UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. : 10,148,402 B2
APPLICATION NO. 1 15/863267

DATED : December 4, 2018
INVENTOR(S) : Ko-Chiang Lin et al.

Page 1 of 1

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby corrected as shown below:

In the Claims

Under Column 14, Line 15, please delete “now abandoned”.

Signed and Sealed this
Seventeenth Day of October, 2023

Kodneving J(LH&/ Vida

Katherine Kelly Vidal
Director of the United States Patent and Trademark Office
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PATENT
Docket No.: 1426-188.101

IN THE U.S. PATENT AND TRADEMARK OFFICE

First Named Inventors: Ko-Chiang Lin and Richard Lee-Chee Kuo

Patent No.: 10,148,402

Issue Date: December 4, 2018

For: METHOD AND APPARATUS FOR BEAM MANAGEMENT IN A

WIRELESS COMMUNICATION SYSTEM

ATTENTION: CERTIFICATE OF CORRECTIONS BRANCH

REQUEST FOR CERTIFICATE OF CORRECTION
UNDER 35 U.S.C. § 255 and 37 C.E.R. § 1.323

Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

Attn: Certificate of Correction Branch

Dear Commissioner:

Attached hereto is a Certificate of Correction (Form PTO-1050) in connection with the

above-identified patent.

It is to be noted that the attached Certificate is being filed in order to correct an error that
was clearly made in the printing of the Letters Patent. Therefore, the issuance of a Certificate of

Correction under 35 U.S.C. § 254 without charge to the patentee is respectfully requested.

It is believed that no fee is required. Applicants invites the corrections branch to contact

the undersigned with any questions.

Respectfully submitted,
BLUE CAPITAL LAW FIRM, P.C.
(Customer No.: 106622)

/Sang N. Dang/

Date: _September 18, 2023 Sang N. Dang (Reg. 51,186)
650 Town Center Drive, Suite 1530
Costa Mesa, CA 92626
Tel: (714) 839-3800
Fax: (714)795-2995

Attachments: Certificate of Correction
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PTO/SB/44 (09-07)

Approved for use through 03/31/2026. OMB 0651-0033

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

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.
(Also Form PTO-1050)

UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

Page __ of
PATENT NO. : 10,148,401

APPLICATION NO.: 15/863,267

ISSUE DATE : December 4, 2018

INVENTOR(S) Ko-Chiang Lin et al.

It is certified that an error appears or errors appear in the above-identified patent and that said Letters Patent
is hereby corrected as shown below:

On page 21, under column 14, line 15, please delete "now abandoned"

MAILING ADDRESS OF SENDER (Please do not use Customer Number below):

A Federal agency may not conduct or sponsor, and a person is not required to respond to, nor shall a person be subject to a penalty for failure to comply with an
information collection subject to the requirements of the Paperwork Reduction Act of 1995, unless the information collection has a currently valid OMB Control
Number. The OMB Control Number for this information collection is 0651-0033. Public burden for this form is estimated to average 1 hour per response, including
the time for reviewing instructions, searching existing data sources, gathering and maintaining the data needed, and completing and reviewing the information
collection. Send comments regarding this burden estimate or any other aspect of this information collection, including suggestions for reducing this burden to the
Chief Administrative Officer, United States Patent and Trademark Office, P.O. Box 1450, Alexandria, VA 22313-1450 or email InformationCollection@uspto.gov.
DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. If filing this completed form by mail, send to: Commissioner for Patents, P.O. Box 1450,
Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PT0O-9199 and select option 2.
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicants: Ko-Chiang Lin and Richard Lee-Chee Kuo

Title: METHOD AND APPARATUS FOR BEAM MANAGEMENT IN A
WIRELESS COMMUNICATION SYSTEM

Serial No.: 15/863,267 Filed: January 5, 2018

Examiner: Min Jung Group Art Unit: 2472

Attorney Docket No.: 1426-188.101 (1060022-US)

CERTIFICATE OF EFS-WEB TRANSMISSION
UNDER 37 CFR § 1.8

I hereby certify that the enclosed _1 Page Request for Certificate of Correction; and 1
Page Certificate of Correction are being transmitted to the United States Patent and Trademark

Office via EFS-Web on _September 18, 2023.

Date: September 18, 2023 /Sandy Kim/
Sandy Kim

Mailing Address:

BLUE CAPITAL LAW FIRM, P.C. (Customer No.: 106622)
650 Town Center Drive, Suite 1530

Costa Mesa, California 92626

Tel: 714-839-3800

Fax: 714-795-2995
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Electronic Acknowledgement Receipt

EFS ID: 48603580
Application Number: 15863267
International Application Number:
Confirmation Number: 5504

Title of Invention:

METHOD AND APPARATUS FOR BEAM MANAGEMENT IN A WIRELESS
COMMUNICATION SYSTEM

First Named Inventor/Applicant Name:

Ko-Chiang Lin

Customer Number:

106622

Filer:

Sang N. Dang/Sandy Kim

Filer Authorized By:

Sang N. Dang

Attorney Docket Number: 1426-188.101
Receipt Date: 18-SEP-2023
Filing Date: 05-JAN-2018

Time Stamp: 18:40:30

Application Type:

Utility under 35 USC 111{(a)

Payment information:

Submitted with Payment no
File Listing:
Document . . . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (ifappl.)
167955
1426-188-101--
1 RequestforCertifofCorr0918202 yes 3

3 _pdf b40cad65F133efb9e767479c27147dd 142¢|
dbcsb
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Multipart Description/PDF files in .zip description
Document Description Start End
Request for Certificate of Correction 1 1
Request for Certificate of Correction 2 2
Miscellaneous Incoming Letter 3 3
Warnings:
Information:
Total Files Size (in bytes): 167955

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.

Petitioners' Exhibit 1002, p. 6
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.0.Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
15/863,267 12/04/2018 10148402 1426-188.101 5504
106622 7590 11/14/2018

Blue Capital Law Firm, P.C.
650 Town Center Drive, Suite 1530
Costa Mesa, CA 92626

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 O 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):

Ko-Chiang Lin, Taipei City, TAIWAN;
ASUSTek Computer Inc., Taipei City, TAIWAN;
Richard Lee-Chee Kuo, Taipei City, TAIWAN;

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.
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicants: Ko-Chiang Lin and Richard Lee-Chee Kuo

Title: METHOD AND APPARATUS FOR BEAM MANAGEMENT IN A
WIRELESS COMMUNICATION SYSTEM

Serial No.: 15/863,267 Filed: January 5, 2018

Examiner: Min Jung Group Art Unit: 2472

Attorney Docket No.: 1426-188.101 (1060022-US)

CERTIFICATE OF EFS-WEB TRANSMISSION

UNDER 37 CFR § 1.8

I hereby certify that the enclosed _1 Page Issue Fee Transmittal; and Payment by

electronic payment via EFS-Web are being transmitted to the United States Patent and

Trademark Office via EFS-Web on October 26, 2018.

Date: October 26, 2018 /Sandy Kim/

Sandy Kim

Mailing Address:

BLUE CAPITAL LAW FIRM, P.C. (Customer No.: 106622)
650 Town Center Drive, Suite 1530

Costa Mesa, California 92626

Tel: 714-839-3800

Fax: 714-795-2995

Petitioners' Exhibit 1002, p. 8
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PARTY B - FEE(S) TRANSMITTAL

Complete and send this form, together with the applicable fee(s), by mail or fax, orvia EFSWeb,
By mail, send to: Mail Stop ISSUE FEE By fax, sendto: (57132732885
Commissioner for Patents
P.0. Box 1450
Alexandea, VA 22313-1450
fyrm should beused for transmitting the ISSUEFEE and PUBLICATIONFEE (ifrequired). Blocks 1 through S shouldbecompleted where appropriate.
nance fees will be mailed to the current correspondence address as indicated unless
and/or (b} indicating a separate ~“ FEE ADDRESS” for nmintenance fe

INSTRUCTIONS: Thi

All farther comespond

cotrected below ot divec

notifications.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 Hrany change of addiess) Note: A certificate of mailing can only be used Hy dowsstic meilings of the
Fee(s) Transmittal. This certificate cannot be used for any other acconpanying

1066272 papers. Each additional pape sssignment or Hmal drawing, must
have its own certificate of nailing ortransnission

¢ includingthe Patent, advance orders and notification of main

cd otherwise in Block 1, by (a) specifving a new cotrspondence addre

Biu@ Capﬂ:ai La\"\f Fim’i, PC Certificate of M ng or Transmission
650 Town Center Drive. Suite 1530 I hereby certify that this Fee(sy Transmittal is being deposited with the United
! States Postal Service with sufficient postage for first clags mail in an envelope

Mail Stop ISSUE FEE addressabove, ot being transmitted to the
caiwile to (5713273-2885, on the date below,

Costa Mes@, CA 92626 addressed to the

USPTO via EFS-Web o1 by

{Typed orprimded rame}
(Signature)
{Date)
APPLICATION NG HLING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NG CONHRMATION NO
15/863,267 01-05-2018 Ko-Chiang Lin 1426-188.101 5504
TULE OF INVENTION: METHOD AND APPARATUS FOR BEAM MANAGEMENT IN A WIRELESS COMMUNICATION SYSTEM
APPINTYPHE HNTITY STATUS ISSUE FEE DUE PUBLICATION FEE DUH PREV, PAID [bSUE FEE TOTAL FHEE(5) DUE DATE DUE
nonprovisional UNDISCOUNTED 51000 $0 50 $1000 12/26/2018
EXAMINER ARTUNIT CLASS-SUBCLASS
JUNG, MIN 2472 370-328000
1. Chan 1g€ of correspondence address orindication of“Fee 2. For printing on the patentfiony page, list
ss” (37 3 ’ i ) . .
Address” (37 CFR 1.363) (1) The names of up {0 3 registercd patent artomeys 1. Blue Capi‘iai Law Firm, P.C.
Change of correspondence address (or Ch of oragents OR, alternatively,
Correspondence Address fonn PTO/8B/1 attached. (2} The name of a single firm (having as a menber 3.
a registered attoruey or agent) and the nawes of
[} Fee Adaress” indication (o1 “Fee Address” Indication up to 2 registered patent attorney s or agents. If
i’mm PTOSE/AT, Rev 03-09 ormore secent) no nang is Hsted, no name will be printed. 3.

attached. Use of a Customer Number is reguired.
3. ASSIGNEE NAME AN RESIDENCE DATA TO BE PRINTED ON THE PATENT {print ortype)

PLEASE NOTE: Unuless an assignee isidentified below, no assignee data will appear on the patent. an assignee is identified below, the document st have been
previously recorded, or filed for recordation, as set forth in37 CFR 3,11 and 37 CFR 3.8 1(a). Completion ofthis Drm is NOTa substitute br fling an assignment.

{AYNAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE or COUNTRY)
ASUSTek Computer inc. Taipei City, Taiwan

Pleage check the appropriate assignee category or categories (will not be prizéed onthe patent): E:} Individual Corporation or other private group entity {:} Government

4a. Fees Submitted: Issue Yee i:} Publication Fee (ifrequired) {j Advapes Order- #of Copies

4b. Method of Payment (Please first reapply any previously paid fee shown above):
Flectronic Payment via EFS-Web [::}Ench\,sed ched EE Noun-electronic pay went by credit card (Attach Hm PTO-2038)
[:} The Director is hereby authorized to charge the required £e(s), any deficiency, or credit any overpaynent o Deposit AccountNo.

5. Change of Entity Status (fomstatus indicated above)
[:] Applicant certifying micro entity status. See 37 CFR {29, NOTE: Absentavalid Certification ofMicro Entity Status (sec forms PTO/SB/13A and 15B), issuc e
payment in the mucro entity amount will not be acocepted at the risk ofapplication abandonment.
E:} Applicant asserting smpll entity status. Sec 37 CFR 1.27. NOTE: I the application was previously under micro entity status, checking this box willbe taken as
a notification oflogs of entitiement to micro entity status.
[:] Applicant changing to regular undiscounted foe status. NOTE: Checking this boxwill be taken as a notificationofloss ofentitiement to small or micro entity
status, as applicable

NOTE: This form must be sigped in accordance with 37 CFR 131 and 1.33. See 37 CFR 1.4 for signature requitewents and cettifications.

{Sang N. Dang/ pae OCIOber 26, 2018

Authorized Signature
Typed orprined nae Sgng N. Dang Registration No. 51 188

PTOL-85 Past B (08-18) Approved foruse through 017312020 OMB 06510033 U.S. Patent and Trademark Office; U8 DEPARTMENT OF COMMERCE
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Electronic Patent Application Fee Transmittal

Application Number: 15863267

Filing Date: 05-Jan-2018

METHOD AND APPARATUS FOR BEAM MANAGEMENT IN A WIRELESS

Title of Invention: COMMUNICATION SYSTEM

First Named Inventor/Applicant Name: Ko-Chiang Lin
Filer: Sang N. Dang/Sandy Kim
Attorney Docket Number: 1426-188.101

Filed as Large Entity

Filing Fees for Utility under 35 USC111(a)

Description Fee Code Quantity Amount Sull)j-s'l'g(tsa\)l in

Basic Filing:
Pages:
Claims:
Miscellaneous-Filing:
Petition:
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:

UTILITY APPL ISSUE FEE 1501 1 1000 1000

Petitioners' Exhibit 1002, p. 10
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Description Fee Code Quantity Amount Sull)j-s'l'g(tsa\)l in
Extension-of-Time:
Miscellaneous:
Total in USD ($) 1000

Petitioners' Exhibit 1002, p. 11
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Electronic Acknowledgement Receipt

EFS ID: 34127433
Application Number: 15863267
International Application Number:
Confirmation Number: 5504

Title of Invention:

METHOD AND APPARATUS FOR BEAM MANAGEMENT IN A WIRELESS
COMMUNICATION SYSTEM

First Named Inventor/Applicant Name:

Ko-Chiang Lin

Customer Number:

106622

Filer:

Sang N. Dang/Sandy Kim

Filer Authorized By:

Sang N. Dang

Attorney Docket Number: 1426-188.101
Receipt Date: 26-0CT-2018
Filing Date: 05-JAN-2018

Time Stamp: 13:34:38

Application Type:

Utility under 35 USC 111{(a)

Payment information:

Submitted with Payment yes
Payment Type CARD
Payment was successfully received in RAM $1000

RAM confirmation Number

102618INTEFSW13353400

Deposit Account

Authorized User

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:

Petitioners' Exhibit 1002, p. 12
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File Listing:

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

172556

1426-188-101--

1 . yes 2

IssueFeeTransmittal.pdf

fa273688e1e719be43f5cf33643d88b 74846
3072

Multipart Description/PDF files in .zip description

Document Description Start End
Miscellaneous Incoming Letter 2 2
Issue Fee Payment (PTO-85B) 1 1
Warnings:
Information:
30355
2 Fee Worksheet (SB06) fee-info.pdf no 2
9a4c75fdd3b50d62e6f60c314175341aab7
0d7ef
Warnings:
Information:
Total Files Size (in bytes): 202911

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.

Petitioners' Exhibit 1002, p. 13
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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.UsSpto.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

| EXAMINER |
106622 7590 09/26/2018
Blue Capital Law Firm, P.C. JUNG, MIN
650 Town Center Drive, Suite 1530
Costa Mesa, CA 92626 | ART UNIT PAPER NUMBER |
2472
DATE MAILED: 09/26/2018
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. |  CONFIRMATION NO.
15/863,267 01/05/2018 Ko-Chiang Lin 1426-188.101 5504

TITLE OF INVENTION: METHOD AND APPARATUS FOR BEAM MANAGEMENT IN A WIRELESS COMMUNICATION SYSTEM

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

nonprovisional UNDISCOUNTED $1000 $0.00 $0.00 $1000 12/26/2018

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

Page 1 of 3 Petitioners' Exhibit 1002, p. 14
AT&T et al v. Asustek Technology & Celerity

PTOL-85 (Rev. 02/11) IPR2024-01121



PART B - FEE(S) TRANSMITTAL

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

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

106622 7590 09/26/2018 . ore ..
. . Certificate of Mailing or Transmission
Blue Capltal Law Firm, P.C. I hereby certify that this Fee(s) Transmittal is being deposited with the United
650 Town Center Drive, Suite 1530 States Postal Service with sufficient postage for first class mail in an envelope
’ addressed to the Mail Stop ISSUE FEE address above, or being facsimile
Costa Mesa, CA 92626 transmitted to the USPTO (571) 273-2885, on the date indicated below.
(Depositor's name)
(Signature)
(Date)
| APPLICATION NO. | FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. |
15/863,267 01/05/2018 Ko-Chiang Lin 1426-188.101 5504

TITLE OF INVENTION: METHOD AND APPARATUS FOR BEAM MANAGEMENT IN A WIRELESS COMMUNICATION SYSTEM

| APPLN. TYPE | ENTITY STATUS | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE | TOTAL FEE(S) DUE | DATE DUE |
nonprovisional UNDISCOUNTED $1000 $0.00 $0.00 $1000 12/26/2018
| EXAMINER | ART UNIT | CLASS-SUBCLASS |
JUNG, MIN 2472 370-328000
1. Change of correspondence address or indication of "Fee Address” (37 2. For printing on the patent front page, list 1
CFR 1.363). (1) The names of up to 3 registered patent attorneys
or agents OR, alternatively, 2

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 up to 3

- e N . L 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 03-02 or more recent) attached. Use of a Customer
Number is required.

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

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

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

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

4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)
[ Issue Fee [ A check is enclosed.
(] Publication Fee (No small entity discount permitted) M| Payment by credit card. Form PTO-2038 is attached.
(] Advance Order - # of Copies (1 The director is hereby authorized to charge the required fee(s), any deficiency, or credits any
overpayment, to Deposit Account Number (enclose an extra copy of this form).

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.UsSpto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NO. |
15/863,267 01/05/2018 Ko-Chiang Lin 1426-188.101 5504
| EXAMINER |
106622 7590 09/26/2018
Blue Capital Law Firm, P.C. JUNG, MIN
650 Town Center Drive, Suite 1530
Costa Mesa, CA 92626 | ART UNIT PAPER NUMBER |

2472

DATE MAILED: 09/26/2018

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.
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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 12 minutes to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon
the individual case. Any comments on the amount of time you require to complete this form and/or suggestions
for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office,
U.S. Department of Commerce, P.O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection
of information unless it displays a valid 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. Arecord 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 inspedPgtitionens Exhilsitn1.002, p. 17
9. A record from this system of records may be disclosed, as a rouliT&Tset al v.Adustektheclondiogyl8 Celerity
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regdRR&024-01121



Application No. Applicant(s)
B . 15/863,267 Lin et al.
Notice of Allowability Examiner Art Unit AlA Status
MIN JUNG 2472 Yes

-- The MAILING DATE of this communication appears on the cover sheet with the corresponderice 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 Amendment filed 8-14-18.

[J A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on .

2.[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.

3. The allowed claim(s) is/are 1-3, 5, 7-13, 15-17 and 19 (renumbered as 1-15) . 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) CJAIl by (J Some  *c) (J None of the:
1. [J Certified copies of the priority documents have been received.
2. [ Certified copies of the priority documents have been received in Application No.
3. [ 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 areply 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.

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

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

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

Attachment(s)

1.[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 .

3.0 Examiner's Comment Regarding Requirement for Deposit 7. [0 Other .

of Biological Material

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

/MIN JUNG/

Primary Examiner, Art Unit 2472

U.S. Patent and Trademark Office i
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20180917
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/ssue Classification

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

15/863,267 Lin et al.
Examiner Art Unit
MIN JUNG 2472

CPC
Symbol Type Version
HO4L F 2013-01:01
HO4W | 2013:01:01
HO4B I 2013-01-01
HO4W | 2013-01:01
HO4B | 2013:01:01
HO4W A 2013-01:01
HO4W A 2013:01:01
HO4L A 2013-01-01
CPC Combination Sets
Symbol Type Set Ranking Version
NONE
Total Claims Allowed:
(Assistant Examiner) (Date) 15
/MIN JUNG/ 17 September 2018 ) ) A
Primary Examiner, Art Unit 2472 O.G. Print Claim(s)] O.G. Print Figure
(Primary Examiner) (Date) 1 1

U.S. Patent and Trademark Office

Part of Paper No.: 20180917
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/ssue Classification

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

15/863,267 Lin et al.
Examiner Art Unit
MIN JUNG 2472

INTERNATIONAL CLASSIFICATION

CLAIMED

HO4L

NON-CLAIMED

US ORIGINAL CLASSIFICATION

CLASS

SUBCLASS

CROSS REFERENCES(S)

CLASS

SUBCLASS (ONE SUBCLASS PER BLOCK)

NONE

(Assistant Examiner)

Total Claims Allowed:

(Date) 15

/MIN JUNG/
Primary Examiner, Art Unit 2472

(Primary Examiner)

17 September 2018 O.G. Print Claim(s)] O.G. Print Figure

(Date) 1 1

U.S. Patent and Trademark Office

Part of Paper No.: 20180917
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/ssue Classification

Application/Control No.

Applicant(s)/Patent Under Reexamination

15/863,267 Lin et al.
Examiner Art Unit
MIN JUNG 2472

Claims renumbered in the same order as presented by applicant (J CPA [ T.D. (J R.1.47

Primary Examiner, Art Unit 2472
(Primary Examiner)

CLAIMS
Final |Original]Final |Original|Final [Original|Final |Original|Final [Original]Final |Original]Final |Original]Final |Original
1 10 19
2 11 20
3 12
4 13
5 14
6 15
7 16
8 17
9 18
NONE
Total Claims Allowed:
(Assistant Examiner) (Date) 15
/MIN JUNG/ 17 September 2018

O.G. Print Claim(s)] O.G. Print Figure

(Date) 1 1

U.S. Patent and Trademark Office

Part of Paper No.: 20180917
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Application/Control No. Applicant(s)/Patent Under Reexamination
Search Noles 15/863,267 Lin et al.
H““HH“ H““H “H“‘ - s
MIN JUNG 2472
CPC - Searched*
Symbol Date Examiner
HO4L 5/0048 5-17-18 MJ
HO04W 72/0406, 72/085, 88/08, 88/02 5-17-18 MJ
H04B 7/0617 5-17-18 MJ
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
EAST searched - text search combined with HO4L 5/0048; HO4W 72/ 5-17-18 MJ
0406, 72/085, 88/08, 88/02; HO4B 7/0617
EAST search updated. 09/16/2018 MJ
Interference Search
US Class/CPC US Subclass/CPC Group Date Examiner
Symbol
HO4L 5/0048 09/16/2018 MJ
HO4W 72/0406, 72/085, 88/08, 88/02 09/16/2018 MJ
H04B 7/0617 09/16/2018 MJ
/MIN JUNG/

Primary Examiner, Art Unit 2472

Petitioners'
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information Disclosure Statement Docket Number \’}
Transmittal 1426-188.101 j}
Address To
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450
- irn Re Application Gh: ™

Ko-Chiang Lin
Application No. | 15/863,267
Filing Date January 5, 2018
Examiner Min Jung
Art Unit 2472

Title of invention
METHOD AND APPARATUS FOR BEAM MANAGEMENT IN A WIRELESS COMMUNICATION SYSTEM

\.. S

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

37 CFR 1.97(b)
1 L1 The Information Disclosure Statement submitted harewith is being filed within three months of the
filing of a nationa! application other than a continued prosecution application under 37 GFR 1.53
{d}; within three months of the dale of entry of the national stags as set forth in 37 CFR 1.481 in
an international application; before the mailing of a first Office Action on the merits, or before the
mailing of a first Office Action aftar the filing of a request for continued examination under 37 CFR
1.114.

37 CFR 1.97{(c}
2} The Information Disclosure Statement submitied herewith is being filed afier the pericd 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) [X] the statement specified in 37 CFR 1.97{e);

OR
by [] thefeesetforthin37 CFR 1.17{p).

37 CFR 1.97(d)

3 O 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 ths
Statement as specified in 37 CFR 1.97(e) and the fee set forth in 37 CFR 1.17{p).

. J
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information Disclosure Statement Docket Number \3
Transmittal 1426-188.101 /}

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

The Information Disclosure Statement submitiad herewith is submitted undsr one of the following conditions,
which salisfies the requiremsnt under 37 CFR 1.87(e). {Select 4 or 5 below if applicable.)

4 X That each item of information contained in the information Disclosure Statement was first cited in
any communication from a foreign patent office in 8 counterpart foreign application not more than
three monihs prior fo the filing of the Information Disclosure Siatement; or

5y [ That no item of information contained in the Information Disclosure Stalsment was cited in a
communication from a foreign palent office in a counterpart foreign application, and, to the
knowledge of the person signing the certification after making reasonable inquiry, no item of
information contained in the Information Disclosure Statement was known to any individual
designaied in 37 CFR 1.56(c) more than thres months prior o the filing of the Information

\ Disclosurs Statement.

Remarks (Enter Remarks Below or Attach Document Containing Remarks)

S

J
“\

Fae set forth in 37 CFR 1.17(p):

No additional fee is required.
A check in the amount of is attached.

The Director is hereby authorized to charge and credit Deposit Account No. as described below.

1 Charge the amount of
[ 1 Creditany overpayment,
m Charge any additionai fee required.

Payment by credit card. Form PT0G-2038 is attached.

[l

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

\_ Y,
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Information Disclosure Statement
Transmittal

Docket Number

1426-188.101

L/

-

J

Correspondence Address
Customer Number | 186622
ol N

Name

Addrass

City State

Country Postal Code

Phone Number
\E:?na Addrass A/
/" Certificate of Mailing by Express Mail ™ ﬁf Certificate of Mailing by First Class Mail ™

i hereby certify that this Transmittal Letter,
accompanying documenis and fee (if appropriate) are
being deposited with the United States Posial Service
"Express Mail Post Qffice to Addressee" service under
37 CFR 110 in an envelope addressed io
Commissioner for Patents, P.O. Box 1450, Alexandria,
Virginia 22313-1450 on the date indicated below:

(Ditte of Mailing)

{Typed or Printed Name of Person Mailing Correspondence)

(Signatusre of Person Mailing Correspondence)

(""Express Mail" Mailing Label Number)

S

| hereby certify that this Transmittal Letter, accompanying documents and fee (if
appropriate) are being deposited with the United Stales Postal Service with
sufficient postage as first class mail in an envelope addressed fo Cormmissionar
for Patents, P.O. Box 1450, Alexandria, Virginia 22313-1450 on the date
indicated balow:

(Date of Muiling) (Name of Person Maiting Correspondence)

.
-

S

{Signature of Ferson Mailing Correspondence)

Certificate of Transmission N

{ hereby cerdify that this Transmittal Letter, accompanying documents and fee
autherizaticn (i appropriate) is being facsimile transmitted fo the United States
Patent and Trademark Office on the date indicated below:

(Date of Transmission) (Name of Person Transmitting Correspondence)

..

(Signature of Person Transmitting Correspendence)

Signature Instructions

If a prac
Utility menu,

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

Yerify that the signatory information is correct and press the ‘eSSt 3
if yog preter to sign the form manually, simply do not click the "eSign’ button; just print an

n' bution o glectronically sign the submission.
manuaily sign.

Signatory Drop-Down Box

Sang N. Dang

ner is not present in the drop-down list, you must close this form and select "Add Practitioner...” in the Form Mav*agersj

ﬂ\iame Sang M. Dang Registrafion Number 51,186 ~\
Signatory Capacity Atterney for Applicant(s) E-mail Address | sdang@bluecapitallaw.com
/Sang N. Dang/ Date Signed | 05-29-2018 /’
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Doc code: 108 PTOISB/O8a (03-15)

i cevintian: lafar ey P PRSI NGy Approved for use through 07/31/2016. OMB 0851-0031
Doc description: Information Disclosure Statement (IDS) Filed U.S. Patent and Tragemark Office; U.S. DEPARTMENT OF COMMERCE
Under the Papemwork Reduction Act of 1685, no persons are required 1o respond to a collection of information unless it contains g valid OMB control number.

Application Number 158632687
Filing Date 2018-01-05

INFORMATION DISCLOSURE
STATEMENT BY APPLICANT

First Named Inventor | LIN, KO-CHIANG

L At Unit 2472

{ Not for submission under 37 CFR 1.89)

Examiner Name Min Jung

Attorney Docket Number 1426-183.101

U.S.PATENTS
. e . i . . RPages,Columns,Lines where

E)ggrrlmer Cite Patent Number Kind lssue Date Na“.’*e of Patentee or Applicant Relevant Passages or Relevant
initial No Code! of cited Document

Figures Appear

if you wish to add additional U.S. Patent cilation information please click the Add buiton.

U.S.PATENT APPLICATION PUBLICATIONS

RPages,Columns,Lines where
Relevant Passages or Relevant
Figures Appear

Examiner Cite No Publication Kind | Publication MName of Patentee or Applicant
Initial* . MNumber Codel| Date of cited Document

if you wish to add additional U.S. Published Application citation information please click the Add button.

FOREIGN PATENT DOCUMENTS

Name of Patentee or Pages,Columns,Lines
Examineri Cite | Foreign Document Country Kind | Pubilication Applicant of cited where Relevant 15
Initiai* No | Numberd Code2| Coded) Date ppacant of ¢ Passages or Relevant
Document )
Figures Appear
1 2015080648 WO 2015-06-04 Mattias FRENNE i:]

if you wish to add additional Foreign Patent Document citation information please click the Add bution

NON-PATENT LITERATURE DOCUMENTS

include name of the author (in CAPITAL LETTERS), title of the article {(when appropriate), title of the item
{book, magazine, journal, serial, symposium, catalog, eic), date, pages(s), volume-issue number(s}, T
publisher, city and/or country where published.

Examiner| Cite
{nitials® i No

re
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Application Number 15863267
Filing Date 2018-01-05

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
{ Not for submission under 37 CFR 1.99}

First Named Inventor | LIN, KO-CHIANG
Art Unit 2472

Examiner Name Min Jung

Attorney Docket Number 1426-188.101

SAMSUNG: "Discussion on DL beam management procedures -2 and P-3", 3GPPF DRAFT, R1-1812508, 3RD
GENERATION PARTNERSHIP PROJECT (3GPP), MOBILE COMPETENCE CENTRE ; 850, ROUTE DES
1 LUCIOLES ; F-08921 SOPHIA-ANTIPOLIS CEDEX ;FRANCE vol. RAN WG1, no. Reng, USA; 20161114 - 20161118 ﬂ
13 November 2018 (2018-11-13), XP051176456, Retrieved from the Internet:

URL:http:/fwww . 3gpp.org/fip/Meetings_3GPP_SYNC/RANIDocs/

INTEL CORPORATION: "Reference Signal and Procedure for Uk Beam Refinement (BMP-3)11, 3GPP DRAFT,
R1-1608514 REFERENCE SIGNAL AND PROCEDURE FOR UE BEAM REFINEMENT R1, 3RD GENERATION
2 PARTNERSHIP PROJECT (3GPP), MOBILE COMPETENCE CENTRE ; 650, ROUTE DES LUCIOLES ; F-08821 U
SOPHIA-ANTIPOLL vol. RAN WG1, no. Lisbon, Portugal; 20161010 - 20181014 9 October 2018 (2016-10-083,
XP051148553, Reirieved from the Intemst: g

3 Zuropean Search Report from corresponding EP Application No. 18150418.8, dated May 22, 2018, {:}

if you wish to add additional non-patent literature document citation information please dlick the Add button
EXAMINER SIGNATURE
Examiner Signature | /MIN JUNG/ Date Considered 08/17/2018

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 608. Draw line through a
citation if not in conformance and not considered. include copy of this form with next communication to applicant.

