Case 6:21-0v-0008034-A0A  Document 4 Filed 07/01/21 Page 1of1

AQO 120 (Rev. 08/10)

o Mail Stop 8 REPORT ON THE
) Director of the U.S. Patent and Trademark Office FILING OR DETERMINATION OF AN
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 [M Patents. ( [] the patent action involves 35 U.S.C. § 292.):
DOCKET NO. DATE FILED U.S. DISTRICT COURT
6:21-cv-694 7/1/2021 Western District of Texas

PLAINTIFF DEFENDANT

XR COMMUNICATIONS, LLC, dba HP INC.,

VIVATO TECHNOLOGIES

PATENT OR DATE OF PATENT
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK

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

2

3

4

5

In the above—entitled case, the following patent(s)/ trademark(s) have been included:
DATE INCLUDED INCLUDED BY
] Amendment [ Answer [ Cross Bill [J Other Pleading
PATENT OR DATE OF PATENT
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK

1

2

3

4

5

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

DECISION/JUDGEMENT

CLERK (BY) DEPUTY CLERK DATE

Copy 1—Upon initiation of action, mail this copy to Director Copy 3—Upon termination of action, mail this copy to Director
Copy 2—Upen filing document adding patent(s), mail this copy to Director ~Copy 4—Case file copy

AMAZON.COM, INC., et al.
1 EXHIBIT 1002



CF
Text Box
AMAZON.COM, INC., et al. EXHIBIT 1002


Case 6:21-ov-00885-A048 Document 4 Filed 070021 Page 1 of 1

AO 120 (Rev. 08/10)
TO: Mail Stop 8 REPORT ON THE
) Director of the U.S. Patent and Trademark Office FILING OR DETERMINATION OF AN
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 [M Patents. ( [] the patent action involves 35 U.S.C. § 292.):
DOCKET NO. DATE FILED U.S. DISTRICT COURT
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
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK
1 10,715,235 7/14/2020 XR Communications, LLC
2
3
4
5
In the above—entitled case, the following patent(s)/ trademark(s) have been included:
DATE INCLUDED INCLUDED BY
0 Amendment ] Answer [ Cross Bill [ Other Pleading
PATENT OR DATE OF PATENT
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK
1
2
3
4
5
In the above—entitled case, the following decision has been rendered or judgement issued:
DECISION/JUDGEMENT
CLERK (BY) DEPUTY CLERK DATE

Copy 1—Upon initiation of action, mail this copy to Director Copy 3—Upon termination of action, mail this copy te Director
Copy 2—Upon filing document adding patent(s), mail this copy to Director = Copy 4—Case file copy



Case 6:21-0v-00818-ADA Document 12 Filed 081821 Page 1ot l

AO 120 (Rev. 08/10)

TO: Mail Stop 8 REPORT ON THE
) Director of the U.S. Patent and Trademark Office FILING OR DETERMINATION OF AN
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 [M 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 SERVICES LLC,

VIVATO TECHNOLOGIES EERO LLC

PATENT OR DATE OF PATENT
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK

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

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

3 | Format midiyyyy |

4

5

In the above—entitled case, the following patent(s)/ trademark(s) have been included:
DATE INCLUDED INCLUDED BY
0 Amendment ] Answer [ Cross Bill [ Other Pleading
PATENT OR DATE OF PATENT
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK

1

2

3

4

5

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

DECISION/JUDGEMENT

CLERK (BY) DEPUTY CLERK DATE

Copy 1—Upon initiation of action, mail this copy to Director Copy 3—Upon termination of action, mail this copy te Director
Copy 2—Upon filing document adding patent(s), mail this copy to Director = Copy 4—Case file copy



Case 6:21-ov-00848-A048 Document 4 Filed 06/22/21 Page 1 of 1

AO 120 (Rev. 08/10)
TO: Mail Stop 8 REPORT ON THE
) Director of the U.S. Patent and Trademark Office FILING OR DETERMINATION OF AN
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 [M 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 DELL INC.
VIVATO TECHNOLOGIES
PATENT OR DATE OF PATENT
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK
1 10,715,235 7/14/2020 XR Communications, LLC
, | Formatmidiyyyy |
3
4
5
In the above—entitled case, the following patent(s)/ trademark(s) have been included:
DATE INCLUDED INCLUDED BY
0 Amendment ] Answer [ Cross Bill [ Other Pleading
PATENT OR DATE OF PATENT
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK
1
2
3
4
5
In the above—entitled case, the following decision has been rendered or judgement issued:
DECISION/JUDGEMENT
CLERK (BY) DEPUTY CLERK DATE

Copy 1—Upon initiation of action, mail this copy to Director Copy 3—Upon termination of action, mail this copy te Director
Copy 2—Upon filing document adding patent(s), mail this copy to Director = Copy 4—Case file copy



Case 6:21-ov-00819-A0A Document 4 Filed 06/16/21 Page 1 of 1

AO 120 (Rev. 08/10)

TO: Mail Stop 8 REPORT ON THE
) Director of the U.S. Patent and Trademark Office FILING OR DETERMINATION OF AN
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 [M 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 SERVICES LLC,
VIVATO TECHNOLOGIES EERO LLC, AND RING LLC
PATENT OR DATE OF PATENT
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK
1 10,715,235 7/14/2020 XR Communications, LLC
2 10,594,376 3/17/2020 XR Communications, LLC
3 | Format midiyyyy |
4
5
In the above—entitled case, the following patent(s)/ trademark(s) have been included:
DATE INCLUDED INCLUDED BY
0 Amendment ] Answer [ Cross Bill [ Other Pleading
PATENT OR DATE OF PATENT
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK
1
2
3
4
5
In the above—entitled case, the following decision has been rendered or judgement issued:
DECISION/JUDGEMENT
CLERK (BY) DEPUTY CLERK DATE

Copy 1—Upon initiation of action, mail this copy to Director Copy 3—Upon termination of action, mail this copy te Director
Copy 2—Upon filing document adding patent(s), mail this copy to Director = Copy 4—Case file copy



Case 6:21-ov-00820-A048 Document 4 Filed 06/16/21 Page 1 of 1

AO 120 (Rev. 08/10)
TO: Mail Stop 8 REPORT ON THE
) Director of the U.S. Patent and Trademark Office FILING OR DETERMINATION OF AN
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 [M 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
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK
1 10,715,235 7/14/2020 XR Communications, LLC
2
3
4
5
In the above—entitled case, the following patent(s)/ trademark(s) have been included:
DATE INCLUDED INCLUDED BY
0 Amendment ] Answer [ Cross Bill [ Other Pleading
PATENT OR DATE OF PATENT
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK
1
2
3
4
5
In the above—entitled case, the following decision has been rendered or judgement issued:
DECISION/JUDGEMENT
CLERK (BY) DEPUTY CLERK DATE

Copy 1—Upon initiation of action, mail this copy to Director Copy 3—Upon termination of action, mail this copy te Director
Copy 2—Upon filing document adding patent(s), mail this copy to Director = Copy 4—Case file copy



Case 6:21-ov-00822-ADA Document 4 Filed 06/16/21

AO 120 (Rev. 08/10)

Pa

of 1

TO: Mail Stop 8 REPORT ON THE
) Director of the U.S. Patent and Trademark Office FILING OR DETERMINATION OF AN
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 TexasWestern District of Texas on the following
[] Trademarks or [M 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
PATENT OR DATE OF PATENT
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK
1 7,729,728 6/1/2010 XR Communications, LLC
2 10,594,376 3/17/2020 XR Communications, LLC
3 10,715,235 7/14/2020 XR Communications, LLC
4
5
In the above—entitled case, the following patent(s)/ trademark(s) have been included:
DATE INCLUDED INCLUDED BY
0 Amendment ] Answer [ Cross Bill [ Other Pleading
PATENT OR DATE OF PATENT
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK
1
2
3
4
5
In the above—entitled case, the following decision has been rendered or judgement issued:
DECISION/JUDGEMENT
CLERK (BY) DEPUTY CLERK DATE

Copy 1—Upon initiation of action, mail this copy to Director

Copy 2—Upon filing document adding patent(s), mail this copy to Director

Copy 4—Case file copy

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



Case 6:21-ov-00825-A048 Document 4 Filed 06/16/21 Page 1 of 1

AO 120 (Rev. 08/10)
TO: Mail Stop 8 REPORT ON THE
) Director of the U.S. Patent and Trademark Office FILING OR DETERMINATION OF AN
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 [M 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
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK
1 10,715,235 7/14/2020 XR Communications, LLC
2 10,594,376 3/17/2020 XR Communications, LLC
3
4
5
In the above—entitled case, the following patent(s)/ trademark(s) have been included:
DATE INCLUDED INCLUDED BY
0 Amendment ] Answer [ Cross Bill [ Other Pleading
PATENT OR DATE OF PATENT
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK
1
2
3
4
5
In the above—entitled case, the following decision has been rendered or judgement issued:
DECISION/JUDGEMENT
CLERK (BY) DEPUTY CLERK DATE

Copy 1—Upon initiation of action, mail this copy to Director Copy 3—Upon termination of action, mail this copy te Director
Copy 2—Upon filing document adding patent(s), mail this copy to Director = Copy 4—Case file copy



Case 6:21-0v-00818-ADA Document 12 Filed 081821 Page 1ot l

AO 120 (Rev. 08/10)

TO: Mail Stop 8 REPORT ON THE
) Director of the U.S. Patent and Trademark Office FILING OR DETERMINATION OF AN
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 [M 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 SERVICES LLC,

VIVATO TECHNOLOGIES EERO LLC

PATENT OR DATE OF PATENT
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK

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

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

3 | Format midiyyyy |

4

5

In the above—entitled case, the following patent(s)/ trademark(s) have been included:
DATE INCLUDED INCLUDED BY
0 Amendment ] Answer [ Cross Bill [ Other Pleading
PATENT OR DATE OF PATENT
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK

1

2

3

4

5

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

DECISION/JUDGEMENT

CLERK (BY) DEPUTY CLERK DATE

Copy 1—Upon initiation of action, mail this copy to Director Copy 3—Upon termination of action, mail this copy te Director
Copy 2—Upon filing document adding patent(s), mail this copy to Director = Copy 4—Case file copy



Case 6:21-ov-00828-A048 Document 4 Filed 06/16/21 Page 1 of 1

AO 120 (Rev. 08/10)

TO: Mail Stop 8 REPORT ON THE
) Director of the U.S. Patent and Trademark Office FILING OR DETERMINATION OF AN
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 [M Patents. ( [] the patent action involves 35 U.S.C. § 292.):
DOCKET NO. 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
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK

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

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

3

4

5

In the above—entitled case, the following patent(s)/ trademark(s) have been included:
DATE INCLUDED INCLUDED BY
0 Amendment ] Answer [ Cross Bill [ Other Pleading
PATENT OR DATE OF PATENT
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK

1

2

3

4

5

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

DECISION/JUDGEMENT

CLERK (BY) DEPUTY CLERK DATE

Copy 1—Upon initiation of action, mail this copy to Director
Copy 2—Upon filing document adding patent(s), mail this copy to Director

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

10

Copy 4—Case file copy



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. ISSUE DATE PATENT NO. ATTORNEY DOCKET 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 and issue date are specified above.

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

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

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

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

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

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

Marcus Da Silva, Spokane, WA;

XR Communications, LL.C D/B/A Vivato Technologies, Solana Beach, CA;
William J. Crilly JR., Liberty Lake, WA;
James Brennan, Sammamish, WA
Robert I. Conley, Liberty Lake, WA;
Siavash Alamouti, Spokane, 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 and facilitate business investment. To learn more about why the USA is the best country in
the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov.

IR103 (Rev. 10/09)

11



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
22145 ) 7590 06/17/2020 | EXAMINER |
KLEIN, O'NEILL & SINGH, LLP
16755 VON KARMAN AVENUE MCKIE, GINA M
SUITE 275
IRVINE. CA 92606 | ART UNIT | PAPER NUMBER |
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

PTOL-90A (Rev. 04/07)

12



Application No. Applicant(s)
Ne .suPp 'I,;n}/entalb i 15/495,539 Da Silva et al.
olice of Allowabilily Examiner ArtUnit | AIA (FITF) Status
GINA M MCKIE 2631 No

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

1.} This communication is responsive to the IDS filed June 05, 2020.
((J A declaration(s)affidavit(s) under 37 CFR 1.130(b) was/were filed on .

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

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

4. Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:
a) JJAIl b) JSome  *c) J None of the:
1. (3 Certified copies of the priority documents have been received.
2. [ Certified copies of the priority documents have been received in Application No.
3. [J Copies of the certified copies of the priority documents have been received in this national stage application from the
International Bureau (PCT Rule 17.2(a)).

* Certified copies not received:

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

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

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

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

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

Attachment(s)

1.(J Notice of References Cited (PTO-892) 5. (J Examiner's Amendment/Comment

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

3.3 Examiner's Comment Regarding Requirement for Deposit 7. J Other .

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

/GINA M MCKIE/ /SHUWANG LIU/
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 20200611
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Receipt date:

06/05/2020

15/495,539 - GAU: 2631

PTO/SB/08 Equivalent

INFORMATION DISCLOSURE

Application No.

15/495,539

Filing Date

April 24, 2017

First Named Inventor

Marcus Da Silva

STATEMENT BY APPLICANT .
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

. . Document Number N Pages, Columns, Lines Where
Efe{nlner El'te Number - Kind Code (if known) P&m'f’gg?\?%e Name of Patentee or Applicant Relevant Passages or Relevant
nitials 0. 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 |VELAZQUEZ et al.
6 2002/0097700 A1 07-25-2002 |Alastalo et al.
7 2004/0014429 A1 01-22-2004 |Guo
NON PATENT LITERATURE DOCUMENTS
Examiner | Gite Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the
. . . . . . 1
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. )
Decisiontonstitute: CISCO . SYSTEMS. NG v XB COMMUNICATIONS LLG: Casa Na. IPB2018- np date
NO ° 00764; Paper 10; 39 pages.

DATRS

Decision Institution of IPR; RUCKUS WIRELESS, INC. et al. v. XR COMMUNICATIONS LLC; Case No.

IPR2018-01018; Paper 12; 39 pages.

Decision to Institute; RUCKUS WIRELESS, INC. et al. v. XR COMMUNICATIONS LLC; Case No.

IPR2018-01017; 41 pages.

11

Decision to Institute, ARUBA NETWORKS, INC. v. XR COMMUNICATIONS, LLC, Case No. IPR2018-

00725, U.s. Patent No. 7,002,290, 31 pages.

12

Decision Instituting IPR; ARUBA NETWORKS, INC. v. XR COMMUNICATIONS, LLC, Case No.

TPR20T8*007 28 FPaperd, pages 33:

13

Decision Institution of IPR; CISCO SYSTEMS, INC. v. XR COMMUNICATIONS LLC; Case No.

IFRZUTo-0U/bs; Faper ¥; 5o pages.

14

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

AT ook

COTIZT T lv uu aYTST
3 3

15

Decision Denying Institution; RUCKUS WIRELESS, INC. et al. v. XR COMMUNICATIONS LLC; Case

\[6N A PAVERSEONY) 10, Fdpel 17, 22 Pades.

Decision Denying Institution, ARUBA NETWORKS, INC. v. XR COMMUNICATIONS, LLC, Case No.
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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Transmittal 1640-001.203

information Disclosure Statement Docket Number \1

Address To
Commissioner for Patents
P.C. Box 1450
Alexandria, Virginia 22313-1450

[

in Re Application Of: N

Da Silva et al.

Application No.

15/495.538

Fiiing Date April 24, 2017
Examiner McKie, Gina M.
Art Unit 2631

Title of invention

DIRECTED WIRELESS COMMUNICATION

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

1 [

2 [

37 CFR 1.97(b)
The Information Disclosure Statement submitted herewith is being filed within three months of the
filing of a nationai application other than a continued prosecution appiication 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
maiting of a first Office Action after the filing of a request for continued examination under 37 CFR
1114,

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 mailing date of a Final Action under 37 CFR 1.113, a Notice of
Allowance under 37 CFR 1.311, or an Action that otherwise closes prosecution in the application,
and is accompanied by one of:

a) 71 the statement specified in 37 CFR 1.97(e);

OR
b) 1 thefee setforthin 37 CFR 1.17{p).

37 CFR 1.97(d)

The information Disclosure Statement submitted herewith is being filed after the period specified
in 37 CFR 1.97{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).

