. 

O;::! Mailln9 of thir!~t~"E irfg§r 
07 January 1991 
lnl&rnat!tmil S.Archm~ Auihorib 

I 
Si?p~ AulhllrlmJ 0:C§f~;: 

I~A/n~ 
V - ...,., 

Bernarr :Earl Gre£torv 
F1)iffl l'CT/ll!M1!3 i-,c1 1!11!81!1te {All,,,.1 !-3'/') 



Electronic Patent Application Fee Transmittal 

Application Number: 14713719 

Filing Date: 15-May-2015 

Title of Invention: POWER CONTROL IN A WIRELESS NETWORK 

First Named Inventor/Applicant Name: Nicholas W. Anderson 

Filer: Harry Vartanian/Elizabeth McGinty 

Attorney Docket Number: IPW2-USCN207446 

Filed as Large Entity 

Filing Fees for Utility under 35 USC 111 (a) 

Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Basic Filing: 

Pages: 

Claims: 

Miscellaneous-Filing: 

Petition: 

Patent-Appeals-and-Interference: 

Post-Allowance-and-Post-Issuance: 

Extension-of-Time: 



Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Miscellaneous: 

Request for Continued Examination 1801 1 1200 1200 

Total in USO($) 1200 



Electronic Acknowledgement Receipt 

EFSID: 25229510 

Application Number: 14713719 

International Application Number: 

Confirmation Number: 3361 

Title of Invention: POWER CONTROL IN A WIRELESS NETWORK 

First Named Inventor/Applicant Name: Nicholas W. Anderson 

Customer Number: 3624 

Filer: Harry Vartanian/Elizabeth McGinty 

Filer Authorized By: Harry Vartanian 

Attorney Docket Number: IPW2-USCN207446 

Receipt Date: 17-MAR-2016 

Filing Date: 15-MAY-2015 

Time Stamp: 16:28:31 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment yes 

Payment Type Credit Card 

Payment was successfully received in RAM $1200 

RAM confirmation Number 3303 

Deposit Account 220493 

Authorized User VARTANIAN, HARRY 

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

Charge any Additional Fees required under 37 CFR 1.16 (National application filing, search, and examination fees) 

Charge any Additional Fees required under 37 CFR 1.17 (Patent application and reexamination processing fees) 



Charge any Additional Fees required under 37 CFR 1.19 (Document supply fees) 

Charge any Additional Fees required under 37 CFR 1.20 (Post Issuance fees) 

Charge any Additional Fees required under 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.) 

1364575 

1 
Request for Continued Examination IPW2-USCN207446-

3 
(RCE) RCE_ Transmittal-20160317.PDF 

no 
a98bbb286 79d 3 06c7 c3f821 cc68e4fce5 f7 c 

201b 

Warnings: 

Information: 

1035311 

2 
Information Disclosure Statement (IDS) IPW2-USCN207446-

4 
Form (SB08) IDS_SB0S-20160317.PDF 

no 
85 fb20acb085428d4fd 31 5 f97 570f227aec 4 

3af3 

Warnings: 

Information: 

1571798 

3 Foreign Reference CN1159720A.PDF no 27 
03c9d552a921220b3deeb6a99026919090 

8adc9e 

Warnings: 

Information: 

6649618 

4 Foreign Reference WO9107037Al.PDF no 51 
592fba5398da69fac56aefe2f711 c74Sf9328 

See 

Warnings: 

Information: 

30806 

5 Fee Worksheet (SB06) fee-info.pdf no 2 
Sa7fedcda51692ba757e7f1 be46d2f97cdd( 

4d57 

Warnings: 

Information: 

Total Files Size (in bytes) 10652108 



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. 



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 

3624 7590 12/17/2015 

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

APPLICATION NO. FILING DATE 

14/713,719 05/15/2015 

FIRST NAMED INVENTOR 

Nicholas W. Anderson 

TITLE OF INVENTION: POWER CONTROL IN A WIRELESS NETWORK 

EXAMINER 

REGO, DOMINIC E 

ART UNIT PAPER NUMBER 

2647 

DATE MAILED: 12/17/2015 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

IPW2-USCN207446 3361 

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

nonprovisional UNDISCOUNTED $960 $0 $0 $960 03/17/2016 
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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 
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DUE. 
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(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b" 
of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. If an equivalent of Part B is filed, a 
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing 
the paper as an equivalent of Part B. 

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

IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of 
maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due. 
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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) 
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4a. The following fee(s) are submitted: 

0 Issue Fee 

0 Publication Fee (No small entity discount permitted) 

0 Advance Order - # of Copies _________ _ 
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NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro 
entity status, as applicable. 
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Determination of Patent Term Adjustment under 35 U.S.C. 154 (b) 
(Applications filed on or after May 29, 2000) 

The Office has discontinued providing a Patent Term Adjustment (PTA) calculation with the Notice of Allowance. 

Section l(h)(2) of the AIA Technical Corrections Act amended 35 U.S.C. 154(b)(3)(B)(i) to eliminate the 
requirement that the Office provide a patent term adjustment determination with the notice of allowance. See 
Revisions to Patent Term Adjustment, 78 Fed. Reg. 19416, 19417 (Apr. 1, 2013). Therefore, the Office is no longer 
providing an initial patent term adjustment determination with the notice of allowance. The Office will continue to 
provide a patent term adjustment determination with the Issue Notification Letter that is mailed to applicant 
approximately three weeks prior to the issue date of the patent, and will include the patent term adjustment on the 
patent. Any request for reconsideration of the patent term adjustment determination ( or reinstatement of patent term 
adjustment) should follow the process outlined in 37 CPR 1.705. 

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of 
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be 
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571 )-272-4200. 
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0MB Clearance and PRA Burden Statement for PTOL-85 Part B 

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

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. The information is required to obtain 
or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is 
governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, 
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary 
depending upon the individual case. Any comments on the amount of time you require to complete this form 
and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and 
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT 
SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 
1450, Alexandria, Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no persons are required to 
respond to a collection of information unless it displays a valid 0MB control number. 

Privacy Act Statement 

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

The information provided by you in this form will be subject to the following routine uses: 
1. The information on this form will be treated confidentially to the extent allowed under the Freedom of 

Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records 
may be disclosed to the Department of Justice to determine whether disclosure of these records is required 
by the Freedom of Information Act. 

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

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

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

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

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

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

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

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



Notice of Allowability 

Application No. 
14/713,719 
Examiner 
DOMINIC E. REGO 

Applicant(s) 
ANDERSON, NICHOLAS W. 
Art Unit AIA (First Inventor to 

264 7 File) Status 

No 

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

1. [gi This communication is responsive to 10/30/2015. 

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

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

3. [gl The allowed claim(s) is/are 1,2,4-6,8-10, 12, 13.15 and 16. As a result of the allowed claim(s), you may be eligible to benefit from the 
Patent Prosecution Highway program at a participating intellectual property office for the corresponding application. For more 
information, please see http://www.uspto.gov/patents/init events/pph/index.isp or send an inquiry to PPHfeedback@uspto.gov . 

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

Certified copies: 

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

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

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

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

International Bureau (PCT Rule 17.2(a)). 

* Certified copies not received: __ . 

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

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

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

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

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

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

2. [gl Information Disclosure Statements (PTO/SB/08), 
Paper No./Mail Date __ 

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

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

U.S. Patent and Trademark Office 

5. D Examiner's Amendment/Comment 

6. [gl Examiner's Statement of Reasons for Allowance 

7. D Other __ . 

PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20151213 



Application/Control Number: 14/713,719 

Art Unit: 2647 

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

provisions. 

DETAILED ACTION 

Allowable Subject Matter 

Page 2 

2. Claims 1, 2, 4-6, 8-10, 12, 13, 15, and 16 are allowed for the same reasons 

presented in the Patented Application #10/917,968, Patent No. 8,897,828 and updated 

search report. 

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 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to DOMINIC E. REGO whose telephone number is 

(571 )272-8132. The examiner can normally be reached on Monday-Friday, 9:00 am-

5:30 pm. 

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

supervisor, Nay A. Maung can be reached on 571-272-7882. The fax phone number for 

the organization where this application or proceeding is assigned is 571-273-8300. 
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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). If you would like assistance from a 

USPTO Customer Service Representative or access to the automated information 

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

/DOMINIC E REGO/ 
Primary Examiner, Art Unit 2647 
Tel 571-272-8132 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In the PATENT APPLICATION of: 

Nicholas W. Anderson 

Application No.: 14/713, 719 

Confirmation No.: 3361 

Filed: May 15, 2015 

For: POWER CONTROL IN A 
WIRELESS NETWORK 

Group: 2647 

Examiner: Dominic E. Rego 

Our File: IPW2-USCN207 446 

Date: October 30, 2015 

RESPONSE PURSUANT TO 37 C.F.R. § 1.111 

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

This Response is being filed in response to the Non-Final Office Action dated 

June 30, 2015 and is submitted in conjunction with an appropriate petition for 

extension of time. 

Please amend the application without prejudice or disclaimer as follows: 
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Amendments to the Claims: 

Applicant: Intellectual Ventures Holding 81 LLC 
Application No.: 14/713, 719 

This listing of the claims will replace all prior vers10ns of the claims in the 

application: 

1. (Currently Amended) A method comprising: 

transmitting, by a first network device, a first an indication of a transmission 

power level of the first network device so that a user equipment (UE) can determine 

a path loss pathless; 

transmitting, by the first network device to the UE, a second an indication of 

whether accumulation of transmit power control (TPC) commands is enabled; 

transmitting, by the first network device on a single channel to the UE, a 

multilevel TPC command and scheduling information related to a shared uplink 

channel; 

receivmg, by the first network device from the UE on the shared uplink 

channel, an uplink signal, wherein transmission power level of the uplink signal is 

based on the multilevel TPC command and the path loss determined with the 

indication of the transmission power level of the first network device; and 

:receiving, by transmitting, by the first network device to a second network 

device from the fi:rst netwo:rk device, data of the uplink signal. 

2. (Currently Amended) The method of claim 1 [[,]] further comprising: 

- 2 -
3789635-1 



Applicant: Intellectual Ventures Holding 81 LLC 
Application No.: 14/713, 719 

accumulating, by the UE, TPC commands if the second indication of whether 

accumulation of TPC commands is enabled indicates accumulation is enabled er 

does not accumulate TPC commands if the second indication indicates accumulation 

is not enabled. 

3. (CANCELED) 

4. (Currently Amended) The method of claim 1 [[,]] further comprising: 

setting, by the UE, uplink transmission power level of the uplink signal 

based on the multilevel TPC command, a determined path loss pathless, and a 

format of the uplink signal. 

5. (Currently Amended) A wireless system comprising: 

a first network device configured to transmit a first an indication of a 

transmission power level of the first network device so that a user equipment (UE) 

can determine a path loss pathless; 

the first network device is further configured to transmit, to the UE, a second 

an indication of whether accumulation of transmit power control (TPC) commands 

is enabled; 

- 3 -
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Applicant: Intellectual Ventures Holding 81 LLC 
Application No.: 14/713, 719 

the first network device is further configured to transmit, on a single channel 

to the UE, a multilevel TPC command and scheduling information related to a 

shared uplink channel; 

the first network device is further configured to receive, from the UE on the 

shared uplink channel, an uplink signal, wherein transmission power level of the 

uplink signal is based on the multilevel TPC command and the path loss 

determined with the indication of the transmission power level of the first network 

device; and 

a second the first network device is configured to transmit :receive, from the 

fiF.s.t to a second network device, data of the uplink signal. 

6. (Currently Amended) The wireless system of claim 5 further comprising: 

the UE configured to accumulate TPC commands if the second indication of 

whether accumulation of TPC commands is enabled indicates accumulation is 

enabled o:r does not accumulate TPC commands if the second indication indicates 

accumulation is not enabled. 

7. (CANCELED) 

8. (Currently Amended) The wireless system of claim 5[[,]] further 

compnsmg: 

- 4 -
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Applicant: Intellectual Ventures Holding 81 LLC 
Application No.: 14/713, 719 

the UE is configured to set uplink transmission power level of the uplink 

signal based on the multilevel TPC command, a determined path loss pathless, and 

a format of the uplink signal. 

