
1 APPLE ET AL. 1002

Case &2t-cv-00604-ADA Document4 Filed 07/01/21 Page lofi

AO 120 (Rev. 08/10)

 Mail Stop 8 REPORT ON THE
TO: Director ofthe U.S. Patent and Trademark Office FILLING OR DETERMINATION OF AN

P.O. Box 1450 ACTION REGARDINGA PATENT OR
Alexandria, VA 22313-1450 TRADEMARK

In Compliance with 35 U.S.C. § 290 and/or 15 U.S.C. § L116 you are hereby advised that a court action has been

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

LJ Trademarksor [WM Patents. ( (] thepatentaction involves 35 U.S.C. § 292.):

6:21-cv-694 7/1/2021 Western District of Texas
PLAINTLFF DEFENDANT

XR COMMUNICATIONS, LLC, dba HP INC.,
VIVATO TECHNOLOGIES

 

PATENT OR DATE OF PATENT

TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK

10,715,235 7/14/2020 XR Communications, LLC 
In the above—entitled case, the following patent(s)/ trademark(s) have been included:

DATE INCLUDED INCLUDED BY

CL] Amendment CJ Answer L] Cross Bill CL] Other Pleading
PATENT OR DATE OF PATENT

TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK

pop
ERee
Ca
EaQe

In the above—entitled case, the following decision has been rendered or judgement issued:
DECISION/JUDGEMENT

 
 CLERK (BY) DEPUTY CLERK DATE

Copy 1—Uponinitiation of action, mail this copy to Director©Copy 3—Upon termination of action, mail this copy to Director
Copy 2—Uponfiling document adding patent(s), mail this copy to Director Copy 4—Case file copy
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ase O:23-cv-O0688-ADA Docurnent4 Fed O7/O2/21 Page lofi

AO 120 (Rev. 08/10)

Mail Stop 8 REPORT ON THE
Director of the U.S. Patent and Trademark Office FILING OR DETERMINATION OF AN

TO:

P.O. Box 1450 ACTION REGARDING A PATENT OR

Alexandria, VA 22313-1450 TRADEMARK 
In Compliance with 35 U.S.C. § 290 and/or 15 U.S.C. § 1116 you are hereby advised that a court action has been

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

(] Trademarks or (W Patents. ( [] the patent action involves 35 U.S.C. § 292.):

6:21-cv-695 7/1/2021 Western District of Texas
PLAINTIFF DEFENDANT

XR COMMUNICATIONS, LLC, dba MICROSOFT CORPORATION,
VIVATO TECHNOLOGIES

PATENT OR DATE OF PATENT

TRADEMARKNO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK

1 10,715,235 7/14/2020 XR Communications, LLC

 

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

DATE INCLUDED INCLUDED BY

_] Amendment LC] Answer CL) Cross Bill L] Other Pleading
PATENT OR DATEOF PATENT

TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK 
In the above—entitled case, the following decision has been rendered or judgementissued:

DECISION/JJUDGEMENT

(BY) DEPUTY CLERK 
Copy 1—Uponinitiation of action, mail this copy to Director Copy 3—Upon termination of action, mail this copy to Director
Copy 2—Uponfiling document adding patent(s), mail this copy to Director Copy 4—Casefile copy

KXCSEKRqQW EXCXXUOWW CORR
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Case Gi2i-cv-O0628-ADA Bocumenti2 Filed OG/I8/2i Page Loti

AO 120 (Rev. 08/10)

Mail Stop 8 REPORT ON THE
Director of the U.S. Patent and Trademark Office FILING OR DETERMINATION OF AN

TO:

P.O. Box 1450 ACTION REGARDING A PATENT OR

Alexandria, VA 22313-1450 TRADEMARK 
In Compliance with 35 U.S.C. § 290 and/or 15 U.S.C. § 1116 you are hereby advised that a court action has been

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

(] Trademarks or (W Patents. ( [] the patent action involves 35 U.S.C. § 292.):

DOCKET NO. DATE FILED U.S. DISTRICT COURT
6:21-cv-619 6/18/2021 Western District of Texas

PLAINTIFF DEFENDANT

XR COMMUNICATIONS, LLC, dba AMAZON.COM, INC., AMAZON.COM SERVICESLLC,
VIVATO TECHNOLOGIES EERO LLC

PATENT OR DATE OF PATENT

1 10,715,235 7/14/2020 XR Communications, LLC

2 10,594,376 ae7/2020 XR Communications, LLC

 

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

_] Amendment LC] Answer CL) Cross Bill L] Other Pleading

HOLDER OF PATENT OR TRADEMARK

ep
eo
Be
eo
po

In the above—entitled case, the following decision has been rendered or judgementissued:

DECISION/JJUDGEMENT

 
 CLERK (BY) DEPUTY CLERK DATE

Copy 1—Uponinitiation of action, mail this copy to Director Copy 3—Upon termination of action, mail this copy to Director
Copy 2—Uponfiling document adding patent(s), mail this copy to Director Copy 4—Casefile copy

KXCSEKRqQW EXCXXUOWW CORR
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Case 62)-cv-O0646-ADA Document4 Filec O6/22/22 Page Loti
=

AO 120 (Rev. 08/10)

Mail Stop 8 REPORT ON THE
Director of the U.S. Patent and Trademark Office FILING OR DETERMINATION OF AN

TO:

P.O. Box 1450 ACTION REGARDING A PATENT OR

Alexandria, VA 22313-1450 TRADEMARK 
In Compliance with 35 U.S.C. § 290 and/or 15 U.S.C. § 1116 you are hereby advised that a court action has been

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

(] Trademarks or (W Patents. ( [] the patent action involves 35 U.S.C. § 292.):

DOCKET NO. DATE FILED U.S. DISTRICT COURT
6:21-cv-00646 6/22/2021 Western District of Texas

PLAINTIFF DEFENDANT

XR COMMUNICATIONS, LLC, dba DELL TECHNOLOGIES INC. AND DELLINC.
VIVATO TECHNOLOGIES

PATENT OR DATE OF PATENT

1 10,715,235 a XR Communications, LLC

 

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

DATE INCLUDED INCLUDED BY

_] Amendment LC] Answer CL) Cross Bill L] Other Pleading
PATENT OR DATEOF PATENT

TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK 
In the above—entitled case, the following decision has been rendered or judgementissued:

DECISION/JJUDGEMENT

(BY) DEPUTY CLERK 
Copy 1—Uponinitiation of action, mail this copy to Director Copy 3—Upon termination of action, mail this copy to Director
Copy 2—Uponfiling document adding patent(s), mail this copy to Director Copy 4—Casefile copy

KXCSEKRqQW EXCXXUOWW CORR
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Case 6:2 )-cv-O0619-ADA Document4 Filec OO/LG/22 Page Loti

AO 120 (Rev. 08/10)

Mail Stop 8 REPORT ON THE
Director of the U.S. Patent and Trademark Office FILING OR DETERMINATION OF AN

TO:

P.O. Box 1450 ACTION REGARDING A PATENT OR

Alexandria, VA 22313-1450 TRADEMARK 
In Compliance with 35 U.S.C. § 290 and/or 15 U.S.C. § 1116 you are hereby advised that a court action has been

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

(] Trademarks or (W Patents. ( [] the patent action involves 35 U.S.C. § 292.):

DOCKET NO. DATE FILED U.S. DISTRICT COURT
6:21-CV-00619 6/16/2021 Western District of Texas

PLAINTIFF DEFENDANT

XR COMMUNICATIONS, LLC, dba AMAZON.COM, INC., AMAZON.COM SERVICESLLC,
VIVATO TECHNOLOGIES EERO LLC, AND RING LLC

PATENT OR DATE OF PATENT

1 10,715,235 7/14/2020 XR Communications, LLC

2 10,594,376 ae7/2020 XR Communications, LLC

 

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

_] Amendment LC] Answer CL) Cross Bill L] Other Pleading

HOLDER OF PATENT OR TRADEMARK

ep
eo
Be
eo
po

In the above—entitled case, the following decision has been rendered or judgementissued:

DECISION/JJUDGEMENT

 
 CLERK (BY) DEPUTY CLERK DATE

Copy 1—Uponinitiation of action, mail this copy to Director Copy 3—Upon termination of action, mail this copy to Director
Copy 2—Uponfiling document adding patent(s), mail this copy to Director Copy 4—Casefile copy

KXCSEKRqQW EXCXXUOWW CORR
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Case 6:2 )-cv-O0620-ADA Document4 Filec OO/LG/22 Page Loti

AO 120 (Rev. 08/10)

Mail Stop 8 REPORT ON THE
Director of the U.S. Patent and Trademark Office FILING OR DETERMINATION OF AN

TO:

P.O. Box 1450 ACTION REGARDING A PATENT OR

Alexandria, VA 22313-1450 TRADEMARK 
In Compliance with 35 U.S.C. § 290 and/or 15 U.S.C. § 1116 you are hereby advised that a court action has been

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

(] Trademarks or (W Patents. ( [] the patent action involves 35 U.S.C. § 292.):

DOCKET NO. DATE FILED U.S. DISTRICT COURT
6/16/2021 Western District of Texas

PLAINTIFF DEFENDANT

XR COMMUNICATIONS, LLC, dba APPLE, INC.
VIVATO TECHNOLOGIES

PATENT OR DATE OF PATENT

TRADEMARKNO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK

1 10,715,235 7/14/2020 XR Communications, LLC

 

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

DATE INCLUDED INCLUDED BY

_] Amendment LC] Answer CL) Cross Bill L] Other Pleading
PATENT OR DATEOF PATENT

TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK 
In the above—entitled case, the following decision has been rendered or judgementissued:

DECISION/JJUDGEMENT

(BY) DEPUTY CLERK 
Copy 1—Uponinitiation of action, mail this copy to Director Copy 3—Upon termination of action, mail this copy to Director
Copy 2—Uponfiling document adding patent(s), mail this copy to Director Copy 4—Casefile copy

KXCSEKRqQW EXCXXUOWW CORR
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Case 62)-cv-00622-ADA4 Document4 Filec QO/LG/22 Page Loti

AO 120 (Rev. 08/10)

Mail Stop 8 REPORT ON THE
Director of the U.S. Patent and Trademark Office FILING OR DETERMINATION OF AN

TO:

P.O. Box 1450 ACTION REGARDING A PATENT OR

Alexandria, VA 22313-1450 TRADEMARK 
In Compliance with 35 U.S.C. § 290 and/or 15 U.S.C. § 1116 you are hereby advised that a court action has been

filed in the U.S. District Court WesternDistrict of TexasWestern District of Texas on the following

(] Trademarks or (W Patents. ( [] the patent action involves 35 U.S.C. § 292.):

DOCKET NO. DATE FILED U.S. DISTRICT COURT
6/16/2021 Western District of TexasWestern District of Texas

PLAINTIFF DEFENDANT

XR COMMUNICATIONS, LLC, dba ASUSTEK COMPUTER INC.
VIVATO TECHNOLOGIES

 

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

_] Amendment LC] Answer CL) Cross Bill L] Other Pleading

HOLDER OF PATENT OR TRADEMARK

ep
eo
Be
eo
po

In the above—entitled case, the following decision has been rendered or judgementissued:

DECISION/JJUDGEMENT

 
 CLERK (BY) DEPUTY CLERK DATE

Copy 1—Uponinitiation of action, mail this copy to Director Copy 3—Upon termination of action, mail this copy to Director
Copy 2—Uponfiling document adding patent(s), mail this copy to Director Copy 4—Casefile copy

KXCSEKRqQW EXCXXUOWW CORR
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Case 6:2 )-cv-006028-ADA Document4 Filec QO/1G/22 Page Loti

AO 120 (Rev. 08/10)

Mail Stop 8 REPORT ON THE
Director of the U.S. Patent and Trademark Office FILING OR DETERMINATION OF AN

TO:

P.O. Box 1450 ACTION REGARDING A PATENT OR

Alexandria, VA 22313-1450 TRADEMARK 
In Compliance with 35 U.S.C. § 290 and/or 15 U.S.C. § 1116 you are hereby advised that a court action has been

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

(] Trademarks or (W Patents. ( [] the patent action involves 35 U.S.C. § 292.):

DOCKET NO. DATE FILED U.S. DISTRICT COURT

6:21 -cv-625 6/16/2021 Western District of Texas
PLAINTIFF DEFENDANT

XR COMMUNICATIONS, LLC, dba GOOGLE LLC
VIVATO TECHNOLOGIES

PATENT OR DATE OF PATENT

1 10,715,235 7/14/2020 XR Communications, LLC

2 10,594,376 3/17/2020 XR Communications, LLC

 

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

DATE INCLUDED INCLUDED BY

_] Amendment LC] Answer CL) Cross Bill L] Other Pleading
PATENT OR DATEOF PATENT

TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK 
In the above—entitled case, the following decision has been rendered or judgementissued:

DECISION/JJUDGEMENT

(BY) DEPUTY CLERK 
Copy 1—Uponinitiation of action, mail this copy to Director Copy 3—Upon termination of action, mail this copy to Director
Copy 2—Uponfiling document adding patent(s), mail this copy to Director Copy 4—Casefile copy

KXCSEKRqQW EXCXXUOWW CORR



9

Case Gi2i-cv-O0628-ADA Bocumenti2 Filed OG/I8/2i Page Loti

AO 120 (Rev. 08/10)

Mail Stop 8 REPORT ON THE
Director of the U.S. Patent and Trademark Office FILING OR DETERMINATION OF AN

TO:

P.O. Box 1450 ACTION REGARDING A PATENT OR

Alexandria, VA 22313-1450 TRADEMARK 
In Compliance with 35 U.S.C. § 290 and/or 15 U.S.C. § 1116 you are hereby advised that a court action has been

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

(] Trademarks or (W Patents. ( [] the patent action involves 35 U.S.C. § 292.):

DOCKET NO. DATE FILED U.S. DISTRICT COURT
6:21-cv-619 6/18/2021 Western District of Texas

PLAINTIFF DEFENDANT

XR COMMUNICATIONS, LLC, dba AMAZON.COM, INC., AMAZON.COM SERVICESLLC,
VIVATO TECHNOLOGIES EERO LLC

PATENT OR DATE OF PATENT

1 10,715,235 7/14/2020 XR Communications, LLC

2 10,594,376 ae7/2020 XR Communications, LLC

 

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

_] Amendment LC] Answer CL) Cross Bill L] Other Pleading

HOLDER OF PATENT OR TRADEMARK

ep
eo
Be
eo
po

In the above—entitled case, the following decision has been rendered or judgementissued:

DECISION/JJUDGEMENT

 
 CLERK (BY) DEPUTY CLERK DATE

Copy 1—Uponinitiation of action, mail this copy to Director Copy 3—Upon termination of action, mail this copy to Director
Copy 2—Uponfiling document adding patent(s), mail this copy to Director Copy 4—Casefile copy

KXCSEKRqQW EXCXXUOWW CORR
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Case 62)-cv-00626-ADA Document4 Filec QO/LG/21 Page Loti

AO 120 (Rev. 08/10)

Mail Stop 8 REPORT ON THE
Director of the U.S. Patent and Trademark Office FILING OR DETERMINATION OF AN

TO:

P.O. Box 1450 ACTION REGARDING A PATENT OR

Alexandria, VA 22313-1450 TRADEMARK 
In Compliance with 35 U.S.C. § 290 and/or 15 U.S.C. § 1116 you are hereby advised that a court action has been

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

(] Trademarks or (W Patents. ( [] the patent action involves 35 U.S.C. § 292.):

DOCKETNO. DATE FILED U.S. DISTRICT COURT

6:21 -cv-626 6/16/2021 Western District of Texas
PLAINTIFF DEFENDANT

XR COMMUNICATIONS, LLC, dba SAMSUNG ELECTRONICS CO., LTD. AND SAMSUNG
VIVATO TECHNOLOGIES ELECTRONICS AMERICA,INC

PATENT OR DATE OF PATENT

1 10,715,235 7/14/2020 XR Communications, LLC

2 10,594,376 3/17/2020 XR Communications, LLC

 

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

_] Amendment LC] Answer CL) Cross Bill L] Other Pleading

HOLDER OF PATENT OR TRADEMARK

ep
eo
Be
eo
po

In the above—entitled case, the following decision has been rendered or judgementissued:

DECISION/JJUDGEMENT

 
 CLERK (BY) DEPUTY CLERK DATE

Copy 1—Uponinitiation of action, mail this copy to Director Copy 3—Upon termination of action, mail this copy to Director
Copy 2—Uponfiling document adding patent(s), mail this copy to Director Copy 4—Casefile copy

KXCSEKRqQW EXCXXUOWW CORR
10
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UNITED STATES PATENT AND TRADEMARK OFFICE
UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

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

APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKFT NO. CONFIRMATION NO.

15/495,539 07/14/2020 10715235 1640-001 .203 1050
 

22145 7590 06/24/2020

KLEIN, O'NEILL & SINGH, LLP
16755 VON KARMAN AVENUE
SUITE 275

IRVINE, CA 92606

ISSUE NOTIFICATION

The projected patent number andissue date are specified above.

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

The Patent Term Adjustment is 0 day(s). Any patent to issue from the above-identified application will include
an indication of the adjustmentonthe front page.

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

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

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office
of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments
should be directed to the Application Assistance Unit (AAU) of the Office of Data Management (ODM)at
(571)-272-4200.

APPLICANT(s) (Please see PAIR WEBsite http://pair-uspto.gov for additional applicants):

Marcus DaSilva, Spokane, WA;
XR Communications, LLC D/B/A Vivato Technologies, Solana Beach, CA;
William J. Crilly JR., Liberty Lake, WA;
James Brennan, Sammamish, WA;

Robert J. Conley, Liberty Lake, WA;
Siavash Alamouti, Spokanc, WA;
Eduardo Casas, Vancouver, CANADA;

Hujun Yin, Spokane, WA;
Bobby Jose, Veradale, WA;
Yang-Seok Choi, Liberty Lake, WA;
Vahid Tarokh, Cambridge, MA;
Praveen Mehrotra, Spokane, WA;

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location
for business investment, innovation, and commercialization of new technologies. The USA offers tremendous
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation
works to encourage andfacilitate business investment. To learn more about why the USAis the best country in
the world to develop technology, manufacture products, and grow your business, visit SelectUSA. gov.
IR103 (Rev. 10/09)

11
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UNITED STATES PATENT AND TRADEMARK OFFICE
UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450
Alexandria, Virginia 22313-1450
www.uspto.gov 
 APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.

15/495,539 04/24/2017 Marcus Da Silva 1640-001.203 1050

KLEIN, O'NEILL & SINGH, LLP
16755 VON KARMAN AVENUE MCKIE, GINA M
SUITE 275

2631

NOTIFICATION DATE DELIVERY MODE

06/17/2020 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):

KOS_Docketing @koslaw.com

PTOT.-90A (Rev. 04/07)

12
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Application No. Applicant(s)

Me Supplemental ii 15/495,539 Da Silva et al.otice of Allowability Examiner Art Unit|AIA (FITF) Status
GINA M MCKIE 2631 No

-- The MAILING DATEofthis communication appears on the cover sheet with the correspondence adaress--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSEDin 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 GRANTOFPATENTRIGHTS.This application is subject to withdrawalfrom issueat the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

4] This communicationis responsive to the IDS filed June 05, 2020.
(3 A declaration(sVaffidavit(s) under 37 CFR 1.130(b) was/werefiled on :

ZC Anelection was made by the applicant in responseto a restriction requirementsetforth during the interview on ; the
restriction requirement and election have been incorporatedinto this action.

4] The allowed claim(s) is/are 2-8,10-18 and 21-23 . As a result of the allowed claim(s), you maybe eligible to benefit from the Patent
Prosecution Highway program ata participating intellectual property office for the corresponding application. For more information
, please see http:/Awww.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov. 

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

Certified copies:

a) DAI b)(1 Some=*c) L) None ofthe:

1. Ci Certified copies of the priority documents have been received.
2. 0 Cettitied copies of the priority documents have beenreceived in Application No.

3. (1 Copies ofthe 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 tofile a reply complying with the requirements
noted below.Failure to timely comply will result in ABANDONMENTofthis application.
THIS THREE-MONTHPERIODIS NOT EXTENDABLE.

5.1) CORRECTED DRAWINGS(as "replacement sheets") must be submitted.
©) including changes required by the attached Examiner's Amendment / Commentor 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 drawingsin the front (not the back) of each
sheet. Replacement sheet(s) should be labeled as suchin the header according to 37 CFR 1.121(d).

6._.) DEPOSIT OF and/or INFORMATIONabout the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's commentregarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)
1.) Notice of References Cited (PTO-892) 5. CO Examiner's Amendment/Comment
2.{Y) Information Disclosure Statements (PTO/SB/08), 6. CJ Examiner's Statement of Reasons for Allowance

Paper No./Mail Date .
3.) Examiner's Comment Regarding Requirementfor Deposit 7. O Other .

of Biological Material
4.0) Interview Summary (PTO-413),

Paper No./Mail Date.
{GINA M MCKIE/ /SHUWANGLIU/

Examiner, Art Unit 2631 Supervisory Patent Examiner, Art Unit 2631

 
U.S. Patent and Trademark Office |
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 2020061 1

13
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Receipt date: 06/05/2020 18/495,539 - GAU: 2631

PTO/SB/08 Equivalent

 

 

Application No. 15/495,539

INFORMATION DISCLOSURE Filing Date April 24, 2017

STATEMENT BY APPLICANT First Named Inventor|Marcus Da Silva
Art Unit 2631

(Multiple sheets used when necessary) Examiner McKie, Gina M.

SHEET 1 OF 2 Attorney Docket No. 1640-001.203

  
U.S. PATENT DOCUMENTS

 

 

Examiner re Number"KindCodeanknown) eeepc: Nameof Patentee or Applicant RelevantPassages‘orRelevant
Example: 1,234,567 B1 Figures Appear

1 5,933,421 A 08-03-1999|Alamouti et al.

2 6,414,986 B1 07-02-2002|Usui

3 6,982,968 B1 01-03-2006|Barratt et al.

4 8,412,106 B2 04-02-2013|da Silva et al.

5 2001/0003443 A1 06-14-2001|VELAZQUEZetal.

6 2002/0097700 A1 07-25-2002|Alastalo et al.

7 2004/0014429 At 01-22-2004 |Guo

  
 

NON PATENTLITERATURE DOCUMENTS

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

 

Examiner|Cite

 

Initials No,|item (book, magazine, journal, serial, symposium, catalog,etc.), date, page(s), volume-issue number(s), T
publisher, city and/or country where published. /

_Recisionto Institute: CISCO MS_ING.W.XB. COMMLNICATIONS LLG: Case No IPB2018. | no date
No ~|00764; Paper 10; 39 pages.DATES

Decision Institution of IP UCKUS WIRELESS, INC.et al. v. XR COMMUNICATIONS LLC; Case No.|  
pages.

,n| Decision to Institute; RUCKUS WIRELESS, INC.et al. v. XR COMMUNICATIONS LLC; Case No.
~)IPR2018-01017; 41 pages.

Decision to Institute, ARUBA NETWORKS, INC. v. XR COMMUNICATIONS, LLC, Case No. IPR2018-
~[00/25, U.S. Patent No. 7,062,296,oTpages.

Decision Instituting IPR; ARUBA NETWORKS,INC. v. XR COMMUNICATIONS, LLC, Case No.
SRpean a Poryea Pameyeryen Bu

Decision Institution of IPR; CISCO SYSTEMS, INC. v. XR COMMUNICATIONS LLC; Case No.
“TIPRZOTS"UU763" Paper OF 35 paces:

 

14 Decision to Institute IPR; CISCO SYSTEMS, INC. v. XR COMMUNICATIONS LLC; Case No. IPR2018-

  
 

Decision Denying Institution, ARUBA NETWORKS, ING. v. XR COMMUNICATIONS, LLG, Case No.
IPR2018-00701, U.S. Patent No. 6,611,231, Paper 10; 16 pages.

Patent Owner's Preliminary Response; RUCKUS WIRELESS, INC.et al. v. XR COMMUNICATIONS
“TLLCY Case NG: IPREOTS-OTUTG:STBadges.

18 Patent Owner’s Preliminary Response; RUCKUS WIRELESS, INC.et al. v. XR COMMUNICATIONSgual PU UR ada Ont es
TP IOS TOT OPTS TI TS OT Pages

,|Patent Owner’s Preliminary Response; ARUBA NETWORKS, INC. v. XR COMMUNICATIONS,LLC,

    
 

Examiner Signature {GINA M MCKIE/ Date Considered 06/11/2020

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

T! - Place a check markin this area when an English language Translation is attached.

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /G.M.M/

14
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTOofthe 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 applicationis being filed and the application includes the necessary componentsfora 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 shownonthis
AcknowledgementReceiptwill establish thefiling 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/903indicating acceptance of the application as a
nationalstage submission under35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.
New International Application Filed with the USPTO asa Receiving Office
If a new international application is being filed and the international application includes the necessary componentsfor
an internationalfiling date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
andof the InternationalFiling Date (Form PCT/RO/105)will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this AcknowledgementReceiptwill establish the international filing date of
the application.
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Information Disclosure Statement | Docket Number Transmittal | 1640-001.203
Address To

Commissioner for Patents
P.O. Box 1459

Alexandria, Virginia 22313-1450

in Re Application Of:

Da Silva et al.

Application No. | 45/498.539
| Fling DateaTitle of Invention

DIRECTED WIRELESS COMMUNICATION

BASIS FOR FILING (Select 1, 2 or 3 below.)

37 CFR 1.97(b)

The [Information Disclosure Statement submitted herewith is being filed within three months of the
filing of a national application other than a continued prosecution appiicaiion under 37 CFR 1.53
(d}; within three months of the date of entry of the national stage as set forth in 37 CFR 1.491 in
an international application; before the mailing of a first Office Action on the merits, or before the
mailing of a first Office Action after the filing of a request for continued examination under 37 CFR
1.174.

37 CFR 1.97(c}

The information Disclosure Statement submitted herewith is being filed after the period specified
in 37 CFR 1.97(b), but before the maiiing date of a Final Action under 37 CFR 1.113, a Notice of
Allowance uncer 37 CFR 1.311, or an Action that otherwise closes prosecution in the application,
and is accompanied by oneof:

a) [] the staternent specified in 37 CFR 1.97(e):

OF

b) [1 the fee set forth in 37 CFR 1.17(p).

37 CFA 1.97(d)

3) The information Disclosure Statement submitted herewith is being filed after the period specified
in 37 CFR 7.97{c), and on or before payment of the issue fee, and is accompanied by the
Statement as specified in 37 CFR 1.97{e} and the fee set forth in 37 CFR 1.17(p).
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information Disclosure Statement | Docket Number
Transmittal | 1640-001.203

STATEMENT UNDER 37 CFR 1.97(e) ACCOMPANYING INFORMATION DISCLOSURE STATEMENT 

The information Disclosure Statement submitted herewith is subrnitted under one of the following conditions,
which satisfies the requirement under 37 CFR 1.97(e). (Select 4 or 5 belowif applicabie.}

That each item of information contained in the information Disclosure Statement wasfirst cited in

any communication from a foreign patent office in a counterpart foreign application not mere than
three monihs prior to the filing of the information Disclosure Statement; or

That no item of information contained in the information Disclosure Statement was cited in a

communication from a foreign patent offices in a counterpart foreign application, and, to the
knowledge of the person signing the certification after making reasonable inquiry, no item of
information contained in the Information Disclosure Statement was known to any individual
designaied in 37 CFR 1.56(c)} more than three menths prior io the filing of the Information
Disclosure Statement.

Remarks (Enter Remarks Below o1

Fee set forth in 37 CFR 1.17(p):

ci} No additional fee is required.

C| 4 checkin the ammount of is attached.

The Directoris hereby authorized to charge and credit Deposit AccountNo. 11-1159 as described below.

cI Charge the amount of
Ex} Credit any overpayrnent.

Charge any additionai fee required.

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

WARNING: Information on this form may become public. Credit card information should not
be Included on this form. Provide credit card information and authorization on PTO-2038.
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Certificate of Transmission
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(Date of Transmission) (Name afPerson Transmitting Correspondence)

(Signature ofPerson Transmitting Correspondence)

Signature instructions

| electronically sign the Trasmitta! Letter from the drop-down box helow.

ner is not present in the drop-downlist, you must close this form and select ‘Add Practitioner...’ in the Form Manager's

utton to electronically sign the submission.nv
if you prefer te sign the form manually, simply do not click the ‘eSign’ button: just print and manually sign.

Signatory Drop-Down Box | Glen L. Nuttall

(Name| Glen L. Nuttall |
| Signatory Capacity | Attorney for Applicant |E-mailAddress| GlenNuttai@kosiaw.com

 
  

Registration Numbe
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UNITED STATES PATENT AND TRADEMARK OFFICE
UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and TrademarkOffice
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450
Alexandria, Virginia 22313-1450
WWW.USPLO.gOV 

NOTICE OF ALLOWANCEANDFEE(S) DUE

22145 7590 03/05/2020

KLEIN, O'NEILL & SINGH, LLP MCKIE, GINA M
16755 VON KARMAN AVENUE

IRVINE, CA 92606 2631
DATE MAILED: 03/05/2020

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

15/495.539 04/24/2017 Marcus DaSilva 1640-001.203 1050

TITLE OF INVENTION: DIRECTED WIRELESS COMMUNICATION

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

$500nonprovisional SMALL $0.00 $0.00 $500 06/05/2020

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
PROSECUTION ON THE MERITSIS CLOSED. THIS NOTICE OF ALLOWANCEIS NOT A GRANT OF PATENT RIGHTS.

THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROMISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

 

THE ISSUE FEE AND PUBLICATIONFEE (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
CANNOTBE 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 THEISSUE FEE NOW DUE.

 

HOW TO REPLY TO THIS NOTICE:

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

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

If the ENTITY STATUS is changed from that shown above, on PARTB - FEE(S) TRANSMITTAL, complete section number5titled
"Changein 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,orits 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 occurdueto the difficulty in recognizing
the paper as an equivalent of Part B.

Ii. 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:Maintenancefees are duein utility patents issuing on applications filed on or after Dec. 12, 1980.
It is patentee's responsibility to ensure timely payment of maintenance fees when due. More informationis available at
www.uspto.gov/PatentMaintenanceFees.

Page 1 of 3
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PARTB - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), by mail or fax, or via EFS-Web.

By mail, send to: Mail Stop ISSUE FEE By tax, send to: (571)-273-2885
Commissionerfor Patents
P.O. Box 1450

Alexandria, Virginia 22313-1450

INSTRUCTIONS: This form should be usedfor transmitting the ISSUE FEE and PUBLICATIONFEE(ifrequired). Blocks | through 5 should be completed where appropriate. All
further correspondenceincluding the Patent, advanceorders and notification of maintenancefees will be mailed to the current correspondence addressas indicated unless corrected
below or dirccted othcrwisc in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS"for maintenance fec notifications.

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

CURRENT CORRESPONDENCE ADDRESS(Note: Use Block | for any change of address)

22145 7590 03/05/2020 Certificate of Mailing or Transmission
KLEIN, O'NEILL & SINGH, LLP I hereby cerlify that this Fee(s) Transmittal is being deposiled with the Uniled

, . , Stales Postal Service with sufficient postage for first class mail in an envelope
16755 VON KARMAN AVENUE addressed lo the Mail Stop ISSUE FEE address above, or being transmilled to
SUITE 275 the USPTO via EFS-Webor by facsimile to (571) 273-2885, on the date below.

IRVINE, CA 92606 (Typed orprinted name}
(Signature)

(Datei 
 APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKETNO. CONFIRMATION NO.

15/495 539 04/24/2017 Marcus DaSilva 1640-001.203 1050

TITLE OF INVENTION: DIRECTED WIRELESS COMMUNICATION

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

nonprovisional SMALL $0.00 $0.00 $500 06/05/2020

 EXAMINER ARTUNIT CLASS-SUBCLASS

MCKIE, GINA M 2631 375-365000

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

2. For printing on the patent front page,list
(1) The namesof up to 3 registered patent attorneys
or agents OR,alternatively, Vo
(2) The nameof 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 nameis
listed, no name will be printed.

| Changeof correspondence address (or Change of Correspondence
Address form PTO/SB/122) attached. to 
(I “Fee Address”indication (or "Fee Address" Indication form PTO/
SB/47; Rev 03-09 or more recent) attached. Use of a Customer
Numberis required.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT(printor lype)

ta 
PLEASE NOTE:Unless an assignee is identified below, no assignee dala will appear onthe patent. If an assigneeis identified below, (he document must have been previously
recorded, or filed for recordation, as sel forth in 37 CFR 3.11 and 37 CFR 3.81(4). Completion ofthis form is NOT a substitute for filing an assignment.
(A) NAMEOF ASSIGNEE (B) RESIDENCE:(CITY and STATE OR COUNTRY)

Please check the appropriate assignee categoryor categories (will not he printed on the patent) : Individual LI Corporation or other private group entity I Government

4a. Fees submitted: (Llissue Fee (IPublication Fee (if required) (JAdvance Order- # of Copies
4b. Method of Payment: (Please first reapply any previously paidfee shown above)

(LI Electronic Payment via EFS-Web (LI Enclosed check (LI Non-electronic paymentby credit card (Attach form PTO-2038)

I The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any overpayment to Deposit Account No.

5. Change in Entity Status (from status indicated above)
NOTE:Absenta valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue
fee paymentin the micro entity amountwill not be accepted atthe 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 entitlementto small or micro
entity status, as applicable.

| Applicant certifying micro entity status. See 37 CFR 1.29  

| Applicant asserting small entity status. See 37 CFR 1.27 
 

| Applicant changing to regular undiscounted fee status.

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

  

Authorized Signature Date

Typedor printed name Registration No.

Page 2 of 3
PTOL-85 Part B (08-18) Approved for use through 01/31/2020 OMB 0651-0033 US. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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UNITED STATES PATENT AND TRADEMARK OFFICE
UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and TrademarkOffice
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450
Alexandria, Virginia 22313-1450
WWW.USPLO.gOV 
 

15/495 ,539 04/24/2017 Marcus Da Silva 1640-001 .203 1050

22145 7590 03/05/2020

KLEIN, O'NEILL & SINGH, LLP MCKIE, GINA M
16755 VON KARMAN AVENUE

IRVINE, CA 92606 2631
DATE MAILED: 03/05/2020

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 1(h)(2) of the AIA Technical Corrections Act amended 35 U.S.C. 154(b)(3)(B)() 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 CFR 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.

Page 3 of 3
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OMB Clearance and PRA Burden Statement for PTOL-85 Part B

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

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. The information is required to obtain
or retain a benefit by the public whichis to file (and by the USPTO to process) an application. Contidentiality is
governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 30 minutes to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Timewill 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 Chicf 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 personsare required to respond to acollection
of information unlessit displays a valid OMB control number.

Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the requirements
of the Act, please he 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 mayresult in termination of proceedings or abandonment
of the application or expiration of the patent.

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

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

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

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 usc, to the International Bureau of the World Intellectual Property
Organization, pursuantto the Patent Cooperation Treaty.

6. Arecord in this system of records maybe 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)).

N

7. Arecord from this system of records may be disclosed,as a routine use, to the Administrator, General Services,
or his/her designee, during an inspection of records conducted by GSAaspart of that agency's responsibility
to recommend improvements in records managementpractices 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 (1-e., GSA or Commerce) directive. Such disclosure shall
not be used to make determinations aboutindividuals.

8. Arecord tromthis 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 issuanceof a patent pursuant to 35 U.S.C. 151. Further, a record
maybe disclosed, subject to the limitations of 37 CFR 1.14,as a routine use, to the public if the record wasfiled
in an application which became abandonedor in which the proceedings were terminated and which application
is referenced by cither a published application, an application open to public inspection or an issucd 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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. pe 15/495,539 Da Silva et al.

GINA M MCKIE 2631 No

-- The MAILING DATEofthis communication appears on the cover sheet with the correspondence adaress--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSEDin 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 GRANTOFPATENTRIGHTS.This application is subject to withdrawalfrom issueat the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

4] This communicationis responsive to the RCE filed January 07, 2020.
(3 A declaration(sVaffidavit(s) under 37 CFR 1.130(b) was/werefiled on :

ZC Anelection was made by the applicant in responseto a restriction requirementsetforth during the interview on ; the
restriction requirement and election have been incorporatedinto this action.

4] The allowed claim(s) is/are 2-8,10-18 and 21-23 . As a result of the allowed claim(s), you maybe eligible to benefit from the Patent
Prosecution Highway program ata participating intellectual property office for the corresponding application. For more information
, please see http:/Awww.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov. 

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

Certified copies:

a) DAI b)(1 Some=*c) L) None ofthe:

1. Ci Certified copies of the priority documents have been received.
2. 0 Cettitied copies of the priority documents have beenreceived in Application No.

3. (1 Copies ofthe 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 tofile a reply complying with the requirements
noted below.Failure to timely comply will result in ABANDONMENTofthis application.
THIS THREE-MONTHPERIODIS NOT EXTENDABLE.