Standard ST.3). 3 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document.
4 Kind of document by the appropriate symbols as indicated on the document under WIPQ Standard $7.16 if possible. 5 Applicant is to place a check mark here if
English language translation is attached.
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EAST Search History

EAST Search History

EAST Search History (Prior Art)

Ref {iHits Search Query DBs Default Plurals {iTime
# Operator Stamp

S1 {0 15/863267 US-PGPUB; OR ON 2018/05/14
USPAT 14:51

S2 {13077 ii(beam near2 measur$) same US-PGPUB; OR ON 2018/05/14
reference USPAT 14:52

2433 S2.clm. US-PGPUB; OR ON 2018/05/14
USPAT 14:52

512 beam adj id US-PGPUB; OR ON 2018/05/14
USPAT 14:53

16 S3 and S4 US-PGPUB; OR ON 2018/05/14
USPAT 14:53

S6 10979 {H04L5/0048.cpc. US-PGPUB; OR ON 2018/05/17
USPAT 12:34

S7 {13096 i{j(beam near2 measur$) same US-PGPUB; OR ON 2018/05/17
reference USPAT 12:36

S8 {2433 S7.clm. US-PGPUB; OR ON 2018/05/17
USPAT 12:36

S9 21 S6 and S8 US-PGPUB; OR ON 2018/05/17
USPAT 12:39

S10 {7416 H04W72/0406.cpc. US-PGPUB; OR ON 2018/05/17
USPAT 12:43

S11 i S8 and S10 US-PGPUB; OR ON 2018/05/17
USPAT 12:44

S12 {16319 beam adj measurement US-PGPUB; OR ON 2018/05/17
USPAT 12:45

S13 {1432 S12.clm. US-PGPUB; OR ON 2018/05/17
USPAT 12:45

S14 i1 S10 and S13 US-PGPUB; OR ON 2018/05/17
USPAT 12:45

S15 215312 jireference adj signal US-PGPUB; OR ON 2018/05/17
USPAT 12:45

S16 {158 S$12 same S15 US-PGPUB; OR ON 2018/05/17
USPAT 12:46

S$17 33 S16.clm. US-PGPUB; OR ON 2018/05/17
USPAT 12:46

S18 {30 S17 not S9 US-PGPUB; OR ON 2018/05/17
USPAT 12:46

S$19 {5748 H04B7/0617.cpc. US-PGPUB; OR ON 2018/05/17
USPAT 12:53

S20 {21 S8 and S19 US-PGPUB; OR ON 2018/05/17
USPAT 12:54

S21 {13 S20 not S9 US-PGPUB; OR ON 2018/05/17
USPAT 12:54

S22 {12 S21 not S18 US-PGPUB; OR ON 2018/05/17
USPAT 12:54
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S23 {15132 H04W72/085.cpc. US-PGPUB; OR ON 2018/05/17
USPAT 13:50
524 {5 S8 and S23 US-PGPUB; OR ON 2018/05/17
USPAT 13:51
S25 16287 {H04W88/08.cpc. US-PGPUB; OR ON 2018/05/17
USPAT 13:53
526 {14 S8 and S25 US-PGPUB; OR ON 2018/05/17
USPAT 13:53
S27 {17328 {H04W88/02.cpc. US-PGPUB; OR ON 2018/05/17
USPAT 13:53
S28 7 S8 and S27 US-PGPUB; OR ON 2018/05/17
USPAT 13:54
S29 {12 ((("Lin") near3 ("Ko-Chiang"))).INV. §USPAT OR OFF 2018/05/17
14:11
S30 {56 ((("Lin") near3 ("Ko-Chiang"))).INV. §US-PGPUB; OR OFF 2018/05/17
USPAT; 14:12
USOCR
S31 1 ("20170195998").PN. US-PGPUB; OR OFF 2018/05/17
USPAT 17:00
S§32 {12210 {H04L5/0048.cpc. US-PGPUB; OR ON 2018/09/16
USPAT 16:23
S33 {8109 H04W72/0406.cpc. US-PGPUB; OR ON 2018/09/16
USPAT 16:24
S34 {6500 H04B7/0617.cpc. US-PGPUB; OR ON 2018/09/16
USPAT 16:24
S35 {5567 H04W72/085.cpc. US-PGPUB; OR ON 2018/09/16
USPAT 16:24
S36 {17667 {H04W88/08.cpc. US-PGPUB; OR ON 2018/09/16
USPAT 16:24
S37 {18891 {H04W88/02.cpc. US-PGPUB; OR ON 2018/09/16
USPAT 16:25
S38 {11115 ii(beam near2 (measure US-PGPUB; OR ON 2018/09/16
measurement measuring)) same USPAT 16:27
reference
S39 {2294 S38.clm. US-PGPUB; OR ON 2018/09/16
USPAT 16:27
S$40 25 S32 and S39 US-PGPUB; OR ON 2018/09/16
USPAT 16:28
S41 {1 15/863267 US-PGPUB; OR ON 2018/09/16
USPAT 16:35
S42 {2 S33 and S39 US-PGPUB; OR ON 2018/09/16
USPAT 16:36
$43 {73679 jj(reference adj signal).clm. US-PGPUB; OR ON 2018/09/16
USPAT 16:37
S44 {6522 beam adj measurement US-PGPUB; OR ON 2018/09/16
USPAT 16:37
S45 111461 S44.clm. US-PGPUB; OR ON 2018/09/16
USPAT 16:37
$46 164 $43 and $45 US-PGPUB; OR ON 2018/09/16
USPAT 16:37
S47 {59 $46 not S40 US-PGPUB; OR ON 2018/09/16
USPAT 16:38
S48 {59 S$44 same symbol US-PGPUB; OR ON 2018/09/16
USPAT 16:39
f f i )
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$49 {1 S48.clm. US-PGPUB; OR ON 2018/09/16
USPAT 16:39

S50 {19 $48 same (number plural plurality) {jUS-PGPUB; OR ON 2018/09/16
USPAT 16:41

S51 {17 S36 and $48 US-PGPUB; OR ON 2018/09/16
USPAT 16:46

S52 {7 S37 and $48 US-PGPUB; OR ON 2018/09/16
USPAT 16:48

S53 {2 S52 not S51 US-PGPUB; OR ON 2018/09/16
USPAT 16:48

S54 {1 15/863267 US-PGPUB; OR ON 2018/09/17
USPAT 09:46

9/17/2018 11:07:57 AM
C:\ Users\ mjung\ Documents\ EAST\ Workspaces\ 15863267.wsp
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Docket No. 1426-188.101 (1060022-US)
Appl. No. 15/863,267

Amdt. Dated August 14, 2018

Reply to Office Action of May 22, 2018

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Appl. No. : 15/863,267

Confirmation No. : 5504

Applicant : Ko-Chiang Lin and Richard Lee-Chee Kuo

Filed : January 05, 2018

Title : METHOD AND APPARATUS FOR BEAM MANAGEMENT IN A
WIRELESS COMMUNICATION SYSTEM

TC/A.U. : 2472

Examiner : Min Jung

Docket No. : 1426-188.101 (1060022-US)

Customer No. : 106622

Amendment to Office Action

Mail Stop Amendment
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Dear Sir:
In response to the non-final Office Action mailed on May 22, 2018, having a three-month

period for filing a response to August 22, 2018, please amend the above-identified application as

follows:

Claims begin on page 2.

Remarks begin on page 5.
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Docket Number \}

Amendment Transmitial Letier

1426-188.101 j
Address To
Commissioner for Patents
£.0. Box 1450
Alexandria, Virginia 22313-1450
4 Titie of Invention N

METHOD AND APPARATUS FOR BEAM MANAGEMENT IN A WIRELESS COMMUNICATION SYSTEM

First Named tnventor  { Ko-Chiang Lin
Application No. 15/863,267
Filing Date January 5, 2018
Examingr Min Jung
\ At Linit 2472 )

4 N

Transmitied herewith is an amendment in the above-identified application.
The fee has heen caleulated and is transmitted as shown below.

"1 Applicant claims Small Entity Status. See 37 CFR 1.27.

. S

Fee Calculation

4 Claims as Amended N
For #Filed #Praviously Paid For #Extra Rate Fee
Total Claims 15 . 20 = w 17
Total indep. Claims 3 - 3 = X, =
Multipls Dependent Claims {check if applicabla) m
e TOTAL Y,
4 Method of Payment ™

[} DepositAccount [} Credit Card [ § Check [} Money Order [ Other:

Deposit Account Number I

For the above-identified deposit account, the Director is hereby authorized to: {check all that apply)

m Charge the fee(s) set forth above

m Charge any additional fee(s) or underpayments of fee{s) under 37 CFR 1.16 and 1.17

m Charge fee{s) indicated above, except for the filing fee

m Credit any overpaymernts

WARNING: Information on this form may become public. Credit card information should not be included
on this form. Provide cradit card information and authorization on form PT(O-2038.

K Amount Grand Total 0

A

Page 1 of 2
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4 N

. Docket Number
Amendment Transmittal Letter ———

\.

.
{’

Correspondence Address

Cusiomer Number | 106622

O3

Name

Address

City State

Country Postal Code

Prione Number

\J:maai Address vy

~

£

| hereby certify that this Amendment, accompanying documents, and fee {if
appropriate) are being deposited with the United Staies Postal Service with
ost sufficient postage as first class mail in an envelope addressed to Commissioner
for Patents, P.O. Box 1450, Alexandria, Virginia 22313-1450 on the date
indicated below:

¢ Certificate of Mailing by Express Mail N 7 Certiticate of Malling by First Class Mail

| hereby cerify that this Amendment, accompanying
documents, and fee (if appropriate) are being deposited
with the United States Postal Service "Express Mail P
Office to Addressee” service under 37 CFR 110 i
envelope addressed o Commissioner for Patenis, .
Box 1450, Alexandria, Virginia 22313-145( on the date
indicated below:

{Date of Mailing)

(Date ef Mailing)

(Name of Person Mailing Correspondence)

.

(Signature of Person Mailing Correspondence)

J

{’

Certificate of Transmission

*\

b hereby cerify that this Amendment, accompanying documents, and fee (if
appropriate} authorization are being facsimile transmitled fo the United Siates
Patent and Trademark Cffice on the date indicated below:

(Typed vr Printed Nusne of Person Mailing Correspondesnce)

(Signature of Person Mailing Correspondence)

{Date of Transmission)} (Name of Persoss Transmitting Correspondence)

("Express Mail" Mailing Label Number)

SN

(Signature of Person Tran ing Correspondence)

Signalure Instruclions

Select the name of the person who will electronically sign the Amendment from the drop-down box below.

Etfjtgia_tpracﬁ‘tioner is not present in the drop-down list, vou must dlose this form and select "Add Practitioner...” in the Form Managevs]
ity meng.

Verify thal the signatory information is correct and press the 'eSign’ bution to slectronically sign the submission.
i you prefer {o sign the form manually, simply do not click the "eSign’ butiton; just print and manually sign.

Signatory Drop-Down Box Sang N. Dang

\
(
.

/,Name

Signatory Capagity

~

Sang N, Dang Registration Number 51,186

Attorney for Applicani(s) E-mail Address | sdang@bluecapitallaw.com

Date Signed

/Sang N. Dang/ 08/14/2018 j
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Electronic Acknowledgement Receipt

EFS ID: 33467504
Application Number: 15863267
International Application Number:
Confirmation Number: 5504

Title of Invention:

METHOD AND APPARATUS FOR BEAM MANAGEMENT IN A WIRELESS
COMMUNICATION SYSTEM

First Named Inventor/Applicant Name:

Ko-Chiang Lin

Customer Number:

106622

Filer:

Sang N. Dang/Sandy Kim

Filer Authorized By:

Sang N. Dang

Attorney Docket Number: 1426-188.101
Receipt Date: 14-AUG-2018
Filing Date: 05-JAN-2018

Time Stamp: 17:50:37

Application Type:

Utility under 35 USC 111{(a)

Payment information:

Submitted with Payment no
File Listing:
Document .. . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (ifappl.)
160757
1426-188-101--
1 ROA0f05222018asFiled081420 yes 11

18.pdf 69900475(bB5aeb76(d0fo2d59c 7abde7ed
db3a

Petitioners' Exhibit 1002, p. 34
AT&T et al v. Asustek Technology & Celerity
IPR2024-01121



Multipart Description/PDF files in .zip description
Document Description Start End
Miscellaneous Incoming Letter 1 1
Applicant Arguments/Remarks Made in an Amendment 7 10
Claims 4 6
Amendment/Req. Reconsideration-After Non-Final Reject 3 3
Transmittal Letter 1 2
Warnings:
Information:
Total Files Size (in bytes): 160757

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: Ko-Chiang Lin and Richard Lee-Chee Kuo

Title: METHOD AND APPARATUS FOR BEAM MANAGEMENT IN A
WIRELESS COMMUNICATION SYSTEM

Serial No.: 15/863,267 Filed: January 5, 2018

Examiner: Min Jung Group Art Unit: 2472

Attorney Docket No.: 1426-188.101 (1060022-US)

CERTIFICATE OF EFS-WEB TRANSMISSION
UNDER 37 CFR § 1.8

I hereby certify that the enclosed _2 Page Amendment Transmittal Sheet; and 8 Page
Amendment are being transmitted to the United States Patent and Trademark Office via EFS-

Web on August 14, 2018.

Date: August 14, 2018 /Sandy Kim/
Sandy Kim

Mailing Address:

BLUE CAPITAL LAW FIRM, P.C. (Customer No.: 106622)
650 Town Center Drive, Suite 1530

Costa Mesa, California 92626

Tel: 714-839-3800

Fax: 714-795-2995

Petitioners' Exhibit 1002, p. 36
AT&T et al v. Asustek Technology & Celerity
IPR2024-01121



Docket No. 1426-188.101 (1060022-US)
Appl. No. 15/863,267

Amdt. Dated August 14, 2018

Reply to Office Action of May 22, 2018

REMARKS

Claims 1-20 are pending in the application.

L Rejections Under 35 U.S.C. § 112

Claims 3, 9, and 17 stand rejected under 35 U.S.C. § 112. See Office Action, J 3. Claims
3,9, and 17 have been amended to address the rejection. Applicants respectfully request

reconsideration of the claims as amended.

11. Rejections Under 35 U.S.C. § 102 and 35 U.S.C. § 103

Claims 1-5, 7-13, and 15-19 stand rejected under 35 U.S.C. § 102 as being unpatentable
over Nagaraja (U.S. Publication No. 2018/0103407). See Office Action, { 5. In addition, claims 6,
14, and 20 stand rejected under 35 U.S.C. § 103 as being unpatentable over Nagaraja. See Office
Action, J 7.

Claims 4, 6, 14, 18, and 20 have been canceled. Claims 1, 3,7, 9, 15, and 17 have been
amended. No new matter has been added. Applicants respectfully request reconsideration of the

claims as amended.

Claim 1 and 15 recite the base station “transmits to a UE a control signal associated with a
reference signal for beam measurement, wherein the control signal triggers aperiodical
transmission of the reference signal for beam measurement, and wherein the control signal
includes a beam-related information for transmitting the reference signal for beam measurement
and indicates how many symbols are used to carry the reference signal for beam measurement”,
and the based station “transmits the reference signal for beam measurement to the UE”. Similarly,
claim 6 recites “the UE receives from a base station a control signal associated with a reference
signal for beam measurement, wherein the control signal includes beam-related information for
transmitting the reference signal for beam measurement and indicates how many symbols are used
to carry the reference signal for beam measurement” and “the UE measures the reference signal for
beam measurement from the base station.” Applicants respectfully submit that no combination of

cited prior art references discloses the noted limitations.

In particular, Paragraph [0098] of Nagaraja states:
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Docket No. 1426-188.101 (1060022-US)
Appl. No. 15/863,267

Amdt. Dated August 14, 2018

Reply to Office Action of May 22, 2018

[0098] At 1003, the BS may transmit, to a UE served by the BS, information
regarding one or more reference beams and one or more event triggers
associated with the one or more reference beams. At 1004, the BS may receive
an indication of one of the event triggers. At 1006, the BS may take one or more
actions based, at least in part, on the indication.

See Nagaraja, Paragraph [0098].

Based on Paragraph [0098] and FIG.10 of Nagaraja, Nagaraja teaches the BS signals to a
UE one or more reference beam (IDs) and one or more event triggers. The BS receives an
indication of one of the event triggers from the UE. And the BS takes one or more actions based
on the indication. However, Nagaraja fails to disclose that the UE receives a control signal which
indicates how many symbols are used to carry the reference signal for beam measurement and that

the UE performs beam measurement based on the reference signal(s), as recited in the claims.

In addition, Paragraph [0104] of Nagaraja states:

[0104] Once the one or more reference beams are known to the UE, the UE may
receive information regarding one or more event triggers. An event trigger may
be used to initiate a mobility event such as a beam switch or inter-cell handover.
According to aspects of the present disclosure, an event trigger may be based on
relative changes within in a set of measurements associated with the reference
beams. The information regarding event triggers may indicate which beam or set
of beams should be used with respect to a specific event trigger. Stated
otherwise, the event trigger information may indicate which beams are to be
measured in an effort to detect an event trigger. Thus, certain reference beams
may be associated with certain event triggers.

See Nagaraja, Paragraph [0104].

According to Paragraph [0104] of Nagaraja, the BS signals to a UE one or more reference
beam (IDs). Once the UE knows the one or more reference beam (IDs), the UE then receives

information regarding one or more event triggers via one or more reference beams.

In contrast, as recited in the claims, the UE receives the control signal and knows how
many symbols are used to carry the reference signal for beam measurement by indication of the

control signal. Then, the UE receives the reference signal for beam measurement.
Furthermore, Paragraph [0101] of Nagaraja states:

[0101] The reference beams may be based on a beam identification. A BS may
indicate or configure a UE with one or more beam |IDs which may be used as
reference beams by the UE. The beams may be in synchronization subframe,
6
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Docket No. 1426-188.101 (1060022-US)
Appl. No. 15/863,267

Amdt. Dated August 14, 2018

Reply to Office Action of May 22, 2018

such as, for example, in a primary synchronization signal (PSS)/secondary
synchronization signal (SSS)/reference signal (RS). The one or more reference
beams may be part of or transmitted in a synchronization subframe. For
example, the reference beams may be part of the PSS, SSS, and/or RS.

See Nagaraja, Paragraph [0101].

In other words, Paragraph [0101] of Nagaraja teaches that the beams are in sync subframes
and Paragraph [0073] of Nagaraja only teaches that the processor generates reference symbols.
However, Nagaraja fails to disclose the control signal indicates how many symbols are used to

carry the reference signal for beam measurement.

In addition, as Nagaraja disclosed, event trigger is defined as changes within measurements
associated with reference beams according to Paragraphs [0088], [0090], and [0104] of Nagaraja
(i.e. when the condition of the event is met, the event will be triggered by the UE -- e.g. if the
RSRP associated with a neighbor cell becoming stronger than the RSRP associated with the
serving cell, an Event A3 will be triggered according to [0089]). Therefore, the information
regarding one or more reference beams in Nagaraja does not trigger aperiodical transmission of the
reference signal. In contrast, as recited in the claims, beam-related information for transmitting the
reference signal is transmitted on a control signal used to trigger aperiodical transmission of the

reference signal.

For the reasons stated above, Applicants respectfully submit that claims 1-3, 5, 7-13, 15-17,

and 19 are patentable over Nagaraja.

111. Conclusion

In view of the foregoing it is respectfully submitted that the pending claims are in condition
for allowance. Reconsideration of the rejections is requested. Allowance of the claims at an early
date is solicited. The Examiner is invited to contact Applicant’s undersigned counsel by telephone
at (714) 839-3800 to expedite the prosecution of this case should there be any unresolved matters

remaining.
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Docket No. 1426-188.101 (1060022-US)
Appl. No. 15/863,267

Amdt. Dated August 14, 2018

Reply to Office Action of May 22, 2018

To the extent necessary, a petition for an extension of time under 37 C.F.R. 1.136 is hereby

made.

Respectfully submitted,

Sang N. Dang

BLUE CAPITAL LAW FIRM, P.C.
Dated: August 14, 2018 /Sang N. Dang/

Reg. No. 51,186
Tel.: (714) 839-3800
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Docket No. 1426-188.101 (1060022-US)
Appl. No. 15/863,267

Amdt. Dated August 14, 2018

Reply to Office Action of May 22, 2018

IN THE CLAIMS:

1. (Currently Amended) A method of a base station, comprising:
the base station transmits to a UE a control signal associated with a reference signal for

beam measurement, wherein the control signal triggers aperiodical transmission of the reference

signal for beam measurement, and wherein the control signal includes a beam-related information

for transmitting the reference signal for beam measurement and indicates how many symbols are

used to carry the reference signal for beam measurement; and

the base station transmits the reference signal for beam measurement to the UE.

2. (Original) The method of claim 1, wherein the beam-related information indicates

at least a beam on which the reference signal for beam measurement is transmitted.

3. (Currently Amended) The method of claim 1, wherein the beam-related
information indicates a first beam, and wherein the reference signal for beam measurement is

transmitted on at least a refined beam of the first beam.

4, (Canceled)

5. (Original) The method of claim 1, wherein the control signal is transmitted via a

control channel.

6. (Canceled)

7. (Currently Amended) A method of a User Equipment (UE), comprising:
the UE receives from a base station a control signal associated with a reference signal for
beam measurement, wherein the control signal includes beam-related information for transmitting

the reference signal for beam measurement_and indicates how many symbols are used to carry the

reference signal for beam measurement; and

the UE measures the reference signal for beam measurement from the base station.

8. (Original) The method of claim 7, wherein the beam-related information indicates

2
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Appl. No. 15/863,267

Amdt. Dated August 14, 2018

Reply to Office Action of May 22, 2018

at least a beam on which the reference signal for beam measurement is transmitted.

9. (Currently Amended) The method of claim 7, wherein the beam-related
information indicates a first beam, and wherein the reference signal for beam measurement is

transmitted on at least a refined beam of the first beam.

10. (Original) The method of claim 7, wherein the UE performs measurement on the
reference signal for beam measurement with UE beam(s) associated with the at least a beam

indicated by the beam-related information.

11. (Original) The method of claim 7, wherein beam refinement for the UE is

performed for the at least a beam indicated by the beam-related information.

12. (Original) The method of claim 7, wherein the reference signal for beam

measurement is transmitted aperiodically.

13. (Original) The method of claim 7, wherein the control signal is transmitted via a

control channel.

14. (Canceled)

15. (Currently Amended) A base station, comprising:

a control circuit;

a processor installed in the control circuit; and

a memory installed in the control circuit and operatively coupled to the processor;

wherein the processor is configured to execute a program code stored in the memory to:
transmit to a UE a control signal associated with a reference signal for beam

measurement, wherein the control signal triggers aperiodical transmission of the reference signal

for beam measurement, and wherein the control signal includes a beam-related information for

transmitting the reference signal for beam measurement and indicates how many symbols are used

to carry the reference signal for beam measurement; and

transmit the reference signal for beam measurement to the UE.

3
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Reply to Office Action of May 22, 2018

16. (Original) The base station of claim 15, wherein the beam-related information

indicates at least a beam on which the reference signal for beam measurement is transmitted.

17. (Currently Amended) The base station of claim 15, wherein the beam-related
information indicates a first beam, and wherein the reference signal for beam measurement is

transmitted on at least a refined beam of the first beam.

18. (Canceled)

19. (Original) The base station of claim 15, wherein the control signal is transmitted

via a control channel.

20. (Canceled)
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(373 Abstract: Embodiments herein relate to a network node and method performed by a network node (211, 230} for controlling
one ot wore Trasswission Polats (TPs) which transmit TP beams. The network node selects a set of TP beams based on at least one
of one or more measurements by the wireless device on fitst beam-specific reference signals of the TP beams and a measured trans-
mission from the wireless device. Each beam in a TP uses one unigue signal, The network node configures the wireless device (250}
with a set of second beam-specific xeference signals. Hach second beam-specific signal is associated with a selected TP beam., The
node receives a report rom the witeless device, comprising channel state information {or al least a subset of the selected set o TP
beams, measuted ou the set ot second beam-specitic signals which are mutually orthogonal, The embodiments also relate to a wire -
less devioe (250} and a method therein.
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METHODS FOR RECEIVING AND SENDING A REPORT COMPRISING
CHANNEL STATE INFORMATION

TECHNICAL FIELD

The present disclosure reiales generally 1o a network node and a method therein for
receiving a report, comprising channel state information, from a wireless device, the

wireless device and a method therein for sending the report 1o the network node.

BACKGROUND

Communication devices such as terminals are also known as e.g. User Equipments
(UE), wireless devices, mobile terminals, wireless terminals and/or mobile siations.
Terminals are enabled to communicate wirelessly in a cellular communications network or
wireless communication system, sometimes also referred o as a cellular radio system or
cellular networks, The communication may be performed e.g. between two terminals,
batween a terminal and a regular tslephone and/or between a terminal and a servervia a
Radic Access Nelwork {(RAN) and possibly one or more core networks, comprised within
the cellular communications network,

Terminals may further be referred 10 as mobile telephones, cellular telephones,
laptops, or surf plates with wireless capability, just o mention some further examples. The
terminals in the present context may be, for example, portable, pocket-storable, hand-
held, computer-comprised, or vehicle-mouwied mobile devices, enabled to communicale
voice and/or data, via the RAN, with another entity, such as another terminal or a server.

The cellular communications network covers a geographical area which is divided
into cell areas, wherein each cell area being served by an access node such as a base
station, €.g. a Radio Base Station (RBS), which sometimes may be referred 1o as e.q.
“‘eNB’, "eNodel’, “NodeB”, “B node”, or BTS {Base Transceiver Siation), depending on
the tfechnology and terminoclogy used. The base stations may be of different classes such
as e.g. macro eNodeB, home eMNodeB or pico base station, based on transmission power
and thereby also cell size. A call is the geographical area where radio coverage is
provided by the base station at a base station site. One base station, situated on the base
station site, may serve one or several cells. Further, each base station may support one or
several communication lechnologies. The base stations communicate over the air

interface operating on radio frequencies with the terminals within range of the base
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stations. In the context of this disclosure, the expression Downlink {DL) is used for the
transmission path from the base stalion (o the mobils station. The expression Uplink (UL)
is used for the fransmission path in the opposite direction i.e. from the mobile station o
the base siation.

in 3" Generation Partnership Project (3GPP) Long Term Evolution (LTE), base
stations, which may be referred {0 as eNodeBs or even eNBs, may be directly connected
o one or more core networks.

3GPPR LTE radio access standard has been written in order 1o support high bitrates
and low latency both for uplink and downlink traffic. All data transmissionis in LTE
controlied by the radio base station.

The development of the 5" Generation (5G) access technology and air interface is
stilf very premature but there have been some early publications on potential technology
candidates. A candidate on a 3G air interface is 1o scale the current LTE, which is limited
fo 20 Mega Hertz (MHz) bandwidth, N imes in bandwidth with 1/N times shorter time
duration, here abbreviated as LTE-Nx. A fypical value may be N=5 so that the carrier has
100 MHz bandwidth and 0.1 millisecond slot lengths. With this approach, many functions
in LTE can remain the same, which would simplify the standardization effort and allow for
a reuse of technology components.

The carrier frequency for an anticipated 5G system could be much highsr than
current 3G and 4" Generation (43) systems, values in the range 10-80 Giga Hertz (GHz)
have been discussed. Atlthese high frequencies, an array antenna, or antenna array,
must be used to achieve coverage through beamforming gain. Since the wavelength is
less than 3 centimeters (cm), an array antenna with a large number of antenna elements
may be fit into an antenna enclosurs with a size comparable {o 3G and 4G base station
antennas of today. 7o achisve a reasonable link budget, a typical example of a total array
antenna size is comparable {o an A4 sheest of paper.

To provide a sufficient link budget, the beams are typically highly directive and give
beamforming gains of 20 decibels (dB) or more since 50 many antenna elements
participate in forming a beam. This means that each beam is relatively narrow in angle, a
Hall Power Beam Width (HPBW) of 5 degrees is not uncommon, Hence, a secior of a cell
may need to be covered with a large number of potential beams. Beamforming may be
seen as when a signal is transmitied in such as narrow HPBW, that it is intended for a
single wireless device or a group of wireless devices in a similar geographical position.
This may be seen in contrast to other beam shaping techniqgues, such as cell shaping,

where the coverage of a cell is dynamicaily adjusted o follow the geographical positions
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of a group of users in the cell. Although beamforming and cell shaping use similar
tachnigues, transmitting a signal over multiple antenna slements and applying individual
complex weights (o these antenna elements, the notion of beamforming and beams in
ambodiments herein ralates o the narrow HPBW basically intended for a single wirelass
device or terminal position.

Here, a system with multiple transmission ncdes is considered, where each node
has an array antenna capable of generating many beams with small HPBW, These nodes
may then for instance use one or muliiple LTE-Nx carriers, s0 that a total fransmission
bandwidth of multiples of hundreds of MHz may be achieved leading to downlink peak
user throughpuis reaching as much as 10 Gbit/s or more.

In LTE, a wireless device ssarches for a cell using a cell search procedurs, where a
unique Primary Synchronization Signal (PSS) and Secondary Synchronization Signal
(S88) are transmitted from each eNB. When a cell has been found, the wireless device
may be associated with this cell, and then the cell is known as the serving cell for this
wireless device. When a cell has mulliple antennas, each antenna may transmit an
individual encoded message 10 the wireless device, thereby mulliplyving the capacity by
the number of layers transmitted. This is well known as MIMO transmissions, and the
number of layers transmitted is known as the rank of the transmission. Beamforming,
which traditionally is squivalent to a rank 1 fransmission, where only one encoded
message may be transmitted, but simulianeously from all antennas with individually sst
complex beamforming weights per antenna. Hence, in beamforming, only a single layer
of a Physical Downlink Shared CHannel (PDSCH) is transmitied in a single beam. This
beamforming transmission is also possible in LTE, so afier a wireless device has been
associated with a cell, a st of N=1,2.4 or 8 Channe! State Information Reference Signals
(CEI-RS) may be configured for measurement referance at the wireless device, so that
the wireless device may report a preferred rank 1 Nx1 precoding vector containing the
complex beamforming weights based on the CSIRS measurement. The precoding vector
is selected from a codebook of rank 1 precoding veciors.

Figure 1 depicts a 5G system example with three Transmission Points (TPs),
Transmission Point 1 (TP1), Transmission Point 2 (TP2), Transmission Paint 3 (TP3) and
a wireless device. Each TP utilizes beamforming for transmission.

The current beamforming usage today does not result in a desired gain of the

performance of the wireless communications network,
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SUMMARY

itis an object of embodiments herein 1o improve the performance in a wirgless
communications network using beamforming for transmitling 1o & wireless devics.