9. (Currently Amended) A network device comprising: 

ei-reuitry a transmitter configured to transmit a first an indication of a 

transmission power level of the network device so that a user equipment (UE) can 

determine a path loss pathless; 

the eireuitry transmitter 1s further configured to transmit, to the UE, a 

seeend an indication of whether accumulation of transmit power control (TPC) 

commands is enabled; 

the eireuitry transmitter 1s further configured to transmit, on a single 

channel to the UE, a multilevel TPC command and scheduling information related 

to a shared uplink channel; and 

the eireuitry is further a receiver configured to receive, from the UE on the 

shared uplink channel, an uplink signal, wherein transmission power level of the 

uplink signal is based on the multilevel TPC command and the path loss 

determined with the indication of the transmission power level of the network 

device. 

- 5 -
3789635-1 



Applicant: Intellectual Ventures Holding 81 LLC 
Application No.: 14/713, 719 

10. (Currently Amended) The network device of claim 9 further comprising: 

the eireuit:ry transmitter is further configured to transmit, to a second 

network device, data of the uplink signal. 

11. (CANCELED) 

12. (Currently Amended) A method performed by a network device, the 

method comprising: 

transmitting, by the network device, a first an indication of a transmission 

power level of the network device so that a user equipment (UE) can determine a 

path loss pathless; 

transmitting, by the network device to the UE, a seeond an indication of 

whether accumulation of transmit power control (TPC) commands is enabled; 

transmitting, on a single channel to the UE, a multilevel TPC command and 

scheduling information related to a shared uplink channel; and 

receiving, from the UE on the shared uplink channel, an uplink signal,. 

wherein transmission power level of the uplink signal is based on the multilevel 

TPC command and the path loss determined with the indication of the transmission 

power level of the network device. 

3789635-1 

13. (Original) The method of claim 12 further comprising: 
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Applicant: Intellectual Ventures Holding 81 LLC 
Application No.: 14/713, 719 

transmitting, to a second network device, data of the uplink signal. 

14. (CANCELED) 

15. (NEW) The method of claim 1, wherein the first network device is any 

one of a Node-B or a base station and the second network device is any one of a 

controller, a radio network controller (RNC), or a base station controller. 

16. (NEW) The wireless system of claim 5, wherein the first network device 

is any one of a Node-Bora base station and the second network device is any one of 

a controller, a radio network controller (RNC), or a base station controller. 

- 7 -
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Applicant: Intellectual Ventures Holding 81 LLC 
Application No.: 14/713, 719 

REMARKS/ARGUMENTS 

After the foregoing Amendment, claims 1, 2, 4-6, 8-10, 12, 13, 15, and 16 are 

currently pending in this application. Claims 3, 7, 11, and 14 are canceled. Claims 

1, 2, 4-6, 8-10 and 12 are amended. New claims 15 and 16 are added. 

Examiner Interview 

Applicant thanks the Examiner for granting a telephonic interview with the 

Applicant's representative on August 18, 2015. During the telephonic interview, 

the 35 U.S.C. 112 and 35 U.S.C. 103 rejections were discussed for the pending and 

proposed claims. Allowable subject matter from family counterparts was also 

discussed. No agreement was reached. 

Double Patenting Reiection 

Claims 1-14 are rejected under the judicially created doctrine of non­

statutory obviousness-type double patenting as being unpatentable over claims 1-20 

of U.S. Patent No. 8,862,079. Applicant believes that this rejection is an error since 

U.S. Patent No. 8,862,079 or U.S. App. No. 13/829,992 is owned by LG Electronics 

Inc. and has claims different than those referenced in the outstanding Office Action. 

Accordingly, withdrawal of the non-statutory obviousness-type double patenting 

rejection is respectfully requested. 

- 8 -
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Applicant: Intellectual Ventures Holding 81 LLC 
Application No.: 14/713, 719 

Claim Reiections - 35 U.S.C. § 112 

Claims 1 and 5 are rejected under 35 U.S.C. § 112(a) or 35 U.S.C. § 112 (pre-

AIA), first paragraph, as failing to comply with the written description requirement. 

The Office Action alleges that "receiving, by a second network device from the first 

network device, data of the uplink signal" in claim 1 is not found in the 

specification. Claim 5 was rejected for a similarly recited feature. 

Examples of this feature for claims 1 and 5 may be found at least in 

paragraph [0026] of the specification of the present application filed on May 15, 

2015: 

FIGURE 1 shows a block diagram of a wireless communication system. A 
network 100 may include one or more base station controllers 110, such as a 
radio network controller (RNC), and one or more base stations 120 and 130, 
such as a Node-B, wherein each Node-Bis connected to an RNC. The network 
100 communicates with one or more users 140, 150 through a channel 160, 
also referred to as a radio link, created between a base station and a user. 

Nevertheless, without conceding the propriety of the invention, and in an effort to 

advance prosecution, claim 1 is amended to read "transmitting, by the first network 

device to a second network device, data of the uplink signal." Claim 5 is also 

similarly amended. 

Based on the arguments presented above, withdrawal of the 35 U.S.C. § 112 

rejection of claims 1 and 5 is respectfully requested. 

- 9 -
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Applicant: Intellectual Ventures Holding 81 LLC 
Application No.: 14/713, 719 

Claim Reiections - 35 U.S.C. § 103(a) 

Claims 1, 2, 4-6, 8, 10, and 13 are rejected under pre-AIA 35 U.S.C. § 103(a) 

as being unpatentable over International Publication No. WO 00/57574 to Zeira et 

al. (hereinafter "Zeira") in view of U.S. Publication No. 2004/0190485 to Khan 

(hereinafter "Khan") in view of U.S. Publication No. 2001/0036823 to Van Lieshout 

et al. (hereinafter "Van Lieshout") and further in view of U.S. Publication No. 

2012/0113808 to Washburn (hereinafter "Washburn"). Without conceding the 

propriety of the rejection, and in an effort to advance prosecution, claims 1 and 5 

are amended in view of the interview on August 18, 2015. Ziera in view of Khan in 

view of Van Lieshout and further in view of Washburn, alone or in combination, at 

least do not teach or suggest "transmitting ... an indication of whether accumulation 

of transmit power control (TPC) commands is enabled; transmitting, by the first 

network device on a single channel to the UE, a multilevel TPC command and 

scheduling information related to a shared uplink channel; receiving, by the first 

network device from the UE on the shared uplink channel, an uplink signal, 

wherein transmission power level of the uplink signal is based on the multilevel 

TPC command and the path loss determined with the indication of the transmission 

power level of the first network device" of amended claim 1. 

Amended or previously presented claims 2, 4-6, 8, 10, and 13, although 

different, are allowable over the cited references for at least the same reasons as 

- 10 -
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Applicant: Intellectual Ventures Holding 81 LLC 
Application No.: 14/713, 719 

amended claim 1. Based on the arguments presented above, withdrawal of the 35 

U.S.C. § 103(a) rejection of claims 1, 2, 4-6, 8, 10, and 13 is respectfully requested. 

Claims 3, 7, 11, and 14 are rejected under pre-AIA 35 U.S.C. § 103(a) as being 

unpatentable over Zeira in view of Khan in view of Van Lieshout in view of 

Washburn, and further in view of U.S. Patent No. 6,804,512 to Baker et al. 

(hereinafter "Baker"). Without conceding the propriety of the rejection, and in an 

effort to advance prosecution, claims 3, 7, 11, and 14 are canceled. Based on the 

arguments presented above, withdrawal of the 35 U.S.C. § 103(a) rejection of claims 

3, 7, 11, and 14 is respectfully requested. 

Claims 9 and 12 are rejected under pre-AIA 35 U.S.C. § 103(a) as being 

unpatentable over Zeira in view of Khan, and further in view of Van Lieshout. 

Without conceding the propriety of the rejection, and in an effort to advance 

prosecution, claims 9 and 12 are amended in view of the interview on August 18, 

2015. Ziera in view of Khan and further in view of Van Lieshout, alone or in 

combination, at least do not teach or suggest to "transmit, to the UE, an indication 

of whether accumulation of transmit power control (TPC) commands is 

enabled ... transmit, on a single channel to the UE, a multilevel TPC command and 

scheduling information related to a shared uplink channel; and ... receive, from the 

UE on the shared uplink channel, an uplink signal, wherein transmission power 

level of the uplink signal is based on the multilevel TPC command and the path loss 

- 11 -
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Applicant: Intellectual Ventures Holding 81 LLC 
Application No.: 14/713, 719 

determined with the indication of the transmission power level of the network 

device" of amended claim 9. 

Amended or previously presented claim 12, although different, is allowable 

over the cited references for at least the same reasons as amended claim 9. Based 

on the arguments presented above, withdrawal of the 35 U.S.C. § 103(a) rejection of 

claims 1, 2, 4-6, 8, 10, and 13 is respectfully requested. 

Conclusion 

It should also be noted that although arguments have been presented with 

respect to certain claims herein, the recited subject matter as well as various other 

subject matter and/or combinations of subject matter may be patentable for other 

reasons. Further, the failure to address any statement by the Examiner herein 

should not be interpreted as acquiescence or agreement with such statement. The 

Applicant expressly reserves the right to set forth additional and/or alternative 

reasons for patentability and/or allowance with the present application or in any 

other future proceeding, and to rebut any statement presented by the Examiner in 

this or other papers during prosecution of the present application. 

If the Examiner believes that any additional minor formal matters need to 

be addressed in order to place this application in condition for allowance, or that a 

telephonic interview will help to materially advance the prosecution of this 

- 12 -
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Applicant: Intellectual Ventures Holding 81 LLC 
Application No.: 14/713, 719 

application, the Examiner is invited to contact the undersigned by telephone at the 

Examiner's convenience. 

In view of the foregoing, Applicant respectfully submits that the present 

application, including claims 1, 2, 4-6, 8-10, 12, 13, 15, and 16, is in condition for 

allowance and a notice to that effect is respectfully requested. 

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

HV/JMG/eam 

3789635-1 
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Respectfully submitted, 

Intellectual Ventures Holding 81 LLC 

By: /Harry Vartanian/ 
Harry Vartanian 
Registration No. 56,787 
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Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND 
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, 
VA 22313-1450. 
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Privacy Act Statement 

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

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

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

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

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

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

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

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

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

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

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

Application Number: 14713719 

Filing Date: 15-May-2015 

Title of Invention: POWER CONTROL IN A WIRELESS NETWORK 

First Named Inventor/Applicant Name: Nicholas W. Anderson 

Filer: Harry Vartanian/Carey Kulp 

Attorney Docket Number: IPW2-USCN207446 

Filed as Large Entity 

Filing Fees for Utility under 35 USC 111 (a) 

Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Basic Filing: 

Pages: 

Claims: 

Miscellaneous-Filing: 

Petition: 

Patent-Appeals-and-Interference: 

Post-Allowance-and-Post-Issuance: 

Extension-of-Time: 



Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Miscellaneous: 

Submission- Information Disclosure Stmt 1806 1 180 180 

Total in USD ($) 180 



Electronic Acknowledgement Receipt 

EFSID: 23589614 

Application Number: 14713719 

International Application Number: 

Confirmation Number: 3361 

Title of Invention: POWER CONTROL IN A WIRELESS NETWORK 

First Named Inventor/Applicant Name: Nicholas W. Anderson 

Customer Number: 3624 

Filer: Harry Vartanian/Carey Kulp 

Filer Authorized By: Harry Vartanian 

Attorney Docket Number: IPW2-USCN207446 

Receipt Date: 24-SEP-2015 

Filing Date: 15-MAY-2015 

Time Stamp: 15:00:38 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment yes 

Payment Type Credit Card 

Payment was successfully received in RAM $180 

RAM confirmation Number 2033 

Deposit Account 

Authorized User 

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



File Listing: 

Document 
Document Description File Name 

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

60085 

1 Transmittal Letter IDS.pdf no 2 
eb038779c75fb1 61 Scl ada7 e87a60fb246d 

2ffbd 

Warnings: 

Information: 

2 
Information Disclosure Statement (IDS) 

SB08.pdf 
Form (SB08) 

680691 

no 9 
490e40fc6d 1 cda7ad9a 16dd09288e0df48d 

35c60 

Warnings: 

Information: 

259310 

3 
Other Reference-Patent/ App/Search 

NFR_May_22_2014.pdf no 7 
documents 

0ddabec4a7059a40ab473a31 0c9be7facb 1 
ab8e 

Warnings: 

Information: 

398214 

4 
Other Reference-Patent/ App/Search 

NOA_Feb_6_2015.pdf no 7 
documents 

40a87 cl a945a 11 Sde 1252f40bd0a391 0019 
276f8 

Warnings: 

Information: 

428793 

5 
Other Reference-Patent/ App/Search 

NOA_Sep_ 10_2014.pdf no 8 
documents 

c97 cd5ad453f0fac4a553b81208a6c0bb07 ( 
d242 

Warnings: 

Information: 

30728 

6 Fee Worksheet (SB06) fee-info.pdf no 2 
7f04694 2 71 9 36f3 3 0009a05 23 d 03e 38a5 7 4 

00c44 

Warnings: 

Information: 

Total Files Size (in bytes) 1857821 



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. 