J

Page 1 of 3
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information Disclosure Statement Docket Number
Transmitial 1640-001.203 y

e

f STATEMENT UNDER 37 CFR 1.97(e) ACCOMPANYING INFORMATION DISCLOSURE STATEMENT ‘\

The Information Disclosure Statemeant submitted herewith is submitted under one of the foliowing conditions,
which satisfies the requiremeant under 37 CFR 1.97(e). (Select 4 or 5 below if applicable.)

4 [ That each item of information contained in the information Disclosure Statement was first cited in
any communication from a foreign patent office in a counterpart foreign application not more than
three months prior to the filing of the information Disclosure Statement; or

That no item of information contaired in the information Disciosure Staiement was cited in a
communication from a foreign paient office in a counterpart foreign application, and, to the
knowledge of the person signing the certificalion after making reascnable 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 months prior o the filing of the Information

\ Disclosura Statement.

Remarks (Enter Remarks Below or Attach Document Containing Remarks) \

/ Fee set forth in 37 CFR 1.17(p): N
E No additional fee is required.

m A check in the amount of is attached.

11-1159 as described beiow.

m Charge the amount of
m Credit any overpaymant.
Charge any additionai fee required.

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

WARNING: Information on this form may become pubtic. Credit card information should not
be included on this form. Provide credit card information and authorization on PT0-2038.

Page 2 0 3
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information Disclosure Statement Docket Number
9 Transmittal 1640-001.203 y

- Correspondence Address I

Customer Number

22145

-OR-

Name

Address

City State

Country Postal Code

Phone Number

\E-mail Address -/

/" Certificate of Mailing by Express Maii ™7 Certificate of Mailing by First Class Mail ™
i hereby certify that this Transmittal Letter, i hereby certify that this Transmittal Letter, accormpanying documents and fee (if
accompanying documents and fee (if appropriate) are appropriate) are being deposited with the United States Postal Service with
being deposited with the United States Peostal Service sufficient posiage as first class mail in an envelope addressed to Commissicner
"Express Mail Post Office to Addressee" service under for Patents, P.O. Box 1450, Alexandria, Virginia 22313-1450 on the date
37 CFR 110 in an envelope addressed to indicated below:

Commissioner for Paterts, P.O. Box 1450, Alexandria,
Virginia 22313-1450 on the date indicated below: - s - - - -
(Date of Muasling) (Name of Person Maiiing Corresponidence)
K {(Signature of Person Mailing Correspondence) j
(Date of Mailing)
4 Certificate of Transmission N

{Typed or Printed Name of Person Mailing Correspondence)
{ hereby cerify that this Transmitial Letter, accompanying documenis and fee
autherization (if appropriate) is being facsimile transmitted to the United States
Patent and Trademark Office on the date indicated below:

(Signature of Person Mailing Correspondence)

(TTivmress Wail™ Wationg Label Number) (Date sf Transnission) (Name of Person Transmitting Correspondence)

\_ j k (Signature of Person Transmitting Correspendence} )

Signature Instructions

Select the name of the person who will electronically sign the Trasmittal Letter from the drop-down box helow.

oner is not present in the drop-down list, you must close this form and select 'Add Practitioner...” in the Form Manager's

ution to electronically sign the submission.

Yerify that the signatory information is correct and press the ‘eSig_n’ : ¢ . ¢
ign’ button; just print and manually sign.

if you prefer to sign the form manually, simply do not click the ‘e

Signatory Drop-Down Box Glen L. Nuttall [
/7 Name Glen L. Nuttalt Registration Number | 46,188 ™
Signatory Capacity | Attorney for Applicant E-mail Address | GienNuttali@koslaw.com
/Glen L. Nuttall/ Date Signed| 6/5/2020 J

Page 3 of 3
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.USpto.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

| EXAMINER |
22145 7590 03/05/2020
KLEIN, O'NEILL & SINGH, LLP MCKIE, GINA M
16755 VON KARMAN AVENUE
SUITE 275 | ART UNIT PAPER NUMBER |
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 Da Silva 1640-001.203 1050

TITLE OF INVENTION: DIRECTED WIRELESS COMMUNICATION

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

nonprovisional SMALL $500 $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 MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS.
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

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

HOW TO REPLY TO THIS NOTICE:

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

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

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

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

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

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

IMPORTANT REMINDER: Maintenance fees are due in 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 information is available at

www.uspto.gov/PatentMaintenanceFees.
Page 1 of 3
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PART B - 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 fax, send to:  (571)-273-2885
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where appropriate. All
further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as indicated unless corrected
below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for maintenance fee notifications.
Note: A certificate of mailing can only be used for domestic mailings of the
Fee(s) Transmittal. This certificate cannot be used for any other accompanying
papers. Each additional paper, such as an assignment or formal drawing, must
have its own certificate of mailing or transmission.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address)

22145 7590 03/05/2020 Certificate of Mailing or Transmission
KLEIN. O'NEILL & SINGH. LLP I hereby certify that this Fee(s) Transmittal is being deposited with the United
> i States Postal Service with sufficient postage for first class mail in an envelope
16755 VON KARMAN AVENUE addressed to the Mail Stop ISSUE FEE address above, or being transmitted to
SUITE 275 the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below.
IRVINE CA 92606 (Typed or printed name)
(Signature)
(Date)|
I 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
TITLE OF INVENTION: DIRECTED WIRELESS COMMUNICATION
| APPLN. TYPE | ENTITY STATUS I ISSUE FEE DUE I PUBLICATION FEE DUE | PREV. PAID ISSUE FEE | TOTAL FEE(S) DUE | DATE DUE |
nonprovisional SMALL $500 $0.00 $0.00 $500 06/05/2020

I EXAMINER | ART UNIT | CLASS-SUBCLASS |
MCKIE, GINAM 2631 375-365000
1. Change of correspondence address or indication of "Fee Address” (37 2. For printing on the patent front page, list
CFR 1.363). (1) The names of up to 3 registered patent attorneys
or agents OR, alternatively, 1

M| Change of correspondence address (or Change of Correspondence

Address form PTO/SB/122) attached (2) The name of a single firm (having as a member a

registered attorney or agent) and the names of upto 2

O e N P 2 registered patent attorneys or agents. If no name is
Fee Address" indication (or "Fee Address" Indication form PTO/ listed, no name will be printed.

SB/47; Rev 03-09 or more recent) attached. Use of a Customer 3
Number is required.

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

|8}

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document must have been previously
recorded, or filed for recordation, as set forth in 37 CFR 3.11 and 37 CFR 3.81(a). Completion of this form is NOT a substitute for filing an assignment.

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

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

4a. Fees submitted: [MIssue Fee (JPublication Fee (if required) [JAdvance Order - # of Copies
4b. Method of Payment: (Please first reapply any previously paid fee shown above)

(] Blectronic Payment via EFS-Web [ Enclosed check (] Non-electronic payment by credit card (Attach form PTO-2038)

[ 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: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue
fee payment in the micro entity amount will not be accepted at the risk of application abandonment.
NOTE: If the application was previously under micro entity status, checking this box will be taken
to be a notification of loss of entitlement to micro entity status.

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

M| Applicant certifying micro entity status. See 37 CFR 1.29

M| Applicant asserting small entity status. See 37 CFR 1.27

M| Applicant changing to regular undiscounted fee status.

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

Authorized Signature Date
Typed or printed name Registration No.
Page 2 of 3
PTOL-85 Part B (08-18) Approved for use through 01/31/2020 OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.USpto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NO. |
15/495,539 04/24/2017 Marcus Da Silva 1640-001.203 1050
22145 7590 03/05/2020 | EXAMINER |
KLEIN, O'NEILL & SINGH, LLP MCKIE, GINA M
16755 VON KARMAN AVENUE
SUITE 275 | ART UNIT PAPER NUMBER |
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)(i) to eliminate the requirement
that the Office provide a patent term adjustment determination with the notice of allowance. See Revisions to Patent
Term Adjustment, 78 Fed. Reg. 19416, 19417 (Apr. 1, 2013). Therefore, the Office is no longer providing an initial
patent term adjustment determination with the notice of allowance. The Office will continue to provide a patent term
adjustment determination with the Issue Notification Letter that is mailed to applicant approximately three weeks prior
to the issue date of the patent, and will include the patent term adjustment on the patent. Any request for reconsideration
of the patent term adjustment determination (or reinstatement of patent term adjustment) should follow the process
outlined in 37 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 approves an agency request to
collect information from the public, OMB (i) provides a valid OMB Control Number and expiration date for the
agency to display on the instrument that will be used to collect the information and (ii) requires the agency to inform
the public about the OMB Control Number’s legal significance in accordance with 5 CFR 1320.5(b).

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. The information is required to obtain
or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is
governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 30 minutes to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon
the individual case. Any comments on the amount of time you require to complete this form and/or suggestions
for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office,
U.S. Department of Commerce, P.O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection
of information unless it displays a valid OMB control number.

Privacy Act Statement

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

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

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

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

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

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

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

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

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

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

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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Application No. Applicant(s)
. . 15/495,539 Da Silva et al.
Notice of Allowability Examiner ArtUnit | AIA (FITF) Status
GINA M MCKIE 2631 No

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

1.4} This communication is responsive to the RCE filed January 07, 2020.
((J A declaration(s)affidavit(s) under 37 CFR 1.130(b) was/were filed on .

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

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

4. Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:
a) JJAIl b) JSome  *c) J None of the:
1. (3 Certified copies of the priority documents have been received.
2. [ Certified copies of the priority documents have been received in Application No.
3. [J Copies of the certified copies of the priority documents have been received in this national stage application from the
International Bureau (PCT Rule 17.2(a)).

* Certified copies not received:

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

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

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

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

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

Attachment(s)

1.(¥) Notice of References Cited (PTO-892) 5. (J Examiner's Amendment/Comment

2.3 Information Disclosure Statements (PTO/SB/08), 6. I¥] Examiner's Statement of Reasons for Allowance
Paper No./Mail Date .

3.3 Examiner's Comment Regarding Requirement for Deposit 7. J Other .

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

/GINA M MCKIE/ /SHUWANG LIU/
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 of Pre-AlA or AIA Status
1. The present application, filed on or after March 16, 2013, is being examined under the first

inventor to file provisions of the AlA.

Response to Amendment
2. Acknowledgement is made of the amendment filed January 07, 2020. Claims 2-8, 10-18 and 21-
23 remain pending in 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, or for failing to include
all the limitations of the claim upon which it depends, have been fully considered and are persuasive.

The rejection is withdrawn in view of amendment filed 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 prior art of record, Chen et al. (US 2002/0137538 Al) in view of Ishii 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 remote station via the first antenna element and a second signal 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
indications for the first signal transmission; determine a 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 the first signal strength average and the
second signal 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 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 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," 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 techniques for parallel demodulation and

searching using an adaptive antenna array 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 for a first signal with the first beam and to receive a second signal for demodulation with a
second beam. However, Chen fails to teach the above limitations as recited in claims 2, 7, 11 and 17.
Ishii is another exemplary reference in the relevant field of endeavor. Ishii discloses CDMA
adaptive antenna receiving apparatus and communication system. A CDMA adaptive antenna receiving
apparatus is provided with plural receivers of which each is 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
same receiver in common. Each receiver further includes a means for 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 incoming directions of the plural desired signal components and
directivities of the plural adaptive receiving units. However, Ishii fails to teach the above limitations as

recited in claims 2, 7, 11 and 17.

For these reasons claims 2-8, 10-18 and 21-23 are allowed over the 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 accompany the issue fee. Such

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

Conclusion

Any inquiry concerning this communication or earlier communications from the examiner
should be directed to GINA M MCKIE whose telephone number is (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,
Shuwang Liu can be reached on 571-272-3036. The fax phone number for 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 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

/SHUWANG LIU/
Supervisory Patent Examiner, Art Unit 2631
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Examiner
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Application/Control No. Applicant(s)/Patent Under
15/495,539 ggesxi?\ln;iz?teil?n
Notice of References Cited Examiner AL UnT
GINA M MCKIE 2631 Page 1 of 1
U.S. PATENT DOCUMENTS
Countr oo cods | MV avYY Name CPC Classification US Classification
A | US-20120009964-A1 01-2012 Gormley; Eamonn H04B7/0634 455/509
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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 response to the Office action transmitted July 5, 2019, please reconsider the above-
captioned application in light of the following amendments and remarks.

Amendments to 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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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicants: Marcus Da Silva et 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
UNDER 37 CFR § 1.8

I hereby certify 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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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.

Amendments to 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 amendment is 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 thus is 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 drawings as 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 dependent claims.

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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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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AMENDMENTS TO THE CLAIMS

Please amend the claims 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 comprises a 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 and a second signal transmission from the remote station via the second
antenna element simultaneously;
determine first 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 second signal information, wherein the set of weighting values is configured to be

used by the semeta-station '+ to construct one or more beam-formed

transmission signals;
cause the transceiver to transmit a third signal to the remote station via the

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

3. (Previously Presented) The receiver as recited in Claim 2, 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.

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

2
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transmission and the second signal 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 more of: a transmit power level, a data transmit
rate, an antenna direction, 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 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 information is 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 semate-stationdira

aiv

a7 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;

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

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

3
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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 the first 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 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 remote station 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 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
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; and

transmitting to the remote station a third signal comprising content based on the set of
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weighting values.
12. (Previously Presented) The method as recited in Claim 11, wherein the first

signal transmission and the second signal 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 more of: a transmit power level, a data transmit

rate, an antenna direction, 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;

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

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

determining a second signal strength average based on the plurality 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 as recited in Claim 15, further comprising:
causing the transceiver to transmit the fourth signal to the remote station via the antenna.

17. (Currently Amended) An apparatus for use in a 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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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 signal 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 sesmete-statien-{ransgeiver 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. (Cancelled)

20. (Cancelled)

21. (New) The apparatus as 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 processor is configured to store identifying information concerning
the undesired interferer source and the remote station.

22. (New) The apparatus as 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.
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23. (New) The apparatus as 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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If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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Application No. Applicant(s)

15/495,539 Da Silva etal.
Office Action Summary Examiner ArtUnit | AIA (FITF) Status
GINA M MCKIE 2631 No

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

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

Extensions of ime may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed after SIX (6) MONTHS from the mailing

date of this communication.
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).
Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any earned patent term
adjustment. See 37 CFR 1.704(b).

Status
1)@ Responsive to communication(s) filed on 27 March 2019.
[J A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filedon .
2a)fv] This action is FINAL. 2b) [J This action is non-final.

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

4)(] Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under £x parte Quayle, 1935 C.D. 11, 453 O.G. 218.

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.

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

7) Claim(s) 19 is/are rejected.

8) [J Claim(s) _____is/are objected to.

9) [J Claim(s) ____are subject to restriction and/or election requirement

* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a
participating intellectual property office for the corresponding application. For more information, please see
http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.

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

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

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).

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

a)J All b)(J Some** ¢)d None of the:
1.0 Certified copies of the priority documents have been received.
2. Certified copies of the priority documents have been received in Application No.

3.(J Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).

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

Attachment(s)
1) Notice of References Cited (PTO-892) 3) [J Interview Summary (PTO-413)
. . Paper No(s)/Mail Date
2) [ Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b) 4) [ Other:
Paper No(s)/Mail Date _. E—
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 of Pre-AlA or AIA Status

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

Response to Amendment
2. Acknowledgement is made of the amendment filed 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 No claims 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 Chen et al. (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 dependent form shall be construed to incorporate by reference all the limitations of the
claim to which it 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-AIA 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 dependent form shall be construed to incorporate
by reference all the limitations of the claim to which it 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 dependent form for failing to further limit the subject matter of the claim upon which it
depends, or for failing to include all 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 dependent form,
rewrite the claim(s) in independent form, or present a sufficient showing that the dependent claim(s)

complies with the statutory requirements.

Allowable Subject Matter
6. Claims 2-8 and 10-18 are allowed.

The following is a statement of reasons for 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 second signal 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
indications for the first signal transmission; determine a 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
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Application/Control Number: 15/495,539 Page 4
Art Unit: 2631

based on the plurality of signal strength indications for the second signal transmission; and cause the
transceiver to generate a fourth signal based on the first signal strength average and the second signal
strength average” as recited in claim 7.

The prior art of record does not specifically teach, “wherain 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 11,

The prior art of record does not spacifically teach, "determineg 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 ofr a transmit power level, a data transmit rate, an antenna diraction, guality of

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

Conclusion

Applicant's amendment necessitated the new ground(s) of rejection presented in this Office
action. Accordingly, THIS ACTION IS MADE FINAL. See MPEP § 706.07(a). Applicant is reminded of the
extension of time policy as set forth in 37 CFR 1.136(a).