5.1) CORRECTED DRAWINGS(as "replacement sheets") must be submitted.
©) including changes required by the attached Examiner's Amendment / Commentor 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 drawingsin the front (not the back) of each
sheet. Replacement sheet(s) should be labeled as suchin the header according to 37 CFR 1.121(d).

6._.) DEPOSIT OF and/or INFORMATIONabout the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's commentregarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)
1.{¥] Notice of References Cited (PTO-892) 5. CO Examiner's Amendment/Comment
2.C) Information Disclosure Statements (PTO/SB/08), 6.¥]Examiner's Statement of Reasons for Allowance

Paper No./Mail Date .
3.) Examiner's Comment Regarding Requirementfor Deposit 7. O Other .

of Biological Material
4.0) Interview Summary (PTO-413),

Paper No./Mail Date.
{GINA M MCKIE/ /SHUWANGLIU/

Examiner, Art Unit 2631 Supervisory Patent Examiner, Art Unit 2631

 
U.S. Patent and Trademark Office |
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20200227
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Application/Control Number: 15/495,539 Page 2
Art Unit: 2631

DETAILED ACTION

Notice ofPre-AiA or AIA Status

1. The presentapplication,filed on or after March 16, 2013, is being examined under thefirst

inventorto file provisions of the AIA.

Response to Amendment

2. Acknowledgementis made of the amendmentfiled January 07, 2020. Claims 2-8, 10-18 and 21-

23 remain pendingin the application.

e Claims 2, 7 and 17 are currently amended.

e Claims 1, 9, 19 and 20 are canceled.

e Claims 21-23 are newly added.

Response to Arguments

3. Applicant’s arguments, see REMARKS,filed January 07, 2020, with respect to claim 19 rejected

under 35 U.S.C. 112(d) or pre-AlA 35 U.S.C. 112, 4th paragraph, as being of improper dependent form

for failing to further limit the subject matter of the claim upon which it depends,orfor failing to include

all the limitations of the claim upon which it depends, have been fully considered and are persuasive.

The rejection is withdrawnin view of amendmentfiled January 07, 2020 which cancelled claim 19.
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Application/Control Number: 15/495,539 Page 3
Art Unit: 2631

Allowable Subject Matter

4. Claims 2-8, 10-18 and 21-23 are allowed.

5. The following is an examiner’s statement of reasons for allowance:

The priorart of record, Chen etal. (US 2002/0137538 A1) in view ofIshii et al. (US 6,714,584),

fails to teach, “The prior art of record does not specifically teach, "receive a first signal transmission

from a remotestation via the first antenna element and a secondsignal transmission from the remote

station via the second antenna element simultaneously," as recited in claim 2.

The prior art of record does not specifically teach, “determinea plurality of signal strength

indicationsfor the first signal transmission; determinea first signal strength average based on

the plurality of signal strength indicationsfor the first signal transmission; determine a plurality of

signal strength indications for the second signal transmission; determine a secondsignal strength

average based on theplurality of signal strength indications for the second signal transmission; and

causethe transceiver to generate a fourth signal based on thefirst signal strength average and the

secondsignal strength average" as recited in claim 7.

The prior art of record does not specifically teach, "wherein the first signal transmission and the

secondsignal transmission comprise electromagnetic signals comprising one or more transmission

peaks and one or more transmission nulls," as recited in claim 11.

The prior art of record does not specifically teach, "determine a set of weighting values based on

the first signal information and the second signal information, wherein thefirst signal

information comprises one or moreof: a transmit power level, a data transmit rate, an antenna

direction, quality of service data, or timing data," as recited in claim 17,

Chen is an exemplary reference in the relevant field of endeavor. Chen discloses wireless

communications with an adaptive antenna array. Systems and techniquesfor parallel demodulation and

searching using an adaptive antennaarray with a processor configured to control the adaptive antenna
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Application/Control Number: 15/495,539 Page 4
Art Unit: 2631

to search fora first signal with the first beam and to receive a second signal for demodulation with a

second beam. However, Chenfails to teach the above limitations as recited in claims 2, 7, 11 and 17.

Ishii is another exemplary referencein the relevant field of endeavor. Ishii discloses CDMA

adaptive antenna receiving apparatus and communication system. A CDMA adaptive antennareceiving

apparatusis provided with plural receivers of which eachis for receiving one or more of desired signal

components incoming at the same time. Each of the plural receivers includes plural adaptive receiving

units for updating sequentially a directivity in accordance with one desired signal component. The plural

adaptive receiving units which are included in the same receiver employ a symbol decision error of the

samereceiver in common. Eachreceiver further includes a meansfor detecting the incoming directions

of the plural desired signal components and a means for controlling directivities of the plural adaptive

receiving units in accordance with the incomingdirections of the plural desired signal components and

directivities of the plural adaptive receiving units. However,Ishii fails to teach the abovelimitations as

recited in claims 2, 7, 11 and 17.

For these reasonsclaims 2-8, 10-18 and 21-23 are allowed overthe prior art of record.

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 accompanythe issue fee. Such

submissions should be clearly labeled “Comments on Statement of Reasonsfor Allowance.”
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Application/Control Number: 15/495,539 Page 5
Art Unit: 2631

Conclusion

Anyinquiry concerning this communication or earlier communications from the examiner

should be directed to GINA M MCKIE whose telephone numberis (571)270-5148. The examiner can

normally be reached on Monday-Friday 9AM-5PM ET.

Examiner interviews are available via telephone, in-person, and video conferencing using a

USPTO supplied web-based collaboration tool. To schedule an interview, applicant is encouraged to use

the USPTO Automated Interview Request (AIR) at http://www.uspto.gov/interviewpractice.

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

ShuwangLiu can be reached on 571-272-3036. The fax phone numberfor the organization wherethis

application or proceeding is assigned is 571-273-8300.

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 applicationsis 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.
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Application/Control Number: 15/495,539
Art Unit: 2631

GINA M. MCKIE

Examiner

Art Unit 2631

/GINA M MCKIE/

Examiner, Art Unit 2631

/SHUWANGLIU/

Supervisory Patent Examiner, Art Unit 2631
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Application/Control No. Applicant(s)/Patent Under
15/495,539 Reexamination

DaSilva et al.

Notice ofReferences Cited Examiner At Uni
GINA M MCKIE 2631 Page 1 of 1 

U.S. PATENT DOCUMENTS

Gormley; Eamonn H04B7/0634 455/509

Document Number Date
Country Code-Number-Kind Code MM-YYYY

US-20120009964-A1 01-2012>

 
FOREIGN PATENT DOCUMENTS

Country CPC Classification
Document Number

Country Code-Number-Kind Gode MM-YYYY
Oo2®

 
*A copyofthis reference is not being furnished with this Office action. (Gee MPEP § 707.05(a).)
Dates in MM-YYYYformat are publication dates. Classifications may be USorforeign.
U.S. Patent and Trademark Oftice

PTO-892 (Rev. 01-2001) Notice of References Cited Part of Paper No. 20200227
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/ssue Classification

Application/Control No. Applicant(s)/Patent Under Reexamination

15/495, 539 Da Silva et al.

Examiner Art Unit

GINA M MCKIE 2631

Version

2013-01-01

2013201204

2013-01-01

2013+01-0:1

2013-01-04

2013-01-04

0617 F

CPC Combination Sets

GINA M MCKIE/

Examiner, Art Unit 2631

(Assistant Examiner)

/SHUWANGLIU/

Supervisory Patent Examiner, Art Unit 2631

(Primary Examiner)
U.S. Patent and Trademark Office

 

 

Version

27 February 2020
Total Claims Allowed:

(Date) 19

28 February 2020
O.G. Print Claim(s) O.G. Print Figure

(Date) 1 2
Part of Paper No.: 20200227

Page 1 of 3
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Application/Control No. Applicant(s)/Patent Under Reexamination

Issue Classification|451495.539

| | l cnaGINA M MCKIE

INTERNATIONAL CLASSIFICATION

CLAIMED

DaSilva etal.

H04B7/06

H04B7/04

H04W16/28

H04W72/04

H04B17/318

NON-CLAIMED

CROSS REFERENCES(S)

CLASS SUBCLASS (ONE SUBCLASS PER BLOCK)

 
 

GINA M MCKIE/ 27 February 2020
Examiner, Art Unit 2631 Total Claims Allowed:

(Assistant Examiner) (Date) 19

/SHUWANGLIU/ 28 February 2020 . . oe
Supervisory Patent Examiner, Art Unit 2631 0.G. Print Claim(s)|O.G. Print Figure
(Primary Examiner) (Date) 1 2

U.S. Patent and Trademark Office Part of Paper No.: 20200227
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Application/Control No.

/ssue Classification
15/495, 539

Examiner

GINA M MCKIE

(J Claims renumbered in the same order as presented by applicant

Peres
Pp3|4fttt8
Pp5|5|2|ia
|4|6{|13|15
|6|7|14|te

aeeee
Pt68

 

GINA M MCKIE/

Examiner, Art Unit 2631

(Assistant Examiner)

/SHUWANGLIU/

Supervisory Patent Examiner, Art Unit 2631

(Primary Examiner)
U.S. Patent and Trademark Office
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Serial No.: 15/495,539

Attorney Docket No.: 1640-001.203

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicant : Marcus DaSilva

Serial No. : 15/495,539

Filed : April 24, 2017

For : DIRECTED WIRELESS COMMUNICATION

Examiner > McKie, Gina M

Art Unit : 2631

Confirmation No. : 1050 

OFFICE ACTION RESPONSE

Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

Commissioner:

In responseto the Office action transmitted July 5, 2019, please reconsider the above-

captioned application in light of the following amendments and remarks.

Amendmentsto the Claims are set forth in the listing of the claims beginning on page 2

of this paper; and

Remarks/Arguments begin on page 8 of this paper.
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Glen L. Nuttall

Attorney Docket Number: 1640-001.203

Filed as Small Entity

Filing Fees for Utility under 35 USC 111(a)
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Basic Filing:
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTOofthe 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 applicationis being filed and the application includes the necessary componentsfora 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 shownonthis
AcknowledgementReceiptwill establish thefiling 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/903indicating acceptance of the application as a
nationalstage submission under35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.
New International Application Filed with the USPTO asa Receiving Office
If a new international application is being filed and the international application includes the necessary componentsfor
an internationalfiling date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
andof the InternationalFiling Date (Form PCT/RO/105)will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this AcknowledgementReceiptwill establish the international filing date of
the application.
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicants: Marcus DaSilvaet al.
Title: DIRECTED WIRELESS COMMUNICATION

Serial No.: 15/495,539 Filed: April 24, 2017
Examiner: McKie, Gina M Group Art Unit: 2631
Attorney Docket No.: 1640-001.203

CERTIFICATE OF EFS-WEB TRANSMISSION

UNDER37 CER§ 1.8

I herebycertify that the enclosed Office Action Response (9 pages) is being transmitted

to the United States Patent and Trademark Office from the Pacific Time Zone via EFS-Web on

January 6, 2020.

Date: January 6, 2020 /Glen L Nuttall/

Glen L Nuttall

Mailing Address:

KLEIN, O’NEILL & SINGH, LLP (Customer No.: 22145)
16755 Von Karman Avenue, Suite 275
Irvine, California 92606
Tel: 949-955-1920

Fax: 949-955-1921
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Serial No.: 15/495,539

Attorney Docket No.: 1640-001.203

REMARKS

By this paper Claims 2, 7 and 17 have been amended, Claim 19 has been cancelled without

prejudice, and new dependent Claims 21-23 have been added. As such, Claims 2-8, 10-18 and

21-23 are currently pending for consideration in this application.

Rejection Under 35 USC 112

The Office Action rejected Claim 19 under 35 USC 112 as being of improper dependent

form. Applicant has cancelled Claim 19, making the rejection moot.

Amendmentsto Independent Claims Change Scope

Applicant has amended independent Claims 2, 7 and 17 to replace the recited “remote
station” with “transceiver” in one instance in each claim. This amendmentis a correction of an

earlier error, and makes these claims read as intended. However, the amendment changes the

scope of these claims. Thus, Applicant wishes to specifically bring it to the examiner’s attention.

New Dependent Claims

New Claims 21 - 23 have been added. Each of the new claims depends from an already-

allowed independent claim, and thusis considered to be allowable. Applicant submits that these

claims also recite additional patentable subject matter.

The new claims are supported by the application as originally filed, which includes the

specification and drawingsas well as the provisional application and other priority applications

(which applications have been expressly incorporated by reference}. No new subject matter has

been added by the new dependentclaims.

Conclusion

For the foregoing reasons,it is respectfully submitted that the rejections set forth in the

outstanding Office action are inapplicable to the current claims. Accordingly, issuance of a Notice

of Allowance is requested.
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Serial No.: 15/495,539

Attorney Docket No.: 1640-001.203

Please charge any additional fees, including any fees for additional extension of time, or

credit overpayment to Deposit Account No. 11-1159.

Respectfully submitted,

Klein, O’Neill & Singh, LLP

Dated: January 6, 2020 By _/Glen L Nuttall/
Glen L Nuttall, Reg. No. 46,188

Telephone: (949) 955-1920
Klein, O’Neill & Singh, LLP

16755 Von Karman,Suite 275

Irvine, CA 92606

T (949) 955-1920

F (949) 955-1921
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Serial No.: 15/495,539

Attorney Docket No.: 1640-001.203

AMENDMENTSTO THE CLAIMS

Please amendtheclaims to read as follows. Additions are underlined. Deletions are in

strikeeut text or [[double brackets]].

1. (Cancelled)

2. (Currently Amended) A receiver for use in a wireless communications system,

the receiver comprising:

an antenna, wherein the antenna comprisesa first antenna element and a second

antenna element;

a transceiver operatively coupled to the antenna and configured to transmit and

receive electromagnetic signals using the antenna; and

a processor operatively coupled to the transceiver, the processor configured to:

receive a first signal transmission from a remote station via the first antenna

element anda secondsignal transmission from the remotestation via the second

antenna element simultaneously;

determinefirst signal information for the first signal transmission;

determine second signal information for the second signal transmission,

wherein the second signal information is different than the first signal information;

determine a set of weighting values based on thefirst signal information and

the second signal information, wherein the set of weighting values is configured to be

used by the semate-steation-transceiverto construct one or more beam-formed

transmission signals;

cause the transceiver to transmit a third signal to the remotestation via the

antenna, the third signal comprising content based on theset of weighting values.

3. (Previously Presented) The receiver as recited in Claim 2, wherein the first signal

transmission and the secondsignal transmission comprise electromagnetic signals comprising

one or more transmission peaks and one or more transmission nulls.

4, (Previously Presented) The receiver as recited in Claim 3, wherein thefirst signal

2
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Serial No.: 15/495,539

Attorney Docket No.: 1640-001.203

transmission and the secondsignal transmission are directional transmissions.

5. (Previously Presented) The receiver as recited in Claim 6, wherein the set of

weighting values is further based on one or moreof: a transmit power level, a data transmit

rate, an antennadirection, quality of service data, or timing data.

6. (Previously Presented) The receiver as recited in Claim 2, wherein the content

comprises data configured to be used by the remote station to modify the placement of one or

more transmission peaks and one or more transmission nulls in a subsequent signal

transmission.

7. (Currently Amended) A receiver for use in a wireless communications system,

the receiver comprising:

an antenna;

a transceiver operatively coupled to the antenna and configured to transmit and

receive electromagnetic signals using the antenna; and

a processor operatively coupled to the transceiver, the processor configured to:

receive a first signal transmission from a remotestation via the antenna and a

second signal transmission from the remotestation via the antenna simultaneously;

determinefirst signal information for the first signal transmission;

determine second signal information for the second signal transmission,

wherein the second signal information is different than the first signal information;

determine a set of weighting values based on the first signal information and

the secondsignal information, wherein the set of weighting values is configured to be

used by the samate-station-transceiver to construct one or more beam-formed 

transmission signals;

cause the transceiver to generate a third signal comprising content based on

the set of weighting values;

determinea plurality of signal strength indications for the first signal

transmission;

determine a first signal strength average based on theplurality of signal

3
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Serial No.: 15/495,539

Attorney Docket No.: 1640-001.203

strength indications for the first signal transmission;

determinea plurality of signal strength indications for the second signal

transmission;

determine a secondsignal strength average based on theplurality of signal

strength indications for the second signal transmission; and

cause the transceiver to generate a fourth signal based on thefirst signal

strength average and the secondsignal strength average.

8. (Previously Presented) The receiveras recited in Claim 7, wherein the processor

is further configured to: cause the transceiver to transmit the fourth signal to the remote station

via the antenna.

9. (Cancelled)

10. (Previously Presented) The method as recited in Claim 11, further comprising:

transmitting the third signal to the remote station via the antenna.

11. (Previously Presented) A method in a wireless communications system, the

method comprising:

receiving a first signal transmission from a remotestation via a first antenna elementof

an antenna and a second signal transmission from the remote station via a second antenna

element of the antenna simultaneously, wherein the first signal transmission and the second

signal transmission comprise electromagnetic signals comprising one or more transmission

peaks and one or moretransmission nulls;

determiningfirst signal information for thefirst signal transmission;

determining second signal information for the second signal transmission, wherein the

second signal information is different than thefirst signal information;

determining a set of weighting values based on thefirst signal information and the

secondsignal information, wherein the set of weighting values is configured to be used by the

remote station to construct one or more beam-formedtransmission signals; and

transmitting to the remote station a third signal comprising content based on theset of
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Serial No.: 15/495,539

Attorney Docket No.: 1640-001.203

weighting values.

12. (Previously Presented) The method as recited in Claim 11, wherein thefirst

signal transmission and the secondsignal transmission are directional transmissions.

13. (Previously Presented) The method as recited in Claim 11, wherein the set of

weighting values is further based on one or moreof: a transmit power level, a data transmit

rate, an antennadirection, quality of service data, or timing data.

14. (Previously Presented) The method as recited in Claim 13, wherein the content

comprises data configured to be used by the remote station to modify the placement of one or

more transmission peaks and one or more transmission nulls in a subsequent signal

transmission.

15. (Previously Presented) The method as recited in Claim 14, further comprising:

determining a plurality of signal strength indications for the first signal transmission;

determininga first signal strength average based on the plurality of signal strength

indicationsfor the first signal transmission;

determining a plurality of signal strength indications for the second signal

transmission;

determining a second signal strength average based on theplurality of signal strength

indications for the second signal transmission; and

generating a fourth signal based on thefirst signal strength average and the second

signal strength average.

16. (Previously Presented) The method as recited in Claim 15, further comprising:

causing the transceiver to transmit the fourth signal to the remotestation via the antenna.

17. (Currently Amended)An apparatusfor use ina wireless communications system,

the apparatus comprising:

an antenna;

a transceiver operatively coupled to the antenna; and

a processor operatively coupled to the transceiver, the processor configured to:
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Serial No.: 15/495,539

Attorney Docket No.: 1640-001.203

receive a first signal transmission from a remotestation via the antenna,

the first signal transmission comprisingfirst signal information, wherein thefirst signal

information comprises one or more of: a transmit power level, a data transmit rate, an antenna

direction, quality of service data, or timing data;

receive a second signal transmission from the remotestation via the antenna,

the secondsignal transmission comprising second signal information;

determine a set of weighting values based on the first signal information and

the secondsignal information, wherein the set of weighting values is configured to be

 ‘¢to construct one or more beam-formedused by the samate-ctatant

transmission signals;

cause the transceiver to generate a third signal comprising content based on

the set of weighting values.

18. (Previously Presented) The apparatus as recited in Claim 17, wherein thefirst

signal transmission and the second signal transmission comprise electromagnetic signals

comprising one or more transmission peaks and one or moretransmission nulls.

19. (Cancelled)

20. (Cancelled)

21. (New) The apparatusas recited in Claim 18, wherein the processor is configured

to receive a fourth signal transmission from an interferer source, the fourth signal transmission

being undesired, and the processoris configured to store identifying information concerning

the undesired interferer source and the remote station.

22. (New) The apparatusas recited in Claim 21, wherein the processor is configured

to identify a further interferer signal transmission from the interferer source, and to identify a

further desired signal transmission from the remote station, wherein the processor is further

configured to prevent the transceiver from transmitting a fifth signal transmission via the

antenna during reception of the further desired signal transmission but to allow the transceiver

to transmit a sixth signal transmission via the antenna during reception of the further interferer

signal transmission.

60



61

Serial No.: 15/495,539

Attorney Docket No.: 1640-001.203

23. (New) The apparatusas recited in Claim 17, wherein the set of weighting values

are applied to the third signal, and wherein the transceiver is configured to receive a fourth

signal transmitted from the remote station, and the processor is configured to apply the set of

weighting values to the fourth signal.
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PTOT.-90A (Rev. 04/07)

68



69

Application No. Applicant(s)
15/495,539 DaSilvaet al.

Office Action Summary Examiner Art Unit AIA (FITF) Status
GINA M MCKIE 2631 No

-- The MAILING DATEofthis communication appears on the cover sheet with the correspondence adaress --

Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLYIS SET TO EXPIRE 3 MONTHS FROM THE MAILING
DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed after SIX (6} MONTHSfrom the mailing
date of this communication.

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

Anyreply received by the Office later than three months after the mailing date of this communication, evenif timely filed, may reduce any earned patent term
adjustment. See 37 CFR 1.704(b).

Status

1)({¥) Responsive to communication(s)filed an 27 March 2019.

(J A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on
2a)[¥] This action is FINAL. 2b) () This action is non-final.

3)() An election was madebythe applicant in responseto a restriction requirement set forth during the interview on
; the restriction requirement and election have been incorporated into this action.

4)(J Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordancewith the practice under Eyparte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims”
5) Claim(s) 2-8 and 10-19 is/are pending in the application.

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

Claim(s) 2-8 and 10-18 is/are allowed.

Claim(s) 19 is/are rejected.

6 )

)

8) () Claim(s)____is/are objectedto.

) OO Claim(s)__ are subjectto restriction and/or election requirement
* lf any claims have been determined allowable, you may beeligible 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.jsp or send an inquiry to PPHfeedback@uspto.gov.

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

11)() The drawing(s) filed on 05 October 2017 is/are: a)f¥) accepted or b)() objected to by the Examiner.

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

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

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

Certified copies:

a)C) All b)LJ Some** c)] Noneof the:

1.1] Certified copies of the priority documents have beenreceived.

2..) Certified copies of the priority documents have beenreceived in Application No.

3.2) Copiesof the certified copies of the priority documents have been receivedin this National Stage
application from the International Bureau (PCT Rule 17.2(a)).

 

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

Attachment(s)

1) Notice of References Cited (PTO-892) 3) ([) Interview Summary (PTO-413)
Paper No(s)/Mail Date

2) (J Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b) 4) ( Other:
Paper No(s}/Mail Date .

U.S. Patent and Trademark Office

PTOL-326 (Rev. 11-13} Office Action Summary Part of Paper No./Mail Date 20190625
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Application/Control Number: 15/495,539 Page 2
Art Unit: 2631

DETAILED ACTION

Notice ofPre-AiA or AIA Status

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

Response to Amendment

2. Acknowledgementis made of the amendmentfiled March 27, 2019. Claims 2-8 and 10-19

remain pending in the application.

e Claims 2-7, 10-17 and 19 are currently amended.

e Claims 1, 9 and 20 have been canceled.

e Noclaims are new.

Response to Arguments

3. Applicant’s arguments, see REMARKS,filed March 27, 2019, with respect to claims 1, 3, 4, 9, 10,

12 and 17 rejected under 35 U.S.C. 103 as being unpatentable over Chenetal. (US 2002/0137538 A1) in

view of Ishii et al. (US 6,714,584), have been fully considered and are persuasive. The rejection of claims

1, 3,4, 9, 10, 12 and 17 has been withdrawn.
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Application/Control Number: 15/495,539 Page 3
Art Unit: 2631

Claim Rejections - 35 USC § 112

4. (d) REFERENCE IN DEPENDENT FORMS. —Subject to subsection (e), a claim in dependent form shall

contain a reference to a claim previously set forth and then specify a further limitation of the subject matter

claimed. A claim in dependentform shall be construed to incorporate by referenceall the limitations of the
claim to whichit refers.

The following is a quotation of pre-AlA 35 U.S.C. 112, fourth paragraph:

Subject to the following paragraph [i-e., the fifth paragraph of pre-AlA 35 U.S.C. 112], a claim in

dependent form shall contain a reference to a claim previously set forth and then specify a further

limitation of the subject matter claimed. A claim in dependentform shall be construed to incorporate

by referenceall the limitations of the claim to whichit refers.

5. Claim 19 is rejected under 35 U.S.C. 112(d) or pre-AlA 35 U.S.C. 112, 4th paragraph, as being of

improper dependentform for failing to further limit the subject matter of the claim upon whichit

depends,or for failing to includeall the limitations of the claim upon which it depends. Claim 19 recites

Applicant may cancel the claim(s), amend the claim(s) to place the claim(s) in proper dependentform,

rewrite the claim(s) in independent form, or present a sufficient showing that the dependentclaim(s)

complies with the statutory requirements.

Allowable Subject Matter

6. Claims 2-8 and 10-18 are allowed.

The following is a statement of reasonsfor the indication of allowable subject matter:

The prior art of record does not specifically teach, “receive a first signal transmission from a

remote station via the first antenna element and a secondsignal transmission from the remote station

via the second antenna element simultaneously,” as recited in claim 2.

The prior art of record does not specifically teach, “determine a plurality of signal strength

indicationsfor the first signal transmission; determinea first signal strength average based on the

plurality of signal strength indications for thefirst signal transmission; determine a plurality of signal

strength indications for the second signal transmission; determine a secondsignal strength average
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Application/Control Number: 15/495,539 Page 4
Art Unit: 2631

basedon the plurality of signal strength indications for the secondsignal transmission; and cause the

transceiver to generate a fourth signal based on thefirst signal strength average and the secondsignal

strength average”as recited in claim 7.

The prior art of record does not specifically teach, “wherein the first signal transmission and the

second signal transmission comprise electromagnetic signals comprising one or more transmission peaks

and one or more transmission nulls,” as recited in claim LL.

The prior art of record does not specifically teach, "determine a set of weighting values based

on the first signal information and the second signal information, wherein the first signal information

comprises one or more of: a transrnit power level, a data transmit rate, an antenna direction, quality of

service data, or timing data,” as recited in claim 17.

Conclusion

Applicant's amendmentnecessitated the new ground(s) of rejection presented in this Office

action. Accordingly, THIS ACTION IS MADEFINAL. See MPEP § 706.07(a). Applicant is reminded of the

extension of time policy as set forth in 37 CFR 1.136(a).

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

the mailing date of this action. In the eventa first reply is filed within TWO MONTHSof the mailing date

of this final action and the advisory action is not mailed until after the end of the THREE- MONTH

shortened statutory period, then the shortened statutory period will expire on the date the advisory

action is mailed, and any extension fee pursuant to 37 CFR 1.136(a) will be calculated from the mailing

date of the advisory action. In no event, however, will the statutory period for reply expire later than

SIX MONTHS from the dateofthis final action.
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Application/Control Number: 15/495,539 Page 5
Art Unit: 2631

Any inguiry concerning this communication or earlier communications from the examiner

should be directed to GINA M MCKIE whose telephone numberis (571)270-5148. The examiner can

normally be reached on Monday-Friday 9AM-5PM ET.

Examiner interviewsare available via telephone, in-person, and video conferencing using a

USPTO supplied web-based collaboration tool. To schedule an interview, applicant is encouraged to use

the USPTO Automated Interview Request (AIR) at http://www.uspto.gov/interviewpractice.

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

ShuwangLiu can be reached on 571-272-3036. The fax phone numberfor the organization wherethis

application or proceedingis assigned is 571-273-8300.

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 accessto 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 USAOR

CANADA)or 571-272-1000.

GINA M. MCKIE

Examiner

Art Unit 2631

/GINA M MCKIE/

Examiner, Art Unit 2631

/SHUWANGLIU/

Supervisory Patent Examiner, Art Unit 2631
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U.S. PATENT DOCUMENTS

Soriaga; Joseph B. H04B7/0691 370/329

Document Number Date
Country Code-Number-Kind Code MM-YYYY

US-20130094454-A1 04-2013>

 
FOREIGN PATENT DOCUMENTS

Country CPC Classification
Document Number

Country Code-Number-Kind Gode MM-YYYY
Oo2®

 
*A copyofthis reference is not being furnished with this Office action. (Gee MPEP § 707.05(a).)
Dates in MM-YYYYformat are publication dates. Classifications may be USorforeign.
U.S. Patent and Trademark Oftice

PTO-892 (Rev. 01-2001) Notice of References Cited Part of Paper No. 20190625

74



75

Application/Control No. Applicant(s)/Patent Under Reexamination

Search Notes 15/495,539 Da Silva etal.

| ll Examiner Art Unit
GINA M MCKIE 2631

CPC - Searched*

H04L7/042, H04L27/2675 (EAST keyword search) 6/22/2017

CPC Combination Sets - Searched*

Symbol

US Classification - Searched*

Class

* See search history printout included with this form or the SEARCH NOTESbox below to determine the scope of the
search.

a

Interference Search

US Class/CPC US Subclass/CPC Group
Symbol

|sdSEE SEARCH HISTORY 05/13/2019

 
/GINA MCKIE/ Examiner.Art Unit 2631

 
U.S. Patent and Trademark Office Part of Paper No.: 20180625

Page 1 of 1

75



76

Application/Control No. Applicant(s)/Patent Under Reexamination

Index ofClaims|45/495 539

Mh ll | | cannGINA M MCKIE

[anes
=| Allowed | Restricted

(1) Claims renumbered in the same order as presented by applicant

CLAIM

Final|Original|05/13/2019|05/13/2019

DaSilva etal.

05/13/2019|05/13/2019||05/13/2018|

|Oo

|Oo|
|O|
|Oo
|Oo|

|Oo|

|O|
|O
|oO
|Oo|

|O|
|Oo|
|Oo|

|

Rofafa OY}o;o

 
U.S. Patent and Trademark Office Part of Paper No.: 20190625

Page 1 of 1

76



77

EASTSearch History

EAST Search History

EAST Search History (Prior Art)

Search Query

%$US-PGPUB; USPAT;
sUSOCR; FPRS; EPO;
¥JPO; DERWENT;

"20020158801 JUS-PGPUB; USPAT;
%USOCR; FPRS; EPO;
\JPO; DERWENT;

4("2002/0158801").URPN. | 2018/09/17;
—|cman,hememeneesmnsmmnmn emmmmsmesbeamsOese

u"directed wireless (2018/09/17;
communication" i i 11:02 i

i"directed wireless ‘2018/09/17:
communication" ; ; #11:04

"directed wireless 2018/09/17)
communication" AND JUSOCR; FPRS; EPO; | 11:04
{multi-beam }JPO; DERWENT;

multi-beam WITH directed $US-PGPUB; USPAT; i 2018/09/17:
YWITH communication USOGR; FPRS; EPO; ; 11:08 :

multi-beam AND Wi-Fi {US-PGPUB; USPAT;
JUSOGR; FPRS; EPO;
PO; DERWENT;

multi-beam AND Wi-Fi AND} US-PGPUB; USPAT;
array i

imulti-beam AND array—|US-PGPUB; USPAT; 2018/09/17:
i ‘JUSOCR; FPRS; EPO; 11:29

‘\JPO; DERWENT;

multi-beam AND array US-PGPUB; USPAT;
JAND “accesspoint" %USOGR; FPRS; EPO;
; yJPO; DERWENT;

imulti-beam AND array
¥AND directional

 
file:///C/Users/gmckie/Documents/e-Red%20Folder/15495539/EASTSearchHistory.15495539_AccessibleVersion.htm[6/28/2019 11:11:57 AM]

77



78

EASTSearch History

  

  
 
 
 

 

#S11 AND JUS-PGPUB; USPAT; HOR HON 2018/09/17:
i@ad« "20030101" JUSOCR; FPRS; EPO; 11:35

PO; DERWENT;
\||BM_TDBevened Lanneeeeeeetttened hacennestareneenenanenennaennaneeeteennannebeeenneeteenbaereennttthaere!

JUS-PGPUB; USPAT;
%USOGR; FPRS; EPO;

oeDERWENT;

 
 

 
 

 
 

 
 
 

  

 |US-PGPUB; USPAT;
|USOCR; FPRS; EPO;

 sUS-PGPUB; USPAT;
USOCR; FPRS; EPO;

US-PGPUB; USPAT:

JUSOCR; FPRS; EPO;
\JPO; DERWENT;
{I1BM_TDB

1S18 AND S20 '|US-PGPUB, USPAT;

JUSOCR; FPRS; EPO;

 
 
 
 

 
 

Mirst signal" WITH "second!
ysignal” WITH
simultaneous$3  

  

 
 

  

 

 

 
 
 

 1S12 AND TUS-PGPUB; USPAT; HON 2018/09/17:
‘\@ad< "20030101" JUSOCR; FPRS; EPO; (12:08
i \JPO; DERWENT; i

‘BM_TDB

1523 AND ("first signal")||US-PGPUB; USPAT;
uAND “secondsignal" %USOCR; FPRS; EPO;

‘JJPO; DERWENT;

 
  

  
 
 

  

 

 
    

i "671 4584".PN.

i simultaneous$3 WITH antenna WITH
i (first AND second)).CLM.
 
 

file:///C/Users/gmckie/Documents/e-Red%20Folder/15495539/EASTSearchHistory.15495539_AccessibleVersion.htm[6/28/2019 11:11:57 AM]

78



79

EASTSearch History 

1$28 136 {{(simultaneous$3 WITH antenna WITH={US for YON {2019/05/13
\ u(first AND second) WITH remote).CLM. yPGPUB; i 110:33 i

TUSPAT | 

6/ 28/ 2019 11:11:54 AM

C:\ Users\ gmckie\ Documents\ EAST\ Workspaces\ 15495539.wsp

file:///C/Users/gmckie/Documents/e-Red%20Folder/15495539/EASTSearchHistory.15495539_AccessibleVersion.htm[6/28/2019 11:11:57 AM]

79



80

Serial No.: 15/495,539

Attorney Docket No.: 1640-001.203

IN THE UNITED STATES PATENT AND TRADEMARKOFFICE

Applicant : Marcus DaSilva

Serial No. : 15/495,539

Filed : April 24, 2017

For >: DIRECTED WIRELESS COMMUNICATION

Examiner >: McKie, Gina M

Art Unit : 2631

Confirmation No. : 1050 | 

OFFICE ACTION RESPONSE

Commissionerfor Patents

P.O. Box 1450

Alexandria, VA 22313-1450

Commissioner:

In response to the Office action transmitted September 26, 2018, please reconsider the

above-captioned application in light of the following amendments and remarks.

Amendmentsto the Claims are set forth in the listing of the claims beginning on page 2

of this paper; and

Remarks/Argumentsbegin on page 7 ofthis paper.
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Electronic Patent Application Fee Transmittal

Title of Invention: DIRECTED WIRELESS COMMUNICATION

First Named Inventor/Applicant Name: Marcus DaSilva

Attorney Docket Number: 1640-001.203

Filed as Small Entity

Filing Fees for Utility under 35 USC 111(a)

Sub-Totalin

Description Fee Code Quantity Amount USD(S) 

Basic Filing:

Claims:

Miscellaneous-Filing:

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:
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Sub-Totalin

USD($)

Extension-of-Time:

Extension - 3 monthswith $0 paid

Description Fee Code Quantity

 

Miscellaneous:

Total in USD (S$) 
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a

Title of Invention: DIRECTED WIRELESS COMMUNICATION

First Named Inventor/Applicant Name: Marcus DaSilva

Customer Number: 22145me
a
a

Application Type: Utility under 35 USC 111{a)

 
 

Paymentinformation:
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The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpaymentas follows: 
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Multipart Description/PDFfiles in .zip description

DocumentDescription
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Claims

Amendment/Req. Reconsideration-After Non-Final Reject
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTOofthe 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 applicationis being filed and the application includes the necessary componentsfora 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 shownonthis
AcknowledgementReceiptwill establish thefiling 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/903indicating acceptance of the application as a
nationalstage submission under35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.
New International Application Filed with the USPTO asa Receiving Office
If a new international application is being filed and the international application includes the necessary componentsfor
an internationalfiling date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
andof the InternationalFiling Date (Form PCT/RO/105)will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this AcknowledgementReceiptwill establish the international filing date of
the application.
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IN THE UNITED STATES PATENT AND TRADEMARKOFFICE

Applicants: Marcus DaSilvaet al.
Title: DIRECTED WIRELESS COMMUNICATION

Serial No.: 15/495,539 Filed: April 24, 2017
Examiner: McKie, Gina M. Group Art Unit: 2631
Attorney Docket No.: 1640-001.203 Confirmation No.: 1050

CERTIFICATE OF EFS-WEB TRANSMISSION

UNDER37 CFR § 1.8

I hereby certify that the enclosed Office Action Response (8 pages): and Payment by

Credit Card are being transmitted to the United States Patent and Trademark Office from the

Pacific Time Zone via EFS-Web on March 26, 2019.