PATENT 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In the PATENT APPLICATION of: 

Nicholas W. Anderson 

Application No.: 14/713, 719 

Confirmation No.: 3361 

Filed: May 15, 2015 

For: POWER CONTROL IN A WIRELESS 
NETWORK 

Group: 2647 

Examiner: Dominic E. Rego 

Our File: IPW2-USCN207 446 

Date: September 24, 2015 

INFORMATION DISCLOSURE STATEMENT 

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

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

Applicant wishes to bring to the Examiner's attention the material cited on the 

enclosed Information Disclosure Statement Form. 

Pursuant to 37 C.F.R. §1.98(d) copies of documents cited in the parent 

application are not enclosed, but copies will be provided upon request. Documents 

that were not cited in the parent application are indicated by an asterisk (*) on the 

enclosed Information Disclosure Statement Form. Copies of the cited references are 

enclosed. 
3837585-1 



Applicant: Intellectual Ventures Holding 81 LLC 
Application No.: 14/713,719 

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

37 C.F.R. § 1.17(p). 

It is respectfully requested that the Examiner consider these documents and 

return an initialed copy of the Information Disclosure Statement Form indicating 

consideration of the cited materials. 

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

HV/PCK 
Enclosures ( 4) 

3837585-1 

Respectfully submitted, 

Intellectual Ventures Holding 81 LLC 

By: /Harry Vartanian/ 
Harry Vartanian 
Registration No. 56,787 
(215) 568-6400 
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UNITED STATES PATENT AND TRADEMARK OFFICE 
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 

APPLICATION NUMBER FILING OR 3 71 (C) DATE FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

14/713,719 

3624 

05/15/2015 Nicholas W. Anderson IPW2-USCN207 446 
CONFIRMATION NO. 3361 

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

Title:POWER CONTROL IN A WIRELESS NETWORK 

Publication No.US-2015-0264653-A 1 
Publication Date:09/17/2015 

11111111111111111 lllll ll]~!l]!~l!~l!~lil,!I~!~) ~Ill 111111111111111 IIII IIII 

NOTICE OF PUBLICATION OF APPLICATION 

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

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

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

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

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

Office of Data Managment, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101 
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UNITED STA TES p A TENT AND TRADEMARK OFFICE 

APPLICATION NO. FILING DATE 

14/713,719 05/15/2015 

3624 7590 08/21/2015 

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

FIRST NAMED INVENTOR 

Nicholas W. Anderson 

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. 

IPW2-USCN207446 3361 

EXAMINER 

REGO, DOMINIC E 

ART UNIT PAPER NUMBER 

2647 

NOTIFICATION DATE DELIVERY MODE 

08/21/2015 ELECTRONIC 

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

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

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

eoffice@volpe-koenig.com 

PTOL-90A (Rev. 04/07) 



Applicant-Initiated Interview Summary 

Application No. 

14/713,719 

Examiner 

DOMINIC E. REGO 

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

(1) DOMINIC E. REGO. 

(2) Harrv Vartanian.Atornev. Reg. No. 56. 787. 

Date of Interview: 18Auqust2015. 

Type: ~ Telephonic D Video Conference 
D Personal [copy given to: D applicant 

Exhibit shown or demonstration conducted: D Yes 
If Yes, brief description: __ . 

(3) __ . 

(4) __ . 

D applicant's representative] 

~No. 

Issues Discussed 0101 ~112 0102 ~103 □Others 
(For each of the checked box( es) above, please describe below the issue and detailed description of the discussion) 

Claim(s) discussed: 1-

ldentification of prior art discussed: NIA. 

Substance of Interview 

Applicant(s) 

ANDERSON, NICHOLAS W. 

Art Unit 

2647 

(For each issue discussed, provide a detailed description and indicate if agreement was reached. Some topics may include: identification or clarification of a 
reference or a portion thereof, claim interpretation, proposed amendments, arguments of any applied references etc ... ) 

Applicant will amend above claim in such awav in order to overcome the prior arts that were used to reiect above 
claim. Further.based on 112 1st reiection. applicant will clearly pointout where in spec.recited limitation can be found. 

Applicant recordation instructions: The formal written reply to the last Office action must include the substance of the interview. (See MPEP 
section 713.04). If a reply to the last Office action has already been filed, applicant is given a non-extendable period of the longer of one month or 
thirty days from this interview date, or the mailing date of this interview summary form, whichever is later, to file a statement of the substance of the 
interview 

Examiner recordation instructions: Examiners must summarize the substance of any interview of record. A complete and proper recordation of 
the substance of an interview should include the items listed in MPEP 713.04 for complete and proper recordation including the identification of the 
general thrust of each argument or issue discussed, a general indication of any other pertinent matters discussed regarding patentability and the 
general results or outcome of the interview, to include an indication as to whether or not agreement was reached on the issues raised. 

D Attachment 

/DOMINIC E REGO/ 
Primary Examiner, Art Unit 2647 

U.S. Patent and Trademark Office 

PTOL-413 (Rev. 8/11/2010) Interview Summary Paper No. 20150818 



Summary of Record of Interview Requirements 

Manual of Patent Examining Procedure (MPEP), Section 713.04, Substance of Interview Must be Made of Record 
A complete written statement as to the substance of any face-to-face, video conference, or telephone interview with regard to an application must be made of record in the 
application whether or not an agreement with the examiner was reached at the interview. 

Title 37 Code of Federal Regulations (CFR) § 1.133 Interviews 
Paragraph (b) 

In every instance where reconsideration is requested in view of an interview with an examiner, a complete written statement of the reasons presented at the interview as 
warranting favorable action must be filed by the applicant. An interview does not remove the necessity for reply to Office action as specified in§§ 1.111, 1.135. (35 U.S.C. 132) 

37 CFR §1.2 Business to be transacted in writing. 
All business with the Patent or Trademark Office should be transacted in writing. The personal attendance of applicants or their attorneys or agents at the Patent and 
Trademark Office is unnecessary. The action of the Patent and Trademark Office will be based exclusively on the written record in the Office. No attention will be paid to 
any alleged oral promise, stipulation, or understanding in relation to which there is disagreement or doubt. 

The action of the Patent and Trademark Office cannot be based exclusively on the written record in the Office if that record is itself 
incomplete through the failure to record the substance of interviews. 

It is the responsibility of the applicant or the attorney or agent to make the substance of an interview of record in the application file, unless 
the examiner indicates he or she will do so. It is the examiner's responsibility to see that such a record is made and to correct material inaccuracies 
which bear directly on the question of patentability. 

Examiners must complete an Interview Summary Form for each interview held where a matter of substance has been discussed during the 
interview by checking the appropriate boxes and filling in the blanks. Discussions regarding only procedural matters, directed solely to restriction 
requirements for which interview recordation is otherwise provided for in Section 812.01 of the Manual of Patent Examining Procedure, or pointing 
out typographical errors or unreadable script in Office actions or the like, are excluded from the interview recordation procedures below. Where the 
substance of an interview is completely recorded in an Examiners Amendment, no separate Interview Summary Record is required. 

The Interview Summary Form shall be given an appropriate Paper No., placed in the right hand portion of the file, and listed on the 
"Contents" section of the file wrapper. In a personal interview, a duplicate of the Form is given to the applicant (or attorney or agent) at the 
conclusion of the interview. In the case of a telephone or video-conference interview, the copy is mailed to the applicant's correspondence address 
either with or prior to the next official communication. If additional correspondence from the examiner is not likely before an allowance or if other 
circumstances dictate, the Form should be mailed promptly after the interview rather than with the next official communication. 

The Form provides for recordation of the following information: 
-Application Number (Series Code and Serial Number) 
- Name of applicant 
- Name of examiner 
- Date of interview 
- Type of interview (telephonic, video-conference, or personal) 
-Name of participant(s) (applicant, attorney or agent, examiner, other PTO personnel, etc.) 
-An indication whether or not an exhibit was shown or a demonstration conducted 
-An identification of the specific prior art discussed 
- An indication whether an agreement was reached and if so, a description of the general nature of the agreement (may be by 

attachment of a copy of amendments or claims agreed as being allowable). Note: Agreement as to allowability is tentative and does 
not restrict further action by the examiner to the contrary. 

- The signature of the examiner who conducted the interview (if Form is not an attachment to a signed Office action) 

It is desirable that the examiner orally remind the applicant of his or her obligation to record the substance of the interview of each case. It 
should be noted, however, that the Interview Summary Form will not normally be considered a complete and proper recordation of the interview 
unless it includes, or is supplemented by the applicant or the examiner to include, all of the applicable items required below concerning the 
substance of the interview. 

A complete and proper recordation of the substance of any interview should include at least the following applicable items: 
1) A brief description of the nature of any exhibit shown or any demonstration conducted, 
2) an identification of the claims discussed, 
3) an identification of the specific prior art discussed, 
4) an identification of the principal proposed amendments of a substantive nature discussed, unless these are already described on the 

Interview Summary Form completed by the Examiner, 
5) a brief identification of the general thrust of the principal arguments presented to the examiner, 

(The identification of arguments need not be lengthy or elaborate. A verbatim or highly detailed description of the arguments is not 
required. The identification of the arguments is sufficient if the general nature or thrust of the principal arguments made to the 
examiner can be understood in the context of the application file. Of course, the applicant may desire to emphasize and fully 
describe those arguments which he or she feels were or might be persuasive to the examiner.) 

6) a general indication of any other pertinent matters discussed, and 
7) if appropriate, the general results or outcome of the interview unless already described in the Interview Summary Form completed by 

the examiner. 
Examiners are expected to carefully review the applicant's record of the substance of an interview. If the record is not complete and 

accurate, the examiner will give the applicant an extendable one month time period to correct the record. 

Examiner to Check for Accuracy 

If the claims are allowable for other reasons of record, the examiner should send a letter setting forth the examiner's version of the 
statement attributed to him or her. If the record is complete and accurate, the examiner should place the indication, "Interview Record OK" on the 
paper recording the substance of the interview along with the date and the examiner's initials. 



UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NUMBER 

14/713,719 

3624 
VOLPE AND KOENIG, P.C. 
UNITED PLAZA 
30 SOUTH 17TH STREET 
PHILADELPHIA, PA 19103 

FILING OR 3 71 (C) DATE 

05/15/2015 

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 

Nicholas W. Anderson IPW2-USCN207 446 
CONFIRMATION NO. 3361 

POA ACCEPTANCE LETTER 
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Date Mailed: 08/14/2015 

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY 

This is in response to the Power of Attorney filed 08/06/2015. 

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. 

/zabraha/ 

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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/\pp;oved for ,,s,3 throuoh 11no12014. 0MB 
U.S. Patent and Trademml< Office; U.S. DEPARTMENT OF COMMERCE 

Under the Papen.yi.)tk F~eduction Ac! of 1996, no persons are required to reBpond to a collect:or: c:f infom1aUon unless it displo~lS -.~ valid Otv18 control number. 

[.~:: POWER OF ATTORNEY TO PROSE~U:~~~:~~i~--~~:~~NS BEFORE THE USPTO 

I l1ereby revoke all previous powE!I'~, of attorrwy fJiven in the applicatk.J~fied in the attached statement undt,r 

37 CFR.3.73(c)~-------------------................................................................ ·-----"'i 
I hereby appoint: 

Practiiioners associated with the Cui;ionwr Number: 

OR 

L __ __l Pmc!iticmer(s) named below (if more than t<:ffl paten! practilionms am to b,i narned, then a customer number must be uwd): 

N,rn,e R0gii,tration 

···················· ... ···························•=8~bec····· 
·····················································--·-·--·· 

!---------------------.................................. . ' --------·-···--·---------··------------------------,....--

································--------------- -·-------""=----....... _ ........................................................... c .......................... . 