A shortened statutory period for reply to this final action is set to expire THREE MONTHS from
the mailing date of this action. In the event a first reply is filed within TWO MONTHS of the mailing date
of this final action and the advisory action is not mailed until after the end of the THREE-MONTH
shortened statutory period, then the shortened statutory period will expire on the date the advisory
action is mailed, and any extension fee pursuant to 37 CFR 1.136(a) will be calculated from the mailing
date of the advisory action. In no event, however, will the statutory period for reply expire later than

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

Any inquiry concerning this communication or earlier communications from the examiner
should be directed to GINA M MCKIE whose telephone number is (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,
Shuwang Liu can be reached on 571-272-3036. The fax phone number for 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 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.

GINA M. MCKIE
Examiner
Art Unit 2631

/GINA M MCKIE/
Examiner, Art Unit 2631

/SHUWANG LIU/
Supervisory Patent Examiner, Art Unit 2631

73



Notice of Referernces Cited

Application/Control No. Applicant(s)/Patent Under
15/495,539 Reexamination
Da Silva et al.
Examiner Art Unit
GINA M MCKIE 2631 Page 1 of 1

U.S. PATENT DOCUMENTS

Countr oo cods | MV avYY Name CPC Classification US Classification
A | US-20130094454-A1 04-2013 Soriaga; Joseph B. H04B7/0691 370/329
B
C
D
E
F
G
H
|
J
K
L
M
FOREIGN PATENT DOCUMENTS
County Gode umber Kind Coce | MMLYYYY Country Name GPC Classification
N
O
P
Q
R
S
T
NON-PATENT DOCUMENTS
Include as applicable: Author, Title Date, Publisher, Edition or Volume, Pertinent Pages)
u
\
W
X

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

U.S. Patent and Trademark Office
PTO-892 (Rev. 01-2001)

Notice of References Cited

74

Part of Paper No. 20190625




Application/Control No. Applicant(s)/Patent Under Reexamination
Search Notes 15/495,539 Da Silva et al.
H“m “m ‘lHHl ‘“ ‘l“ o ot
GINA M MCKIE 2631
CPC - Searched*
Symbol Date Examiner
HO04L7/042, H04L27/2675 (EAST keyword search) 6/22/2017 gmckie
CPC Combination Sets - Searched*
Symbol Date Examiner
US Classification - Searched”
Class Subclass Date Examiner

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

search.

Search Notes

Search Notes Date Examiner
Performed double patenting search in EAST 6/21/2017 gmckie
Performed initial prior art search in EAST 6/21/2017 gmckie
Updated prior art search in EAST 1/19/2018 gmckie
Updated prior art search in EAST 9/17/2018 gmckie
Interference Search
US Class/CPC US Subclass/CPC Group Date Examiner
Symbol

SEE SEARCH HISTORY 05/13/2019 gmckie

/GINA MCKIE/ Examiner.Art Unit 2631

U.S. Patent and Trademark Office

Page 1 of 1

75

Part of Paper No.: 20190625




Index of Claims

H“N““H ““ ““m Hm ““ I
GINA M MCKIE

15/495,539

Application/Control No.

Applicant(s)/Patent Under Reexamination

Da Silva et al.

Art Unit

2631

v | Rejected

- Cancelled

Non-Elected

A Appeal

= Allowed

+ | Restricted

Interference

O | Objected

CLAIMS

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

O cPA

(O TD. O R.1.47

CLAIM

DATE

Final Original | 05/13/2019

05/13/2019 | 056/13/2019

06/27/2019

TN TN ON N IN| O EN O ONS EN| PN EN £ O EN| AN EN BN O EN

ENININENINENEN NN N INENEN N ENENENEN (NN
ololo|«|olofolo|«[o]s[«|o]ofo]o|« [« |of«

cISlu o fufu oo

U.S. Patent and Trademark Office

Page 1 of 1

76

Part of Paper No.: 20190625



EAST Search History

EAST Search History

EAST Search History (Prior Art)

Ref {{Hits Search Query DBs Default jjPlurals {jTime
# Operator Stamp
S1 {1165 375/365.CCLS. US-PGPUB; USPAT; OR OFF 2017/06/22
USOCR; FPRS; EPO; 11:46
JPO; DERWENT;
IBM_TDB
S2 2 "20020158801" US-PGPUB; USPAT; OR OFF 2018/09/17
USOCR; FPRS; EPO; 09:12
JPO; DERWENT;
IBMTTDB
S3 188 ("2002/0158801").URPN. {USPAT OR ON 2018/09/17
10:25
994 "directed wireless USPAT OR ON 2018/09/17
communication" 11:02
2396 "directed wireless US-PGPUB; USPAT; OR ON 2018/09/17
communication” USOCR; FPRS; EPO; 11:04
JPO; DERWENT;
| BM:TDB
S6  {i26 "directed wireless US-PGPUB; USPAT; OR ON 2018/09/17
communication" AND USOCR; FPRS; EPO; 11:04
multi-beam JPO; DERWENT;
IBM_TDB
S7 51 multi-beam WITH directed {US-PGPUB; USPAT,; OR ON 2018/09/17
WITH communication USOCR; FPRS; EPO; 11:08
JPO; DERWENT;
IBM_TDB
S8 1349 multi-beam AND Wi-Fi US-PGPUB; USPAT; OR ON 2018/09/17
USOCR; FPRS; EPO; 11:15
JPO; DERWENT;
IBM_TDB
S9 {1327 multi-beam AND Wi-Fi AND{{US-PGPUB; USPAT,; OR ON 2018/09/17
array USOCR; FPRS; EPO; 11:25
JPO; DERWENT;
“““““““ IBM_TDB
S10 {9134 multi-beam AND array US-PGPUB; USPAT; OR ON 2018/09/17
USOCR; FPRS; EPO; 11:29
JPO; DERWENT;
IBM_TDB
S11 {585 multi-beam AND array US-PGPUB; USPAT; OR ON 2018/09/17
AND "access point" USOCR; FPRS; EPQO; 11:32
JPO; DERWENT;
IBM_TDB
S12 {2050 multi-beam AND array US-PGPUB; USPAT; OR ON 2018/09/17
AND directional USOCR; FPRS; EPO; 11:32
JPO; DERWENT;
IBM_TDB
S13 {0 S11 AND @ad<"2003" US-PGPUB; USPAT; OR ON 2018/09/17
USOCR; FPRS; EPO; 11:35
JPO; DERWENT;
__________ |BM_TDB

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

77




EAST Search History

S14 {16 S11 AND US-PGPUB; USPAT; OR ON 2018/09/17
@ad<"20030101" USOCR; FPRS; EPO; 11:35
JPO; DERWENT;
IBM_TDB
S15 {{312593 iifirst ADJ signall US-PGPUB; USPAT; OR ON 2018/09/17
USOCR; FPRS; EPQO; 11:42
JPO; DERWENT;
IBM_TDB
S16 {{309870 isecond ADJ signall US-PGPUB; USPAT; OR ON 2018/09/17
USOCR; FPRS; EPO; 11:43
JPO; DERWENT;
IBM_TDB
S17 438189 {iremote ADJ station US-PGPUB; USPAT; OR ON 2018/09/17
USOCR; FPRS; EPO; 11:43
JPO; DERWENT;
| BM:TDB
S18 112197 iiset NEAR2 weight$3 US-PGPUB; USPAT; OR ON 2018/09/17
USOCR; FPRS; EPO; 11:45
JPO; DERWENT;
IBM_TDB
S19 {109 S15 AND S16 AND S17 US-PGPUB; USPAT; OR ON 2018/09/17
AND S18 USOCR; FPRS; EPO; 11:46
JPO; DERWENT;
IBM_TDB
S20 {4361 "first signal” WITH "second {US-PGPUB; USPAT; OR ON 2018/09/17
signal" WITH USOCR; FPRS; EPO; 11:54
simultaneous$3 JPO; DERWENT;
IBM_TDB
S21 {134 S18 AND S20 US-PGPUB; USPAT; OR ON 2018/09/17
USOCR; FPRS; EPO; 12:03
JPO; DERWENT;
| BMTTDB
S22 14 S20 AND "multi-beam” US-PGPUB; USPAT; OR ON 2018/09/17
USOCR; FPRS; EPO; 12:04
JPO; DERWENT;
IBM_TDB
S23 {436 S12 AND US-PGPUB; USPAT; OR ON 2018/09/17
@ad< "20030101" USOCR; FPRS; EPO; 12:08
JPO; DERWENT;
IBM_TDB
S24 {43 S23 AND ("first signal) US-PGPUB; USPAT; OR ON 2018/09/17
AND "second signal" USOCR; FPRS; EPO; 12:11
JPO; DERWENT;
IBM_TDB
EAST Search History (I nterference)
Ref {{Hits {{Search Query DBs Default Plurals {iTime
# Operator Stamp
S25 {21 "6714584" us- OR ON 2019/05/13
PGPUB; | 09:51
USPAT |
S26 i1 "6714584".PN. us OR ON 2019/05/13
PGPUB; 09:51
USPAT ...........................
S27 1852 {(simultaneous$3 WITH antenna WITH us- OR ON 2019/05/13
(first AND second)).CLM. PGPUB; 10:29
USPAT

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

78




EAST Search History

§828 36 (simultaneous$3 WITH antenna WITH
(first AND second) WITH remote).CLM.

us
PGPUB;
USPAT

{
HOR
i
{

N
N

ON

2019/05/13
10:33

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




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. : 1€50

OFFICE ACTION RESPONSE

Commissioner for 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.

Amendments to the Claims are set forth in the listing of the claims beginning on page 2
of this paper; and

Remarks/Arguments begin on page 7 of this paper.
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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.

Objected-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 allowable if rewritten into independent form. Assuch, 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 same or similar 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 Allowance is requested.
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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 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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AMENDMENTS TO THE CLAIMS

Please amend the claims to read as follows. Additions are underlined. Deletions are in
strikesut text or [[double brackets]].

1. (Cancelled)

2. (Currently Amended) The-receiveras-recited-ir-Claim-1;-A receiver for use in a

wireless communications system, the receiver comprising:

an antenna, wherein the antenna comprises a 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:

hereintl s fuurtd fiaurod to:

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

antenna element and the-a second signal transmission from the remote station via the
second antenna element simultaneously; and

determine first 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 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 transmit the-a third signal to the remote station via the

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

3. (Currently Amended) The receiver as recited in Claim-% 2, 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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4, (Currently Amended) The receiver as 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-%_6, wherein the set of
weighting values 1s-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.

6. (Currently Amended) 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) Fhe-receiver-as-recited-in-Claim—1-wherein-the-precessor
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 information is 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 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;

determine a plurality of signal strength indications for the first signal

3
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transmission;

determine a 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 the first 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 remote station
via the antenna.

9. (Cancelled)

10. (Currently 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) Fhe-method-as—recited-in-Clalm-9 A method in a wireless

communications system, the method comprising:

receiving a first signal transmission from a remote station 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 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

second signal information, wherein the set of weighting values is configured to be used by the
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remote station to construct one or more beam-formed transmission signals; and

transmitting to the remote station 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 method as 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-8_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. (Currently Amended) The method as recited in Claim-8 14, further comprising:

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

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

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

determining a second signal strength average based on the plurality 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 as recited in Claim 15, further comprising:
causing the transceiver to transmit the fourth signal to the remote station via the antenna.

17. (Currently Amended) An apparatus for 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 signal 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-1Z 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 under the pre-AlA first 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), was filed 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. Acknowledgement is made of the amendment filed August 01, 2018. Claims 1-
20 remain pending in the application.
e No claims are currently amended.
¢ No claims have been canceled.

e No claims are new.
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Response to Arguments
4. Applicant's arguments filed 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 of Ishii 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

Chen et 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 invention is not identically 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 obvious at the
time the invention was made to a person having ordinary skill in the art to which said subject
matter pertains. Patentability shall not be negatived by the manner in which the invention was
made.

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 under pre-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 between the prior art and the claims at issue.

3. Resolving the level of ordinary skill in the pertinent art.
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4. Considering objective evidence present in 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 Chen et al. (US 2002/0137538 A1) in view of Ishii et al. (US
6,714,584).

Regarding claim 1,

As shown in FIGS. 1-5, Chen discloses a receiver for use in a wireless
communications system, the receiver comprising:

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

e atransceiver operatively coupled to the antenna and configured to transmit and
receive electromagnetic signals using the antenna (see Chen, FIG. 5, tracking
channel 502); and

e 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 Chen FIG. 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 determine first signal information for the first signal transmission (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
formed in the digital domain. Specifically, a directional search beam can
be formed in one angular direction by applying the following algorithm);

o determine second signal information for the second signal transmission,
wherein the second signal information is different than the first signal
information (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 formed in the digital domain. Specifically, a
directional search beam can be formed in one angular direction by
applying the following algorithm);

o 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 (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 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 through the diplexer 516 to the
tracking antennas 506a where the signal is transmitted into free space
with increased gain in the direction defined by the weights applied to

the signal by the tracking filter 526.)

Chen does not specifically disclose “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.”

However, Ishii in the same field of endeavor discloses receiving a first signal
transmission from a remote station 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.
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.”).
It would have been obvious to one of 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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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 improvement to yield predictable results

To reject a claim based on this rationale, Office personnel must resolve the
Graham factual inquiries. Then, Office personnel must articulate the following:

(1) afinding that the prior art contained a “base” device (method, or product)
upon which the claimed invention can be seen as an “improvement;”

(2) afinding that the prior art contained a known technique that is 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:

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

Ishii contains known technique of a first signal transmission from a remote station
via the antenna and a second signal transmission from the remote station via
the antenna simultaneously that is applicable to the “base" device.

Ishii’'s known technique a first signal transmission from a remote station via the
antenna and a second signal transmission from the remote station 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 receiver for use in a wireless communications system receiving a first
signal transmission from a remote station via the antenna and a second signal
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 the first 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 concept is illustrated

in FIG. 4 where an exemplary CDMA cellular system is shown during soft handoff.
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In the exemplary CDMA cellular system, a base station 402 includes a directional
antenna such as an antenna array 404 made up of spatially separated individual

radiating elements.”).

Regarding claim 4,

The combination of Crilly and Ishii discloses the receiver as recited in Claim 1,
wherein the first signal transmission and the second signal transmission are directional
transmissions (see Chen FIG. 4, paragraph [0035]; “This concept is illustrated in
FIG. 4 where an exemplary CDMA cellular system is shown during soft handoff. In
the exemplary CDMA cellular system, a base station 402 includes a directional
antenna such as an antenna array 404 made up of spatially separated individual

radiating elements.”).

Regarding claim 9,
As shown in 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 second signal transmission via a second antenna element of
the antenna (see Chen, FIG. 5, antenna array 506);

e determining first 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 can effectively 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 second signal information for the second signal transmission, wherein
the second signal information is different than the first signal information (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 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 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 Chen FIG. 5, paragraph [0042]; By applying different weights to the
signals at to, and combining them, a directional search beam can effectively
be formed in the digital domain. Specifically, a directional search beam can be
formed in one angular direction 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
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 through the diplexer 516 to the tracking antennas 506a where the
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signal is transmitted into free space with increased gain in the direction

defined by the weights applied to the signal by the tracking filter 526.).

Chen does not specifically disclose “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.”

However, Ishii in the same field of endeavor discloses receiving a first signal
transmission from a remote station 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.
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.”).

It would have been obvious to one of 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.
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Rationale: Applying a known technique to a known device (method, or

product) ready for improvement to yield predictable results

To reject a claim based on this rationale, Office personnel must resolve the
Graham factual inquiries. Then, Office personnel must articulate the following:

(1) afinding that the prior art contained a “base” device (method, or product)
upon which the claimed invention can be seen as an “improvement;”

(2) afinding that the prior art contained a known technique that is 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:

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

transmission from the remote station via the antenna simultaneously.
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Ishii contains known technique of a first signal transmission from a remote station
via the antenna and a second signal transmission from the remote station via
the antenna simultaneously that is applicable to the “base" device.