According to a first aspect of embodiments herein, the object is achieved by a
method performed by a network node for receiving a report from a wireless device, the
network node controlling one or more Transmission Points, TPs and the one or more TPs
fransmitting TP beams, the method comprising: selecting a set of TP beams from the TP
beams, wherein the selecting is based on at least one of. one or more measurements by
the wireless device on first beam-specific reference signals of the TP beams, and a
measured transmission from the wireless device by the one or more TPs, wherein the first
beam-specific reference signals of the TP beams are defined so that each beamina TP
cut of the one or more TPs uses one unique signal from a set of sequaences used in this
TR, The method further comprising: configuring the wirsless device with a set of second
beam-specific reference signals, wherein the set of second beam-specific reference
signals are beam-spacific downlink reference signals, and wherein each second beam-
specific reference signal is associated with a selected TP beam of the set of TP beams,
and receiving the report from the wireless device, the report comprising channeal state
information for at least a subset of the selecled set of TP beams, measurad on the
configured set of second beam-specific reference signals; wherein the second beam-

specific reference signals are muiually orthogonal.

According to a second aspect of embodiments herein, the object is achieved by a
method performed by a wireless device for sending a report to a network node, ths
network node confrolling one or more Transmission Points, TPs, the one or more TPs
transmitting TP beams, wherein each of TP beams has a first beam-specific reference
signal, the method comprising: receiving a condiguration from the network node with a sst
of second beam-specific reference signals being beam-specific downlink reference
signals, wherein each second heam-specific reference signal is associated with one of a
selected sef of TP beams, selected by the network node based on at least one or more
measurements by the wireless device on the first beam-specific refersnce signals of the
TE beams. The method further comprising: performing one or more measurements on the
set of second beam-specific reference signals, wherein the first beam-specific reference
signals of the TP beams are defined so that each beam in a TP out of the one or more

THs uses one unique signal from a set of sequences used in this TP, and sending a report
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o the network node, the report comprising channel state information for at least a subsst
of the set of selected TP beams, measured on the configured set of second beam-specific
reference signals; wherein the second beam-specific reference signals are mutually

orthogonal.

According to a third aspect of embodiments herein, the object is achieved by the
network node. The network node is configured 0 receive a report from a wireless device.
The network node being configured to control one or more Transmission Points, TRs, and
the one or more TPs being configured o transmit TP beams, the nefwork node being
further configured to: select a set of TP beams from the TP beams, wherein to select is
based on at laast one of one or more measuraments by the wireless devics on first
beam-specific reference signals of the TP beams, and a transmission from the wireless
device configured 1o be measured by the one or more THs, wherein the first beam-specific
reference signals of the TP beams are defined so that each beam in a TR out of the one
or more THs, uses one unigque signal from a set of sequences used in this TF. The
network node is further configursd to configure the wirsless davice with the set of second
beam-specific reference signals, wherein the set of second beam-spedific reference
signais are beam-specific downlink reference signals, and wherein each second beam-
specific reference signal is associated with a selected TP beam, and 1o receive the report
from the wireless device, the report comprising channel state information for atleast a
subset of the selected set of TP beaams, measured on the configured set of second beam-
spacific reference signals; wharein the second beam-specific reference signals are

mutually orthogonal.

According to a fourth aspect of embodiments herein, the object is achisved by the
wirgless device. The wireless device is configured to send the report io the network node.
The network node is configured 1o control the one or more TPs. The one or more TPs are
configured {o fransmit the TP beams. Each of the TP beams has a first beam-speaaific
reference signal. The wireless device is configured (0 receive the configuration from the
network node with the set of second beam-specific reference signals. The sst of second
heam-specific reference signals are beam-specific downlink reference signals. Each of
the second beam-specific reference signals is associated with one of the selected set of
TP beams. The selected set of TP beams are selected by the network node based on the
at lsast one of a) the one or more measurements by the wireless device on first heam-

spacific reference signals of the TR beams, and b} the fransmission from the wireless
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device configured to be measured by the one or more TPs. The configuration is for the
wireless device to perform one or more measurements on the set of second beam-specific
reference signals. The first beam-specific reference signals of the TP beams are definad
sa that each beam in a2 TP out of the one or more TPs, uses one unigque signal from the
set of sequences used in this TR, The wireless device is further configured to send a
report to the network node. The report comprises channel state information for at least the
subset of the sat of selected TR beams, configured io be measured on the configured set
of second beam-specific reference signals, wherein the second beam-specific reference

signals are mutually orthogonal.

By the network node selecting the set of TP beams, based on the one or more
measurements by the wireless device, and configuring the wireless device with the set of
second beam-specific reference signals which are mutually orthogonal, the wireless
davice may report channsl state information for at least a subset of the selected sst of TP
beams. Thus, an advantage of embodiments herein is that the overhead for quality
estimates may be reduced. Morsover, the wireless device may quickly switch {o from one
TP beam {0 another TP beam, which improves mobility and gives diversity for both dala
and control signalling.

Further advantages of some embaodiments disclosed harain are discussed below,

BRIEF DESCRIPTION OF THE DRAWINGS

Examples of embodiments herein are described in more detail with reference to the
accompanying drawings, in which:

Figure 1 is a schematic diagram Hlustrating a 5G system example with three TPs.

Figure 2 is a schematic block diagram illustrating embodiments in a wireless
communications network, according o some embodiments.

Figure 3 is a flowchart illustrating embodiments of a method in a network node,
according to soms embodiments.

Figure 4 is a flowchart Hlustrating embodiments of a method in a wireless device,
according to some embodiments.

Figure 5 is a schematic diagram lusirating embodiments of a method in a wireless
communications network, according to some embodiments.

Figure 6 is a schematic diagram illustrating embodiments of a method in a wireless

communications network, according to some embodiments.
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Figure 7 is a block diagram of a network node that is configured according to some
embodiments.
Figure 8 is a block diagram of a wireless device that is configured according to some

ambodimants.

&l

DETAILED DESCRIPTION

As part of the solution according to embodiments herein, one or more problems that
may be associaled with use of at least some of the prior art solutions, and that may be
addressed by embodiments herein will first be identified and discussed.

10 Since the beams in beamforming are narrow, to provide high beamforming gain and
coverage for the fransmitted signals, there is a mobility problem and the transmission
point may quickly lose frack of the wircless device, i.e., there (s a sudden large drop of link
gain when the wirgless device is moving outside the narrow beam coverage area.

it may alsc be a problem how 1o sslect iransmission poinis and beams within sach

15 transmission point in a dynamic manner, without the need {o frequently change the
serving transmission point.,

it may be further a problem how to provide coverage and robust reception of
synchronization signals and referencs signals nesded to ensure mohbility in the 5G
network.

20 These problems are further discussed below.

At high (>10 GHz) carrier frequencies such as those projected to be used in 56
systems, the number of antenna elements at the fransmitier and/or receiver side are
significantly increased compared to common 3G and 4G systems, which typically operate
at frequencies helow 3 GHz, so that the increased path loss may be compensatad for by

25 beamforming. If these beams are narrow, many beams are neaded o span the coverage
area. It may then be a problem how to find cells, i.e., to perform cell search, and how to
find the suitable beam or beams within a detected cell. 1t may also be a problem how fo

find multiple cells and the corresponding suitable beams within each cell.

)
)

A set of TPs may be considered wherein each TP may, by use of an array antenna,
generate transmission of a large number of beams having different pointing direction
andfor polarization. The use of a large numbser of beams may be typical for a 5G system
deployed at carrier frequencies above 10 GHz, where the array antenna may congist of
marny antenna elements to achieve a large array gain. An array antanna consisting of

¥
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multipte antenna elements may be used {o compensate for the reduced aperture size of
each element, which is a function of the carnier frequency, compared {o systems operating
at traditional cellular carrier frequencies. Moregover, the large antenna gain may be in turn
needed to overcome the path loss at these high freguencies. The large array gain may
resuit in that each beam is rather narrow, expressed in terms of HPBW, typicaily only 5-10
degrees or even smaller, depending on the design of the aray antenna.

Since the large array gain may be nesded also for unicast control channels, these
may need t0 be beamformed as well. Due {o wireless device mobility, channei
propagation, and to the fact that beams are narrow, a wirgless device which is reached by
a given beamn may suddenly be oulside the main lobe of that beam, resultingin a
significant drop in recsived signal strength from that beam. This may even iead {p radio
link failure since the conirol channel cannot be received as well.

Hence, there is a problem on how a wireless device selects cells, THs within a cell,
and beams within a cell, {o mainiain connection in a robust manner. Note that g cell in this
respect may contain mulliple TPs, known as a shared cell. The shared cell reduces the
need for frequent cell handovers which involves higher layer signaling and
reconfigurations since a wireless device may seamiessly move its access to different TPs
within the same cell.

Furthermors, it may be beneficial if the TP and beam selection is blind, and it may
hence be performed without an active connection 10 the cell, that is, without exiensive
control signaling between the wireless device and the cell for which beam the wireless

device finds useful.

Embodiments will now be described more fully hereinafter with reference o the
coampanying drawings, in which examples of the claimed subject matter are shown,
The claimed subject matier may, however, be embodied in many different forms and
should not be construed as limited 1o the embodiments set forth hersin. Rather, thess
embodiments are provided so that this disclosure will be thorough and complete, and will
fully convay the scope of the claimed subiect matier to those skilled in the art. it should
also be noted that these ambodiments are not mutually exclusive. Components from one

embodiment may be tacitly assumed to be present/used in another embodiment.

Figure 2 depicls a wireless communications network 200 in which embodiments

herein may be implementad. The wireless communications network 200 may for exampls

Petitioners' Exhibit 1002, p. 59
AT&T et al v. Asustek Technology & Celerity
IPR2024-01121



&l

10

W
ol

WO 2015/080648 POT/SE2014/051152

be a network such as a Long-Term Evolution (LTE), e.g. LTE Freguency Division Duplex
(FDD), LTE Time Division Duplex {TDD), LTE Half-Duplex Freguency Division Duplex
(HD-FDD), LTE operating in an unlicensed band, Wideband Code Division Multiple
Access (WCDMA)}, Universal Terrestrial Radio Access (UTRA) TDD, Global System for
Meobile communications (GSM) network, GSM/Enhanced Data Rate for GEM Evolution
(EDGE) Radio Access Network (GERAN) network, EDGE network, network comprising of
any combination of Radio Access Technologies (RATs) such as e.g. Multi-Standard Radio
(MSR) base stations, multi-RAT base stations efc., any 3rd Generation Partnership
Project (3GPP) cellular network, WiFi networks, Worldwide Interoperability for Microwave

Access (WiMax), 5G system or any cellular network or system.

The wireless communications network 200 comprises a first fransmission point
211, a second transmission point 212 and a third transmission point 213, Any one or
more of the first transmission point 211, the second transmission point 212 and the third
transmission point 213 may be referred to herein as the one or more TPs 211, 212, 215
Each of the first transmission point 211, the second ransmission point 212 and the third
fransmission point 213 transmils TP beams. Each of the first ransmission point 211, the
second transmission point 212 and the third transmission point 213 may be, for example,
a base sigtion such as e.g., an eNB, an eNodeB, or a Home Node B, a Home eNode B, a
femtic Base Station, BS, a pico BS or any other network unit capable to serve a device or
a machine type communication device in the wireless communications network 200, In
some pariicular emboedimants, the first transmission point 211, the sscond transmission
point 212 and the third transmission point 213 may be a stationary or fixed relay node or a
moebile relay node. The wireless communications network 200 covers a gaographical area
which is divided into cell areas, wherein each cell arsa is served by a TP, although one TP
may serve one or several cells, and one cell may be served by more than one TR, inthe
non-limiting example depicted in Figure 2, the first transmission point 211 and the third
transmission point 213 serve a first cell 221, and the second fransmission point 212
serves a second cell 222 The first cell 221, may be referred o in some embodiments
herein as “a cell 2217, "one cell 221”7 or “the cell 221", The first cell 221 and the second
cell 222 may be referred o in some embodiments herein as “different cells 221, 2227,
Each of the first transmission point 211, the second transmission point 212 and the third
fransmission point 213 may be of different classes, such as e.g. macro eNodeB, home
aNodeB or pico base station, based on transmission powsr and thereby also cell size.

Typicaily, the wireless communications network 200 may comprise more ceils similar o

Petitioners' Exhibit 1002, p. 60
AT&T et al v. Asustek Technology & Celerity
IPR2024-01121



&l

10

WO 2015/080648 POT/SE2014/051152

the first cell 221 and the second cell 222, served by their respective one or more TPs.
This is not depicted in Figure 2 for the sake of simplicity. Each of the first transmission
point 211, the second transmission point 212 and the third transmission point 213 may
support one or saveral communication technologies, and its nams may depend on the
technology and terminclogy used. In 3GPP LTE, the first transmission point 211, the
second transmission point 212 and the third transmission point 213, which may be
referred to as eMNodeBs or even eNBs, and may be directly connected to a scheduling
natwork nede 230, The scheduling network node 230 may be a logical function
performing scheaduling of wireless devices in the wireless communications network 200
that are within the coverage of a group of coordinated TPs. The physical location of the
scheduling network node 230 may be in one of the first transmission point 211, the
sacond transmission point 212 and the third transmission point 213, orin a dedicated
scheduling node, as depicted in Figure 2. In some embodimenis, any one or more of the
first transmission point 211, the second fransmission point 212 and the third transmission
point 213 may be realized as a Remote Radio Head (RRH) connected to a central node
housing the scheduling function, .e., the scheduling network node 230

The first ransmission point 211 may communicate with the schaduling network node
230 over a first link 241, The second transmission point 212 may communicate with the
scheduling network node 230 over a second link 242, The third transmission point 213
may communicate with the scheduling network node 230 over a third link 243

Any of the first transmission point 211 and the scheduling network node 230 may be
referred o herein as a network node 211, 2308, The network node 211, 230 controls one
or more TPs, such as any of the first fransmission point 211, the second fransmission
point 212 and the third transmission point 213,

The first ransmission point 211 may communicale with the second transmission
point 212 over a first radio link 244. The first transmission point 211 may communicate

with the third transmission point 213 over a second radio link 245,

A number of wireless devices may be located in the wireless communications
network 200. In the example scenario of Figure 2, only one wireless device is shown,
wireless device 250. The wireless device 250 may communicale with the first
transmission point 211 over a third radio link 261, with the second transmission point
212 over a fourth radio link 262, and with the third transmission point 213 over a fifth
radio link 263.

16
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The wireless device 250 is a wireless communication device such as a UE which is
alsc known as 2.g. mobile terminal, wirsless terminal and/or mobile station. The device is
wireless, i.e., itis enabled (o communicate wirglessly in the wireless communication
network 200, sometimes also referred to as a cellular radio system or callular network.
The communication may be performed e.¢., between two devices, between a device and
a regular telephone and/or between a device and a server. The communication may be
performed 2.¢., via 2 RAN and possibly one or more core networks, comprised within the

wirgless communications network 200.

The wireless device 250 may further be referred to as a mobile telephone, cellular
felephone, or laptop with wirsless capability, just (o mention some further examples. The
wireless device 250 in the present context may be, for example, portable, pocket-siorable,
hand-held, computer-comprised, or vehicle-mounted mobile devices, enabled {o
communicate voice and/or data, via the RAN, with ancther entity, such as a server, a
laptop, a Personal Digital Assistant (PDA), or a tablet computer, sometimes referred to as
a surf plate with wireless capability, a Machine-to-Machine (M20M) device, a device
aquippad with a wirgless interface, such as a printer or a fils storage device or any other
radio network unit capable of communicating over a radio link in a celiular
communications system. Further examples of different wirglass devices, such as the
wiraless device 250, that may be served by such a system include, modems, or Machine

Type Communication (MTC) devices such as sensors.

In embodiments herein, it is first proposed to introduce one or more TP beam-
specific reference signals. Thess one or more TR beam-specific references signals may
be referred to in same embodiments herein as a first beam-specific reference signalls of
the TP beams, 50 that the wireless device 250, may detect and/or measure on a beam
from any TP, such as the first transmission point 211, the second transmission point 212
and the third fransmission point 213, in any cell, such as the first cell 221, and the second
cell 222, in a neighborhood of the wireless device 250. The TP beam-specific reference
signal, such as the first beam-specific references signals of the TR beams, from a TP, may
be detectable blindly, i.e., without the need to actively communicate with the cell, i.e.,
without receiving configuration information of the TP beam-specific reference signals,
from for example, the network node 211, 230, The signal may hence either be blindly

detected as part of the initial cell search, or aliernatively, the datection may be aided by

i1
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previously obtained information, such as broadcasied system information on the 5G
carrier or control messages sant on an assisting legacy celiular system, such as LTE.
Furthermore, these reference signals, i.e., first beam-specific reference signals of
the TP beams, may alternatively also be detected based on time domain detection, so that
the wireless device 250 may not need to perform accurate time freguency synchronization
and carry out the Discrete Fourier Transform (DFT), i.e. transfer to frequency domain,
before the wireless device 250 may detect the TR-beam. The wireless device 250 may
choose o implement time domain based beam detection, with the benefit of reduced
number of mathematical operations, which may reduce battery consumption. This also
has the advaniage that the LTE cell search algorithms in the wireless device 250 may be
reused for TP beam detection. The wireless device 250 may then bs implemsanied o
perform time domain search of beams by correlation of the received signal with a set of
TF beam specific signals. This time domain processing may be performed in paraliel with
normal receiver operation, which includes a DFT and is performed in frequency domain.
Hence, the TP beam search may be implemented by a separate processing, which aliows
the wireless device 250 to parform continuous TP beam searches without interrupting
normal receiver operation. Based on the detection of the first beam-specific reference
signals, the wireless device 250 may determing how 1o address the network node 211,
230 in the best way by selecting the best seif of UL transmit antenna/s or beams to use
whan fransmitting an UL message intended for the network node 211, 230, Such an UL
message may be anything transmitted in the UL, e.g., a random access preamble, a

scheduling request or an UL data transmission.

in general, embodiments hersin may comprise a reporting procedure comprising two
steps. Some embodiments may comprise a first step of a reporting procedure.

In a first step of these embodiments, the wireless device 250 may search for TP
beams, using a procedure similar to LTE cell search. The wireless device 250 may then
report detected TP beams, npossibly accompanied with a received power report or other
ranking of each detected TP beam or a seleclion of the detected TP beams. Selection
may be carried out using a threshold value, e.¢., configured by higher layers or fixed in
specifications, or it may simply report all detected TP beams up 1o a specific maximum
number of reports or a specific maximum number of beams.

In one embodiment, a large number of TP beam referencs signals or equivalently

beam-specific sequences, such as the first beam-specific reference signals of the TP
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beams, are defined so that each beam in a TP, such as the first transmission point 211
and the third transmission point 213 in a given cell, such as the first call 221, uses one
unique signal from a set of sequences used in this cell. The reference signals, such as the
first beam-specific reference signals of the TP beams, are grouped, and the grouping of
sequences may be known to the wireless device 250 so the wireless device 250 may
know whether two detected beams belong o the same TP or not, or alternatively to the
same cluster of TPs or not. in a further embodiment this may be utilized by the network
node 211, 230, by configuring, using higher layer signaling, the wireless device 250 to
resirict the reporting of delected beams 1o measurements on TP beams from a single TP
only, of, for example, the first transmission point 211, the second transmission point 212
and the third transmission point 213, or alternatively, only TPs within the same cluster of
Ths. Which TP, of, for example, the first transmission point 211, the second ransmission
point 212 and the third tfransmission point 213, or cluster may also be configured by higher
lavers. One advaniage of such restriction may be the case where a backhaul between
different TFs, or clusters of TPs have a restriction in latency and/or bandwidth, so that fast
switching between different TPs is not feasibie, while switching betwesan beams within the
sama T is siill feasible. The natwork node 211, 230 may perform the configuration by
signailing messages on an assisting legacy cellular system. In vet another embodiment,
system information already obtainad by the wiralass device 250 on the 5G carrier dictates
if the wireless device 250 should report measurements on a single or a mulliple of

reference signal groups.

In an alternative embodiment, a large number of reference signals, such as the first
besam-specific reference signals of the TP beams, or equivalently beam-specific
saquences are defined, so that each beam in a TR in a given call, uses one unique signal
from a set of sequences used in this cell. The reference signals, are grouped into groups
where reference signals within one group are used within one cell only, and the grouping
of sequences may be known to the wirsless device 250 so the wireless device 250 may
know whether two detectad TP beams belong to the same cell or not. VWhen the wireless
device 250 is not connectad {o a cell, e.g. in Radic Rescurce Configuration (RRC)_IDLE
mode, the wireless device 250 may identify the cell identity by detecting a TP beam
belonging to that cell. This cell identity may then be used in the following procedures o

attach to the cell
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The reported TP beams associated to multiple cells, may also be used by the
network node 211, 230 1o make mobility decisions, i.e., 10 move a wireless device such as
wirgless device 250 between cells, by sending a hand-over command.

in another embodiment, the PES/S8S used in LTE, or scaled versions thereof in
case of LTE-Nx, may be re-used as TP beam sequences, such as the first beam-specific
reference signals of the TP beams. These 504 sequences may be further grouped into
sets of, e.q., 64 sequences, and this set of sequences may then be restricted 10 be used
within one TR, only, imiting the number of possible beams per TP (o 64, Alternatively, the
length of PSS/S5S may be extended, o be longer, i.e., use more Resource Elements
{(RE), than in the current LTE system, so that more than 504 sequences may be
supported, for instance by using longer Zadoff-Chu sequences. Using longer sequences
and transmitting the TP beam sequences, over a wider bandwidth may increase the

processing gain and thus enable detection of weaker beams as well,

If & large number, &.¢., all 84 in the example above, of PSE/SS8S sequences, or
aquivalently TP-beam detection signals, such as the first beam-speacific reference signals
of the T beams, are transmitted in the same Orthogonal Frequency Division Mulliplexing
(CFDM) symbol from a TP, the energy per PS8S/SES may need io be scalad to keep ths
fotal transmit power within bounds. Hence, the fransmitied power per sequence may be
reduced by -10%0g10(64) dB, leading to a degradation in beam detection probability.
Therefore, in an alternative embodiment, the number of PSS/SES sequences to be
fransmitied in parallel in the same OFDM symbol, e.q., by code division multiplexing, may
he limited, and if more beams are needed, additional PSS/S8S for the remaining beams
may be time multiplexed of frequency mulliplexed, for instance, ransmitied in ancther
OFDM symbol or on different frequency resources. In this way may the energy per beam

datection reference signal may be kept sufficiently high.

Some embodimants may comprise a second step of the reporting procedure.

in this second step of some of these embodiments herein, the network node 211,
230 may select a set of TP heams that the wirsless device 250 may use for a more
refined, second step feedback. This selected set of TP beams may belong o the same TP

or g different TP within a cell, or even different TP-beams in different cells. In the latter
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case, coordinated transmission between cells, may be achieved, which may provide

benefits if the backhaul signaling has low delay and sufficient capacity.

The TP beam selection may be based on the reported TP beams in the first step
described above. Alternatively, TP beams may be configured based on uplink
measurement information at the transmission point. This alternative may be feasible
whenever the uplink and downlink hardware chains are well calibrated so that a downlink
beam may be inferred from a corresponding reception in an uplink beam. 1t may also be
possible that the network node 211, 230 uses a combination of information from uplink
beam detection and reports from the wireless device 250 whean deciding the set of TP
bheams to configure the wireless device 250, Uplink beam detection may require signals o
be transmitied from the wireless device 250 so that the network nods 211, 230 may
perform the associated beam detection measurements. Either the network node 211, 230
does this blindly based on uplink data traffic from the wireless device 250; or alternatively,
the network node 211, 230 may configure, for example, Sounding Reference Signals
(SRS to the wireless device 250, so that the network nods 211, 230 may measure on
these signals. The SRS transmitied from the wireless device 250 may also be transmitted
in uplink beams, in which case beam specific SRS is fransmitted, beam-specific SRS, In
this case, each beam may have a unique beam SRS, based on a ceriain reference signal
saequence, whersin these signals are uplink signals, such as beam-specific uplink
reference signals, or other atiributes such as the time frequency location of the beam-
specific SRS. The network node 211, 230 may then gst simultaneous information on
which pair of one fransmit beam from the wireless device 250 and one receive beam at
the network node 211, 230 side has good channel guality, e.g., high Signal to Noise Ratic
(SNR). This may be accomplished by the network node 211, 230 by correlating, for each
receive beam, with the different SRS-beam signals. Knowing which uplink beam to useis
also beneficial when scheduling the uplink data transmission from the wirsless dsvice
250, which scheduling information then would include a beam identity detected from
beam-specific SRS. The uplink measurements for beam selection may also be done on
the randomn access preambie ransmitted by the wireless device 250 when accessing the

wirgless communications network 200, or during hand-over.

The network node 211, 230 may then confiqgure the wireless device 250 with a set of
second beam-specific reference signals, for example, a set of D Channel Siate

Information Reference Signals (CSI-RS), each corresponding to a selected TP beam.
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Note that these second besam-specific reference signals, e.g., C8I-RS, may be
beamformed so that which beam actually may be selecied, L.a., the beam 1D if il exists,
may be transparent 1o the wireless device 250, Hence, these D CSIRE, may be beam-
specific reference signals. This may give the further freedom 1o the network node 211,
230 1o use a different beam or beamforming weight vector than what was used in the first
step of the reporting procedure of embodiments herein, since the actual beamforming

weight vector may be transparent {o the wireless device 250,

When the second beam-specific reference signal, 2.g., the beam specific CSI-RE, is
configured to the wireless device 250, the wireless device 250 then may report channel
state information for the set of the e.g., D TP beams, where sach beam may be
considered as g virtual antenna. This reparting may be different from the reporiing in the
first step, since the TF beams may be fixed and that the reporting may be intended to
follow fast fading and polarization siate of the channsl. Hence, a unique and orthogonal
reference signal may be transmitted in each TH-beam for the purpose of channel state
information feaedback. This reporting may be different from the reporting in the first step,
since the CBRRS may typically be more often fransmitted and typically be with a larger

bandwidth, as io provide a more refined measurement.

in one embodiment, the wireless device 250 may be configured to measure a
number D of orthogonal reference signals that correspond o the set of second beam-
specific reference signals, 2.g.,, C3I-RS, i.e. location and sequence used for the
Reference Signals (RSs). Each of the second beam-specific reference signals, e.q., D
CS8I-RS, may be transmitted from one TP beam in each transmission interval, e.g., sach
CSI-RE transmission interval. The actual TP beam that may be used in a ransmission is
unknown to the wireless device 250, which may measure on the configured signal only.
The wireless device 250 may produce a measuremsni report based on the
measurements, e.g., D measurementis or a subset of the D measurements, i.e. TP beam
selection, that is fad back o the network node 211, 230, who may know which
fransmission inferval the report may be based on. In the nexd transmission interval, the set
of TP beams may have changed. The number D and the set of second beam-specific
reference signals, e.q., the set of CSi-RS, may remain the same, uniess the wireless
device 250 is reconfigured. A precoding vecior/matrix codebook defined over D virtual

aniennas may be used for the purpose of this feedback signaling.
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In another embodiment, the wireless device 250 may be dynamically scheduled o
measure and report on a subset of a larger set of TP beams. The larger set may be the
TF beams reported in the first siep or explicitly configured with higher layer signaling. The
dynamic signaling may be included in the scheduling messags to the wireless device 250,
for instance when triggering an aperiodic CSI report. For example, the aperiodic CSl
triggering as defined in LTE, may be extended to also include information about which TP-
beams the wireless device 250 shall provide a report for,

As in the previous embodiment, the wireless device 250 may produce a report that
is fed back to the network node 211, 230. In next scheduling assignment or triggering

event, another subset may be selected.

in view of the foregoing, embodiments herain may comprise the following:

1. A TP and a given beam transmitied from that TR (TF-beam) may be
identified by the wireless device 250, e.¢., by a TP beam specific reference signal, such
as the first beam-specific reference signal of the TF beams.

2. The TR beam signals may be identifiable without configuration messages t©
the wireiess device 250, ie., they may be blindly delecled.

3. The TP beam signals may also be designed so that the TR beam may be
detected based on the received time domain signal.

4, The wireless device 250 may report to the network node 211, 230 a list of
measures, one measure for each detected TP beam, where such measure may for
instance be the received power.

5. The network node 211, 230 may configure, or dynamically schedule, a set of
K TR beams, or C8i reference signals, such as the second beam-specific reference
signals, the wireless device 250 may measure on to report, for example, Channel State

Information (CSI).

Embodiments of a method performed by the network node 211, 230 for receiving &
report from the wireless device 250, will now be described with reference o the flowchart
depicted depicted in Figure 3. As stated earlier, the network node 211, 230 controls the
one or more TPs 211, 212, 213 and the one or more TPs 211, 212, 213 transmit TP
beams. The network node 211, 230 and the wireless device 250 cperate in the wireless
communications network 200, as staled earlier. Figure 3 depicts a flowchart of the actions

that are or may be performed by the network node 211, 230 in embodiments herein.
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As stated earlier, the network node 211, 230 may be one of. the TP 211 and the
scheduling network node 230. Some of the actions below involve receiving, sending or
measuring actions. itis understood that in some embodiments wherein the network node
230 may be, for example, a scheduling network node 230 without radio receiver or
transmitter capability, the sending, receiving or measuring actions may comprise sending
or receiving through an intermediary node, such as one of the one or more TPs 211, 212,
2143

The method may comprise the following actions, which actions may as well be
carried out in another suitable order than that described below. In some embodiments, all
the actions may be carried out, wheraas in other embodiments only soms action/s may be

carried out. In Figure 3, optional actions are represented with dashed lines.

In some embodiments, any of the first beam-specific reference signals and the
second beam-specific reference signals are one of: channel state information reference
signais, positioning reference signals, Primary Synchronization Signals and Secondary

Synchronization Signals.

Action 301

The network node 211, 230 may receive g preveport from the wireless device 250 of
a preset of detected TF beams by the wireless device 250. The preset or pre-setis
undersiood 1o be equivalent to a first set. Preset is used herein to distinguish this first set
from a “sel”, i.e., a second set, of TP beams, which are selecled by the network node 211,
230, as will be described later in Action 304,

The prereport may comprise information on the sel of detecied TP beams by the
wireless device 250, The prereport is understood 10 be equivalent io a first report. In
some embodiments, this action may be implementsad by recsiving a measurement report
message from the wireless device 250, In some embodiments, the measurernent report
may comprise a list of detected TP beams, and to each, for example, an associated
Raceived Reference Signal Power (RSRF).

In some embodiments, the preset of detected TP beams comuprised in the received
prereport has been selected by the wirgless device 250 based on the first beam-specific
reference signals of the TP beams, wherein the first beam-specific reference signals are

downlink beam-specific reference signals.
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In some embodiments, the first beam-specific reference signals are detectable by
the wireless device 250 without being in connected mods 16 the one or more TPs 211,
212, 213 transmifting the TP beams comprising the first beam-specific reference signails.

In some embodiments, the first beam-spacific reference signals are grouped,
wherein the first beam-specific reference signals within one group are used within one cell
221 only.

Action 302

As explained earlier, in some embodiments, the wireless device 250 may perform a
fransmission, which transmission may comprise one or more uplink reference signals.