Date: March 26, 2019 /Glen L. Nuttall/

Glen L. Nuttall

Mailing Address: 

KLEIN, O’NEILL & SINGH, LLP (CustomerNo.: 22145)
16755 Von Karman Avenue, Suite 275

Irvine, California 92606
Tel: 949-955-1920

Fax: 949-955-1921
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Serial No.: 15/495,539

Attorney Docket No.: 1640-001.203

REMARKS

By this paper Claims 2-7, 10-17 and 19 have been amended,and Claims 1, 9 and 20 have

been cancelled without prejudice. Applicant reserves the right to purse the subject matter of the

cancelled claims in the future. As such, Claims 2-8 and 10-19 are currently pending for

consideration in this application.

Obiected-to Claims Rewritten Into Independent Form

The Office Action objected to Claims 2, 5-8, 11, 13-16 and 18-20, but indicated that these

claims would be allowableif rewritten into independent form. As such, Claims 2 and 7 have been

amended into independent form, incorporating all of the limitations of previous independent

Claim 1, which has been cancelled. Claim 11 has also been amended into independent form,

incorporating all of the limitations of previous independent Claim 9, which has been cancelled.

Lastly, independent Claim 17 has been amended to incorporate all of the limitations of

dependent Claim 20, which has been cancelled.

As all of the above-discussed amendments comprise rewriting objected-to claims into

independent form, Applicants submit that the pending claims are currently in condition for
allowance.

Rejections Under 35 USC 103
 

The Office Action rejected several claims as unpatentable over Chen (US2002/0137538)

in view of Ishii (US 6,714,584). In the interest of simplifying prosecution, Applicant has amended

other, objected-to claims into allowable independent forms. Thus, these rejections are moot.

Nevertheless, Applicant traverses the rejection, and reserves the right to present claims directed

to the sameorsimilar subject matter in the future.

Conclusion

For the foregoing reasons,it is respectfully submitted that the rejections set forth in the

outstanding Office action are inapplicable to the current claims. Accordingly, issuance of a Notice

of Allowanceis requested.
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Serial No.: 15/495,539

Attorney Docket No.: 1640-001.203

Please charge any additional fees, including any fees for additional extension of time, or

credit overpayment to Deposit Account No. 11-1159.

Respectfully submitted,

Klein, O’Neill & Singh, LLP

Dated:_March 25, 2019 By _/Glen | Nuttall/
Glen L Nuttall, Reg. No. 46,188

Telephone: (949) 955-1920

 

Klein, O’Neill & Singh, LLP
16755 Von Karman, Suite 275

Irvine, CA 92606

T (949) 955-1920

F (949) 955-1921
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Serial No.: 15/495,539

Attorney Docket No.: 1640-001.203

AMENDMENTSTO THE CLAIMS

Please amend the claims to read as follows. Additions are underlined. Deletions are in

strikeout text or [[double brackets]].

1. (Cancelled)

2. (Currently Amended) the-receiveras-recited-in-Claim-L-A receiver for use ina

wireless communications system, the receiver comprising:

an antenna, wherein the antenna comprisesa first antenna element and a second

antenna element;,-and

a transceiver operatively coupled to the antenna and configured to transmit.and

receive electromagnetic signals using the antenna; and

a processor operatively coupled to the transceiver, the processor configured to:

receive theafirst signal transmission from the-aremote Station via the first

antenna element and theasecond signal transmission from the remotestation via the

second antenna element simultaneously; and

determinefirst signal information for the first signal transmission;
 

determine second signal information for the second signal transmission,

wherein the second signal informationis different than the first signal information;

determine a set of weighting values based on the first signal information and

the second signal information, wherein the set of weighting values is configured to be

used by the remotestation to construct one or more beam-formed transmission

signals;

cause the transceiverto transmit theathird signal to the remote station via the

antenna, the third signal comprising content based on the set of weighting values.

3. (Currently Amended} The receiveras recited in Claim42, wherein the first signal

transmission and the second signal transmission comprise electromagnetic signals comprising

one or more transmission peaks and one or more transmission nulls.

2
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Serial No.: 15/495,539

Attorney Docket No.: 1640-001.203

4, (Currently Amended) The receiveras recited in Claim+.3, wherein the first signal

transmission and the second signal transmission are directional transmissions.

5. (Currently Amended) The receiver as recited in Claim-t_6, wherein the set of

weighting values 4s-isfurther based on one or moreof: a transmit power level, a data transmit

rate, an antenna direction, quality of service data, or timing data.

6. (Currently Amended) The receiver as recited in Claim-4_2, wherein the content

comprises data configured to be used by the remote station to modify the placement of one or

more transmission peaks and one or more transmission nulls in a subsequent signal

transmission.

7. (Currently Amended)thereceiveras-+ecited inClaim—t_whereinthe_precesser

is-further-configured+to A receiver for use in a wireless communications system, the receiver

comprising:

an antenna;

a transceiver operatively coupled to the antenna and configured to transmit and

receive electromagnetic signals using the antenna; and

a processor operatively coupled to the transceiver, the processor configured to:

receive a first signal transmission from_a remote station via the antenna and a

second signal transmission from the remote station via the antenna simultaneously;

determine first signal information for the first signal transmission;

determine second signal information for the second signal transmission,

wherein the second signal informationis different than the first signal information;

determine a set of weighting values based onthe first signal information and

the second signal information,wherein the set of weighting values is configured to be

used by the remotestation to construct one or more beam-formed transmission

signals;

causethe transceiver to generate a third signal comprising content based on

the set of weighting values;

determine a plurality of signal strength indications for the first signal

3
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Attorney Docket No.: 1640-001.203

transmission;

determinea first signal strength average based on the plurality of signal

strength indications for the first signal transmission;

determine a plurality of signal strength indications for the second signal

transmission;

determine a second signal strength average based on the plurality of signal

strength indications for the second signal transmission; and

cause the transceiver to generate a fourth signal based on thefirst signal

strength average and the second signal strength average.

8. (Previously Presented) The receiver as recited in Claim 7, wherein the processor

is further configured to: cause the transceiver to transmit the fourth signal to the remotestation

via the antenna.

9. (Cancelled)

10. (Currentiy Amended) The method as recited in Claim-9_11, further comprising:

transmitting the third signal to the remote station via the antenna.

11. (Currently Amended) he-methed-as-recitedin-Claim-9 A method in a wireless

communications system, the method comprising:

receivingafirst signal transmission from a remote station via a first antenna element of

an_ antenna and _a secondsignal transmission from the remote station via a second antenna

element of the antenna simultaneously, wherein the first signal transmission and the second

signal transmission comprise electromagnetic signals comprising one or more transmission

peaks and one or more transmission nulls;

determining first signal information for the first signal transmission;

determining second signal information for the second signal transmission, wherein the

second signal information is different than the first signal information;

determining a set of weighting values based on the first signal information and the

secondsignal information, wherein the set of weighting values is configured to be used by the
 

91



92

Serial No.: 15/495,539

Attorney Docket No.: 1640-001.203

remotestation to construct one or more beam-formed transmission signals; and

transmitting to the remotestation a third signal comprising content based on the set of

weighting values.

12. (Currently Amended) The method as recited in Claim-9_11, wherein the first

signal transmission and the second signal transmission are directional transmissions.

13. (Currently Amended) The methodas recited in Claim-9_11, wherein the set of

weighting values is further based on one or more of: a transmit power level, a data transmit

rate, an antenna direction, quality of service data, or timing data.

14. (Currently Amended) The method as recited in Claim-9_13, wherein the content

comprises data configured to be used by the remotestation to modify the placement of one or

more transmission peaks and one or more transmission nulls in a subsequent signal

transmission.

15. (Currently Amended) The methodasrecited in Claim-9.14, further comprising:
 

determining a plurality of signal strength indications for thefirst signal transmission;

determininga first signal strength average based on the plurality of signal strength

indications for the first signal transmission;

determininga plurality of signal strength indications for the second signal

transmission;

determining a second signal strength average based on theplurality of signal strength

indications for the second signal transmission; and

generating a fourth signal based on the first signal strength average and the second

signal strength average.

16. (Previously Presented) The method asrecited in Claim 15, further comprising:

causing the transceiver to transmit the fourth signal to the remotestation via the antenna.

17. (Currently Amended) An apparatusfor use in a wireless communications system,

the apparatus comprising:

an antenna;
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a transceiver operatively coupled to the antenna; and

a processor operatively coupled to the transceiver, the processor configured to:

receive a first signal transmission from a remote station via the antenna,

the first signal transmission comprising first signal information, wherein the first signal

information comprises one or more of: a transmit power level, a data transmit rate, an antenna

direction, quality of service data, or timing data;

receive a second signai transmission from the remote station via the

antenna, the second signal transmission comprising second signal information;

determine a set of weighting values based on the first signal information and

the second signal information, wherein the set of weighting values is configured

to be used by the remote station to construct one or more beam-formed transmission

signals;

cause the transceiver to generate a third signal comprising content based on

the set of weighting values.

18. (Previously Presented) The apparatus as recited in Claim 17, wherein the first

signal transmission and the second signal transmission comprise electromagnetic signals

comprising one or more transmission peaks and one or more transmission nulls.

19, (Currently Amended) The apparatus as recited in Claim-44.18, wherein the first

signal information comprises one or more of: a transmit power level, a data transmit rate, an

antenna direction, quality of service data, or timing data.

20, (Cancelled)
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DETAILED ACTION

Notice of Pre-AlA or AIA Status

1. The present application is being examined underthe pre-AlAfirst to invent

provisions.

Continued Examination Under 37 CFR 1.114

2. A request for continued examination under 37 CFR 1.114, including the fee set

forth in 37 CFR 1.17(e), wasfiled in this application after final rejection. Since this

application is eligible for continued examination under 37 CFR 1.114, and the fee set

forth in 37 CFR 1.17(e) has been timely paid, the finality of the previous Office action

has been withdrawn pursuant to 37 CFR 1.114. Applicant's submission filed on August

01, 2018 has been entered.

Response to Amendment

3. Acknowledgementis madeof the amendmentfiled August 01, 2018. Claims 1-

20 remain pending in the application.

e No claims are currently amended.

e No claims have been canceled.

e Noclaims are new.
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Response to Arguments

4. Applicant's argumentsfiled October 05, 2017 with respect to the rejection of

claims 1-20 is/are rejected under pre-AlA 35 U.S.C. 103(a) as being unpatentable over

Crilly, Jr. et al. (US 2002/0158801 A1) in view ofIshii et al. (US 6,714,584) have been

fully considered and are persuasive. Therefore, the rejection has been withdrawn.

However, upon further consideration, a new ground(s) of rejection is made in view of

Chenet al. (US 2002/0137538 A1).

Claim Rejections - 35 USC § 103

5. The following is a quotation of pre-AlA 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 inventionis notidentically disclosed or described
as set forth in section 102, 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 obviousat the
time the invention was madeto a person having ordinary skill in the art to which said subject
matter pertains. Patentability shall not be negatived by the mannerin which the invention was
made.

6. The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1, 148

USPQ 459 (1966), that are applied for establishing a background for determining

obviousness underpre-AlA 35 U.S.C. 103(a) are summarized as follows:

1. Determining the scope and contents of the prior art.

2. Ascertaining the differences betweenthe prior art and the claimsat issue.

3. Resolving the level of ordinary skill in the pertinent art.
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4. Considering objective evidence presentin the application indicating

obviousness or nonobviousness.

7. Claims 1, 3, 4, 9, 10, 12 and 17 is/are rejected under pre-AlA 35 U.S.C. 103(a)

as being unpatentable over Chenet al. (US 2002/0137538 A1) in view ofIshii et al. (US

6,714,584).

Regarding claim 1,

As shownin FIGS. 1-5, Chen discloses a receiver for use in a wireless

communications system, the receiver comprising:

e anantenna (see Chen, FIG. 5, antenna array 506);

e a transceiver operatively coupled to the antenna and configured to transmit and

receive electromagnetic signals using the antenna (see Chen,FIG. 5, tracking

channel 502); and

¢ aprocessor operatively coupled to the transceiver, (see Chen,FIG. 5, tracking

channel 502) the processor configured to:

o receive a first signal transmission from a remote station via the antenna and a

second signal transmission via the antenna (see ChenFIG. 5, paragraph

[0047]; A tracking receiver 518 in the receiving path is coupled to the

diplexer 516. Similar to its search receiver 508 counterpart, the tracking

receiver 518 amplifies, filters and downconverts the signal from each

tracking element 506a to baseband.);
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o determinefirst signal information forthefirst signal transmission (see Chen

FIG. 5, paragraph [0042]; By applying different weights to the signals at

to, and combining them,a directional search beam caneffectively be

formedin the digital domain. Specifically, a directional search beam can

be formed in one angular direction by applying the following algorithm);

o determine secondsignal information for the secondsignal transmission,

wherein the second signal information is different than thefirst signal

information (see Chen FIG. 5, paragraph [0042]; By applying different

weights to the signals at to, and combining them,a directional search

beam caneffectively be formed in the digital domain. Specifically, a

directional search beam can be formedin one angulardirection by

applying the following algorithm);

o determine a set of weighting values based on thefirst signal information and

the secondsignal information, wherein the set of weighting valuesis

configured to be used by the remote station to construct one or more beam-

formed transmission signals (see Chen FIG. 5, paragraph [0042]; By

applying different weights to the signals at to, and combining them, a

directional search beam caneffectively be formed in the digital domain.

Specifically, a directional search beam can be formed in one angular

direction by applying the following algorithm); and

o cause the transceiver to generate a third signal comprising content based on

the set of weighting values (see Chen, FIG. 5, paragraph [0053]; A
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transmitter 530 is coupled to the tracking filter 526. The transmitter 530

upconverts,filters and amplifies the weighted modulated signal. The

output of the transmitter 530 is coupled throughthe diplexer 516 to the

tracking antennas 506a wherethesignalis transmitted into free space

with increased gain in the direction defined by the weights applied to

the signal by the trackingfilter 526.)

Chen doesnot specifically disclose “receiveafirst signal transmission from a

remote station via the antenna and a secondsignal transmission from the remote

station via the antenna simultaneously.”

However, Ishii in the same field of endeavor discloses receiving a first signal

transmission from a remote station via the antenna and a secondsignal transmission

from the remotestation via the antenna simultaneously (see Ishii, col. 3, lines 9-30;

“Signals received at different directional antennas 1-1 to 1-N are introduced into

delay circuits 2-2 to 2-M.A directivity in a direction, for example, at every equal

angle (360/N degrees) is assigned to each of antennas 1-1 to 1-N, respectively.

Delay circuit 2-1 has a time delay of 0 and thus is omitted in the drawings. Delay

circuits 2-2 to 2-M adaptively delay the received signals so that receivers 3-1 to 3-

M mayreceive simultaneously the desired signal components incoming at

different timings.”).

lt would have been obvious to oneof ordinary skill in the art at the time the

present invention was made to modify the invention of Chen as taught by Ishii and
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receiveafirst signal transmission from a remote station via the antenna and a second

signal transmission from the remote station via the antenna simultaneously.

Rationale: Applying a known technique to a known device (method, or

product) ready for improvementto yield predictable results

To reject a claim based onthis rationale, Office personnel must resolve the

Graham factual inquiries. Then, Office personnel mustarticulate the following:

(1) a finding that the prior art contained a “base” device (method, or product)

upon which the claimed invention can be seen as an “improvement;”

(2) a finding that the prior art contained a knowntechniquethat is applicable to

the base device (method,or product);

(3) a finding that one of ordinary skill in the art would have recognized that

applying the Known technique would have yielded predictable results and resulted in an

improved system; and

(4) whatever additional findings based on the Graham factual inquiries may be

necessary, in view of the facts of the case under consideration, to explain a conclusion

of obviousness. (MPEP § 2143).

In this case:

Chen contains a “base” device of a receiver for use in a wireless communications

system which the claimed invention can be seen as an “improvement”in that receiving a
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first signal transmission from a remote station via the antenna and a secondsignal

transmission from the remote station via the antenna simultaneously.

Ishii contains known techniqueofa first signal transmission from a remote station

via the antenna and a secondsignal transmission from the remotestation via

the antenna simultaneously that is applicable to the “base” device.

Ishii's knowntechniqueafirst signal transmission from a remote station via the

antenna and a secondsignal transmission from the remote station via the antenna

simultaneously would have been recognized by oneof ordinary skill in the art as

applicable to the “base” process of Chen and the results would have beenpredictable

and resulted in a receiver for use in a wireless communications system receivingafirst

signal transmission from a remote station via the antenna and a secondsignal

transmission from the remote station via the antenna simultaneously which results in an

improved process.

Therefore, the claimed subject matter would have been obvious to a person

having ordinary skill in the art at the time the invention was made.

Regarding claim 3,

The combination of Chen and Ishii discloses the receiver as recited in Claim 1,

wherein thefirst signal transmission and the second signal transmission comprise

electromagnetic signals comprising one or more transmission peaks and one or more

transmission nulls (see Chen FIG. 4, paragraph [0035]; “This conceptis illustrated

in FIG. 4 where an exemplary CDMAcellular system is shownduring soft handoff.
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In the exemplary CDMAcellular system, a base station 402 includesa directional

antenna suchas an antenna array 404 madeupof spatially separated individual

radiating elements.”).

Regarding claim 4,

The combination of Crilly and Ishii discloses the receiver as recited in Claim 1,

wherein thefirst signal transmission and the second signal transmission are directional

transmissions (see ChenFIG.4, paragraph [0035]; “This conceptis illustrated in

FIG. 4 where an exemplary CDMAcellular system is shown during soft handoff. In

the exemplary CDMAcellular system,a base station 402 includes a directional

antenna suchas an antenna array 404 madeupof spatially separated individual

radiating elements.”).

Regarding claim 9,

As shownin FIGS. 1-24, Crilly discloses a method in a wireless communications

system, the method comprising:

e receiving a first signal transmission from a remote station via a first antenna element

of an antenna and a secondsignal transmission via a second antenna elementof

the antenna (see Chen, FIG. 5, antenna array 506);

e determiningfirst signal information for the first signal transmission (see Chen FIG.5,

paragraph [0042]; By applying different weights to the signals at to, and
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combining them,a directional search beam caneffectively be formed in the

digital domain. Specifically, a directional search beam can be formedin one

angular direction by applying the following algorithm);

e determining secondsignal information for the second signal transmission, wherein

the second signal informationis different than thefirst signal information (see Chen

FIG. 5, paragraph [0042]; By applying different weights to the signals at to, and

combining them,a directional search beam caneffectively be formed in the

digital domain. Specifically, a directional search beam can be formed in one

angular direction by applying the following algorithm);

e determining a set of weighting values based on thefirst signal information and the

second signal information, wherein the set of weighting values is configured to be

used by the remote station to construct one or more beam-formed transmission

signals (see Chen FIG. 5, paragraph [0042]; By applying different weights to the

signals at to, and combining them,a directional search beam can effectively

be formedin the digital domain. Specifically, a directional search beam can be

formed in one angulardirection by applying the following algorithm); and

e transmitting to the remote station a third signal comprising content based on the set

of weighting values (see Chen, FIG. 5, paragraph [0053]; A transmitter 530 is

coupledto thetrackingfilter 526. The transmitter 530 upconverts,filters and

amplifies the weighted modulated signal. The output of the transmitter 530 is

coupled throughthe diplexer 516 to the tracking antennas 506a where the
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signalis transmitted into free space with increased gain in the direction

defined by the weights applied to the signal by the trackingfilter 526.).

Chen doesnot specifically disclose “receiveafirst signal transmission from a

remote station via the antenna and a secondsignal transmission from the remote

station via the antenna simultaneously.”

However,Ishii in the same field of endeavor discloses receiving a first signal

transmission from a remotestation via the antenna and a secondsignal transmission

from the remote station via the antenna simultaneously (see Ishii, col. 3, lines 9-30;

“Signals received at different directional antennas 1-1 to 1-N are introduced into

delaycircuits 2-2 to 2-M. A directivity in a direction, for example, at every equal

angle (360/N degrees) is assigned to each of antennas 1-1 to 1-N, respectively.

Delay circuit 2-1 has a time delay of 0 and thus is omitted in the drawings. Delay

circuits 2-2 to 2-M adaptively delay the received signals so that receivers 3-1 to 3-

M mayreceive simultaneously the desired signal components incoming at

different timings.”).

lt would have been obvious to oneof ordinary skill in the art at the time the

present invention was made to modify the invention of Chen as taught by Ishii and

receive a first signal transmission from a remote station via the antenna and a second

signal transmission from the remote station via the antenna simultaneously.

106



107

Application/Control Number: 15/495,539 Page 12
Art Unit: 2631

Rationale: Applying a known technique to a known device (method, or

product) ready for improvementto yield predictable results

To reject a claim based onthis rationale, Office personnel must resolve the

Graham factual inquiries. Then, Office personnel mustarticulate the following:

(1) a finding that the prior art contained a “base” device (method, or product)

upon which the claimed invention can be seen as an “improvement;”

(2) a finding that the prior art contained a knowntechniquethat is applicable to

the base device (method, or product);

(3)|afinding that one of ordinary skill in the art would have recognizedthat

applying the Known technique would have yielded predictable results and resulted in an

improved system; and

(4) whatever additional findings based on the Graham factual inquiries may be

necessary,in view of the facts of the case under consideration, to explain a conclusion

of obviousness. (MPEP § 2143).

In this case:

Chen contains a “base" device of a receiverfor use in a wireless communications

system which the claimed invention can be seen as an “improvement”in that receiving a

first signal transmission from a remotestation via the antenna and a secondsignal

transmission from the remote station via the antenna simultaneously.
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Ishii contains known techniqueofa first signal transmission from a remote station

via the antenna and a secondsignal transmission from the remotestation via

the antenna simultaneously that is applicable to the “base” device.

Ishii’'s knowntechniqueafirst signal transmission from a remotestation via the

antenna and a secondsignal transmission from the remote station via the antenna

simultaneously would have been recognized by oneof ordinary skill in the art as

applicable to the “base” process of Chen and the results would have beenpredictable

and resulted in a receiver for use in a wireless communications system receivingafirst

signal transmission from a remote station via the antenna and a secondsignal

transmission from the remote station via the antenna simultaneously which results in an

improved process.

Therefore, the claimed subject matter would have been obvious to a person

having ordinary skill in the art at the time the invention was made.

Regarding claim 10,

The combination of Chen and Ishii discloses the method asrecited in Claim 9,

further comprising: transmitting the third signal to the remote station via the antenna

(see Chen FIG. 4, paragraph [0035]; “This conceptis illustrated in FIG. 4 where an

exemplary CDMAcellular system is shown during soft handoff. In the exemplary

CDMAcellular system, a base station 402 includes a directional_antenna such as

an antenna array 404 madeupof spatially separated individual radiating

elements.”).
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Regarding claim 12,

The combination of Chen and Ishii discloses the method asrecited in Claim 9,

wherein thefirst signal transmission and the second signal transmission are directional

transmissions (see Chen FIG. 4, paragraph [0035]; “This conceptis illustrated in

FIG. 4 where an exemplary CDMAcellular system is shown during soft handoff.In

the exemplary CDMAcellular system, a base station 402 includesa directional

antenna such as an antennaarray 404 madeupof spatially separated individual

radiating elements.”).

Regarding claim 17,

As shownin FIGS.1-24, Crilly discloses an apparatus for use in a wireless

communications system, the apparatus comprising:

e an antenna (see Chen, FIG. 5, antenna array 506);

e a transceiver operatively coupled to the antenna (see Chen, FIG. 5, antenna

array 506); and

e® aprocessor operatively coupled to the transceiver (see Chen, FIG. 5, antenna

array 506), the processor configured to:
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o receive a first signal transmission from a remotestation via the antenna,

the first signal transmission comprisingfirst signal information (see Chen

FIG. 5, paragraph [0042]; By applying different weights to the signals

at to, and combining them,a directional search beam caneffectively

be formed in the digital domain. Specifically, a directional search

beam can be formedin one angulardirection by applying the

following algorithm);

o receive a second signal transmission via the antenna, the second signal

transmission comprising secondsignal information (see ChenFIG.5,

paragraph [0042]; By applying different weights to the signals atto,

and combining them,a directional search beam caneffectively be

formedin the digital domain. Specifically, a directional search beam

can be formedin one angulardirection by applying the following

algorithm);

o determine a set of weighting values based on thefirst signal information

and the secondsignal information, wherein the set of weighting valuesis

configured to be used by the remotestation to construct one or more

beam-formed transmission (see Chen FIG. 5, paragraph [0042]; By

applying different weights to the signals at to, and combining them,a

directional search beam caneffectively be formedin the digital

domain. Specifically, a directional search beam can be formed in one

angulardirection by applying the following algorithm);
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© cause the transceiver to generate a third signal comprising content based

on the set of weighting values (see Chen, FIG. 5, paragraph [0053]; A

transmitter 530 is coupled to the trackingfilter 526. The transmitter

530 upconverts,filters and amplifies the weighted modulated signal.

The outputof the transmitter 530 is coupled through the diplexer 516

to the tracking antennas 506a wherethesignalis transmitted into

free space with increased gain in the direction defined by the

weights applied to the signal by the tracking filter 526.).

Chen doesnot specifically disclose “receiveafirst signal transmission fram a

remote station via the antenna and a secondsignal transmission from the remote

station via the antenna simultaneously.”

However,Ishii in the samefield of endeavor discloses receiving a first signal

transmission from a remotestation via the antenna and a secondsignal transmission

from the remote station via the antenna simultaneously (see Ishii, col. 3, lines 9-30;

“Signals received at different directional antennas 1-1 to 1-N are introducedinto

delaycircuits 2-2 to 2-M. A directivity in a direction, for example, at every equal

angle (360/N degrees) is assigned to each of antennas1-1 to 1-N, respectively.

Delay circuit 2-1 has a time delay of 0 and thus is omitted in the drawings. Delay

circuits 2-2 to 2-M adaptively delay the received signals so that receivers 3-1 to 3-

M may receive simultaneously the desired signal components incoming at

different timings.”).
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lt would have been obvious to oneof ordinary skill in the art at the time the

present invention was made to modify the invention of Chen as taught by Ishii and

receive a first signal transmission from a remotestation via the antenna and a second

signal transmission from the remote station via the antenna simultaneously.

Rationale: Applying a known technique to a known device (method, or

product) ready for improvementto yield predictable results

To reject a claim based onthis rationale, Office personnel must resolve the

Graham factual inquiries. Then, Office personnel mustarticulate the following:

(1) a finding that the prior art contained a “base” device (method,or product)

upon which the claimed invention can be seen as an “improvement;”

(2) a finding that the prior art contained a knowntechniquethat is applicable to

the base device (method, or product);

(3) a finding that one of ordinary skill in the art would have recognized that

applying the known technique would haveyielded predictable results and resulted in an

improved system; and

(4) whatever additional findings based on the Graham factual inquiries may be

necessary, in view of the facts of the case underconsideration, to explain a conclusion

of obviousness. (MPEP § 2143).

In this case:
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Chen contains a “base"device of a receiverfor use in a wireless communications

system which the claimed invention can be seen as an “improvement”in that receiving a

first signal transmission from a remote station via the antenna and a secondsignal

transmission from the remote station via the antenna simultaneously.

Ishii contains known techniqueofa first signal transmission from a remote station

via the antenna and a second signal transmission from the remotestation via

the antenna simultaneously that is applicable to the “base” device.

Ishii’s known techniqueafirst signal transmission from a remote station via the

antenna and a secondsignal transmission from the remotestation via the antenna

simultaneously would have been recognized by one of ordinary skill in the art as

applicable to the “base” process of Chen and the results would have been predictable

and resulted in a receiverfor use in a wireless communications system receivingafirst

signal transmission from a remotestation via the antenna and a secondsignal

transmission from the remote station via the antenna simultaneously which results in an

improved process.

Therefore, the claimed subject matter would have been obvious to a person

having ordinary skill in the art at the time the invention was made.
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Allowable Subject Matter

8. Claims 2, 5-8, 11, 13-16, and 18-20 are objected to as being dependent upon a

rejected baseclaim, but would be allowable if rewritten in independent form includingall

of the limitations of the base claim and any intervening claims.

Conclusion

Anyinquiry concerning this communication or earlier communications from the

examiner should be directed to GINA MCKIE whose telephone numberis (571)270-

5148. The examiner can normally be reached on Mon-Fri, 8:30 AM-5:00 PM EST.

Examinerinterviews are available via telephone, in-person, and video

conferencing using a USPTO supplied web-based collaboration tool. To schedule an

interview, applicant is encouraged to use the USPTO AutomatedInterview Request

(AIR) at http:/Awww.uspto.gov/interviewpractice.

lf attempts to reach the examiner by telephone are unsuccessful, the examiner’s

supervisor, Shuwang Liu can be reached on 571-272-3036. The fax phone numberfor

the organization wherethis 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 accessto 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.

/GINA MCKIE/

Examiner, Art Unit 2631

/CHIEH M FAN/

Supervisory Patent Examiner, Art Unit 2632
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(54) Abstract Title
Base station transmission beam pattern forming;Interference reduction

(57) A basestation identifies, for a particular or desired mobile user, one or more other mobile users that
are to be treated as vulnerable users potentially adversely affected by a downlink signal transmission from
the base station to the desired user. A downlink transmission beam pattern is then formed which has a main
beam with a direction matching the direction of the desired user and one or more nulls matchingthe direction
or directions of one or more vulnerable users. Transmission data rate to the desired user and/or distance to

the desired user maybeusedascriteria in determining whetherthis transmissionis likely to render other
users vulnerableto interference. A user data register (UDR) 14 stores data including direction of arrival (DOA)
data for signals received by the basestation from the desired and vulnerable users. From data in the UDR 14,
a selection unit 16 determines one or moreof: the DOA information for the desired user, distances of users

from the basestation, users who are closeto high bit rate users, and users close to clusters of other users.
From that data,a list of vulnerable users is generated by the unit 16 which sendsthedirection information for
the desired and vulnerable users to an optimum weights unit 12 which calculates weights input to a downlink
beamformer 20 so that the required beam pattern may be formed by transmission antenna elements. Any
users for whom provision of a null would degrade the pattern for the desired user are removed from the
vulnerable list. Wherethere is a cluster of vulnerable users, a null may be formed in the mean direction of the
cluster. With N transmission antenna elements, N- 1 nulls can be formed, so that if there are more than N-1
vulnerable users, the N- 1 most vulnerable users are selected.

The receiving section of the base station may have an adaptive beamformerwith an adaptive algorithm
26 which inputs a weight vector to a vector multiplier 22. A direction of arrival (DOA) determining unit 30
estimates the DOAof a user from the weight vector. The unit 30 may estimate the DOAbyfinding the peak of
the uplink beam pattern, eg. by calculating the uplink beamformergain at different DOAs and identifying the
DOAfor whichthe gain is the highest.
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TRANSMISSION METHODS AND APPARATUS

The present invention relates to transmission

methods and apparatus. In particular, but not

exclusively, the presentinvention relates to

transmission methods and apparatus for use in a base

station of a cellular. mobile communications system.

In a cellular mobile communications system, it is

necessary for a base station to be able to detect

uplink signals transmitted by a desired mobile station

(user) to the base station and be able to transmit

downlink signals back to that desired user.

A given desired user may be at any angular

direction from thebase station and a simple approach

to transmission and. detection of signals would be to

transmit and "look for®" all signals in all directions.

However, adaptive antennae techniques and

beamforming techniques have been proposed for use in

mobile communications systems such as the Universal

Mobile Telecommunication System (UMTS). These

techniques can provide improvements in performance

and/or spectral efficiency of the system.

Most of the proposed adaptive antennae/beamforming
techniques have been applied to reception of uplink

signals at the base station. The principle underlying

one such uplink beamforming technique is to process

signals received from anadaptive antenna array at the

base station to form a spatial beam pattern such that

the angle of arrival of the uplink signal of a wanted

user falls well within a main lobe of the beam pattern

whereas interfering signals from other users are

located as much as possible in the nulls, low side

lobes or boundary regions of the main lobe.

However, as such uplink beamforming techniques

improve, transmission of downlink signals from the base
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station is becoming the system bottleneck. Downlink

beamforming is one approach being considered to

alleviate this potential bottleneck.

In Time Division Duplexing (TDD) systems, the

channel between the desired user and the base station

can be assumed to be the same for the uplink and the

downlink. Therefore, if uplink beamforming is being

performed, exactly the same beam pattern can be used
for the downlink as in the uplink.

In Frequency Division Duplexing (FDD) systems the

channel estimation performed in the uplink cannot be

directly applied to the downlink. Due to the
difference in frequency, there is no channel-impulse-

response reciprocity between the uplink and the
downlink. Beam reciprocity, however, does exist

provided that the channel is substantially static
between reception and transmission. Downlink

beamforming can then be applied by simply pointing a
beam in the user direction during transmission.

However, although such downlink beamforming

approaches are expected to result in better performance
than omnidirectional transmission, these approaches do

not take into account the possible adverse affects on

other users of the downlink signal transmission to a
particular wanted user.

According to a first aspect of the present
invention, there is provided a transmission method, for

use in a mobile communications network, including the

steps of: in a base station of the network,
identifying, for a particular user of the network, one
or more other mobile users that are to be treated as

vulnerable users potentially adversely affected by a

downlink signal transmission from the base station to

the particular mobile user; determining a downlink beam
pattern including a main beam having a direction
matching a direction of the particular mobile user and
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also including a null having a direction matching a

direction of at least one of the said vulnerable users;

and transmitting such a downlink signal to the said

particular mobile user using the determined beam

pattern. voce

Such a transmissionmethod can form a more

intelligent transmission beam pattern comprising a

pointed beam and some nulls, the nulls being selected

using user information available to the base station.

Incidentally, the term "matching", as used herein,

does not require absolute equality of direction; only

approximate equality is intended and some angular

divergence is contemplated in practical systems.
In one embodiment the direction of the said

particular mobile userand of the or each said

vulnerable user is determined by processing an uplink

signal received at thebase station from the user

concerned. Such a transmission method has the

advantage that it makes use of information readily
available in the basestation.

Preferably, the said direction of the said

particular mobile user and of the or each said

vulnerable user is derived from an uplink beam pattern

employed by the basestation to process a received
uplink signal from the user concerned. Such a
transmission method _has the advantage that it makes use

of information readily available in the base station.

In one embodiment, the uplink beam pattern is

adapted in use by the said base station; and an

estimate of the direction of each said mobile user is

derived from an adjustable weight vector corresponding

to the uplink beam pattern determined for that user.

Such a transmission method has the advantage that it

makes use of information readily available in the base

station.

Preferably, in the pattern determining step, any
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identified vulnerable user whose direction would

require the said downlink beam pattern to include such
a null within, or near to, the said main beam is

ignored. Such a transmission method has the advantage

that the quality of the transmission to the desired

user is not greatly degraded.

In one embodiment, the said downlink beam pattern

is calculated based on the respective directions of the

said particular mobile user and the or each said

vulnerable user. Such a transmission method has the

advantage that the locations of the peak and the nulls

of the beam can be optimised.

Alternatively, in another embodiment, the

determined downlink beam pattern is a best-matching

downlink beam pattern selected from amongst a plurality

of predetermined candidate downlink beam patterns. Such

a transmission method has the advantage that the

complexity of mathematical calculation required for

each downlink signal to be transmitted is reduced.

One embodiment further includes an interference

judging step of judging, for the said particular mobile

user, whether, based on one or more predetermined

criteria, the said downlink signal transmission to that

user is likely to cause significant interference to

other mobile users of the network and, if not, of

omitting the said step of identifying vulnerable users

and of determining the said downlink beam pattern for

the particular mobile user independently of the effect
of that transmission on other mobile users of the

network. Such a transmission method has the advantage

that complex calculation is avoided when it is not
needed.

In this embodiment, preferably, the said one or

more predetermined criteria used in the interference

judging step relate exclusively to the particular
mobile user. In this way, it can be determined
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desirably simply whether or not it will be worthwhile

identify vulnerable users.
The predetermined criteria used in the

interference judging step may, for example, include one

or more of the following:

a measure of the distance of the said particular

mobile user from the base station; and a bit rate of

the said downlink signal transmission to the said

particular mobile user. Such information is readily

available in the base station.

In one embodiment, in the said interference

judging step it is judged that significant interference

to other users is likely when a measure of the distance

of the said particular mobile user from the base

station exceeds a predetermined threshold value. This

basis for judging interference is desirably simple but

is effective because when the particular mobile user

under consideration is relatively far from the base

station the downlink transmission power to that user

tends to be high, giving rise to significant

interference to other users.

Alternatively, or in addition, in the interference

judging step it may be judged that significant

interference to other users is likely when a bit rate

of the said particularmobile user exceeds a

predetermined threshold value. This basis for judging

interference is again simple but highly effective.

In one embodiment, in the step of identifying

vulnerable users it is determined whether a mobile user

other than the said particular mobile user is to be

treated as a vulnerable user in dependence upon one or

more of the following criteria:

the direction of that other mobile user; a measure

of the distance of that other mobile user from the base

station; a bit rate of that other mobile user; anda

proximity of that othermobile user to further mobile

142



143

10

15

20

25

30

35

-~6-

users of the network. Such a transmission method has

the advantage of making use of information readily
available in the base station.