Ishii’'s known technique a first signal transmission from a remote station via the
antenna and a second signal transmission from the remote station 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 receiver for use in a wireless communications system receiving a first
signal transmission from a remote station via the antenna and a second signal
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 as recited in Claim 9,
further comprising: transmitting the third signal to the remote station via the antenna
(see Chen FIG. 4, paragraph [0035]; “This concept is illustrated in FIG. 4 where an
exemplary CDMA cellular system is shown during soft handoff. In the exemplary
CDMA cellular system, a base station 402 includes a directional_antenna such as
an antenna array 404 made up of spatially separated individual radiating

elements.”).
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Regarding claim 12,

The combination of Chen and Ishii discloses the method as recited in Claim 9,
wherein the first signal transmission and the second signal transmission are directional
transmissions (see Chen FIG. 4, paragraph [0035]; “This concept is illustrated in
FIG. 4 where an exemplary CDMA cellular system is shown during soft handoff. In
the exemplary CDMA cellular system, a base station 402 includes a directional
antenna such as an antenna array 404 made up of spatially separated individual

radiating elements.”).

Regarding claim 17,
As shown in 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 atransceiver operatively coupled to the antenna (see Chen, FIG. 5, antenna
array 506); and
e a processor operatively coupled to the transceiver (see Chen, FIG. 5, antenna

array 506), the processor configured to:
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receive a first signal transmission from a remote station via the antenna,
the first signal transmission comprising first signal information (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 formed in the digital domain. Specifically, a directional search
beam can be formed in one angular direction by applying the
following algorithm);

receive a second signal transmission via the antenna, the second signal
transmission comprising second signal information (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
formed in the digital domain. Specifically, a directional search beam
can be formed in one angular direction by applying the following
algorithm);

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

angular direction by applying the following algorithm);
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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
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 through the diplexer 516
to the tracking antennas 506a where the signal is transmitted into
free space with increased gain in the direction defined by the

weights applied to the signal by the tracking filter 526.).

Chen does not specifically disclose “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.”

However, Ishii in the same field of endeavor discloses receiving a first signal
transmission from a remote station 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.
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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It would have been obvious to one of 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.

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

product) ready for improvement to yield predictable results

To reject a claim based on this rationale, Office personnel must resolve the
Graham factual inquiries. Then, Office personnel must articulate the following:

(1) afinding that the prior art contained a “base” device (method, or product)
upon which the claimed invention can be seen as an “improvement;”

(2) afinding that the prior art contained a known technique that is 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:
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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
first signal transmission from a remote station via the antenna and a second signal
transmission from the remote station via the antenna simultaneously.

Ishii contains known technique of a first signal transmission from a remote station
via the antenna and a second signal transmission from the remote station via
the antenna simultaneously that is applicable to the “base" device.

Ishii’s known technique a first signal transmission from a remote station via the
antenna and a second signal transmission from the remote station 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 receiver for use in a wireless communications system receiving a first
signal transmission from a remote station via the antenna and a second signal
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 base claim, but would be allowable if rewritten in independent form including all

of the limitations of the base claim and any intervening claims.

Conclusion

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to GINA MCKIE whose telephone number is (571)270-
5148. The examiner can normally be reached on Mon-Fri, 8:30 AM-5:00 PM EST.

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, Shuwang Liu can be reached on 571-272-3036. The fax phone number for

the organization where this application or proceeding is assigned is 571-273-8300.
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Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a
USPTO Customer Service Representative or access to the automated information

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

/GINA MCKIE/
Examiner, Art Unit 2631

/CHIEH M FAN/
Supervisory Patent Examiner, Art Unit 2632
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XR Communications, LLC, d/b/a Vivato Technologies v. Extreme Networks, Inc.,
2:17-cv-02953;
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(54) Abstract Title
Base station transmission beam pattern forming; interference reduction
{57) A base station 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 matching the direction
or directions of one or more vulnerable users. Transmission data rate to the desired user and/or distance to
the desired user may be used as criteria in determining whether this transmission is likely to render other
users vulnerable to interference. A user data register {UDR) 14 stores data including direction of arrival (DOA)
data for signals received by the base station from the desired and vulnerable users. From data in the UDR 14,
a selection unit 16 determines one or more of: the DOA information for the desired user, distances of users
from the base station, users who are close to 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 sends the direction 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
vulnerabie list. Where there 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 beamformer with an adaptive algorithm
26 which inputs a weight vector to a vector multiplier 22. A direction of arrival {DOA)} determining unit 30
estimates the DOA of a user from the weight vector. The unit 30 may estimate the DOA by finding the peak of
the uplink beam pattern, eg. by calculating the uplink beamformer gain at different DOAs and identifying the
DOA for which the gain is the highest.
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At least one drawing originally filed was informal and the print reproduced here is taken from a later filed formal copy.
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TRANSMISSION METHODS AND APPARATUS

The present invention relates to transmission
methods and apparatus. In particular, but not
exclusively, the present invention 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 the base 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 prqposed 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 an adaptive 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 usexr using the determined beam
pattern. o

Such a transmission method 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 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. Such a transmission method has the
advantage that it makes use of information readily
available in the base station.

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 base station 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
idéntify 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 particular mobile 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; and a

proximity of that other mobile user to further mobile
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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
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directions of the individual wvulnerable 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 has the 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. N

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. o

Alternatively, in another embodiment, 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. Such a transmission
method has the advantage that the distance measures
derived can be calculated with a great degree of
accuracy. oo
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 station 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.

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, a wanted signal transmitted to the
apparatus and that also includes an adaptive beamformer
operable to process a séet 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.

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;
calqulating the uplink beamformer gain at a plurality
of different possible angles-of-arrival according to
the said uplink beam patterm; 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 far exceed 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 nulls 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. S

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 highlﬁsﬁéirtransmission 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 technigques.
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For example, 1f 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 is easily 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.

Transmission apparatus 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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244 - 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) 1is 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,; to 2,, of the second array.

Operation of the Figure 1 apparatus will now be
described. 1In 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
2., 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 opération 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 associlated
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 dynamié 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/of 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 the direction 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 2. .

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 receive signals. 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. o

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 the uplink beam pattern determined for
that user. This could be 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 S1, 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 wvulnerable 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 wvulnerable list is empty, control moves
to step S6.

In step 83 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 S4, 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 S6.

In step S5, weights are computed (or suitable
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weights are selected from amongst a set of
prédetermined weights) which will generate a downlink
beam pattern comprising a main beam in the direction of
the desired user and nulls 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 wvulnerable 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 V
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 the desired user and the wvulnerable
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 begm;girected 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
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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 S6, which is executed if the wvulnerable
list is empty, according to either step S2 or step 5S4,
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 S5 and S6, 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 S6.

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
(criteria) 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. If 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
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
different 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. 1If it is_ not, the transmission to that
users, since the transmission will be at a relatively
low power, and control moves to step S13 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 station is greater than the distance
threshold, however, control moves to S12. 1In step S12,
the vulnerable list is formed 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 wvulnerable 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
poésible 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 S21 control moves to step S22.
In step S22 it is determined whether there are any
clusters of users. If 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 méy 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 S31 it is determined whether the desired

user is a high data rate user. If so, then control

161



10

15

20

25

30

35

-25-

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 i1s decided to form a
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. L

In step S34, in one implementation, the vulnerable
list is set equal to a list of all other users sorted
in ascending order of their distance from the base
station. In another implementation, the vulnerable
list is set equal to a list of all other users in
descending order of their data rates. TIf desired, the
users in the vulnerable list may be sorted according to
a combination of the distance 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. o

This modified selection process applies a

weighting process to the desired user's data rate and

162



10

15

20

-26-

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 o and B for a desired user could be
calculated as follows:

_ Desired User's Data Rate
¢ Data Rate Threshold ()

3 Desired User's Distance to Base Station
a Distance Threshold

(2)

In step S41, the weightings o and B are summed and the
measure a+B is used to determine whether it is
necessary to protect any vulnerable users from a
downlink transmission to the desired user. The value
of a threshold for the measure o+f3 could be set
appropriately at the base station. According to step
S41, if the measure o+B is greater than the threshold
value then control moves to steps S34 and S35, which
were described hereinbefore with reference to Figure 6.
If the measure a+B 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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CLATMS :

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. o

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 particulaf 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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S. A method as claimed in any preceding claim,
whérein, 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 methed as claimed in any preceding claim,
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. A 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:
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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 measure of the distance of the said
particular mobile user from the base station exceeds a
predetermined threshold wvalue.

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 rate of 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 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: B

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; a bi;
rate of that other mgbi;g;user} and a proximity of that
other mobile user to further mobile users of the
network. o

14. A method as claimed in claim 13, wherein
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 usexrs 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 wvulnerable cluster is determined
based on an average of the respective directions of the
individual wvulnerable 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 wvulnerable 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 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.

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

5 The present invention relates generally to methods and systems for

radiocommunications and, more particularly, to such systems in which a connection
can be handed over from one channel or base station to another.

The cellular telephone industry has made phenomenal strides in commercial
operations in the United States as well as the rest of the world. Growth in major

10  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.

15 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 changes its position and so moves out of the
coverage area of one base station and into the coverage area of another base station.
This type of handoff is commonly referred to as an “intercell” handoff as the

20  coverage areas associated with base stations are commonly referred to as “cells”.
Depending upon the quality of the current channel, it may also be desirable to
transfer a connection from one channel of the base station to another channel
supported by the same base station, which handoffs are commonly referred 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 breaks its
connection to its original base station (BTS1) and then establishes a connection to
its new base station (BTS2).

By way of 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 BTS1. 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 BTS2 is set
up, the connection to BTS1 will be released which is 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 that it 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.

For the 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 cell may
employ an array antenna structure as shown in Figure 3. Therein, an exemplary
radio communication system 200 includes a radio base station 220 employing a
fixed-beam phased array (not shown). The phased array generates a plurality of
fixed narrow beams (B, By, B3, By, etc.) which radially extend from the base station
220, at least one of which (B) is used to communicate with MS 210. Preferably, the
beams overlap 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
mapped to other systems which employ sectorized and/or array antennas. In these
latter types of systems, hard and soft handoffs can be performed between sectors 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 base station 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 compared to 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 base station controllers, BSC1 and BSC?2, is shown. BSC1 controls base
stations BTS11, BTS12 and BTS13, while BSC2 controls base stations BTS21,
BTS22, and BTS23. The area that is served by all of the base stations coupled to a
BSC is called a "BSC area".

Assume for this example, that the mobile station (MS) moves from cell A
served by the base station BTS12 to cell B, which is at the border between two BSC
areas. Cell B is served by two overlapping base stations, BTS11 and BTS21.
BTS11 is coupled to controller BSC1, and BTS21 is coupled to base station
controller BSC2. As the MS moves to cell B, it carries out a soft handoff controlled
by BSCI1 to a traffic channel of base station BTS11.

Assume further that the MS continues onward toward cell C and finally
enters into its area of radiocommunication coverage. The base station BTS22,
serving cell C, is under the 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 BSC2 takes place. Finally, a soft handoff from BTS21 to
BTS22 is 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 under the 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 Al, 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 resides initially (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 handoff start
condition is weakest, among the available types of handoff at a mobile station, is
evaluated first. It is determined whether the handoff start condition for this type of
handoff is 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 handoff is
satisfied.

However, the techniques described in EP 817 517 Al require that the mobile
station be informed for each sector regarding which type of handoff is available.
Hence out of a number of 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. In a
second step, a judgement among all 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 overhead signalling
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 communications in 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 number of transmission sources into a group;
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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 occur to at least one target transmission source if
said at least one target transmission source is within said group; and

selecting a secbnd type of handoff to occur to said at least one target transmission

source if said first type of handoff is 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 members in 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 mechanisms according to the present invention provide a
number of 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 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
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between other cells a soft handover might be most suitable. Moreover, the grouping
of transmission sources into particular softzones need not be static, e.g., a network
operator may adjust softzone assignments based on changes to 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.

In a preferable embodiment of the method said 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 handoff is
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 same softzone id as current
members of 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.
Examples of suitable transmission sources include a 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 base station operating in a radiocommunication system can support

communication on two or more different frequency bands. In this case, a suitable
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choice of the groups is that transmission sources in 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 member of said 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. Combinations of 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, 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. A

transmission source can include for example one or more beams of an antenna array
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or one or more sectors associated with one or more base stations. A hard handoff of
said connection from one of the first transmission sources to one of the second
transmission sources is selected when said 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 processor in the controller can reassign a transmission
source from a first 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 UMTS specifications or an RNC (radio network

controller). The controller can also be disposed in a mobile station.

A preferable radiocommunication system according to the invention comprises at
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 group identification 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 of the first transmission sources to one of the second transmission sources
when the group identifications are the same. When said first and second group
identifications are different, a hard handoff of said connection from a first

transmission source to a second transmission source is 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 an illustration of soft handoff;

Figure 2 depicts a base station employing sector antennas;

Figure 3 shows a base station employing an array antenna,

Figure 4 is an illustration 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 graph illustrating various handoff algorithm conditions for
adding, deleting and replacing sectors;

Figure 8 shows three 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 not limitation,
specific details are set forth, such as particular circuits, circuit components,
techniques, etc. in order to provide a thorough understanding of the invention.
However it 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, €.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 mechanisms according 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 above is illustrated in Figure 6. This block diagram has
been simplified to illustrate only those components relevant to the measurement of
downlink signal strength, however those 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 measurement of received
signal quality is particularly relevant in determining when an intracell handoff is
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 microphone and speaker unit (not
shown), which enables information to be exchanged between the mobile station and
the base station.

When the 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 handoff algorithm. Alternatively, if
mobile evaluated handover (MEHO) is employed, then the mobile station itself will
evaluate the various sectors.

An example is provided in Figure 7 to illustrate how the active set may
change over time 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 assumed that only sector A belongs to the active
set. The measurement set in this example contains all sectors of the active set and
all the neighbors of the active set, in this example A, B and C. Generally speaking,
the measurement set contains all of the transmission sources for which the mobile
station makes measurements. The measurement set 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 measurement set 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 current active set if its
quality Qx meets the following condition:

Qx > Qpest - add_th

where Qpes represents the quality of the sector with the best quality in the
Active Set and add_th is a threshold value. For example, as shown in Figure 7,

sector B is added to the active set at the time instant marked ‘Add B’ since the
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difference between its 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 current active set if its
quality Qy meets the following condition:

Qx < Qpest - 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 number of cells allowed in the
active set is limited. Once this maximum number is 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:

Qyx > Quworst + replace_th
where replace_th represents the threshold used for sector replacement. Provided that
the maximum number of sectors 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 a new sector is carried out if the quality Q, of sector X fulfills the following
condition:

Qx > Qpest + hho_th
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where hho_th represents the threshold used for hard handover, i.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 handover to 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 mechanisms are
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 members within the group having the same softzone 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
common or dedicated channels. Thus, the handoff rules described above with

respect to Figure 7 are modified according to this exemplary embodiment such that:

1. When the quality of a measured cell (base station, transmission
source, beam, sector, etc.) exceeds the value Qpes - 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
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cell will not be added to the active set, even though the quality of the

measured cell exceeds Qpes - add_th.

2. ‘When the quality of a measured cell (base station, transmission
5 source, beam, sector, etc.) drops below the value of Qpes - 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. When the quality of a measured cell (base station, transmission
source, beam, sector, etc.) exceeds the value of Qe + hho_th (the
hard handover threshold), 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 measured cell. If the

15 measured cell has the same softzone identity as the active set cells, no

handoff action will be taken.

4. When the quality of a measured cell (base station, transmission
source, beam, sector, etc.) exceeds the value of Quorse + rpl_th (the
20 replacement threshold), and the measured cell has a softzone identity
which is 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 known in the mobile station (in the case of

25  MEHO) or in the network (in the case of NEHO). Thus, in the former case, 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.

An illustrative 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 shown in 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 members of 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 handover to 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 handover to C" in Figure 9 because in this case cell ¢ would have been added
to the active set at time instant "no sho".

Softzone handoff mechanisms according to the present invention provide a

number of benefits. For example, the overhead signalling between the mobile
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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 A1l.
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 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 other cells a soft handover might be most suitable. In rural areas, for
example, line of sight links between mobile stations and base stations are rather
frequent. Typically, even in case of hard handoff, a reliable handoff will be
performed. On the other hand, in urban areas, 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 assigned to rural cells.

Moreover, the grouping of transmission sources into particular softzones
need not be static, e.g., a network operator may adjust softzone assignments based
on changes to 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 whereby efficient use of system resources
is promoted.