In some embodiments, the transmission from the wireless device 250 is done in
uplink beams.

in some of these embodiments, the uplink reference signals are beam-specific
uplink reference signals.

in this action, the network node 211, 230 may configure the wireless device 250 with
the beam-specific uplink reference signals, so that the network nods 211, 230 can
measure on these beam-specific uplink reference signals. In some embodiments, this
action may be implementad by sending a Radio Resource Configuration (RRC) message,
to the wireless device 250,

in some embodiments, the uplink reference signals are beam-specific sounding
reference signals.

In some particular embodiments, the beam-specific uplink reference signals are

beam-specific sounding reference signais.

Action 303

The network node 211, 230 may measure the fransmission from the wireless device
250.

As stated earlier, in some of these embodiments, the network node 211, 230 may
meaasure the transmission by the wireless davice 250 of the uplink reference signals.

in some of these embodiments, the network node 211, 230 may measure the
transmission by the wireless device 250 of the beam-specific uplink reference signals.

in some embodiments, the measuring is done blindly on received signals, without
configuring the beam-specific uplink reference signals, for example, uplink sounding

refersnce signals.
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Action 304

The network node 211, 230 selects a sef of TP beams from the TP beams. The
selecting is based on at least one of: a) one or more measurements by the wireless
davice 250 on the first beam-specific reference signals of the TP besams, and b} a
measured transmission from the wireless device 250 by the one or more TPs 211, 212,
213. As stated earlier, the first beam-specific reference signals of the TP beams are
defined so that each beam ina TP 211, 212, 213 out of the one or more TPs 211, 212,
213, uses one unique signal from a set of sequences used in this TP 211, 212, 213,

The selecting is performed for the wireless device 250 to perform one or more
measurements on the set of second beam-specific reference signails which are mutually
grihogonal.

in some ambodiments, the salecting of the set of TP beams by the network node
211, 230, based on the first beam-specific reference signals of the TP beams, comprises
selecting the set of TP beams at least basad on the received prereport from the wireless
device 250, as described in action 301.

In some embodiments, the selecting of the sat of TP beams by the network node
211, 230, based on the measured transmission from the wireless device 250 is based on
one or more measurements on the uphink reference signals, as discussed earlierand in
action 303,

in some embodiments, wherein the uplink reference signals are beam-specific
uplink reference signails, as described in action 303.

It some embodiments, the selected set of TP beams from the TP beams belong to
one of the same TP 211, 212, 213, different TPs 211, 213 within the cell 221, and
different TR beams in different cells 221, 222.

Action 305

The network nods 211, 230 configures the wireless devics 250 with the sei of
sacond beam-specific reference signals, whereain the set of second beam-specific
reference signals are beam-specific downlink reference signals, and whearein each second
beam-specific reference signal is associated with a selected TP beam of the set of TP
besams.

in some ambodiments, this action may be implemented by sending an RRC
message, 1o the wireless device 250,

In some embodimenis, the network node 211, 230 configures the wireless device

250 {o only report detecled TP beams within a certain group. In some embodiments, this
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action may be implemented by sending an RRC message, or a broadcasted controf

signailing message, to the wireless devics 250.

Action 306
The network node 211, 230 may trigger the report from the wireless device 250 by
for example, sending a message 1o the wireless device 250, such as a Downlink Control

information message.

Action 307

The network node 211, 230 receives the report from the wireless device 250, the
report comprising channel state information for at least a2 subset of the selected set of TP
beams, measured on the configured set of second beam-specific reference signals. The
report is understood 10 be equivalent to a second report from the wireless device 250.

In some embodiments, the report comprises at least one index 1o a precoding
codebook.

in some embodiments, this action may be implemented by receiving an Uplink

Control information (UCH message, from the wireless device 250,

Action 308

The nebwork node 211, 230 may select one uplink beam from the uplink beams
transmitted by the wireless device 250 for scheduling of uplink fransmission, based on, for
example, the received report. For example, the network node 211, 230, may select the
uplink beam with the highest or best received channel quality, according to a determined
criterion (e.g., based on a specific threshold).

in some embodiments, the selecting of the uplink beam is based on a correlation of
each of the uplink beams transmitted by the wireless device 250 with each beam-specific
uplink signal.

Agtion 309

The nebwork node 211, 230 may schedule the wireless device 250, based on the
received report. In some particular embodiments, the network node 211, 230 may
schedule the wireless device 250, based on the selected uplink beam from the uplink
beams transmitled by the wireless device 250 in action 308. For example, the network

nods 211, 230, may schedule the wireless device 250 in the uplink beam with the highest
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or best received channel gquality, according (o the determined criterion (e.g., based on the
specific threshoid).
in some embodiments, this action may be implemented by sending a scheduling

messags, such as a DCI message, to the wirsless device 250.

Embodiments of a method performed by the wireless device 250 for sending the
report to the network node 211, 230, will now be described with reference to the flowchart
dapicied dapicted in Figure 4. As stated satlier, the network node 211, 230 controls one
or more TPRs 211, 212, 213 and the one ormore TPs 211, 212 213 fransmit TP beams,
wherein each of TF beams has the first beam-specific reference signal. The network
nods 211, 230 and the wireless devics 250 operale in the wireless communications
network 200, as stated earlier. Figure 4 depicts a flowchart of the actions that are or may
be performed by the wireless device 250 in embodiments herein.

As stated earlier, the network node 211, 230 may be one of the TP 211 and the

scheduling network node 230.

in some embodiments, the first beam-spacific reference signals and the second
beam-specific reference signals, as described earlier, are one of: channel state
information reference signals, positioning reference signals, Primary Synchronization

Signals and Secondary Synchronization Signals.

The method may comprise the following aclions, which actions may as well be
carried out in another suitable order than that described below. In some embodiments, all
the actions may be carried oul, wheraas in other embodiments only some action/s may be
carried out. In Figure 4, optional actions are represented with dashed lines.

Some of the detailed description of elements of the following actions and nodes
correspond to those described sarlier in relation to Figure 3, and will thersfore not be

repeated here.

Action 401
The wireless device 250 may search for TP beams. In some embodiments, the
wireless device 250 searches for TB-beams, using a procedure similar 1o LTE cell search.
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Action 402

The wirsless device 250 may detect the TP beams. in some embodiments, this may
be implemented by detecting the first beam-specific reference signals in the TF beams.

In some embodiments, the first beam-specific reference signals are detectable by
the wireless device 250 without being in connected mode to the one or more TPs 211,
212, 213 fransmitting the TP beams comprising the first beam-specific reference signals.

in some embodiments, the first beam-spacific reference signals are grouped, and
the first beam-specific reference signals within one group are used within one cell only
221

In some embodiments, the Frimary Synchronization Signals, positioning reference
signais or the Secondary Synchronization Signals are grouped inio sets of a defined
number of sequences, and each of these sets of a defined number of sequences is
restricted 10 be used within one TP 211, 212, 213 only.

Action 403
The wirsless device 250 may identify a cell, such as the first cell 221, by detecling a

TP beam belonging to that cell 221,

Action 404

The wireless device 250 may select & preset of detected TP beams, as described
above.

In some embodiments, the preset of detected TP beams has been selectad by the
wireless device 250 based on the first beam-specific reference signals of the TP beams,
wharein the first beam-specific reference signals are downlink beam-specific reference
signais.

in some embodiments, selection of the present may be carried out using a threshold
value, configurad by higher layers or fixed in specifications, or the wireless device 250
may simply report all detected TF beams up to a specific maximum number of reports or &

maximum number of beams.

Action 405
The wireless device 250 may send the prereport of the selected presst of detected
TP beams {o the network node 211, 230, In some embodiments, this aclion may be

implemented by sending an RRC message, (o the network nods 211, 230,
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The set of selected TP beams may then be selecied by the network node 211, 230
at least tased on the sent prereport.
in some embodiments, the preset of detected TF beams may possibly be

accompaniad with a received powser report or other ranking of sach detected TP beam.

Action 406

The wireless device 250 may receive the configuration from the network node 211,
230 with the beam-specific reference signals which are beam-specific uplink reference
signals, so that the nstwork node 211, 230 can measure on these beam-specific uplink
reference signals. in some embodiments, this action may be implementad by receiving an
RRC messags, from the network node 211, 230

in some ambodiments, the beam-specific uplink reference signals are beam-specific

sounding reference signals.

Action 407

As explained earlier, in some embodiments, the wireless device 250 may perform a
fransmission, which ransmission may comprise the one or more uplink reference signals.

in some embodimenis, the transmission from the wirgless device 250 is done in
uplink beams. in some of thess embodimenis, the uplink reference signals are beam-
specific uplink reference signals. In some embaodiments, the uplink reference signals are
beam-specific sounding reference signals.

It this action, the wireless device 250 may transmit the beam-specific uplink
reference signals.

In some embodiments, the set of selected TP beams are selected by the netwaork
node 211, 230 at least basad on the measurad transmission from the wireless device 250,
as described earlier.  In some embodiments, this is based on the one or more

measurements on the uplink reference signals

Agtion 408

The wireless device 250 receives the configuration from the network node 211, 230
with the set of second beam-specific reference signals. In some embodiments, this action
may be implemsanted by receiving an RRC message, from the network node 211, 230.

The set of second beam-specific reference signals are beam-specific downilink
refersnce signals, wharein each second beam-specific reference signal is associated with

one of the selected set of TP beams. The set of TP beams are seiected by the network
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node 211, 230 based on at least one of. a) the one or more measurements by the wireless
device 250 on the first beam-specific reference signals of the TP beams, and b) the
measured transmission from the wirsless device 250 by the one or more TRs 211, 212,
213. The configuration is for the wireless device 250 to perform one or more
measurements on the set of second beam-specific reference signals which are mutually

orthogonal.

As stated earlier, the first beam-specific reference signals of the TR beams are
defined so thateach beam ina TP 211, 212, 213 cut of the one or more TPs 211, 212,

213, uses one unique signal from the set of sequences used inthis TP 211, 212, 213.

in some embodiments, the sat of selected TF beams that are selecied by the
network node 211, 230 belong to one of: the same TR 211, 212, 213, different TPs 211,
213 within the cell 221, and different TP beams in different cells 221, 222.

Action 4089

The wireless device 250 may receive a configuration from the nelwork node 211,
230 1o only report detected TP beams within a certain group. In some embodiments, this
action may be implemented by receiving an RRC or broadcast control messags, from the
natwork node 211, 230,

in some embodiments, selacting the preset of detected TR beams may be based on
one of. a threshold value for a measured variable in the detected TP beams, and a

rnaxdmum number of TP beams.

Action 410
The wireless device 250 may receive from the network node 211, 230 the tnigger for
the report. As stated earlier, in some embodiments, this action may be implemented by

receiving a DCI meassage, from the network node 211, 230.

Action 411
The wireless device 250 may measure the channel state information for the set of
selected TP beams, based on the configured set of second beam-specific reference

signals.
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Action 412

The wireless device 250 may send the report to the network node 211, 230, the
report comprising channel stale information for at least the subssat of the set of selected
TF beamns, measured on the configured set of second beam-specific reference signais.

In some embodiments, the report comprises at least one index to the precoding

codebook.

Action 413
The wireless device 250 may receive the scheduling message from the network
nods 211, 230, whersin the message is based on the sent report.

By the network node doing a pre-selection of possible beams, only beams that are
likely to be used in the data transmission by the network node to the wireless device are
selected. Thus, by at least some of the steps or actions described herein, the wireless
device 250 may quickly switch from one TP beam to another TP beam which improves
mobility and gives diversily for both data and controd signalling.

One of the main advantages of embodiments herein disclosed here may be that the
overhead for quality estimates may be reduced. By doing a pre-selection of possible
beams, 2.¢., the first step of the reporting procedure describad above, or actions 304,
404, only beams that are likely 1o be used in the data transmission is selected. When
possible TP-beam candidates have been selected, detailed CSl may be reported more
frequently. This in contrast o if detailed C8S1 should be reported from all TR-beams which
would require a substantial overhead.

Thus, the problem identified in the prior art on how 1o select ransmission points and
beams within each transmission point in a dynamic manner, without the need io frequently
change the serving transmission point, is addressead by at Isast some of the embodiments
herein by allowing the set of selected or configured TP beams in the second step, or in
action 304, to belong to mulliple transmission points so that a good connection is likely 10
be present at ieast one of the ransmission points and that the network, e.¢., the network
node 211, 230, may guickly switch the fransmission to another beam in ancther
transmigsion point, without a nesd for changing serving transmission point.

Also, the problem identified in the prior art on how {o provide coverage and robust
reception of synchronization signals and reference signals needed to ensure mobility in

the 5G network is addressed by at least some of the embodiments herein by providing, or
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fransmitting, beamformed PSS and 588 signals with narrow beams, and thus extended
coverage, and at the same time allowing for detecting the PSS and 858 without prior
knowledge, 1.e., tlind detection, of the utilized beamforming weights, or used P8S or 888
sequences. Hence, new TP beams may be detected and reported o the network node
211, 230 when the wireless device 250 moves around, and a new TF becomes

discoverable, within the range of the wireless device 250.

Figure & and Figure 8 depict, respectively, schematic diagrams of methods in ths
network node 211, 230 and the wireless device 250, according to some embodiments
herein, and as just described in reference to Figures 3 and 4, respectively. Inthe
exemplary non-limiting example of Figure 5, the wireless device 250, depicted as "UE” in
Figures & and 6, measures TP-beams specific signals, such as the first beam-speacific
reference signals. The wircless device 250 then selects a preset of the measured TP
beams as explained in action 404, based on e.g., received power, and sends the
prereport to the network node 211, 230, that is the “report of K selected TP-beams”,
according to action 405. The network node 211, 230, depicted as "Network” in Figures &
and 6, performs a selection of D TP beams, as described in action 304, according o the
preset selected by the wireless device 250, The network nodes 211, 220 then configures
the wireless devica 250 with a number D of CSI-RS signals, that is the the set of second
beam-specific reference signals, as in action 305. The wireless devica 250 then measuras
the CSI-RS on the set of selected TP bheams, as in action 411, After having optionally
received a trigger from the network node 211, 230, the wireless device 250 then sends the
report to the network node, the CS1 report based on the CSI-RS, as in action 412. Based
on the CSERE report, the network node 211, 230 then sends a scheduling of downlink

based on the received CSI-RS report, as in actions 309 and 413,

In the exemplary non-limiting example of Figure §, the network node 211, 230
configures the wireless device 250 with the beam-specific uplink reference signals as
described in action 302, which in this embodimeant are beam-specific SRS. The wireless
device 250 then transmits the beam-specific uplink reference signals, beam-SRS, as in
action 407. The network node 211, 230 performs the selection of action 304 according to
the measurement of the transmission by the wirgless device 250, of the beam-specific
uplink reference signals configured by the network node 211, 230, which in this example
are beam-specific SRS, or beam-8SRS, as descriced in action 303, and selects D downlink

TP-beams, as described in action 304, The network node 211, 230 then configures the
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wirelgss device 250 with the D CEI-RS signals, as discussed in action 305, The wirsless
device 250 then measures the CSI-RS on the set of selected TP beams, as in action 411,
After having optionally received the trigger from the network node 211, 230 described in
action 306, the wireless device 250 then sends the report {o the network node, the CSI
report based on the CSI-RG, as in action 412. Based on the CSI-RE report, the network
node 211, 230 then sends a scheduling of downiink based on the received CSI-RS report,
as in actions 308 and 413.

To perform the method actions described above in relation fo Figures 3, 5 and 8, the
network node 211, 230 is configured (o receive the report from the wireless device 250.
The network node 211, 230 comprises the following arrangement depicted in Figure 7.
The network node 211, 230 is configured to control the one of more Transmission Points,
Ths, 211, 212, 213. The one or more THs 211, 212, 213 are configured to transmit TR
beams. The network node 211, 230 and the wireless device 250 are configured {o
operate in the wireless communications network 200, The defailed description of some of
the following corresponds to the same references provided above, in relation o the
actions describad for the network node 211, 230, and will thus not be repeatad here.

in some embodiments, the nebtwork node 211, 230 is one of the TP 211 and the
scheduling network node 230,

in some embodiments, as siated earlier, any of the first beam-specific reference
signais and the second beam-specific reference signals are one of: channel state
information reference signals, positioning reference signals, Primary Synchronization

Signals and Secondary Synchronization Signals.

The network node 211, 230 may be configured o select the set of TP beams from
the TP beams, wharein o select is based on at least one of ong or more measuremsnts
by the wirgless device 250 on first beam-specific reference signals of the TP beams, and
a transmission from the wireless device 250 configured to be measured by the ones or
more TPs 211, 212, 213. To select may be configured to be performed for the wireless
davice 250 to perform one or more measurements on the set of second beam-specific
reference signals. The first beam-specific reference signals of the TP beams are defined
sothat each beam ina TP 211, 212, 213 cut of the one or more TRs 211, 212, 213, uses
one unique signal from a setf of sequences used inthis TF 211, 212, 213,

in some embodiments, this may be performed by a salesting module 701

comprised in the network node 211, 230,
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in some embodiments, the first beam-spedific reference signals are detectable by
the wireless device 250 without being in connected mode to the one or more THs 211,
212, 213 configured 1o transmit the TP beams comprising the first beam-specific reference

signais.

in some embodiments, the first beam-spacific reference signals are grouped, and
wherein the first beam-specific reference signals within one group are configured to be

used within one cell 221 only.

In some embodimenis, the network node 211, 230 is further configured to select ons
uplink beam from the uplink beams configured to be ransmitied by the wireless device
250 for scheduling of uplink fransmission.

This may also be performed by the selecting module 701,

in some embodiments, to select the uplink beam is based on the correlation of each
of the uplink beams configursd o be transmitted by the wireless device 250 with sach
beam-specific uplink signal.

in some embodiments, the selected set of TP beams from the TP beams belong to
one of the same TP 211, 212, 213, different TPs 211, 213 within the cell 221, and
different TP beams in different cells 221, 222.

The network node 211, 230 may be configurad to configure the wirsless device 250
with the set of second beam-specific reference signals, wherein the set of second beam-
specific reference signals are team-specific downlink reference signals, and wharein each
sacond team-specific referencs signal is associated with the selected TF beam of the sat
of TP beams. The second beam-specific reference signais are mutually orthogonal.

in some embodiments, this may be performed by a configuring module 702
comprised in the network node 211, 230

In some embodiments, the transmission from the wireless device 250 is dene in
uplink beams, and the network node 211, 230 is further configured o configure the
wirgless device 250 with the beam-specific uplink reference signals, 50 that the network
node 211, 230 can measure on these beam-specific uplink reference signals.

This may also be performed by the configuring module 702

In some embodiments, the beam-specific uplink reference signals are beam-specific

sounding reference signals.
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The network nede 211, 230 may be configured o receive the report from the
wirgless device 250, the report comprising channel siate information for at least the
subset of the sslected set of TP bsams, measured on the configured set of second beam-
specific reference signals.

In some embodiments, this may be performed by a recelving module 703
comprised in the network node 211, 230,

in some embodiments, the report comprises at least one index {0 the precoding
codebook.

in some embodiments, the network node 211, 230 is further configured to receive
the prereport from the wireless device 250 of the detected TP beams by the wireless
device 250, and wherein to select the set of TR beams by the network node 211, 230,
based on the first beam-specific reference signals of the TP beams, comprises to select
the set of TP beams ai least based on the prereport configured to be received from the
wireless device 250.

in some embodiments, this may also be parformed by the recelving module 703,

in some embodiments, the preset of detected TF beams comprised in the received
prereport has been selected by the wireless device 250 based on the first beam-specific
refarence signals of the TP beams, wherein the first beam-specific referance signals are

downlink beam-specific reference signals.

In some embodiments, the network node 211, 230 may be configured to schedule
the wireless device 250, based on the received report.
in some embodiments, this may be performed by a scheduling module 704

comprised in the network node 211, 230

In some embodiments, the network node 211, 230 may bs configured 1o measure
the transmission from the wireless device 250, and 1o select the set of TP beams by the
network node 211, 230 hased on the transmission from the wireless device 250
configurad (o be measurad is based on one OF More measurements on uplink reference
signals.

in some embodiments, this may be performed by a measuring module 705

comprised in the network node 211, 230,
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In some embodiments, whaerein the transmission from the wireless device 250 is
done in uplink beams, the network node 211, 230 is further configured {o measurs the
fransmission by the wireless device 250 of the beam-specific uplink reference signals.

In some embodiments, this may also be performed by the measuring module 705

in some embodiments, to measure is configured 1o be done blindly on received

signals, without configuring uplink sounding referance signals.

in some embodiments, the network node 211, 230 may configured o trigger the
report from the wireless device 250,
in some embodiments, this may be performed by a triggering moduie 706

comprised in the natwork node 211, 230.

The embodiments herein for receiving the report from the wireless device 250 may
be implemented through one or more processors, such as the processing module 707 in
the network node 211, 230 depicted in Figure 7, together with computer program code for
performing the functions and actions of the ambodimants herein. The program code
mentionad above may also be provided as a computer program product, for instance in
the form of a data carrier carrying computer program code for performing the
embodiments hersin when being Inadad into the in the network node 211, 230. One such
carrier may be in the form of a CD ROM disc. i may be however feasible with other data
carriers such as a memory stick. The computer program code may furthermore be
provided as pure program code on a server and downloaded to the network node 211,
230,

The network node 211, 230 may further comprise a memory module 708
COMPrising one or more memory units. The memory module 708 may be arranged io be
used to store data in relation to applications to perform the methods herein when being
exacuted in the network node 211, 230, Memory module 708 may be in communication
with the processing module 707, Any of the other information precessed by the

processing module 707 may also be stored in the memory module 708

in some embodiments, information may be received from, e.4., the wireless device
250, through a receiving port 708, In some embodiments, the receiving port 708 may
be, for exampie, connectad to the one or more antennas in ths network node 211, 230, In

other embodiments, the network nods 211, 230 may receive information from another
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structure in the wireless communications network 200 through the receiving port 709,
Since the recsiving port 708 may be in communication with the precessing module 707,
the receiving port 708 may then send the received information o the processing module
707. The receiving port 708 may also be configured {o receive other information.

The information processed by the processing module 707 in relation 1o the
embodiments of method herein may be stored in the memory module 708 which, as
stated earlier, may be in communication with the processing module 707 and the receiving
port 709,

The processing module 707 may be further configured {o tfransmit or send
information to e.¢., the wirsless device 250, or another node in the wireless
communications network 200, through a sending port 710, which may be in

communication with the processing module 707, and the memory module 708,

Those skilled in the art will also appreciate that the different modules 701-708
described above may refer o a combination of analog and digital modules, and/or one or
more processors configured with software and/or firmware, e.g., stored in memaory, that,
when execuied by the ong or more processors such as the processing module 707,
perform as described above. One or more of these processors, as well as the other digital
hardware, may be included in a single application-specific integrated circuit (ASIC), or
several processors and various digital hardware may be disiributed among several
separate componsants, whether individually packaged or assembled info a systam-on-a-
chip {(SeC).

Thus, the methods according to the embodiments described herein for the network
node 211, 230 are respectively implemented by means of a compuier program product,
comprising instructions, i.e., software code portions, which, whan exscuted on at least ong
processor, cause the at least one processor to carry out the aclions described herein, as
performed by the nelwork node 211, 230, The computer program product may be siored
on a computer-readable storage medium. The compuier-readable storage medium,
having stored thereon the computer program, may comprise instructions which, when
execuled on at least one processor, cause the at least one processor o carry cut the
actions described herein, as performed by the network node 211, 230, in some
ambodiments, the computer-readable storage medium may be a non-transitory compuler-

readable storage medium,
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To perform the method actions described above in reiation to Figures 4, 5 and 8 the
wirgless device 250 is configured to send the report 1o the network node 211, 230. The
wiraless device 250 comprises the following arrangement depicted in Figure 8. The
network node 211, 230 is configured 1o control the one or more Transmission Points, TPs,
211, 212, 213. The one or more TPs 211, 212, 213 are configured {o fransmit TP beams.
Each of TP beams has the first beam-specific reference signal. The network node 211,
230 and the wireless device 250 are configured to operate in the wirgless communications
network 200, The detailed description of some of the following corresponds to the same
references provided above, in relation o the actions described for the wireless device
250, and will thus not be repeatad here.

in some embodiments, the network node 211, 230 s one of the TP 211 and the
scheduling network node 230.

In some embodiments, any of the first beam-specific reference signals and the
second beam-specific reference signals are one of: channel state information reference
signais, positioning reference signals, Primary Synchronization Signals and Secondary

Synchronization Signals.

The wirsless device 250 may be configured o receive a configuration from the
network node 211, 230 with the set of second beam-specific reference signals, wherein
the set of second beam-specific reference signals are beam-specific downlink reference
signals, wherein each second beam-specific reference signal is associated with one of the
selected sef of TP beams, selected by the nebwork node 211, 230 based on at least one
of. one or more measureaments by the wireless device 250 on first beam-specific reference
signals of the TP beams, and a transmission from the wireless device 250 configured to
be measured by the one or more TPs 211, 212, 213, wherein the first beam-specific
referance signals of the TP beams are defined so that each beamina TP 211, 212, 213
out of the one or more TPs 211, 212, 213, uses one unique signal from a set of
sequences used inthis TP 211, 212, 213,

The configuration may be for the wireless device 250 to perform one or more
measurements on the set of second beam-specific reference signals which are mutually
orthogonal.

In some embodiments, this may be performed by a receiving module 801

comprised in the wirgless device 250.
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In some embodiments, the wireless device 250 is further configured to receive the
scheduling message from the network node 211, 230, whereain the message is tased on
the report configured to be sent.

This may also be performed by the receiving module 801.

in some embodiments, the set of selected TP beams configurad to be selected by
the network node 211, 230 at least based on the transmission configured o be measured
from the wirgless device 250, is based on one or more measurements on uplink reference
signals.

It some ambodiments, the first beam-specific reference signals are grouped, and
wherein the first beam-specific reference signals within one group are configured {o be
used within one cell only 221.

in some embodiments, the transmission from the wireless device 250 is configured
o be done in uplink beams, wherein the uplink reference signals are beam-specific uplink
reference signals and the wireless device 250 is further configured (o receive the
configuration from the network node 211, 230 with the beam-specific uplink reference
signals. Ths network node 211, 230 can then measure on these beam-speacific uplink
referance signails.

This may also be performed by the receiving module 801,

in some embodiments, the beam-specific uplink reference signals are beam-specific
sounding reference signals.

in some embodiments, the wireless device 250 is further configured to receive from
the network node 211, 230 the frigger for the report.

This may also be performed by the receiving module 801.

in some embodiments, the sat of selected TF beams that are selecied by the
network node 211, 230 belong to one of: the same TR 211, 212, 213, different TPs 211,
213 within the cell 221, and different TP beams in different cells 221, 222.

in some embodiments, the report comprises at least one index 1o the precoding
codebook.

In some embodiments, the Primary Synchronization Signals, positioning reference
signals or the Secondary Synchronization Signals are grouped into sets of the defined
number of sequences, and wherein sach of these sets of the defined number of

sequences is configured to be restricted to be used within one TP 211, 212, 213 only.
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The wireless device 250 may be configured to send the report {o the network node
211, 230, the report comprising channel state information for at least the subset of the set
of selected TF beams, configured {0 be measured on the configured set of second beam-
specific reference signals.

This may be performed by a sending module 802 comprised in the wirgless device

in some embodiments, the wireless device 250 is further configured to send the
prereport of the selected preset of detected TP beams 1o the network node 211, 230, The
sat of selected TP beams may be configured (o be sslected by the nstwork node 211, 230
at least based on the prereport configured to be sent.

This may also be performed by the sanding module 802,

in some embodiments, the preset of detected TP beams comprisad in the sent
prereport is configured {0 have been selected by the wireless device 250 based on the
first beam-specific reference signals of the TP beams, whersin the first beam-specific

reference signals are downlink beam-specific reference signals.

in some embodiments, the wireless device 250 may be configurad to search for TP
beams.
This may be performead by a searching module 883 comprised in the wireless

davice 250.

It some embodiments, the wireless device 250 may be configured o detect the TP
beams.
This may be performed by a detecting module 804 comprisad in the wireless

device 250.

In some embodiments, the first beam-spacific reference signals are detectable by
the wireless device 250 without being in connected mode to the one or more TPs 211,
212, 213 configured 1o fransmit the TP beams comprising the first beam-specific reference

signais,

in some embodiments, the wireless device 250 may be configured {0 select the
preset of detected TH beams

This may be performed by a selecting module 805 comprised in the wireless
device 250.
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In some embodiments, the wireless device 250 is further configured to receive the
configuration from the network node 211, 230 to only report detected TP beams within the
certain group. This may also be performed by the receiving module 801,

In some embodiments, wherein the wireless device 250 is further configured to
select the preset of detected TP beams hased on one of. the threshold value for the
measured variable in the dstected TP beams, and the maxdmum number of TR beams.

This may also be performed by the selecling module 8065,

It some amboediments, the wireless device 250 may be configured to transmit the
uplink reference signails.

In some embodiments, the wireless device 250 may be configured to transmit the
beam-specific uplink reference signals.

This may be performead by a transmifting meodude 806 comprised in the wireless

davice 250.

in some embodiments, the wireless device 25C may be configured o identify the cell
221 by detecting the TP beam belonging to that cell 221,
This may be performed by an identifying module 807 comprised in the wireless

device 250.

in some embodiments, the wireless device 250 may be configured o measure the
channsl state information for the set of selected TP beams, based on the configured sst of
second beam-specific reference signals.

This may be performed by a measuring module 808 comprised in the wireless

device 250.

The embodiments herein for send the report o the network node 211, 23C may be
implementead through one or more processors, such as the processing module B0Y in
the wireless device 250 depicied in Figure 8, togather with computer program code for
performing the functions and actions of the embodiments herein. The program code
mentioned above may also be provided as a computer program product, for instance in
the form of a data carrier carrying computer program cods for performing the
embodimenis herein when being lcaded info the in the wireless device 250 One such

carrier may be in the form of a CD ROM disc. It may be howsaver feasible with other data
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carriers such as a memory stick. The computer program code may furthermore be

provided as pure program code on a server and downloaded to the wireless devics 250

The wireless device 250 may further comprise a memory module 84180 comprising
one or more memory units. The memory module 810 may be arranged 1o be used {o store
data in relation to applications to perform the methods herein when being executed in the
wiraless device 250, Memory module 810 may be in communication with the processing
module 809, Any of the other information processed by the processing module 808 may

also be stored in the mamory module 810,

In some embodimenis, information may be received from, &.¢., the network node
211, 230, through a receiving port 811, In some embodiments, the receiving port 811
may be, for example, connecied {0 the one or more antennas in the wireless device 250.
in other embodiments, the wirsless device 250 may receive information from anocther
structure in the wireless communications network 200 through the receiving port 811.
Since the receiving port 811 may be in communication with the processing module 80€,
the receiving port 811 may then send the received information to the processing module
809, The receiving port 811 may aiso be configured o receive other information.

The information processed by the processing module 809 in relation to the
ambodimants of methad hersin may be stored in the memory module 810 which, as
stated earlier, may be in communication with the processing module 808 and the receiving
port 811.