Preferably, candidate mobile users other than the

said particular mobile user are ranked in order of

vulnerability according to the said criteria used in

the identifying vulnerable users step and, when the

number of other users exceeds the number N,,, of

nulls/low side lobes that it is possible to form in the

said downlink beam pattern, the N,,, most vulnerable

candidate users in the said order are selected as

vulnerable users for determining the downlink beam

pattern. Such a ranking process is advantageous in
environments where there are large numbers of mobile

users, and permits identification of the most

vulnerable users in a systematic manner.

In one embodiment, in the identifying vulnerable

users step it is determined whether there are any
clusters of other users and, if so, the clusters are

ranked according to the numbers of users therein.

Again, when there are large numbers of users in various
clusters, this step enables the most vulnerable users

to be prioritised so as to achieve the best overall
result in terms of interference reduction.

In one embodiment, vulnerable users that form a

cluster are processed collectively as a vulnerable
cluster and the downlink beam pattern determined for

the said particular mobile user is such as to include
such a null having a direction matching a direction of

the said vulnerable cluster. Such a collective

processing method can enable the number of users for
whom potential interference is reduced to be maximised,
even when the total number of users exceeds the maximum

number of possible nulls that can be formed.
The direction of the said vulnerable cluster may

be determined based on an average of the respective

143



144

10

15

20

25

30

35

-7-

directions of the individual vulnerable users making up

the cluster concerned. This average is easily
calculable.

In one embodiment, the said distance measure for a

mobile user is, or is derived from, a transmission

power determined by the base station for transmitting a

downlink signal to the user concerned. Such a

transmission method hasthe advantage that it makes use

of information already available in the base station in

Many networks.

Alternatively, the said distance measure for a

mobile user may be, or may be derived from, a code time

offset of an uplink signal received by the base station

from the mobile user concerned. Such a transmission

method has the advantage that it makes use of

information already available in the base station in

some networks. 8

Alternatively, the said distance measure for a

mobile user and/or the said direction of a mobile user

may be derived from information obtained using a

satellite-based global positioning system (GPS). Such

a transmission method has the advantage that the

distance measures derived can be calculated with a

great degree of accuracy. Some networks already use

such a GPS based location system for emergency

purposes. TT

Alternatively, in another embodiment, the said

distance measure for.amobile user and/or the direction

of a mobile user is derived from information obtained

using triangulation techniques involving at least three

base stations of the said network. Such a transmission

method has the advantage that the distance measures

derived can be calculated with a great degree of

accuracy.

According to a second aspect of the present

invention there is provided transmission apparatus, for
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use in a base station of a mobile communications

network, comprising: identification means operable to
identify, for a particular mobile user of the network,
one or more other mobile users that are to be treated

as vulnerable users potentially adversely affected by a

downlink signal transmission from the base station to

the particular mobile user; determining means operable
to determine a downlink beam pattern including a main

beam having a direction matching a direction of the

particular mobile user and also including a null having
a direction matching a direction of at least one of the

said vulnerable users; and transmission means operable

to transmit such a downlink signal to the said

particular mobile user using the determined beam
pattern.

Such a transmission apparatus can form a more

intelligent transmission beam pattern comprising a peak
and some nulls, the peak and the nulls being selected

using user information available to the base station.
In one embodiment, the apparatus further includes

user data register means operable to store, for each of

a plurality of mobile users of the said network, one or
more predetermined items of information about the user
concerned for use by the identification means to

identify vulnerable users and/or by the determining
means to determine the downlink beam pattern.

Such an apparatus has the advantage that required
information about mobile users is stored in a readily

accessible means.

In this embodiment, preferably, the stored items

of information about each user include one or more of

the following types of information: the direction of
the mobile user; a measure of the distance of the

mobile user from the base station; a bit rate of the

mobile user; a position of the mobile user; and cluster
information as to proximity of the mobile user to other
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mobile users of the network. Such types of information

about users are easily obtainable in the base station.

According to a third aspect of the present

invention there is provided a base station for use in a

mobile communications network, which includes

transmission apparatus embodying the aforesaid second

aspect of the present invention.

Such a base stationcan form a more intelligent

transmission beam pattern comprising a peak and some

nulls, the peak and the nulls being selected using user

information available to the base station.
According to a fourth aspect of the present

invention there is provided an angle-of-arrival

calculation method, for use in receiving apparatus that

includes an antenna array having a plurality of antenna

elements for sampling, at different respective

locations in space,awanted signal transmitted to the

apparatus and that also includes an adaptive beamformer

operable to processasetof receive signals, derived

respectively from the antenna elements of the array, in

accordance with a beam pattern determined by an

adjustable weight vector, the weight vector being

adjusted in use of the apparatus in response to changes

in an angle-of-arrival of the wanted signal at the

antenna array, which method includes the steps of:

processing the said adjustable weight vector to

determine an angle-of-arrival of the wanted signal at

which the response of the adaptive beamformer has a

peak; and outputting a measure of angle-of-arrival of

the said wanted signal based on the determined angle of

peak beamformer response.

Such an angle-of-arrival calculation method can

estimate the angle of arrival of an uplink signal from

the uplink beam pattern without complex calculation.

Preferably, the said processing step comprises:

determining the uplink beam pattern corresponding to
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the current value of the said adjustable weight vector;

calculating the uplink beamformer gain at a plurality
of different possible angles-of-arrival according to

the said uplink beam pattern; and selecting the angle-

of-arrival for which the uplink beamformer gain is the

greatest.

Such an angle-of-arrival calculation method can

estimate the angle of arrival of an uplink signal from

the uplink beam pattern without complex calculation.

Reference will now be made, by way of example, to

the accompanying drawings, in which:

Figure 1 is a block diagram of parts of a base

Station including transmission apparatus according to a

first embodiment of the present invention;

Figure 2 is a block diagram. of parts of a base
Station including transmission apparatus according to a

second embodiment of the present invention;

Figure 3 is a flowchart illustrating an example of

a transmission method for use in the apparatus of

Figures 1 and 2;

Figure 4 is a flowchart of a process which may be

used in a part of the apparatus of Figures 1 and 2;

Figure 5 is a flowchart of a second process which

may be used in a part of the apparatus of Figures 1 and

2;

Figure 6 is a flowchart of a third process which

may be used in a part of the apparatus of Figures 1 and

2; and

Figure 7 is a flowchart of a fourth process which

may be used in a part of the apparatus of Figures 1 and
2.

A transmission method embodying the present

invention seeks to optimise the transmission pattern

for a particular mobile station by taking into account
information on the other mobile stations within the
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system. In addition to forming a narrow beam in the

direction of the desired user, nulls may also be placed

in the direction of one or more other "vulnerable"

users, i.e. users who are likely to be adversely

affected by the downlink signal transmission to that

desired user. The effect of this should be to reduce

interference levels at these mobile units and hence

improve the system's performance and capacity.

In systems having very few active users it may be

possible to take into account all other users when

setting the downlink beam pattern for a particular

user. However, in most practical systems the number of

active users will farexceed the number of users for

which nulls can be formed, so in a preferred embodiment

of the present invention, certain criteria are used to

determine which mobile units are the most vulnerable to

interference, and hence should have nulis in their

directions during downlink transmission.

Alternatively, or in addition, certain criteria

are used to determine whether the transmission to a

Given mobile unit is likely to cause interference and
hence whether users vulnerable to interference need to

be determined. OO

For example, generally speaking, when a base

station transmits a downlink signal to a mobile station

far away from the base station it transmits using a

higher power level than for a mobile station close to

the base station. Therefore a transmission from the

base station to a far-away mobile station will cause

more interference than a transmission to a nearby one.

Also, a nearby mobile station, to which the base

station is transmitting its downlink signal at a

relatively low power, will be particularly adversely

affected by a high-power transmission from the base
station to a far-away mobile station since the nearby

mobile station experiences a low signal-to-
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interference-and-noise ratio (SINR).

High-bit-rate (data rate) users are also more

likely to cause and be affected by interference than

low-bit-rate users. Therefore, in some types of

system, for example a system with small cells that

typically serve a large number of high-bit-rate users,
bit rate could be used to select vulnerable users.

As an example, some of the following types of

information about users might be used to determine

vulnerable users: knowledge of the direction of arrival

of signals from all users, knowledge of the relative
distance of the users from the base station, knowledge

of high-bit-rate users and knowledge of clusters of
users.

In a base station in which beamforming is

performed on the uplink, information about direction of
arrival (DOA) of uplink signals from all the users

within a given cell should be known to the base
station.

Knowledge of the relative distance of users from

the base station can be obtained using a number of

methods. In one method, the relative distance from the

base station of a given mobile unit can be estimated

from a downlink transmission power determined for the

mobile unit by the transmission power control (TPC)

circuitry in the base station; the lower the
transmitted power (TPC setting), the closer the mobile

unit is assumed to be to the base station. As an

alternative, code time offsets could be used to

estimate the relative distances of the users from the

base station.

Alternatively, a position location system may be

used by the mobile communications system to obtain DOA
and/or distance information for the users in the cell.

This may involve a satellite-based global positioning

system (GPS) or terrestrial triangulation techniques.
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For example, if the uplink signal from a mobile station

is received by three base stations, then its exact

location, and therefore DOA and distance from any of

the base stations, can be calculated.

Data identifying high-bit-rate users is readily

available at the base station and information about

clusters of users iseasily determined from DOA

information available at the base station.

It will be appreciated that in many systems the

number of available nulls in the transmission beam

pattern will be insufficient to permit nulls to cover

the vulnerable users individually, but in this

situation providing a null corresponding to a cluster

of users can still enable the overall system

performance and capacity to be improved.

It should be noted that embodiments of the present

invention are not restricted to the use of any one

uplink beamforming technique.

Transmissionapparatus according to a first

embodiment of the present invention is illustrated in

Figure 1, together with receiving apparatus capable of

performing multibeam uplink beamforming.

The receiving apparatus comprises a first array of

antenna elements 2,;, to 2,, connected via respective

down-converters (not shown) to a multiple vector
Multiplier unit 4. The multiple vector multiplier unit

4 comprises M sets of complex-conjugate multipliers,

where M ( = 4 in this embodiment) is the number of

different trial (uplink) beam patterns formed by the

receiving apparatus. Each of the M sets of multipliers

has N multipliers, where N ( = 4 in this embodiment) is

the number of antenna elements in the first array.

Each of the M sets of multipliers has a corresponding

uplink weight vector associated with it for defining

the trial beam pattern with which it is to process the

receive signals produced by the antenna elements 2,, to
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210- It should be noted that the values of N and M do

not have to be 4 and can be different from each other.

The multiple vector multiplier unit 4 is in turn

connected, via a set of combiners 6, to 6,, to a beam

selector 8.

The receiving apparatus also comprises receiver

circuitry 10 connected to an output of the beam
selector 8.

The transmission apparatus comprises a user data

register (UDR) 14, an optimum weights computation unit

12 and a vulnerable users selection unit 16.

The UDR 14 has a plurality of data inputs

connected to other parts of the base station for

receiving therefrom data signals corresponding to each

user. These data signals include a user DOA signal

corresponding to each user produced by the beam

selector 8 in the receiving apparatus. The user DOA

signal for the desired user is also passed to the

optimum weights computation unit 12. The vulnerable
users selection unit 16 has an input connected to the

UDR 14 and an output connected to the optimum weights

computation unit 12.

The Figure 1 apparatus further comprises
transmitter circuitry 18, a downlink beamformer 20 and
a second array of antenna elements 2,, to 2,,. The
downlink beamformer 20 comprises P complex-conjugate

multipliers, where P ( = 4 in this embodiment) is the
number of antenna elements in the second array. P need

not be the same as N, although this may be preferable

for simplifying the processing required.

Each multiplier in the downlink beamformer 20 is

connected to receive one of a set of P weight values,

making up a weight vector, from the optimum weights

computation unit 12 and is also connected to receive
from the transmitter circuitry 18 data to be

transmitted to the desired user. Each multiplier in
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the downlink beamformer 20 produces a transmit signal,

which is applied to a corresponding one of the antenna

elements 2,2, to 2,, of the second array.

Operation of the Figure 1 apparatus will now be

described. In use, the multiple vector multiplier unit

4, the set of combiners 6, to 6, and the beam selector 8

together serve as a multibeam uplink beamformer. To

receive an uplink signal from a particular desired user

each set of multipliers in the multiple weight vectors

unit multiplies the receive signals, produced

respectively by the first-array antenna elements 2,, to

214,, by its associated uplink weight vector, each uplink

weight vector corresponding to a different preselected

trial uplink beam pattern. The uplink beam patterns

have, for example, different beam directions covering a

particular sector of the base station. The partial

products of the multiplication are summed in the

combiners 6, to 6, to produce output signals

corresponding respectively to the trial beam patterns.

The beam selector 8 compares the output signals and

selects the best trial beam pattern for detecting the

uplink signal from the present desired user.

Alternatively, instead of selecting just one best beam

pattern, the beam selector 8 may perform an

interpolation operation to derive a further weight
vector corresponding to a beam pattern having a

direction between two or more comparably-good different

trial beam patterns. The result of this

selection/interpolation is output to the receiver

circuitry 10, which uses the output signal for the best

trial beam pattern directly to perform signal reception

on the uplink signals from the desired user.

The beam selector 8 outputs a user DOA signal

which, in this embodiment, simply provides the identity

of the selected best uplink beam pattern or, if

interpolation is used, the identities of the best
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uplink beam patterns. This user DOA signal effectively

defines an expected DOA of uplink signals from the

particular desired user. This user DOA signal is

output to the UDR 14 and the optimum weights

computation unit 12 in the transmission apparatus.

The UDR 14 stores predetermined types of

information about each user. In this embodiment, the

UDR stores the DOA, the power level and the bit rate

each user is operating at. This information is

regularly updated for example, every frame, or every
timeslot within a frame, or dynamically at intervals

determined by operating parameters of the apparatus.

In the vulnerable users selection unit 16, the

user information stored in the UDR 14 is used to

determine one or more of the following: the DOA

information for the desired user, users nearest to the

base station, users who are close to clusters of other

users, and users who are close to high bit rate users.

Then, using suitable criteria, that information can be

used to generate a list of vulnerable users associated

with every user. Different examples of criteria which
can be used to generate a list of vulnerable users will
be described in detail hereinbelow with reference to

Figures 4, 5, 6 and 7. It should be noted that the
criteria used may be fixed or made dynamic and may vary
depending on the particular environment or scenario.
For example, in environments where there is a high
proportion of high-bit-rate users or clusters of high-
bit-rate users, the criteria for determining vulnerable

users might advantageously be to minimise the adverse
effect on/fof these high-bit-rate users / user clusters.

On the other hand, in cells whose range is extended,

the distance between the users and the base station

becomes an important criterion.

Once the list of vulnerable users associated with

the desired user has been generated in the vulnerable
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users selection unit 16, the DOA of each vulnerable

user is output to the optimum weights computation unit
12.

The optimum weights computation unit 12 calculates

a set of weights defining a downlink beam pattern which

has its main lobe in thedirection of the desired user

and preferably has nulls in the directions of some or

all of the most vulnerable users. It should be noted

that however vulnerable the corresponding user, a null

should not be placed in the main beam of the beam

pattern as this would degrade the downlink beam

pattern. It should also be noted that for an array of

N elements, it is mathematically possible to form up to

N-1 nulls. Therefore, in this embodiment in which

there are 4 elements in the second array of antenna

elements 2,, to 2.,, the maximum number of nulls which

can be formed at any time is 3.

Once the weights have been calculated by the

optimum weights computation unit 12, these are

multiplied, in the downlink beamformer 20, with the
data to be transmitted to the desired user received

from the transmitter circuitry 18. The resulting

transmit signals are then transmitted via the second

array of antenna elements 2,, to 22,4. ;

It will be appreciated that the first and second

arrays of antenna elements in the Figure 1 base station

do not have to be physically distinct. One physical

array of antenna elements could serve, in any of, for

example, a time-division-multiplexed, frequency-

division-multiplexed or code-division-multiplexed

fashion, both for uplink reception and downlink

transmission purposes.

Figure 2 is a block diagram illustrating parts of

a base station according to a second embodiment of the

present invention. In this embodiment, adaptive uplink

beamforming is implemented. Components of the Figure 2
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apparatus which correspond to components already
described with reference to Figure 1 will be denoted by
the same reference numerals.

In place of the multiple vector multiplier unit 4,

the set of combiners 6, to 6, and the beam selector 8

used in the receiving apparatus of the first

embodiment, receiving apparatus in the second

embodiment comprises a vector multiplier 22, a combiner

24, an adaptive algorithm unit 26, and an adder 28.

The vector multiplier 22 includes complex-conjugate

multipliers equal in number to the anterna elements of

the first array. The vector multiplier 22 has four

signal inputs, corresponding respectively to the
antenna elements 2;, to 2,,, and a weight vector input

coupled to an output of the adaptive algorithm unit 26.

The signal outputs of the vector multiplier 22 are

coupled to respective inputs of the combiner 24. An

output of the combiner 24 is connected both to the
receiver circuitry 10 and to a positive input of the

adder 28. The adder 28 also has a negative input at

which it receives a reference signal. An error signal

produced at an output of the adder 28 is coupled to an
input of the adaptive algorithm unit 26. The adaptive

algorithm unit 26 has further signal. inputs connected
to the first array of antenna elements 2,, to 2,,.

In the Figure 2 embodiment the transmission

apparatus further comprises a DOA determining unit 30
having a weight vector input connected to the adaptive

algorithm unit 26. A user DOA signal produced at an

output of the DOA determining unit 30 is coupled to
inputs of the UDR 14 and the optimum weights

computation unit 12.

Operation of the Figure 2 apparatus will now be
described. In use, the vector multiplier 22, the

combiner 24, the adder 28 and the adaptive algorithm

unit 26 together serve as an adaptive uplink
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beamformer. In the vector multiplier 22 receive

signals derived from the antenna elements 2,, to 2,, are
multiplied by corresponding weights of a variable

weight vector supplied by the adaptive algorithm unit

26. This variable weight vector defines an adaptable

uplink beam pattern for use by the receiving apparatus

to process the receivesignals. The partial products

output by the vector multiplier 22 are summed together

by the first combiner 24 and the result is output to

the receiver circuitry 10 which performs signal

detection. The output of the combiner 24 is compared

with a reference signal using the adder 28. This

reference signal is, for example, generated based on

the received uplink signals after detection by the

receiver circuitry 10. The resulting error signal

produced by the adder 28 is fed back to the adaptive

algorithm unit 26 as an indication of how good the

current weight vector is. The adaptive algorithm unit

26 uses an adaptive algorithm to update the variable

weight vector. oe

The updated weight vector is also output to the

DOA determining unit 30. Assuming the adaptive

algorithm used in the adaptive algorithm unit 26 is

fairly stable, an estimate of the DOA of the desired

user can be derived from the weight vector

corresponding to theuplink beam pattern determined for
that user. This couldbe done, for example, by finding

the peak of the uplink beam pattern (e.g. by

calculating the uplink beamformer gain at different

DOAs and identifying the DOA for which the gain is the

highest). This DOA estimate is stored at the UDR 14 in

an entry therein corresponding to the desired user.

Figure 3 is a flowchart showing a sequence of

steps for transmitting a downlink signal to one desired

user in an embodiment of the present invention.

In step $1, the last-known DOA of the desired user
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is determined using data stored in the UDR in response

to reception of a preceding uplink signal from that
user.

Then, in step S2, it is determined whether there

is a list of vulnerable users (vulnerable list)

associated with the transmission to the desired user.

Methods for producing such a vulnerable list will be

described in detail with reference to Figures 4, 5, 6

and 7. If there is a vulnerable list associated with

the transmission, then step S3 is executed. If, on the

other hand, the vulnerable list is empty, control moves

to step S6.

In step S3 any users in the vulnerable list for

whom the provision of a null in the downlink beam

pattern for the desired user would degrade that pattern

unduly are removed from the vulnerable list. One

possible way of doing this is to compare the DOA of
each user in the vulnerable list with the DOA of the

desired user. If the DOA of a user in the vulnerable

list falls within a certain angular range of the DOA of

the desired user, then a null corresponding to this

vulnerable user would fall within a main beam of the

downlink beam pattern. Such a null would degrade the

transmission pattern and therefore this user should be

removed from the vulnerable list. It will be noted

that the required angular separation between the main
beam and a null may be determined by the beam width of

the main beam which can be calculated as a function of

the number of elements and the inter-element spacing.

In an embodiment of the present invention this might

work out aS approximately 10°.

Then, in step $4, it is determined whether there

are any users left in the vulnerable list. If there
are, control moves to step S5. If not, control moves

to step S6é.

In step S5, weights are computed (or suitable
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weights are selected from amongst a set of

predetermined weights) which will generate a downlink
beam pattern comprising a main beam in the direction of

the desired user andnulls in the directions of up to

N-1 vulnerable users (where N is the number of antenna

elements). If there are more than N-1 vulnerable users

in the vulnerable list, the N-1 most vulnerable users

can be selected. To this end, as described later with

reference to Figures 4 to 7, the users in the
vulnerable list are preferably sorted into descending

order of vulnerability in the vulnerable users

selection unit 16, and then the first N-1 users in the

list are selected.

Any suitable technique or algorithm can be used to

compute the appropriate weights based on the DOA

information for thedesired user and the vulnerable

users. Examples of possible techniques can be found in

a paper by B. Van Veen and K. Buckley entitled

"Beamforming: a versatile approach to spatial

filtering" IEEE ASSP Magazine, April 1988, pp. 4 - 24,

and also in a book by J. Hudson entitled "Adaptive

Array Principles" published by Peter Peregrinus Ltd,

London, 1981. When calculating the weights, using one

of these techniques, appropriate constraints are used

to achieve a main beamdirected at the desired user and
some of the nulls in the directions of some of the most

vulnerable users.

Theoretically, an N element array can generate up

to N-1 nulls. However, the locations of the nulls have

to be outside the main beam to prevent its distortion.

The allowed locations of the nulls are dependent on the

array resolution, which in turn is influenced by the

number of elements in the antenna array.

As mentioned above, the required weights can

alternatively be selected from a set of available

weights. In this case it is possible to select, as

158



159

10

15

20

25

30

35

-22-

appropriate weights, weights which produce a downlink

beam pattern whose natural nulls correspond to the DOAs
of at least some of the vulnerable users without

significantly mis-pointing the main beam.

In step S86, which is executed if the vulnerable

list is empty, according to either step S2 or step S4,

weights are selected or computed that produce a beam

pattern having a main beam directed in the desired

user's determined uplink DOA, without reference to

other users.

After each of steps SS and S6é, step S7 is

executed. In step S7, data is transmitted to the

desired user using the weights selected/computed

according to step S5 or step S6é.

Figures 4, 5, 6 and 7 are flowcharts illustrating
how different criteria can be used for the selection of

vulnerable users in the selection of vulnerable users

unit 16 of Figures 1 and 2. The used criterion

(exiteria) will depend on the particular application

and environment, and may change as the environment

changes.

In the examples of Figures 4, 5, 6 and 7, the

vulnerable list for a particular desired user is

constructed in two stages prior to a downlink signal

transmission to that user.

The first stage is to determine whether the

downlink signal transmission concerned could cause

excessive interference to other users. In this stage,

based on certain criteria, a decision is made as to

whether there could be some users who are vulnerable to

the current transmission. I£ the decision in the first

stage is that the transmission is unlikely to cause
adverse effects to other users, then there is no need

for any further processing and the vulnerable list = 0
(i.e. is empty). However, if it is decided in the

first stage that there could be other vulnerable users,
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the second stage is to construct the vulnerable list,

that is a list of users that could be adversely

affected by the current transmission. Certain

criteria, which may be the same or different from those

used in the first stage, are used to determine the

degree of vulnerability of every user to the

transmission to the desired user, and the users

considered vulnerable are listed in the vulnerable list

in descending order of vulnerability.

Figure 4 is a flowchart illustrating distance-
based selection of vulnerable users. This might be

suitable for cells with large coverage areas where

different mobile users could experience significantly

agifferent path losses.

In step S11 it is determined whether the distance

from the base station to the desired user's mobile

station is greater than a predetermined distance

threshold. If it isnot, the transmission to that

mobile station is unlikely to adversely affect other

users, since the transmission will be at a relatively

low power, and controlmoves to step $13 in which the

vulnerable list is set to an empty state (vulnerable

list = 0) whereupon processing ends.

If the desired user's mobile station's distance

from the base stationisgreater than the distance

threshold, however, control moves to S12. In step S12,

the vulnerable list isformed as a list of all other

users sorted in ascending order of their distance to

the base station. .

Then, in step S14, any users in the vulnerable

list which belong to a cluster (i.e. are located near

one another) are identified. This could be done, for

example, by comparing the distances and DOAs of the

users in the vulnerable list. Entries in the list for

those users which belong to a cluster are replaced by a

"cluster" entry in the list that has its DOA set equal
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to the mean DOA of cluster concerned. This makes it

possible to form nulls in the respective DOAs of the
clusters.

Figure 5 is a flowchart illustrating bit-rate

based selection of vulnerable users. This might be

Suitable for small cells that typically serve a

significant number of high data/bit rate users.

In step S21, it is determined whether the desired

user is a high data rate user. The data rate a given

user is operating at is readily available to the base

station, so this can be done simply by setting a

threshold data rate above which a user is considered to

be a high data rate user.

If the user is not a high data rate user then

control moves to step S23. In step S23 the vulnerable

list is set to the empty state and processing ends.

If, however, the desired user is a high data rate

user according to step §21 control moves to step S22.

In step $22 it is determined whether there are any
clusters of users. Tf there are not any clusters of

users then control moves to step S23 where the

vulnerable list is also set to the empty state.

In this embodiment only if there is a high bit

rate user and there is at least one cluster of users,

who may be but are not necessarily high-bit-rate users,
then, in step S24 entries are made in the vulnerable
list for the clusters in descending order of cluster

sizes. As before, the entry for each cluster has its

DOA set to the mean DOA of the users in the cluster

concerned.

Figure 6 is a flowchart illustrating a combined
bit rate and distance based selection of vulnerable

users. This might be suitable for large cells with a

large number of high bit rate users.

In step $31 it is determined whether the desired
user is a high data rate user. If so, then control
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moves to step S34. If not, then control moves to step
S32.

In step S32 it is determined whether the distance

from the base station to the desired user mobile is

greater than a predetermined distance threshold. If it

is, then, as in S31, control moves to step S34. If it

is not, control moves to step S33.

Thus, in this embodiment it is decided to forma

vulnerable list when the desired user is a high data

rate user or further_than the distance threshold from

the base station.

In step S33, which is executed when the desired

user is neither a high data rate user nor further from

the base station than the distance threshold, the

vulnerable list is set.to the empty state and

processing ends. oe

In step $34, in one implementation, the vulnerable

list is set equal to a list of all other users sorted

in ascending order oftheir distance from the base

station. In another_implementation, the vulnerable

list is set equal to a list of all other users in

descending order oftheir data rates. If desired, the

users in the vulnerablelist may be sorted according to

a combination of thedistance and data rate criteria.

Then, in step S35, entries for users in the

vulnerable list that belong to a cluster are replaced

by a cluster entry whose DOA is set equal to the mean

DOA of the users in the cluster concerned.

Figure 7 is a flowchart illustrating a

modification of the process of selecting vulnerable

users according to Figure 6. Steps in the Figure 7

flowchart which correspond to steps already described

with reference to Figure 6 will be denoted by the same

reference numerals. oe

This modifiedselection process applies a

weighting process to the desired user's data rate and
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distance from the base station and combines the results

of the weightings to form a measure of the desired

user's potential adverse effect on other users.

Weightings a and ® for a desired user could be
calculated as follows:

Desired User's Data Rate

Data Rate Threshold

 
(1)

Desired User's Distance to Base Station

Distance Threshold

 
(2)

In step S41, the weightings a and 8% are summed and the
measure a+B is used to determine whether it is

necessary to protect any vulnerable users froma
downlink transmission to the desired user. The value

of a threshold for the measure a+8 could be set

appropriately at the base station. According to step
S41, if the measure oa+8 is greater than the threshold
value then control moves to steps $34 and $35, which

were described hereinbefore with reference to Figure 6.

If the measure a+® is less than the threshold value

then control moves to step S33, which is also described
hereinbefore with reference to Figure 6.
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CLAIMS:

1. A transmission method, for use in a base

station of a mobile communications network, including

the steps of:

identifying, for a particular mobile user of the

network, one or more other mobile users that are to be

treated as vulnerable users potentially adversely

affected by a downlink signal transmission from the

base station to the particular mobile user;

determining a downlink beam pattern including a

main beam having a direction matching a direction of
the particular mobile user and also including a null

having a direction matching a direction of at least one

of the said vulnerable users; and

transmitting such a downlink signal to the said

particular mobile user using the determined beam

pattern. oe

2. A method as claimed in claim 1, wherein the

said direction of the said particular mobile user and

of the or each said vulnerable user is determined by

processing an uplink signal received at the base
station from the user concerned.

3. A method as claimed in claim 1 or 2, wherein
the said direction of the said particular mobile user
and of the or each said vulnerable user is derived from

an uplink beam pattern employed by the base station to

process a received uplink signal from the user

concerned. .

4. A method as claimed in claim 3, wherein

the uplink beam pattern is adapted in use by the

said base station; and

an estimate of the direction of each said mobile

user is derived from an adjustable weight vector

corresponding to the uplink beam pattern determined for
that user.
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5. A method as claimed in any preceding clain,

wherein, in the pattern determining step, any
identified vulnerable user whose direction would

require the said downlink beam pattern to include such

a null within, or near to, the said main beam is

ignored.

6. A method as claimed in any preceding clain,

wherein the said downlink beam pattern is calculated

based on the respective directions of the said

particular mobile user and the or each said vulnerable
user.

7. A method as claimed in any one of claims 1 to

5, wherein the determined downlink beam pattern is a

best-matching downlink beam pattern selected from

amongst a plurality of predetermined candidate downlink

beam patterns.

8. A method as claimed in any preceding claim,

further including an interference judging step of

judging, for the said particular mobile user, whether,
based on one or more predetermined criteria, the said

downlink signal transmission to that user is likely to

cause significant interference to other mobile users of
the network and, if not, of omitting the said step of

identifying vulnerable users and of determining the
said downlink beam pattern for the particular mobile

user independently of the effect of that transmission
on other mobile users of the network.

9. A method as claimed in claim 8, wherein the

said one or more predetermined criteria used in the

interference judging step relate exclusively to the

particular mobile user.
10. 2B method as claimed in claim 8 or 9, wherein

the said predetermined criteria used in the
interference judging step include one or more of the

following:

165



166

10

15

20

25

30

35

-29-

a measure of the distance of the said particular

mobile user from the base station; and a bit rate of

the said downlink signal transmission to the said

particular mobile user..

11. A method as_ claimed in any one of claims 8 to

10, wherein in the said interference judging step it is

judged that significant interference to other users is

likely when a measureof the distance of the said

particular mobile user from the base station exceeds a

predetermined threshold value.

12. A method as claimed in any one of claims 8 to

11, wherein in the interference judging step it is

judged that significant interference to other users is

likely when a bit rateof the said particular mobile

user exceeds a predetermined threshold value.

13. A method as claimed in any preceding claim,

wherein in the step of identifying vulnerable users it

is determined whetheramobile user other than the said

particular mobile user_is to be treated as a vulnerable

user in dependence upon one or more of the following

criteria: cote

the directionofthat other mobile user, a measure

of the distance of thatother mobile user from the base

station; a bit rate of that other mobile user; a bit
rate of that other mobileuser; and a proximity of that
other mobile user to further mobile users of the

network. oe

14. A method as claimed in claim 13, wherein

candidate mobile usersother than the said particular

mobile user are ranked in order of vulnerability

according to the said criteria used in the identifying

vulnerable users step and, when the number of other

users exceeds the number N,,, of nulls/low side lobes

that it is possible to form in the said downlink beam

pattern, the N,,, most vulnerable candidate users in the

said order are selected as vulnerable users for
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determining the downlink beam pattern.

15. A method as claimed in any preceding claim,

wherein in the identifying vulnerable users step it is

determined whether there are any clusters of other

users and, if so, the clusters are ranked according to

the numbers of users therein.

16. A method as claimed in any preceding claim,

wherein vulnerable users that form a cluster are

processed collectively as a vulnerable cluster and the

downlink beam pattern determined for the said

particular mobile user is such as to include such a

null having a direction matching a direction of the

said vulnerable cluster.

17. A method as claimed in claim 16, wherein the

direction of the said vulnerable cluster is determined

based on an average of the respective directions of the

individual vulnerable users making up the cluster

concerned. .
18. A method as claimed in claim 10 or 13,

wherein the said distance measure for a mobile user is,

or is derived from, a transmission power determined by

the base station for transmitting a downlink signal to
the user concerned.

19. A method as claimed in claim 10 or 13,

wherein the said distance measure for a mobile user is,

or is derived from, a code time offset of an uplink

signal received by the base station from the mobile
user concerned.

20. A method as claimed in claim 10 or 13,

wherein the said distance measure for a mobile user

and/or the said direction of a mobile user is derived
from information obtained using a satellite-based

global positioning system.
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21. A method as claimed in claim 10 or 13,

wherein the said distance measure for a mobile user

and/or the direction of a mobile user is derived from

information obtained using triangulation techniques

involving at least three base stations of the said
network.

22. Transmission apparatus, for use in a base

station of a mobile communications network, comprising:

identification means operable to identify, for a

particular mobile user of the network, one or more

other mobile users that are to be treated as vulnerable

users potentially adversely affected by a downlink

signal transmission from_the base station to the

particular mobile user;

determining means operable to determine a downlink

beam pattern including a main beam having a direction

matching a direction of the particular mobile user and

also including a null having a direction matching a

direction of at least one of the said vulnerable users;

and

transmission means operable to transmit such a

downlink signal to the said particular mobile user

using the determined beam pattern.

23. Apparatus as claimed in claim 22, further

including:

user data register means operable to store, for

each of a plurality of mobile users of the said

network, one or more predetermined items of information

about the user concerned for use by the identification

means to identify vulnerable users and/or by the

determining means to determine the downlink beam

pattern.
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24. Apparatus as claimed in claim 23, wherein the

stored items of information about each user include one

or more of the following types of information: the

direction of the mobile user; a measure of the distance

of the mobile user from the base station; a bit rate of

the mobile user; a position of the mobile user; and

cluster information as to proximity of the mobile user

to other mobile users of the network.

25. A base station for use in a mobile

communications network, including transmission

apparatus as claimed in any one of claims 22 or 24.
26. An angle-of-arrival calculation method, for

use in receiving apparatus that includes an antenna

array having a plurality of antenna elements for

sampling, at different respective locations in space, a
wanted signal transmitted to the apparatus and that
also includes an adaptive beamformer operable to

process a set of receive signals, derived respectively
from the antenna elements of the array, in accordance

with a beam pattern determined by an adjustable weight

vector, the weight vector being adjusted in use of the
apparatus in response to changes in an angle-of-arrival
of the wanted signal at the antenna array, which method

includes the steps of:

processing the said adjustable weight vector to
determine an angle-of-arrival of the wanted signal at

which the response of the adaptive beamformer has a

peak; and

outputting a measure of angle-of-arrival of the
said wanted signal based on the determined angle of

peak beamformer response.
27. A method as claimed in claim 26, wherein the

said processing step comprises:
determining the uplink beam pattern corresponding

to the current value of the said adjustable weight

vector;
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calculating the uplink beamformer gain ata

plurality of different possible angles-of-arrival

according to the said uplink beam pattern; and

selecting the angle-of-arrival for which the

uplink beamformer gain is the greatest.

28. A transmission method substantially as

hereinbefore described with reference to the

accompanying drawings. _

29. Transmission apparatus substantially as
hereinbefore described with reference to the

accompanying drawings.

30. A base station substantially as hereinbefore

described with reference to the accompanying drawings.

31. An angle-of-arrival calculation method

substantially as hereinbefore described with reference

to the accompanying drawings.
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METHODS AND SYSTEMS FOR CONTROLLING HARD AND

SOFT HANDOFFS IN RADIO COMMUNICATION SYSTEMS

BACKGROUND

The present invention relates generally to methods and systemsfor

radiocommunications and, more particularly, to such systems in which a connection

can be handed over from one channel or base station to another.

Thecellular telephone industry has made phenomenalstrides in commercial

operations in the United States as well as the rest of the world. Growth in major

metropolitan areas has far exceeded expectations and is rapidly outstripping system

capacity. If this trend continues, the effects of this industry’s growth will soon reach

even the smallest markets. Innovative solutions are required to meet these

increasing capacity needs as well as maintain high quality service and avoid rising

prices.

In cellular systems, the capability is typically provided to transfer handling of

a connection between, for example, a mobile station and a base station to another

base station, as the mobile station changesits position and so movesoutof the

coverage area of one base station and into the coverage area of another basestation.

This type of handoff is commonly referred to as an “‘intercell” handoff as the

coverage areas associated with base stations are commonly referredto as “cells”.