The above-described exemplary embodiments are intended to be illustrative
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 apparent to 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
same or different softzone ids may be provided for different frequency bands used by
the same base station to provide communication services. Of course, for mobile
stations having only a single receiver, i.e., which can only tune to a single frequency
band at a given time, it would then be preferable to provide different softzone ids to
different frequency bands employed by a particular base station, i.e., to force hard
handoffs rather than soft handoffs therebetween.

Thus the present invention is capable of many variations in detailed
implementation that can be derived from the description contained herein by a
person skilled in the art. All such variations and modifications are considered to be
within the scope and spirit of the present invention as defined by the following

claims.
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CLAIMS

A method for controlling handoff of a mobile station to a target transmission
source in a radiocommunication system comprising the steps of:

grouping a number of 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 occur to 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 occur to said at least one target

transmission source if said first type of handoff is not selected.

Method according 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.

Method according 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 one 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 antenna array 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 comprises the steps of:

measuring a quality level associated with transmission sources in 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.
Method according to claim 7, wherein said at least one threshold is variable.
Method according 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 member of said active set.
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Method according to any preceding claim further comprising the step of

distributing group identifiers of transmission sources to said mobile station.

Method according 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 source to 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 controller is

disposed in a mobile station.

Controller according to any of the claims 13 to 15, wherein said controller is

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
assigned thereto;

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 source to 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 one first
transmission source to said at least one second transmission source when said

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 traﬁsported 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 bn the route between the

transmitting and receiving nodes. In order to enable a

trénsportation of the data to a correct destination address, .a
functionality referred to as fouting is‘required. A node
providing the fouting funcgion is referred té 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 egpecially 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 radig (WRR) . A wireless
router node may be based on use ofltime—diQision duplexing

(TDD) together with time-divigion 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

‘scheduling i.e. 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 which' said
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 déta channel such that various transmissions do not
collidé with each other and alsb 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 in all
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 directiohal transmission between two
stations has been suggested in order—td reduce the
iﬁterference caused by omnidirectional antennae. Conseguently
a first node with é 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’ 1s commonly use to refer to an antenna

arrangement providing digital beam forming. However, the
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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, thére is
provided a method in a data communication system, said system
comprising a plurality of ﬁodes providéd with means for
wireless data communication, the method comprising: generéting
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 gi%en 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, referénce
will.now be made by way of éexample to the accompanying
drawings in which:

Figure 1 shows a wireless data router system;

Figure 2 illustfates data communication between
neighbouring nodes of a wireless data communication system;

Figure 3 shows a smart antenna arrangement ;

Figure 4 is 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 Invention
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Reference is made to Figure 1 which shows a wireless data
communication'system comprising three wireléss router nodes 1
tb 3. The exemplifying router nodes are pésitioned-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 foxr 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 i,,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 abéut nodes
3 and 4. It shall be appreciated that although all nodes may
have substantially omnidirectional control channel radiation
pattern or theéir 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 illustratioh 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 in a
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. Nodeg 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 additiomally, at

least some of the wireless router nodes 1 to 7 ls provided
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with éntenna 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
tfansmission and reception beams. In a tyﬁicél 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 té refer to an arrangement comprising-'
the physical antennas, means to weight the transmissions and
receptions corresponding to the different antenmnas 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. Each 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 is readily

accessible for maintenance and upgrade operations. In a
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preferred embodiment the antemnna elements 15 are located as’
high as possible while the housing is located on the ground or
the roof or elsewhere such that an easy access for maintenance
and/or upg;ade 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 héve a narrower or broader
radio cove}age. Digital beamforming (DBF) can be
advantageocusly employed in the provision of the directiocnal
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
gelected difection. 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 péttern
(beam) may bé 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‘tbe 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 peérmanently 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

‘"reception be
may provide

beams. In ot
“transmission
covering a g

may transmit

In both the
number of br
beams can be
can be made

counterpart

ams will be the same. For example, antenna means
eight directional reception and transmissions

her words, in an analogue implementation a

branch produces a fixed transmission beam
eographical coverage area on which the transmitter

to another station within the beam coverage area.

analogue and digital implementations a greater
anches typically provides a better capacity. The
made narrower and thﬁs the area served by a beam
smaller and pointed more precisely towards the

in the communication.

The data transmissions between the nodes are preferably based

on time-divi

division mul

sion multiple'éccess (TDMA) together with space

tiple access (SDMA) technigque and on time division

duplexing (TDD). The relation between the TDMA and SDMA

schemes is such that the TDMA defines the allocation of time

slots for tf
transmission
the TDMA. In
slot so that

transmission

Both the tra
operating in
division mul
to increase
embodiments
obtained if
antennas of

the system.

ansmissions whereas tﬁe SDMA defines allocation of
resources within a time slot allocated based on
other words, SDMA enables division of a TDMA time
data associated with more than one data

may be carried by means of said single time slot.

nsmittiﬁg and receiving stations are capable of
accordance with the SDMA scheme. The use of space
tiple access is advantageous since it can be used
the capacity of the data network. In the

based on use of the SDMA advantages are especially
control information that associates with smart-

the nodes is shared between the router nodes of
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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 othei.

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 spacée division multiple access (SDMA)
fhe separation can be based on so called spatial signatures of
the nodes, the spatial signatures déscribing the spafial
characteristics of the respective radio channels_betwéen the
neighbouring nodes. That is, nodes that are served in the same
timeslot can be separated from each other based on their
individual spatial signatures.

The spatial signatures of the neighbouring nodes aré usdally
estimated based on training sighals 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 of a
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possible method for the spatial signature determination will

be given later.

Tn the embodiments of the present invention the maximum number
of simultaneous communications (transmissiéns 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 CX, value. In Cg,, 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 elemenﬁs 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 ﬁollowing describes how the control channel information
may be employed in the SDMA data transmission scheduling. It

ig 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 thch>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 included in the control informatibn, such as parameters.
associated with transmit and receive directivities. However,
information that is not likely to change, such as the transmit
énd 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 received‘control

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 1 has reserved a time to transmit to node 2 in
accordénce 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 tramnsmission and/or reception may occur

simultaneously in common timeslots.

A simultaneous communication with several nodes may be
accomplishedAif‘a node is capable of handling more than one

reception simultaneously, that is if Cg,, > 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 Cp,, value of said other node.

The use of the diiectional 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 beAsilent. The directional beams may

be implemented, for .example, by the above discussed switched
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beams or digital beam forming. Tn addition, this also makes i1t
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 31multaneously 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 fo nodes that are in the ﬁrocess of

transmitting.to and/or receiving from other nodes.

The principle of the scheduling within a time glot is
illustrated by Figure 4. Nodes 1, 2 aﬁd 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 tl. For example, node 6 may receive from

nodes 1 and 3 atlthe 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. TheAindication
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"pﬁrpbse, such as expected values for

timing and freguency errors.

Nodes that have a high C@&M value generally use antenna
arrays provided with a gubstantially 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 Chus value
transmit with a low directivity. In pafticular, nodes with
Cﬁmz = 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 activé 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 CJ,, in the transmitting side..

It is also possible that the system includes nodes for which
the C¥.u = 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
Cyus = 1 for all the nodes, capacity can be enhanced through
- 5

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 (nﬁlling) 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 in a commoﬁ
neighbourhood should preferably be as close to each other as
possible. Otherwise a varying interference situation may occur
auring a single data packet - a siﬁuation which ﬁdght 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 moxre or less simultanecus communications. Furthermore,
in situations where the load of the network is 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 1if 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 orthogqnal
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 receivirg 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

not need to be set the value of the capacity parameter to

unity.

The following will describe an exemplifying spatial signature
determination procedure that relates to a 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 thét 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 f:eqﬁencies, but of these only 52 subcarriers are
used for dat; transmission. Of these 52 subcarriers, in tﬁfn,
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:

H,,[k]{-;—ix,,[k,p]jxd[k]*, @)
p=l .
in which xnhgp]-is a signal received from the antenna
element n in the frequency domain at a subcarrier frequency
k=0,1,..,51 represenfing the p™ training symbol in a training
sequence transmitted by the terminal, dﬁ] is ﬁhe training
symbol for the subcarrier k, and the character * as

superscript indicates complex conjugatior.

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:
wli]= @[kl 2, k], 2, L. Hya [RD" (2) [2A1] -

In (2) superscript T 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;MJ of the
weighting coefficient vector may be modified to the form ﬁ&ﬁi

M is

so that when a signal intended for a node m = 1, 2, ...,
weighted by the weighting coefficients Wﬁﬁd, 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 simultaneocusly
served from the transmission in question is as low as

possible. Thus, for example, it can be required that:
w," [k} wlel=6,, VE, (3)

in which 6,5 1s 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:
4 K] = (LT )" | (4)

in which the superscript + indicates pseudo inverse and N x M

matrices Alk| and Ay [k] are defined:

Alk]= @ [k], %, [k, ... 9, [£]) (5)
and

g [E]= O] 3 [, . 3 [ , (6)

A corresponding modification can be accomplished in the

receiving node. When a received signal is combined with the

weighting coefficients ﬁﬂ@], the signal transmitted by the

© transmitting node ‘a’ is émplified 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 ﬂaﬂﬂ, 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
gpatial signature mean essentially the same factor. For
example, in Figure 1 node 1 is proﬁided with an estimate of
the direction in which node 2 is located. The weight vector
that shall be used to form a transmission beam towards this
dlrectlon corresponds to the spatlal signature of node 2 as

seen by node 1. That 1s, the spatial s1gnature 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.
If node 1 transmits to two nodes 2 and 3 at the same time it
is possibleAfor node 1 not to use the original weigh factors
of nodes 2 and 3. Instead, node 1 may modify the weight factor
vectofs 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 entexr 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, thé operation can be seen as a formation of a regiom,

of constructive interference around a node. For example, an
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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 envircnment 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 for a

~substantially long enough period of time, e.g. the use of a

single spatial—signatufe 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 rapidlyithe SDMA may still be made
feasible in the reception if the system defines a set of

mutually orthogonal training signals.

In extreme conditions (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 radistion 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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signals (Cp) that may be used. Thus in such. 01rcumstances the
number of sgimultaneous active llnks to the second node may
become limited by the Cp 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.

It 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
nlk. p]=x,[k, p]— H,[k]x d[k] (7

for the training symbols (p = 1, 2) that have been transmitted
in an orthogonal system. To eliminate interference in the
reception, the weighting coefficient vector can now be
modified for example by mult1p¢y1ng it with the inverse matrix

of the position correlation matrix of the remainder 31gnal

w,,,[k]= (Clk, pl+rx 1) xwlk], (8)

opt

in which Q@;p] is the position correlation matrix of the

remainder signal:

Olk, p]=7lk, pIx 7k, pI" . , (9)

F[k:p]=(rO[ka_p]:rl[ka_p]zrl[k=p]>‘"rN—l[k’-p])T r (lO)
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the superscript H indicates complex conjugate transposition, I
is N x N unit matrix and y 1is a small constant (for example,

¥ =0.01) which makes the inverse matrix operation well-behaved
in the equation (8). 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 these

separately

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:

~

M

W] =

op

Q[]c,p]}+y><{|~1 < Wik], (11)

&

in which thus P = 2 and K = 52 for the HIPERLAN/2 system.

1
P

B
[l
=}

P

]
N

It is also péssible 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 arrangéd 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 base stations for the

cellular telecommunication systems.

The mobile terminals-and access points may be arranged such

that the mobile terminals have omnidirectional antennae (one
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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 anylother access techniques

including code division multiple access (coma) , frequency
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
routers, embodiments of the present invention are applicable
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
efbodiments of the invention the data may be sent. in any

suitable format.

232



WO 02/063836 PCT/1IB02/01219

27

Advantage may also be obtained in gateway nodes that connect

the wireless network to other networks. This is so because the

gatéway 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.

It ié also noted herein that while the above describes
exemplifying embodiments of the invention, there are several
variations and modifications which may be madeAto the
disclosed solution without departing from the scope of the

pfesent 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 comprisihg:

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 pattermn 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.

234



10

15

20

© 25

30

WO 02/063836 PCT/IB02/01219

29

6. A method as claimed in any preceding claim, wherein each
of the nodes of the system is allocated with a time slot on a
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 spaﬁial characteristics is

pfovided 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 pfoviding 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 precediﬁg 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. 2 method as claimed in any preceding claim, wherein the
capacity parameter -for a node defines’ the numbex of
simultaneous 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 conﬁrol 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 c¢laim, 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.

31. 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 dlrected wireless data communication link is

formed by means of at least one dlrectlonal 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 comﬁunication system as claimed in any of claims
32 to 35, wherein the control iﬁformation 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 daté;
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 ény 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 coﬁmﬁnication links the node méy

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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communication system, the capacity information including
at least a capacity parameter associated with a node in a
given moment of time

Scheduling data communications between the nodes,
wherein each node reserves in its turn in a control channel
data transmission resources

A

Directed data communication links are formed between
those nodes that are to communicate data

Data is communicated between the nodes based on said
scheduling ‘

Fig. 5

243



EP 1117 270 A2

Européisches Patentamt

(19) 0’ European Patent Office
Office européen des brevets

(1) EP 1117 270 A2

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication:
18.07.2001 Bulletin 2001/29

(21) Application number: 00311072.3

(22) Date of filing: 12.12.2000

(51) Intc1.7. HO4Q 7/38

(84) Designated Contracting States:
ATBECHCYDEDKES FIFRGB GRIEITLILU
MC NL PT SETR
Designated Extension States:
AL LT LV MK RO SI

(30) Priority: 12.01.2000 US 482476

(71) Applicant: LUCENT TECHNOLOGIES INC.
Murray Hill, New Jersey 07974-0636 (US)

(72) Inventors:
e Aravamudan, Murali
Murray Hill, New Jersey 07974 (US)
* Naqvi, Shamim A.
Morristown, New Jersey 07960 (US)

(74) Representative:
Watts, Christopher Malcolm Kelway, Dr. et al
Lucent Technologies (UK) Ltd,
5 Mornington Road
Woodford Green Essex, IG8 0TU (GB)

(54) Dynamic routing of wireless communications

(57) A method and apparatus for dynamic routing of
wireless communications. More particularly, 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 updated a mes-
sage is generated and sent to the softswitch. Upon re-
ceiving such a message, the softswitch re-computes the
necessary new resources for maintaining the call and
(i) instructs such new resources to negotiate media

transfer, (ii) after receiving an acknowledgement from
the new resources, transmits appropriate call initiation
messages to such resources; and (jii) transmits call re-
lease messages to the prior, i.e., old, resources support-
ing the call. Advantageously, selection of the requisite
resources to participate in a particular is driven by the
knowledge of the communications network topology. As
such, resources are selected which are topologically
closer to the endpoint thereby increasing the efficiency
of the network resources on a network-wide basis.

FIG. 2

200

Printed by Jouve, 75001 PARIS (FR)

244



1 EP 1117 270 A2 2

Description

Field of the Invention

[0001] The present invention relates to wireless com-
munications systems, and more particularly, to dynam-
ically routing calls in wireless communications net-
works.

Background of 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-
nettelephony servers, is that such systems are discrete
islands of functionality, and each such island has its own
particular syntax and semantics. The use of the different
syntaxes, semantics, and protocols, makes it difficult to
easily interconnect the various islands, and it is 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 adds to the above-described network com-
plexity. For example, FIG. 1 shows a conventional wire-
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] As willbe readily understood, a user employing
a wireless terminal, e.g., wireless terminal 110-1, initi-
ates a call, to a wireless or wireline endpoint, and is con-
nected with a base station, e.g., base station 120-2,
which, in tumn, 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 anotherbase station,
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 MSC is con-
nected to a circuit switch in the PSTN, this allows the
roaming wireless endpoint to effectively roam within the
MSC's immediate network.

[0005] However, the connection between the PSTN
and the particular MSC remains fixed 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 such as call being "dropped". That is,

20

25

30

35

40

45

50

55

as the wireless endpoint roams in the network it is con-
nected to various base stations at various times. A cer-
tain number of such base stations maintain a connection
with a particular MSC. During roaming, a wireless end-
point may find 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
MSC and, hence, losses its connection to the PSTN.
[0006] Complicating matters further is that evolution
of next generation networks is centered on the conver-
gence of voice and data networks. That is, it appears
highly likely that next generation communications net-
work will be an evolution of today's PSTN and Internet
Protocol (IP) networks. Today's communications service
providers are being driven by a number of factors in the
development of such next generation networks such as:
(1) the well-known Internet is becoming a major network
choice for distribution of voice and data; (2) IP usage is
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-
work interoperability. That is, the service providers abil-
ity to offer valued added communications services
across circuit and packet networks is tied directly to the
ability of providing interoperability across a number of
heterogeneous networks that support a wide range of
signaling protocols (e.g., SS7, 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 network interoperability issues is
so-called "software switching". Software switches (also
known in 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 seamless inter-
operability between PSTN and IP network domains.
[0008] In these future communications networks, cir-
cuit switches that carry telecommunications traffic 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's is the traffic capacity of each and their respective
signaling support. Typically, a TG does not terminate
PSTN signaling whereas an AG typically provides inte-
grated services digital network primary rate (ISDN PRI)
and other Channel Associated Signaling (CAS) support.
In softswitch-controlled networks, both the TG and the
AG are controlled via well-known control protocols. In
these networks, call setup will be controlled by the softs-
witch which will 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 media traffic.