/1s ,1t!crney(s) or agent(.:·,) to reprn:,rmt the w1tier,,i9ned tiBfore !he United States Paten! ,.ind rra,::J0m:irl, Office (USPH)} i:1 connec!i::111 wilh 
any and a:! p~tt:!nt appiic~,tions assigned Q.DJ.Y to Hm undersigned <ltcorcting !,:) the USPrO :38:,!qnrnr:int n:1:.::on .. i~ or a~;;signrnfjnt docu:nents 
,iH,iched to this torm in 8Cwrdance with :17 CFR :j. 7:3(c). 

P!eai;e change the correspondence c1ddress for the application identified in the mtac;r1ed 1;tatE>rn0nt under 37 CFR 3.73(c) to: 

r········3s24 
~ ............................. J 

lx ... iThe address ,msociated with Customer Number: 

LJ 

f\ddress 
.................................................................. ----------------.--------~----~---------....................... .. 

,..c_ity __________ ,... __________ . .) State ................................................... jZ.i? ...... \ ................... ____ _ 
Country ! Telephone ! Email ! 

As1,igne0 NamH and Addmss: 

Intellectual Ventures HoldintJ 81 LLC 
725'! \J\l Lake Mead Blvd 
Ste 200 
Las Veqas, NV 89128 

A copy of this form, together with a statement under 37 CFR 3,n(c} {Form PTO/SB/96 ,,r .iquivalent) Is required to be 
filed in each .=,pplkation In which this forrn i:, used. The sfotmnent under '.',7 CFR 3.73{c} may be completed by one of 
the prnc:titiorrnrn appointed in this forrn, and must identify the appllcaHon in which th!s Power <Jf Attorney is lo be filed. 

SIGNATURE of Assighee of R,,,:ord 
The; indiviJtrn! whos,, ;,jgl!aturc anJ ii({e is supplied below is auU1ui,.cd 10 ac! on bdrnlf <>I th<' as,igrn:e 

Thi~> colh-:ct:on of informiiH:..m js rf:qwri:id by 31 CFH 1.~>1, 1 :32 3rKi ·1 :33. "fhe inf.::.nrwtion Is requ1r-::•) to obtuln or r1::t;:1in .a benefit by the oubiic \vhkh i;;; io We {and 
by ttit:· UtPTO to ptfJces:>) an aµptication. Confilii::ntla!iti,1 is t~ovem~~<J by ~ib U.S.C 122 {-1fKi :3-; CFE i.11 anrJ 1. 14. n11s (:o:Jt:ct;on is •i~ttm;JF...:d to k~l'\t: 3 rninutf:S to 
complete. inc:!u,:J;ng {F-~ttv...:r!ng. prep:3-i!nq, and ~3ubrn:mnq the ,.-:ornpfr~tf:li applica:.km fonn to ttff: u~.PTO Timf: -...vm vary d;,..:tpGnflin~J upon 1he imJivi•Jual e;3:_:e. ,t.,ny 
commfanis on Hit:) ...-:rnount of tfrn•.: you mqrnr..:_; to complete H1fs form and/or suqqesth:,ns fer redudn~~ !~iis burdf:-n, shou:li be; ~;;:·:nt to thG Chif;f lr:fom1a:.Jon Offict-:r. 
U fi. Patantand Trndem;3r:,; OH!ct:~. U.S Oepartm;.:r;t ofCornmerct:, P.Q. Box ·J45G, /,.Jex:jnfhia: \//.\ 22~~i3--i45G. 00 NGT SEND FEES OR COP.,·lPLETEO FOHMS 
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Application/Control Number: 14/713, 719 

Art Unit: 2647 

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

provisions. 

DETAILED ACTION 

Claim Rejections - 35 USC § 112 

2. The following is a quotation of the first paragraph of 35 U.S.C. 112(a): 

(a) IN GENERAL.-The specification shall contain a written description of the 
invention, and of the manner and process of making and using it, in such full, clear, concise, 
and exact terms as to enable any person skilled in the art to which it pertains, or with which it 
is most nearly connected, to make and use the same, and shall set forth the best mode 
contemplated by the inventor or joint inventor of carrying out the invention. 
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The following is a quotation of the first paragraph of pre-AIA 35 U.S.C. 112: 

The specification shall contain a written description of the invention, and of the 
manner and process of making and using it, in such full, clear, concise, and exact terms as to 
enable any person skilled in the art to which it pertains, or with which it is most nearly 
connected, to make and use the same, and shall set forth the best mode contemplated by the 
inventor of carrying out his invention. 

3. Claims 1 and 5 rejected under 35 U.S.C. 112(a) or 35 U.S.C. 112 (pre-AIA), first 

paragraph, as failing to comply with the written description requirement. The claim(s) 

contains subject matter which was not described in the specification in such a way as to 

reasonably convey to one skilled in the relevant art that the inventor or a joint inventor, 

or for pre-AIA the inventor(s), at the time the application was filed, had possession of 

the claimed invention. Regarding claims 1 and 5, recites, "receiving, by a second 

network device from the first network device, data of the uplink signal". The underlying 

part is not found in the specification. 
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Double Patenting 
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4. The nonstatutory double patenting rejection is based on a judicially created 
doctrine grounded in public policy (a policy reflected in the statute) so as to prevent the 
unjustified or improper timewise extension of the "right to exclude" granted by a patent 
and to prevent possible harassment by multiple assignees. A nonstatutory 
obviousness-type double patenting rejection is appropriate where the conflicting claims 
are not identical, but at least one examined application claim is not patentably distinct 
from the reference claim(s) because the examined application claim is either anticipated 
by, or would have been obvious over, the reference claim(s). See, e.g., In re Berg, 140 
F.3d 1428, 46 USPQ2d 1226 (Fed. Cir. 1998); In re Goodman, 11 F.3d 1046, 29 
USPQ2d 2010 (Fed. Cir. 1993); In re Langi, 759 F.2d 887, 225 USPQ 645 (Fed. Cir. 
1985); In re Van Ornum, 686 F.2d 937,214 USPQ 761 (CCPA 1982); In re Vogel, 422 
F.2d 438, 164 USPQ 619 (CCPA 1970); and In re Thorington, 418 F.2d 528, 163 
USPQ 644 (CCPA 1969). 

A timely filed terminal disclaimer in compliance with 37 CFR 1.321 (c) or 1.321 (d) 
may be used to overcome an actual or provisional rejection based on a nonstatutory 
double patenting ground provided the conflicting application or patent either is shown to 
be commonly owned with this application, or claims an invention made as a result of 
activities undertaken within the scope of a joint research agreement. 

Effective January 1, 1994, a registered attorney or agent of record may sign a 
terminal disclaimer. A terminal disclaimer signed by the assignee must fully comply with 
37 CFR 3.73(b). 

5. Claims 1-14 rejected on the ground of nonstatutory obviousness-type double 

patenting as being unpatentable over claims 1-20 of U.S. Patent No. 8,862,079 since 

the claims, if allowed, would improperly extend the "right to exclude" already granted in 

the patent. 

6. The subject matter claimed in the instant application is fully disclosed in the 

patent and is covered by the patent since the patent and the application are claiming 

common subject matter, as follows, and the difference of the limitations are wordings 

differently .. 
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Instant Application Patent 8,862,079, Application #13/829,992 

1. A method comprising: 1. A method performed by user equipment 

transmitting, by a first network device, (UE), the method comprising: 

a first indication of a transmission power receiving, by the UE, an indication of 

level of the first network device so that a whether accumulation of transmit power 

user equipment (UE) can determine a control (TPC) commands is enabled; 

pathloss; determining, by the UE, a path loss of 

transmitting, by the first network a downlink channel; 

device to the UE, a second indication of receiving, on a single physical channel 

whether accumulation of transmit power by the UE if accumulation is enabled, an 

control (TPC) commands is enabled; allocation of a scheduled uplink resource 

transmitting, by the first network and a TPC command, wherein the TPC 

device on a single channel to the UE, a command is accumulated with other 

TPC command and scheduling information received TPC commands; 

related to a shared uplink channel; calculating, by the UE if accumulation 

receiving, by the first network device is enabled, transmit power in association 

from the UE on the shared uplink channel, with an uplink communication based on 

an uplink signal; and both the path loss and the accumulated 

receiving, by a second network device TPC commands; and 

from the first network device, data of the receiving, on the single physical 

uplink signal. channel by the UE if accumulation is not 

enabled, an allocation of a scheduled 
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uplink resource to transmit data at a power 

level calculated by the UE based on the 

path loss. 

For claims 2-9 See claims 2-10 

For claims 10-20 See claims 1-10 or 11-20 

Claim Rejections - 35 USC § 103 

7. The following is a quotation of pre-AIA 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. 

8. Claims 1, 2, 4-6, 8, 10, and 13 are rejected under pre-AIA 35 U.S.C. 103(a) as 

being unpatentable over Zeira et al. (International Publication Number #WO 00/57574) 

in view of Khan (US 2004/0190485) in view of Van Lieshout et al. (US Pub. No. 

2001 /0036823), and further in view of Washburn (US 2012/0113808). 

Regarding claims 1 and 5, Zeira teaches a method comprising: 

transmitting, by a first network device, a first indication of a transmission power 

level of the first network device so that a user equipment (UE) can determine a pathloss 

(Page 2, lines 14-21; Page 4, line 17-page 5, line 8, Zeira teaches one approach to 
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control transmission power levels is open loop power 15 control. In open loop power 

control, typically a base station 30~ transmits to a UE 321 a reference downlink 

communication and the transmission power level of that communication. The UE 321 

receives the reference communication and measures its received power level. By 

subtracting the received power level from the transmission power level, a path/ass for 

the reference communication is determined); 

transmitting, by the first network device to the UE, a second indication of whether 

accumulation of transmit power control (TPC) commands is enabled (Page 4, line 17-

page 5, line 8, teaches the first station (base station) transmits power commands based 

on in part a reception quality of the received communications), but does not specifically 

teach transmitting, by the first network device on a single channel to the UE, a TPC 

command and scheduling information related to a shared uplink channel; receiving, by 

the first network device from the UE on the shared uplink channel, an uplink signal; and 

receiving, by a second network device from the first network device, data of the uplink 

signal. 

However, in related art, Khan teaches transmitting, by the first network device on 

a single channel to the UE, a TPC command and scheduling information related to a 

uplink channel; receiving, by the first network device from the UE on the uplink channel, 

an uplink signal (Paragraphs 0012 and 0043, especially Paragraph 0012, Khan teaches 

a method of transmitting control information for reverse link packet access transmission. 

For the purposes of the present invention, the control information transmitted for the 

reverse link may include at least one scheduling grant(s), and/or transmit power control 
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indication information and/or HARO control information). Therefore, it would have been 

obvious to one of ordinary skill in the art at the time of the invention to provide the above 

teaching of Khan to Zeira in order to perform the efficient scheduling processing and to 

allocate radio resources efficiently in the uplink high-speed packet communications 

method. 

The combination of Zeira and Khan do not specifically teach a shared uplink 

channel used to carry scheduling information and transmission power control (TPC). 

However, Van Lieshout teaches a shared uplink channel used to carry 

scheduling information and transmission power control (TPC) (Para. 0006, Van Lieshout 

teaches since the DRNC is in charge of scheduling how data is multiplexed in a frame 

on the shared radio channel and allocating particular radio resources, such as 

channelization codes and associated spreading factors, the DRNC can convey to the 

mobile radio, using the transport format indicator, these types of specific details to allow 

the mobile radio unit to decode information sent over the shared radio channel). 

Therefore, it would have been obvious to one of ordinary skill in the art at the time of the 

invention to provide the above teaching of van Lieshout to Zeira and Khan so that the 

mobile unit can find out the available resources that it can use from the base station. 

The combination of Zeira, Khan, and Lieshout do not specifically teach receiving, 

by a second network device from the first network device, data of the uplink signal. 