Depending uponthe quality of the current channel, it may also be desirable to

transfer a connection from one channelof the base station to another channel

supported by the same base station, which handoffs are commonlyreferred to as

“intracell” handoffs.
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So-called "hard" handoffs refer to handoffs which are performed wherein

there is no overlap in time between transmissions received from an original, serving

base station and transmissions received from a new, target base station. As shown in

Figure 1(a), during hard handoff, the mobile station (MS) typically first breaksits

connection to its original base station (BTS 1) and then establishes a connection to

its new basestation (BTS2).

By wayof contrast, "soft" handoffs refer to handoffs wherein, for some

period of time, a mobile station receives substantially the same information from

two (or more) transmission sources. An exemplary soft handoff scenario is

illustrated in Figure 1(b). Therein, before starting soft handoff, the MS is connected

to BTS1. During the soft handoff, the MS establishes a connection to BTS2 without

dropping the connection to BTSt. Each base station which is concurrently

communicating with a particular mobile station may be referred to as a member of

that mobile station’s “active set". At some time after the connection to BTS2is set

up, the connection to BTS1 will be released whichis the termination of the soft

handover procedure. The overlapping transmissions from BTS1 and BTS2 permit

the mobile station to smoothly switch from receiving information from its original,

serving base station to receiving information from its new, target base station.

During soft handoff, the mobile station may also take advantage of the fact thatit is

receiving substantially the same information from two sources to improve its

received signal quality by performing diversity selection/combining of the two

received signals.

Forthe sake of simplicity, the foregoing examples of the hard and soft

handoff were described in the context of base stations employing omnidirectional

antennas, i.e., wherein each base station transmits signals which propagate in a
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substantially circular direction, i.e., 360 degrees, However, as will be appreciated by

those skilled in the art, other antenna structures and transmission techniques may

also be employed in radiocommunication systems. For example, a cell can be

subdivided into several sectors, e.g., into three sectors where each sector covers a

120 degree angle as shown in Figure 2. Alternatively, the system or cel] may

employ an array antennastructure as shownin Figure 3. Therein, an exemplary

radio communication system 200 includes a radio base station 220 employing a

fixed-beam phasedarray (not shown). The phased array generates a plurality of

fixed narrow beams (Bi, Bo, B3, Ba, etc.) which radially extend from the base station

220, at least one of which (B;) is used to communicate with MS 210. Preferably, the

beamsoverlap to create a contiguous coverage area to service a radio

communication cell. Although not shown, the phased array can actually consist of

three phased array sector antennas.

Of course, the principles described above with respect to hard and soft

handoff for omnidirectional antennas in Figures 1(a) and 1(b) can be directly

mappedto other systems which employ sectorized and/or array antennas. In these

latter types of systems, hard and soft handoffs can be performed betweensectors or

beams of the same base station as well as between sectors or beams associated with

different base stations.

Both types of handoff have their drawbacks and advantages. On the one

hand, soft handoff provides a robust mechanism for changing the connection from

one base station to another. However, since the mobile station is connected to more

than one basestation during soft handoff, soft handoff requires more system

resources than hard handoff. An advantage of hard handoff, therefore, is a reduced
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need for system resources, while its drawback is a higher probability of dropped

calls when comparedto soft handoff.

Both hard and soft handoffs are employed in some radiocommunication

systems. For example, Figure 4 illustrates a system described in WO 96/02117,

wherein soft and hard handoff are applied sequentially. Therein, a system containing

two basestation controllers, BSC1 and BSC2, is shown. BSC1 controls base

stations BTS11, BTS12 and BTS 13, while BSC2 controls base stations BTS21,

BTS22, and BTS23. The area that is served byall of the base stations coupled to a

BSCis called a "BSC area".

Assumefor this example, that the mobile station (MS) moves from cell A

served by the base station BTS 12 to cell B, which is at the border between two BSC

areas. Cell B is served by two overlapping basestations, BTS11 and BTS21.

BTS11 is coupled to controller BSC1, and BTS21 is coupledto basestation

controller BSC2. As the MS movesto cell B,it carries out a soft handoff controlled

by BSC1 to a traffic channel of base station BTS11.

Assumefurther that the MS continues onward toward cell C andfinally

enters into its area of radiocommunication coverage. The base station BTS22,

serving cell C, is underthe control of BSC2. Before it is possible to activate the

base station BTS22 for the handoff, the call control must first be switched to base

station controller BSC2 from the previous controller BSC1. This is accomplished by

performing a hard handoff. The MS performs a hard handoff from the base station

BTS11 to the base station BTS21, and consequently, the base station controller

change from BSC1 to BSC2takes place. Finally, a soft handoff from BTS21 to

BTS22is performed.
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However, these techniques described in WO 96/02117 do not provide a

mechanism for controlling the use of either soft or hard handoff. Instead, these

techniques are simply provided as an intended mechanism for reducing interference

and signaling overhead associated with the handoff of a mobile area from a service

area underthe control of a first BSC to a service area under the control of a second

BSC. Thus, these techniques do not provide any solution for controlling the usage

of soft and hard handoff between cells per se.

According to European Patent Application 817 517 A1, as illustrated in

Figure 5, a technique is presented for determining an appropriate type of handoff for

a mobile station. In the Figure, the received perch channel (i.e., a type of broadcast

control channel) level is shown for the cell where the MS residesinitially (solid line)

as well as for a neighboring cell (dashed line). The received levels are given with

respect to the position of the mobile station.

According to EP 817 517 A1, the handoff type judgement method for a

CDMA mobile communication system provides different types of handoff with

different handoff start conditions. A type of handoff for which a handoffstart

condition is weakest, among the available types of handoff at a mobile station,is

evaluated first. It is determined whether the handoffstart condition for this type of

handoffis satisfied or not at the mobile station. Each base station is notified for

carrying out that type of handoff when the handoff start condition for that handoffis

satisfied.

However, the techniques described in EP 817 517 Al require that the mobile

station be informed for cach sector regarding which type of handoff is available.

Henceout of a numberof possible cells/sectors suitable for handoff with, possibly,

different available handoff types, the mobile station first has to select all
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cells/sectors that are available for the handoff type with weakest start condition. Ina

second step, a judgement amongall of these cells/sectors will be performed. Thus,

these techniques suffer from the drawbacks of having a two step procedure that

requires intense signalling between the network (i.e., the base station) and the

mobile station and that it is also quite complex to implement.

Accordingly, there is a need to develop enhanced techniques to determine

when a handoff is appropriate, and which type of handoff is appropriate, to

efficiently utilize system resources under different operating conditions.

SUMMARY

These, and other, problems, drawbacks, and limitations of conventional

handoff techniques, are overcome according to the present invention in which

a mechanism is provided for controlling the usage of soft and hard handoffs.

According to exemplary embodiments of the present invention, methods and

systems determine which handoff type is preferred at a specific location under

current radio conditions. Another object of the present invention is to control hard

and soft handoff while at the same time minimizing the overheadsignalling

between the network and the mobile station. Yet another object is to provide control

methods and systems which are applicable to radiocommunication systems that use

more than one frequency band to support communicationsin a cell/sector at the

same time.

These, and other objects of the present invention are attained by a method for

controlling handoff of a mobile station to a target transmission source in a

radiocommunication system which comprises the steps of:

grouping a numberof transmission sources into a group;
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assigning, to an active set associated with said mobilestation, at least one

transmission source from said group;

selecting a first type of handoff to occurto at least one target transmission source if

said at least one target transmission source is within said group; and

selecting a second type of handoff to occurto said at least one target transmission
source if said first type of handoffis not selected.

In the method, a grouping of transmission sources(e.g., cells, sectors, base

stations, beams or combinations thereof) is performed into groups which are denoted

as softzones. Each softzone has its own softzone identity. Softzone identities can be

reused for sectors which are not too close to each other. All membersin the active

set have the same softzone identity. However, each transmission source may belong

to multiple softzones, i.e. it is possible that a transmission source is assigned to

different groups.

Softzone handoff mechanismsaccordingto the present invention provide a

numberof benefits. For example, the overhead signalling between the mobile

station and the network associated with controlling handoff type selection will be

reduced as compared, for example, to the techniques described in EP 817 517 Al.

This is due to the fact that cells/sectors are grouped into different softzones instead

of treating each cell/sector separately for the purpose of determining which type of

handoff, if any, is appropriate. Moreover, these techniques provide a one-step

procedure which permits greatflexibility in the numberof different handoff types

that can be used.

Cell planners can use the softzone concepts described herein as a tool to take

into account that between certain cells hard handoff might be more reasonable while
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betweenother cells a soft handover might be most suitable. Moreover, the grouping

of transmission sourcesinto particular softzones need notbestatic, e.g., a network

operator may adjust softzone assignments based on changesto system structure (e.g.,

cell addition or cell splitting), changing load conditions, etc. Softzones can also be

automatically regrouped by way of a dynamicregrouping algorithm,e.g., based on

current network resources, air interface resources and loading patterns.

In a preferable embodimentof the methodsaid first type of handoff is a soft handoff.

In a soft handoff, at least one transmission source of the active set and at least one

target transmission source in the handoff transmit substantially the same information

to a mobile station at substantially the same time. The second type of handoffis

preferably a hard handoff wherein a mobile station ceases receiving transmissions

from one transmission source prior to receiving transmissions from a target

transmission source. In an exemplary embodiment, soft handoffs may only be

performed with transmission sources having the samesoftzone id as current

membersof the active set. Likewise, hard handoffs may only be performed to

transmission sources having a different softzone id than current members of the

active set.

Examplesof suitable transmission sources includea cell, a base station, a frequency

band, a beam associated with an antenna array and a sector. Preferably, the

membership of transmission sources to a group can be readjusted.

A basestation operating in a radiocommunication system can support

communication on two or moredifferent frequency bands. In this case, a suitable
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choice of the groups is that transmission sourcesin a first frequency band supported

by said base station are assigned to one group.

The step of selecting a type of handoff preferably comprises the step of measuring a

quality level associated with transmission sources a group. The measured quality

levels can then be evaluated in conjunction with at least one threshold. The

membership in the active set of the mobile station can in this way be based on a

result of the evaluating step. A preferable threshold can be adjusted. It can vary, for

example, as a function of a quality level associated with a memberofsaid active set.

Preferable quantities for the measurement of the quality level are for example the

downlink signal-to-interference ratio, downlink received signal strength, downlink

pathloss or downlink pathloss plus uplink interference. Combinationsof different

quantities can be used.

Preferably, group identifiers of transmission sources are transmitted to the mobile

station.

A controller for controlling handoff of a mobile station to a target transmission

source in a radiocommunication system comprises, according to the invention,

preferably a processor selecting a soft handoff of a connection from at least one first

transmission source, havinga first group identification assigned thereto, to at least

one second transmission source, having a second groupidentification assigned

thereto, when said first and second group identifications are the same. A

transmission source can include for example one or more beamsof an antenna array
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or one or moresectors associated with one or more base stations. A hard handoff of

said connection from oneofthe first transmission sources to one of the second

transmission sources is selected whensaid first and second group identifications are

different. It is possible that a transmission source is assigned to both said first and

second groups.

In a preferable embodiment, the transmission sources comprise transceivers disposed

within a same base station but which support communications on different frequency

bands.

In a preferable embodiment, a processorin the controller can reassign a transmission

source fromafirst group identification to another group identification. The

processor can be identical to or different form the processor selecting the

transmission device.

The controller can be disposed in a switch of the communication network. Switches

are nodes in the network of the communication system for controlling connections

like for example a BSC (base station controller) or an MSC (mobile switching

center) according to GSM or UMTSspecifications or an RNC (radio network

controller). The controller can also be disposed in a mobile station.

A preferable radiocommunication system according to the invention comprisesat

least one first transmission source, having a first group identification assigned

thereto and supporting a connection with a mobile station. A second transmission

source has a second groupidentification assigned thereto. A processor associated
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with a network controller, e.g. a switch, for controlling operations of the

transmission sources and said mobile station selects a soft handoff of the connection

from one ofthe first transmission sources to one of the second transmission sources

when the group identifications are the same. Whensaid first and second group

identifications are different, a hard handoff of said connection fromafirst

transmission source to a second transmission sourceis selected.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing, and other, objects, features and advantages of the present

invention will be more readily understood upon reading the following detailed

description in conjunction with the drawings in which:

Figure 1(a) is an illustration of hard handoff;

Figure 1(b) is anillustration of soft handoff;

Figure 2 depicts a base station employing sector antennas;

Figure 3 showsa base station employing an array antenna;

Figure 4 is anillustration of a conventional technique for performing

sequential hard and soft handoffs to handoff a connection involving two base station

controllers;

Figure 5 depicts another conventional technique for controlling different

types of handoff;

Figure 6 is a block diagram showing various functional blocks of an

exemplary mobile station;
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Figure 7 is a graphillustrating various handoff algorithm conditions for

adding, deleting and replacing sectors;

Figure 8 showsthree cells grouped into two softzones used to describe

exemplary embodiments of the present invention; and

Figure 9 is a graph of measured quality versus time used to explain handoff

techniques according to exemplary embodiments of the present invention.

DETAILED DESCRIPTION

In the following description, for purposes of explanation and notlimitation,

specific details are set forth, such as particular circuits, circuit components,

techniques,etc. in order to provide a thorough understanding ofthe invention.

Howeverit will be apparent to one skilled in the art that the present invention may

be practiced in other embodiments that depart from these specific details. In other

instances, detailed descriptions of well-known methods, devices, and circuits are

omitted so as not to obscure the description of the present invention with

unnecessary details. For example, although not described in detail herein, the

present invention is applicable to radiocommunication systems which employ any

type of access methodology, e.g., Frequency Division Multiple Access (FDMA),

Time Division Multiple Access (TDMA), Code Division Multiple Access (CDMA),

or any hybrid thereof.

Moreover, this specification describes techniques that are applicable to

different types of handoffs. However, these techniques can be applied to handoffs

from or to any transmission source, e.g., a cell, a base station, a sector, a beam, a

transceiver, etc. Accordingly, although the term “cell" is used primarily herein to

illustrate how handoff mechanismsaccording to the present invention operate, it will
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be appreciated by those skilled in the art that these techniques apply equally to any

type of transmission source.

Prior to describing the details of the present invention, an example of the

construction of a mobile station which can operate to perform the signal quality

measurements described aboveisillustrated in Figure 6. This block diagram has

been simplified to illustrate only those components relevant to the measurementof

downlink signal strength, howeverthose skilled in the art will be well aware of the

other major functional blocks associated with mobile stations. In Figure 6, incoming

radio signals are received by transmitter/receiver TRX 500. The timing is

synchronized to the received symbol sequence by microprocessor controller 530.

The strength of the received signals are measured by a signal strength measuring part

520, the value of which is then passed to microprocessor controller 530. The bit

error rate (BER)of the received signal can also be determined as an indication of

received signal quality as reflected by block 540. This measurementof received

signal quality is particularly relevant in determining whenan intracell handoffis

desirable. Of course, the present invention is applicable to systems which use any

type of quality measurement parameter, e.g., signal-to-interference ratio, received

signal strength or pathloss. The mobile station will also have input/output devices,

such as a keyboard and display 535, as well as a microphoneand speaker unit (not

shown), which enables information to be exchanged between the mobile station and

the base station.

Whenthe mobile station receives a list of channel numbers, codes or other

channel identifying information in a measurement command,it will measure the

received signal quality associated with each of those channels. Once the mobile

station has made the requested measurements,at least two different evaluation
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techniques can be employed. First, if network evaluated handoff (NEHO)is

employed, then the mobile station will report the measurements to the system which

will then evaluate the various sectors using a handoffalgorithm. Alternatively, if

mobile evaluated handover (MEHO)is employed, then the mobile station itself will

evaluate the varioussectors.

An example is provided in Figure 7 to illustrate how the active set may

change overtime based on applying a handoff algorithm to these measurements.

Taking as a given that there are four sectors (A,B,C,D)of interest in the handoff

scenario of Figure 7, it is initially assumedthat only sector A belongsto the active

set. The measurementset in this example containsall sectors of the active set and

all the neighbors of the active set, in this example A, B and C. Generally speaking,

the measurementset contains all of the transmission sources for which the mobile

station makes measurements. The measurementset typically includes all members

of the active set, as well as transmission sources which are neighbors of the

transmission sources in the active set. The measurementset is also typically defined

by the network and periodically transmitted to the mobile station.

This exemplary handoff algorithm dictates that different handoff actions will

be triggered according to the conditions stated below:

1. Add a sector: A sector X is added to the currentactive set if its

quality Q, meets the following condition:

Qx > Qhest - add_th

where Qhest represents the quality of the sector with the best quality in the

Active Set and add_th is a threshold value. For example, as shownin Figure 7,

sector B is added to the active set at the time instant marked ‘Add B' since the
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difference betweenits quality level and the quality level received from sector A falls

below add_th. Note that after time “Add B’, sector D is added to the measurement

set because it is a neighbor to sector B.

2. Delete a sector: A sector X is deleted from the currentactiveset if its

quality Q, meets the following condition:

Qx < Qhest - delete_th

where delete_th represents the deletion threshold. An example of this condition

occurring may be found at time instant marked ‘Remove C’ in Figure 7, wherein

sector C is removed from the active set since the difference between its received

quality level and that of sector B exceeds delete_th.

3. Replace a sector: The maximum numberofcells allowed in the

active set is limited. Once this maximum numberis reached, the active set is said to

be full. A sector X replaces the sector with the worst quality in the active set if the

active set is full and the following condition holds:

Qx > Qworst + replace_th

where replace_th represents the threshold used for sector replacement. Provided that

the maximum numberofsectors in the active set is two in Figure 7, sector C should

replace sector A at time instant marked ‘Replace A with C' in Figure 7.

4. Perform a hard handover: A hard handover from the current active set

to anewsectoris carried outif the quality Q, of sector X fulfills the following

condition:

Qx > Qbhest + hho_th
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where hho_th represents the threshold used for hard handover, 1.e., all connections of

the current active set will be removed and a new connection to sector X will be set

up. This is, for example, the case at the time instant marked ‘hard handoverto D' in

Figure 7.

The actions described in this handoff algorithm to add, delete or replace a

sector occur as soft handoffs in this example, unless the hard handoff threshold is

exceeded in which case hard handoff takes precedence. However, according to

exemplary embodiments of the present invention, additional control mechanismsare

established to determine whether a soft or hard handoff is appropriate. More

specifically, the present invention adopts an overlay mechanism referred to herein as

a "softzone". The softzone is a group of cells, base stations or other transmission

sources(e.g., sectors, beams, etc.) which can be identified by, for example, a

softzone identification number(softzone id). Soft handoffs are then permitted only

between memberswithin the group having the samesoftzone id. The active set has

a softzone identity which is referred to herein as the “active softzone identity". The

softzone ids will be distributed from the network to the mobile station on either

commonor dedicated channels. Thus, the handoff rules described above with

respect to Figure 7 are modified according to this exemplary embodiment suchthat:

1. Whenthe quality of a measured cell (base station, transmission

source, beam, sector, etc.) exceeds the value Qhtes - add_th (the

addition threshold), and the measured cell has a softzone identity

which is identical to the active softzone identity, then the cell will be

added to the active set in a soft handoff action. If the measured cell

has a different softzone identity than the active set cells, the measured

190



191

WO 00/38455 PCT/EP99/10083

17

cell will not be added to the active set, even though the quality of the

measured cell exceeds Qpest - add_th.

2. Whenthe quality of a measured cell (base station, transmission

5 source, beam, sector, cic.) drops below the valuc of Qhes: - delete_th

(the deletion threshold), and the measured cell belongs to the current

active set, then the cell will be deleted from the current active set as

part of a soft handoff operation.

10 3. Whenthe quality of a measured cell (base station, transmission

source, beam, sector, etc.) exceeds the value of Qpes: + hho_th (the

hard handoverthreshold), and the measured cell does not have a

softzone identity which is identical to the active softzone identity,

then a hard handoff will be performed to the measuredcell. If the

15 measured cell has the same softzoneidentity as the active set cells, no

handoff action will be taken.

4. Whenthe quality of a measured cell (base station, transmission

source, beam,sector, etc.) exceeds the value of Qworse + rpl_th (the

20 replacementthreshold), and the measured cell has a softzone identity

whichis identical to the active softzone identity, then the measured

cell will replace the active set cell with the worst quality.

Of course, the softzone identities must be knownin the mobile station (in the case of

25 MEHO)orin the network (in the case of NEHO). Thus, in the formercase, the
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softzone identities will be transmitted to the mobile station beforehand. The values

of the various handoff thresholds described herein may be fixed or may be variable

with respect to, for example, the quality level of the best cell (base station,

transmission source, beam, sector, etc.) in the active set.

Anillustrative example is provided in Figures 8 and 9 to further explain

softzone handoff concepts according to exemplary embodiments of the present

invention. In Figure 8, three cells (A, B and C) are depicted that belong to two

different softzones SZ1 and SZ2 and,therefore have different softzone ids. Initially,

for this example, assume that a mobile station (not shownin Figure 8) is only

connected to cell A. When the quality of cell B satisfies the condition to add a cell,

i.e., at time instant "add B" in Figure 9, a connection to cell B is added, since cells A

and B both belong to softzone SZ1. Although the quality of cell C exceeds the

addition threshold as well, i.e., at time instant "no SHO"in Figure 9, cell C is not

added by way of soft handoff since cell C has a different softzone identity than the

current membersof the active set A and B.

After cell A has been deleted from the active set, i.e., at time instant "delete

A"in Figure 9, the quality of cell C exceeds the hard handoff threshold. Thus a hard

handoff will be performed that removes cell B from the active set and adds cell C

thereto at time instant "hard handoverto C" in Figure 9, since cell C belongs to

softzone SZ2, while cell B belongs to softzone SZ1. Of course, if cells B and C had

belonged to the same softzone, then no action would have been taken at time instant

“hard handoverto C" in Figure 9 because in this case cell c would have been added

to the active set at time instant "no sho".

Softzone handoff mechanisms according to the present invention provide a

numberof benefits. For example, the overhead signalling between the mobile
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station and the networkassociated with controlling handoff type selection will be

reduced as compared, for example, to the techniques described in EP 817 517 Al.

This is due to the fact that cells/sectors are grouped into different softzones instead

of treating each cell/sector separately for the purpose of determining whichtype of

handoff, if any, is appropriate. Moreover, these techniques provide a one-step

procedure which permits great flexibility in the number of different handoff types

that can be used.

Cell planners can use the softzone concepts described herein as a tool to take

into account that between certain cells hard handoff might be more reasonable while

between othercells a soft handover might be most suitable. In rural areas, for

example, line of sight links between mobile stations and basestations are rather

frequent. Typically, even in case of hard handoff, a reliable handoff will be

performed. On the other hand,in urbanareas, line of sight links are rather rare.

Furthermore, connection quality may be poor due to shadowing effects. For these

reasons,a Call is likely to get dropped during a hard handoff, thus creating a

preference for soft handoff under these circumstances. In such a scenario, one

softzone identity could be assigned to several adjacent urban cells while several

different softzone identities could be assignedto rural cells.

Moreover, the grouping of transmission sources into particular softzones

need notbestatic, e.g., a network operator may adjust softzone assignments based

on changesto system structure (e.g., cell addition or cell splitting), changing load

conditions, etc. Softzones can also be automatically regrouped by way of a dynamic

regrouping algorithm, e.g., based on current network resources,air interface

resources and loading patterns.
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Further, it is anticipated that system capacity will most likely be increased by

implementation of the present invention, since the present invention offers the

possibility to control soft and hard handoff wherebyefficient use of system resources

is promoted.

The above-described exemplary embodiments are intendedto beillustrative

in all respects, rather than restrictive, of the present invention. For example,

although the preceding exemplary embodiments do not reference multiple frequency

bands, it will be apparentto those skilled in the art that the present invention is

applicable to systems employing multiple frequency bands for communication and,

therefore, to either intrafrequency or interfrequency band handoff. Moreover, the

sameor different softzone ids may be provided for different frequency bands used by

the same basestation to provide communication services. Of course, for mobile

stations having only a single receiver, i.e., which can only tune to a single frequency

bandat a given time, it would then be preferable to provide different softzone ids to

different frequency bands employedbya particularbasestation, i.e., to force hard

handoffs rather than soft handoffs therebetween.

Thusthe present invention is capable of many variationsin detailed

implementation that can be derived from the description contained herein by a

personskilled in the art. All such variations and modifications are considered to be

within the scope andspirit of the present invention as defined by the following

claims.
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CLAIMS

A methodfor controlling handoff of a mobile station to a target transmission

source in a radiocommunication system comprising the steps of:

grouping a numberof transmission sources into a group;

assigning, to an active set associated with said mobile station, at least one

transmission source from said group;

selecting a first type of handoff to occurto at least one target transmission source

if said at least one target transmission source is within said group; and

selecting a second type of handoff to occurto said at least one target

transmission sourceif said first type of handoff is not selected.

Methodaccording to claim 1, wherein said first type of handoff is soft handoff

wherein said at least one transmission source of said active set and said at least

one target transmission source transmit substantially the same information to

said mobile station at substantially the same time.

Methodaccording to claim 1 or 2, wherein said second type of handoff is hard

handoff wherein said mobile station ceases receiving transmissions from said at

least onc transmission source prior to receiving transmissions from said at least

one target transmission source.

Method according to any preceding claim, wherein said transmission sources

include at least one of: a cell, a base station, a frequency band, a beam associated

with an antennaarray and a sector.
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Method according to any preceding claim, further comprising the step of

adjusting membership of transmission sources of said group.

Method according to any preceding claim, wherein a base station operating in

said radiocommunication system supports communication on at least two

different frequency bands and wherein said step of grouping further comprises:

grouping a first frequency band associated with said base station in said group.

Method according to any preceding claim, wherein said step of selecting a first

type of handoff further comprisesthe steps of:

measuring a quality level associated with transmission sourcesin said group;

evaluating said measured quality levels in conjunction with at least one

threshold; and

adjusting membership in said active set based on a result of said evaluating step.

Methodaccording to claim 7, wherein said at least one threshold is variable.

Methodaccording to claim 7 or 8, wherein said quality level is one of downlink

signal-to-interference ratio, downlink received signal strength, downlink pathloss

and downlink pathloss plus uplink interference.

Method according to claim 8 or 9, wherein said at least one threshold varies as a

function of a quality level associated with a memberofsaid activeset.

196



197

WO 00/38455 PCT/EP99/10083

10

15

20

1.

12.

13.

14.

15.

23

Method according to any preceding claim further comprising the step of

distributing group identifiers of transmission sources to said mobile station.

Methodaccording to any preceding claim, wherein at least one transmission

source is assigned to different groups.

A controller for controlling handoff of a mobile station to a target transmission

source in a radiocommunication system with a processor for:

- selecting a soft handoff of a connection from at least one first transmission

source, having a first group identification assigned thereto, to at least one second

transmission source, having a second group identification assigned thereto, when

said first and second group identifications are the same; and

- selecting a hard handoff of said connection from said at least one first

transmission sourceto said at least one second transmission source when said

first and second group identifications are different.

Controller according to claim 13, wherein said at least one first and said at least

one second transmission sources are transceivers disposed within a same base

station but which support communications on different frequency bands.

Controller according to any of the claims 13 or 14, wherein a processor can

reassign said at least one first transmission source from said first group

identification to another group identification.
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Controller according to any of the claims 13 to 15, wherein the controlleris

disposed in a mobile station.

Controller according to any of the claims 13 to 15, wherein said controlleris

disposed in a switch.

A radiocommunication system comprising:

at least one first transmission source, having a first group identification assigned

thereto and supporting a connection with a mobile station;

at least one second transmission source, having a second group identification

assignedthereto;

a network controller for controlling operations of said at least one first and said

at least one second transmission sources; and

a processor, associated with one of said network controller and said mobile

station for:

- selecting a soft handoff of said connection from said at least one first

transmission sourceto said at least one second transmission source when said

first and-second group identifications are the same; and

- selecting a hard handoff of said connection from said at least onefirst

transmission sourceto said at least one second transmission source whensaid

first and second group identifications are different.
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A data communication system

Field of the Invention |

The present invention relates to a data communications system,
and in particular, but not exclusively, to a system comprising

at least two nodes that are capable of communicating with each

other over an air interface. The nodes may be data

communication network elements such as routers or access

points.

Background of the Invention

In a data communication system data may be transported between

an originating i.e. transmitting node and a destination i.e.

receiving node. A data transmission between the transmitting

and.receiving nodes may need to be transported via one or

several intermediate nodes on the route between the

transmitting and receiving nodes. In order to enable a
transportation of the data to a correct destination address, .a
functionality referred to as routing is required. A node

providing the routing function is referred to as a router. In
the routing operation the data is typically routed i.e.

directed either directly to the destination node or to another

router node on the route towards the destination node.

Data communication systems enabling data transmission over an

air i.e. wireless interface are known. An exemplifying

wireless system is the so called wireless local area network

(WLAN). The user terminals of a WLAN system are connected to

access points of the WLAN via air interfaces. By means of this

the WLAN provides mobility for the users thereof. However, the
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price to capacity ratio of the present WLAN applications is

not considered to be especially good.

In a wireless data communication system data can be

transmitted over a wireless interface between two or more’

stations. The stations may be fixed or mobile stations. An

example of the fixed station is a wireless router radio node.

An example of the mobile station is a 3G mobile user equipment

such as a third generation (3G) mobile telecommunications

system mobile terminal. UMTS (Universal Mobile

Telecommunication Service) is an example of the 3G standards.

The fixedly assembled components of a data network may also be
in wireless communication with each other. For example, a

router node may comprise a wireless’ IP (internet protocol)

router, such as a wireless routing radio (WRR). A wireless
router node may be based on use of time-division duplexing
(TDD) together with time-division multiple access (TDMA)-.

In order to avoid a situation in which a wireless transmission

causes interference to another transmission in the system and

“to ensure that the transmission can be received by the

receiving station the transmissions need to be scheduled. The

the order in which the neighbouring nodes may

communicate on the radio channels can be based e.g. on the so

called Neighbourhood Established Transmission Scheduling
(NETS) scheme. The term ‘neighbouring nodes’ typically refers

to those nodes in the neighbourhood of a node with whichsaid

one node can directly communicate with and with which said
node has established neighbour relations. A node may choose

that not all nodes that the node, at least in principle, could

directly communicate with are its neighbours.
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In the NETS scheme the nodes schedule their active radio links 

in the data channel such that various transmissions do not
collide with each other and also such that the receiving

station knows that it should receive data at a given moment of

time in the future. For example, if a first node has reserved |
a time to transmit to a second node, the second node should

Furthermore, all nodes that

are located in the neighbourhoods of the first and second
nodes should remain silent during the transmission in order to

avoid interference.

In the conventional wireless data communication arrangements
data is transmitted on a data channel by means of
omnidirectional antenna arrangements. The omnidirectional

transmission may cause substantial interference inall

directions around the transmitting station. Thus it is

especially important that all neighbouring stations remain

silent during the transmission between the two stations.

Antenna arrays enabling directional transmission between two

stations has been suggested in order to reduce the
interference caused by omnidirectional antennae. Consequently
a first node with a directional antenna should be allowed to

transmit to a second node as long as the directional beam does_

not interfere with other active transmission links between

other nodes. Directional beams can be used both for the

reception and for the transmission.

A directional beam may be provided, for example, by means of
so called switched beams or digital beam forming. The term

‘smart antenna’ is commonly use to refer to an antenna

arrangement providing digital beam forming. However, the

209



210

10

15

20

25

30

WO 02/063836 . PCT/1B02/01219

inventor has found that the original NETS scheme does not

optimally benefit from the use of directional beams.

The inventor has also found that it might be possible to

‘increase the capacity of the.wireless data communication

system if the nodes could share at least a portion of the

radio resources during the transmission and/or reception of

data. That is, it could be advantageous if a node of the data

communication system could communicate with at least two other

nodes at the same time. It could be even more advantageous if

the resources could be shared in both transmission and

reception of data between the nodes.

Summary of the Invention

Embodiments of the present invention aim to address the

‘problem related to the limited capacity of the prior art
wireless data communication systems.

According to one aspect of the present invention, there is
provided a method in a data communication system, said system

comprising a piurality of nodes provided with means for
wireless data communication, the method comprising: generating
control information that associates with at least one node of

the plurality of nodes, said control information including at

least a capacity parameter associated with the capacity of
said at least one node; scheduling data communications that

associate with said at least one node at a given moment of

time, said scheduling being based on said control information;

forming a directed wireless data communication link between a

node and another node; and ‘communicating data between the
nodes based on said scheduling.
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According to another aspect of the present invention there is

provided a data communication system comprising: a plurality

of nodes, each of the nodes being provided with antenna means

that are adapted to provide directed wireless data

communication links with the others of the nodes; and means

for communicating control information between the nodes, the

control information including capacity information associated

with at least one of the nodes, wherein the arrangement is 

such that data communications between the nodes over said

directed communication links are scheduled based on said

control information.

The embodiments may increase the capacity of a wireless data

communication system. The capacity may be especially increased

in embodiments where space division multiple access (SDMA) is

used for the wireless data communication.

Brief Description of Drawings

For better understanding of the present invention, reference

 will now be made by way of example to the accompanying

drawings in which:

Figure 1 shows a wireless data router system;

Figure 2 illustrates data communication between
neighbouring nodes of a wireless data communication system;

Figure 3 shows a smart antenna arrangement ;

Figure 4 ig an example of the reservation of time slots

for data communication in a frame; and

 Figure 5 is a flowchart illustrating the operation of one

embodiment of the present invention.

Description of Preferred Embodiments of the Tnvention
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Reference is made to Figure 1 which shows a wireless data

communication’ system comprising three wireléss router nodes 1
to 3. The exemplifying router nodes are positioned on top of 

tall buildings 11. to 13 respectively. However, it shall be

appreciated that’ manner how the router nodes are installed
relative to the buildings is not an essential feature of the

invention. A router node may be installed,. for example, to the

wall of a building, on the ground or on a specific

construction designed solely for the purpose of supporting one
or several router nodes. Each router node may comprise a

wireless IP (internet protocol) router.

Each of the router nodes 1 to 3 is provided with transceiver
means to enable wireless transmission and reception

therebetween. The data transmissions at a given moment between
the nodes 1 to 3 are indicated by the arrows between the
nodes.

Although not shown for clarity reasons, a user terminal, such
as a PC terminal or a mobile data processing device, may also

have a wireless connection with a node providing an access
point of the data network. The access point may be provided in

one or all of the nodes 1 to 3 of Figure 1, or may be provided 

in a separate access node, such as a base transceiver station.

A user terminal may also have a fixed connection to the

routers. Furthermore, a user terminal may also provide a

router.

Figure 2 is a schematic top view of a system that employs a

plurality of wireless router nodes. The schematised wireless

router node arrangement is shown to comprise seven nodes 1 to

7. -The two circles drawn with dashed lines and designated by

reference characters CCHB illustrate the substantially
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omnidirectional control channel radiation patterns about nodes

3 and 4. It shall be appreciated that although all nodes: may

have substantially omnidirectional control channel radiation

pattern or their own, only two control channel radiation

patterns CCHB are shown for clarity reasons.

In accordance with the principles of the invention techniques

the nodes are arranged to provide directional data 
communication between each other by means of directed data

Channel beams DCHB. The arrows between the nodes indicate the

direction of data transmissions between the various

neighbouring nodes occurring in a given moment of time.

It shall be appreciated that the Figure 2 illustration applies
only for a given radio propagation environment. The number and

shape of the radiation beams DCHB for the data transmissions

that are directed towards the indented receiving neighbouring

nodes will depend on the application and the environment.

More particularly, in a given moment of time (such as ina

given single timeslot of a TDMA system) node 1 is shown to °

transmit to three different nodes 4, 6 and 7 at a same

timeslot. Nodes 2 and 3 each transmit to two different nodes

such that node 2 transmits to nodes 4 and 5 and node 3

transmits to nodes 4 and 6. Thus node 4 receives from three

nodes, i.e. from nodes 1, 2 and 3. Node 6 receives from two

nodes, i.e. from 1 and 3. Nodes 5 and 7 receive from one node

only, i.e. from nodes 2 and 1, respectively.

At least some of the wireless router nodes 1 to 7 is provided 

with antenna means that are adapted to direct the transmission

to.a desired location. Alternatively, or additionally, at

least some of the wireless router nodes 1 to 7 ‘is provided
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with antenna means that are adapted to direct the reception

thereof towards a desired location. The directed transmission

and/or reception may be provided by means of the directional
 transmission and reception beams. In a typical directive

reception arrangement power received from a desired location

is maximised.

A directional transmission or reception beam may be provided

by a so called smart antenna arrangement. A smart antenna

arrangement may provide a number of transmission and reception

branches. A smart antenna system may be analogue or digital.

The term smart antenna arrangement can typically, but not

always, be understood to refer to an arrangement comprising -
the physical antennas, means to weight the transmissions and
receptions corresponding to the different antennas and an

algorithm or method to obtain proper antenna weights.

Figure 3 is a schematic illustration of a smart antenna

arrangement 30 comprising four transmission branches. Bach of

the branches is preferably capable of serving the entire

coverage area of the transceiver. A transmission branch may
comprise an antenna element 15, a power amplifier 20 and

digital or analogue circuitry 21 required to generate the

signal to be transmitted by the antenna element 15. The

antenna element 15 may be’ mounted on a mounting rack or

similar mounting means 16.