[0009] An aspect 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.

Summary of the Invention

[0010] An aspect of the present invention is directed
to amethod and apparatus for 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 updated a trigger,
e.g.,amessage, is generated and sentto the softswitch.
The generation of such messages will occur under a va-
riety of circumstances, e.g., as a wireless terminal
roams to different positionsin 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 network re-
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-
mines that a new set of PVG's should handle the media,
and instructs such PVG's to re-negotiate the media traf-
fic; (ii) after receiving an acknowledgement from the up-
dated set of resources, the softswitch transmits appro-
priate call initiation messages to such resources; and
(iii) transmits call release messages to 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 network that
is controlled by a softswitch. In accordance with 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 network to direct the
media, e.g., the call, to PVG1. 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/IP 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
transfer is 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 Home Location 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 wireless call 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 resources to 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 messages to the prior, 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 particular call 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-wide basis.

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] Throughout this disclosure, unless otherwise
noted, like elements, blocks, components or sections in
the figures are denoted by the same reference 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 reqg-
uisite instructions to such new resources to negotiate
and implement media transfer. Advantageously, in ac-
cordance with an aspect of the invention, selection of
the requisite resources to participate in a particular call
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-
ingthe efficiency of the network resources on a network-
wide basis.

[0017] More particularly, turning our attention to FIG.
2 and FIG. 3, FIG. 2 shows an exemplary architecture
200 for routing wireless communications in accordance
with a preferred embodiment of 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, a call is initiated by a calling party from POTS tel-
ephone 205 to a called party at wireless terminal 250.
As such, a call setup request is 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 PVG1 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/IP ad-
dress and port negotiation. Softswitch 225 further in-
structs PVG2 235 to extend the call to some further net-
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 network to the terminating network (see, FIG.
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3, block 340).

[0019] In accordance with the embodiment of FIG. 2,
PVG2 235 is connected to MSC 240 as afunction of the
location of wireless terminal 250, i.e., an endpoint, as
indicated by its 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 changes frequently
as subscribers, i.e. endpoints, change location and
plays an integral part as roaming occurs in 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 resources to negotiate and implement media
transfer.

[0021] Thus, in accordance withthe preferred embod-
iment, all endpoints participating in a call are marked at
the softswitch (see, FIG. 3, block 350). For example, in
the illustrative embodiment of FIG. 2, a mark is made at
softswitch 225 with respectto POTS telephone 205 and
wireless terminal 250. lllustratively, 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 aspect of the invention, as the entry fora 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). lllustrative-
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ly, as such instructions to the updated network resourc-
es are received, acknowledgement is 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 resource set. In
addition, softswitch 225 will generate call release mes-
sages to 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-
ance with an aspect of 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 base station 265. Thus, the call is 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 accordance with an aspect of the invention,
selection of the requisite resources to participate in a
particular call 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
networks it will be necessary to deploy multiple softs-
witches in order to efficiently process the larger call vol-
ume. Such scalability is achieved by employing multiple
softswitches which communicate with each other via
softswitch-to-softswitch control protocols. Thus, the
larger amount of call traffic in the network is distributed
across several softswitches. In accordance with such
further embodiments of the invention, multiple softs-
witches may share the same HLR/VLR complex. Thus,
messages triggered 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 embodiments of 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
embodied in the form of program code embodied in tan-
gible media, such as floppy diskettes, CD-ROMs, hard
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drives, orany othermachine-readable storage medium,
wherein, when the program code is loaded into and ex-
ecuted by a machine, such as a computer, the machine
becomes an apparatus for practicing the invention. The
invention can also be embodied in the form of program
code, for example, in a storage medium, loaded into
and/orexecuted by amachine, ortransmitted over some
transmission medium, such as over electrical wiring or
cabling, through fiber optics, or via electromagnetic ra-
diation, wherein, when the program code is loaded into
and executed by a machine, such as a computer, the
machine becomes an apparatus for 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-
guage recited herein are principally intended expressly
to be only for pedagogical purposes to aid the reader in
understanding the principles of the invention and the
concepts contributed by the Applicants to furthering the
art, and are to be construed as being without limitation
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 encompass both
structural and functional equivalents thereof. Addition-
ally, it is intended that such equivalents include both cur-
rently known equivalents as well as equivalents devel-
opedinthe 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 views of illustrative 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,
whether or not such computer, machine, or processor,
is explicitly shown.

Claims

1. A method for routing a call between a first endpoint
and a second endpoint in a communications net-
work, the call being extended between the first end-
point and the second endpoint utilizing a first set of
network resources, the method comprising:

marking respective entries in a database relat-
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 between the first
endpoint and the second endpoint.

The method of claim 1 further comprising:

generating a set of 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 set of call release messages; and
transmitting the set of call release messages to
the first set of network resources.

The method of claim 1 wherein the database is 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 message identifying the lo-
cation of the second endpoint.

The method of claim 5 wherein the first endpointin-
cludes a POTS telephone and the second endpoint
includes a wireless terminal.

The method of claim 3 wherein the second set of
network resources includes at 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 method for maintaining a call extended between
a plurality of endpoints in a communications net-
work, the method comprising:

marking respective entries in a communica-
tions database related to particular ones of the
endpoints utilized to extend the call;

updating the entries in the communications da-
tabase as afunction 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 between the plurality of
endpoints.

The method of 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 method of 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 method of claim 13 wherein the location of the
at least one endpoint is a function of a roaming of
the wireless terminal within a geographic region.

A communications system for extending a call
through a plurality of endpoints comprising:

a communications complex for 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 change in the location of at least
one endpoint, and for determining a set of net-
work resources for 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 network re-
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 endpoint is 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 change in the location of the at least one end-
point is a function of the roaming of the wireless ter-



24.
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26.
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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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OFFICE ACTION RESPONSE .

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

Commissioner:

In response to 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 page 2 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 to Crilly in view of US Pat. 6,714,584 to 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 was filed November 4, 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.

Document A, at page A-71, lists several “References” used in compiling Document A.
Included in the References list 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 invented at 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 before Crilly was published, and Crilly is not prior art to such disclosure.

As demonstrated by Document C, 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 (-2, section 1.2.
e a transceiver operatively coupled to the antenna and configured to transmit and
receive electromagnetic signals using the antenna
o see(-1-C-2,C-4(“each array element [can] generate the receive and transmit
beams”) and throughout Document C.
e aprocessor operatively coupled to the transceiver, the processor configured to:
o C-1and C-2, including Fig. 1 disclose a PC
e receive a first signal transmission for a remote station via the antenna and a second
signal transmission from the remote station 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 the first 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 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, 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 stores it 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 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 beamformer is
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 stores it in a table
which is made available to the application running the modified (polling) MAC

m

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:

e receiving a first signal transmission from a remote station 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”.

e determining first 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.”

e 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, not all
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 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 stores it in a table
which is made available to the application running the modified (polling) MAC
protocol on ‘card 13",

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

o C-1: “This signal fevel 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 beamformer is
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 stores it 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:

e an antenna
o see C-2, section 1.2.
e atransceiver operatively coupled to the antenna
o see(C-1-C-2,C-4(“each array element [can] generate the receive and transmit
beams”) and throughout Document C.
e a processor operatively coupled to the transceiver, the processor configured to:
o C-1and 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
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 receive a second signal transmission via the antenna, the second signal 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 stores it 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 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 beamformer is
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 stores it 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 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 Allowance is requested.
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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 L Nuttall/
Glen L Nuttall, Reg. No. 46,188
Telephone: (949) 955-1920

Kiein, O’Neill & Singh, LLP
16755 Von Karman, Suite 275
Irvine, CA 92606

T (949) 955-1920

F (949) 955-1921
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-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
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THIS COMMUNICATION.
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- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

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

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

Status
1) Responsive to communication(s) filed on 05 October 2017.
[ A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on
2a)X] This action is FINAL. 2b)[] This action is non-final.
3)[] An election was made by the applicant in response to a restriction requirement set forth during the interview on
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4)[] Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 4563 O.G. 213.

Disposition of Claims*
5 Claim(s) 1-20is/are pending in the application.

5a) Of the above claim(s) ___is/are withdrawn from consideration.
6)[1 Claim(s) is/are allowed.
7)X Claim(s) 1-20 is/are rejected.
8)[] Claim(s) _____is/are objected to.
9)[] Claim(s) are subject to restriction and/or election requirement.

* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a
participating intellectual property office for the corresponding application. For more information, please see
http/raww. uspto.gov/patents/init_events/pph/indax.jsp or send an inquiry to PPlHfeedback@uspto.qov.

Application Papers
10)[]] The specification is objected to by the Examiner.
11)X] The drawing(s) filed on 05 October 2017 is/are: a)[X] accepted or b)[_] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).

Priority under 35 U.S.C. § 119
12)[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:
a)J Al b)[J Some** ¢)[] None of the:
1.[] Certified copies of the priority documents have been received.
2.[] Certified copies of the priority documents have been received in Application No.
3.0 Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
** See the attached detailed Office action for a list of the certified copies not received.
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U.S. Patent and Trademark Office
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DETAILED ACTION
Notice of Pre-AlA or AIA Status
1. The present application is being examined under the pre-AlA first to invent

provisions.

Response to Amendment
2. Acknowledgement is made of the amendment filed October 05, 2017. Claims 1-
20 remain pending in the application.
¢ No claims are currently amended.
¢ No claims have been canceled.

e No claims are new.

Response to Arguments

3. Applicant's arguments filed 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 of Ishii 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 examiner is 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 personnel will reduce the possibility that the claim, when issued, will be
interpreted more broadly than is justified or intended.
The applicant is reminded that the rejection is made based on the entire content

of the cited prior art.

(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 (Code Division 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.” Id.,column 1, lines 8-13 (emphasis added). In Ishii, signal
components come from a plurality of different directions, and are thus associated
with different transmitters. In contrast, claim 1 recites “receive a first signal transmission
from a remote station via the antenna and a second signal 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 references individually, one
cannot show nonobviousness by attacking references individually where the rejections
are based on combinations of references. See In 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 receive a first signal
transmission from a remote station via the antenna and a second signal transmission
from the remote station.”

Crilly discloses 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.);

Crilly does not specifically disclose “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.”

However, Ishii in the same field of endeavor discloses receiving a first signal
transmission from a remote station 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.
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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Therefore, the combination of Crilly, Jr. and Ishii discloses receive a first signal
transmission from a remote station via the antenna and a second signal 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 invention is not identically 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 obvious at the
time the invention was made to a person having ordinary skill in the art to which said subject
matter pertains. Patentability shall not be negatived by the manner in which the invention was
made.

5. 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 under pre-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 between the prior art and the claims at issue.

3. Resolving the level of ordinary skill in the pertinent art.

4. Considering objective evidence present in 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 over Crilly, Jr. et al. (US 2002/0158801 A1) in view of Ishii et al. (US

6,714,584).
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Regarding claim 1,

As shown in FIGS. 1-24, Crilly discloses a receiver for use in a wireless

communications system, the receiver comprising:

an antenna (see Crilly, 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 processor operatively coupled to the transceiver, (see Crilly, FIG. 4, control logic

112) 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 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.);

determine first signal information for the first 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 second signal information for the second signal transmission,
wherein the second signal information is different than the first signal

information (see Crilly, paragraph [0092]; Here, control logic 112 includes

286



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 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/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.); 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/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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Crilly does not specifically disclose “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.”

However, Ishii in the same field of endeavor discloses receiving a first signal
transmission from a remote station 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.
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.”).

It would have been obvious to one of 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 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 improvement to yield predictable results
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To reject a claim based on this rationale, Office personnel must resolve the
Graham factual inquiries. Then, Office personnel must articulate the following:

(1) afinding that the prior art contained a “base” device (method, or product)
upon which the claimed invention can be seen as an “improvement;”

(2) afinding that the prior art contained a known technique that is 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 remote station via the antenna and a second signal
transmission from the remote station via the antenna simultaneously.

Ishii contains known technique of a first signal transmission from a remote station
via the antenna and a second signal transmission from the remote station via

the antenna simultaneously that is applicable to the “base" device.
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Ishii’'s known technique a first signal transmission from a remote station via the
antenna and a second signal transmission from the remote station via the antenna
simultaneously would have been recognized by one of ordinary skill in the art as
applicable to the “base” process of Crilly and the results would have been predictable
and resulted in a receiver for use in a wireless communications system receiving a first
signal transmission from a remote station via the antenna and a second signal
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 2,

The combination of Crilly and Ishii discloses the receiver as recited in Claim 1,
wherein the antenna comprises a first antenna element and a second antenna element,
and wherein the processor is further configured to:

receive the first signal transmission from the remote station 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 transceiver to transmit the third signal to the remote station via the

antenna (see Crilly, paragraph [0093]; Weighting matrix 166 operates so as to

290



Application/Control Number: 15/495,539 Page 11
Art Unit: 2631

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 the first 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 placement of 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 the first signal transmission and the second signal transmission are directional
transmissions (see Crilly, paragraph [0009]; In certain further implementations, the
adaptive antenna is also configured to selectively receive at least one incoming

electromagnetic signal directed through the coverage area.).

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 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
(see Crilly, paragraph [0011], “By way of example, the routing information may
include transmit power level 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 packet lifetime
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 remote station to
modify the placement of one or more transmission peaks and one or more transmission
nulls in a subsequent signal 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 peaks in 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 processor is further configured to:

determine a plurality of signal strength indications for the first signal
transmission; determine a 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 (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
address information, protocol identifying information, modulation method
identifying information, Connection ID (CID) information, node directional

information, node transmit power level information, node received signal 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,
and interference nulling information.”); and

cause the transceiver to generate a fourth signal based on the first signal
strength average and the second signal strength average (see Crilly, paragraph
[0016]; “The scheduler can establish one or more traffic schedules by

determining at least one assighment for 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 processor is further configured to: cause the transceiver to transmit the
fourth signal to the remote station via the smart antenna (see Crilly, paragraph [0016];
“The scheduler can establish one or more traffic schedules by determining at

least one assignment for an outgoing data transmission.”).

Regarding claim 9,
As shown in 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 second signal transmission via a second antenna element of
the antenna (see Crilly, FIG. 4, antenna array 110);

e determining first 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 second signal information for the second signal transmission, wherein
the second signal information is different than the first 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.);
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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/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.); and

transmitting to the remote station 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 values in the weighting matrix.).

Crilly does not specifically disclose “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.”

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

transmission from a remote station via the antenna and a second signal 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 may receive simultaneously the desired signal components incoming at

different timings.”).

It would have been obvious to one of 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 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 improvement to yield predictable results

To reject a claim based on this rationale, Office personnel must resolve the
Graham factual inquiries. Then, Office personnel must articulate the following:

(1) afinding that the prior art contained a “base” device (method, or product)
upon which the claimed invention can be seen as an “improvement;”

(2) afinding that the prior art contained a known technique that 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 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 second signal
transmission from the remote station via the antenna simultaneously.

Ishii contains known technique of a first signal transmission from a remote station
via the antenna and a second signal transmission from the remote station via
the antenna simultaneously that is applicable to the “base" device.

Ishii’s known technique a first signal transmission from a remote station via the
antenna and a second signal transmission from the remote station via the antenna
simultaneously would have been recognized by one of ordinary skill in the art as
applicable to the “base” process of Crilly and the results would have been predictable
and resulted in a receiver for use in a wireless communications system receiving a first

signal transmission from a remote station via the antenna and a second signal
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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 as recited 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 more traffic
schedules by determining at least one assignment for an outgoing data

transmission.”).