However, in related art, Washburn teaches receiving, by a second network 

device from the first network device, data of the uplink signal (See Abstract and 
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configured to receive data units from the first network device via an output interface 

from the first network device). Therefore, it would have been obvious to one of ordinary 

skill in the art at the time of the invention to provide the above teaching of Washburn to 

Zeira, Khan, and van Lieshout so that the mobile unit can find out the available 

resources that it can use from the base station. 

Regarding claims 2 and 6, the combination of Zeira, Khan, Van Lieshout, and 

Washburn teach all the claimed elements in claim 1. In addition, Zeira teaches the 

method of claim 1, further comprising: accumulating, by the UE, TPC commands if the 

second indication indicates accumulation is enabled (Page 4, line 17-page 5, line 8, 

teaches the first station (base station) transmits power commands based on in part a 

reception quality of the received communications) or does not accumulate TPC 

commands if the second indication indicates accumulation is not enabled. 

Regarding claims 4 and 8, the combination of Zeira, Khan, Van Lieshout, and 

Washburn teach all the claimed elements in claim 1. In addition, Zeira teaches the 

method of claim 1, further comprising: 

setting, by the UE, uplink transmission power level of the uplink signal based on 

the TPC command, a determined pathloss, and a format of the uplink signal pathloss 

(Page 2, lines 14-21, Zeira teaches one approach to control transmission power levels 

is open loop power 15 control. In open loop power control, typically a base station 30~ 

transmits to a UE 321 a reference downlink communication and the transmission power 
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level of that communication. The UE 321 receives the reference communication and 

measures its received power level. By subtracting the received power level from the 

transmission power level, a path/ass for the reference communication is determined. 

Page 4, line 17-page 5, line 8, teaches the first station (base station) transmits power 

commands based on in part a reception quality of the received communications. The 

first station transmits a second communication having a transmission power level in a 

first time slot. The second station receives the second communication and the power 

commands. A power level of the second communication as received is measured. A 

path loss estimate is determined based on in part the measured received second 

communication power level and the first communication transmission power level). 

Regarding claims 10 and 13, the combination of Zeira, Khan, and Lieshout do 

not specifically teach the network device of claim 9 further comprising: the circuitry is 

further configured to transmit, to a second network device, data of the uplink signal. 

However, in related art, Washburn teaches the network device of claim 9 further 

comprising: the circuitry is further configured to transmit, to a second network device, 

data of the uplink signal (See Abstract and Paragraph 0010 teaches a first network 

device and a second network device for forwarding data units are included in a network. 

The second network device is configured to receive data units from the first network 

device via an output interface from the first network device). Therefore, it would have 

been obvious to one of ordinary skill in the art at the time of the invention to provide the 

above teaching of Washburn to Zeira, Khan, and van Lieshout so that the mobile unit 
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9. Claims 3, 7, 11, and 14 are rejected under pre-AIA 35 U.S.C. 103(a) as being 

unpatentable over Zeira et al. (International Publication Number #WO 00/57574) in view 

of Khan (US 2004/0190485) in view of Van Lieshout et al. (US Pub. No. 2001 /0036823) 

in view of Washburn (US 2012/0113808), and further in view of Baker et al. (US Patent 

#6,804,512). 

Regarding claims 3 and 7, the combination of Zeira, Khan, Van Lieshout, and 

Washburn do not specifically teach the method of claim 1, wherein the TPC command is 

a multi-level TPC command. 

However, in related art, Baker teaches the method of claim 1, wherein the TPC 

command is a multi-level TPC command (Col 4, lines 16-18, the acceptable value of P 

could be set at different levels for different sets or groups of sets of TPC commands). 

Therefore, it would have been obvious to one of ordinary skill in the art at the time of the 

invention to provide the above teaching of Baker to Zeira, Khan, Van Lieshout, and 

Washburn in order to adjust transmission power level in communication system. 

Regarding claims 11 and 14, the combination of Zeira, Khan, Van Lieshout, 

and Washburn do not specifically teach the network device of claim 9, wherein the TPC 

command is a multi\- level TPC command. 

However, in related art, Baker teaches the network device of claim 9, wherein the 

TPC command is a multi- level TPC command (Col 4, lines 16-18, the acceptable value 

of P could be set at different levels for different sets or groups of sets of TPC 
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commands). Therefore, it would have been obvious to one of ordinary skill in the art at 

the time of the invention to provide the above teaching of Baker to Zeira, Khan, Van 

Lieshout, and Washburn in order to adjust transmission power level in communication 

system. 

10. Claims 9 and 12 are rejected under pre-AIA 35 U.S.C. 103(a) as being 

unpatentable over Zeira et al. (International Publication Number #WO 00/57574) in view 

of Khan (US 2004/0190485), and further in view of Van Lieshout et al. (US Pub. No. 

2001 /0036823). 

Regarding claims 9 and 12, Zeira teaches a method performed by a network 

device, the method comprising: 

transmitting, by the network device, a first indication of a transmission power 

level of the network device so that a user equipment (UE) can determine a pathloss 

(Page 2, lines 14-21; Page 4, line 17-page 5, line 8, Zeira teaches one approach to 

control transmission power levels is open loop power 15 control. In open loop power 

control, typically a base station 30~ transmits to a UE 321 a reference downlink 

communication and the transmission power level of that communication. The UE 321 

receives the reference communication and measures its received power level. By 

subtracting the received power level from the transmission power level, a path/ass for 

the reference communication is determined); 

transmitting, by the network device to the UE, a second indication of whether 

accumulation of transmit power control (TPC) commands is enabled (Page 4, line 17-
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page 5, line 8, teaches the first station (base station) transmits power commands based 

on in part a reception quality of the received communications), but does not specifically 

teach transmitting, on a single channel to the UE, a TPC command and scheduling 

information related to a shared uplink channel; and receiving, from the UE on the 

shared uplink channel, an uplink signal. 

However, in related art, Khan teaches transmitting, on a single channel to the 

UE, a TPC command and scheduling information related to a uplink channel; and 

receiving, from the UE on the uplink channel, an uplink signal (Paragraphs 0012 and 

0043, especially Paragraph 0012, Khan teaches a method of transmitting control 

information for reverse link packet access transmission. For the purposes of the present 

invention, the control information transmitted for the reverse link may include at least 

one scheduling grant(s), and/or transmit power control ("TPC'? information and/or user 

identification information (e.g., AT ID) and/or rate indication information and/or HARO 

control information). Therefore, it would have been obvious to one of ordinary skill in the 

art at the time of the invention to provide the above teaching of Khan to Zeira in order to 

perform the efficient scheduling processing and to allocate radio resources efficiently in 

the uplink high-speed packet communications method. 

The combination of Zeira and Khan do not specifically teach a shared uplink 

channel used to carry scheduling information and transmission power control (TPC). 

However, Van Lieshout teaches a shared uplink channel used to carry 

scheduling information and transmission power control (TPC) (Para. 0006, Van Lieshout 

teaches since the DRNC is in charge of scheduling how data is multiplexed in a frame 
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on the shared radio channel and allocating particular radio resources, such as 

channelization codes and associated spreading factors, the DRNC can convey to the 

mobile radio, using the transport format indicator, these types of specific details to allow 

the mobile radio unit to decode information sent over the shared radio channel). 

Therefore, it would have been obvious to one of ordinary skill in the art at the time of the 

invention to provide the above teaching of van Lieshout to Zeira and Khan so that the 

mobile unit can find out the available resources that it can use from the base station. 

Conclusion 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to DOMINIC E. REGO whose telephone number is 

(571 )272-8132. The examiner can normally be reached on Monday-Friday, 9:00 am-

5:30 pm. 

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

supervisor, Nay A. Maung can be reached on 571-272-7882. The fax phone number for 

the organization where this application or proceeding is assigned is 571-273-8300. 
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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). If you would like assistance from a 

USPTO Customer Service Representative or access to the automated information 

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

/DOMINIC E REGO/ 
Primary Examiner, Art Unit 2647 
Tel 571-272-8132 
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POWER CONTROL IN A WIRELESS NETWORK 

CROSS REFERENCE TO RELATED APPLICATION 

[0001] This application is a continuation of U.S. Patent Application Serial No. 

13/727,153, filed December 26, 2012, which is a continuation of U.S. Patent 

Application Serial No. 10/917,968, filed August 12, 2004, which issued as U.S. 

Patent No. 8,897,828 on November 25, 2014, which are both incorporated by 

reference as if fully set forth. 

[0002] This application 1s related to U.S. Patent Application Serial No. 

13/726,976, filed December 26, 2012, which issued as U.S. Patent No. 8,983,522 on 

March 1 7, 2015. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0003] This invention relates to power control in a mobile radio system or 

wireless communication system, and more particularly, to controlling received 

power levels in a code division multiple access (CDMA) radio system. 

2. Description of the Prior Art 

[0004] Typically, radio signals transmitted with increased power result in 

fewer errors when received than signals transmitted with decreased power. 

Unfortunately, signals transmitted with excessive power may interfere with the 

reception of other signals sharing the radio link. Wireless communication systems 

employ power control schemes to maintain a target error rate of a signal received on 

a radio link. 

[0005] If a received signal includes a rate of errors far above a target error 

rate, the received signal may result in an undesirable effect on a delivered service. 

For example, excessive errors may lead to broken voice during voice calls, low 
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throughput over data links, and glitches in displayed video signals. On the other 

hand, if the received signal includes a rate of errors well below the target error rate, 

the mobile radio system is not efficiently using its radio resources. A very low error 

rate may mean that a signal is transmitted with an excessive level of power and 

that user could be provided a higher data rate. Alternatively, if the power level of a 

signal is sufficiently reduced, additional users may be serviced. If data rates are 

increased, a user may receive a higher level of service. Therefore, if a target error 

rate for each user is met within a tolerance threshold, a radio resource may be more 

optimally used. 

[0006] A wireless communication system often employ one of either an open 

loop scheme or a closed loop scheme to control uplink transmit power of a mobile 

radio. Uplink typically refers to the radio link from a mobile radio to a base station, 

where as the downlink typically refers to the link from the base station to the 

mobile radio. A mobile radio is not necessarily mobile and may also be referred to 

as a mobile, a user, user equipment (UE), a terminal or terminal equipment. A base 

station may also be referred to as a N ode-B. 

[0007] The error rate is related to a received signal to noise-plus-interference 

ratio (SNIR); a higher SNIR generally results in a lower error rate; and conversely, 

a lower SNIR generally results in a higher error rate. The exact relationship 

between SNIR and error rate, however, is often a function of several factors 

including radio channel type and the speed at which a mobile is travelling. 

[0008] A target error rate is often reached using a two stage process, which 

includes an outer loop and an inner loop. A first process may operate as an outer 

loop and may be tasked to adjust a target received SNIR (SNIR Target). This first 

process tracks changes in the relationship between SNIR and error rate. The outer 

loop sets an SNIR Target that is generally used several times by the inner loop. 

Periodically, the outer loop may adjust or update this SNIR Target used by the 

inner loop. For example, if an actual error rate exceeds a desired error rate, the 

outer loop may increase the value of the SNIR Target. 
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[0009] A second process operates as an inner loop and tries to force the link to 

exhibit the SNIR Target determined by the outer loop. The inner loop may operate 

by closed loop or by open loop means. 

[0010] In the open loop method of the inner loop process, a UE uses an SNIR 

Target value that is derived by the network and signalled to the UE. The inner loop 

running in the UE attempts to maintain the SNIR Target. The UE uses the 

information signalled to it and monitors the received strength of signals it receives 

to determine a power level at which it will transmit. Advantageously, this open loop 

method compensates for fast channel fading by determining the path loss on a per 

frame bases and by adjusting the transmit power accordingly. Unfortunately, this 

open loop method is relatively slow at compensating for changes due to interfering 

signals from other transmitters. 

[0011] In the closed loop method of the inner loop process, a closed loop 

scheme operates to match an SNIR Target. A received SNIR measurement is made 

by the network on an uplink signal. The SNIR measurement is compared within 

the network to the SNIR Target value. The inner loop drives the system to match 

the SNIR Target by issuing transmit power control commands from the network to 

a UE. The commands instruct the UE to increase or decrease its transmitted power 

by a predetermined step dB amount. Unfortunately, such closed loop methods 

demand a very high command update rate to adequately compensate for fast 

channel fading because of the single-dB-step commands used. At slower update 

rates, fast channel fading is not tracked adequately since a large number of 

iterations and long delays are needed to compensate for a change in power that is 

substantially larger than the dB-step value. 