An appropriate control equipment housing may also be provided.
The housing may comprise a rack 18 for receiving the amplifier

20 and other circuitry: 21 that may be required for the

generation of the directed beam. The control instrument
housing is preferably located such that it ils readily

accessible for maintenance and upgrade operations. In a

214



215

10

15

20

25

30

WO 02/063836 PCT/1B02/01219

preferred embodiment the antenna elements 15 are located as’

high as possible while the housing is located on the groundor

the roof or elsewhere such that an easy access for maintenance

and/or upgrade purposes is enabled. The element 15 and the
equipment in the housing are connected by means of appropriate

cabling 19.

The beams i.e. radiation patterns produced by the array
arrangement 30 can be shaped to have a narrower or broader
radio coverage. Digital beamforming (DBF) can be

advantageously employed in the provision of the directional

beams. Advantages may be obtained since the digital
beamforming enables tuning of the radiation pattern of an

antenna array to have a desired shape. By mean of the desired

shape the radiation pattern can be directed to point.to a

selected direction. In a typical digital beamforming
implementation each branch is connected to an antenna element

or antenna element polarisation port.

In the digital beamforming the transmission radiation pattern
(beam) may be formed at the baseband by means of appropriate

phasing and amplitude of the signal in each transmission

branch. This may be accomplished by multiplying the complex

digital samples in each. transmission branch with a complex

weight factor. The set of weight factors. (one factor for each

branch) is called ‘the weight vector. A different weight vector
may be used for transmission and reception. The digital beam

forming enables provision of different number of transmission
 and reception beams.

In an analogue fixed beam implementation the beam may be

formed e.g. by an analogue Butler matrix pérmanently connected

to an antenna array. Thus when the same array is used for the
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transmission and reception, the number of transmission and

‘veception beams will be the same. For example, antenna means

may provide eight directional reception and transmissions
beams. In other words, in an analogue implementation a

5 transmission branch produces a fixed transmission beam

covering a geographical coverage area on which the transmitter
may transmit to another station within the beam coverage area.

In both the analogue and digital implementations a greater

10 number of branches typically provides a better capacity. The

beams can be made narrower and thus the area served by a beam

can be made smaller and pointed more precisely towards the
counterpart in the communication.

15 The data transmissions between the nodes are preferably based

on time-division multiple access (TDMA) together with space
division multiple access (SDMA) technique and on time division

duplexing (TDD). The relation between the TDMA and SDMA

schemes is such that the TDMA defines the allocation of time

20 slots for transmissions whereas the SDMA defines allocation of
transmission resources within a time slot allocated based on

the TDMA. In other words, SDMA enables division of a TDMA time

slot so that data associated with more than one data

transmission may be carried by means of said single time slot.
25

Both the transmitting and receiving stations are capable of
 operating in accordance with the SDMA scheme. The use of space

division multiple access is advantageous since it can be used

to increase the capacity of the data network. In the

30 embodiments based on use of the SDMA advantages are especially

obtained if control information that associates with smart-
antennas of the nodes is shared between the router nodes of 

the system.
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The control information may comprise several different .

parameters that may be used in the scheduling. The control

information includes at least capacity parameter of a

" receiving node. If transmissions to more than one node are 

scheduled at the same time, the control information may

include appropriate information by means of which it is

possible to separate the nodes from each other.

 The scheduling is distributed in the nodes. Each of the nodes

may determine, e.g. based on a medium access control (MAC)
address, when it is time to transmit on the control channel.

That is, each node is allocated with a slot on the control
channel.

In systems such as the spacé division multiple access (SDMA)
 the separation can be based on so called spatial signatures of

the nodes, the spatial signatures describing the spatial
characteristics of the respective radio channels between the
neighbouring nedes. That is, nodes that are served in the same
timeslot can be separated from each other based on thetr

individual spatial signatures.

The spatial signatures of the neighbouring nodes are usually 

estimated based on training signals that have been sent by the

nodes. Each node estimates the spatial signatures (with
respect to itself) of all those other nodes that are located
in its neighbourhood. The estimation may be based on

continuous monitoring of the transmissions by the neighbouring
nodes. Methods to obtain the SDMA weights for smart~-antenna

combining in transmission and reception are known and will

‘thus not be explained in full detail. However, an example ofa
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possible method for the spatial signature determination will

be given later.

In the embodiments of the present invention the maximum number

of simultaneous communications (transmissions and receptions)
a router node can handle is defined by a specific parameter.

This parameter will be referred to in the following as

capacity parameter and occasionally, where more appropriate,

also as Chi, value. In Cem the character ‘N’ labels the

particular node.

The capacity parameter typically depends on the number of

antenna elements that are used for forming the beams. In theory, N antenna elements can handle N-1 independent beams.
In practice the capacity parameter may be smaller than N-1

depending e.g. on the radio propagation environment,

interference and so on.

In the embodiments the capacity parameter is communicated to
the neighbouring nodes. The communication occurs, for example,
over a control channel between the nodes. However, it is not

necessary to communicate the capacity parameter in each

control-channel message since in a typical application the
value of the capacity parameter is not likely to change very

often.

The control channel transmissions are preferably arranged to

be based on non-directional transmission and reception

patterns. For example, as shown by Figure 2, the control

‘channel radiation patterns CCHB may have substantially
omnidirectional shape about the nodes. That is, all the nodes

in the neighbourhood of a node should receive the control-

channel information regardless the directional location of the
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 nodes. The data channel is made feasible for the operation of

the smart-antenna arrangement providing directional beams, as

described above.

The following describes how the control channel information
may be employed in the SDMA data transmission scheduling. It

is assumed in the following that each node is provided with

-information regarding the values of the capacity parameters of

its neighbours. The following description assumes also that
node 1 is provided with a timeslot on the control channel of

the current frame. In this timeslot the node 1 specifies those
nodes to which it will transmit data on the current frame

and/or from which it will receive data on the current frame. 

The node 1 may also specify this for at least some of the

future frames. These reservations will be referred to in this

specification as active links.

The following will describe also several other parameters that
can be inckuded in the control information, such as parameters.
associated with transmit and receive directivities. However,

information that is not likely to change, such as thetransmit

and receive directivities, or changes only rarely, is

preferably not included in every control channel transmission.

The start times and duration of the active links may also be

specified in the reservations. Node 1 may base the decisions
regarding the timeslots for its active links on information it
has received from the other nodes about their forthcoming

transmissions during the earlier control channel timeslots to

avoid collisions. In order to enable the scheduling operations

the nodes are adapted to interpret the receivedcontrol
channel information to decide in which time slots they can
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perform their transmissions and in which time slots they

should be prepared to receive.

As explained above, e.g. in the conventional Neighbourhood

Established Transmission Scheduling (NETS) scheme the nodes

try to schedule their active links such that none of the

transmissions collides with another transmission. For example,

if the node i has reserved a time to transmit to node 2 in

accordance with the NETS, all the nodes in the neighbourhoods 
of nodes 1 and 2 shall remain silent during this transmission

in order not to cause interference.

The embodiments enable use of a scheduling scheme that is not

as rigid as e.g. the conventional NETS. In this context the

SDMA is advantageous since it enables simultaneous

transmission and/or reception to and/or from several different

nodes. The transmission and/or reception may occur

simultaneously in common timeslots.

A simultaneous communication with several nodes may be
accomplished if a node is capable of handling more than one

reception simultaneously, that is if Copna > 1 and if the node

can separate the data in the incoming signals. Generally, a
node is allowed to schedule a transmission to another node at
time T if the number of already scheduled simultaneous

transmission to said other node during that time is less than

the Ch, value of said other node.

The use of the directional beams and the SDMA based allocation

of the transmission resources enables the scheduling rule for

the neighbouring nodes to be such that it is not necessary for
the neighbouring nodes to be silent. The directional beams may
be implemented, for.example, by the above discussed switched
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beams or digital beam forming. In addition, this also makes it
possible to transmit to such nodes that are also in
communication with other nodes.

Figure 2 exemplifies a situation in which a number of

transmissions and receptions occur simultaneously in a wireless IP network that utilises an access technique such as

the SDMA. As mentioned above, the SDMA enables the neighbours

to transmit also to nodes that are in the process of

transmitting .to and/or receiving from other nodes.

The principle of the scheduling within a time siot is
illustrated by Figure 4. Nodes 1, 2 and 3 are shown to
transmit to a plurality of nodes during slot tl. Nodes 5, 6
and 7 are shown to receive from nodes 1 to 3. For example,

node 3 is enabled to transmit to nodes 4 and 6 at the same
time as node 1 transmits to nodes 4, 6 and 7. Correspondingly,
nodes 4 and 6 should receive data from more than one node

during this slot t1. For example, node 6 may receive from
nodes 1 and 3 at the Same time.

The simultaneous active links for communication can be

specified by appropriate messages transported on the control
channel of the frame, as shown by Figure 4. The indication

mechanism may be similar to the indication of the

conventional active links that are intended for different

timeslots.

A node that is about to receive from several other nodes

simultaneously can separate the received data e.g. based on

the above discussed smart antenna weights. Thus e.g. node 6

determines proper smart antenna weights for all transmitting

nodes to be able to digitally separate the different incoming
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signals. These weights can be based on the Spatial-signature

estimates. It is possible to set also other relevant
parameters for this-purpose, such as expected values for

timing and frequency errors.

Nodes that have 4 high Coua value generally use antenna

arrays provided with a substantially high number of antenna
elements. Transmissions by such nodes can be made highly

directional. The substantially narrow beams are not likely to
cause significant interference to other simultaneous active
links.

On the other hand, nodes with substantially small Coma Value
transmit with a low directivity. In particular, nodes with

Com = 1 transmit and receive omnidirectionally unless they
use a switched-beams approach or digital beam forming without

SDMA. This may be referred to as a single-user smart-antenna

operation. Such nodes may cause a substantially strong
interference to other simultaneous active links. In order to

optimise the operation of the system it may thus be
advantageous to reserve simultaneous active links in a common
neighbourhood in the same timeslot with those active links

that have a substantially high CRus in the transmitting side..

It is also possible that the system includes nedes for which

the Cia = 1. Of these nodes the ones with omnidirectional
antennas are substantially different from the interference

point of view from those nodes that use directional
transmissions but do not support SDMA.

Thus it may be advantageous in certain situations to include a
measure indicative of the transmission directivity of a node
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to the list of parameters to be communicated to the neighbours
in order to optimise further the scheduling of simultaneous

communications. Even if the SDMA is not employed, and when the

Cima = 1 for all the nodes, capacity can be enhanced through- a

information regarding the transmit and receive directivity

since this enables simultaneous active links for neighbouring

nodes and enables relaxing the requirements of the basic NETS
scheme.

Furthermore, for a single-user smart-antenna operation as well 

as for the SDMA the nodes can use zeroing (nulling) to further

reduce unwanted interference (see the mathematical discussion

regarding the interference below). Moreover, to optimise the 

 zeroing performance, the lengths of the simultaneous

transmissions in different active links ina common
neighbourhood should preferably be as close to each other as

possible. Otherwise a varying interference situation may occur

during a Single data packet - 4 situation which might not be
as easily zeroed as the case with equal transmission lengths.

A measure that is indicative of the reception directivity of
the receiving nodes can be of importance to the transmitting

node also since the transmitting node may use this information

in the scheduling operations to ensure that the transmissions

thereof do not cause interference to reception of another
active link.

The value.of the capacity parameter may change e.g. based on

changes in the capacity or in the quality of the radio

connection. That is, a node may be upgraded or downgraded to
handle more or less simultanecus communications. Furthermore,

in situations where the load of the network ig substantially

high such that it is very unlikely that the node receives from
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only one other node at a time and if there is only one choice
for the training sequence, it may be advantageous if a node is

able to temporarily set its capacity parameter value to unity

-in order to update the spatial-signature estimates for its
neighbours. The current value of the capacity parameter may,

for example, be included in the control-channel transmissions
of each node or in some other control messages that are sent

more seldomly.

According to a possibility a set of mutually orthogonal

training signals is specified in the system. The transmissions

to a node may then be scheduled such that transmissions from
different nodes use different training signals. To achieve

this information about the training signal that are used can

be included in the control channel scheduling messages. Thus,
after node 1, for example, has reserved timing for a node.1 to
node 6 transmission, any node also wishing to transmit to node

6 at the same time may select a different training signal.

Based on different mutually orthogonal training signals for

the different incoming transmissions the receiving node may

estimate the spatial signatures during the SDMA operation.

Thus it is possible to relax the requirement regarding the

speed on which the radio channel may vary in the SDMA

reception. Furthermore, to update channel estimates a node may
mot need to be set the value of the capacity parameter to

unity.

 The following will describe an exemplifying spatial signature

determination procedure that relates toa wireless data

communication system employing orthogonal frequency division

multiplexing (OFDM) ‘scheme. It shall be understood that the
following is only an example, and other methods for the
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estimation may also be used. In the OFDM the training sequence

may consist of two identical consecutive OFDM symbols
(training symbols) in which each of the subcarriers contain
data that is known.to the receiver .

The number of subcarriers depends on the particular
communication standard. The following assumes that 52

subcarriers are employed. The system may apply e.g. 64

subcarrier frequencies, but of these only 52 subcarriers are
used for data transmission. Of these 52 subcarriers, in turn,

four are used as pilot carriers in all OFDM symbols. All the
subcarriers used in the training symbols represent predefined

data. Thus, the radio frequency radio channel (H) between the

terminal and an element n of the array of antennas for a sub-

carrier k can be estimated by equation:

sede (ESoeoleae (2pol .

in which x,|k,p]- is a signal received from the antenna

element nm inthe frequency domain at a subcarrier frequency

k=O0,1,..,51 representing the p™® training symbol in a training
sequence transmitted by the terminal, dx] is the training
symbol for the subcarrier k, and the character * as

superscript indicates complex conjugation.

Because the effect of the radio channel is generally shown in

time domain as a convolution with the transmitted signal, this
 corresponds, at each subcarrier frequency in the frequency

domain, to complex multiplication of the transmitted symbol

and the radio channel. It is now possible to determine a

weight vector, whose complex conjugate is used in the
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receiving station to weight signals received from the
transmitting station by different antenna elements or signals

to be transmitted from different antenna elements, for example

depending on the frequency in the following way:

wk] = (4 [e], 2, [«], 22 [K.-... valk)” (2) [AA1] -

In (2) superscript TF indicates transposition and N is the

number of the antenna elements.

The weighting coefficient vector (2) can be referred to as a

spatial signature. The weighting coefficient vector (2) can be
used both for reception (uplink) and transmission (downlink) .

The access point i.e. the router node may apply the space
division multiple access (SDMA) for simultaneous transmission

to e.g. M different router nodes. In order to enable this the

spatial signatures of the different nodes may be generally

modified, that is, the weighting coefficients w,,[x] of the
Fficient vector may be modified to the form wlk]  weighting coe!
 

= Misso that when a signal intended for a node m= 1, 2, ..--,

weighted by the weighting coefficients wi lk], the power
received by the node m is as high as possible and at the same

time the power received by other nodes to be simultaneously

served from the transmission in question is as low as

possible. Thus, for example, it can be required that:

we" |k|-W,[k]=5,, VE, (3)

in which Onn is a Kronecker delta (1 if a=b and zero

otherwise) and Vk indicates that the condition is valid for
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each subcarrier frequency separately. This condition can be

fulfilled for example by using the pseudo inverse:

Avanal]= (lel) | (4)

in which the superseript + indicates pseudo inverse and NxM

matrices Aik] and Avimalk| axe defined:

Alk]= (Wk), 7, [e]....LE) (5)
and

Acinalk|= lk], Ws lel, Wie ED (6)

A corresponding modification can be accomplished in the

receiving node. When a received signal is combined with the

weighting coefficients wilkl, the signal: transmitted by the

transmitting node ‘a’ is amplified as much as possible,

whereas the signals transmitted simultaneously by other nodes

are attenuated as much as possible. In other words, the signal

transmitted by the transmitting node is summed from the
different antenna elements as coherently as possible when

weighted with the weighting coefficients wk], whereas the

signals of other nodes transmitting simultaneously are summed
as incoherently as possible.

In most occasions it can be assumed that the weight vector and

spatial signature mean essentially the same factor. For
 example, in Figure 1 node 1 is provided with an estimate of

the direction in which node 2 is located. The weight vector

that shall be used to forma transmission beam towards this

direction corresponds to the spatial signature of node 2 as
seen by node 1. That is, the spatial signature of node 2
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depends on the position of node 2 relative to node 1. The

weight vector for the forming of the beam from node 1 towards
node 2 depends of the spatial signature of node 2 as seen by
node 1.

The spatial signature is defined for a link between two nodes.
Tf node 1 transmits to two nodes 2 and 3 at the same time it
is possible for node 1 not to use the original weigh factors
of nodes 2 and 3. Instead, node 1 may modify the weight factor

 vectors So that the other one of the two nodes is always

zeroed. That is accomplished in order to prevent the

transmission that was intended to node 2 to enter node 3 and
vice versa’ (see the discussion above).

If the two nodes have a line of sight (LoS) between them, the 

direction and location of the receiving station can be

considered to be the same. LoS is a typical condition when the

router nodes are installed outdoors, such as in Figure 1.

However, if the nodes do not have a visible contact with each

other a substantial portion of the radio propagation may be

subject to reflections. The reflected signals may arrive from
various directions. Thus in certain circumstances it is more

correct to understand the operation of a smart antenna system

such that it directs the transmission and/or reception to a

desired location, not just to a desired direction.

The TDD based systems are advantageous in this sense since the
uplink and the downlink use the same frequency. In the TDD
based systems it is not necessary to consider the directed
transmissions in the terms of directions of the beams but,

instéad, the operation can be seen as a formation of a region,
ference around a node. For example; an of constructive intert
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interference maximum can. be located to be present around the
location of a receiving node.

The spatial-signature estimates may need an update from time
to time, depending on the application. The more slowly varying
the radio environment is, the more seldom an update of the

spatial-signature estimates is needed and vice versa.

Despite the possibility to update the value of the capacity

parameter it may, however, be advantageous in some

applications if the radio environment of a node does not vary

too rapidly. Too rapid variations in the radio channel
conditions may prevent use a spatial-signature estimate fora

substantially long enough period of time, e.g. the use of a
single spatial-signature measurement for several frames. This
may be of especial importance if the system uses only one type

of training sequence. This may be the case, for example, for
HIPERLAN/2 WLAN as well as for the WRR.

On the other hand, the requirement for slowly-varying radio

environment can be relaxed for SDMA reception if a set of

mutually orthogonal training signals is specified in the

system. More particularly, even if the radio environment
varies substantially rapidly the SDMA may still be made
feasible in the reception if the system defines a set of

mutually orthogonal training signals.

In extreme cohditions (e.g. a fast moving node) an estimate of

the channel may be needed for every packet in systems that

require use of antenna weights for the communication by means
of directional radidtion patterns. Consequently, the total

-number of possible simultaneous active links in the 

neighbourhood of an active link between a first and a second _
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node ‘would be limited by the number of different training
signals (Cm) that may be used. Thus in such. circumstances the
number of simultaneous ‘active links to the second node may
become limited by the Cy value in addition to the limitation

set by the capacity parameter. However, it shall be

appreciated that this is not the case in all applications. For
example, if fixedly mounted routers (see Figure 1) are used
the radio channel is expected to remain the same over long

enough periods of time.

Tt is also possible to estimate the interference content of
the received signal. This may be done for example by forming a

so called remainder signal

ilkpl = x, 1k, p]- H, 1k] = ale] _ (7)

for the training symbols (p = 1, 2) that have been transmitted
in an orthogonal system. To eliminate interference in the
xeception, the weighting coefficient vector can now be
modified for example by multiplying it with the inverse matrix
of the position correlation matrix of the remainder signal:

Polk|= (Clkp+x1)xwk], (8)opt

in which Olk, p} is the position correlation Matrix of the
remainder signal:

Olk, pl=rlk, p]x7lk.pl (9)

7k, pl= (olt. plnlephrlt.pl-mralk ep)” f (10)
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the. superscript H indicates complex conjugate transposition, I

is N x N unit matrix and y is a’small constant (for example,

y=0.01) which makes the inverse matrix operation well-behaved

in the equation (3). In equations (7) ~- (10) it is possible,
for example, to restrict to use only one of the received

training symbols, that is, for example to set p= 1 in

equations (7) and (8). Alternatively, the inverse matrix for
 the equation (8). can be calculated for each training symbol

(p = 1 and p = 2) and to take the average of theseseparately

inverse matrices. Good simulation results have also been

obtained by averaging the position correlation matrix over the

frequency, by calculating the inverse matrix as in

equation (7), and finally by taking the average over the

training symbols:

x

Wore ke|= rolled Olt,al)srt) xl] , (11)p= .g

in which thus P = 2 and K = 52 for the HIPERLAN/2 system. 

 It is also possible that at least one of the transmitting or
receiving stations comprises a mobile user terminal. The

mobile terminal comprises a mobile station enabled to

communicate with another station. At least a part of the nodes
of the data communication system may be arranged to provide an
access point (AP) for the mobile terminal (MT). The access
point may comprise appropriate transceiver and controller

 means such as those known from the basé stations for the

cellular telecommunication systems.

The mobile terminals and access points may be arranged such
that the mobile terminals have omnidirectional antennae (one

231



232

10

15

25

30

WO 02/063836 PCT/1B02/01219

26

for each MT) while the access points may use array antennas as

discussed above, measure the spatial signatures of different :

mobile terminals and utilise the SDMA. Those nodes of. the

system which do not provide the access point feature may be
similar to the router nodes described above. The router nodes

may be provided with antenna arrays and utilise spatial

signatures of the other nodes. The router nodes may be capable
of communication with the other router nodes and also with

those nodes that provide the access points. Each of the
routers may also transmit to and/or receive from the mobile
terminal in the manner similar to reception and/or

transmission between the router nodes of the system.

It shall be appreciated that although the above example mainly

considers use of a TDD/SDMA system, other duplexing and access
techniques may also be used where appropriate. Thus this

"invention is also applicable to any other access techniques
including code division multiple access (CDMA), fErequency

division multiple access (FDMA) as well as any hybrids

thereof. Any multiplexing scheme where time or frequency slots
or similar are allocated for the data to be transmitted may

also be used.

It shall also be appreciated that whilst embodiments of the

present invention have been described in relation to wireless
embodiments of the present invention are applicable routers,

to any other suitable type of nodes. Consequently the
embodiments can be applied to other network elements where

applicable.

The data is described as being in packet form. In alternative

etibodiments of the invention the data may be sent. in any

suitable format.
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Advantage may also be obtained in gateway nodes that connect
the wireless network to other networks. This is so because the

gateway nodes typically form bottlenecks through which the
traffic between a wireless mesh network (typically more local)

and a wired network (typically more global) is directed. The

 

gateway nodes are sometimes referred to as sinks.

Tt is also noted herein that while the above describes

exemplifying embodiments of the invention, there are several
variations and modifications which may be made to the

disclosed solution without departing from the scope of the
present invention as defined in the appended claims.
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Claims

1. A method in a data communication system, said system

comprising a plurality of nodes provided with means for
wireless data communication, the method comprising:

generating control information that associates with at

least one node of the plurality of nodes, said control

information including at least a capacity parameter associated
 with the capacity of said at least one node;

scheduling data communications that associate with said

at least one node at a given moment of time, said scheduling

being based on said control information;

forming a directed wireless data communication link

between a node and another node; and

communicating data between the nodes based on said

scheduling.

2. A method as claimed in claim 1, wherein the directed

wireless data communication link is formed by means of at

least one directional radiation pattern.

3. A method as claimed in claim 2, wherein said at least one

directional radiation pattern is formed by a smart antenna

arrangement.

4. A method as claimed in any preceding claim, wherein the
directed wireless data communication link is formed by means

of digital beamforming.

5. A method as claimed in any preceding claim, comprising a

step of estimating information associated with the location of
said at least one node.
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6. A method as claimed in any preceding claim, wherein each

of the nodes of the system is allocated with a time slot ona

control channel for the provision of control.information to

the others of the nodes.

7. A method as claimed in any preceding claim, wherein those

nodes of the system that are served in a time slot are 

separated from each other based on information that associates

with the spatial characteristics of neighbouring nodes.
4

8. A method as claimed in claim 7, wherein the information
 regarding the spatial characteristics of the neighbouring

nodes is determined based on training signals.

9. A method as claimed in any preceding claim, wherein data

transmissions between the nodes of the system are based on

space division multiple access (SDMA) technique.

10. A method as claimed in claim 9, wherein the space

division multiple access (SDMA) technique is used in

combination with time division multiple access (TDMA)

technique.

11. A method as claimed in any of claims 7 to 10, wherein
information associated with the spatial characteristics is

provided by means of spatial signatures.

12. A method as claimed in any preceding claim, wherein the

nodes of the system reserve data communication resources by

generating control information and transmitting said control
information to other nodes.
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13. A method as claimed in any preceding claim, wherein the

control information includes information that identifies those

nodes to which a node intends to transmit data.

14. A method as claimed in any preceding claim, wherein the

control information includes information that identifies those
nodes from which a node expects to receive data.

15. A method as claimed in claim 13 or 14, wherein only those

nodes are identified with which a node is going to communicate

during a data transmission entity.

16. A method as claimed in claim 15, wherein the data

transmission entity comprises a time slot, and a node reserves

communication resources by providing an indication of those
nodes the said reserving node is going to be in communication

with during said time slot.

17. A method as claimed in any preceding claim, wherein the

control information includes start times and duration of

communication links a node is indenting to have with at least

one of the nodes.

18. A method as claimed in any preceding claim, wherein the

control information includes an indication of transmission

and/or reception directivity of a node.

19. A method as claimed in any preceding claim, wherein the

control information includes information that is associated

with training signals to be used for the data communication

between the nodes.
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20. A method as claimed in any preceding claim, wherein the

capacity parameter for a node defines’ the number of

simulzaneous active data communication links the node may have

with other nodes.

21. A method as claimed in any preceding claim, comprising a

step of updating the capacity parameter.

22. A method as claimed in any preceding claim, wherein the

wireless data communication link is formed by means of a

transmission beam that is directed to a certain direction.

23. A method as claimed in any of claims 1 to 21, wherein the

wireless data communication link is formed by means of a

transmission beam that is directed to a certain Location.

24. A method as claimed in any preceding claim, wherein time

division duplexing (TDD) is used for the communication between

the nodes.

25. A method as claimed in any preceding claim, wherein the

directed data communication link is formed by arranging

multiple transmitted or received signals to constructively
interfere at a desired location.

26. A method as claimed in any preceding claim, wherein non-

directional communication links are used for communication of

said control information between the nodes.

27. A method as claimed in any preceding claim, wherein the

nodes transmit said control information on a control channel.
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28. A method as claimed in any preceding claim, wherein a

node is in simultaneous communication with a plurality of

nodes during a-common timeslot.

29. A method as claimed in any preceding claim, wherein a

node is allowed to schedule a transmission to another node at

‘time T if the number of already scheduled simultaneous

transmission to said other node during that time is less than

the value of the capacity parameter of said other node.

30. A method as claimed in any preceding claim, wherein at
least one of nodes comprises a fixedly mounted router node for

a data communication network.

 

31L. A method as claimed in any preceding claim, wherein the

data communication systems employs internet protocol for data
communication.

32. A data communication system comprising:

a plurality of nodes, each of the nodes being provided’
with antenna means that are adapted to provide directed

wireless data communication links with the others of the

nodes; and

means for communicating control information between the

nodes, the control information including capacity information
associated with at least one of the nodes, wherein the

arrangement is such that data communications between the nodes
over said directed communication links are scheduled based on

said control information.

33. A data communication system as claimed in claim 32,

wherein the directed wireless data communication link is
formed by means of at least one directional radio beam.
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34. A data communication system as claimed in claim 33,

wherein the antenna means comprise a smart antenna

arrangement.

35. A data communication system as claimed in any of claims
 32 to 34, wherein the antenna means comprise means for digital

beamforming.

36. A data communication system as claimed in any of claims

32 to 35, wherein the control information includes also

 information associated with at least one of the following
features or characteristics of the communication system:

spatial characteristics of neighbouring nodes; indication of
those nodes with which a node intends to communicate data;
start times and duration of communication links a node is

indenting to have with at least one other node; transmission

and/or reception directivity of a node; training signals to be
used for the data communication between at least two nodes.

37. A data communication system as claimed in any of claims

32 to 36, wherein data transmissions between the nodes of the

system are based on space division multiple access (SDMA)

technique.

38. A data communication system as claimed in any of claims
 32 to 37, wherein the capacity parameter for a node defines

the number of active data communication links the node may
have at a time.

39, A data communication system as claimed in any of claims

32 to 38, wherein the means for communicating control.

information comprise non-directional antenna means. 
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40. A data communication system as claimed in any of claims

32 to 39, wherein a node is enabled to be in simultaneous
 communication with a plurality of nodes during a common

timeslot.

41. A data communication system as claimed in any of claims

32 to 40, wherein at least one of nodes comprises a fixedly

mounted router node for a data communication network.
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Description

Field of the Invention

[0001] Thepresentinvention relates to wireless com-
munications systems, and more particularly, to dynam-
ically routing calls in wireless communications net-
works.

Backgroundof the Invention

[0002] A well-known feature of conventional telecom-
munications systems which provide telephone service,
e.g., public switched telephone network (PSTN), central
offices (CO), private branch exchange (PBX), and Inter-
net telephony servers, is that such systemsare discrete
islands of functionality, and each suchisland hasits own
particular syntax and semantics. The useofthe different
syntaxes, semantics, and protocols, makesit difficult to
easily interconnectthe variousislands, and ttis virtually
impossible to provide features that work together seam-
lessly across the various islands.
[0003] Further, the increasing growth of wireless com-
munications in terms of both voice and data communi-

cations only addsto the above-described network com-
plexity. For example, FIG. 1 shows a conventionalwire-
less communications system architecture 100 as is pop-
ular with current day wireless communications service
providers. More particularly, wireless communications
system architecture 100 includes wireless terminals
110-1 through 110-N, wireless base stations 120-1
through 120-N, mobile switching center (MSC) 130,
MSC 140, and public network 150 (e.g., the well-known
PSTN).
[0004] Aswillbereadily understood, a user employing
a wireless terminal, e.g., wireless terminal 110-1, initi-
ates acall, to a wireless or wireline endpoint, and is con-
nected with a base station, e.g., base station 120-2,
which, in turn, routes the call through MSC 130 and pub-
lic network 150 to the intended endpoint. As such, the
PSTN, e.g., public network 150,as it currently exists al-
lows a wireless endpoint, e.g., wireless terminal 110-1,
participating in a call with a wireline endpoint to sever
its connection with a particular base station, e.g., base
station 120-2, and be connected to ancther basestation,
e.g., base station 120-1, as the wireless endpoint
moves, i.e., roams, within the network. As the base sta-
tions are each connected to a MSC and the MSCis con-

nected to a circuit switch in the PSTN, this allows the
roaming wireless endpointto effectively roam within the
MSC's immediate network.

[0005] However, the connection between the PSTN
and the particular MSC remainsfixed for the duration of
the call such that call cannot be dynamically (as used
herein the terms "dynamic" or "dynamically" mean real-
time) routed to a different PSTN circuit switch as the
wireless endpoint is roaming in the network. Thus, this
leads to problems suchas call being "dropped". Thatis,
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as the wireless endpoint roams in the networkit is con-
nected to various basestations at various times. A cer-
tain numberof such basestations maintain a connection

with a particular MSC. During roaming, a wireless end-
point mayfind itself connected with a base station which
is not associated with the original MSC. Thus, the wire-
less endpoint is no longer associated with the original
MSCand, hence, lossesits connection to the PSTN.
[0006] Complicating matters further is that evolution
of next generation networksis centered on the conver-
gence of voice and data networks. Thatis, it appears
highly likely that next generation communications net-
workwill be an evolution of today's PSTN and Internet
Protocol (IP) networks. Today's communications service
providers are being driven by a numberof factors in the
development of such next generation networks suchas:
(1) the well-knownInternet is becoming amajor network
choicefordistribution of voice and data; (2) IP usageis
increasing at a dramatic rate thereby causing bandwidth
problems on existing PSTN networks carrying signifi-
cant data traffic; (3) convergence of PSTN and packet
networks(e.g., IP networks) is required to allow for end-
to-end delivery of communications services; (4) the cre-
ation of new services connected with the increasing use
of packet networks; and(5) increasing deregulation in
the marketplace is creating new and competitive tele-
communications environments for established, new,
and specialized service providers in both voice and data
traffic.

[0007] One major underlying feature in delivering
such next generation communications networks is net-
workinteroperability. That is, the service providers abil-
ity to offer valued added communications services
acrosscircuit and packet networksis tied directly to the
ability of providing interoperability across a numberof
heterogeneous networks that support a wide range of
signaling protocols (e.g., S87, IP, Media Gateway Con-
trol Protocol (MGCP), H.323, Session Initiation Protocol
(SIP) and the like). An emerging switching platform use-
ful in resolving such networkinteroperability issues is
so-called "software switching". Software switches (also
knownin the art as "softswitches") are a multi-protocol
software solution for signaling and transport thereby
providing interoperability across heterogeneous net-
works, e.g., circuit and packet networks. One present
commercially available softswitch is the Lucent Technol-
ogies Softswitch, available from Lucent Technologies
Inc., 600 Mountain Ave., Murray Hill, NJ 07974. In con-
junction with the LT Softswitch, PSTN and Internet Te-
lephony Service Providers can provide seamlessinter-
operability between PSTN and IP network domains.
[0008] ‘In these future communications networks, cir-
cuit switches that carry telecommunicationstraffic will
be replaced by so-called Packet Voice Gateways (PVG)
utilizing packet technology for enabling telecommunica-
tions. Essentially, a PVG is a device for converting TDM
traffic to IP packets and vice versa. Packet Voice Gate-
ways fall into two main categories: (1) Trunking Gate-
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ways (TG); and (2) Access Gateways (AG). As will be
appreciated, the main differences between TG's and
AG'sis the traffic capacity of each and their respective
signaling support. Typically, a TG does net terminate
PSTNsignaling whereas an AGtypically providesinte-
grated services digital network primary rate (ISDN PRI)
and other Channel Associated Signaling (CAS) support.
In softswitch-controlled networks, both the TG and the
AGare controlled via well-known control protocols. In
these networks, call setup will be controlled by the softs-
witch whichwill instruct PVG's in the network of incom-

ing calls, and the routing of these calls to other PVGs
and endpoints. Thus, the softswitch primarily handles
the control, i.e., signaling, of data and not voice, i.e., me-
dia, traffic which is handled by the PVG. The softswitch
instructs the PVG's on how to negotiate with each other
and in the efficient handling of the mediatraffic.
[0009] Anaspect of the invention herein is directed to
effectively making routing decisions in such networks
and, in particular, to facilitating the dynamic routing of
wireless communications in such networks.

Summaryofthe Invention

[0010] An aspect of the present invention is directed
to amethod and apparatusfor dynamic, i.e., inreal-time,
routing of wireless communications. More particularly,
in accordance with an aspect of the invention, wireless
communications are dynamically routed by marking, by
a softswitch, every endpoint participating in a call and
as the entry for a marked endpoint is updatedatrigger,
e.g.,amessage, is generated and sentto the softswitch.
The generation of such messageswill occur under a va-
riety of circumstances, e.g., as a wireless terminal
roamsto different positions in a network. Upon receiving
such a message,the softswitch re-computes an updat-
ed set of the necessary network resources for maintain-
ing the call and (i) instructs such updated networkre-
sources to negotiate media transfer, that is, a re-nego-
tiation occurs with respect to the handling of the media
traffic, i.e., voice traffic, in the that the softswitch deter-
minesthat a new set of PVG's should handle the media,
and instructs such PVG's to re-negotiate the media traf-
fic; (il) after receiving an acknowledgementfrom the up-
dated set of resources, the softswitch transmits appro-
priate call initiation messages to such resources; and
(iii) transmits call release messagesto the prior,i.e., old,
resources supporting the call.
[0011] In accordance with the preferred embodiment
of the invention, a call setup request originates from a
network, e.g., the well-known SS7 signaling network of
the PSTN, and arrives in a packet-switched networkthat
is controlled by a softswitch. In accordancewith this pre-
ferred embodiment, the softswitch selects a pair of pack-
et voice gateways (PVG1 and PVG2, respectively) to
enable media transfer through the packet-switched net-
work and instructs the originating networkto direct the
media, e.g., the call, to PYG1. Additionally, the softs-
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witch instructs PVG1 and PVG2 to negotiate media
transfer between one another, e.g., in a IP network this
negotiation will involve well-known RTP/UDP/YIP ad-
dress and port negotiation. Further, PVG2 is instructed
to terminate the call on some other network element, e.
g., a PSTN circuit switch, a MSC or an endpoint. After
the aforementioned PVG negotiation is complete, media
transferis initiated from the originating switch to PVG1,
and from PVG1 to PVG2. In accordance with this pre-
ferred embodiment, PVG2 is connected to a MSC based
on the endpoint's location as defined by a database en-
try in a well-known HomeLocation Register (HLR) and/
or Visitor Location Register (VLR) (hereafter referred to
in combination as a"HLR/VLR complex"). As will be ap-
preciated, HLR's and VLR's play an integral role with
MSC's to route a wirelesscall throughout a wireless net-
work as the endpoints roam in the network.
[0012] Asthe endpoints roam, in accordance with the
preferred embodiment, the corresponding HLR/VLR
complex entry is updated. As such updates occur, mes-
sages are sent by the HLR/VLR complex to the softs-
witch which recomputes the necessary new,i.e., updat-
ed, resources (e.g., one or more PVG's) for maintaining
the call and (i) instructs such new resourcesto negotiate
media transfer, (ii) after receiving an acknowledgement
from the new resources, transmits appropriate call initi-
ation messages to such resources; and (iii) transmits
call release messagesto theprior, i.e., old, resources
supporting the call.
[0013] Advantageously, in accordance with an aspect
of the invention, selection of the requisite resources to
participate in a particularcall is driven by the knowledge
of the communications network topology. As such, re-
sources are selected which are topologically closer to
the endpoint thereby increasing the efficiency of the net-
work resources on a network-widebasis.