Regarding claim 11,

The combination of Crilly and Ishii discloses the method as recited in Claim 9,
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 (see Crilly, paragraph [0010]; “The logic is operatively coupled
to the antenna array and configured to selectively control the placement of 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 as recited in Claim 9,
wherein the first signal transmission and the second signal transmission are directional
transmissions (see Crilly, paragraph [0009]; In certain further implementations, the
adaptive antenna is also configured to selectively receive at least one incoming

electromagnetic signal directed through the coverage area.).

Regarding claim 13,

The combination of Crilly and Ishii discloses the method as recited in Claim 9,
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
(see Crilly, paragraph [0011], “By way of example, the routing information may
include transmit power level 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 packet lifetime
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 remote station to modify the placement of one or more transmission
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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 placement of 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 as recited in Claim 9,
wherein the processor is further configured to: determining a plurality of signal strength
indications for the first signal transmission; determining a first signal strength average
based on the plurality of signal strength indications for the first signal transmission;
determining a plurality of signal strength indications for the second signal transmission ;
determining a second signal strength average based on the plurality of signal strength
indications for the second signal transmission; and 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 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
address information, protocol identifying information, modulation method
identifying information, Connection ID (CID) information, node directional

information, node transmit power level information, node received signal strength
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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,
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 more traffic schedules by

determining at least one assighment for 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 transceiver to transmit the fourth signal to the
remote station via the antenna (see Crilly, paragraph [0016]; “The scheduler can
establish one or more traffic schedules by determining at least one assignment

for an outgoing data transmission.”).

Regarding claim 17,
As shown in 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 atransceiver operatively coupled to the antenna (see Crilly, FIG. 2,

transmitter/receiver 114); and
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e a processor operatively coupled to the transceiver (see Crilly, FIG. 4, control

logic 112), the processor configured to:

e}

receive a first signal transmission from a remote station via the antenna,
the first signal transmission comprising first 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 second 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.);

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 (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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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/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.).

Crilly does not specifically disclose “receive a first signal transmission from a

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

station via the antenna.”

However, Ishii in the same field of endeavor discloses receiving a first signal
transmission from a remote station via the antenna and a second signal transmission
from the remote station via the antenna (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 may

receive simultaneously the desired signal components incoming at different

timings.”).
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It would have been obvious to one of 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 remote station 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 improvement to yield predictable results

To reject a claim based on this rationale, Office personnel must resolve the
Graham factual inquiries. Then, Office personnel must articulate the following:

(1) afinding that the prior art contained a “base” device (method, or product)
upon which the claimed invention can be seen as an “improvement;”

(2) afinding that the prior art contained a known technique that is 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:
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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 second signal
transmission from the remote station via the antenna simultaneously.

Ishii contains known technique of a first signal transmission from a remote station
via the antenna and a second signal transmission from the remote station via
the antenna simultaneously that is applicable to the “base" device.

Ishii’s known technique a first signal transmission from a remote station via the
antenna and a second signal transmission from the remote station via the antenna
simultaneously would have been recognized by one of ordinary skill in the art as
applicable to the “base” process of Crilly and the results would have been predictable
and resulted in a receiver for use in a wireless communications system receiving a first
signal transmission from a remote station via the antenna and a second signal
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 the first 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 placement of 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 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 (see
Crilly, paragraph [0011], “By way of example, the routing information may include
transmit power level 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 packet lifetime
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 comprises a first antenna element and a second antenna element,
and wherein the first antenna element and the second antenna element are directional

antenna elements (see Crilly, paragraph [0009]; In certain further implementations,
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the adaptive antenna is also configured to selectively receive at least one

incoming electromagnetic signal directed through the coverage area.).

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

A shortened statutory period for reply to this final action is set to expire THREE
MONTHS from the mailing date of this action. In the event a first reply is filed within
TWO MONTHS of the mailing date of this final action and the advisory action is not
mailed until after the end of the THREE-MONTH shortened statutory period, then the
shortened statutory period will expire on the date the advisory action is mailed, and any
extension fee pursuant to 37 CFR 1.136(a) will be calculated from the mailing date of
the advisory action. In no event, however, will the statutory period for reply expire later
than SIX MONTHS from the mailing date of this final action.

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to GINA MCKIE whose telephone number is (571)270-
5148. The examiner can normally be reached on Mon-Fri, 8:30 AM-5:00 PM EST.

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.
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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 number for
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 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.

/GINA MCKIE/
Examiner, Art Unit 2631

/SHUWANG LIU/

Supervisory Patent Examiner, Art Unit 2631
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METHODS AND SYSTEMS FOR CONTROLLING HARD AND
SOFT HANDOFFS IN RADIO COMMUNICATION SYSTEMS

BACKGROUND

5 The present invention relates generally to methods and systems for

radiocommunications and, more particularly, to such systems in which a connection
can be handed over from one channel or base station to another.

The cellular telephone industry has made phenomenal strides in commercial
operations in the United States as well as the rest of the world. Growth in major

10  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.

15 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 changes its position and so moves out of the
coverage area of one base station and into the coverage area of another base station.
This type of handoff is commonly referred to as an “intercell” handoff as the

20  coverage areas associated with base stations are commonly referred to as “cells”.
Depending upon the quality of the current channel, it may also be desirable to
transfer a connection from one channel of the base station to another channel
supported by the same base station, which handoffs are commonly referred 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 breaks its
connection to its original base station (BTS1) and then establishes a connection to
its new base station (BTS2).

By way of 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 BTS1. 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 BTS2 is set
up, the connection to BTS1 will be released which is 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 that it 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.

For the 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 cell may
employ an array antenna structure as shown in Figure 3. Therein, an exemplary
radio communication system 200 includes a radio base station 220 employing a
fixed-beam phased array (not shown). The phased array generates a plurality of
fixed narrow beams (B, By, B3, By, etc.) which radially extend from the base station
220, at least one of which (B) is used to communicate with MS 210. Preferably, the
beams overlap 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
mapped to other systems which employ sectorized and/or array antennas. In these
latter types of systems, hard and soft handoffs can be performed between sectors 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 base station 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 compared to 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 base station controllers, BSC1 and BSC?2, is shown. BSC1 controls base
stations BTS11, BTS12 and BTS13, while BSC2 controls base stations BTS21,
BTS22, and BTS23. The area that is served by all of the base stations coupled to a
BSC is called a "BSC area".

Assume for this example, that the mobile station (MS) moves from cell A
served by the base station BTS12 to cell B, which is at the border between two BSC
areas. Cell B is served by two overlapping base stations, BTS11 and BTS21.
BTS11 is coupled to controller BSC1, and BTS21 is coupled to base station
controller BSC2. As the MS moves to cell B, it carries out a soft handoff controlled
by BSCI1 to a traffic channel of base station BTS11.

Assume further that the MS continues onward toward cell C and finally
enters into its area of radiocommunication coverage. The base station BTS22,
serving cell C, is under the 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 BSC2 takes place. Finally, a soft handoff from BTS21 to
BTS22 is 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 under the 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 Al, 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 resides initially (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 handoff start
condition is weakest, among the available types of handoff at a mobile station, is
evaluated first. It is determined whether the handoff start condition for this type of
handoff is 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 handoff is
satisfied.

However, the techniques described in EP 817 517 Al require that the mobile
station be informed for each sector regarding which type of handoff is available.
Hence out of a number of possible cells/sectors suitable for handoff with, possibly,

different available handoff types, the mobile station first has to select all

343



10

15

20

25

WO 00/38455 PCT/EP99/10083

cells/sectors that are available for the handoff type with weakest start condition. In a
second step, a judgement among all 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 overhead signalling
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 communications in 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 number of transmission sources into a group;
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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 occur to at least one target transmission source if
said at least one target transmission source is within said group; and

selecting a secbnd type of handoff to occur to said at least one target transmission

source if said first type of handoff is 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 members in 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 mechanisms according to the present invention provide a
number of 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 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
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between other cells a soft handover might be most suitable. Moreover, the grouping
of transmission sources into particular softzones need not be static, e.g., a network
operator may adjust softzone assignments based on changes to 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.

In a preferable embodiment of the method said 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 handoff is
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 same softzone id as current
members of 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.
Examples of suitable transmission sources include a 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 base station operating in a radiocommunication system can support

communication on two or more different frequency bands. In this case, a suitable
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choice of the groups is that transmission sources in 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 member of said 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. Combinations of 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, 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. A

transmission source can include for example one or more beams of an antenna array
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or one or more sectors associated with one or more base stations. A hard handoff of
said connection from one of the first transmission sources to one of the second
transmission sources is selected when said 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 processor in the controller can reassign a transmission
source from a first 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 UMTS specifications or an RNC (radio network

controller). The controller can also be disposed in a mobile station.

A preferable radiocommunication system according to the invention comprises at
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 group identification 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 of the first transmission sources to one of the second transmission sources
when the group identifications are the same. When said first and second group
identifications are different, a hard handoff of said connection from a first

transmission source to a second transmission source is 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 an illustration of soft handoff;

Figure 2 depicts a base station employing sector antennas;

Figure 3 shows a base station employing an array antenna,

Figure 4 is an illustration 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 graph illustrating various handoff algorithm conditions for
adding, deleting and replacing sectors;

Figure 8 shows three 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 not limitation,
specific details are set forth, such as particular circuits, circuit components,
techniques, etc. in order to provide a thorough understanding of the invention.
However it 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, €.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 mechanisms according 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 above is illustrated in Figure 6. This block diagram has
been simplified to illustrate only those components relevant to the measurement of
downlink signal strength, however those 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 measurement of received
signal quality is particularly relevant in determining when an intracell handoff is
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 microphone and speaker unit (not
shown), which enables information to be exchanged between the mobile station and
the base station.

When the 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 handoff algorithm. Alternatively, if
mobile evaluated handover (MEHO) is employed, then the mobile station itself will
evaluate the various sectors.

An example is provided in Figure 7 to illustrate how the active set may
change over time 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 assumed that only sector A belongs to the active
set. The measurement set in this example contains all sectors of the active set and
all the neighbors of the active set, in this example A, B and C. Generally speaking,
the measurement set contains all of the transmission sources for which the mobile
station makes measurements. The measurement set 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 measurement set 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 current active set if its
quality Qx meets the following condition:

Qx > Qpest - add_th

where Qpes represents the quality of the sector with the best quality in the
Active Set and add_th is a threshold value. For example, as shown in Figure 7,

sector B is added to the active set at the time instant marked ‘Add B’ since the
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difference between its 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 current active set if its
quality Qy meets the following condition:

Qx < Qpest - 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 number of cells allowed in the
active set is limited. Once this maximum number is 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:

Qyx > Quworst + replace_th
where replace_th represents the threshold used for sector replacement. Provided that
the maximum number of sectors 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 a new sector is carried out if the quality Q, of sector X fulfills the following
condition:

Qx > Qpest + hho_th
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where hho_th represents the threshold used for hard handover, i.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 handover to 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 mechanisms are
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 members within the group having the same softzone 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
common or dedicated channels. Thus, the handoff rules described above with

respect to Figure 7 are modified according to this exemplary embodiment such that:

1. When the quality of a measured cell (base station, transmission
source, beam, sector, etc.) exceeds the value Qpes - 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
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cell will not be added to the active set, even though the quality of the

measured cell exceeds Qpes - add_th.

2. ‘When the quality of a measured cell (base station, transmission
5 source, beam, sector, etc.) drops below the value of Qpes - 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. When the quality of a measured cell (base station, transmission
source, beam, sector, etc.) exceeds the value of Qe + hho_th (the
hard handover threshold), 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 measured cell. If the

15 measured cell has the same softzone identity as the active set cells, no

handoff action will be taken.

4. When the quality of a measured cell (base station, transmission
source, beam, sector, etc.) exceeds the value of Quorse + rpl_th (the
20 replacement threshold), and the measured cell has a softzone identity
which is 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 known in the mobile station (in the case of

25  MEHO) or in the network (in the case of NEHO). Thus, in the former case, 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.

An illustrative 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 shown in 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 members of 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 handover to 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 handover to C" in Figure 9 because in this case cell ¢ would have been added
to the active set at time instant "no sho".

Softzone handoff mechanisms according to the present invention provide a

number of benefits. For example, the overhead signalling between the mobile
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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 A1l.
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 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 other cells a soft handover might be most suitable. In rural areas, for
example, line of sight links between mobile stations and base stations are rather
frequent. Typically, even in case of hard handoff, a reliable handoff will be
performed. On the other hand, in urban areas, 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 assigned to rural cells.

Moreover, the grouping of transmission sources into particular softzones
need not be static, e.g., a network operator may adjust softzone assignments based
on changes to 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 whereby efficient use of system resources
is promoted.

The above-described exemplary embodiments are intended to be illustrative
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 apparent to 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
same or different softzone ids may be provided for different frequency bands used by
the same base station to provide communication services. Of course, for mobile
stations having only a single receiver, i.e., which can only tune to a single frequency
band at a given time, it would then be preferable to provide different softzone ids to
different frequency bands employed by a particular base station, i.e., to force hard
handoffs rather than soft handoffs therebetween.

Thus the present invention is capable of many variations in detailed
implementation that can be derived from the description contained herein by a
person skilled in the art. All such variations and modifications are considered to be
within the scope and spirit of the present invention as defined by the following

claims.
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CLAIMS

A method for controlling handoff of a mobile station to a target transmission
source in a radiocommunication system comprising the steps of:

grouping a number of 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 occur to 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 occur to said at least one target

transmission source if said first type of handoff is not selected.

Method according 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.

Method according 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 one 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 antenna array 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 comprises the steps of:

measuring a quality level associated with transmission sources in 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.
Method according to claim 7, wherein said at least one threshold is variable.
Method according 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 member of said active set.
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Method according to any preceding claim further comprising the step of

distributing group identifiers of transmission sources to said mobile station.

Method according 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 source to 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 controller is

disposed in a mobile station.

Controller according to any of the claims 13 to 15, wherein said controller is

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
assigned thereto;

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 source to 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 one first
transmission source to said at least one second transmission source when said

first and second group identifications are different.
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Transmit diversity method and system

FIELD OF THE INVENTION

The present invention relates to a transmit diversity
method and system for a wireless communication system, such
as the Universal Mobile Telecommunications System (UMTS)
comprising a transmitting element and at least one

receiver.

BACKGROUND OF THE INVENTION

Wideband Code Division Multiple Access (WCDMA) has been
chosen as the radio technology for the paired bands of the
UMTS. Consequently, WCDMA is the common radio technology
standard for third-generation wide-area mobile communica-
tions. WCDMA has been designed for high-speed data services
and, more particularly, Internet-based packet-data offering
up to 2Mbps in indoor environments and over

384 kbps for wide-area.

The WCDMA concept is based on a new channel structure for
all layers built on technologies such as packet—data
channels and service multiplexing. The new concept also
includes pilot symbols and a time-slotted structure which
has led to the provision of adaptive antenna arrays which
direct antenna beams at users to provide maximum range and
minimum interference. This is also crucial when
implementing wideband technology where limited radio

spectrum is available.

The uplink capacity of the proposed WCDMA systems can be
enhanced by various technigues including multi-antenna
reception and multi-user detection or interference

cancellation. Techniques that increase the downlink
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capacity have not been developed with the same intensity.

However, the capacity demand imposed by the projected data
services (e.g. Internet) burdens more heavily the downlink
channel. Hence, it is important to find techniques that

improve the capacity of the downlink channel.

Bearing in mind the strict complexity regquirements of
terminals, and the characteristics of the downlink channel,
the provision of multiple receive antennas is not a desired
solution to the downlink capacity problem. Therefore,
alternative solutions have been proposed suggesting that
multiple antennas or transmit diversity at the base station
will increase downlink capacity with only minor increase of

complexity in terminal implementation.

According to the WCDMA system, a transmit diversity concept
is under consideration which is mainly focused on the

closed-loop (feedback) mode.

Fig. 1 shows an example of such a feedback mode for a
downlink transmission between a base station (BS) 10 and a
mobile terminal or mobile station (MS) 20. In particular,
the BS 10 comprises two antennas Al and A2, and the MS 20
is arranged to estimate the channel on the basis of two
transmission signals received from the two antennas Al and
A2. Then, the MS 20 feeds back the discretized channel
estimate to the BS 10. Naturally, it is desired to develope

a robust and low-delay feedback signaling concept.

In WCDMA, three modes are suggested for the closed-loop
concept which is optimized for two antennas. In the
feedback (FB) mode 1 (also referred to as Selective
Transmit Diversity (STD)), one bit per time slot is used to
signal the "best" antenna from each terminal. The remaining

closed-loop FB modes 2 and 3 provide a slower feedback
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1link, where feedback weights used for controlling the

antennas Al and A2 are modified after two or four 0.625 ms
slots, respectively. In this case, the antennas Al and A2
are co-phased so that transmitted signals sum up coherently
in the MS 20, to thereby provide the best performance with

low mobility "low multipath" environments.