[0012] Both the closed loop scheme and the open loop scheme have their 

disadvantages. Therefore, an improved method and system are needed that better 

balances the conflicting goals of reducing errors in a received signal while also 

reducing interference imposed on signals received at other receivers. An improved 
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method and system are also needed to better reduce the overall residual SNIR 

fluctuations experienced by each users signal at a receiver. 

BRIEF SUMMARY OF THE INVENTION 

[0013] Some embodiments provide a method of power control in a radio 

communications system, the method comprising: determining a path loss of a radio 

channel between a base station and a remote transceiver; receiving a transmit 

power control (TPC) command transmitted to the remote transceiver from the base 

station; and calculating a transmit power level for the remote transceiver based on 

the path loss and the TPC command. 

[0014] Some embodiments provide a method of power control in a radio 

communications system, the method comprising: receiving a signal at a second 

transceiver transmitted from a first transceiver; measuring a power level of the 

received signal; receiving a transmit power control (TPC) command at the second 

transceiver transmitted from the first transceiver; and calculating a transmit power 

level for the second transceiver based on the power level of the received signal and 

the TPC command. 

[0015] Some embodiments provide a method of uplink power control in a 

CDMA radio communications system, the method comprising: receiving an uplink 

signal; determining an error metric of the uplink signal; updating an SNIR target 

based on the error metric; measuring a received SNIR of the uplink signal; 

comparing the measured received SNIR with the SNIR target; assigning a first 

value to a step indicator if the measured received SNIR is greater than the SNIR 

target, and assigning a second value to a step indicator if the measured received 

SNIR is less than the SNIR target; transmitting a transmit power control (TPC) 

command instructing a transmitter to adjust an uplink transmit power level based 

on the step indicator; receiving the TPC command including the step indicator; 

accumulating the step indicator value; broadcasting a downlink signal including an 

indication of a downlink power level, wherein the signal is transmitted at the 
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downlink power level; measuring the received power of the downlink signal; and 

setting a transmit power level base on the received power level, the indication of the 

downlink power level, and the accumulated step indicator value. 

[0016] Some embodiments provide a method comprising: measuring a power 

level of a received signal; receiving a transmit power control (TPC) command; and 

calculating a transmit power level based on the power level of the received signal 

and the TPC command. 

[0017] Some embodiments provide a radio comprising: a receiver including an 

output to provide a measured received power level; an accumulator having an input 

for accepting step increase and decrease instructions and an output providing a sum 

of past step instructions; a power level setting circuit coupled to the accumulator 

output and coupled to the receiver output, wherein the power level setting circuit 

sets a transmit power bases on the accumulator output and the measured received 

power level; and a transmitter, wherein the transmitter transmits a signal at the 

set transmit power. 

[0018] Other features and aspects of the invention will become apparent from 

the following detailed description, taken in conjunction with the accompanying 

drawings which illustrate, by way of example, the features in accordance with 

embodiments of the invention. The summary is not intended to limit the scope of 

the invention, which is defined solely by the claims attached hereto. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] FIGURE 1 shows a block diagram of a wireless communication system. 

[0020] FIGURE 2 illustrates a wireless communication system using an open loop 

scheme. 

[0021] FIGURE 3 illustrates a wireless communication system using a closed loop 

scheme. 

[0022] FIGURE 4 illustrates a wireless communication system using elements of 

both open loop and closed loop schemes, in accordance with the present invention. 
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[0023] FIGURES 5A, 5B and 5C each illustrate a simulated probability density 

function of the received SNIR in the network. 

DETAILED DESCRIPTION OF THE INVENTION 

[0024] In the following description, reference is made to the accompanymg 

drawings which illustrate several embodiments of the present invention. It is 

understood that other embodiments may be utilized and mechanical, compositional, 

structural, electrical and operational changes may be made without departing from 

the spirit and scope of the present disclosure. The following detailed description is 

not to be taken in a limiting sense, and the scope of the embodiments of the present 

invention is defined by the claims of the issued patent. 

[0025] Some portions of the detailed description which follows are presented in 

terms of procedures, steps, logic blocks, processmg, and other symbolic 

representations of operations on data bits that can be performed on computer 

memory. A procedure, computer executed step, logic block, process etc., are here 

conceived to be a self-consistent sequence of steps or instructions leading to a 

desired result. The steps are those utilizing physical manipulations of physical 

quantities. These quantities can take the form of electrical, magnetic, or radio 

signals capable of being stored, transferred, combined, compared, and otherwise 

manipulated in a computer system. These signals may be referred to at times as 

bits, values, elements, symbols, characters, terms, numbers, or the like. Each step 

may be performed by hardware, software, firmware, or combinations thereof. 

[0026] FIGURE 1 shows a block diagram of a wireless communication system. 

A network 100 may include one or more base station controllers 110, such as a radio 

network controller (RNC), and one or more base stations 120 and 130, such as a 

Node-B, wherein each Node-B is connected to an RNC. The network 100 

communicates with one or more users 140, 150 through a channel 160, also referred 

to as a radio link, created between a base station and a user. 
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[0027] Two mechanisms are primarily responsible for changes in the SNIR of 

a signal travelling through a radio link. 

[0028] First, changes in the channel affect the SNIR. The instantaneous path 

loss between a base station and a user may vary as the user changes position or the 

user's environment changes. Rapid changes may occur as a result of a transmitted 

signal combining constructively and destructively as the signal travels along 

multiple paths from a base station and to the user. Additionally, slower changes 

may occur due to attenuation of the radio waves with increased distance between 

the base station and the user. Slower changes may also occur due to signal 

obstruction by buildings, vehicles and hills. 

[0029] Second, signals from other transmitters affect the SNIR. For example, 

signals intended for other mobile radios or other base stations may mcrease 

interference in the radio link and thus reduce a received signal's SNIR. 

[0030] In Time Division Duplex (TDD) systems, both uplink and downlink 

share the same carrier frequency. Due to this reciprocity in the links, path loss 

measurements made on the downlink by a mobile radio may be used estimate the 

path loss on the uplink. That is, a measured downlink path loss may be used to 

estimate the uplink path loss. The estimated uplink path loss will be less reliable 

with the passing of time but may be adequate within a frame period. Therefore, a 

mobile radio may determine a transmit power level for an uplink transition that 

compensates for an estimated uplink path loss, thereby providing a received signal 

to a base station at an expected input power level. 

[0031] Downlink path loss measurements may be facilitated by a beacon 

channel, which is transmitted from a base station at a reference power level. A 

mobile radio is informed of the actual transmit power level being used by the base 

station for the beacon channel. In addition to knowing the actual transmit power 

level of a beacon channel, the mobile radio may measure a received signal power 

level. By measuring the received signal power level, the mobile radio can compute a 

downlink path loss as the difference between the actual transmit power level and 
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the received signal power level. Thus, the mobile radio is able to estimate the 

uplink path loss in a channel between the base station and the mobile radio and 

properly set its uplink transmit power level. 

[0032] The path loss calculation may be updated as often as a beacon signal is 

transmitted and received. In a UTRA TDD system in compliance with the third 

generation partnership project (3GPP) specifications, a beacon signal is transmitted 

either once or twice every 10 milliseconds (ms). If an uplink transmission follows a 

beacon transmission within a relatively short period of time, a mobile radio can 

compensate for the fast fluctuations (fast-fading) in a radio channel. Such is the 

case for mobiles travelling at slow to moderate speeds if a beacon signal is 

transmitted either once or twice every 10 ms and the uplink transmissions occur in 

the intervening 

period. 

[0033] Additionally, a radio channel may be adversely affected by changes in 

interference levels over time. These temporal interference changes may be 

accommodated by a base station, measuring and communicating interference levels 

seen in each uplink timeslot. In a UTRA TDD system, a table having values of the 

measured interference for each timeslot may be broadcast to all users via a 

Broadcast Channel (BCH). The broadcasted information may be updated 

approximately every 16 frames (160 ms) depending upon the system configuration. 

In other embodiments, a mobile radio may receive this interference table as a 

signalled message directed to the individual mobile radio. 

[0034] The 3GPP specifications describe two separate schemes for power 

control of uplink channels: an open loop scheme and a closed loop scheme. For 

example, in 3GPP 3.84 Megachips per second (Mcps) TDD systems, open loop power 

control is specified for all uplink channels. In 3GPP 1.28 Mcps TDD systems, open 

loop power control is specified only for physical random access channels (PRACH). 

Also defined by 3GPP is an implementation of a closed loop power control scheme. 
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For example, see 3GPP recommendations for UTRA TDD systems operating at 1.28 

Mcps for non-PRACH uplink channels. 

[0035] In a wireless communication system usmg an open loop scheme, a 

network and UE use an outer loop to update and signal to the UE an SNIR Target 

value, thereby influencing the UE's transmit power. The network updates the 

SNIR Target value to be signalled based upon an observed error rate on the uplink. 

Once received, the mobile radio takes into account the signalled SNIR Target value 

when deriving a transmit power level that it will apply to the next uplink signal 

transmitted. 

[0036] In a 3GPP 3.84 Mcps system incorporating an open loop scheme, a 

network instructs the UE with an SNIR Target value. The network also signals its 

beacon transmit power level and may also provide a measure of uplink interference 

for each timeslot as measured by the network. The UE receives an input signal 

that is typically a combination of attenuated versions of the network signal, which 

passed through a radio channel, along with interfering signals from other 

transmitters. The UE measures the received power level of the attenuated network 

signal and determines a path loss of the radio channel. The UE also decodes the 

signalled SNIR Target value from the network signal. The UE computes a transmit 

power level based on the SNIR Target value, the determined path loss and, if 

available, the uplink interference measurements. 

[0037] FIGURE 2 illustrates a wireless communication system using an open 

loop scheme. AUE transmits 200 user data at a determined transmit power level. 

An uplink signal 202, which includes user data 204, propagates through the radio 

link. The network receives an attenuated version of the transmitted signal. The 

network measures 207 an uplink interference value and determines 206 an error 

metric of the uplink signal. The network may use the measured uplink interference 

value to update 208 an interference measurement table. The interference 

measurement table may include average measured interference levels for each 

uplink timeslot. 
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[0038] The network also uses the error metric to update 210 an SNIR Target 

value. The network transmits 212 SNIR Target in a signalling message on the 

downlink 214, which includes the SNIR Target 216. The UE receives and saves 220 

the SNIR Target. The network also broadcasts 222 a beacon signal on the downlink 

224. The downlink 224 propagates the signal, which includes an indication of the 

beacon power level 226, over the radio link. The network may also broadcast the 

interference measurements 228. The UE measures 230 the received power level 

and saves 232 the interference measurements for later processing. 

[0039] With the measured power level and the signalled beacon power level, 

the UE may determine a path loss. The UE may use the saved received SNIR 

Target 216, the saved received interference measurements 228 and the computed 

path loss to set 234 a transmit power level. This transmit power level may be used 

by transmitter 200 to set the power level of transmitted user data 204 on the uplink 

202. 

[0040] The 3GPP specifications also define a closed loop scheme. For 

example, a 3GPP 1.28 Mcps system employs a closed loop scheme using an outer 

loop and an inner loop. The closed loop TPC scheme is the primary power control 

mechanism used for all non-PRACH channels in a 1.28 Mcps TDD system. The 

closed loop TPC scheme is not currently employed for the uplink of 3.84 Mcps TDD 

systems. 

[0041] The outer loop determines an SNIR Target value and the inner loop 

uses the SNIR Target value. The outer loop includes network components that 

determine an error metric, such as a bit error rate, a block error rate or a CRC error 

count, on uplink traffic from UEs. This error metric is used to set and update an 

SNIR Target value. An inner loop includes network components that use the SNIR 

Target value computed and set by the outer loop. The network measures a received 

SNIR value of the uplink signal. 

[0042] Next, a comparator determines whether the measured SNIR value is 

greater than or less than the SNIR Target value. If the measured SNIR value is 
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greater than the SNIR Target value, the network signals a transmit power control 

(TPC) command on the downlink instructing the UE to reduce its current 

transmitter power by a step value (e.g., 1 dB). On the other hand, if the measured 

SNIR value is less than the SNIR Target value, the network signals a TPC 

command instructing the UE to increase its current transmitter power by the step 

dB value. 