Brief Description of the Drawings
 

[0014]

FIG. 1 shows a conventional wireless communica-

tions system architecture;
FIG. 2 shows an exemplary architecture for routing
wireless communications in accordance with an

embodiment of the invention; and
FIG. 3 is a flowchart of illustrative operations for
routing wireless communications in accordance
with the principles of the invention.

[0015] Throughoutthis disclosure, unless otherwise
noted, like elements, blacks, components or sectionsin
the figures are denoted by the samereference designa-
tions.

Detailed Description

[0016] An aspect of the present invention is directed
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to a method and apparatus for dynamic routing of wire-
less communications. More particularly, in accordance
with an aspect of the invention, wireless communica-
tions are dynamically routed by marking, by a softswitch,
every endpoint participating in a call and as the entry for
a marked endpoint is updated a message is generated
and sent to the softswitch. Upon receiving such a mes-
sage, the softswitch re-computes the necessary new re-
sources for maintaining the call and generates the req-
uisite instructions to such new resources to negotiate
and implement media transfer. Advantageously, in ac-
cordance with an aspectof the invention, selection of
the requisite resources to participate in a particularcall
is driven by the knowledge of the communications net-
work topology. As such, resources are selected which
are topologically closer to the endpoint thereby increas-
ing the efficiency of the network resources on a network-
widebasis.

[0017] More particularly, turning our attention to FIG.
2 and FIG. 8, FIG. 2 shows an exemplary architecture
200 for routing wireless communications in accordance
with a preferred embodimentof the invention, and FIG.
3 is a flowchart of illustrative operations 300 for routing
wireless communications in accordance with the princi-
ples of the invention. In particular, in accordance with
exemplary architecture 200 and the preferred embodi-
ment, acallis initiated by a calling party from POTStel-
ephone 205 to a called party at wireless terminal 250.
As such, a call setup requestis initiated (FIG. 3, block
310) and extended through PSTN 210 to a packet-
switched network, e.g., IP network 220. IP network 220
is controlled by softswitch 225 which, in accordance with
the preferred embodiment, is the aforementioned Lu-
cent Technologies Softswitch, available from Lucent
Technologies Inc. (hereinafter alternatively referred to
as the "LT Softswitch") A more detailed description of
the LT softswitch architecture and its operation is con-
tained in EP-A-0963096 and in EP application no. 00
306 724.6

[0018] Softswitch 225 selects the necessary network
resources (see, FIG. 3, block 320). For example, inter
alia., a pair of packet voice gateways, in particular,
PVG1 215 and PVG2 235 are selected to enable media

transfer through IP network 220. Further, softswitch 225
instructs PSTN 210 to direct the media, e.g., the voice
traffic, to PYVG1 215, and instructs the network resourc-
es, e.g., PVG1 215 and PVG2 235, respectively, (see,
FIG. 3, block 330) to negotiate media transfer between
themselves. For example, in IP networks this negotia-
tion will typically involve well-known RTP/UDP/YIP ad-
dress and port negotiation. Softswitch 225 further in-
structs PVG2 235 to extend the call to somefurthernet-
work element. In accordance with the instant embodi-

ment, PVG2 235 extends the call to MSC 240 which

thereafter, in a conventional manner, completes the
wireless call extension through base station 245 to wire-
less terminal 250. As such, the call is extended from the
originating networkto the terminating network(see, FIG.
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3, block 340).
[0019] In accordance with the embodimentof FIG. 2,
PVG2 235 is connected to MSC 240 as a function of the

location of wireless terminal 250, i.e., an endpoint, as
indicated byits conventional entry in HLR/VLR complex
230. That is, as will be appreciated, HLR/VLR complex
230 contains at least one database storing subscription
information with respect to a set of wireless terminals
for facilitating communications in a wireless communi-
cations network. For example, HLR/VLR complex 230
may contain information about terminals that are cur-
rently in a specific wireless service area, or a particular
terminal's current location and status. Therefore, the in-
formation in HLR/VLR complex 230 changesfrequently
as subscribers, i.e. endpoints, change location and
plays an integral part as roaming occursin the wireless
network.

[0020] As mentioned previously, an aspect of the in-
vention herein is directed to effectively making routing
decisions in networks and, in particular, to facilitating the
dynamic routing of wireless communications in such
networks. That is, an aspect of the present invention is
directed to a method and apparatus for dynamic, i.e., in
real-time, routing of wireless communications. More
particularly, in accordance with an aspect of the inven-
tion, wireless communications are dynamically routed
by marking, by a softswitch, every endpoint participating
in a call and as the entry for a marked endpoint is up-
dated a message is generated and sent to the softs-
witch. Upon receiving such a message, the softswitch
re-computes the necessary new resources for maintain-
ing the call and generates the requisite instructions to
such new resourcesto negotiate and implement media
transfer.

[0021] Thus, in accordance with the preferred embod-
iment, all endpoints participating in a call are marked at
the softswitch (see, FIG. 3, block 350). For example, in
the illustrative embodimentof FIG. 2, a mark is madeat
softswitch 225 with respect to POTS telephone 205 and
wireless terminal 250. Illustratively, a mark is an entry
in a database identifying and describing a particular
endpoint. As will be appreciated, the database may be
internal to the softswitch or located externally from the
softswitch. Now, suppose that the called party using
wireless terminal 250 begins to roam. As explained
above, such roaming will effect a change in the entry
stored in HLR/VLR complex 230. Thus, in accordance
with an aspectof the invention, as the entry for a marked
endpoint is updated in HLR/VLR complex 230 a mes-
sage is generated by HLR/VLR complex 230 and trans-
mitted to softswitch 225 (see, FIG. 3, block 360). Upon
receiving such a message, softswitch 225 recomputes
(see, FIG. 3, block 360) the network resources neces-
sary to maintain or re-establish the particular call. After
such recomputation of the requisite network resources
is completed, softswitch 225 instructs the updated net-
work resources to negotiate media transfer to maintain/
re-establish the call (see, FIG. 3, block 370). Illustrative-
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ly, as such instructions to the updated network resourc-
es are received, acknowledgementis received by the
softswitch from the updated network resources and the
softswitch transmits appropriate call initiation messages
(see, FIG. 3, block 370) to the updated resourceset. In
addition, softswitch 225 will generate call release mes-
sagesto the old, i.e., no longer required to maintain the
call, network resources (see, FIG. 3, block 380).
[0022] Assuch, resources are selected which are top-
ologically closer to the endpoint thereby increasing the
efficiency of the network resources on a network-wide
basis. For example, in the illustrative embodiment of
FIG. 2, as wireless terminal 250 roams in the network
(see, e.g., roaming path 275), softswitch 225, in accord-
ancewith an aspectof the invention, is enabled to select
those resources which are topologically closer to the
endpoint for continuing to maintain the call. Thus, the
call originally carried via PVG2 235, MSC 240 and base
station 245, is dynamically routed to PVG3 255, MSC
260 and basestation 265. Thus, the callis rerouted and
extended to wireless terminal 270 without the connec-

tion between the PSTN and the particular MSC remain-
ing fixed for the duration of the call such that call can be
dynamically routed to a different PSTN circuit switch as
the wireless endpoint is roaming in the network. Advan-
tageously, in accordancewith an aspectof the invention,
selection of the requisite resources to participate in a
particularcall is driven by the knowledge of the commu-
nications network topology thereby increasing overall
network efficiency and utilization.
[0023] Of course, while the illustrative embodiment
discussed herein includes a single softswitch, it will be
understood that the principles of the invention apply to
further embodiments involving multiple softswitches
thereby providing scalability. For example, in larger size
networksit will be necessary to deploy multiple softs-
witchesin orderto efficiently process the largercall vol-
ume. Such scalability is achieved by employing multiple
softswitches which communicate with each other via

softswitch-to-softswitch control protocols. Thus, the
larger amountofcall traffic in the networkis distributed
across several softswitches. In accordance with such

further embodiments of the invention, multiple softs-
witches may share the same HLR/VLR complex. Thus,
messagestriggered from the HLR/VLR complex may be
routed to a particular softswitch and thereafter routed to
other softswitches. Thus, for example, in accordance
with such further embodimentsof the invention, a wire-
less endpoint may roam in several networks (operated
by different service providers) controlled by multiple
softswitches thereby allowing the wireless endpoint to
maintain a call across different service provider net-
works.

[0024] As detailed above, the present invention can
be embodied in the form of methods and apparatuses
for practicing those methods. The invention can also be
embodiedin the form of program code embodiedin tan-
gible media, such as floppy diskettes, CD-ROMs, hard
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drives, or any other machine-readable storage medium,
wherein, when the program codeis loadedinto and ex-
ecuted by a machine, such as a computer, the machine
becomes an apparatusfor practicing the invention. The
invention can also be embodiedin the form of program
code, for example, in a storage medium, loaded into
and/or executedby a machine, ortransmitted oversome
transmission medium, such as overelectrical wiring or
cabling, through fiber optics, or via electromagnetic ra-
diation, wherein, when the program codeis loadedinto
and executed by a machine, such as a computer, the
machine becomesan apparatusfor practicing the inven-
tion. When implemented on a general-purpose proces-
sor, the program code segments combine with the proc-
essor to provide a unique device that operates analo-
gously to specific logic circuits.
[0025] Furthermore, all examples and conditional lan-
guagerecited herein are principally intended expressly
to be only for pedagogical purposesto aid the readerin
understanding the principles of the invention and the
concepts contributed by the Applicants to furthering the
art, and are to be construed as being withoutlimitation
to such specifically recited examples and conditions.
Moreover, all statements herein reciting principles, as-
pects, and embodiments of the invention, as well as spe-
cific examples thereof, are intended to encompassboth
structural and functional equivalents thereof. Addition-
ally, itis intended that such equivalents include both cur-
rently Known equivalents as well as equivalents devel-
opedin the future, i.e., any elements developedthat per-
form the same function, regardless of structure.
[0026] Thus, for example, it will be appreciated by
those skilled in the art that the block diagrams herein
represent conceptual viewsofillustrative circuitry em-
bodying the principles of the invention. Similarly, it will
be appreciated that any flowcharts, flow diagrams, state
transition diagrams, pseudocode, program code, and
the like represent various processes which may be sub-
stantially represented in computer readable medium
and so executed by a computer, machine,or processor,
whetheror not such computer, machine, or processor,
is explicitly shown.

Claims

1. Amethod for routing a call betweenafirst endpoint
and a second endpoint in a communications net-
work,the call being extended between thefirst end-
point and the second endpointutilizing a first set of
network resources, the method comprising:

marking respective entries in a databaserelat-
ed to the first endpoint and the second end-
point, respectively;
updating the entries in the database as a func-
tion of a location of the second endpoint: and
determining, in response to the updating the
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entries, a second set of network resources for
maintaining the call extended betweenthefirst
endpoint and the second endpoint.

The method of claim 1 further comprising:

generating a setof call initiation messages;
transmitting the set of call initiation messages
to the second set of network resources; and
routing the call using the second set of network
resources.

The method of claim 2 further comprising:

generating a setof call release messages; and
transmitting the set of call release messagesto
thefirst set of network resources.

The method of claim 1 wherein the databaseis ac-

cessible by a softswitch.

The method of claim 4 wherein the determining the
second set of network resources is performed by
the softswitch.

The method of claim 5 wherein the updating the en-
tries is performed in response to a message from a
HLR/VLR complex, the messageidentifying the lo-
cation of the second endpoint.

The method of claim 5 wherein the first endpointin-
cludes a POTStelephone and the second endpoint
includes a wireless terminal.

The method of claim 3 wherein the second set of

networkresourcesincludesat least a pair of packet
voice gateways (PVG).

The method of claim 8 wherein the pair of PVG's
are used to route the call between a PSTN network
and a IP network.

A methodfor maintaining a call extended between
a plurality of endpoints in a communications net-
work, the method comprising:

marking respective entries in a communica-
tions databaserelated to particular ones of the
endpoints utilized to extend thecall;
updating the entries in the communications da-
tabase as a function of a location of at least one

endpoint; and
determining, in response to the updating the
entries, a set of network resources for maintain-

ing the call extended betweentheplurality of
endpoints.

The methodof claim 10 further comprising:
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13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.
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routing the call through the set of network re-
sources.

The methodof claim 11 further comprising:
receiving a message from a HLR/VLR data-

base that identifies that the location of the at least

one endpoint has changed.

The method of claim 12 wherein the communica-
tions network includes at least one PSTN and at
least one IP network.

The method of claim 13 wherein the second end-

point is a wireless terminal. The methodof claim 13 wherein the location of the

at least one endpointis a function of a roaming of
the wireless terminal within a geographic region.

A communications system for extending a call
througha plurality of endpoints comprising:

a communications complexfor tracking a loca-
tion of particular ones of the endpoints; and
at least one softswitch for receiving at least one
message from the communications complex,
the at least one message being generated as
a function of a changein the location of at least
one endpoint, and for determining a setof net-
work resourcesfor the extending the call.

The communications system of claim 16 wherein
the communications complex includes a HLR data-
base.

The communications system of claim 17 wherein
the communications complex includes a VLR data-
base.

The communications system of claim 18 wherein
the softswitch receives the message from the HLR
database and determines the set of networkre-

sources as a function of the message.

The communications system of claim 17 wherein
the communications system includes at least one
PSTN and at least one IP network.

The communications system of claim 20 wherein
the second endpointis a wireless terminal.

The communications system of claim 21 wherein
the wireless terminal is roaming in a geographic re-
gion serviced by the communications system.

The communications system of claim 22 wherein
the changein the location of the at least one end-
point is a function of the roaming of the wirelesster-
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minal within the geographic region.

The communications system of claim 20 wherein
the softswitch controls the IP network.

The communications system of claim 19 wherein
the set of network resources includes at least one

packet voice gateway.

A machine-readable medium having stored thereon
a plurality of instructions, the plurality of instructions
including instructions that, when executed by a ma-
chine, cause the machine to perform a method as
claimed in any of claims 1 to 15.
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This is a Request for Continued Examination (RCE) under 37 CFR 1.114 of the above-identified application.
Request for Continued Examination (RCE) practice under 37 CFR 1.114 does not apply to anyutility or plant application filed prior to June 8,
1995, or to any design application. See Instruction Sheet for RCEs (not to be submitted to the USPTO) on page 2.
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Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SE ND FEES OR COMPLETED FORMS TO THIS
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if you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicants: Marcus DaSilvaetal.
Title: DIRECTED WIRELESS COMMUNICATION

Serial No.: 15/495,539 Filed: April 24, 2017
Examiner: McKie, Gina M. Group Art Unit: 2631
Attorney Docket No.: 1640-001.203

CERTIFICATE OF EFS-WEB TRANSMISSION

UNDER37 CFR § 1.8
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the United States Patent and Trademark Office from the Pacific Time Zone via EFS-Web on July

25. 2018.

Date: July 25, 2018 /Glen L. Nuttall/

Glen L. Nuttall

Mailing Address:

KLEIN, O’NEILL & SINGH, LLP (Customer No.: 22145)
16755 Von Karman Avenue, Suite 275

Irvine, California 92606
Tel: 949-955-1920

Fax: 949-955-1921
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Serial No.: 15/495,539

Attorney Docket No.: 1640-001.203

IN THE UNITED STATES PATENT AND TRADEMARKOFFICE

Applicant : Marcus DaSilva

Serial No. : 15/495,539

Filed : April 24, 2017

For : DIRECTED WIRELESS COMMUNICATION

Examiner > McKie, Gina M

Art Unit > 2631

Confirmation No. : 1050

 
 

OFFICE ACTION RESPONSE .

Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

Commissioner:

In responseto the Office action transmitted January 24, 2018, and in conjunction with the

Request for Continued Examination filed herewith, please reconsider the above-captioned

application in light of the following remarks, which begin on page2 of this paper.
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REMARKS

By this paper none of the claims have been amended. As such, Claims 1-20 remain

pending for consideration in this application.

The Office Action rejected Claims 1-20 under 35 USC 103 as being unpatentable over US

Publication US 2002/0158801 toCrilly in view of US Pat. 6,714,584to Ishii. Applicant respectfully

traverses the rejection, contending that Crilly is not prior art to the present application.

The present application claims priority to US Provisional Application No. 62/423,660,
which wasfiled November4, 2002. The Provisional application includes a compilation of several

documents, labeled Appendices A-L on page 2. These documents describe aspects and

embodiments of Applicant’s invention existing at the time the particular document was written.

DocumentA, at page A-71, lists several “References” used in compiling Document A.

Included in the Referenceslist is “[2] Ed Casas, ‘Beamforming for LittleJoe’, VIVATO Technical

Report, Feb 1, 2002”, which is Document C of the Provisional. At least Document C describes

aspects of Applicant’s invention that had been inventedat least as early as February, 2002, which

is well before Crilly was published (October 31, 2002}. As such, at least the disclosure in

Document C was invented beforeCrilly was published, and Crillyis not prior art to such disclosure.

As demonstrated by DocumentC,at least the limitations that the Office Action contends

are taught by Crilly were invented by Applicant prior to Crilly’s publication.

For example, with respect to independent Claim 1 (and OA at pp.6-7) Doc C describes:

e anantenna

o see C-2, section 1.2.

e a transceiver operatively coupled to the antenna and configured to transmit and

receive electromagnetic signals using the antenna

Oo see C-1-C-2, C-4 (“each array element[can] generate the receive and transmit

beams”) and throughout DocumentC.

® a processor operatively coupled to the transceiver, the processor configured to:

o C-land C-2, including Fig. 1 disclose a PC

* receiveafirst signal transmission for a remote station via the antenna and a second

signal transmission from the remotestation via the antenna
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o C-3: “The signal received by the array elements will be the vector sum of

signals arriving by many paths.” C-3 also refers to the “arrival of signals from

the desired and undesired users”.

e determine first signal information for thefirst signal transmission

o C-4: “The beamforming application uses the signal strength information

derived from packet receptions by the ‘searcher’ receivers.”

e determine second signal information for the second signal transmission, wherein the

second signal informationis different than the first signal information

o C-4: “The beamforming application uses the signal strength information

derived from packet receptions by the ‘searcher’ receivers. However,not all

of these receivers will correctly receive each packet.” Also, “Each beam points

in a different direction... .”

e determine a set of weighting values based on the first signal information and the

second signal information, wherein the set of weighting values is configured to be

used by the remote station to construct one or more beam-formed transmission

signals

o C-4: “The beamforming algorithm computes the beamforming weights for a

particular client (identified by its wireless MAC address) and storesit in a table

which is made available to the application running the modified (polling) MAC

protoco! on ‘card 13’”.

e cause the transceiver to generate a third signal comprising content based on the set

of weighting values

o C-1: “This signal level information is used to compute the complex weights for

a second RF beamformer. This so-called ‘card 13’ beamformer allows

independent complex weights on each array element. This beamformeris

connected to an additional WLAN card which is the one actually used for

communication (it can transmit and receive).”

o C-4: “The beamforming algorithm computes the beamforming weights for a

particular client (identified by its wireless MAC address) and storesit in a table

which is made available to the application running the modified (polling) MACmn

protocol on ‘card 13’.

As demonstrated above, Document C of the Provisional application teaches at least the

limitations that the Office Action contends are taught by Crilly in connection with the rejection

of Claim 1. Since Document C demonstrates aspects invented by Applicant prior to Crilly’s

publication, Crilly is not prior art at least for the invention recited in Claim 1. As such, Applicant

3
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respectfully requests that the rejection of Claim 1, and Claims 2-8 which depend therefrom,be
withdrawn.

With respect to independent Claim 9 (and OA at pp. 14-15) Doc C describes:

® receiving a first signal transmission from a remotestation via a first antenna element

of an antenna and a second signal transmission from the remote station via a second

antenna element of the antenna

o C-3: “The signal received by the array elements will be the vector sum of

signals arriving by many paths.” C-3 also refers to the “arrival of signals from
the desired and undesired users”.

® determiningfirst signal information for the first signal transmission

o C-4: “The beamforming application uses the signal strength information

derived from packet receptions by the ‘searcher’ receivers.”

* determining second signal information for the second signal transmission, wherein

the second signal information is different than the first signal information

o C-4: “The beamforming application uses the signal strength information

derived from packet receptions by the ‘searcher’ receivers. However, notall

of these receivers will correctly receive each packet.” Also, “Each beam points

in a different direction... .”

e determining a set of weighting values based on thefirst signal information and the

second signal information, wherein the set of weighting values is configured to be

used by the remote station to construct one or more beam-formed transmission

signals

o C-4: “The beamforming algorithm computes the beamforming weights for a

particular client (identified by its wireless MAC address) and storesit in a table

which is made available to the application running the modified (polling) MAC

protocol on ‘card 13’”.

e transmitting to the remotestation a third signal comprising content based on theset

of weighting values

o C-1: “This signal level information is used to compute the complex weights for
a second RF beamformer. This so-called ‘card 13’ beamformer allows

independent complex weights on each array element. This beamformeris

connected to an additional WLAN card which is the one actually used for

communication (it can transmit and receive).”
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o C-4: “The beamforming algorithm computes the beamforming weights for a

particular client (identified by its wireless MAC address) and storesit in a table

which is made available to the application running the modified (polling) MAC

protocol on ‘card 13’”.

As demonstrated above, Document C of the Provisional application teaches at least the

limitations that the Office Action contends are taught by Crilly in connection with the rejection

of Claim 9. Since Document C demonstrates aspects invented by Applicant prior to Crilly’s

publication, Crilly is not prior art at least for the invention recited in Claim 9. As such, Applicant

respectfully requests that the rejection of Claim 1, and Claims 10-16 which depend therefrom,
be withdrawn.

With respect to independent Claim 17 (and OA at pp. 21-23) Doc C describes:

* anantenna

o see C-2, section 1.2.

* a transceiver operatively coupled to the antenna

oO seeC-1~—C-2, C-4 (“each array element [can] generate the receive and transmit

beams”) and throughout DocumentC.

® aprocessoroperatively coupled to the transceiver, the processor configured to:

o C-land C-2, including Fig. 1 disclose a PC

e receive a first signal transmission via the antenna, the first signal transmission

comprising first signal information

Qo C-3: “The signal received by the array elements will be the vector sum of

signals arriving by many paths.” C-3 also refers to the “arrival of signals from
the desired and undesired users”.

o C-4: “The beamforming application uses the signal strength information

derived from packet receptions by the ‘searcher’ receivers.”

e receive a second signal transmission via the antenna, the secondsignal transmission
comprising second signal information

o C-3: “The signal received by the array elements will be the vector sum of

signals arriving by many paths.” C-3 also refers to the “arrival of signals from
the desired and undesired users”.

o C-4: “The beamforming application uses the signal strength information

derived from packet receptions by the ‘searcher’ receivers.”

e determine a set of weighting values based on the first signal information and the

second signal information, wherein the set of weighting values is configured to be
5
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used by the remote station to construct one or more beam-formed transmission

signals

o C-4: “The beamforming algorithm computes the beamforming weights for a

particular client (identified by its wireless MAC address)and storesit in a table
which is made available to the application running the modified (polling) MAC

protocol on ‘card 13’”.

e cause the transceiver to generate a third signal comprising content based on theset

of weighting values

o C-1: “This signal level information is used to compute the complex weights for

a second RF beamformer. This so-called ‘card 13’ beamformer allows

independent complex weights on each array element. This beamformeris

connected to an additional WLAN card which is the one actually used for

communication (it can transmit and receive).”

o C-4: “The beamforming algorithm computes the beamforming weights for a

particular client (identified by its wireless MAC address) and storesit in a table

which is madeavailable to the application running the modified (polling) MAC

protocol on ‘card 13’”.

As demonstrated above, Document C of the Provisional application teaches at feast the

limitations that the Office Action contends are taught by Crilly in connection with the rejection

of Claim 17. Since Document C demonstrates aspects invented by Applicant prior to Crilly’s

publication, Crilly is not prior art at least for the invention recited in Claim 17. As such, Applicant

respectfully requests that the rejection of Claim 17, and Claims 18-20 which depend therefrom,
be withdrawn.

Conclusion

For the foregoing reasons,it is respectfully submitted that the rejections set forth in the

outstanding Office action are inapplicable to the current claims. Accordingly, issuance of a Notice

of Allowanceis requested.

272



273

Serial No.: 15/495,539

Attorney Docket No.: 1640-001.203

Please charge any additional fees, including any fees for additional extension of time, or

credit overpayment to Deposit Account No. 11-1159.

Respectfully submitted,

Klein, O’Neill & Singh, LLP

Dated: July 25, 2018 By _/Glen £ Nuttall/
Glen L Nuttall, Reg. No. 46,188

Telephone: (949) 955-1920

Klein, O’Neill & Singh, LLP
16755 Von Karman,Suite 275

Irvine, CA 92606

T (949) 955-1920

F (949) 955-1921
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UNITED STATES PATENT AND TRADEMARK OFFICE TNITED STATES DEPARTMENT OF COMMERCE
United States Patent and‘Trademark Office
Address: COMMTSSIONER, FOR PATENTSP.C.B 

Alexandria, Virznia 22313-1450www.uspto.gov

APPLICATION NUMBER FILING OR 371(C) DATE FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE

15/495,539 04/24/2017 Marcus Da Silva 1640-001.203
CONFIRMATION NO.1050

22145 POWEROF ATTORNEYNOTICE

KLEIN, O'NEILL & SINGH, LLP

16755 VON KARMAN AVENUE MTAAAA
SUITE 275 000000097738743
IRVINE, CA 92606

Date Mailed: 03/01/2018

NOTICE REGARDING CHANGE OF POWER OF ATTORNEY

This is in response to the Powerof Attorney filed 02/27/2018.

«The Powerof Attorney to youin this application has been revoked by the applicant. Future correspondence
will be mailed to the new address of record(37 CFR 1.33).

Questions about thc 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.

/sleutchit/
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UNITED STATES PATENT AND TRADEMARK OFFICE TNITED STATES DEPARTMENT OF COMMERCE
United States Patent and‘Trademark Office
Address: COMMTSSIONER, FOR PATENTSPa 

Alexandria, Virznia 22313-1450www.uspto.gov
 
 

APPLICATION NUMBER FILING OR 371(C) DATE FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE

15/495,539 04/24/2017 Marcus Da Silva 1640-001.203
CONFIRMATION NO.1050

22145 POA ACCEPTANCELETTER

KLEIN, O'NEILL & SINGH, LLP

16755 VON KARMAN AVENUE MATAAAA
SUITE 275 00000009773879
IRVINE, CA 92606

Date Mailed: 03/01/2018

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY

This is in response to the Powerof Attorney filed 02/27/2018.

The Powerof Attorneyin this application is accepted. Correspondencein this application will be mailed to the
above addressas provided by 37 CFR 1.33.

Questions about the contents of this notice and the

requirementsit scts forth should be dirccted to the Office
of Data Management, Application Assistance Unit,at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.

/sleutchit/
 

page 1 of 1

275



276

Doc Code: PA.. PTO/AIA/82B (07-13)
Document Description: Powerof Attorney Approvedforusethrough 11/30/2014. OMB 0851-0051U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Actof 1995, no persons are required to respondto a collection of information unlessit displays a valid OMB control number

POWEROF ATTORNEYBY APPLICANT

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

Application Number Filing Date

(Note: The boxes above maybeleft blankif information is provided on form PTO/AIA/82A.)

| hereby appointthe Patent Practitioner(s) associated with the following Customer Number as my/our attorney(s) or agent(s), and
to transactall business in the United States Patent and Trademark Office connected therewith for the application referencedin
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Application/Control Number: 15/495,539 Page 2
Art Unit: 2631

DETAILED ACTION

Notice of Pre-AlA or AIA Status

1. The present application is being examined underthe pre-AlAfirst to invent

provisions.

Response to Amendment

2. Acknowledgementis madeof the amendmentfiled October 05, 2017. Claims 1-

20 remain pendingin the application.

e No claims are currently amended.

e No claims have been canceled.

e Noclaims are new.

Response to Arguments

3. Applicant's argumentsfiled October 05, 2017 with respectto the rejection of

claims 1-20 is/are rejected under pre-AlA 35 U.S.C. 103(a) as being unpatentable over

Crilly, Jr. et al. (US 2002/0158801 A1) in view ofIshii et al. (US 6,714,584) have been

fully considered but they are not persuasive. The examiner has thoroughly reviewed

the applicant's arguments, however,firmly believes that the cited reference reasonably

and properly meets the claimed limitation as rejected.

The applicant is reminded that the examineris entitled to give the broadest

reasonable interpretation to the language of the claim. A broad interpretation of a claim
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by USPTO personnelwill reduce the possibility that the claim, when issued, will be

interpreted more broadly thanis justified or intended.

The applicant is reminded that the rejection is made based on the entire content

of the cited priorart.

(1) Applicant’s arguments: “However,the cited portions of Ishii do not disclose

or suggest receiving signal components from the same transmitter. In fact, Ishii

discloses that the “present invention relates to CDMA (CodeDivision Multiple Access)

adaptive antenna... for separating and synthesizing a plural of desired signal

components incoming at a plural of different timings and from a plural of different

directions at each timing.”/d.,column 1, lines 8-13 (emphasis added). In Ishii, signal

components comefrom a plurality of different directions, and are thus associated

with different transmitters. In contrast, claim 1 recites “receiveafirst signal transmission

from a remotestation via the antenna and a secondsignal transmission from the remote

station” (emphasis added).,” (see REMARKS, page 11, line 23 — page 12, line 6).

Examiner’s response:

In response to applicant's arguments against the referencesindividually, one

cannot show nonobviousnessby attacking references individually wherethe rejections

are based on combinations of references. See /n re Keller, 642 F.2d 413, 208

USPQ 871 (CCPA 1981); In re Merck & Co., 800 F.2d 1091, 231 USPQ 375 (Fed. Cir.

1986).
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The combination of Crilly, Jr. and Ishii discloses receiveafirst signal

transmission from a remotestation via the antenna and a secondsignal transmission

from the remotestation.”

Crilly discloses receiveafirst signal transmission from a remote station via the

antenna and a secondsignal transmission via the antenna (see Crilly FIG. 4,

paragraph [0091]; These signals, both desired and undesired, are collected by

receiving elements within antenna array 110 and are eventually provided to

control logic 110.);

Crilly does not specifically disclose “receive a first signal transmission from a

remote station via the antenna and a secondsignal transmission from the remote

station via the antenna simultaneously.”

However, Ishii in the samefield of endeavor discloses receiving a first signal

transmission from a remotestation via the antenna and a secondsignal transmission

from the remotestation via the antenna simultaneously (see Ishii, col. 3, lines 9-30;

“Signals received at different directional antennas 1-1 to 1-N are introducedinto

delaycircuits 2-2 to 2-M. A directivity in a direction, for example, at every equal

angle (360/N degrees) is assigned to each of antennas1-1 to 1-N, respectively.

Delay circuit 2-1 has a time delay of 0 and thusis omitted in the drawings. Delay

circuits 2-2 to 2-M adaptively delay the received signals so that receivers 3-1 to 3-

M may receive simultaneously the desired signal components incoming at

different timings.”).
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Therefore, the combination of Crilly, Jr. and Ishii discloses receiveafirst signal

transmission from aremote station via the antenna and a secondsignal transmission

from the remote station.”

Claim Rejections - 35 USC § 103

4. The following is a quotation of pre-AlA 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 inventionis notidentically disclosed or described
as set forth in section 102, 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 obviousat the
time the invention was madeto a personhaving ordinary skill in the art to which said subject
matter pertains. Patentability shall not be negatived by the manner in which the invention was
made.

5. The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1, 148

USPQ 459 (1966), that are applied for establishing a backgroundfor determining

obviousness underpre-AlA 35 U.S.C. 103(a) are summarized as follows:

1. Determining the scope and contents of the priorart.

2. Ascertaining the differences betweenthe prior art and the claimsat issue.

3. Resolving the level of ordinary skill in the pertinentart.

4. Considering objective evidence presentin the application indicating

obviousness or nonobviousness.

6. Claims 1-20 is/are rejected under pre-AlA 35 U.S.C. 103(a) as being

unpatentable overCrilly, Jr. et al. (US 2002/0158801 A1) in view ofIshii et al. (US

6,714,584).
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Regarding claim 1,

As shownin FIGS. 1-24, Crilly discloses a receiver for use in a wireless

communications system, the receiver comprising:

an antenna(seeCrilly, FIG. 4, antenna array 110);

a transceiver operatively coupled to the antenna and configured to transmit and

receive electromagnetic signals using the antenna (see Crilly, FIG. 2,

transmitter/receiver 114); and

a processoroperatively coupled to the transceiver, (see Crilly, FIG. 4, control logic

112) the processor configuredto:

oO receive a first signal transmission from a remote station via the antenna and a

second signal transmission via the antenna(see Crilly FIG. 4, paragraph

[0091]; These signals, both desired and undesired,are collected by

receiving elements within antenna array 110 and are eventually provided

to control logic 110.);

determinefirst signal information forthefirst signal transmission (see Crilly,

paragraph [0092]; Here, control logic 112 includes a search receiver 164

that is configured to update routing information 120 with regard to the

received signals.);

determine secondsignal information for the second signal transmission,

wherein the secondsignal information is different than thefirst signal

information (see Crilly, paragraph [0092]; Here, control logic 112 includes

286



287

Application/Control Number: 15/495,539 Page 7
Art Unit: 2631

a search receiver 164 that is configured to update routing information

120 with regard to the received signals.);

o determine a set of weighting values based on thefirst signal information and

the secondsignal information, wherein the set of weighting values is

configured to be used by the remote station to construct one or more beam-

formed transmission signals (see Crilly, paragraph [0093]; The stored

weighting values associated with each connection/source are utilized in

a weighting matrix 166. Weighting matrix 166 operates so as to apply

the latest weighting values to the received signals and also to

transmitted signals. In this illustrative example, subsequently received

signals will be processed using the mostrecent weighting values in the

weighting matrix.); and

o cause the transceiver to generate a third signal comprising content based on

the set of weighting values (see Crilly, paragraph [0093]; The stored

weighting values associated with each connection/sourceareutilized in

a weighting matrix 166. Weighting matrix 166 operates so as to apply

the latest weighting values to the received signals and also to

transmitted signals. In this illustrative example, subsequently received

signals will be processed using the most recent weighting values in the

weighting matrix.)
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Crilly does not specifically disclose “receivea first signal transmission from a

remote station via the antenna and a secondsignal transmission from the remote

station via the antenna simultaneously.”

However, Ishii in the samefield of endeavor discloses receiving a first signal

transmission from a remotestation via the antenna and a second signal transmission

from the remote station via the antenna simultaneously (see Ishii, col. 3, lines 9-30;

“Signals received at different directional antennas 1-1 to 1-N are introduced into

delay circuits 2-2 to 2-M. A directivity in a direction, for example, at every equal

angle (360/N degrees) is assigned to each of antennas 1-1 to 1-N, respectively.

Delaycircuit 2-1 has a time delay of 0 and thus is omitted in the drawings. Delay

circuits 2-2 to 2-M adaptively delay the received signals so that receivers 3-1 to 3-

M mayreceive simultaneously the desired signal components incoming at

different timings.”).

lt would have been obviousto oneof ordinary skill in the art at the time the

present invention was madeto modify the invention of Crilly as taught by Ishii and

receive a first signal transmission from a remote station via the antenna and a second

signal transmission from the remote station via the antenna simultaneously.

Rationale: Applying a known technique to a known device (method, or

product) ready for improvementto yield predictable results
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To reject a claim based onthis rationale, Office personnel must resolve the

Graham factual inquiries. Then, Office personnel mustarticulate the following:

(1) a finding that the prior art contained a “base” device (method, or product)

upon which the claimed invention can be seen as an “improvement;”

(2) a finding that the prior art contained a known technique thatis applicable to

the base device (method, or product);

(3) afinding that one of ordinary skill in the art would have recognized that

applying the known technique would have yielded predictable results and resulted in an

improved system; and

(4) whatever additional findings based on the Graham factual inquiries may be

necessary, in view of the facts of the case under consideration, to explain a conclusion

of obviousness. (MPEP § 2143).