Fig. 2 shows a table indicating characteristic parameters

of the above FB modes 1 to 3. In particular, Npp designates
the number of feedback bits per time slot, Ny the number of

bits per feedback signaling word, Na the number of feedback
bits for controlling an amplification or power at the
antennas Al and A2, and Np the number of feedback bits for
controlling a phase difference between the antennas Al and
A2. As can be gathered from the table of Fig. 2, one bit is
fed back per time slot in each of the FB modes 1 to 3.

In the FB mode 1 (i.e. STD), the bit length of the feedback
signaling word is one bit, which leads to an update rate of
1600/s (i.e. an update is performed at the BS 10 in every
time slot). The feedback bit rate is 1600 bps and the
feedback signaling word is used for controlling the power

supplied to the antennas Al and A2.

In the FB mode 2, the feedback signaling word comprises two
bits, which leads to an update rate of 800/s, since an
update is performed after both feedback bits have been
received, i.e. after two time slots. The feedback signaling
word is only used for controlling the phase difference

between the two antennas Al and A2.

In the FB mode 3, the bit length of the feedback signaling
word is four, such that an update rate of 400/s is
obtained, i.e. an update is performed every four time

slots. In particular, one bit of the feedback signaling
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word is used for controlling the amplification (power) at

the antennas Al and A2, and three bits are used for

controlling their phase difference.

Fig. 3A shows a table indicating the feedback power control
performed in the FB mode 1 or STD. Here, the MS 20 has to
estimate the antenna with the smallest path loss. To this
effect, the MS 20 estimates the channel power of all
"competing antennas", and determines the one with the
highest power. The required channel estimates are obtained
e.g. from a common pilot channel transmitted with a known
power from each antenna. The table in Fig. 3A shows the

relationship between the feedback value and the power Ppiq
supplied to the antenna Al and the power Pps supplied to

the antenna A2. Accordingly, one of the two antennas Al and
A2 is selected at the BS 10 in response to the feedback

signaling value.

It is to be noted that the FB mode 1 may be implemented in
an analog manner in the beam domain. In this case, the MS
20 signals to the BS 10 whether to rotate channel symbols
transmitted from the antenna A2 by 180°. In this case, the
BS 10 transmits simultaneously from both antennas Al and
A2 . Thus, the phase difference between the antennas Al and
A2 is switched between 0° and 180° in response to the

feedback wvalue.

The other FB mocdes 2 and 3 relate to a feedback concept
referred to as Transmission Antenna Array (TxAA), in which
the MS 20 transmits estimated and quantized channel
parameters to the BS 10 which then weights the transmitted

signals accordingly.

Fig. 3B shows the feedback control performed in the FB mode
2. In the FB mode 2, only a phase weight feedback wvalue
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comprising two bits is fed back to the BS 10. The phase

difference indicated in the table of Fig. 3B defines the
phase difference (in degree) between the antennas Al and
A2, which is to be established by the BS 10 in order to

obtain an optimum coherence at the MS 20.

Fig. 3C shows the feedback control of the FB mode 3,
wherein one bit, i.e. amplification bit, of the feedback
signaling word is used for controlling the power of the
antennas Al and A2, and the other three bits, i.e. phase
bits, are used for controlling the phase difference between
the antennas Al and A2. The left-hand table iﬁdicates the
power control based on the amplification bit, wherein the

power Ppj1 and Ppo supplied to the antennas Al and A2,

respectively, is switched between 20% and 80% of a
predetermined value. The right-hand table shows the
feedback control based on the three phase bits, wherein the
phase difference can be guantified into eight different
phase difference values to be established by the BS 10 in

order to obtain an optimum coherence in the MS 20.

As regards the table of Fig. 2, it is to be noted that an
equal power is applied to the antennas Al and A2 in each
case where Na = 0. Furthermore, the antennas Al and A2 are
uniquely defined by their respective pilot codes of the
CCPCH (Common Control Physical Channel) of the UMTS. The
derived amplitude and phase applied to the antennas Al and
A2 is called a weight and the set of weights is grouped
into a weight vector. Specifically, the weight vector for

the present case of two antennas is given by

Pa
BT JPaz -exp(jmAp /180)
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wherein A¢@ denotes the phase difference (phase weight) fed

back to the BS 10. In case the dimension of w becomes
larger than two, more than two antennas, i.e. an antenna
array, are required, wherein a directional antenna is
achieved by using relative phases between antennas. The
estimated phase of the feedback signal in the complex plane

is then used for controlling the transmit direction.

Hence, the current WCDMA transmit diversity feedback
concept uses a 2, 4 or 8 phase constellation to signal the
channel difference to the BS 10. However, the higher
channel resolution provided by a higher constellation order
is obtained at the expense of feedback signaling capacity.
Thus, the resolution of the feedback signaling is limited
by the feedback signaling capacity. Furthermore, the
current concept imposes a delay of one or more slots in
executing the weight change and this restricts

applicability only to very slow fading channels.

SUMMARY OF THE INVENTION

It is therefore an object of the present invention to
provide a method and system for transmit diversity or
transmit beamforming, by means of which the resolution of
the feedback signaling can be increased without increasing

the feedback signaling capacity.

This object is achieved by a transmit diversity method for
a wireless communication system comprising a transmitting
element and at least one receiver, said method comprising
the steps of:

transmitting from said transmitting element to said at
least one receiver a transmission signal in accordance with

a weight information determined in response to a feedback

information;
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deriving said feedback information from the response at

said at least one receiver to said transmission signal;
feeding back said feedback information using multiplexed

feedback signals.

Additionally, the above object is achieved by a transmit
diversity system for a wireless communication system,
comprising:

transmitting means for transmitting a transmission signal
from a transmitting element in accordance with a weight
information determined in response to a feedback
information; and .

at least one receiver for receiving said transmission
signal and deriving said feedback information from the
response to said transmission signal;

wherein said at least one receiver comprises a feedback
means for feeding back said feedback information using

multiplexed feedback signals.

Furthermore, the above object is achieved by a transmitter
for a wireless communication system, comprising:

extracting means for extracting a feedback information from
a received signal;

transmitting means for transmitting a transmiésion signal
from a transmitting element in accordance with a weight
information;

determining means for determining the weight information in
response to the extracted feedback information; and

control means for controlling the determining means so as
to determine said weight information in accordance with
multiplexed feedback signals used for feeding back said

feedback information.

Moreover, the above object is achieved by a receiver for a

wireless communication system, comprising:
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receiving means for receiving a transmission signal;

deriving means for deriving a feedback information from the
response to said transmission signal; and
feedback means for feeding back said feedback information

using multiplexed feedback signals.

Accordingly, the transmit resolution can be enhanced by
maintaining the feedback channel resolution and capacity
signaled from the receiver and performing a suitable
feedback filtering at the transmitter in accordance with
the time-varying feedback signal constellation. Thereby,
the effective resolution of the total feedback signaling
can be improved while maintaining the signaling channel
capacity, since the feedback information can be divided and
spread over different sets of time slots in accordance with
the time-varying signal constellation, or by using multiple
different constellations. The filtering is applied to at
least two subchannels. The transmitting signal may comprise
a probing signal used for channel measurements and channel
gquantization and an information transmitted wvia the

dedicated channel on the basis of the transmit weights.

According to the invention, multiplexed feedback signals
can be used for representing the quantized state of the
channel. Thereby, the type, coding, partitioning or
allocation of the feedback signals may differ in different
multiplex subchannels defined by a time division, fregquency

division, or code division multiplexing scheme. -

Thus, the weights applied to the antennas Al and A2 can be
demultiplexed from the feedback channel and need not be
identical with the feedback signaling of the current time
slot received from the receiver. In particular, a multiplex
timing can be arranged such that the current FB modes still

can be established. Each subchannel may independently
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define a basic resolution, and the subchannels may jointly

define an increased resolution. According to the invention,
at least two feedback subchannels are used. The multiplexed
feedback signals are demultiplexed at the transmitting
element and then filtered in order to obtain the desired
transmit weights. Thus, a flexible feedback concept is
achieved, in which the transmit weights are derived from

the feedback signals but need not match them exactly.

Furthermore, a higher transmit weight resolution and
robustness can be achieved e.g. by multiplexing different
feedback signals which are to be combined in a suitable
way, e.g. by a Finite Impulse Response (FIR) filtering or
an Infinite Impulse Response (IIR) filtering, at the
transmitter. The filtering can also take into account the
reliability of the received feedback signals. Then, the
filter can determine the weights based on a higher
weighting of the reliable feedback signals. Therefore, the
present FB mode 3 can be achieved, since it can be
established on the basis of e.g. the present FB mode 2 by
multiplexing two different feedback signals and filtering
them suitably. In this case, the feedback signaling and the
channel estimation can be maintained, while slightly
changing the feedback signal determination. Héwever, no

changes are reqgquired to the common channels.

The length of the filter impulse response should be matched
to the channel characteristics (e.g. Doppler spread) in the
sense that longer filters can be used when channel changes
are slow. The type of filter can be determined from the
received signal or it can be negotiated between the
transmitter and the receiver. Furthermore, the
demultiplexing and subsequent filtering can be performed on
the feedback signal or on the transmit weights to which the

feedback signals correspond, or both. In particular, gain
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and phase information can be filtered separately or

jointly. The filter can operate as a predictor, so that
transmit weights can be predicted based on the available
smoothed information until the command is transmitted,
current weights and/or previous weights and/or received
feedback commands. In addition, the filtering can be linear
or non-linear. Furthermore, a robust filtering, e.g. using
a median filtering, can be applied, which is preferred,
since feedback errors may cause "outliers" weights, i.e.
erroneous weights due to a wrong index rather than an

estimation error in determining the index/quantization.

Hence, the channel is quantized to a plurality of feedback
signal quantization constellations, and each quantized
value is transmitted via different multiplexed feedback
subchannels. Thereby, a user may use different channel
quantization constellations at different quantization
intervals which may possibly overlap. The different
quantization constellations may be independent, e.g.
suitable rotations of each other, or may be formed in a
dependent or hierarchical manner by a set partitioning,
wherein the dependent constellations are jointly used to
define the feedback signal with increasing accuracy (e.g.
the first two bits transmitted in a first subchannel may
designate a weight quadrant, and the third bit transmitted
in a second subchannel may specify one of two weight points
within the weight guadrant). Furthermore, different

quantization constellations can be provided for different

users.

Preferably, the multiplexed feedback signals may comprise a
first feedback signal having a first constellation and a
second feedback signal having a second constellation. The
first and second feedback signals may be transmitted in

different time slots and/or by using different codes.
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The first feedback signal may define a first phase weight
determined on the basis of a channel estimate, and the
second feedback signal may define a second phase weight
determined on the basis of a rotated constellation. In
particular, the second phase weight may be based on a
rotated channel estimate of the same constellation, or on a
rotated channel estimate of another constellation, or on
the basis of a quantization of the channel estimate to the
second (rotated) constellation. The first and second
feedback signals may be fed back in successive time slots.
Moreover, the first feedback signal may define a real part
of the weight information, and the second feedback signal

may define an imaginary part of the weight information.

Alternatively, the first feedback signal may define a first
feedback information to be used for updating a first beam
of the transmitting element, and the second feedback signal
may define a second feedback information to be used for
updating a second beam of the transmitting element. In this
case, the first feedback signal can be fed back during odd
time slots and the second feedback signal during even time
slots. The odd and even time slots may be used for
controlling the same antenna (when the channei difference
is used) or a first antenna and a second antenna,
respectively, in different time instants. In the latter
case, the first and second antennas are alternately used as
a reference. Controlling both antennas, e.g. by _
transmitting control commands in an alternate manner to the
transmitting element, is preferred in cases where the
effective transmitting power of the controlled antenna can
be reduced by the filtering. When both antennas are
generally controlled, the effective transmitting power is
distribuited evenly and this simplifies the designs of a

provided power amplifier. Another possible solution is to
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use transmit diversity technigques where different users may

control different antennas.

Furthermore, the first feedback signal may define a
quadrant in a 4-PSK constellation, and the second feedback
signal may define a constellation within said gquadrant
defined by said first feedback signal. The second feedback
signal may define a differential change, a Gray-encoded
sub-quadrant, or a combination thereof.

The multiplexed feedback signals may be transmitted by at
least two users having different feedback signal
constellations. Thereby, a flexible and readily adaptable
transmit diversity system can be achieved. The at least two
users may comprise a first set of users controlling weights
at a first antenna of the transmitting element, and a
second set of users controlling weights at a second antenna
of said transmitting element. In this case, a useful
balancing of the transmitting power between the first and
second antennas can be provided, since some filtering or
demultiplexing techniques may result in lower transmission

power requirements at the controlled antenna.

Furthermore, the control means provided in the transmitter
may comprise a switching means for alternately switching
the first feedback signal and the second feedback signal to
the determining means. The determining means may be
arranged to derive the weight information from the first
and second feedback signal. -
Moreover, the control means may be arranged to control the
transmitting means so as to alternately update a first beam
of the transmitting element by using a first weight
information determined on the basis of the first feedback

signal, and a second beam of the transmitting element by
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using a second weight information determined on the basis

of the second feedback signal.

The transmitting element may be an antenna array. In this
case, the feedback information can be used for controlling
the direction of transmission of the array antenna. The
transmission direction may be derived from at least one of
the multiplexed feedback signals. Furthermore, the
transmission direction may be derived from a phase estimate

obtained from at least one feedback signal.

Furthermore, the deriving means of the receivér may
comprise extracting means for extracting a probing signal
transmitted with a known power, channel estimation means
for performing a channel estimation on the basis of the
extracted probing signal, and generating means for
generating the multiplexed feedback signals on the basis of
the channel estimation. The generating means may be
arranged to generate the first and second feedback signal,
wherein the feedback means may be arranged to feed back the
first and second feedback signals as the multiplexed
feedback signals. The first and second feedback signals
may be fed back alternately by the feedback means, wherein
a quantization of the feedback information is based on the
latest channel estimate and an available one of the first

and second constellation.

Moreover, the generating means may be arranged to. generate
the first feedback signal based on the channel estimate and
the second feedback signal based on a rotation of the
channel estimate by a predetermined angle. This can be
implemented also by gquantizing the same channel estimate to
two constellations where, in this case, the second one is a

rotated copy of the first one.

384



10

15

20

25

30

35

WO 00/72464 PCT/EP99/03440

- 14 -
Alternatively, the generating means may be arranged to

generate the first feedback signal based on a real part of
the feedback information, and the second feedback signal

based on an imaginary part of the feedback information.

As a further alternative, extracting means may be arranged
to alternately extract a probing signal corresponding to a
first beam and a probing signal corresponding to a second
beam, and the generating means may be arranged to
alternately generate the first feedback signal based on a
channel estimate for the first beam, and the second

feedback signal based on a channel estimate for the second

beam.

BRIEF DESCRIPTION OF THE DRAWINGS

In the following, the present invention will be described
in greater detail on the basis of a preferred embodiment

with reference to the accompanying drawings, in which:

Fig. 1 shows a principle block diagram of a closed-loop

transmit diversity system comprising a base station and a

mobile station,

Fig. 2 shows a table indicating characteristic parameters

of the FB modes 1 to 3,

Figs. 3A to 3C show tables indicating characteristic
parameters relating to the feedback control of the FB modes

1, 2 and 3, respectively,
Fig. 4 shows tables indicating characteristic parameters of

the transmit diversity concept according to a first example

of the preferred embodiment of the present invention,
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Fig. 5 shows a principle block diagram of a base station

and a mobile station according to the preferred embodiment

of the present invention,

Fig. 6 shows a diagram of complex weight parameters

according to the first example of the preferred embodiment,

Fig. 7 shows tables indicating characteristic parameters of
the transmit diversity concept according to a second

example of the preferred embodiment,
Fig. 8 shows a diagram of complex weight parameters
according to the second example of the preferred

embodiment.

DESCRIPTION OF THE PREFERRED EMBODIMENT

In the following, the preferred embodiment of the method
and system according to the present invention will be
described on the basis of a connection between the BS 10

and the MS 20 of the UMTS, as shown in Fig. 1.

According to the preferred embodiment of the present
invention, the feedback information is transmitted from the
MS 2