[0043] In a system employing only a closed loop power control scheme, several 

TPC commands may be necessary to properly bring the UE's transmitted power in 

line with the SNIR Target value. For example, if a path loss increases from one 

frame to the next by 15 dB, the system will take 15 TPC commands to compensate 

for the 15 dB fade. AUE accumulates the increase and decrease TPC commands to 

determine a proper uplink transmit power level. By increasing and decrease uplink 

power levels of each UE, a network attempts to control the power level of each UE 

such that the ratio of the received uplink energy level per transmitted bit to the 

spectral density of the noise and interference signals is a constant value. This TPC 

command adjustment process is performed for each UE in a cell. The constant 

value, however, may be non-uniform among the UEs depending upon the 

configuration of the system. 

[0044] In a closed loop TPC scheme, the inner loop SNIR is maintained via a 

closed loop method using binary feedback. The feedback indicates either power up 

or power down. Every time a TPC command is received an integrator in the UE is 

used within the inner loop to update the UE transmit power by a step amount +/-1'1 

dB. The TPC commands themselves are derived by the network and are signalled 

to the UE via a downlink channel. When calculating the proper TPC command to 

send, the network measures the received SNIR and compares this measured value 

to an SNIR Target value. If the SNIR is too low, an up command is sent. If the 

SNIR is too high, a down command is sent. The target SNIR value is updated by 

the outer loop based upon the observed error performance of the link. In this way, 

both the inner and outer feedback 
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loops are closed by the TPC signalling. 

[0045] FIGURE 3 illustrates a wireless communication system using a closed 

loop scheme. The closed loop scheme includes an outer loop in which a UE 

transmits 300 user data over the radio link in an uplink signal 302 that contain the 

user data 304. The network determines 306 an error metric of the received uplink 

signal. Using the error metric, the network computes and updates 308 an SNIR 

Target value. 

[0046] The closed loop scheme also includes an inner loop m which the 

network measures 310 the received SNIR of the uplink signal 302. The network 

compares 312 the measured SNIR with the SNIR Target determined in the outer 

loop. The inner loop generates and transmits 314 a TPC command based on the 

comparison 312. A downlink signal 316 carries the TPC command 318 over the 

radio link. The UE accumulates 320 the TPC commands and uses the accumulated 

TPC commands to set 322 a transmit power for future uplink transmissions 300. 

[004 7] A mobile radio system employing either an open loop scheme or a 

closed loop scheme has its advantages and disadvantages. 

[0048] The open loop scheme advantageously adapts quickly to path loss 

changes. If the path loss is observed to have worsened, for example by 15 dB in one 

10 ms interval, the transmit power may be adjusted accordingly. A further 

advantage is that the open loop may continue to be partially updated in the absence 

of user-specific feedback signalling. For example, when a UE does not receive 

updated SNIR Target values, the outer loop pauses but changes in the path loss 

may continue to be tracked. 

[0049] Disadvantageously, the timeslot interference level update rate in an 

open loop system is relatively slow. Therefore, a system using an open loop scheme 

is slower to adapt to interference changes than a system using the closed loop 

scheme. A further disadvantage of the open loop scheme is that interference is 

considered to be the same for all UEs in a particular uplink timeslot. That is, each 

UE assigned to a timeslot uses the same interference measurement signalled by the 
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base station on the BCH. A commonly used interference measurement table makes 

assumptions about the statistical nature of the interference and does not consider 

the individual cross-correlation properties of the uplink channelization codes. It is 

thus left to the outer loop to compensate for these effects, but unfortunately on a 

slow basis. 

[0050] Conversely, the closed loop only scheme is less able to adapt to fast 

path loss changes because the closed loop can only move by a step Li dB during each 

update. Thus, if the path loss has changed between updates by 15 dB and the step 

Li dB value is only 1 dB, the closed loop is not able to adjust quickly since it can 

move only by 1 dB during each cycle. Therefore, for the same update rate (e.g., once 

per 10 ms), a closed loop TPC scheme is less able to track the fast fading observed in 

common mobile radio channels. Furthermore, the closed loop may not be updated 

during a pause in transmission of the TPC commands. 

[0051] Advantageously, the closed loop is relatively quick to respond to uplink 

interference changes since both path loss and interference are accommodated by the 

same loop. The closed loop scheme using TPC commands has a further advantage 

in that it allows for per-user interference adaptation, in contrast to the open loop 

scheme, which broadcasts an average interference table for each timeslot. 

[0052] In accordance with the present invention, aspects of both an open loop 

scheme and a closed loop scheme are strategically combined to form a power control 

method. Some embodiments of the present invention advantageously combine 

elements of both open loop and closed loop schemes to control power levels, thereby 

avoiding one or more of the disadvantages associated with either of the separately 

used schemes. 

[0053] In accordance with some embodiments of the present invention, a UE 

incorporates the TPC structure of a closed loop scheme and the path loss estimation 

structure of an open loop scheme. Some embodiments of the present invention 

allow for both relatively quick adaptation to fast fading and also allow for per-user 

-13-

3651116-2 



IPW2-USCN207 446 

interference adaptation, and retain the ability to partially update the power control 

loop even in the temporary absence of TPC commands. 

[0054] Some embodiments of the present invention require modifications to 

one or more elements of a standard mobile radio system. For example, some 

embodiments require changes to just a UE, while other embodiments require 

modifications to just the network. Embodiments that modify a UE but not the 

network allow the UE of the present invention to operate with legacy base stations. 

Similarly, embodiments that modify the network but not the UE allow the network 

of the present invention to operate with legacy UEs. Still other embodiments of the 

present invention require modification to both the network and the UE. 

Embodiments modifying standard network elements may include changes to just a 

base station but not a radio network 

controller (RNC). Other embodiments modify both a base station and an RNC. 

[0055] Some embodiments of the present invention, incorporate a loop having 

three components: an open loop component located in the UE, an SNIR comparison 

loop located in the network, and an SNIR update component also located in the 

network. 

[0056] First, an open loop component may be located in the UE and driven by 

measured beacon received power levels and path loss calculations. This loop tries to 

adapt to all instantaneous path loss changes on a per-beacon transmission basis. 

The partial power calculated by this loop is a function of the beacon signal 

transmission power (Prx) and the beacon received signal code power (RSCP) and is 

denoted Popen(k), where k represents the current frame number. Prx is known to the 

UE and derived from the base station signalled power level (428, FIGURE 4) and 

the measured power level for frame k, (RSCP(k)), may be determined by the UE 

receiver (432, FIGURE 4). Popen(k) may also be a function of a constant value (C) to 

ensure that the transmission arrives at an appropriate power level. 

Popen(k) = Prx - RSCP(k) + C 
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[0057] Second, an SNIR comparison loop is located in the network, such as in 

the Node-B. The SNIR comparison loop is driven by received SNIR metrics. A 

received SNIR is compared to a SNIR Target value, which is set by an outer loop. A 

comparison result leads to the signalling of a TPC command that is signalled to the 

UE to change its transmit power. Binary signalling may be used, such that the 

TPC command indicates a change in transmission power by a fixed amount either 

up or down. Alternately, a multi-level TPC command may be used. 

[0058] Third, an outer loop is located in the network, such as in the Node-B or 

RNC. The outer loop is driven by the data error statistics observed on the uplink 

transmissions. The outer loop is responsible for setting an SNIR Target level for 

the SNIR comparison loop. 

[0059] An optional auxiliary process in the UE adjusts the transmit power 

based upon: (a) ysF, the spreading factor (SF) of the physical channel; and (b) /JrFc, 

the selected transport format (TFC). 

[0060] Thus, for the current frame k, the UE may calculate the transmit 

power Prx(k) as shown below where K is the initial frame number determined when 

the power control process begins; TPCi is -1 for a down TPC command, +1 for an up 

TPC command and O if no TPC command is received; and step is the magnitude of 

the amount added to an accumulator upon receipt of each TPC command. The 

transmit power Prx(k) may be updated for every frame period. Alternatively, the 

transmit power Prx(k) may be updated each time a new TPC command is received. 

Alternatively, the transmit power Prx(k) may be updated only when either a TPC 

command or a new power level is received from the network. 

[0061] 

k 

Prx(k) = Popen(k) +step· LTPCi + ysF+ /JTFC 
i~k-K 

An embodiment of a power control scheme, in accordance with the 

present invention, is shown diagrammatically in FIGURE 4. The ysF and /JrFc 

adjustment factors are not shown for diagrammatical clarity. 
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[0062] FIGURE 4 illustrates a wireless communication system usmg 

elements of both open loop and closed loop schemes, in accordance with the present 

invention. AUE transmits 400 user data at a determined transmit power level. An 

uplink signal 402, which includes the user data 404, propagates through the radio 

link. The network receives an attenuated version of the transmitted signal. 

[0063] The network determines 406 an error metric of the uplink signal 402. 

Optionally, the network measures an uplink interference level and may update 422 

an interference measurement table. Data measured or computed from uplink 

measurements may be entered into the interference measurement table. The 

interference measurement table may include average measured interference levels 

for each uplink timeslot. Within the network the error metric may be used to 

update 408 an SNIR Target value. 

[0064] The network also transmits 424 a beacon signal. The downlink signal 

426, which includes an indication of the beacon transmit power level 428, 

propagates over the radio link. Optionally, the network may broadcast the 

interference measurements 430. The UE saves 432 the signalled power level, 

measures the received power level and, if available, saves 434 the interference 

measurements for later processing. 

[0065] As in a closed loop scheme, a UE transmits 400 user data over the 

radio link in an uplink signal 402 that contain the user data 404. The network 

determines 406 an error metric of the received uplink signal. Using the error 

metric, the network computes and updates 408 an SNIR Target value. 

[0066] The network also measures 410 the received SNIR of the uplink signal 

402. The network compares 412 the measured SNIR with the determined SNIR 

Target. The network generates and transmits 414 a TPC command based on the 

comparison 412. A downlink signal 416 carries the TPC command 418 over the 

radio link. The UE accumulates 420 the TPC commands and uses the accumulated 

TPC commands in part to set 436 the transmit power level for future uplink 

transmissions 400. 
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[0067] As in an open loop scheme, with the measured power level and the 

signalled beacon power level, the UE may determine a path loss Popen(k). The UE 

may use the saved received interference measurements I(k) to adjust the 

transmission power following a pause in transmission or following a pause m 

receipt of TPC commands. The UE may use the accumulated TPC commands 

k 

LTPCi the computed path loss Popen(k), adjustment factors ysF & /JTFC and 
i~k-K 

optionally, adjustments based upon I(k) to set 436 a transmit power level. This 

transmit power level Prx(k) may be used to set the uplink power level of 

transmitted 400 user data on the uplink 402. 

[0068] The downlink signal 426, which contains the power level 428 and may 

contain the interference measurements 430, is broadcast in a cell. Previous UEs 

using a closed loop scheme do not use measurements of the downlink received power 

while monitoring the power level signalling in a beacon broadcast to set the uplink 

transmission power. Similarly, previous UEs using a closed loop scheme do not 

compute or do not use computations of the downlink path loss while processing TPC 

commands. A previous UE simply follows the TPC commands as it is instructed to 

set its transmit power level. If a network instructs a known UE to increase its 

transmit power by one step amount, the previous UE shall increase its power level 

by one step amount. 

[0069] In accordance to the present invention, a UE may receive a TPC 

command instructing it to change its transmit power by one step level m a 

particular direction, but the UE may actually change its transmit power level by a 

different amount or in fact an amount in the opposite direction. The UE uses the 

TPC only as a factor in determining whether to increase transmit power level, 

decrease transmit power level or leave the transmit power level unchanged. 

[0070] For example, assume a UE just transmitted a burst to a Node-Bat 20 

dBm over a radio link with a path loss of 110 dB. The received power at the Node-B 

receiver would be -90 dBm, which is the difference between 20 dBm and a loss of 
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110 dB. Next, assume the Node-B wants to receive an uplink signal from the UE at 

-89 dBm. The Node-B would signal and the UE would receive a TPC command 

instructing the UE to increase the uplink transmit power level by 1 dB. Also 

assume that the path loss improves from the previous frame to this frame by + 10 

dB (e.g., from 110 dB to 100 dB). 