The processing module 809 may be further configured o transmit or send
information to e.q., the network node 211, 230, through a sending port 812, which may

be in communication with the processing module 808, and the memory module 810,

Those skilled in the art will also appreciate that the different modules 801-808
described above may refer (o a combination of analog and digital modules, and/or one or
more processors configured with software and/or firmware, 2.g., stored in memory, that,
whean executed by the one or more processors such as the processing module 808,
perform as described above. One or more of these processors, as well as the other digital
hardware, may be included in a single application-specific integrated circuit (ASIC), or

several processors and various digital hardware may be distributed among several
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separate components, whether individually packaged or assembled into a system-on-a-
chig (SoCh.

Thus, the methods according to the embodiments describad herein for the wireless
device 250 are respectively implemented by means of a computer program product,
comprising instructions, i.e., software code portions, which, when executed on at least one
processor, cause the at least one processor 1o carry out the actions described harein, as
performed by the wireless device 250. The computer program product may be stored on
a computer-readable storage medium. The computer-readable storage medium, having
stored thereon the computer program, may comprise instructions which, when executed
on at least one processor, cause the at least one processor 1o carry out the actions
described hersin, as performead by the wirelass device 250, In some embodiments, the
computer-readable storage medium may be a non-transitory compuier-readable storage

medium.

Vhen using the word “comprise” or “comprising” it shall bs inlerpreted as non-

limiting, i.€. meaning "consist at least of".

The modules dascribed may be for parforming any of the pertinent embodimants

described.

The embodiments herein are not limited o the above described preferred
embodiments. Varicus alternatives, modifications and equivalents may be used.
Therefore, the abovs embodiments should not be taken as limiting the scope of the

invention.
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CLAIMS:

1. A method performed by a network node (211, 230) for receiving a report from a
wireless device (250), the network node (211, 230) controlling one or more

Transmission Points, TPs, (211, 212, 213} and the one or more TPs (211, 212,

5

5 213} transmitting TP beams, the method comprising:
sefecting (304) a set of TF beams from the TP beams, whersin the
selecting is based on at least one of one or more measurements by the wireless
device (250} on first beam-specific reference signals of the TP beams, and a
measured transmission from the wireless device (250) by the one or more TPs

10 (211, 212, 213}, wherein the first beam-specific reference signals of the TF beams
are defined so that each beam in g TP (211, 212, 213) out of the one or more TPs
(211, 212, 213), uses one unique signal from & set of sequences used inthis TP
{211, 212, 213},

configuring (305) the wireless device (250) with a set of second beam-

15 specific reference signals, wherein the set of second beam-specific reference
signals are beam-specific downlink reference signals, and wherein each second
beam-specific reference signal is associated with a selecited TP beam of the set of
TR beams, and

receiving {307} the report from the wirgless device {250), the report

20 comprising channel state information for at least a subset of the selected set of TP

beams, maasured on the configured set of second beam-specific reference

signals; wherein the second beam-specific reference signals are mutually

orthogonal.

[
&2

2. The method of claim 1, wherein any of the first beam-specific reference signais and
the second beam-specific reference signals are one of channel state information
reference signals, positioning reference signals, Primary Synchronization Signals

and Secondary Synchronization Signals.

3. The msthod of any of claims 1-2, further comprising:
measuring (303) the transmission from the wireless device (250), and
wherein the sslecting of the set of TP beams is based on one or more

measurements on uplink reference signals.
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4. The method of any of claim 3 |, further comprising:
selecting (308) one uplink beam from the uplink beams transmitted by the

wireless device (250) for scheduling of uplink transmission, wherein the selecting

(o

is based on a correlation of each of the uplink beams with each beam-specific

uplink signal.

5. The method of any of claims 1-4, wherein the report comprises at Isast one index to

a precoding codebook.

6. A method performed by a wirelaess device (250) for sending a report {0 a network
node (211, 230), the network node (211, 230) controlling one or more Transmission
Points, TPs, (211, 212, 213) the one or mors TRPs (211, 212, 213) transmitling
Transmission Point, TR, beams, wherein each of TP beams has a first beam-
15 specific raference signal, the method comprising:
receiving (408) a configuration from the network node (211, 230) with a set
of second beam-specific reference signals being beam-specific downlink reference
signals, wherein each second beam-specific reference signal is associated with
one of a selected sel of TP beams, selecied by the network node (211, 230) based
20 on at least one or more measurements by the wirgless device (250) on the first
beam-specific reference signals of the TP beams;
performing ong or more measurements on the set of second beam-specific
reference signals, wherein the first beam-specific reference signals of the TP
beams are defined so that each beam ina TR (211, 212, 213 out of the one or
25 mare TPs (211, 212, 213), uses one unique signal from a set of sequences used in
this TR (211, 212, 213), and
sending (412) a report o the nebwork node (211, 230), the report
comprising channel state information for at least a subset of the set of selected TP
beams, measured on the configured set of second beam-specific reference

signals; wherein the sscond beam-specific reference signals are mutually

9]
)

orthogonal.

7. The method of claim 6, wherein any of the first beam-specific reference signals and

the second beam-specific reference signals are one of: channeal state information
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reference signals, positioning reference signals, Primary Synchronization Signals

and Secondary Synchronization Signals.

A network node (211, 230) configured to receive a report from a wirsless device
(250), the network node (211, 230) being configured to control one or more
Transmission Points, TPs, (211, 212, 213} and the ong or more TPs (211, 212,
213) being configured to transmit TP beams, the network node (211, 230) being
configurad o

select g set of TP beams from the TP beams, wherein to selectis based on
at least one of one or more measurements by the wireless device (250) on first
beam-specific raference signals of the TP beams, and a transmission from the
wireless device (250) configured to be measured by the one crmore TRs (211,
212, 213}, wherein the first beam-specific reference signals of the TP beams are
defined so that each beam ina TP (211, 212, 213} out of the one or more TPs
(211, 212, 213), uses one unique signal from a set of sequences used in this TP
(241, 212, 213),

configure the wireless device {250) with the set of second beam-specific
reference signals, wherein the set of second beam-specific reference signals are
beam-specific downlink reference signals, and wherein sach second beam-specific
reference signal is associated with a selected TP beam, and

receive the report from the wireless device (250), the report comprising
channel state information for at least a subset of the selected set of TR beams,
measured on the configured set of second beam-specific reference signals;

wherain the second beam-specific reference signals are mutually orthogonal.

The network node (211, 230} of claim 8, wherein any of the first beam-specific
reference signals and the second beam-specific reference signals are one of
channel state information reference signals, positioning reference signals, Primary

Synchronization Signals and Secondary Synchronization Signals.

10. The network node (211, 230) of any of claims 8-9, is further configurad to measure

the transmission from the wireless device (250}, and to select the set of TP beams

based on ong or more measuremeants on uplink reference signals.
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11. The network node (211, 230) of any of claims 10, is further configured to select one
uplink beam from the uplink beams configured 1o be transmitted by the wireless
device (250) for scheduling of uplink transmission; the selection of the uplink beam
is based on a correlation of each of the uplink beams with each beam-specific

uplink signat.

&l

12. The network node (211, 230} of any of claims 8-11, wherein the report comprises at

least one index to a precoding codebook.

10 13. A wireless device (250) configured to send a report {o a network node (211, 230),
the network node (211, 230) being configured to confrol one or more Transmission
Points, TPs, (211, 212, 213) the one ormore TRs (211, 212, 213} being configured
ta transmit Transmission Point, TP, beams, wherein each of TF beams has & first
beam-specific reference signal, the wireless device (250) being configured to:

15 receive a configuration from the network node (211, 230) with a set of
second beam-specific reference signals, wherein the set of second beam-specific
reference signals are beam-specific downlink reference signals, wherein each
second beam-specific reference signal is associated with one of a selected set of
TP beams, selecied by the network node (211, 230) based on al lsast one of. one

20 oFf more measurements by the wireless device (250) on first beam-specific
reference signals of the TP beams, and a transmission from the wireless device
(250} configured 10 be measured by the one or more TPs (211, 212, 213}, and
wherein the configuration is for the wireless device (250) to perform one or more

measurementis on the set of second beam-specific reference signals, whersin the

)
o

first beam-specific reference signals of the TP beams are defined so that each

beamina TP (211, 212, 213) out of the one or more TPs (211, 212, 213), uses

one unique signal from a set of sequences used inthis TP {211, 212, 213}, and
send a report 1o the network node (211, 230}, the report comprising

channel state information for at least a subset of the set of selected TP beams,

w
-

configured 1o be measured on the configured set of second beam-specific
reference signals, wherein the second beam-specific reference signals are

mutually orthogonal

[S8]
&2
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14. The wireless device (250) of claim 13, wherein any of the first beam-specific
reference signals and the second beam-specific reference signals are one of:
channel state information reference signalg, positioning reference signals, Frimary

Synchronization Signals and Secondary Synchronization Signals.

&l
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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).
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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
hitp/hwww usplo gov/eatents/init_events/pph/indax.jsp or send an inquiry to PPHfesdback@uspio.qoy.

Application Papers
10)[] The specification is objected to by the Examiner.
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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)[JSome** c)[] 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.

Attachment(s})
1) & Notice of References Cited (PTO-892) 3) |:| Interview Summary (PTO-413)
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Application/Control Number: 15/863,267 Page 2
Art Unit: 2472

1. The present application, filed on or after March 16, 2013, is being examined

under the first inventor to file provisions of the AlA.

DETAILED ACTION
Claim Rejections - 35 USC § 112

2. The following is a quotation of 35 U.S.C. 112(b):

(b) CONCLUSION.—The specification shall conclude with one or more claims particularly
pointing out and distinctly claiming the subject matter which the inventor or a joint inventor
regards as the invention.

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

The specification shall conclude with one or more claims particularly pointing out and distinctly
claiming the subject matter which the applicant regards as his invention.

3. Claims rejected under 35 U.S.C. 112(b) or 35 U.S.C. 112 (pre-AlA), second
paragraph, as being indefinite for failing to particularly point out and distinctly claim the
subject matter which the inventor or a joint inventor, or for pre-AlA the applicant regards
as the invention.

Regarding claims 3, 9 and 17, it seems that a punctuation is missing, and thus

the meaning of the limitation is not clear.

Claim Rejections - 35 USC § 102
4. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that

form the basis for the rejections under this section made in this Office action:

A person shall be entitled to a patent unless —

(a2)(2) the claimed invention was described in a patent issued under section 151, or in an
application for patent published or deemed published under section 122(b), in which the
patent or application, as the case may be, names another inventor and was effectively filed
before the effective filing date of the claimed invention.
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Application/Control Number: 15/863,267 Page 3
Art Unit: 2472

5. Claim(s) 1-5, 7-13 and 15-19 are rejected under 35 U.S.C. 102(a)(2) as being
anticipated by Nagaraja et al., US 2018/0103407 (Nagaraja).

Nagaraja discloses reference beam for event trigger in mobility management.

Regarding claim 1, Nagaraja teaches a method of a base station, comprising: the
base station transmits to a UE a control signal associated with a reference signal for
beam measurement (transmitting information regarding one or more reference beams
and one or more event triggers associated with the one or more reference beams, 1002,
Fig. 10, and [0098]), wherein the control signal includes a beam-related information
for transmitting the reference signal for beam measurement (the reference beam may
be based on a beam identification. A BS may indicate or configure a UE with one or
more beam IDs which may be used as reference beams by the UE, [[0101]); and the
base station transmits the reference signal for beam measurement to the UE (A BS may
signal one or multiple reference beams, [0100]).

Regarding claim 2, Nagaraja teaches that the beam-related information indicates
at least a beam on which the reference signal for beam measurement is transmitted
(beam identification. A BS may indicate or configure a UE with one or more beam IDs
which may be used as reference beams by the UE, [[0101]).

Regarding claim 3, Nagaraja teaches that the beam-related information indicates
a first beam (one or more beam ID) and the reference signal for beam measurement is
transmitted on at least a refined beam of the first beam (the reference beam may be
based on a beam identification, [0101]; event trigger may be based on relative changes

within in a set of measurements associated with the reference beams, [0104]).
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Application/Control Number: 15/863,267 Page 4
Art Unit: 2472

Regarding claim 4, Nagaraja teaches that the reference signal for beam
measurement is transmitted aperiodically ({as opposed to being periodic} event trigger
may be based on relative changes...,[0104], [0105]; relative change may be based on
the best and worst signal quality measurement within a set of reference beams....
[0106])

Regarding claim 5, Nagaraja teaches that the control signal is transmitted via a
control channel ([0034] and [0035]).

Regarding claims 7-9, and 12-20, Nagaraja is applied in the same manner as
above.

Regarding claims 10 and 11, Nagaraja teaches that the UE performs
measurement on the reference signal for beam measurement with UE beam(s)
associated with the at least a beam indicated by the beam-related information; and that
the beam refinement for the UE is performed for the at least a beam indicated by the

beam-related information ([0096] and [0100]-[0105]).

Claim Rejections - 35 USC § 103
6. The following is a quotation of 35 U.S.C. 103 which forms the basis for all

obviousness rejections set forth in this Office action:

A patent for a claimed invention may not be obtained, notwithstanding that the claimed
invention is not identically disclosed as set forth in section 102, if the differences between the
claimed invention and the prior art are such that the claimed invention as a whole would have
been obvious before the effective filing date of the claimed invention to a person having
ordinary skill in the art to which the claimed invention pertains. Patentability shall not be
negated by the manner in which the invention was made.

7. Claims 6, 14 and 20 are rejected under 35 U.S.C. 103 as being unpatentable
over Nagaraja.
Petitioners' Exhibit 1002, p. 112

AT&T et al v. Asustek Technology & Celerity
IPR2024-01121



Application/Control Number: 15/863,267 Page 5
Art Unit: 2472

Regarding claim 6, Nagaraja fails to specifically teach that the control signal
indicates how many symbols are used to carry the reference signal for beam
measurement. However, Nagaraja teaches encoding and symbol mapping the data and
control information to obtain data symbols and control symbols, and generating
reference symbols ([0073]). It would have been obvious for one of ordinary skill in the
art at the time of the invention to specifically indicate the number of symbols for carrying
the reference signal since it provides necessary information for decoding the received

information so that it can be utilized.

Conclusion
8. The prior art made of record and not relied upon is considered pertinent to
applicant's disclosure. The Islam et al. PG Pub., the Guo et al. PG Pub., the Sadiq et al.
PG Pub., the Visotsky et al. PG Pub., and Yoo et al. PG Pub., are cited for further

references.

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to MIN JUNG whose telephone number is (571)272-3127.
The examiner can normally be reached on Monday through Friday 9:00 - 5:00.

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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Application/Control Number: 15/863,267 Page 6
Art Unit: 2472

If attempts to reach the examiner by telephone are unsuccessful, the examiner’'s
supervisor, Hassan Kizou can be reached on 571-272-3088. 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.

/MIN JUNG/
Primary Examiner, Art Unit 2472
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First Named Inventor | LIN, KO-CHIANG
Art Unit

Examiner Name

Attorney Docket Number 1426-183.101
U.S.PATENTS
Examiner} Cite Kind . MName of Patentee or Applicant Pages,@oiumi:es,i,mes where
. Patent Number lssue Date . Relevant Passages or Relevant
initial No Code? of cited Document

Figures Appear

if you wish to add additional U.8. Patent cilation information please click the Add buiton.

U.S.PATENT APPLICATION PUBLICATIONS

Examiner| .. Publication Kind | Publication Name of Patentee or Applicant Pages,@oiumi:es,i,mes where
. Cite No . Relevant Passages or Relevant
initial Number Codel| Date of cited Documeant . i
Figures Appeai
1 20170195998 2017-07-08 Jian Zhang

if you wish to add additional U.S. Published Appilication citation information please click the Add button.

FOREIGN PATENT DOCUMENTS

Name of Patentee or Pages,Columns,Lines
Examiner} Cite | Foreign Document Country Kind | Publication Applicant of cited where Relevant Ts
Initiai* No | Numbers Code2| Coded) Date ppacan ot ¢ Passages or Relevant
Document )
Figures Appear
1 2017067138 WO 2017-04-27 Intel 1P Corp. i:]
2 2017020688 WO 2017-02-08 NTT Docoma inc. ﬂ

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

NON-PATENT LITERATURE DOCUMENTS
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INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
{ Not for submission under 37 CFR 1.99}

Application Number
Filing Date 2018-01-05

First Named Inventor | LIN, KO-CHIANG
Art Unit

Examiner Name

Attorney Docket Number 1426-188.101

include name of the author (in CAPITAL LETTERS), title of the article {(when appropriate), title of the item

Examiner Cite |, C. . . . ’ .

T (book, magazine, journal, serial, symposium, catalog, etc), dale, pages(s), volume-~issue number(s), TS
initials No . . o .

publisher, city and/or country where published.
1 O
if you wish to add additional non-patent literature document citation information please click the Add bution
EXAMINER SIGNATURE

Examiner Signature /MIN JUNG/ Date Considered 05/17/2018

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 608. Draw line through a
citation if not in conformance and not considered. include copy of this form with next communication to applicant.

Standard $7.3). 2 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document.
4 Kind of dooument by the appropriate symbols as indicated on the document under WIFG Standard ST.16 if possible. ® Applicant is 1o place a check mark here if
English language translation is attached.
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Application/Control No. Applicant(s)/Patent Under
Reexamination
Index of Claims 15863267 LIN ET AL,
Examiner Art Unit
MIN JUNG 2472
v Rejected - Cancelled Non-Elected A Appeal
= Allowed + Restricted Interference o) Objected
[0 cClaims renumbered in the same order as presented by applicant O cpa O T.D. O R.47
CLAIM DATE
Final Original |05/17/2018
1 v
2 v
3 v
4 v
5 v
6 v
7 v
8 v
9 v
10 v
11 v
12 v
13 v
14 v
15 v
16 v
17 v
18 v
19 v
20 v

U.S. Patent and Trademark Office
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Application/Control No. Applicant(s)/Patent Under
Reexamination
Search Notes 15863267 LIN ET AL,
MIN JUNG 2472
CPC- SEARCHED
Symbol Date Examiner
HO4L 5/0048 5-17-18 MJ
HO4W 72/0406, 72/085, 88/08, 88/02 5-17-18 MJ
H04B 7/0617 5-17-18 MJ
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
EAST searched - text search combined with HO4L 5/0048; HO4W 72/04086, 5-17-18 MJ
72/085, 88/08, 88/02; HO4B 7/0617
INTERFERENCE SEARCH
US Class/ US Subclass / CPC Group Date Examiner
CPC Symbol

Petition rs ahelmt 12 ? 120
AT&T et al v. Asustek Yec r‘iology e\erlty
IPR2024-01121

U.S. Patent and Trademark Office



EAST Search History

EAST Search History

EAST Search History (Prior Art)

EASTSearchHistory.15863267_AccessibleVersion.htm[5/17/2018 5:06:00 PM]

Ref i{Hits Search Query DBs Default Plurals {{Time

# Operator Stamp

St 0 15/863267 US-PGPUB; USPAT {IOR ON 2018/05/14
14:51

S2 {13077 #(beam near2 measur$) US-PGPUB; USPAT {OR ON 2018/05/14

same reference 14:52

S3 12433 S2.cim. US-PGPUB; USPAT {OR ON 2018/05/14
14:52

S 512 beam adj id US-PGPUB; USPAT {OR ON 2018/05/14
14:53

S5 16 S3 and 44 US-PGPUB; USPAT {OR ON 2018/05/14
14:53

S6 110979 {H04L5/0048.cpc. US-PGPUB; USPAT {OR ON 2018/05/17
12:34

S7 113096 {(beam near2 measur$) US-PGPUB; USPAT #OR ON 2018/05/17

same reference 12:36

S8 {2433 S7.cim. US-PGPUB; USPAT {OR ON 2018/05/17
12:36

S 21 $6 and B US-PGPUB; USPAT {{OR ON 2018/05/17
12:39

S10 {7416 HO4W72/0406.cpc. US-PGPUB; USPAT {{OR ON 2018/05/17
12:43

S11 i S8 and S10 US-PGPUB; USPAT {OR ON 2018/05/17
12:44

S12 6319 beam adj measurement US-PGPUB; USPAT {OR ON 2018/05/17
12:45

S13 {1432 S12.clm. US-PGPUB; USPAT {OR ON 2018/05/17
12:45

S14 i1 S$10 and S13 US-PGPUB; USPAT {OR ON 2018/05/17
12:45

S15 215312 iireference adj signal US-PGPUB; USPAT {OR ON 2018/05/17
12:45

S16 ({1568 S12 same S15 US-PGPUB; USPAT {OR ON 2018/05/17
12:46

S17 33 S16.clm. US-PGPUB; USPAT {IOR ON 2018/05/17
12:46

S18 30 S17 not S9 US-PGPUB; USPAT {IOR ON 2018/05/17
12:46

S19 {5748 H04B7/0617.cpc. US-PGPUB; USPAT {OR ON 2018/05/17
12:53

S20 21 S8 and S19 US-PGPUB; USPAT {OR ON 2018/05/17
12:54

S21 #13 S20 not S9 US-PGPUB; USPAT {OR ON 2018/05/17
12:54

S22 {12 S21 not S18 US-PGPUB; USPAT {OR ON 2018/05/17
12:54
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EAST Search History

S23 #5132 HO4W72/085.cpc. US-PGPUB; USPAT $OR ON 2018/05/17
13:50

S24 45 S8 and 23 US-PGPUB; USPAT $OR ON 2018/05/17
13:51

S25 16287 H04W88/08.cpc. US-PGPUB; USPAT {OR ON 2018/05/17
13:53

S26 4 S8 and 25 US-PGPUB; USPAT {OR ON 2018/05/17
13:53

S27 417328 {H04W88/02.cpc. US-PGPUB; USPAT #OR ON 2018/05/17
13:53

S28 7 S8 and 27 US-PGPUB; USPAT #OR ON 2018/05/17
13:54

§29 12 ((("Lin") near3 ("Ko- USPAT OR OFF 2018/05/17
Chiang"))).INV. 14:11

S30 56 ((("Lin") near3 ("Ko- US-PGPUB; USPAT; $OR OFF 2018/05/17
Chiang"))).INV. USOCR 14:12

S31 i ("20170195998") .PN. US-PGPUB; USPAT $OR OFF 2018/05/17
17:00

5/17/2018 5:05:56 PM
C:\ Users\ mjung\ Documents\ EAST\ Workspaces\ 15863267.wsp
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UNITED STATES PATENT AND TRADEMARK OFFICE

Commissioner for Patents
M A [I ﬂ;. E @United States Patent and Trademark Office

P.O. Box 1450

Alexandria, VA 22313-1450
Blue Capital Law Firm, P.C. FEB 06 2018
650 Town Center Drive, Suite 1530
Costa Mesa CA 92626 OFFICE OF PETITIONS

Doc Code: TRACK1.GRANT

Decision Granting Request for

Prioritized Examination Application No.: 15/863,267
(Track | or After RCE)
1. THE REQUEST FILED January 5, 2018 IS GRANTED.

The above-identified application has met the requirements for prioritized examination

A X for an original nonprovisional application (Track 1).
B. ] for an application undergoing continued examination (RCE).
2. The above-identified application will undergo prioritized examination. The application will be

accorded special status throughout its entire course of prosecution until one of the following occurs:

A. filing a petition for extension of time to extend the time period for filing a reply;

B. filing an amendment to amend the application to contain more than four independent

claims, more than thirty total claims, or a multiple dependent claim;

filing a request for continued examination;
filing a notice of appeal;

filing a request for suspension of action;
mailing of a notice of allowance;
mailing of a final Office action;

I oG mmOoOaOo

completion of examination as defined in 37 CFR 41.102; or

abandonment of the application.

Telephone inquiries with regard to this decision should be directed to Brian W. Brown at §71-272-5338.

/Brian W. Brown/ Petitions Examiner, Office of Petitions
[Signature} (Title)

U.S. Patent and Trademark Office
PTO-2298 (Rev. 02-2012)
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

APPLICATION FILING or GRP ART
NUMBER 371(c) DATE UNIT FIL FEE RECD ATTY.DOCKET.NO TOT CLAIMS|IND CLAIMS
15/863,267 01/05/2018 3737 1600 1426-188.101 20 3
CONFIRMATION NO. 5504
106622 FILING RECEIPT

o0 T e i, uite 1530 0L

Costa Mesa, CA 92626
Date Mailed: 01/31/2018

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Inventor(s)

Ko-Chiang Lin, Taipei City, TAIWAN;

Richard Lee-Chee Kuo, Taipei City, TAIWAN;
Applicant(s)

ASUSTek Computer Inc., Taipei City, TAIWAN;

Power of Attorney: The patent practitioners associated with Customer Number 106622

Domestic Priority data as claimed by applicant
This appln claims benefit of 62/443,291 01/06/2017

Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent Prosecution
Highway program at the USPTO. Please see http://www.uspto.gov for more information.) - None.

Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to
foreign priority. See 37 CFR 1.55 and 1.76.

Permission to Access Application via Priority Document Exchange: Yes
Permission to Access Search Results: Yes

Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as
appropriate.

If Required, Foreign Filing License Granted: 01/29/2018
The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 15/863,267
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Projected Publication Date: 07/12/2018
Non-Publication Request: No

Early Publication Request: No

Title
METHOD AND APPARATUS FOR BEAM MANAGEMENT IN A WIRELESS COMMUNICATION
SYSTEM

Preliminary Class
600

Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition Applications: No
PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent” and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258).
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LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

SelectUSA

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 U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call
+1-202-482-6800.
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PATENT APPLICATION FEE DETERMINATION RECORD

Application or Docket Number

Substitute for Form PTO-875 15/863,267
APPLICATION AS FILED - PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($)
BASIC FEE
(37 OFR 1.16(a), (5), or (6)) N/A N/A N/A N/A 300
SEARCH FEE
(37 GFR 1.18(K), @), or (m)} N/A N/A N/A N/A 660
EXAMINATION FEE
(37 GFR 1.16(0), (p), or (@) N/A N/A N/A N/A 760
TOTAL CLAIMS ) *
(37 CFR 1.16(i)) 20 minus 20= OR |« 100 - 0.00
INDEPENDENT CLAIMS . *
(37 CFR 1.16(h)) 3 minus 3 = x 460 = 0.00
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 0.00
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00
* |f the difference in column 1 is less than zero, enter "0" in column 2. TOTAL TOTAL 1720
APPLICATION AS AMENDED - PART Il
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
i Total . i = =
s (37 CF% ?.16(i)) Minus = OR |« =
a Independent * Minus | *** =
E (37 CFR 1.16(h)) = OR |« =
<§( Application Size Fee (37 CFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
{Column 1) {Column 2) {Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
m AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
1N} Total * Minus * = =
= (37 CF% ?.16(i)) OR |x =
% Independent * Minus | *** = = OR |x =
L (37 CFR 1.16(h))
<§( Application Size Fee (37 CFR 1.16(s))
OR
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j))
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3.
** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20".
*** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3".
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1.
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Doc code: 108 PTOISB/O8a (03-15)

i cevintian: lafar ey P PRSI NGy Approved for use through 07/31/2016. OMB 0851-0031
Doc description: Information Disclosure Statement (IDS) Filed U.S. Patent and Tragemark Office; U.S. DEPARTMENT OF COMMERCE
Under the Papemwork Reduction Act of 1685, no persons are required 1o respond to a collection of information unless it contains g valid OMB control number.

Application Number

Filing Date 2018-01-05

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
{ Not for submission under 37 CFR 1.89)

First Named Inventor | LIN, KO-CHIANG
Art Unit

Examiner Name

Attorney Docket Number 1426-183.101
U.S.PATENTS
Examineri Cite Kind . MName of Patentee or Applicant Pages,@oiumi:es,i,mes where
. Patent Number lssue Date ) Relevant Passages or Relevant
Initial No Code? of cited Document

Figures Appear

if you wish to add additional U.S. Patent cilation information please click the Add buiton.

U.S.PATENT APPLICATION PUBLICATIONS

Examineri .. Publication Kind | Publication Name of Patentee or Applicant Pages,@oiumi:es,i,mes where
. Cite No ) Relevant Passages or Relevant
initial Number Codel| Date of cited Document . i
Figures Appeai
1 20170195998 2017-07-08 Jian Zhang

if you wish to add additional U.S. Published Application citation information please click the Add button.

FOREIGN PATENT DOCUMENTS

Name of Patentee or Pages,Columns,Lines
Examineri Cite | Foreign Document Country Kind | Pubilication Applicant of cited where Relevant 15
Initiai* No | Numberd Code2| Coded) Date ppacant of ¢ Passages or Relevant
Document )
Figures Appear
1 2017067138 WO 2017-04-27 Intel 1P Corp. i:]
2 2017020688 WO 2017-02-08 NTT Docoma inc. ﬂ

if you wish to add additional Foreign Patent Document citation information please click the Add button
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INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
{ Not for submission under 37 CFR 1.99}

Application Number
Filing Date 2018-01-05

First Named Inventor | LIN, KO-CHIANG
Art Unit

Examiner Name

Attorney Docket Number 1426-188.101

include name of the author (in CAPITAL LETTERS), title of the article {(when appropriate), title of the item

Examiner Cite |, C. . . . : .

T (book, magazine, journal, serial, symposium, catalog, etc), dale, pages(s), volume-~issue number(s), Ts
initials No . . o .

publisher, city and/or country where published.
1 O
if you wish to add additional non-patent literature document citation information please click the Add bution
EXAMINER SIGNATURE

Exaniner Signature Date Considered

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 608. Draw line through a
citation if not in conformance and not considered. include copy of this form with next communication to applicant.

Standard $7.3). 2 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document.
4 Kind of document by the appropriate symbols as indicated on the document under WIPG Standard ST.16 if possible. 5 Applicant is 1o place a check mark here if
English language translation is attached.
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Doc Code: PA..
PTO/AIASZA (B7-13)

Document Description: Power of Altorney Approved for use through D1/31/2018. OME 0651-003%
U5, Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Papermwork Reduction Act of 1685, no persons are required to respond to a collection of information unless it displgys a valid OMB control number.
"
TRANSMITTAL FOR POWER OF ATTORNEY TO ONE OR MORE
REGISTERED PRACTITIONERS )

NOTE: This form is to be submitted with the Power of Attomey by Applicant form (PTO/AIA/S2E) 1o identify the application 1o which the
Power of Attorney is directed, in accordance with 37 CFR 1.5, unless the application number and filing date are identified in the Power of
Attorney by Applicant form. if neither form PTO/AIA/BZA nor form PTO/AIASZE identifies the application to which the Power of Altorney is
directed, the Power of Attorney will not Be recognized in the application.

Application Number Not Yet Assigned
Filing Date Not Yet Assigned
Ko-Chiang Lin

First Named Inventor

Title METHOD AND APPARATUS FOR BEAM MANAGEMENT IN A WIRELESS
COMMUNICATION SYSTEM

Art Unit Not Yet Assigned

Examiner Name Not Yet ASS%Q ned

Attorney Docket Number §1426-188.101

SIGNATURE of Applicant or Patent Practitioner
Signature ligaﬂg N @aﬁ@/ Date {Optional) Jaﬁuar’y 5 2018
Name Sang N. Dang Registration 51,186

Number

Title (if Applicantis a
juristic entity)

Applicant Name (if Applicant is a juristic entity)

NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4(d) for signature requirements and certifications. If
more than one applicant, use muliiple forms.

*Total of forms are submitted.