In this case:

Crilly contains a “base" device of a receiver for use in a wireless communications

system which the claimed invention can be seen as an “improvement”in that receiving a

first signal transmission from a remotestation via the antenna and a secondsignal

transmission from the remote station via the antenna simultaneously.

Ishii contains known techniqueofa first signal transmission from a remote station

via the antenna and a secondsignal transmission from the remotestation via

the antenna simultaneously that is applicable to the “base” device.
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Ishii’s known techniqueafirst signal transmission from a remote station via the

antenna and a secondsignal transmission from the remote station via the antenna

simultaneously would have been recognized by oneof ordinary skill in the art as

applicable to the “base”processof Crilly and the results would have been predictable

and resulted in a receiver for use in a wireless communications system receivingafirst

signal transmission from a remotestation via the antenna and a secondsignal

transmission from the remote station via the antenna simultaneously whichresults in an

improved process.

Therefore, the claimed subject matter would have been obvious to a person

having ordinary skill in the art at the time the invention was made.

Regarding claim 2,

The combination of Crilly and Ishii discloses the receiver as recited in Claim 1,

wherein the antenna comprisesa first antenna element and a second antenna element,

and wherein the processoris further configured to:

receive thefirst signal transmission from the remotestation via the first antenna

element and the second signal transmission for the remote station via the second

antenna element simultaneously (see Crilly FIG. 4, paragraph [0091]; These signals,

both desired and undesired, are collected by receiving elements within antenna

array 110 and are eventually provided to control logic 110.); and

cause the transceiverto transmit the third signal to the remote station via the

antenna(see Crilly, paragraph [0093]; Weighting matrix 166 operates so as to
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apply the latest weighting values to the received signals and also to transmitted

signals.)

Regarding claim 3,

The combination of Crilly and Ishii discloses the receiver as recited in Claim 1,

wherein thefirst signal transmission and the second signal transmission comprise

electromagnetic signals comprising one or more transmission peaks and one or more

transmission nulls (see Crilly, paragraph [0010]; “The logic is operatively coupled

to the antenna array and configured to selectively control the placementof the

transmission peaks and transmission nulls within the outgoing multi-beam

electromagnetic signals.”).

Regarding claim 4,

The combination of Crilly and Ishii discloses the receiver as recited in Claim 1,

wherein thefirst signal transmission and the second signal transmission are directional

transmissions (see Crilly, paragraph [0009]; In certain further implementations, the

adaptive antennais also configured to selectively receive at least one incoming

electromagnetic signal directed through the coveragearea.).

Regarding claim 5,
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The combination of Crilly and Ishii discloses the receiver as recited in Claim 1,

wherein the set of weighting valuesis further based on oneor moreof: a transmit power

level, a data transmit rate, an antenna direction, quality of service data, or timing data

(see Crilly, paragraph [0011], “By way of example, the routing information may

include transmit powerlevel information, transmit data rate information, antenna

pointing direction information, weighting information, constraints information,

transmission null location information, transmission peak location information,

Quality of Service (QoS) information, priority information, data packetlifetime

information, frequency information, timing information, and/or keep out area

information.”).

Regarding claim 6,

The combination of Crilly and Ishii discloses the receiver as recited in Claim 1,

wherein the content comprises data configured to be used by the remotestation to

modify the placementof one or more transmission peaks and oneor moretransmission

nulls in a subsequentsignal transmission (see Crilly, paragraph [0057]; “...part of a

wireless routing device and configured to produce a transmission pattern that

selectively places transmission nulls and/or peaksin certain directions within an

applicable coverage area.”)

Regarding claim 7,
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The combination of Crilly and Ishii discloses the receiver as recited in Claim 1,

wherein the processoris further configured to:

determinea plurality of signal strength indicationsfor the first signal

transmission; determine a first signal strength average based on theplurality of signal

strength indications for the first signal transmission; determine a plurality of signal

strength indications for the second signal transmission; determine a second signal

strength average based on theplurality of signal strength indications for the second

signal transmission (see Crilly, paragraph [0012]; “All or part of this routing

information may be stored in one or more routing tables. The routing table(s) may

further include routing information such as, e.g., IP address information, MAC

addressinformation, protocol identifying information, modulation method

identifying information, Connection ID (CID) information, node directional

information, node transmit powerlevel information, node received siqnal strength

indicator (RSSI) level information, transmit channel information, backup transmit

channel information, receive channel information, backup receive channel

information, transmission data rate information, receive data rate information,

andinterference nulling information.”); and

cause the transceiver to generate a fourth signal based on thefirst signal

strength average and the second signal strength average (see Crilly, paragraph

[0016]; “The scheduler can establish one or moretraffic schedules by

determining at least one assignmentfor an outgoing data transmission.”).
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Regarding claim 8,

The combination of Crilly and Ishii discloses the receiver as recited in Claim 7,

wherein the processoris further configured to: cause the transceiverto transmit the

fourth signal to the remote station via the smart antenna (see Crilly, paragraph [0016];

“The scheduler can establish one or moretraffic schedules by determining at

least one assignmentfor an outgoing data transmission.”).

Regarding claim 9,

As shownin FIGS. 1-24, Crilly discloses a method in a wireless communications

system, the method comprising:

e receiving a first signal transmission from a remote station via a first antenna element

of an antenna and a secondsignal transmission via a second antenna element of

the antenna (see Crilly, FIG. 4, antenna array 110);

e determiningfirst signal information for the first signal transmission (see Crilly FIG.4,

paragraph [0091]; These signals, both desired and undesired, are collected by

receiving elements within antenna array 110 and are eventually provided to

control logic 110.);

e determining secondsignal information for the second signal transmission, wherein

the second signal information is different than thefirst signal information (see Crilly

FIG. 4, paragraph [0091]; These signals, both desired and undesired, are

collected by receiving elements within antenna array 110 and are eventually

provided to control logic 110.);

294



295

Application/Control Number: 15/495,539 Page 15
Art Unit: 2631

determining a set of weighting values based on the first signal information and the

second signal information, wherein the set of weighting values is configured to be

used by the remote station to construct one or more beam-formed transmission

signals (see Crilly, paragraph [0093]; The stored weighting values associated

with each connection/sourceareutilized in a weighting matrix 166. Weighting

matrix 166 operates so as to apply the latest weighting values to the received

signals and also to transmitted signals.In this illustrative example,

subsequently received signals will be processed using the most recent

weighting values in the weighting matrix.); and

transmitting to the remote station a third signal comprising content based on theset

of weighting values (see Crilly, paragraph [0093]; The stored weighting values

associated with each connection/sourceare utilized in a weighting matrix 166.

Weighting matrix 166 operates so as to apply the latest weighting values to the

received signals and also to transmitted signals.In this illustrative example,

subsequently received signals will be processed using the most recent

weighting values in the weighting matrix.).

Crilly does not specifically disclose “receive a first signal transmission from a

remote station via the antenna and a secondsignal transmission from the remote

station via the antenna simultaneously.”

However, Ishii in the samefield of endeavor discloses receiving a first signal

transmission from a remote station via the antenna and a secondsignal transmission
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from the remote station via the antenna simultaneously (see Ishii, col. 3, lines 9-30;

“Signals received at different directional antennas 1-1 to 1-N are introduced into

delay circuits 2-2 to 2-M. A directivity in a direction, for example, at every equal

angle (360/N degrees) is assigned to each of antennas 1-1 to 1-N, respectively.

Delay circuit 2-1 has a time delay of 0 and thus is omitted in the drawings. Delay

circuits 2-2 to 2-M adaptively delay the received signals so that receivers 3-1 to 3-

M mayreceive simultaneously the desired signal components incoming at

different timings.”).

lt would have been obvious to oneof ordinary skill in the art at the time the

present invention was madeto modify the invention of Crilly as taught by Ishii and

receive a first signal transmission from a remote station via the antenna and a second

signal transmission from the remote station via the antenna simultaneously.

Rationale: Applying a known technique to a known device (method, or

product) ready for improvementto yield predictable results

To reject a claim based onthis rationale, Office personnel must resolve the

Graham factual inquiries. Then, Office personnel mustarticulate the following:

(1) a finding that the prior art contained a “base” device (method, or product)

upon which the claimed invention can be seen as an “improvement;”

(2) a finding that the prior art contained a knowntechniquethat is applicable to

the base device (method, or product);
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(3)|afinding that one of ordinary skill in the art would have recognized that

applying the Known technique would have yielded predictable results and resulted in an

improved system; and

(4) whatever additional findings based on the Graham factual inquiries may be

necessary, in view of the facts of the case under consideration, to explain a conclusion

of obviousness. (MPEP § 2143).

In this case:

Crilly contains a “base” device of a receiver for use in a wireless communications

system whichthe claimed invention can be seen as an “improvement”in that receiving a

first signal transmission from a remote station via the antenna and a secondsignal

transmission from the remote station via the antenna simultaneously.

Ishii contains known techniqueofa first signal transmission from a remote station

via the antenna and a secondsignal transmission from the remotestation via

the antenna simultaneously that is applicable to the “base” device.

Ishii's known techniqueafirst signal transmission from a remotestation via the

antenna and a second signal transmission from the remotestation via the antenna

simultaneously would have been recognized by oneof ordinary skill in the art as

applicable to the “base” processof Crilly and the results would have been predictable

and resulted in a receiver for use in a wireless communications system receivingafirst

signal transmission from a remote station via the antenna and a secondsignal
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transmission from the remote station via the antenna simultaneously which results in an

improved process.

Therefore, the claimed subject matter would have been obvious to a person

having ordinary skill in the art at the time the invention was made.

Regarding claim 10,

The combination of Crilly and Ishii discloses the method asrecited in Claim 9,

further comprising: transmitting the third signal to the remote station via the antenna

(see Crilly, paragraph [0016]; “The scheduler can establish one or moretraffic

schedules by determining at least one assignmentfor an outgoing data

transmission.”).

Regarding claim 11,

The combination of Crilly and Ishii discloses the method asrecited in Claim 9,

wherein thefirst signal transmission and the second signal transmission comprise

electromagnetic signals comprising one or more transmission peaks and one or more

transmission nulls (see Crilly, paragraph [0010]; “The logic is operatively coupled

to the antenna array and configured to selectively control the placementof the

transmission peaks and transmission nulls within the outgoing multi-beam

electromagnetic signals.”).

Regarding claim 12,
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The combination of Crilly and Ishii discloses the method asrecited in Claim 9,

wherein thefirst signal transmission and the secondsignal transmission are directional

transmissions (see Crilly, paragraph [0009]; In certain further implementations, the

adaptive antennais also configured to selectively receive at least one incoming

electromagnetic signal directed through the coveragearea.).

Regarding claim 13,

The combination of Crilly and Ishii discloses the method asrecited in Claim 9,

wherein the set of weighting valuesis further based on one or moreof: a transmit power

level, a data transmit rate, an antennadirection, quality of service data, or timing data

(see Crilly, paragraph [0011], “By way of example, the routing information may

include transmit powerlevel information, transmit data rate information, antenna

pointing direction information, weighting information, constraints information,

transmission null location information, transmission peak location information,

Quality of Service (QoS) information, priority information, data packetlifetime

information, frequency information, timing information, and/or keep out area

information.”).

Regarding claim 14,

The combination of Crilly and Ishii discloses the method as recited in Claim 9,

wherein the one or more beam-formed transmission signals comprise data configured to

be used by the remotestation to modify the placement of one or more transmission

299



300

Application/Control Number: 15/495,539 Page 20
Art Unit: 2631

peaks and one or more transmission nulls in a subsequent signal transmission (see

Crilly, paragraph [0010]; “The logic is operatively coupled to the antenna array

and configured to selectively control the placementof the transmission peaks

and transmission nulls within the outgoing multi-beam electromagnetic

signals.”).

Regarding claim 15,

The combination of Crilly and Ishii discloses the method asrecited in Claim 9,

wherein the processoris further configured to: determining a plurality of signal strength

indications for the first signal transmission; determiningafirst signal strength average

based onthe plurality of signal strength indications for the first signal transmission;

determining a plurality of signal strength indications for the secondsignal transmission ;

determining a second signal strength average based on theplurality of signal strength

indications for the second signal transmission; and determining a set of weighting

values based on thefirst signal information and the second signal information, wherein

the set of weighting values is configured to construct one or more beam-formed

transmission signals (see Crilly, paragraph [0012]; “All or part of this routing

information may be stored in one or more routing tables. The routing table(s) may

further include routing information such as, e.g., IP address information, MAC

addressinformation, protocol identifying information, modulation method

identifying information, Connection ID (CID) information, node directional

information, node transmit powerlevel information, node received signal strength
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indicator (RSSI) level information, transmit channel information, backup transmit

channelinformation, receive channel information, backup receive channel

information, transmission data rate information, receive data rate information,

and interference nulling information.”); and

generating the one or more beam-formed transmission signals based on the set

of weighting values for transmission to the remote station (see Crilly, paragraph

[0016]; “The scheduler can establish one or moretraffic schedules by

determining at least one assignmentfor an outgoing data transmission.”).

Regarding claim 16,

The combination of Crilly and Ishii discloses the method as recited in Claim 15,

further comprising: causing the transceiverto transmit the fourth signal to the

remote station via the antenna (see Crilly, paragraph [0016]; “The scheduler can

establish one or moretraffic schedules by determining at least one assignment

for an outgoing data transmission.”).

Regarding claim 17,

As shownin FIGS.1-24, Crilly discloses an apparatus for use in a wireless

communications system, the apparatus comprising:

e an antenna (see Crilly, FIG. 4, antenna array 110);

e a transceiver operatively coupled to the antenna (seeCrilly, FIG. 2,

transmitter/receiver 114); and
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e aprocessor operatively coupled to the transceiver (see Crilly, FIG. 4, control

logic 112), the processor configuredto:

° receive a first signal transmission from a remote station via the antenna,

the first signal transmission comprisingfirst signal information (see Crilly

FIG. 4, paragraph [0091]; These signals, both desired and undesired,

are collected by receiving elements within antenna array 110 and are

eventually provided to control logic 110.);

receive a second signal transmission via the antenna, the second signal

transmission comprising secondsignal information (see Crilly FIG.4,

paragraph [0091]; These signals, both desired and undesired, are

collected by receiving elements within antenna array 110 and are

eventually provided to control logic 110.);

determinea set of weighting values based onthefirst signal information

and the secondsignal information, wherein the set of weighting valuesis

configured to be used by the remote station to construct one or more

beam-formedtransmission signals (see Crilly, paragraph [0093]; The

stored weighting values associated with each connection/source are

utilized in a weighting matrix 166. Weighting matrix 166 operates so

as to apply the latest weighting values to the received signals and

also to transmitted signals.In this illustrative example, subsequently

received signals will be processed using the most recent weighting

values in the weighting matrix.);
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© cause the transceiver to generate a third signal comprising content based

on the set of weighting values (see Crilly, paragraph [0093]; The stored

weighting values associated with each connection/source are

utilized in a weighting matrix 166. Weighting matrix 166 operates so

as to apply the latest weighting values to the received signals and

also to transmitted signals.In this illustrative example, subsequently

received signals will be processed using the most recent weighting

valuesin the weighting matrix.).

Crilly does not specifically disclose “receive a first signal transmission from a

remote station via the antenna and a secondsignal transmission from the remote

station via the antenna.”

However, Ishii in the samefield of endeavor discloses receiving a first signal

transmission from a remotestation via the antenna and a secondsignal transmission

from the remote station via the antenna (seeIshii, col. 3, lines 9-30; “Signals

received at different directional antennas 1-1 to 1-N are introduced into delay

circuits 2-2 to 2-M. A directivity in a direction, for example, at every equal angle

(360/N degrees) is assigned to each of antennas 1-1 to 1-N, respectively. Delay

circuit 2-1 has a time delay of 0 and thusis omitted in the drawings. Delaycircuits

2-2 to 2-M adaptively delay the received signals so that receivers 3-1 to 3-M may

receive simultaneously the desired signal components incomingat different

timings.”).
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lt would have been obvious to oneof ordinary skill in the art at the time the

present invention was made to modify the invention of Crilly as taught by Ishii and

receive a first signal transmission from a remotestation via the antenna and a second

signal transmission from the remote station via the antenna.

Rationale: Applying a known technique to a known device (method, or

product) ready for improvementto yield predictable results

To reject a claim based onthis rationale, Office personnel must resolve the

Graham factual inquiries. Then, Office personnel mustarticulate the following:

(1) a finding that the prior art contained a “base” device (method,or product)

upon which the claimed invention can be seen as an “improvement;”

(2) a finding that the prior art contained a knowntechniquethat is applicable to

the base device (method, or product);

(3) a finding that one of ordinary skill in the art would have recognized that

applying the known technique would haveyielded predictable results and resulted in an

improved system; and

(4) whatever additional findings based on the Graham factual inquiries may be

necessary, in view of the facts of the case underconsideration, to explain a conclusion

of obviousness. (MPEP § 2143).

In this case:
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Crilly contains a “base" device of a receiver for use in a wireless communications

system which the claimed invention can be seen as an “improvement”in that receiving a

first signal transmission from a remote station via the antenna and a secondsignal

transmission from the remote station via the antenna simultaneously.

Ishii contains known techniqueofa first signal transmission from a remote station

via the antenna and a secondsignal transmission from the remotestation via

the antenna simultaneously that is applicable to the “base” device.

Ishii’s known techniqueafirst signal transmission from a remote station via the

antenna and a secondsignal transmission from the remote station via the antenna

simultaneously would have been recognized by oneof ordinary skill in the art as

applicable to the “base”processof Crilly and the results would have been predictable

and resulted in a receiverfor use in a wireless communications system receivingafirst

signal transmission from a remotestation via the antenna and a secondsignal

transmission from the remote station via the antenna simultaneously which results in an

improved process.

Therefore, the claimed subject matter would have been obvious to a person

having ordinary skill in the art at the time the invention was made.

Regarding claim 18,

The combination of Crilly and Ishii discloses the apparatus as recited in Claim 17,

wherein thefirst signal transmission and the second signal transmission comprise

electromagnetic signals comprising one or more transmission peaks and one or more
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transmission nulls (see Crilly, paragraph [0010]; “The logic is operatively coupled

to the antenna array and configured to selectively control the placementof the

transmission peaks and transmission nulls within the outgoing multi-beam

electromagnetic signals.”).

Regarding claim 19,

The combination of Crilly and Ishii discloses the apparatus as recited in Claim 17,

wherein thefirst signal information comprises one or more of: a transmit powerlevel, a

data transmit rate, an antenna direction, quality of service data, or timing data (see

Crilly, paragraph [0011], “By way of example, the routing information may include

transmit powerlevel information, transmit data rate information, antenna pointing

direction information, weighting information, constraints information,

transmission null location information, transmission peak location information,

Quality of Service (QoS) information, priority information, data packetlifetime

information, frequency information, timing information, and/or keep out area

information.”).

Regarding claim 20,

The combination of Crilly and Ishii discloses the apparatus as recited in Claim 17,

wherein the antenna comprisesa first antenna element and a second antenna element,

and wherein the first antenna element and the second antenna elementare directional

antenna elements (see Crilly, paragraph [0009]; In certain further implementations,
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the adaptive antennais also configured to selectively receive at least one

incoming electromagnetic signal directed through the coveragearea.).

Conclusion

7. THIS ACTION IS MADEFINAL. Applicant is reminded of the extension of time

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

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

MONTHS from the mailing date of this action. In the eventa first reply is filed within

TWO MONTHSof the mailing date ofthis final action and the advisory action is not

mailed until after the end of the THREE-MONTHshortenedstatutory period, then the

shortened statutory period will expire on the date the advisory action is mailed, and any

extension fee pursuant to 37 CFR 1.136(a) will be calculated from the mailing date of

the advisory action. In no event, however, will the statutory period for reply expire later

than SIX MONTHSfrom the mailing date of this final action.

Any inquiry concerning this communication or earlier communications from the

examiner should be directed to GINA MCKIE whose telephone numberis (571)270-

5148. The examiner can normally be reached on Mon-Fri, 8:30 AM-5:00 PM EST.

Examinerinterviews are available via telephone, in-person, and video

conferencing using a USPTO supplied web-based collaboration tool. To schedule an

interview, applicant is encouraged to use the USPTO AutomatedInterview Request

(AIR) at http:/Avwww.uspto.gov/interviewpractice.
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If attempts to reach the examiner by telephone are unsuccessful, the examiner's

supervisor, Shuwang Liu can be reached on 571-272-3036. The fax phone numberfor

the organization where this application or proceeding is assigned is 571-273-8300.

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 accessto 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.

/GINA MCKIE/

Examiner, Art Unit 2631

/SHUWANGLIU/

Supervisory Patent Examiner, Art Unit 2631
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METHODS AND SYSTEMS FOR CONTROLLING HARD AND

SOFT HANDOFFS IN RADIO COMMUNICATION SYSTEMS

BACKGROUND

The present invention relates generally to methods and systemsfor

radiocommunications and, more particularly, to such systems in which a connection

can be handed over from one channel or base station to another.

Thecellular telephone industry has made phenomenalstrides in commercial

operations in the United States as well as the rest of the world. Growth in major

metropolitan areas has far exceeded expectations and is rapidly outstripping system

capacity. If this trend continues, the effects of this industry’s growth will soon reach

even the smallest markets. Innovative solutions are required to meet these

increasing capacity needs as well as maintain high quality service and avoid rising

prices.

In cellular systems, the capability is typically provided to transfer handling of

a connection between, for example, a mobile station and a base station to another

base station, as the mobile station changesits position and so movesoutof the

coverage area of one base station and into the coverage area of another basestation.

This type of handoff is commonly referred to as an “‘intercell” handoff as the

coverage areas associated with base stations are commonly referredto as “cells”.

Depending uponthe quality of the current channel, it may also be desirable to

transfer a connection from one channelof the base station to another channel

supported by the same base station, which handoffs are commonlyreferred to as

“intracell” handoffs.
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So-called "hard" handoffs refer to handoffs which are performed wherein

there is no overlap in time between transmissions received from an original, serving

base station and transmissions received from a new, target base station. As shown in

Figure 1(a), during hard handoff, the mobile station (MS) typically first breaksits

connection to its original base station (BTS 1) and then establishes a connection to

its new basestation (BTS2).

By wayof contrast, "soft" handoffs refer to handoffs wherein, for some

period of time, a mobile station receives substantially the same information from

two (or more) transmission sources. An exemplary soft handoff scenario is

illustrated in Figure 1(b). Therein, before starting soft handoff, the MS is connected

to BTS1. During the soft handoff, the MS establishes a connection to BTS2 without

dropping the connection to BTSt. Each base station which is concurrently

communicating with a particular mobile station may be referred to as a member of

that mobile station’s “active set". At some time after the connection to BTS2is set

up, the connection to BTS1 will be released whichis the termination of the soft

handover procedure. The overlapping transmissions from BTS1 and BTS2 permit

the mobile station to smoothly switch from receiving information from its original,

serving base station to receiving information from its new, target base station.

During soft handoff, the mobile station may also take advantage of the fact thatit is

receiving substantially the same information from two sources to improve its

received signal quality by performing diversity selection/combining of the two

received signals.

Forthe sake of simplicity, the foregoing examples of the hard and soft

handoff were described in the context of base stations employing omnidirectional

antennas, i.e., wherein each base station transmits signals which propagate in a
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substantially circular direction, i.e., 360 degrees, However, as will be appreciated by

those skilled in the art, other antenna structures and transmission techniques may

also be employed in radiocommunication systems. For example, a cell can be

subdivided into several sectors, e.g., into three sectors where each sector covers a

120 degree angle as shown in Figure 2. Alternatively, the system or cel] may

employ an array antennastructure as shownin Figure 3. Therein, an exemplary

radio communication system 200 includes a radio base station 220 employing a

fixed-beam phasedarray (not shown). The phased array generates a plurality of

fixed narrow beams (Bi, Bo, B3, Ba, etc.) which radially extend from the base station

220, at least one of which (B;) is used to communicate with MS 210. Preferably, the

beamsoverlap to create a contiguous coverage area to service a radio

communication cell. Although not shown, the phased array can actually consist of

three phased array sector antennas.

Of course, the principles described above with respect to hard and soft

handoff for omnidirectional antennas in Figures 1(a) and 1(b) can be directly

mappedto other systems which employ sectorized and/or array antennas. In these

latter types of systems, hard and soft handoffs can be performed betweensectors or

beams of the same base station as well as between sectors or beams associated with

different base stations.

Both types of handoff have their drawbacks and advantages. On the one

hand, soft handoff provides a robust mechanism for changing the connection from

one base station to another. However, since the mobile station is connected to more

than one basestation during soft handoff, soft handoff requires more system

resources than hard handoff. An advantage of hard handoff, therefore, is a reduced
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need for system resources, while its drawback is a higher probability of dropped

calls when comparedto soft handoff.

Both hard and soft handoffs are employed in some radiocommunication

systems. For example, Figure 4 illustrates a system described in WO 96/02117,

wherein soft and hard handoff are applied sequentially. Therein, a system containing

two basestation controllers, BSC1 and BSC2, is shown. BSC1 controls base

stations BTS11, BTS12 and BTS 13, while BSC2 controls base stations BTS21,

BTS22, and BTS23. The area that is served byall of the base stations coupled to a

BSCis called a "BSC area".

Assumefor this example, that the mobile station (MS) moves from cell A

served by the base station BTS 12 to cell B, which is at the border between two BSC

areas. Cell B is served by two overlapping basestations, BTS11 and BTS21.

BTS11 is coupled to controller BSC1, and BTS21 is coupledto basestation

controller BSC2. As the MS movesto cell B,it carries out a soft handoff controlled

by BSC1 to a traffic channel of base station BTS11.

Assumefurther that the MS continues onward toward cell C andfinally

enters into its area of radiocommunication coverage. The base station BTS22,

serving cell C, is underthe control of BSC2. Before it is possible to activate the

base station BTS22 for the handoff, the call control must first be switched to base

station controller BSC2 from the previous controller BSC1. This is accomplished by

performing a hard handoff. The MS performs a hard handoff from the base station

BTS11 to the base station BTS21, and consequently, the base station controller

change from BSC1 to BSC2takes place. Finally, a soft handoff from BTS21 to

BTS22is performed.
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However, these techniques described in WO 96/02117 do not provide a

mechanism for controlling the use of either soft or hard handoff. Instead, these

techniques are simply provided as an intended mechanism for reducing interference

and signaling overhead associated with the handoff of a mobile area from a service

area underthe control of a first BSC to a service area under the control of a second

BSC. Thus, these techniques do not provide any solution for controlling the usage

of soft and hard handoff between cells per se.

According to European Patent Application 817 517 A1, as illustrated in

Figure 5, a technique is presented for determining an appropriate type of handoff for

a mobile station. In the Figure, the received perch channel (i.e., a type of broadcast

control channel) level is shown for the cell where the MS residesinitially (solid line)

as well as for a neighboring cell (dashed line). The received levels are given with

respect to the position of the mobile station.

According to EP 817 517 A1, the handoff type judgement method for a

CDMA mobile communication system provides different types of handoff with

different handoff start conditions. A type of handoff for which a handoffstart

condition is weakest, among the available types of handoff at a mobile station,is

evaluated first. It is determined whether the handoffstart condition for this type of

handoffis satisfied or not at the mobile station. Each base station is notified for

carrying out that type of handoff when the handoff start condition for that handoffis

satisfied.

However, the techniques described in EP 817 517 Al require that the mobile

station be informed for cach sector regarding which type of handoff is available.

Henceout of a numberof possible cells/sectors suitable for handoff with, possibly,

different available handoff types, the mobile station first has to select all
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cells/sectors that are available for the handoff type with weakest start condition. Ina

second step, a judgement amongall of these cells/sectors will be performed. Thus,

these techniques suffer from the drawbacks of having a two step procedure that

requires intense signalling between the network (i.e., the base station) and the

mobile station and that it is also quite complex to implement.

Accordingly, there is a need to develop enhanced techniques to determine

when a handoff is appropriate, and which type of handoff is appropriate, to

efficiently utilize system resources under different operating conditions.

SUMMARY

These, and other, problems, drawbacks, and limitations of conventional

handoff techniques, are overcome according to the present invention in which

a mechanism is provided for controlling the usage of soft and hard handoffs.

According to exemplary embodiments of the present invention, methods and

systems determine which handoff type is preferred at a specific location under

current radio conditions. Another object of the present invention is to control hard

and soft handoff while at the same time minimizing the overheadsignalling

between the network and the mobile station. Yet another object is to provide control

methods and systems which are applicable to radiocommunication systems that use

more than one frequency band to support communicationsin a cell/sector at the

same time.

These, and other objects of the present invention are attained by a method for

controlling handoff of a mobile station to a target transmission source in a

radiocommunication system which comprises the steps of:

grouping a numberof transmission sources into a group;
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assigning, to an active set associated with said mobilestation, at least one

transmission source from said group;

selecting a first type of handoff to occurto at least one target transmission source if

said at least one target transmission source is within said group; and

selecting a second type of handoff to occurto said at least one target transmission
source if said first type of handoffis not selected.

In the method, a grouping of transmission sources(e.g., cells, sectors, base

stations, beams or combinations thereof) is performed into groups which are denoted

as softzones. Each softzone has its own softzone identity. Softzone identities can be

reused for sectors which are not too close to each other. All membersin the active

set have the same softzone identity. However, each transmission source may belong

to multiple softzones, i.e. it is possible that a transmission source is assigned to

different groups.

Softzone handoff mechanismsaccordingto the present invention provide a

numberof benefits. For example, the overhead signalling between the mobile

station and the network associated with controlling handoff type selection will be

reduced as compared, for example, to the techniques described in EP 817 517 Al.

This is due to the fact that cells/sectors are grouped into different softzones instead

of treating each cell/sector separately for the purpose of determining which type of

handoff, if any, is appropriate. Moreover, these techniques provide a one-step

procedure which permits greatflexibility in the numberof different handoff types

that can be used.

Cell planners can use the softzone concepts described herein as a tool to take

into account that between certain cells hard handoff might be more reasonable while
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betweenother cells a soft handover might be most suitable. Moreover, the grouping

of transmission sourcesinto particular softzones need notbestatic, e.g., a network

operator may adjust softzone assignments based on changesto system structure (e.g.,

cell addition or cell splitting), changing load conditions, etc. Softzones can also be

automatically regrouped by way of a dynamicregrouping algorithm,e.g., based on

current network resources, air interface resources and loading patterns.

In a preferable embodimentof the methodsaid first type of handoff is a soft handoff.

In a soft handoff, at least one transmission source of the active set and at least one

target transmission source in the handoff transmit substantially the same information

to a mobile station at substantially the same time. The second type of handoffis

preferably a hard handoff wherein a mobile station ceases receiving transmissions

from one transmission source prior to receiving transmissions from a target

transmission source. In an exemplary embodiment, soft handoffs may only be

performed with transmission sources having the samesoftzone id as current

membersof the active set. Likewise, hard handoffs may only be performed to

transmission sources having a different softzone id than current members of the

active set.

Examplesof suitable transmission sources includea cell, a base station, a frequency

band, a beam associated with an antenna array and a sector. Preferably, the

membership of transmission sources to a group can be readjusted.

A basestation operating in a radiocommunication system can support

communication on two or moredifferent frequency bands. In this case, a suitable
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choice of the groups is that transmission sourcesin a first frequency band supported

by said base station are assigned to one group.

The step of selecting a type of handoff preferably comprises the step of measuring a

quality level associated with transmission sources a group. The measured quality

levels can then be evaluated in conjunction with at least one threshold. The

membership in the active set of the mobile station can in this way be based on a

result of the evaluating step. A preferable threshold can be adjusted. It can vary, for

example, as a function of a quality level associated with a memberofsaid active set.

Preferable quantities for the measurement of the quality level are for example the

downlink signal-to-interference ratio, downlink received signal strength, downlink

pathloss or downlink pathloss plus uplink interference. Combinationsof different

quantities can be used.

Preferably, group identifiers of transmission sources are transmitted to the mobile

station.

A controller for controlling handoff of a mobile station to a target transmission

source in a radiocommunication system comprises, according to the invention,

preferably a processor selecting a soft handoff of a connection from at least one first

transmission source, havinga first group identification assigned thereto, to at least

one second transmission source, having a second groupidentification assigned

thereto, when said first and second group identifications are the same. A

transmission source can include for example one or more beamsof an antenna array
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or one or moresectors associated with one or more base stations. A hard handoff of

said connection from oneofthe first transmission sources to one of the second

transmission sources is selected whensaid first and second group identifications are

different. It is possible that a transmission source is assigned to both said first and

second groups.

In a preferable embodiment, the transmission sources comprise transceivers disposed

within a same base station but which support communications on different frequency

bands.

In a preferable embodiment, a processorin the controller can reassign a transmission

source fromafirst group identification to another group identification. The

processor can be identical to or different form the processor selecting the

transmission device.

The controller can be disposed in a switch of the communication network. Switches

are nodes in the network of the communication system for controlling connections

like for example a BSC (base station controller) or an MSC (mobile switching

center) according to GSM or UMTSspecifications or an RNC (radio network

controller). The controller can also be disposed in a mobile station.

A preferable radiocommunication system according to the invention comprisesat

least one first transmission source, having a first group identification assigned

thereto and supporting a connection with a mobile station. A second transmission

source has a second groupidentification assigned thereto. A processor associated
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with a network controller, e.g. a switch, for controlling operations of the

transmission sources and said mobile station selects a soft handoff of the connection

from one ofthe first transmission sources to one of the second transmission sources

when the group identifications are the same. Whensaid first and second group

identifications are different, a hard handoff of said connection fromafirst

transmission source to a second transmission sourceis selected.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing, and other, objects, features and advantages of the present

invention will be more readily understood upon reading the following detailed

description in conjunction with the drawings in which:

Figure 1(a) is an illustration of hard handoff;

Figure 1(b) is anillustration of soft handoff;

Figure 2 depicts a base station employing sector antennas;

Figure 3 showsa base station employing an array antenna;

Figure 4 is anillustration of a conventional technique for performing

sequential hard and soft handoffs to handoff a connection involving two base station

controllers;

Figure 5 depicts another conventional technique for controlling different

types of handoff;

Figure 6 is a block diagram showing various functional blocks of an

exemplary mobile station;
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Figure 7 is a graphillustrating various handoff algorithm conditions for

adding, deleting and replacing sectors;

Figure 8 showsthree cells grouped into two softzones used to describe

exemplary embodiments of the present invention; and

Figure 9 is a graph of measured quality versus time used to explain handoff

techniques according to exemplary embodiments of the present invention.

DETAILED DESCRIPTION

In the following description, for purposes of explanation and notlimitation,

specific details are set forth, such as particular circuits, circuit components,

techniques,etc. in order to provide a thorough understanding ofthe invention.

Howeverit will be apparent to one skilled in the art that the present invention may

be practiced in other embodiments that depart from these specific details. In other

instances, detailed descriptions of well-known methods, devices, and circuits are

omitted so as not to obscure the description of the present invention with

unnecessary details. For example, although not described in detail herein, the

present invention is applicable to radiocommunication systems which employ any

type of access methodology, e.g., Frequency Division Multiple Access (FDMA),

Time Division Multiple Access (TDMA), Code Division Multiple Access (CDMA),

or any hybrid thereof.

Moreover, this specification describes techniques that are applicable to

different types of handoffs. However, these techniques can be applied to handoffs

from or to any transmission source, e.g., a cell, a base station, a sector, a beam, a

transceiver, etc. Accordingly, although the term “cell" is used primarily herein to

illustrate how handoff mechanismsaccording to the present invention operate, it will
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be appreciated by those skilled in the art that these techniques apply equally to any

type of transmission source.

Prior to describing the details of the present invention, an example of the

construction of a mobile station which can operate to perform the signal quality

measurements described aboveisillustrated in Figure 6. This block diagram has

been simplified to illustrate only those components relevant to the measurementof

downlink signal strength, howeverthose skilled in the art will be well aware of the

other major functional blocks associated with mobile stations. In Figure 6, incoming

radio signals are received by transmitter/receiver TRX 500. The timing is

synchronized to the received symbol sequence by microprocessor controller 530.

The strength of the received signals are measured by a signal strength measuring part

520, the value of which is then passed to microprocessor controller 530. The bit

error rate (BER)of the received signal can also be determined as an indication of

received signal quality as reflected by block 540. This measurementof received

signal quality is particularly relevant in determining whenan intracell handoffis

desirable. Of course, the present invention is applicable to systems which use any

type of quality measurement parameter, e.g., signal-to-interference ratio, received

signal strength or pathloss. The mobile station will also have input/output devices,

such as a keyboard and display 535, as well as a microphoneand speaker unit (not

shown), which enables information to be exchanged between the mobile station and

the base station.

Whenthe mobile station receives a list of channel numbers, codes or other

channel identifying information in a measurement command,it will measure the

received signal quality associated with each of those channels. Once the mobile

station has made the requested measurements,at least two different evaluation
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