[0071] A previous UE would transmit the next burst at +21 dBm, which is the 

sum of the previous level (+20 dBm) and the step increase (1 dB). The transmitted 

+21 dBm signal would probably reach the Node-Bat -79 dBm, a signal level that is 

+ 10 dB too great because the channel improvement was not taken into account. 

[0072] In accordance with the present invention, a UE would account for the 

new path loss. The previous transmit power level of +20 dBm would be decreased 

by + 10 dB to account for the improved channel path loss of + 10 dB. The resulting 

transmit power level would then be + 10 dBm. The UE also accounts for the TPC 

command by adjusting the transmit power level by the desired step of +l dB, 

resulting in a new transmit power level of + 11 dBm, which both accounts for the 

improved channel (+10 dB) and accommodates the Node-B's desire to have a 

received signal with a step increase (+1 dB). The +11 dBm would reach the Node-B 

at the desired level of -89 dBm if the channel pathloss estimate was accurate. As 

shown in this example, the transmit power level dropped 9 dB (from +20 dBm to 

+ 11 dBm) even though the N ode-B TPC command instructed an increase of 1 dB. 

[0073] Therefore, even though a UE receives a network TPC command 

instructing it to step up or down its uplink transmit power by 1 dB, the UE may 

actually change the transmit power level by a different amount. In fact, the UE 

transmit power level may change in a direction opposite of the TPC command as 

exemplified above. 

[007 4] During a period of inactivity on the uplink 402, TPC commands 418 

may not have been received by the UE. The UE transmit power level for a 

subsequent initial transmission 400 may be determined using current updates of 

the open loop component. 

3651116-2 
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determined based on the beacon power level 428, the measured 432 received power 

level, and optionally the interference measurements 430. The open loop component 

does not require feedback, thus may continue to be updated every beacon 

transmission even during the uplink transmission pause. 

[0075] The history stored in the TPC accumulator may be stale. In some 

circumstances the history may be considered useful and is not reset. Alternatively, 

the accumulated TPC history could be used to set the uplink transmit power level 

but with some excess power margin added to ensure a clean start to the loop. 

Alternatively, the UE may decide to discard the accumulated TPC history and to 

reset it to a default or initial value. The default or initial value may optionally be 

based upon a received interference measurement table 430. 

[0076] The ability of the open loop component to compensate for fast fading is 

a function of the channel speed and the delay between the beacon timeslot and the 

uplink timeslots. Open loop control is often effective at pedestrian speeds as well as 

at higher speeds if the uplink slots are placed close in time to the beacon. At high 

mobile speeds, it is likely that power control performance will be improved if beacon 

RSCP filtering is enabled at the UE. The UE is responsible for detecting whether or 

not filtering should be applied to the open loop component. Automatic detection of 

the channel speed may be performed by the UE in order to control the enabling of 

RSCP filtering. In some embodiments of the present invention, a UE disables a 

combined open loop/closed loop scheme operating in accordance with the present 

invention when a UE passes a threshold value indicative of mobile speed. 

[0077] Simulations have been performed to illustrate the performance 

advantages of some embodiments of the present invention. The radio channel 

simulated here represents an ITU indoor to outdoor and pedestrian model B 

channel as described in ITU-R M.1225 Guidelines for Evaluation of Radio 

Transmission Technologies for IMT-2000. The outer loop SNIR target was based 

upon a 1 % error rate. A residual SNIR error term observed at the base station was 

monitored. 
-19-
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[0078] FIGURES 5A, 5B and 5C each illustrate a simulated probability 

density function of the received SNIR in the network. In each of the simulations, 

approximately 10,000 received SNIR values are sampled. Simulation results for 

each scenario are grouped and collected into bins. The vertical axis shows a 

number of occurrences for a particular range (bin) of received SNIR values. A 

sampled received SNIR value that fall within a range defined by a bin is counted as 

an occurrence for that bin. 

[0079] FIGURE 5A shows simulation results for a system using only an open 

loop scheme. In this plot, the bin width is approximately 0.42 dB. The simulation 

results show a system good at tracking fast fading in the channel, but not as able to 

track the interference variations included in the simulation. These values are only 

updated at the UE via signalling every 160 ms. As such, the error term shows 

considerable variance at the receiver. 

[0080] FIGURE 5B shows simulation results for a system using only a closed 

loop scheme. In this plot, the bin width is approximately 0.48 dB. The simulation 

results show a system better able to track the interference changes, but not as 

able to track the path loss due to being limited in response to the TPC command 

+/- 1 dB step size. 

[0081] FIGURE 5C shows simulation results for a system combining aspects 

of both open and closed loop schemes (as shown in FIGURE 4). In this plot, the bin 

width is approximately 0.24 dB. The simulation results show a system able to 

respond to both path loss and interference changes. Additionally, the residual 

SNIR error term shows less variance. The plot shows that the variance of this 

distribution is considerably reduced for the combined power control scheme. 

[0082] For the above simulations (using the same fading and interference 

profiles for each loop method), the following mean transmit powers were obtained: 

3651116-2 
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Open Loop: (FIGURE 2) 5.76 dB 

Closed Loop: (FIGURE 3) 5.48 dB 

Combined Loops: (FIGURE 4) 3.59 dB 

Table 1 - Performance of Power Control Schemes 

[0083] For the simulated channel and interference scenario, the combined 

scheme is able to maintain a 1 % block error rate (BLER) using 2.1 7 dB less power 

than the open loop scheme and 1.89 dB less power than the closed loop scheme. In 

a real system, this power saving may equate to greater cell coverage, higher uplink 

capacity and throughput, and increased battery life. The magnitude of the gains 

may change with different channel speeds, types and interference profiles but the 

performance of the combined should be better than both the open loop and closed 

loop schemes when used individually. 

[0084] In terms of signalling overhead, the combined scheme helps to avoid a 

need to signal SNIR Target and interference levels on downlink channels, and has a 

similar signalling efficiency as the closed loop scheme. In some embodiments, the 

signalling efficiency is 1 bit per update. 

[0085] In a system using the combined power control scheme, a new physical 

channel on the downlink may be used to carry fast allocation and scheduling 

information to a user, thereby informing the UE of the uplink resources that it may 

use. This new physical channel could also be used as the feedback channel for the 

combined power control scheme. For example, an allocation/scheduling channel 

could carry TPC commands. Alternatively, the combined scheme may be applied to 

existing channel types (dedicated or shared uplink physical channels) for UTRA 

TDD as well as to other TDD systems. 

[0086] Some embodiments of the present invention control uplink power 

levels and may be incorporated into a UE with supporting features incorporated 

into a base station. For example, a Node-B or RNC may be implemented with a new 

parameter, either included in a signalling command or a broadcast message, where 

the new parameter instructs a UE to enable or disable the setting of uplink 
-21-
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transmit power level based on both the path loss estimation and the TPC 

commands. A parameter may indicate whether a UE is to use open loop power 

control, closed loop power control or a combined scheme. 

[0087] Some embodiments of the present invention operate with a downlink 

signal including both a TPC command and an indication of the downlink transmit 

power level. In these embodiments, the downlink signal provides both downlinks 

416 and 430 (FIGURE 4) in one signal. AUE may receive one physical channel that 

it decodes for TPC commands, decodes for downlink power level indications, and 

measures for received power levels. In these embodiments, the UE measures a 

power level of a received signal, receives a TPC command, and calculates a transmit 

power level based on the power level of the received signal and the TPC command. 

[0088] While the invention has been described in terms of particular 

embodiments and illustrative figures, those of ordinary skill in the art will 

recognize that the invention is not limited to the embodiments or figures described. 

For example, the combined uplink power control scheme described above may be 

implemented a mirror image for controlling downlink power. In this case, functions 

performed by the UE for a combined uplink scheme may be performed by the 

network. Similarly, functions performed by the network for the combined uplink 

scheme may be performed by the UE. 

[0089] The figures provided are merely representational and may not be 

drawn to scale. Certain proportions thereof may be exaggerated, while others may 

be minimized. The figures are intended to illustrate various implementations of the 

invention that can be understood and appropriately carried out by those of ordinary 

skill in the art. 

[0090] Therefore, it should be understood that the invention can be practiced 

with modification and alteration within the spirit and scope of the appended claims. 

The description is not intended to be exhaustive or to limit the invention to the 

precise form disclosed. It should be understood that the invention can be practiced 
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with modification and alteration and that the invention be limited only by the 

claims and the equivalents thereof. 

* * * 
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CLAIMS 

What is claimed is: 

1. A method comprising: 

transmitting, by a first network device, a first indication of a transmission 

power level of the first network device so that a user equipment (UE) can determine 

a pathloss; 

transmitting, by the first network device to the UE, a second indication of 

whether accumulation of transmit power control (TPC) commands is enabled; 

transmitting, by the first network device on a single channel to the UE, a 

TPC command and scheduling information related to a shared uplink channel; 

receiving, by the first network device from the UE on the shared uplink 

channel, an uplink signal; and 

receiving, by a second network device from the first network device, data of 

the uplink signal. 

2. The method of claim 1, further comprising: 

accumulating, by the UE, TPC commands if the second indication indicates 

accumulation is enabled or does not accumulate TPC commands if the second 

indication indicates accumulation is not enabled. 

3. The method of claim 1, wherein the TPC command is a multi-level TPC 

command. 

4. The method of claim 1, further comprising: 

setting, by the UE, uplink transmission power level of the uplink signal 

based on the TPC command, a determined pathloss, and a format of the uplink 

signal. 

5. A wireless system comprising: 

-24-
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a first network device configured to transmit a first indication of a 

transmission power level of the first network device so that a user equipment (UE) 

can determine a pathloss; 

the first network device is further configured to transmit, to the UE, a second 

indication of whether accumulation of transmit power control (TPC) commands is 

enabled; 

the first network device is further configured to transmit, on a single channel 

to the UE, a TPC command and scheduling information related to a shared uplink 

channel; 

the first network device is further configured to receive, from the UE on the 

shared uplink channel, an uplink signal; and 

a second network device is configured to receive, from the first network 

device, data of the uplink signal. 

6. The wireless system of claim 5 further comprising: 

the UE configured to accumulate TPC commands if the second indication 

indicates accumulation is enabled or does not accumulate TPC commands if the 

second indication indicates accumulation is not enabled. 

7. The wireless system of claim 5, wherein the TPC command is a multi-

level TPC command. 

8. The wireless system of claim 5, further comprising: 

the UE is configured to set uplink transmission power level of the uplink 

signal based on the TPC command, a determined pathloss, and a format of the 

uplink signal. 

9. A network device comprising: 

circuitry configured to transmit a first indication of a transmission power 
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level of the network device so that a user equipment (UE) can determine a pathloss; 

the circuitry is further configured to transmit, to the UE, a second indication 

of whether accumulation of transmit power control (TPC) commands is enabled; 

the circuitry is further configured to transmit, on a single channel to the UE, 

a TPC command and scheduling information related to a shared uplink channel; 

and 

the circuitry 1s further configured to receive, from the UE on the shared 

uplink channel, an uplink signal. 

10. The network device of claim 9 further comprising: 

the circuitry is further configured to transmit, to a second network device, 

data of the uplink signal. 

11. The network device of claim 9, wherein the TPC command is a multi-

level TPC command. 

12. A method performed by a network device, the method comprising: 

transmitting, by the network device, a first indication of a transmission 

power level of the network device so that a user equipment (UE) can determine a 

pathloss; 

transmitting, by the network device to the UE, a second indication of whether 

accumulation of transmit power control (TPC) commands is enabled; 

transmitting, on a single channel to the UE, a TPC command and scheduling 

information related to a shared uplink channel; and 

receiving, from the UE on the shared uplink channel, an uplink signal. 

13. The method of claim 12 further comprising: 

transmitting, to a second network device, data of the uplink signal. 
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14. The method of claim 12, wherein the TPC command is a multi-level 

TPC command. 
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ABSTRACT 

A first network device may transmit a first indication of a transmission 

power level of the first network device so that a user equipment (UE) can determine 

a pathloss. The first network device may also transmit, to the UE, a second 

indication of whether accumulation of transmit power control (TPC) commands is 

enabled. The first network device may also transmit, on a single channel to the UE, 

a TPC command and scheduling information related to a shared uplink channel. 
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