This collection of information is required by 37 CFR 1,131, 1.32, and 1.33. The information is required to obtain or retain a benefit by
the public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR
1.11 and 1.14. This collection is estimated to take 3 minutes 1o complete, including gathering, preparing, and submitling the completed
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METHOD, APPARATUS AND SYSTEM FOR REPORTING BEAM REFERENCE
SIGNAL RECEIVING POWER

Cross Reference to Related Applications
The present application claims priority to U.S. Provisional Patent Application No.
62/244 609, filed Gctober 21, 20135, the entire disclosure of which is hereby incorporated

by reference.

Field
Embodiments of the present invenbion velate generally to the field of hearn
reference signal (BRS) receiving power (BRS-RP) report, and more particularly, to the

. ~ih . .
BRS-RP reportin a 57 generation wireless systern.

Background Information
In a wireless network, e.g., a wireless network operating in accordance with a 5
geveration system, an evolved Node B (eNB) may have a large number of transmission
bearms to support massive multiple-input, multiple-output (MIMO). Bear reference
signals (BR3s) mapped on the transmission beams may be transmitied to a user equipment

{UE) connected with the eNB via the wireless network.

Brief Description of the Drawings

Embodiments of the invention are illustrated by way of exampie, and not by way
of himitation, in the figures of the accompanying drawings in which like reference
numerals refer to similar elements.

Figure  schematically illustrates a wircless system comprising an evolved Node
B (elNB) and a user equipment (UE} for beam reference signal receiving power {(BRS-RP)
report and others, in accordance with various embodiments.

Figure 2 schematically illustrates an example of BRS-RP measurement by the UE
having directional antenna panel{s), in accordance with various embodiments.

Figure 3 schematically iHustrates an example of a BRS-RP report for a directional

antenna panel of the UE, in accordance with various embodiments.
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Figure 4 schematically illustrates an example of a BRS-RP report for all
directional antenna panel(s) of the UE. in accordance with various embodiments.

Figure 5 schematically illustrates a method of reporting the BRS-RP [rom the UE
to the eNB, in accordance with various embodiments.

Figure 6 schematically illustrates a method of utilizing the BRS-RP for channel
control from the eNB to the UE, in accordance with various embodiments.

Figure 7 schematically illustrates an example system in accordance with various
embodiments.

Figure 8 schematically illustrates an example of the UE device, in accordance with

various embodiments.

Description of the Embodiments

IHustrative embodiments of the present disclosure include, but are not limited to,
methods, systems, and apparatuses for heam reference signal receiving power (BRS-RP)
report in a wireless system, for example, in a 5™ generation wircless systeni.

Varions embodiments of the illustrative embodiments will be described using
terms commonly employed by those skilled in the art to convey the substance of their
work to others skilled in the art. Howcever, it will be apparent to those skilled in the art
that some alternate embodiments may be practiced using with portions of the described
embodiments. For purposes of explanation, specific numbers, materials, and
configurations are set forth in order to provide a thorough understanding of the illustrative
cmbodiments. However, it will be apparcat to onc skilled in the art that altcrnate
embodiments may be practiced without the specific details. In other instances, well-
known features are omitted or simplified in order to not obscure the illnstrative
embodiments,

Further, various operations will be described as multiple discrete operations, in
furn, in a manner that is most helpfuol in understanding the illustrative embodiments;
however, the order of description should not be construed as to imply that these operations
are necessartly order dependent. In particular. these operations need not be performed in
the order of prescntation.

The phrase “in one embodiment” is used repeatedly. The phrase generally does not
refer to the same embodiment; however, it may. The terms “comprising,” “having,” and

“including” are synonymous, unless the context dictates otherwise. The phrase “A/B”

2.
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means “A or B”. The phrase “A and/or B” means “(A), (B}, or {A and B)”. The phrase
“at Ieast one of A, B and C” means “(A), (B), (C). (A and B), (A and C), (B and C) or (A,
B and Cy’. The phrase “(A) B” moeans “(B) or (A B)”, that is, A is optional.

Although specific embodiments have been illustrated and described herein, it will
be appreciated by those of ordinary skill in the art that a wide variety of alternate and/or
equivalent implementations may be substituted for the specific embodiments shown and
described, without departing from the scope of the embodiments of the present disclosure.
This application is intended to cover any adaptations or variations of the embodiments
discussed herein. Therefore, it 1s manitestly intended that the emmbodiments of the present
disclosure be Himited only by the claims and the equivalents thereof.

As used herein, the term “module” may refer to, be part of, or include an
Application Spectfic Integrated Circuit (ASIC), an electronic circuil, a processor (shared,
dedicated, or group) and/or memory {shared, dedicated, or group) that execute one or more
software or firmware programs, a combinational logic circuit, and/or other suitable
components that provide the described functionality.

Figure | schematically dlustrates a wireless system 100 comprising an evolved
Node B (cNB) 101 and a uscr cquipment (UE) 201 for BRS-RP report and others, in
accordance with various embodiments. In some embodiments, eNB 101 may comprise a
control module 102, a transceiver 103, a plurality of antennas 104, and others. Control
module 102 may generate a plurality of beam reference signals (BRSs) which may be used
to measure channel state and guality for each of transmission beams 105 generated by
antennas 104, Control module 102 may further map the BRSs onto transmission beams
103 before transceiver 103 transmit the BRSs via the transmission beams to UE 201. In
some ernbodiments, transceiver 103 may further receive, from UE 201, a BRS-RP report
to report power of receiving at least one of the BRSs on at least one of the transmission
becams by at Icast one dircctional antcnna pancl of UE 201.

In some embodiments, besides the receiving power, the BRS-RP report may
comprise a BRS identifier to identity the BRS associated with the receiving power, a
transmission beam identifier to identify the transmission beam that the BRS may be
mapped on, a receiving antenna panel identifier to identify a directional antenna panel of
UE 201 that may receive the BRS on the transmission beam, and/or others. In a case that
UE 201 comprises more than one directional antenna panels, the receiving power in the

BRS-RP report may be the highest receiving power {or cach of the at least one of the

)

Petitioners' Exhibit 1002, p. 136
AT&T et al v. Asustek Technology & Celerity
IPR2024-01121



10

15

20

WO 2017/067138 PCT/CN2016/078388

BRSs on each of the at least one of the transmission beams across the directional antenna
panels. In some embodiments. the receiving power in the BRS-RP report may be higher
than a threshold. In some embodiments, the number {or the reported transmission beams
associated with the BRS-RP may be pre-determined. In some embodiments, the number of
the reported receiving antenna panel associated with the BRS-RP may be predetermined.
In some embodiments, the receiving antenna panel identifier may comprise 1 bit flag to
identify whether the receiving antenna panel 15 a default panel or not. In some
cmbodiments, the directional antenna panel of UE 201 may comprise an antenna array of
multiple antenna elemenis, which may point to a spatial direction based on at least one
polarization direction through beamforming. In view of this, the receiving antenna panel
identifier moay be alternatively veed (o identify the antenna pori(s) that receive the BRS on
the transmission beamns.

With the above-stated scheme of BRS-RP reporting, the overhead for UE 201 to
transmit the BRS-RP report may be reduced. More details for the BRS-RP report may be
described in the below with reference to Figures 2-4.

In some emmbodiment, control module 102 of eNB 101 may select transmission
becam candidates from the BRS-RP report. For example, control moduic 102 may select N
transmission beam candidates having highest receiving power from the BRS-RP report.
Control module 102 may then use the transmission beam candidates to configure channel
control information, such as a channel state information-reference signal (CSI-RS), an
enhanced physical download control channel (EPDCCH). and/or others. For example,
control madale 102 may include the receiving antenna panel identifier associated with the
transmission beam candidates in the CSI-RS configuration information, the EPDCCH
configuration information, and/or others.

For another example, control module 102 may determine whether one or more
fransmission antenna pancls {or transmission antenna ports) should be uscd for the
transmissions between eNB 101 and UE 201, at least in part based on whether the
receiving antenna panel identifier associated with the transmission beam candidates
identifies one or more receiving antenna panels. More specifically, if the receiving
antennal panel identifier identifiers that the fransmission beam candidates are associated
with one receiving antenna panel, control module 102 may determine to use single
transmission antenna pane! (or related transmission antenna ports) for the transmission

between eNB 101 and UE 201, If the receiving antennal panel identifier identifiers that the
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transmission beam candidates are associated with more than one receiving antenna panel,
for example, to a default antenna panel as well as an alternative antenna panel, control
module 102 may determine to use dual or more ravsmission antenna panels (or related
transmission antenna ports) for the transmission between eNB 101 and UE 201. This way
may help eNB 101 to more efficiently navigate transmission resource to serve the UE(s).
In some embodiments, eNB 101 may select a transmission beam with a highest BRS-RP
value for further communication between eNB 101 and UE 201,

In some embodiments, UE 201 may comprise a transceiver 202, a control module
203, a plurality of antennas 204, and/or others. Transceiver 202 may receive the plurality
of BRSs mapped on the plurality of transmission beams 105 via receiving beams 205
generated by antennas 204. In some embodiments, the receiving beam may comprise an
oplimized receiving beam of each receiving antenna panel which may be obtained from a
previous beam acquisition process. The receiving antenna panel may comprise the
directional antenna panel having an antevna array of multiple antenna elements, which
may point to a spatial direction based on at Icast one polarization direction through
beamforming.

Control modale 203 may calculate the power of recciving cach BRS mapped on
cach transmission beam 105 by each of the receiving antenna panel(s). In some
embodiments, UE 201 may comprise one or more receiving antenna panels, for exampie, a
default antenna panel and an alternative antenna panel. Control module 203 may then
generale the BRS-RP report comprising the receiving power, a BRS identifier to identily
the BRS associated with the receiving power, a transmission beam identifier to identify the
transmission beam that the BRS may be mapped on, a receiving antenna panel identifier to
identify the directional antenna panel or a receiving antenna port identifier to identifly 4
receiving antenna port associated with the directional antenna panel that may receive the
BRS on the fransmission beam, and/or others. In some embodiments, if UE 201 comprises
more than one directional antenna panels, the receiving power in the BRS-RP report may
be the highest receiving power for cach of the at least one of the BRSs on cach of the at
least one of the transmission beaws across the divectional antenna panels. In some
cmbodiments, the receiving power in the BRS-RP report may be higher than a threshold.
in some embodiments, the number for the reported transmission beams associated with the
BRS-RP may be pre-determined. In some embodiments, the number of the reported

receiving antenna panel associated with the BRS-RP may be predetermined. In some

(€21
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embodiments, the receiving antenna panel identifier {or the receiving antenna port
identifier) may comprise 1 bit flag to identify whether the receiving antenna panel (or the
receiving anienua port) is a default panel (or a default antenna port} or not.

With the above-stated scheme of BRS-RP reporting, the overhead for UE 201 to
transmit the BRS-RP report may be reduced. More details for the BRS-RP report may be
described in the below with reference to Figures 2-4.

It should be understood that other embodiments may implement other technologies
for the wireless system 100 of Figure 1. In some embodiments, besides the 5% generation
wireless technology, the wireless system 100 may use a variety of other wireless access
technologies such as Code DHvision Maltiple Access (CDMA), Frequency Division
Multiple Access (FDMA), Time Division Multiple Access (TDMA), Orthogonal
Frequency Division Multiple Access (OFDMA), Single Carrier Frequency Division
Multiple Access (SC-FDMA), and/or others in compliance with an Institute of Elecirical
and Electronics Engineers (IEEE) 802 system, a 3rd Generation Project Partnership (3GPP)
systerm, a 3GPP Long Term Evolution (LTE) system, and/or a 3GPP2 system.

In some emmbodiments, the BRS-RP report may be replaced by a BRS receiving
quality (BRS-RQ) report which may report BRS receiving quality, or other reports which
may report BRS receiving information and help eNB 101 to configure transmission
channels between eNB 101 and UE 201.

Figure 2 schematically lustrates an example of BRS-RP measurement by the UE
having directional anlenna panel(s), in accordance with various embodiments. As
illustrated in Figure 2, the BRS-RP measurement result by the directional antenna panel(s)
of UE 201 may include BRS-RP measurement values as well as indications of the
directional antenna panel(s), transmission beams and/or others that may be associated with
the BRS-RP measurement. For example, the receiving power of the BRS mapped on the
transmission beam #N, | may be measured as x,,, dBm by the directional antenna
panel #0 of UE 201, wherein ~,, | may represent the number of transmission beams 105
carrying the BRSs whose receiving power may be measured.

It should be anderstood that other embodiments may implement other technologies
for BRS receiving information measurement by UE 201, For example, the BRS-RP report
may be replaced by a BRS receiving quality (BRS-RQ) report which may report BRS
recciving quality, or other reports which may report BRS recciving information and help
eNB 101 to configure transmission channels between eNB 101 and UE 201. For another
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example, UE 261 may comprise one directional antenna panel and the panel index as
shown in Figure 2 may be omitted. For yet another embodiment, the panel index may be
replaced by receiving antenna port index, such as ports (4, B) (o replace panel #0, ports (O,
D) to replace panel #1, and so on.

Figure 3 schematically illustrates an example of a BRS-RP report for a directional
antenna panel of UE 201, in accordance with various embodiments. As iHustrated in
Figure 3, besides the measured BRS-RP. the BRS-RP report may comprise an antenna
panel identifier, a BRS identifier and a transmission beam identify to identify the receiving
antenna panel, the BRS and the transmission beam associated with the measured BRS-RP.
in some embodiments, the BRS-RP report may further comprise a cell identifier to
identity a serving cell from which the identified transmission beam may be served.

In some embodiments, the BRS-RP report as illustrated in Figure 3 may comprise
a predetermined highest BRS-RP values, rather than all measured BRS-RP values in order
to save the BRS-RP report overhead. In some embodiments, the BRS-RP report may
comprise the BRS-RP values which are higher than a thresheld. For example, if UE 201
comprises two or more receiving antenna panels, the BRS-RP report for a secondary or
other subscquent antenna pancl may comprisc a BRS-RP valuc mecting the following
condition:

Y-y, <A
wherein, 7 may represent the maximuam BRS-RP value measured by the previous
receiving antenna panel, such as the antenna panel #0, p, may represent a BRS-RP value
measured by a subsequent receiving antenna panel, such as the andenna panel #1, Amay
represent a difference threshold.

In some embodiments, eNB 101 may request UE 201 to report the BRS-RFP values
measured by a specific receiving antenna panel. ENB 101 may know the number of
directional antennal panel(s) that UE 201 may have and their capacities through the UE
capability reporting, when U 201 accesses the wireless system 100. The specific
recelving antenna panel may be obtained through a previous BRS-R¥ report process.

It should be understood that other embodiments may implement other technologies
for BRS-RP report of Figure 3. For example, the BRS-RP report may be replaced by a
BRS receiving quality {BRS-RQ) report which may report BRS receiving quality, or other
reports which may report BRS receiving information and help eNB 101 to configure

transmission channels between eNB 101 and UE 201. For another example, UE 201 may

7 -
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comprise one directional antenna panel and the panel index as shown in Figare 3 may be
omitted. For yet another embodiment, the pancl index may be replaced by receiving
antenna port index, such as ports (A, B} to veplace panel #0, poris (C, I} to veplace panel
#1, and so on.

Figure 4 schematically iHustrates an example of a BRS-RP report for all directional
antenna panel(s) of the UE, in accordance with various embodiments. As illustrated by
Figure 4, the BRS-RP report may comprise a highest BRS-RP value measure by all
receiving antenna panel(s) of UE 201 for a BRS on a transmission beam. For example, if
UE 201 comprises two or more directional antenna panels, the BRS-RP value in the BRS-
RP report as illustrated in Figure 4 may represent the highest BRS-RP value measured
across all of the directional antenna panels for a specific transmission beam. In this way,
{E 201 may not need to report the BRS-RP values measured by each of the directional
antenna panels.

The BRS-RP report may further comprise an antenna identifier to identify the
directional antenna panel which measures the highest BRS-RP. In some embodiments, the
antenna identifier may comprise 1 bit flag to identify whether the directional antenna panel
1s a defauit pancl or not. In a casc that the BRS-RP report may report antenna port(s)
rather than the antenna panel{s), the antenna identifier may identify whether the antenna
port(s) which may receive the BRS on the transmission beam with the highest receiving
power s a defanlf antenna port(s) or not.

It should be understood that other emnbodiments may implement other technologies
for BR5S-RP report of Figure 4. For example, the BRS-RP report may be replaced by a
BRS receiving quality (BRS-RQ) report which may report BRS receiving quality, or other
reports which may report BRS receiving information and help eNB 101 to configure
transmission channels between eNB 101 and UE 201.

Figurce 5 schematically illustrates a method of reporting the BRS-RP from the UE
to the eNB, in accordance with various embodiments. As illustrated in Figure 5, in some
embodiments, transceiver 202 or other devices of UE 201 may receive BRSs mapped on
transmission beams 105 from eNB 101, through one or more directional antenna panels of
UE 201 in block 301. In some embodiments, the optimized receiving beam {rom each
dirvectional antenna panel which may be obtained via a previous beam acquisition process

may receive the BRSs. The directional antenna panel may comprise an antenna array
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having multiple antenna elements, which may point to a spatial direction based on at least
one polarization direction through beamforming.

In block 502, control module 203 or other devices of UE 201 may measure BRS-
RP values for receiving the at least onc BRS on the at least one transmission beam.
Examples of the BRS-RP measurement may be tllustrated in Figure 2, which may
comprise BRS-RP values and identifiers of the directional antenna panel(s), BRSs,
transmission beams and others that may be associated with the BRS-RP values.

In block 503, control module 203 or other devices of UE 201 may generate the
BRS-RP report to report the BRS-RP value(s) for the at least one BRS on the at least one
transmission beam. Examples of the BRS-RP report may be illustrated in Figures 3 and 4,
which may include BRS-RP values for each directional antenna panel or for all directional
antenna panel(s) through, for example, reporting the highest BRS-RP values {or the at
least one BRS on the at least one transmission beam across all of the directional antenna
panel{s). For other example, the BR3-RP report may comprise the BRS-RP values which
are higher than a threshold. For other example, the nuomber for the reported transmission
beams associated with the BRS-RP may be pre-determined. For other example, the
numbecr of the reported recciving antenna pancl associated with the BRS-RP may be
predetermined. For other example, the receiving antenna panel identifier (or the receiving
antenna port identifier) may comprise 1 bit flag to identify whether the directional antenna
panel is a defanlt panel or not. In block 504, transceiver 202 or other devices of UE 201
may transmit the BRS-RP report to the eNB.

It should be undersiocod that other embodiments may implement other technologies
for BRS receiving information measurement by UE 201. For example, the BRS-RP report
may be replaced by a BRS recetving quality (BRS-RQ) report which may report BRS
receiving quality, or other reports which may report BRS receiving information and help
cNB 101 to configure transmission channcls between eNB 101 and UE 201, For another
example, UE 201 may comprise one directional antenna panel and the panel index as
shown in Figure 2 may be omitted. For yet another embodiment, the panel index may be
replaced by receiving antenna port index, such as ports (A, B) to replace panel #0, ports (C,
2} to replace panel #1, and so on.

Figure 6 schematically illustrates a method of utilizing the BRS-RP for channel
control from the eNB to the UE, in accordance with various embodiments. As iHustrated

in Figure 6, in some embodiments, transceiver 103 or other devices of ¢eINB 101 may
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transmit the BRSs via transmission beams 105 to UE 201, in block 601, In block 602,
transceiver 103 or other devices of eNB 101 may receive the BRS-RP report from UE 201,
wherein the BRS-RP report may report the receiving power associated with the as least
one BRS on the at lcast one transmission beam which may be measured by the directional
antenna pangl{s) of UJE 201.

Exaroples of the BRS-RF report may be iHustrated in Figures 3 and 4, which may
include BRS-RP values for each divectional antenna panel or for all directional antenna
panel{s) through, for example, reporting the highest BRS-RP values for the at least one
BRS on the at least one transnussion beam across all of the directional antenna panel(s).
For other example, the BRS-RP report may comprise the BRS-RP values which are higher
than a threshold. For other example, the nunober for the reported transmission beams
associaled with the BRS-RP may be pre-determined. For other example, the number of the
reported receiving antenna panel associated with the BRS-RP may be predetermined. For
other example, the antenna identifier associated with the BRS-RP may comprise 1 bit flag
to identify whether the directional antenna panel of UE 201 is a default panel or not.

In block 603, control module 102 or other devices of eNB 101 may select the
sclect transmission beam candidates at lcast in part based on the BRS-RP report. For
example, control module 102 or other devices of eNB 101 may select N transmission
beam candidates having highest receiving power from the BRS-RP report. In block 603,
control module 102 may then utilize the selected transmission beams and/or other
information associaled with the selected transmission beams (o configure channel control
information, such as a channel state information-reference signal (CSI-RS), an enhance
physical download control channel (EPDCCH), and/or others. For example, control
module 102 may select include the receiving antenna panel identifier associated with the
transmission beam candidates in the CSI-RS configuration information, the EPDCCH
configuration information. and/or others. For other example, control modulc 102 may
determine whether one or more transmission antenna panels should be used for the
transmissions between eNB 101 and UE 201, at least in part based on whether the
receiving antenna panel identifier associated with the transmission beam candidates
identifies one or more receiving antenna panels. More specifically, if the receiving
antennal panel identifier identifiers that the transmission beam candidates are associated
with one receiving antenna panel, control module 102 or other devices of eNB 101 may

determine to use single transmission antenna panel (or related transmission antenna ports)
10 -
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for the transmission between eNE 1031 and UE 201. If the receiving antennal panel
identifier identifiers that the transmission beam candidates are associated with more than
one receiving antenna panel, for example, to a default antenna panel as well as an
alternative antenna panel, control module 102 or other devices of elNB 101 may determine
to use dual or more transmission antenna panels for the transmission between eNB 101
and UE 201. This way may help eNB 101 to more efficiently navigate transmission
resource to serve the URE{(s).

It should be understood that other embodiments may implement other technologies
for BRS receiving information measurernent by UE 201, For exaraple, the BRS-RP report
may be replaced by a BRS receiving quality (BRS-RQ) report which may report BRS
receiving quality, or other reports which may report BRS receiving information and help
eNB 101 to configure transmission channels between eNB 101 and UE 201. For another
example, UE 201 may comprise one directional antenna panel and the panel index as
shown in Figure 2 may be omitted. For yet another embodiment, the panel index may be
replaced by receiving antenna port index, such as ports (A, B} to replace panel #0, ports (C,
I3) to replace panel #1, and so on.

Figure 7 schematically iHustrates an cxamplc sysicm in accordance with various
embodiments. In some embodiments, the system 700 may comprise one or more
processor(s) 704, system control fogic 708 coupled with at least one of the processor(s)
704, system memory 712 coupled with system control logic 708, non-volatile memory
{NVM}/storage 716 coupled with system control logic 708, and a network interface 720
coupled with system control logic 708,

Processor(s) 704 may include one or more single-core or multi-core processors.
Processor(s) 704 may include any combination of general-purpose processors and
dedicated processors (e.g., graphics processors, application processors, baseband
processors, cic.). In an embodiment in which the system 700 imaplements cNB 101,
processors(s) 704 may be configured to execute one or more embodiment(s) as tllustrated
in Figares 1-4 and 6 in accordance with various embodiments. Tn an embodiment in which
the system 700 implements UE 201, processors(s) 704 may be configured to execute one
or more embodiment(s) as illustrated in Figures 1-5 in accordance with various
embodiments,

System control logic 708 for one embodiment may include any suitable interface

controliers to provide for any suitable interface (o at least one of the processor(s}) 704
11 -
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and/or to any suitable device or component in communication with system control logic
T08.

System control logic 708 for one embodiment may include one or more memory
controlier(s) to provide an interface to system memory 712. System memory 712 may be
used to load and store data and/or instructions, for example, for system 700. System
memory 712 for one embodiment may include any suitable volatile memory, such as
suitable dynamic random access memory (DRAM), for example.

NVM/storage 716 may include one or more tangible, non-transitory computer-
readable media used to store data and/or instructions, for example. NV M/storage 716 may
include any suitable non-volatile memory. such as flash memory, for example, and/or may
include any switable non-volatile storage device(s), such as one or more hard disk drive(s)
{HDD(s)), one or more compact disk (CD) drive(s), and/or one or more digital versatile
disk (DV D) drive(s), for example.

The NVM/storage 716 may include a storage resource physically part of a device
on which the system 700 is installed or it may be accessible by, but not necessartly a part
of, the device. For example, the NV M/storage 716 may be accessed over a network via
the network interface 720.

System memory 712 and NVM/storage 716 may respectively include, in particular,
termporal and persistent copies of instructions 724. Instructions 724 may include
instructions that when executed by at least one of the processor(s) 704 resuli in the system
700 implementing the method as described with reference to Figure 5 and/or 6. In various
embodiments, instructions 724, or hardware, firmware, and/or software components
thereof, may additionally/aliernatively be located in the system control logic 708, the
network interface 720, and/or the processor(s) 704.

In some embodiments in which the system 700 may implement eNB 101, network
interface 720 may include control module 102, transceiver 103 and/or others as illustrated
in Figure 1, to provide a radio interface for system 700 to communicate over one or more
network(s) and/or with any other suitable device. In some embodiments in which the
system 700 may unplement UE 201, network interface 720 may include transceiver 202,
control module 203 and/or others as illustrated in Figure 1, to provide a radio interface for
system 700 to communicate over one or more network(s) and/or with any other suitable
device. In various embodiments, the network interface 720 may be integrated with other

componenis of system 700. For example, the petwork interface may include a processor
12 -
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of the processor(s) 704, memory of the system memory 712, KVM/Storage of
NVM/Storage 716, and/or a firmware device {not being iHustrated) having instructions
that when executed by at least one of the processor(s) 704 result in the system 700
implementing the method as described with reference o Figure 3 or Figure 6.

Metwork interface 720 may further include any suitable hardware and/or firmware,
such as a plurality of antennas (e.g., antenna 104 of elNB 101 or antenna 204 of UE 201) to
provide a muitiple input, multiple ouiput radio interface. Network interface 720 for one
embodiment may be, for example, a network adapter, a wireless network adapter, a
telephone modem, and/or a wireless modem.

For one embodiment, at least one of the processor(s) 704 may be packaged
together with logic for one or more controller(s) of system control logic 708, For one
embodiment, at least one of the processor(s) 704 may be packaged together with logic for
one or more controllers of system control logic 708 to form a System in Package (51P).
For one embodiment, at least one of the processor{s} 704 may be integrated on the same
die with logic for one or more controller{s) of system control logic 708. For one
embodiment, at least one of the processor(s) 704 may be integrated on the same die with
logic for onc or more controlicr{s) of system control logic 708 to form a System on Chip
{50,

The system 700 may turther inclnde input/output (I/03} devices 732, The /O
devices 732 may inclade user interfaces designed (o enable user interaction with the
system 700, peripheral component interfaces designed to enable peripheral component
interaction with the system 700, and/or sensors designed to determine environmental
conditions and/or location information related to the system 700,

In various embodiments, the user interfaces could include, but are not Himited to, a
display (e.g., a liquid crystal display, a touch screen display, etc.), a speaker, a microphone,
one or more cameras (¢.g., a still camera and/or a video camera), a flashlight (c.g., a light
emitting diode flash), and a keyboard.

In various embodiments, the peripheral component interfaces may include, but are
not lunited to, a non-volatile memory port, an audio jack, and a power supply interface.

In various embodiments, the sensors may inciude, but are not imited to, a gyro
sensor, an accelerometer, a proximity sensor, an ambient light sensor, and a positioning

unit. The positioning unit may also be part of, or interact with, the network interface 720
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to communicate with components of a positioning network, €.g., a giobal positioning
system (GPS) sateliite.

In various embodiments, the system 700 may be an elNB (e.g., eNB 101) and/or a
UE (e.g., UE 201). In various embodiments, the system 700 may have more or less
components, and/or different architectures.

FIG. 8 illustrates, for one embodiment, exaraople components of a UE device 800 in
accordance with some embodiments. In some embodiments, the UE device 800 may
include application circuitry 802, baseband circuitry 804, Radio Freguency (RF) circuitry
806, [ront-end module (FEM) circuitry 808, and one or more antennas 814, coupled
together at least as shown. In some embodiments, the UE device 800 may include
additional elements such as, for example, memory/storage, display, camera, sensor, and/or
input/output (I/0) interface.

The application circuitry 802 may include one or more application processors. For
example, the application circuitry 802 may include circuitry such as, but not Hmited to,
one or more single-core or multi-core processors. The processor{s) may include any
combination of general-purpose processors and dedicated processors {(e.g., graphics
processors, application processors, ctc.). The processors may be coupled with and/or may
include memory/storage and may be configured to execute insiructions stored in the
memory/storage to enable various applications and/or operating systems to run on the
systern.

The baseband circuitry 804 may include circuitry such as, but not lmited to, one or
more single-core or multi-core processors. The baseband circuitry 804 may inclade one or
more baseband processors and/or control logic to process baseband signals received from
a receive signal path of the RF circuitry 806 and to generate baseband signals for a
transmit signal path of the RF circuitry 806. Baseband processing circuity 804 may
interface with the application circuitry 802 for gencration and processing of the bascband
signals and for controlling operations of the RF circuitry 806. For example, in some
embodiments, the baseband circuitry 804 may include a second generation {(2G) baschand
processor B(4a, third generation (3() baseband processor 804b, fourth generation (4G)
baseband processor 804c, and/or other baseband processor(s) 804d for other existing
generations, generations in development or to be developed in the future (e.g., fifth
generation (3G), 6G, etc.). The baseband circuitry 804 (e.g., one or more of baseband

processors 804a-d) may handle various radio control functions that enable communication
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with one or more radio networks via the RF circuitry 806. The radio control functions
may inchude, but arc not limited to, signal modulation/demodulation, encoding/decoding,
radio frequency shilting, etc. Io some embodiments, wodulation/demodulation circuiiry of
the baseband circuitry 804 may include Fast-Fourier Transform (FFT), precoding, and/or
counstellation mapping/demapping functionality. In some embodiments,
encoding/decoding circuitry of the baseband circuitry 804 may include convolution, tail-
biting convolution, turbo., Viterbi, and/or Low Density Parity Check (LDPC)
encoder/decoder functionality. Embodiments of modulation/demodulation and
encoder/decoder functionality are not limited to these examples and may include other
suitable functionality in other embodiments.

In some embodiments, the baseband circuitry 804 may include elements of a
protocol stack such as, for example, elements of an EUTRAN protocol including, for
cxample, physical (PHY ), media access control (MAC), radio link control (RLC), packet
data convergence protocol (PDCP), and/or RRC elements. A central processing unit (CPU}
80de of the baseband circuitry 804 may be configured to run elements of the protocol
stack for signaling of the PHY, MAC, RLC, PDCP and/or RRC layers. In some
cmbodiments, the baschand circuitry may include onc or more audio digital signal
processor(s) {D5P) 804f. The audio DSP(s) 8041 may be include elements for
compression/decompression and echo cancellation and may include other suitable
processing elements in other embodiments. Components of the baseband circuitry may be
suilably combined in a single chip, a single chipset, or disposed on a same circuil board in
some embodiments. In some embodiments, some or all of the constituent components of
the baseband circuitry 804 and the application circuitry 802 may be implemented together
such as, for example, on a system on a chip (SOC).

In some embodiments, the baseband circuitry 804 may provide for communication
cormpatible with onc or more radio technologics. For cxample. in some cmbodiments, the
baseband circuitry 804 may support communication with an evolved universal terrestrial
radio access network (EUTRAN) and/or other wireless metropolitan area networks
{WMAN), a wireless local area network (WLAN), a wireless personal area network
{WPAN). Embodiments in which the baseband circuitry 804 is configured to support
radio communications of more than one wireless protocol may be referred to as multi-

mode baseband circuitry.
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RF circuitry 806 may enable communication with wireless networks using
modulated clectromagnetic radiation through a non-solid medium. In various
embodiments, the RF circuitry 806 may include swilches, filters, amplifiers, el¢. (o
facilitate the communication with the wireless network. RF circuitry 806 may inciude a
receive signal path which may include circuitry to down-convert RF signals received from
the FEM circuitry 808 and provide baseband signals to the baseband circuitry 804. RFE
civcuilry 806 may also include a transmit signal path which may include circuitry to up-
convert baseband signals provided by the baseband circuifry 804 and provide RF output
signals to the FEM circuitry 808 for transmission.

In some embodiments, the RF circuitry 806 may include a receive signal path and a
transmit signal path. The receive signal path of the RF circuitry 806 may include mixer
circuitry 806a, amplifier circuitry 806b and filter circuitry 806¢c. The transmit signal path
of the RF circuitry 806 may include filter circuitry 806¢ and mixer circuitry 806a. RF
circuitry 806 may also include synthesizer circuitry 806d for synthesizing a frequency for
use by the mixer circuitry 806a of the receive signal path and the transmit signal path. In
some embodiments, the mixer circuitry 806a of the receive signal path may be configured
to down-convert RF signals received from the FEM circuitry 808 bascd on the synthesized
frequency provided by synthesizer circuitry 806d. The amplifier civrcuitry 8G6b may be
configured to amplify the down-converted signals and the filter circuitry 806c may be a
low-pass filter (LPF) or band-pass filter (BPF) configured to remove vowanted signals
from the down-converted signals {o generate outpul baseband signals. Qutput baseband
signals may be provided to the baseband circuitry 804 {or further processing. In some
embodiments, the output baseband signals may be zero-frequency baseband signals,
although this is not a requirement. In some embodiments, mixer circuitry 806a of the
receive signal path may comprise passive mixers, although the scope of the embodiments
1s not limited in this respect.

In some embodiments, the mixer circuitry 806a of the transmit signal path may be
configured to up-convert input baseband signals based on the synthesized frequency
provided by the synthesizer circnitry 8064 to generate RF output signals for the FEM
circuitry 808. The baseband signals may be provided by the baseband circuitry 804 and
may be filtered by filter circuitry 806¢. The filter circuitry 806¢ may include a low-pass

filter (LPF), although the scope of the embodiments is not limited in this respect.
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In some embodiments, the mixer circuitry 806a of the receive signal path and the
mixer circuitry 806a of the transmit signal path may include two or more mixers and may
be arranged {or quadrature downconversion and/or upconversion respeciively. In some
cmbodiments, the mixer circuitry 806a of the receive signal path and the mixer circuitry
306a of the transmit signal path may include two or more mixers and may be arranged for
image rejection (c.g., Hartley image rejection). In some embodiments, the mixer circuitry
806a of the receive signal path and the mixer circuitry 806a may be arranged for direct
downconversion and/or direct upconversion, respectively. In some embodiments, the
rmiker circuiiry 806a of the receive signal path and the mixer circuitry 8U6a of the fransmit
signal path may be configured for super-heterodyne operation.

In some embodiments, the output baseband signals and the input baseband signals
may be analog baseband signals, although the scope of the embodiments is not limited in
this respect. In some alternate embodiments, the output baseband signals and the input
baseband signals may be digital baseband signals. In these alternate embodiments, the RF
circuitry 806 may include analog-to-digital converter (ADC) and digital-to-analog
converter (DAL circuitry and the baseband circuitry 804 may include a digital baseband
interface to communicate with the RE circuitry 806,

In some duoal-mode embaodiments, a separate radio IC circuitry may be provided for
processing signals for each spectrum, although the scope of the embodiments is not
lirpted in this respect,

In some embodiments, the synthesizer circuilry 806d may be a fractional-N
synthesizer or a {ractional N/N+1 synthesizer, although the scope of the embodiments is
not limited in this respect as other types of frequency synthesizers may be suitable. For
example, synthesizer circuitry 806d may be a delta-sigma synthesizer, a frequency
multiplier, or a synthesizer comprising a phase-locked loop with a frequency divider.

The synthesizer circuitry 806d may be configured to synthesize an ontput
frequency for use by the mixer circuitry 806a of the R¥ circuitry 806 based on a frequency
input and a divider control input. In some embodiments, the synthesizer circuitry 806d
may be a fractional N/N+1 synthesizer.

In some embodiments, frequency input may be provided by a voltage controlled
oscillator (VCO), although that is not a requirement. Divider control input may be
provided by either the baseband circuitry 804 or the applications processor 802 depending

on the desired outiput frequency. In some embodiments, a divider control input {e.g., N}
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may be determined from a look-up table based on a channel indicated by the applications
processor 802.

Syunthesizer circuiiry 806d of the RF circuitry 806 may include a divider, a delay-
locked loop (DLL), a multiplexer and a phase accumulator. In some embodiments, the
divider may be a dual modulus divider (DMD) and the phase accumulator may be a digital
phase accumulator (DPA). In some embodiments, the DMD may be configured to divide
the input signal by either N or N+1 (e.g.. based on a carry out) to provide a fractiopal
division ratio. In some example embodiments. the DLL may include a set of cascaded,
tunable, delay elements, a phase detector, a charge pump and a D-type flip-flop. In these
embodiments, the delay elements may be configured to break a VCO period up into Nd
equal packets of phase, where Nd is the number of delay elements in the delay line. In this
way, the DEL provides negative feedback to help ensure that the total delay through the
delay line is one VCO cycle.

In some embodiments, synthesizer circuitry 806d may be configured to generate a
carrier freguency as the output freguency, while in other embodiments, the output
frequency may be a multiple of the carrier frequency (e.g., twice the carrier frequency,
four times the carricr frequency) and used in conjunction with guadrature gencrator and
divider circuitry to generate multiple siguals at the carrier frequency with multiple
different phases with respect to each other. In some embodiments, the output frequency
may be a LO frequency (fLO). In some embodiments, the RF circuitry 806 may include
an 1Q/polar converter.

FEM circuitry 808 may include a receive signal path which may include circuitry
configured to operate on RF signals received {from one or more antennas 810, amplify the
received signals and provide the amplified versions of the received signals to the RF
circuitry 806 for further processing. FEM circuilry 808 may also include a transmit signal
path which may mclude circuitry configured to araplify signals for transmission provided
by the RF circuitry 806 for transmission by one or more of the one or more antennas 810.

In some embodiments, the FEM circuitry 808 may include a TX/RX switch to
switch between transmit mode and receive mode operation. The FEM circuitry may
include a receive signal path and a transmit signal path. The receive signal path of the
FEM circuitry may include a low-noise amplifier (LNA)} to amplify received RF signals
and provide the amplified received RF signals as an output {e.g., to the R¥ circuitry 806).

The transmil signal path of the FEM circuitry 808 may include a power amplifier (PA) 1o
18 -
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amplify input RY signals {(e.g., provided by RF circuitry 806), and one or more filters to
generate RF signals for subsequent transmission (c.g.. by one or more of the one or more
antennas 810

In some embodiments, the UE 800 comprises a plurality of power saving
mechanisms. I{ the UE 800 is in an RRC Connected state, where it is still connected to
the eNB as it expects to receive traffic shortly, then it may enter a state known as
Discontinuous Reception Mode (DRX) after a period of inactivity. During this state, the
device may power down for brief intervals of time and thus save power.

If there is no data traffic activity for an extended period of time, then the UE 800
may transition off to an RRC_Idle state, where it disconnects from the network and does
not perform operations such as channel guality feedback, handover, etc. The UE 200 goes
into a very low power state and i performs paging where again it periodically wakes up to
listen to the network and then powers down again. The device cannot receive data in this
state, in order to receive data, it must transition back to RRC Connected state.

An additional power saving mode may allow a device to be unavailable to the
network for periods longer than a paging interval (ranging from seconds to a few hours).
During this time, the device is totally unrcachable to the nctwork and may power down
completely. Any data sent during this time incurs a large delay and it is assumed the delay
is acceptable.

The disclosure may include various example embodiments disclosed below,
Example 1 may include a user equipment (UE), comprising: a transceiver (o
receive a plurality of beam reference signals (BRSs) mapped on a plurality of transmission
beams via at least one directional antenna panel; and a control module to generate a repost
to report receiving information associated with at least one of the BRSs on at least one of
the transmission beams, wherein the report is further to comprise an antenna identifier to

identify the directional antenna panel or an antenna port associated with the dircctional
antenna panel which receives the at least one of the BRSs on the at least one of the
transmission beam; wherein, the transceiver is further to transmit the report to a base
station.

Example 2 may include the subject matter of Example 1, and optionally, wherein
the antenna identifier is a 1 bit {lag to indicate whether the direction antenoa panel is a

default antenna panel or whether the antenna port is a default antenna port.
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Example 3 may include the subject matter of any of Examples 1-2, and optionally,
wherein the report further comprises a BRS identifier to identify cach of the at least one of
the BRSs.

Example 4 may include the subject matter of any of Examples 1-3, and optionally,
wherein the report farther comprises a transmission beam identifier to identify each of the
at least onc of the transmission beams.

Example 5 may include the subject matter of any of Examples 1-4, and optionally,
wherein the receiving information comprises receiving power or receiving quality of
receiving the at least one of the BRSs on the at least one of the fransmussion bearns.

Example 6 may include the subject matter of any of Examples 1-5, and optionally,
wherein the receiving power is higher than a threshold.

Example 7 may include the subject matter of any of Examples 1-6, and optionally.
wherein if the UE comprises more than one directional antenna panels, the receiving
power in the report is the highest receiving power for each of the at least one of the BRSs
on each of the at least one of the transmission beams across the directional antenna panels.

Example 8 may include the subject matter of any of Examples 1-7, and optionally,
wherein the directional antenna pancl comprises an antenna array of multiple antenna
clements, which may point to a spatial direction based on at least one polarization
direction through beamforming.

Example 9 may include the subject matter of any of Examples 1-8, and optionally,
wherein the report further comprises a cell identifier to identify a serving cell that the at
least one of the transmission beam is served.

Example 16 may include the subject matier of any of Examples 1-9, and optionally,
wherein the base station is an evelved Node B.

Example 11 may include a base station, comprising: a transceiver to transmit, to a
uscr cquipment {UE), a plurality of beam reference signals (BRSs) via a plarality of
transmission beams; and to receive, from the UE, a report to report receiving information
associated with at least one of the BRSs on at least one of the transmission beams, wherein
the report comprises an antenna identifier to identify a directional antenna panel or an
antenna port associated with the directional antenna panel of the UE which receives the at
least one of the BRSs on the at least one of the transmission beam,.

Example 12 may include the subject matter of Example 11, and optionally, further

comprising: a control module to utilize the report to configure channel control information:
- 20 -
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and wherein the transceiver is further to transmit the channel control information to the
UE.

Example 13 may include the subject matter of any of Examples 11-12, and
optionally, wherein that the control module utilizes the report further comprises to select
one or more transmission beam candidates at least in part based on the receiving
information in the report; and to configure the channel control information to include the
antenna identifier of the directional antenna panel or the antenna port associated with the
transmission beam candidates as least in part based on the report.

Example 14 may include the subject matter of any of Examples 11-13, and
optionally, wherein that the control module utilizes the report further comprises to: select
one or more transmission beam candidate at least in part based on the receiving
information in the report; and determine one or more transmission antenna panels for
transimission between the eNB and the UE at Ieast in part based on a determination of
whether the UK uses one or more directional antenna panel to receive the BRS on the
transmission beam candidates.

Exanple 15 may inclode the subject matter of any of Examples 11-14, and
optionally, wherein the channel control information 1s associated with a channel state
information-reference signal (CSI-RS) and/or a second set of an enhanced physical control
channel (EPDCCH).

Example 16 may inclode the subject matter of any of Examples 11-15, and
optionally. wherein the anienna identifier is a 1 bit flag to indicate whether the direction
antenna panel is a default antenna panel or whether the antenna port is the default antenna
port.

Example 17 may include the subject matter of any of Examples 11-16, and
optionally, wherein the report further comprises a BRS identifier to identify each of the at
lcast one of the BRSs.

Example 18 may include the subject matter of any of Examples 11-17, and
optionally, wherein the report further comprises a transmission beam identifier to identify
cach of the at least one of the transmission beawms.

Example 19 may include the subject matter of any of Examples 11-18, and
optionally, wherein the receiving information comprises receiving power or receiving
quality of receiving the at least one of the BRSs on the at least one of the transmission

bearns.
-21 -
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Example 20 may include the subject matter of any of Examples 11-19, and
optionally, wherein the receiving power is higher than a threshold.

Example 21 may include the subject matter of any of Examples 11-20, and
optionally, wherein if the UE comprises more than one directional antenna panels, the
receiving power in the report is the highest receiving power for each of the at least one of
the BRSs on each of the at least one of the transmission beams across the directional
antenna panels.,

Example 22 may include the subject matter of any of Examples 11-21, and
optionally, wherein the base station is an evolved Node B.

Example 23 may include a method, to be employed by a user equipment (UE),
comprising: receiving a plurality of beam reference signals (BRSs) mapped on a plurality
of transmission beams via at least one directional antenna panel; generating a report o
report receiving information associated with at least one of the BRSs on at least one of the
transmission beams, wherein the report is further to comprise an antenna identifier to
identify the directional antenna panel or an antenna port associated with the directional
antenna panel which receives the at least one of the BRSs on the at least one of the
fransmission beam; and transmitting the roport to a basc station.

Example 24 may include the subject matier of Exaraple 23, and optionally, the
antenna identifier is a 1 bit flag to indicate whether the direction antenna panel is a default
antenna panel or whether the antenna port is a default antenna port.

Exaniple 25 may include the subject matter of any of Examples 23-24, and
optionally, wherein the report further comprises a BRS identifier to identify each of the at
ieast one of the BRSs.

Example 26 may include the subject matter of any of Examples 23-23, and
optionally, wherein the report further comprises a transmission beam identifier to identify
cach of the at lcast one of the transmission beams.

Example 27 may include the subject matter of any of Examples 23-26, and
optionally, wherein the receiving information comprises receiving power or receiving
quality of receiving the at least one of the BRSs on the at least one of the transmission
beams.

Example 28 may include the subject matter of any of Hxamples 23-27, and

optionally, wherein the receiving power is higher than a threshold.

L 22—
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Example 29 may include the subject matter of any of Examples 23-28, and
optionally, wherein if the UE comprises more than one directional antenna panels, the
receiving power in the report is the highest receiving power {or each of the at least one of
the BRSs on cach of the at least one of the transmission beams across the directional
antenna panels.

Exarmple 30 may include the subject matter of any of Examples 23-29, and
optionally, wherein the directional antenna panel comprises an antenna array of multiple
antenna elements, which may point to a spatial direction based on at least one polarization
divection through beamforming.

Example 31 may include the subject matter of any of Examples 23-30, and
optionally, wherein the report further comprises a cell identifier to identify a serving cell
that the at feast one of the transmission beam is served.

Example 32 may include the subject maticr of any of Examples 23-31, and
optionally, wherein the base station is an evolved Node B.

Exarople 33 may include a method, to be employed by a base station, comprising:
transmitting, to a user equipment (UE), a plurality of beam reference signals (BRSs) viaa
plurality of transmission becams; and recciving. from the UE, a report to report receiving
information associated with at least one of the BRSs on at least one of the transmission
beams, wherein the report comprises an antenna identifier to identify a directional antenna
panel or an antenna port associated with the directional antenna panel of the UE which
receives the at least one of the BRSs on the at least one of the transmission beam.

Example 34 may include the subject matter of Example 33, and optionally, further
comprising: utilizing the report to configure channel control information; and transmitting
the channel control information to the UEH.

Exanple 35 may inclade the subject matter of any of Examples 33-34, and
optionally, wherein the utilizing further comprises: sclecting once or more transmission
beam candidates at least in part based on the receiving information in the report; and
configuring the channel control information to include the antenna identifier of the
directional antenna panel or the antenna port associated with the transmission beam
candidates as least in part based on the report.

Example 36 may include the subject matter of any of Hxamples 33-35, and

optionally, wherein the channel control information is associated with a channel state

- 23 -

Petitioners' Exhibit 1002, p. 156
AT&T et al v. Asustek Technology & Celerity
IPR2024-01121



10

15

20

WO 2017/067138 PCT/CN2016/078388

information-reference signal (CS1-RS) and/or a second set of an enhanced physical control
channel (EPDCCH).

Example 37 may include the subject matter of any of Examples 33-36, and
optionally, wherein the utilizing turther comprises: selecting one or more transmission
beam candidate at least in part based on the receiving information in the report; and
deterroining one or more transmission antenna panels for transmission between the eNB
and the UE at least in part based on a determination of whether the UE uses one or more
directional antenna panel to receive the BRS on the transmission beam candidates.

Example 38 may include the subject matter of any of Examples 33-37, and
optionally, wherein the antenna identifier is a 1 bit flag to indicate whether the direction
antenna panel is a defaolt antenna panel or whether the antenna port is the default antenna
port.

Example 39 may include the subject maticr of any of Examples 33-38, and
optionally, wherein the report is further to comprise a BRS identifier to identify each of
the at least one of the BRSs.

Exanple 40 may inclade the subject matter of any of Examples 33-39, and
optionally, whercin the report is further to comprise a transmission beam identificr to
identify cach of the at least one of the transmission beams.

Example 41 may include the subject matter of any of Examples 33-40, and
optionally. wherein the receiving information comprises receiving power or receiving
guality of receiving the at least one of the BRSs on the at least one of the transmission
beams.

Example 42 may include the subject matter of any of Examples 33-41, and
optionally, wherein the receiving power is higher than a threshold.

Exanple 43 may inclade the subject matter of any of Examples 33-42, and
optionally, wherein if the UE compriscs more than onc dircctional antenna pancls, the
receiving power in the report is the highest receiving power for each of the at least one of
the BRSs on each of the at least one of the transmission beams across the directional
antenna panels.

Example 44 may include the subject matter of any of Examples 33-43, and
optionally, wherein the base station is an evolved Node B.

Example 45 may comprise a computer-readable storage medium that stores

instructions for execution by a processor to perform operations of a UE or a base station,
- 24 -
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the operations, when executed by the processor to execute any of the operations discussed
above in any combination.

Example 46 may comprise an apparatus for a UE or a base station comprising
means for executing any of the operations discussed above in any combination.

Although certain embodiments have been illustrated and described herein for
purposes of description. a wide variety of alternate and/or equivalent embodiments or
implementations calculated Lo achieve the same purposes may be substituted for the
embodiments shown and described without departing from the scope of the present
disclosure. This application 1s intended to cover any adaptations or variations of the
embodiments discussed herein. Therefore, it is manifestly intended that embodiments

described herein be limited only by the claims and the equivalents thercof.
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CLAIMS:

What is claimed is:

I A user equiproent (UE), comprising:

a transceiver to receive a plurality of beam reference signals (BRSs) mapped on a
plurality of transmission beams via at least one directional antenna panel; and

a control module to generate a report to report receiving information associated
with at least one of the BRSs on at least one of the transmission beams, wherein the report
comprises an antenna identifier to identify the directional antenna panel or an antenna port
associated with the directional antenna panel which receives the at least one of the BRSs
on the at least one of the transmission beam;

wherein, the transceiver is further to transmit the report to a base station.

2. The UE of claim 1, wherein the antenna identifier is a 1 bit flag to indicate whether
the direction antenna panel is a default antenna panel or whether the antenna portis a

default antenna port.

3. The UE of claim 1 or 2, wherein the report further comprises a BRS identifier to

identify each of the at least one of the BRSs.

4. The UE of any of claims 1-3, wherein the report further comprises a transmission

beam identifter to identify each of the at least one of the transmission beams.

5. The UE of any of claims 1-3, wherein the receiving information comprises
receiving power or receiving quality of receiving the at least one of the BRSs on the at

feast one of the transmission beams.

6. The UE of claim S, wherein the receiving power is higher than a threshold and
wherein if the UE comprises more than one directional antenna panels, the receiving
power in the report is the highest receiving power for each of the at least one of the BRSs

on each of the at least one of the transmission beams across the directional antenna panels.
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7. The UE of any of claims 1-6, wherein the directional antenna panel comprises an
antenna array of multiple antenna elements, which points to a spatial direction based on at

feast one polarization direction through beamforming.

3. The UE of any of claims 1-7, wherein the report further comprises a cell identifier

to identify a serving cell that the at least one of the transmission beam is served.

9. An apparatus of a base station, comprising:

a transceiver to transmit, to a user equipment (UE), a plurality of beam refercuce
signals {BRSs) via a plurality of transmission beams; and to receive, from the UE, a report
to report receiving information associated with at least one of the BRSs on at least one of
the transmission beams, wherein the report comprises an antenna identifier to identify a
directional antenna panel or an antenna port associated with the directional antenna panel
of the UE which receives the at least one of the BRSs on the at least one of the

transmission beam.

10, The apparatus of claim 9, further comprising:
a control module to utilize the report to configure channel control information; and

wherein the transceiver is further to transmit the channel control information to the UE.

11. The apparatus of claim 10, wherein that the control module utilizes the report
further comprises to select one or more transmission bearn candidates at least in part based
on the receiving information in the report; and to configure the channel control
information to tuclude the antenna identifier of the directional antenna panel or the
antenna port associated with the transmission beam candidates as least in part based on the

report.

12. The apparatus of claim 10 or 11, wherein that the control module utilizes the report
further comprises to
select one or more transmission beam candidate at least in part based on the

receiving information in the report; and

27 -
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determine one or more transmission antenna panels for transmission between the
eMNB and the UE at least in part based on a determination of whether the UE uses one or

more directional antenna panel {0 receive the BRS on the transmission beam candidates.

13, The apparatus of any of claims 10-12, wherein the channel control information is
associated with a channel state information-reference signal (CSI-RS) and/or a second set

of an enhanced physical control channel (EPDCCH).

14. The apparatus of any of claims 9-13, wherein the antenna identifieri1s a 1 bit flag to
indicate whether the direction antenna panel is a default antenna panel or whether the

antenna port is the default antenna port.

15, The apparatus of any of claims 9-15, wherein the report further comprises a

transmission beam identifier to identify each of the at least one of the transmission beams.

16. The apparatus of any of claims 11-18, wherein the receiving information comprises
receiving power or receiving quality of receiving the at least one of the BRSs on the at

feast one of the transmission beams.

17. The apparatus of claim 19, wherein if the UE comprises more than one directional
antenna panels, the receiving power in the report is the highest receiving power for each of
the at least one of the BRSs on each of the at least one of the transmission beams across

the directional antenna panels.

18. An apparatus of a user equipment (UE), comprising:

a control module to generate a report to report receiving information associated
with at least one of a plurality of beam reference signals (BRSs) mapped on at least one of
a plurality of transmission beams, wherein the BRSs are received from a base station via at
least one directional antenna panel of the UE, and wherein the report comprises an antenna
identifier to identify the directional antenna panel or an antenna port associated with the

directional antenna panel.

19, The apparatus of claim 18, further comprising:
.28 -
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a transceiver to receive the beam reference signals (BRYs) mapped on the
transmission beams via the at least one directional antenna panel; and to transmit the

report to the base station.

20, The apparatus of claim 18 or 19, wherein the antenna identifieris a 1 bit flagto
indicate whether the direction antenna panel is a default antenna panel or whether the

antenna port i3 a default antenna port.

21 The apparatus of any of claims 18-20, wherein the report further comprises a BRS

identitier to identity each of the at least one of the BRSs.

22. The apparatus of any of claims 18-21, wherein the receiving information comprises
receiving power or receiving quality of receiving the at least one of the BRSs on the at

feast one of the transmission beams.

23. The apparatus of claim 22, wherein if the UE comprises more than one directional
antenna panels, the receiving power in the report is the highest receiving power for each of
the at least one of the BRSs on cach of the at least one of the transmission beams across

the directional antenna panels.

24 The apparatus of any of claims 18-23, wherein the directional antenna panel
comprises an antenna array of multiple antenna elements, which points to a spatial

direction based on at least one polarization direction through beamforming.

25. The apparatus of any of claims 18-24, wherein the report further comprises a cell

identifier to identify a serving cell that the at feast one of the transmission beam is served.
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beam reference signal (BRS), a beam selection method, and a base sta-
tion and a user equipment (UE) executing the method. The sending
method for a BRS comprises: pre-storing a corresponding relation
between BRS information and a beam index; for cach candidate beam,
generating, according to beam information about this candidate beam
and BRS information corresponding to a beam index of this candidate
beam, a BRS corresponding to this candidate beam; and sending the
BRS corresponding to each candidate beam to a UE. By means of the
solution, the base station can send a BRS bearing a beam index to the
UL to allow the UL to perform beam selection.

57 WE: KRR T IR RS EE S BRI KL T E.
P77 DA ARAT 3l 7 v K B A 1 2% 3 (UB) . 2L
H1, BRS HIRIE T VEME: %D‘if‘aTﬁéBRsfmmﬁuf);‘Z}fi 25|
XTI Rs FIX AR R, MRS IZAIE I R R B
L/le‘?ﬁﬁL?)ﬁUHE’JJ)ﬁZH@%‘?bIXﬂ“E’JBRs{; S5 AR
/BZ%X#F*“E’J BRS {5 5 a, U&ﬁﬁﬂfi—r 5 8 A 3L 1% R
) BRS 155 KiEZ5 P 4436 UE. Eid FiR %, Fubnlg
7?(25/‘;?)32%?%%[ f¥] BRS & ¥§U UE, it UE #4790 Ak P&,
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SV, SY, TH, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, CF, CG, CI, CM, GA, GN, GQ, GW, KM, ML, MR, NE,
VC, VN, ZA, ZM, ZW o SN, TD, TG).

@ WEE GBS AHE, BRE FARIEOME  AEGEN .17 B
FR7): ARIPO (BW. GIL GM. KL, LR, LS, MW, MZ. 3¢ 5 th i A 7 532 5 40256 HH i 0 41 56 A ()
NA, RW, SD, SL, ST, SZ, TZ, UG, ZM, ZW), BR ¥ 4.17(iii))

(AM, AZ, BY, KG, KZ, RU, TJ, TM), EX#ll (AL, AT,
BE, BG, CH, CY, CZ, DF, DK, FE, ES, FL FR, GB, GR, 2~ RvAf:

HR, HU, IE, IS, IT, LT, LU, LV, MC, MK, MT,NL, NO, — (4% [E Fr i 240 15 (% 285 21 24 (3))e
PL, PT, RO, RS, SE, SL SK, SM, TR), OAPI (BF, BJ,
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BRBZRTHRETH. BREFT . REBR P &35

AFHFZRLT 2015 F 7 A 31 BRZXFEEAHH. FiHETH
201510462905.5. Wi & MR A R REAZ T 0L E 5 ik R RLFT k.
EEZ R P e P B S R Wk e Rse s, Rads A il i sk
AwiEd,

AR IR
AL N BRILKBIZRR, FHF Rk ERA2Z42E5 ( Beamformed
Reference Signal, BRS) #J& £ 7%, MERRFF %, AL AR F 4

3% (User Equipment, UE).

ZAH =

LA, HEHwWXRBHHiEAT (4G) S AMMEFH AWK, £RkIF A
RABFHEBIE (5G) LA A IR LA

KMAEZ #Hr AN % #Hrih (Massive MIMO ) # K L2 &R H 5G 49 K434
RABF R EZ—, BAT, MIMO 3 AR LT 20 F T RZHR AR
(LTE ). &Mk A (Wireless-Fidelity, WIFI) % & /~4fsk., #ib b, K
KL, R INER R AR T E MM G . KIAE MIMO H AT A
W — 2k R AR A R R R I, A &R Lt TS Ehad
1ERBET SR AT R, © T VARAERA LKL E, HENEE LM
FRZE, HYEEHRARAFR OA sEAHE TR, sot, AR
A& FH % (AAS) #95I N —7 B4 SE AR = 4 2 8] F 42 645 5 69 = J7)
GARAFIE, B — O @AE LIFR K ED) ) — 405 o) L, S RIAEMIMO
PR KT, RMGRAZGME. EEFREAT, F3 20 S,
#54 AAS Fo RIUAE MIMO R 69 FE 58 72 B RIS BE =T VA = & 8. % HL 5%
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e R, AT VA K& & B AF UE 46915 5 T2 # bk (SINR )
VA BB IR vt 7,
o g, FEAE A KMAE MIMO VA K AAS FH AR LT, UE 4o fTA A
AR IR R P LR F AT 0 BR L E A F IR RIS F Bk 0y
5 RAEFAL,

R A B
AT Rk B, KA RGBT S RAFEF (BRS)
) K i Ty A RO Rk ik
A& R e TR 64 BRS K ik F ik 838 FLA44% BRS 12 &A=k
10 REFIGITE AR AxTEAMEL IR, ARIEPTIRAZ R R R AT RAZ G
VAR K Bt if Ak i R R GG R ER 51T 69 BRS 45 & A p A BT EAR L R
215164 BRS A5, ARG H 5 EA &k Rt 5 69 BRS 155 &£ 4
UE.
H 7, BRS 13 8 @45 )7 7 M Fatd Hr BRS 15 869 6T 91 F R a9 4%
15 F; PTRERFAT EAKRET HRRIKY Ryt B X A,
H oAb, R AT AR BR AT T 69 BRS 155 6L35: #4 8 BT id ki ik
R A RAT 8 HRIE T A4E49 BRS 12 8k R &5 6930 M X &, AT
5 Py AR R R AT B 69 BRS 43 & ARIE AL 49 BRS 13 & F 693 7 54
i E R F Y] WRIEPTE LT 5] T S R R R G B FE AT 5 a5
20 5 ARAB T GG RAZ G P 69K RIKTY AT BT A H AT 5 4 5 5] B AT
K RIKTS , 1F3|51%:k B8R 69 BRS 575 AZRARIEH T 69 BRS 15
& 44945 #r BRS 125 69 B SR PR 6945 B 5173 49 BRS /5 SEATH R ek
4, 13| xF R AT iR R 69 BRS 25,
bi& BRSAZ & —F 45 AF 7 eI AAL (CS) 14;
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BT iR AR i i K7 ) A 58 BT iR AR 3 0K R G B A5 5 69 )7 5] 6135
HRAE BRS 12 & ¥ &) CS A 3] £ R AT 7| SATARAS 3R 4445 5| 5 Pk
W e SRR AT ST 09 B AT
ik kit —F 6,45 3L FAT4915 438 4 UE BRS 43 & F €35 CS
FRAE VAR CS $RAF 69 530,
I R S8 R IR L AEAR R R IR . ST I R IR TS VA BORA R K
P EE—IR; /R,
FIT i 55 IR B AT 2 B AR w7 X SR AR B o7 X
AK B F AR PTIR G R F F RIS ERAR AWML IELZE
BRS &8 SAFTRAL B, AIEBCAIME 5 F RIRE AEIL K R T 49 BRS
125 ; *HARIR G S AAME L R R 2T R 69 BRS 12 5 347422, 153 &A%k
B ARFTST I BRS 155 69 M 540, RIS MEL B R AT BRS 155
69 FABAPTIRIRG) BRS 25 P N/ ~BRS 25, ¥, N4 §
PRI AT P69 N A~ BRS 125 % i 69 BRS 15 &, HAREFULE E
¢ BRSAZ &5k R LTI Mg X Z, #2 LA ATiddEa) N A BRS 125
¢ LA N ASECRE 5] ABRNEA 6 N ANk & 5 mAR s Ak,
ki BRS 45549k 534h BRS 55 #9158 /F 15 & (CSI); L
i AT FRIR 64 B AR K R AT R 69 BRS 13 5 2474 22 6,35 542K 49 BRS
s S TR AR, 53] BRS 12549 CSI; vARPTIEAFTIRIGG BRS
15 Fik4E N A~ BRS 155 635 AFATIINGG BRS 125 P8 E % K
& N 4~ BRS 155,

L& BRS 1258 /F 344 BRS 5 ¥ AF T H K F
(RSRP); ik 242 B 64 & A&k R AT A 49 BRS 425 #7422 6,45
2B ey BRS 125 #4722 Mm%, 53%] BRS 12545 RSRP; A B Pk
JAFT IR 4T BRS 125 F £ 48 N A~ BRS 15 5 €136 AFTIRIGT BRS 125

Py
i
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ik E R KA N A BRS 5.

LR AF AT A N AR R T R A sE @ st N AR R &5l 34T
Garl, 1FR|—A-ZH 57, Bk R4 6 5 XA PTiE =3k 5 7]
R 3h

AL kA P ey sk 4%

AL B U, TR Al S R4 R 69 2 RAZ & vA & BRS 12 &Fil R
Ryl eyt Bk £

BRS 125 &£ RAE A, 4A5rEAMR LK R, A TARE S Z4E 5 K R 69
B RAT EVL B G AR RO R KR T2 g BRS 15 & i 5 itk ik
R AT 4 BRS 155 BAA&

K AR T, A B AR KRS B 69 BRS 135 LA ) P 44k

FiX BRS 435 4 2T 3.3
= LA T AR, R T AR IR AR SRR GG SR RAT B A BARIE T G4
4] BRS 12 & Avik R &5l 03t &L X &, #0255z ik k3t 69 BRS 12

H

A3 A mAEY, B TARYE A 649 BRS 45 & F 69 5 5 9 g 4 ik
53

REAZT TG B0 # i, A TAREPITEIEF 588 REAZ 5605
7

PRIKTAEHE , ] FARIE 0 6 9 R AT &P 69 0k RR TS At A
125 64 5 7| AT R R, 13 3)3Z40% 8 9% &= 2 ¢4 BRS 4 71;

TR e AES, F FARIE # F 64 BRS 12 8 % 69/ 4 BRS 125 ¢4 &F
IR R 694 B A5 A AR A BRS A3 AT F IR B AT, A58t A% % R R 49
BRS 155
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Fri¥ BRS 13 &3t —F @45 AL CS 14,
Pk BHEAZT 5 64 5 9| #2455 A T, AR4E BRS 13 & F ¢4 CS 1l A7
TP ATARL AR A, F5 3 5 PTIE AR LR IR R AT 69 B EAE 5 097 7).
A sht—F Q3% Bk 20, A FiB i FAT6915 48 % UE BRS
12 8 836 CS BAEVL B CS Btk ey R4
A& B A5 P ik 84 UE 6,35
BMET, AT ARG E W EEER % BRSE S8R TR E,
N 845 5 o IR AME 1L K R 3T AL 49 BRS 1555
125 AW R T, A T rE R IR B/ 1EL R R 22 49 BRS 125 i
ATHIE, 1FB] B AMEL K RFT AT E BRS 155097 & A4,
W ARGEIFER T, B TFARIE S AR R IR R PTRT L BRS 12 5 697 & 44
MFTIRECE) BRS 125 Fi24F N A~ BRS 125, % ATit4¥45 N /> BRS
52t 5249 BRS 13 &, JAARIEFALELE 69 BRS 128 5k k&5 XM 4Y
kA, HE EEPTIRIEN N A BRS 25369 N AR &T; A
BAR# T, T2 69 N AR 5| R 2sk.

P ) ) 2L A

B 1 R B B2 e BT A 8 RAF AT 5 69 K 14 7 ik R4 ;

B 2 S AL PN e P i 6y A A B B AR R ST B e BRSAE T 49
ik AFE A,

B 3 AK R T A P A b R AR A

B 4 K% R ap FTE ey Ak N ri B,

B 5 A ARE LY FTIL 6 BRS 155 & AT A= F H;
VAR

B 6 4 AL A 65 P i &9 UE 49 X 3R & B

Petitioners' Exhibit 1002, p. 175
AT&T et al v. Asustek Technology & Celerity
IPR2024-01121



WO 2017/020688 PCT/CN2016/089766

B 7 A AR B A BT R 6 ke W BRE M TR A
Bl 8 A4 AR B RAEHF|PTIE ) UE 6y A EREEM T EH

5 36 A R BH 69 75

AHTAHREAGE 6, BRFEBRKEEFLERE, ATLEEMH
B A& e, sPARMAEATH — S mito. B EEM, APTHEE
FAR A BA R AR AL IR, 3 R TRROEARK A,

JoRT prid, @it s A AAS VAR KILAEE MIMO FHRK, sk FUR
AT A AT RS, TWAEEF R, & TiX sk R 5@ 4 L4F,
TUAK KRG UE &89 SINR, AR & UE ey AEALE. A T HY
UE M % &k sk R P b 357 FRIFEIE R, TARE A RIKR, &
3bH S FE B KGR ARBRE AR RAD K E B0 IR R A E 155 ( Beamformed
Reference Signal, BRS) % UE, 4% UE #4700 kikdF. A, KL
KABIRLET HRBFE T RE T %,

B, A TAFREANMELRR, RAHBMELEREZET —4 &
5], #RA KK LT (Beam Index ). H ¥, B R KT Fffit MR A ——3F
B, —HLERIRTY A BT VAR —# T — AR, Bk, AR R
A — LA RIRTG BB —— 2 6. ERE GG EH G F, F—AME
i RO K R & ) B AR L IR R Y R RIS A e 2 Bk A AR A
AR RO RAT G, AT TR, AN FR b A R 12 0 5 A4k
B BAAEL IR RAT G, Blde, T VAL R Gndks e E AT 2 L 5h
) e, A% 30 9K R 6 BRAT K

Seoh, e FTRTIR, AT By UE sb/Tok kehdd, AsbE 2@t &4
MR K R R — 4354 UE LT &4t dE. 4 7 £ — 8 47,
FEARLZ AW EH5 T, BN ERERGARE T BEAREZ AT EHEN R
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BRI L6 BRS 13 &k AR| I L %4 UE #9. B4hm=, kit BRS 43
&R 455 BRS g & AP N B VLR K %75 XA £ 6912 8, 2V 8.3 BRS
B FARBAIEF 79 M A R FER £ 1Z BRS 1258 BT & A a9 8-SR4 R
AL EEF. Fit—4, H T ¥ /& BRS 12 67T A RE R & 5 093 &,
L& BRS 12 &8 A €L3% B & PT RIS T 7| 69088542 ( Cyclic Shift,

CS)a. A, BAFIH—AEabF 7], BTt A5 0] #4701 B 699530
BALT A B 2 AR 9 BFH A5 6957 7).

A T ARBEANRL B RO ERET], F BT LS BRS 5 &5E R
Rl A ——3TE X AR, BPRIEGFA BRS 2 &3 —/ kK&
5l. AT BRATH RS, AskMA= UE MIAR ) 4 #5077 4% _Li£ BRS 13 &
Lok k&3t £ A, xFF AR, VAL B Gt B B i BEATAR £
BE. T UEM, T AERGMAETRENSTIARE, NFET
VAJE R G BFNEAT/E , w1 Mk ob il i BB A 0913 4% BRS 12 & 5k R & 7]
GG xfEL X # K %4 UE. UE 20K %] BRS R & 5K RKII 0T E X2 B
BABx —3t T % A

T @y ¥id i 501 LI £ R B F LT BRS 12 85 % & 5] gt
eSS

R AiE, BRS 15 & VA @45 A FARE YA/ 7] 69k . T A7
5| # AT CS Ak 49 CS A VA B fE K i% 3% BRS BT BT & A 69 B SR KR 694 B .
doub, £ BRS1Z &5 KR LItk A ad, RRGEFF] . IR
CS MEVAZTNE) B SR R4 B 4G 206K 5 A0 2 T R Rl 09 i R & 51 . #)
do, fBRGR L AT A 9 F 5 2 A, CSHEAH 44, THA T4 BRS 49
TR GG ISR RAT 8 A, W T £ A 2x4x8=64 4~ BRS 1% &:. iX 64 /4~ BRS
12 8B A ——3F BT 64 AMER KR AGERET] . R GaTAE A ek
B8 RA 1A, {2 CSAEA 4/, 5T T4 # BRS 49 1~ F) 698 SRR A
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8 A, WIT3EA 4x8=32 4~ BRS 15 &. iX 32 4~ BRS 15 &4 5 ——xF
BT 32 AMER K R AR R KRG

# BRS 13 &AL L3E KT 7] 69 W& VA B £ %1% BRS B AT & A 49 B
IR, T IS s T 7 AT CS Bk 69 CS 18, L BP R 35 7 db AT
CS #AF. M AE#E S BRSIEE KR FIZE EXEAN, REGHASFT]
VAR IR B S FTR 6928 645 - Az i T AR 69 R & 5], flde, BX S
BIAE R @YK 74 2 A, v LR AR ASAL, =T A T 455 BRS 698430
TRA §A. WX LT RA 2x8=16 /> BRS 12 &, T AS 5] —
—*F BT 16 AMEik B R e B R R3],

N R AT X R AA H, AT AREREMER KRG B R KT, 2
BB & i K R 69 BRS 13 & & RF 49, &BF, 43X BRS 158 F K59
A& AR ) LR 27 71 AT CS BAF, N R B & ik %k xf 5L 49 BRS /771
B2 SRt B N E 4G BT HRFR (BPE AT R ) k. fFlde, EXAT
WL, JeREBARE 64 MR EEKT], NEFTZ 64 B IATR,
FEXAF G LT, BRS #9745 sk 1% 1% 0k R 69308 RUE P, T JE A K BF 6%
A, BT BRS 128 FIiL QI35 B 7 69 B M ik Fu/ R A7) 49
CS A5 A4k, BSERLVGGERGIT, BT EZA R FIRINET
VAR ) A5 ) 89 2K 5] RAT AT AR B 7 5 R A R R JE IR A4k X % BRS
Fo|, EEAELT, RE4 BRS F 2 T4 & A A8 B 4G B TR, M
TTVARB)R Y BRS 4549 B 9. Dlde, EXFHILT, 42 REH AL
Byl vAhiedE, HAREFEG CSALA 8 A, MARA 1 AARMER
AT VA B B AR 64 AMMEL K R AT 4G BRS 471, BRS FF48 3 K KR
V. B E, fE UE MEEST A 2 3L BRS & 7)) 69 50474800, A BUk Y ik R ik
Fragndia), By,

REFERBRE, KA LEMLHE T —FEbL R EREHEET
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o7k, BAARZIAEwE | Air, TR2EHFET IR

W 101, 2 A4% BRS 42 & F ik R B3 693f B X & .

W 102, A3t HAMEL BCR, R IZIEER L RGERAZ EAR Y
P AEL R R A E R E T X AG BRS 43 &4 ARG AR L K R AT L 69 BRS
185,

FIR 103, AL SAME LK R AT 69 BRS 125 £ %4 4 UE.
TRt o B i) LS 102 69K A, B2 R
T T ARYE AL 9 5K 36 45) 69 £ R B BB L K RS BL 69 BRS 15 5 49 ik
At AR B R, A SEAEBAT B 2 FT e itE. B 2 BT, 3R
7k L& 036

HH 021, HEEAE ARG KR E.

TR E, BRAT & AR R R KT B R RISy X A

FEE 1022, MRIETASL A BRS 12 &Fk Rk 51693t B X &, #
T 5 %R R R 3T &9 BRS 12 4,

%o AT BT iE BRS 43 & €.4%: BRS 8 H R IRF 5| 69 oA B e L 3%
iZ BRS W AT & A 4GB IR R 6445 B . BRS 45 & T A @ 3&x A A 7 i
17 CS #HAF 49 CS 4.

% biX BRS 3.8 % @453t A 5 34T CS #4F49 CS 44, N HshiE
FZiB L FAT4915 438 40 UE BRS 12 & F 6,35 CS ##4F, Brif4s UE A&
HRLFLREFFE LSRN SF 769 CS HtE. Blat, KRsbad &
@ iE F AT 4@ 40 UE CS #HAE 69 230, #ldmik K69 CS FE R F 769 CS
#Z, YMEZ UE 247 CS 4,

W 1023, ARIEH T 69 BRS 15.8F o9 55 | Mk 4 A5 7).

BRI E, EARGIEY, B5 R EAMEERIZ KA BRS F &9 55 5] AR
AFE) . IR sEATIT S AE L R A RO I T P AR AR R 695 A AAS

i
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& i DK R 4G BRS P 49 25 91 FR AR ), W) AR SEAT &AM R i 5OR A R 49
H 5 AR AR 45 B2 B A ANE L K R 49 BRS AT 21 A A8 ) 49 4
AR &g, MK SEART &A% 1k R A R 69 AT 3 0 & B 45 AR ) # Bk 4
RE.

5 H B 1024, ARIBEI T 5| AL IR R G AL Z T 6057

BEAR@4E, FAAE BRSIZEF &4 CS /A, MAARIEZ CS fAxf ik

3| AT AL 4% 4645 3] 52 MR ik R R AT B A H R 569 5 5], FEHE
BRS 13 & R4 CS /A, WA PATIZF B, 255 1023 Aad5k
B 54 A 5354 i o R AT R 04 AT B 64 7

10 AR zE, ERFHEYF, 4oRA T4 BRSIZE 4 CS/L, NARE
% CS AExf &£ R ey Ih 5 5| AT AR e s, BAReBIEF KT A S E 4=
2 (1)

2
Ye=x-e " (1)

HF, x REREMELERGET I GE kK DA 3 RRIZMIRLE
15 K RI LG EFEAZ T T HE kK AFE; KK CS 31E6 CS 1A, B
T IARAS AL 69 FF1E S, N XK OFDM %] 69 FFT X~
W R 1025, AR TG K AT & F 4 BRI ST A F AT T ey r
5| AT RIRTS , 5B 24k W R T AL 69 BRS A7),
BARwm s, EARFIHY, EASET ARG RIR . 25 H R
20 THVABRAEOR IR F BCRIRT 77 R 5% 43 5 64 5 5] BHAT ORI
W 1026, ARYEHE 65 BRS 45 & F A5 4 BRS 125 49 1 1R 494
B A &4 BRS /7] SAT TR BR AT, £ 3xd Bz ik R 69 BRS 155
Bt VAA E, Bt E R RAFAT T AR T, AR SE BT AR
KK R R EEATT ANk R K %3] UE, 4+ UE ¥47K ik
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FEARE R Eb b, EIAIT BRS F 5] 69 TR d s, FEabTlR
F ka4t X, (54 BRS ) S AIKERS 7 X, (Comb-type BRS ). /£5R%
B AR Bt 7 X By, HER3hieE BB FATE 48 4 UE AAKE 1 (Comb
Interval ) vAZR 3 %1% E ( Frequency Offset), 4k UE 24T BRS 12 5 494&
Ay,

BT RBLLSE 3, HFmily] UE M7 RaEFeh 5 k.

B 3 27T AL LEPFTESY UE BATHEREFGF &, Wwh 3
T, m ik 2 B0

#HH 301, UE £ A%BEGKREL % BRS 55 698 T RALE
AR5 5 P FEIE-AME L B R AT L 69 BRS 155,

BT AR AW B NS TR Ak 3h 8 3% BRS 135 69 i 3R
942 E, HAskA UE Q6 E LiR138.. P, KBt sl Rt ut
IR R K ik A AR K R 49 BRS 125, UE st 4n i 3k A fER sk
B IR A R K A B AR K R 69 BRSAE 5, B, AP YF, UE T
VAN 6945 5 o IR B S R xF 5L 69 BRS 125,

3R 302, UE s+4%IR69 & AME L R 2T B 49 BRS 135 #b/740 32,
1R B BRI R AT 2 BRS 13 5 697 & 548

FEAFHY, Lif BRS 25490 & A48T w42 BRS 1256928
1% 8. (Channel State Information, CSI) 2 BRS 12 549 KA F I h F
( Reference Signal Receiving Power, RSRP ).

AhmE, & BRS E5 8L E4542Z BRS 12549 CSI, M ALY
B, UE FR$EARIeG BRS 15 5 #ATE 8463, A @4#F2] BRS 155 49
CSI; # BRS 125 #9/ff & £4% BRS 1254 RSRP, MR T FE+, UE
AT I B &, A IF3] BRS 4 RSRP.

11
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JE UE AIERE S P 4RI BRS 125 /&, 3K4F BRS A7), &9-F UE
TseHn i B 3ET R 6935 269 4, H b, T E 4800 #4212 BRS
o) AREG E IR AT T, Tk, UE TRAOKRI G 49 BRS /7] &
A CH AR T 240, REEARRMEEH R TH (IFFT) F4
S 49 BRS &£ R B R, Ll LA RF CS 49 BRS /7 698 312
SR BT R AR T 6, B #, UE ST vA—K AT 4F £ A~ BRS A7)
& CSI 2 RSRP. w1 _Li& BRS /&%) a94mid 42T A A iy, EAL A 5
), FRsEMEE S K7 9] 7l N CS #BAE, STeAfe UE Ml A5E4749
M RIEHE, MTIAZ|R ) BRS FF48 A R IEARE R b AERT 3L 69 B 49,

H B 303, UE ARIBEAMELL KL RPT3T L BRS 135 49 1 & A NPT
1R IR 49 BRS 155 ¥ i4£4% N 4~ BRS 127

AASTF, LA NA A RM, ZFLBE ) UE T Ay ikit
BROEE. EEFREAF, N o§EAREALTIARIEZ IR A

Efhms, & BRS 569/ #5402 BRS 15549 CSI, M AR

BR¥, UE At dFda/Z R K69 N A~ BRS 1E25; #& BRSE569/ &
A& BRS 15549 RSRP, M ARHFIRF, UE FMPiaFdhF R Ry
N /~ BRS f%5.

H 304, UE # % ATi64549 N A4S BRS 135 %F fL 49 BRS 13 &

UE it 4% N A BRS 12 % 218 i xf Lk 5 3 o s 42 5 #4740 2 ey it
F2 2 VT ALFE e TA5 & BRS 15 REHEF 7. iz k57847
CS #A4E49 CS 1A R K i43% BRS E- 508 R RS . SRl ATiE, Lk
1% 8. % BRS 1252|544 BRS 12 &,
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UTILITY EXAMINATION FEE 1311 1 720 720
REQUEST FOR PRIORITIZED EXAMINATION 1817 1 4000 4000
Pages:
Claims:
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Description Fee Code Quantity Amount Sull)j-s'l'g(tsa\)l in
PUBL. FEE- EARLY, VOLUNTARY, OR NORMAL 1504 1 0 0
PROCESSING FEE, EXCEPT PROV. APPLS. 1830 1 140 140
Petition:
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:
Extension-of-Time:
Miscellaneous:
Total in USD ($) 5740
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Electronic Acknowledgement Receipt

EFS ID: 31419924

Application Number: 15863267

International Application Number:

Confirmation Number: 5504

METHOD AND APPARATUS FOR BEAM MANAGEMENT IN A WIRELESS

Title of Invention: COMMUNICATION SYSTEM

First Named Inventor/Applicant Name: Ko-Chiang Lin
Customer Number: 106622
Filer: Sang N. Dang/Sandy Kim
Filer Authorized By: Sang N. Dang
Attorney Docket Number: 1426-188.101
Receipt Date: 05-JAN-2018
Filing Date:
Time Stamp: 15:50:59
Application Type: Utility under 35 USC 111(a)

Payment information:

Submitted with Payment yes

Payment Type CARD

Payment was successfully received in RAM $5740

RAM confirmation Number 010818INTEFSW15523500

Deposit Account

Authorized User

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:
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File Listing

Document .. . File Size(Bytes)/ Multi Pages
Document Description File Name . . .
Number Message Digest | Part/.zip| (ifappl.)
126193
1 Application Data Sheet WebADS.pdf no 8
4f17e3022671ac9605481f1dd377bf7f%a3a
1380
Warnings:
Information:
1900735
2 1426-188-101--Package.pdf yes 46
aB8081b97c95cc0e8936¢7782d745 1a39¢6f
875a
Multipart Description/PDF files in .zip description
Document Description Start End
Transmittal of New Application 1 1
Fee Worksheet (SB06) 2 2
TrackOne Request 3 3
Specification 4 23
Claims 24 26
Abstract 27 27
Drawings-only black and white line drawings 28 39
Oath or Declaration filed 40 41
Information Disclosure Statement (IDS) Form {(SB08) 42 43
Power of Attorney 44 45
Miscellaneous Incoming Letter 46 46
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2659140

3 Foreign Reference W02017067138A1.pdf no 36

a53675260f93ed4aba8ddef6fedda74e32f1e|
324a

Warnings:

Information:

1282518
4 Foreign Reference W02017020688A1.pdf no 30
ca4dad211accae03a33e23f50f55ffbad 2966
7ff
Warnings:
Information:
40013
5 Fee Worksheet (SB06) fee-info.pdf no 2
e10a41c191cb5927384900b67855ce32d22)
4eead
Warnings:
Information:
Total Files Size (in bytes): 6008599

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

New Applications Under 35 U.S.C. 111

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

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

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

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810}, a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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PTO/AIA/4
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Attorney Docket Number 1426-188.101

Application Data Sheet37 CFR 1.76

Application Number

Title of Invention METHOD AND APPARATUS FOR BEAM MANAGEMENT IN A WIRELESS COMMUNICATION SYSTEM

The application data sheet is part of the provisional or nonprovisional application for which it is being submitted. The following form contains the
biblicgraphic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76.

This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the document
may be printed and included in a paper filed application.

Secrecy Order 37 CFR 5.2:

Portions or all of the application associated with this Application Data Sheet may fall under a Secrecy Order pursuant to 37
] CFR 5.2 (Paper filers only. Applications that fall under Secrecy Order may not be filed electronically.)

Inventor Information:

Inventor 1

Legal Name
Prefix| Given Name Middle Name Family Name Suffix
Ko-Chiang Lin

Residence Information (Select One) () US Residency (® Non USResidency (O Active US Military Service

City Taipei City Country of Residence i ™

Mailing Address of Inventor:

Address 1 No. 15, Lite Rd., Peitou District

Address 2

City | Taipei City 112 | State/Province | oT

Postal Code Country | ™

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
Richard Lee-Chee Kuo

Residence Information (Select One) () US Residency (® Non USResidency (O Active US Military Service

City Taipei City Country of Residence i ™

Mailing Address of Inventor:

Address 1 No. 15, Lite Rd. Peitou District

Address 2

City Taipei City 112 | State/Province | oT
Postal Code | Country i ™

All Inventors Must Be Listed - Additional Inventor Information blocks may be generated

within this form by selecting the Add button.
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PTO/AIA/14 (08-15)

Approved for use through 04/30/2017. OMB 0651-0032

U.5. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of infermation unless it contains a valid OMB control number.

Attorney Docket Number 1426-188.101

Application Data Sheet37 CFR 1.76
Application Number

Title of Invention METHOD AND APPARATUS FOR BEAM MANAGEMENT IN A WIRELESS COMMUNICATION SYSTEM

Correspondence Information:

Enter either Customer Number or complete the Correspondence Information section below.
For further information see 37 CFR 1.33(a).

[ ] An Address is being provided for the correspondence Information of this application.

Customer Number 106622

Email Address [ AddEmail | | Remave Email

Application Information:

Title of the Invention METHCD AND APPARATUS FOR BEAM MANAGEMENT IN A WIRELESS COMMUNICATION SYSTEM
Attorney Docket Number | 1426-188.101 Small Entity Status Claimed []
Application Type Nonprovisional

Subject Matter Ukility

Total Number of Drawing Sheets (if any) 12 Suggested Figure for Publication {if any}

Filing By Reference:

Only complete this section when filing an applicaticn by reference under 35 U.S.C. 111(c} and 37 CFR 1.57{a). Do not complete this section if
application papers including a specification and any drawings are being filed. Any domestic benefit or foreign priority information must be
provided in the appropriate section{s) below (i.e., "Domestic Benefit/National Stage Information” and “Foreign Priority Information®).

For the purposes of a filing date under 37 CFR 1.53(b), the description and any drawings of the present application are replaced by this
reference to the previously filed application, subject to conditions and requirements of 37 CFR 1.57(a).

Application number of the previcusly Filing date {YYYY-MM-DD) Intellectual Property Authority or Country N
filed application

Publication Information:
[] RequestEarly Publication {Fee required at time of Request 37 CFR 1.219)

Request Not to Publish. | hereby request that the attached application not be published under 35US.C.

] 122(b) and certify that the invention disclosed in the attached application has not and will not be the subject of an
application filed in another country, or under a multilateral international agreement, that requires publication at eighteen
months after filing.

Representative Information:

Representative informaticn should be provided for all practitioners having a power of attorney in the application. Providing
this information in the Application Data Sheet does not constitute a power of attorney in the application (see 37 CFR 1.32).

Either enter Customer Number or complete the Representative Name section below. If both sections are completed the customer Number
will be used for the Representative Information during processing.
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PTO/AIA/14 (08-15)

Approved for use through 04/30/2017. OMB 0651-0032

U.5. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of infermation unless it contains a valid OMB control number.

. . Attorney Docket Number 1426-188.101
Application Data Sheet37 CFR 1.76

Application Number

Title of Invention METHOD AND APPARATUS FOR BEAM MANAGEMENT IN A WIRELESS COMMUNICATION SYSTEM

Please Select One: (® Customer Number (O} US Patent Practitioner (O Limited Recognition (37 CFR 11.9)
Customer Number 106622
Prefix Given Name Middle Name Family Name Suffix

Remove

Registration Number

Prefix Given Name Middle Name Family Name Suffix

Remove

Registration Number

Additional Representative Information blocks may be generated within this form by
selecting the Add button.

Domestic Benefit/National Stage Information:

This section allows for the applicant to either claim benefit under 35 U.5.C. 119(e}, 120, 121, 365(c), or 386(c) or indicate National
Stage entry from a PCT application. Providing this information in the application data sheet constitutes the specific reference
required by 35 U.5.C. 119(e} or 120, and 37 CFR 1.78.

When referring to the current applicaticn, please leave the application number blank.

Prior Application Status Pending

Application Number Continuity Type Prior Application Number Filing or 371(c) Date
YYYY-MM-DD)
Claims benefit of provisional 62/443291 2017-01-06

Additional Domestic Benefit/National Stage Data may be generated within this form by
selecting the Add button.

Foreign Priority Information:

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet
constitutes the claim for pricrity as required by 35 U.S.C. 119(b) and 37 CFR 1.55. When priority is claimed to a foreign application
that is eligible for retrieval under the priority document exchange program (PDX) thé information will be used by the Office to
automatically attempt retrieval pursuant to 37 CFR 1.55(i}(1) and {2}). Under the PDX program, applicant bears the ultimate
responsibility for ensuring that a copy of the foreign application is received by the Office from the participating foreign intellectual

property office, or a certified copy of the foreign priority application is filed, within the time period specified in 37 CFR 1.55(g)(1).

Application Number CountryI Filing Date (YYYY-MM-DD) Access Codel(if applicable)

Additional Foreign Priority Data may be generated within this form by selecting the Add
button.
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PTO/AIA/14 (08-15)
Approved for use through 04/30/2017. OMB 0651-0032
U.5. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of infermation unless it contains a valid OMB control number.

Attorney Docket Number
Application Data Sheet37 CFR 1.76

1426-188.101

Application Number

Title of Invention METHOD AND APPARATUS FOR BEAM MANAGEMENT IN A WIRELESS COMMUNICATION SYSTEM

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition

Applications

[] 16,2013.

This application (1) claims priority to or the benefit of an application filed before March 16, 2013 and (2) also
contains, or contained at any time, a claim to a claimed invention that has an effective filing date on or after March

NOTE: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on or after March
16, 2013, will be examined under the first inventor to file provisions of the AlA.

WEB ADS 1.0
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PTO/AIA/14 (08-15)

Approved for use through 04/30/2017. OMB 0651-0032

U.5. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of infermation unless it contains a valid OMB control number.

Attorney Docket Number 1426-188.101

Application Data Sheet37 CFR 1.76

Application Number

Title of Invention METHOD AND APPARATUS FOR BEAM MANAGEMENT IN A WIRELESS COMMUNICATION SYSTEM

Authorization or Opt-Out of Authorization to Permit Access:

When this Application Data Sheet is properly signed and filed with the application, applicant has provided written authority to
permit a participating foreign intellectual property (IP) office access to the instant application-as-filed {see paragraph A in
subsection 1 below) and the European Patent Office (EPO} access to any search results from the instant application {see
paragraph B in subsection 1 below).

Should applicant choose not to provide an authorization identified in subsection 1 below, applicant must opt-out of the
authorization by checking the corresponding box A or B or both in subsection 2 below.

NOTE: This section of the Application Data Sheet is ONLY reviewed and processed with the INITIAL filing of an application.
After the initial filing of an application, an Application Data Sheet cannot be used to provide or rescind authorization for access
by a foreign IP office(s). Instead, Form PTO/SB/39 or PTO/SB/69 must be used as appropriate.

1. Authorization to Permit Access by a Foreign Intellectual Property Office(s)

A. Priority Document Exchange (PDX)} - Unless box A in subsection 2 (opt-out of authorization) is checked, the undersigned
hereby grants the USPTO authority to provide the European Patent Office {EPQO), the Japan Patent Office (JPO), the Korean
Intellectual Property Office (KIPQ), the State Intellectual Property Office of the People’s Republic of China (SIPO), the World
Intellectual Property Organization (WIPQ), and any other foreign intellectual property office participating with the USPTO in a
bilateral or multilateral priority document exchange agreement in which a foreign application claiming priority to the instant
patent application is filed, access to: (1} the instant patent application-as-filed and its related bibliographic data, (2) any foreign
or domestic application to which priority or benefit is claimed by the instant application and its related bibliographic data, and
(3) the date of filing of this Authorization. See 37 CFR 1.14(h)(1).

B. Search Results from U.S. Application to EPO - Unless box B in subsection 2 (opt-out of authorization) is checked, the
undersigned hereby grants the USPTO authority to provide the EPO access to the bibliographic data and search results from
the instant patent application when a European patent application claiming priority to the instant patent application is filed. See
37 CFR 1.14(h)(2).

The applicant is reminded that the EPO’s Rule 141(1) EPC (European Patent Convention) requires applicants to submit a copy of
search results from the instant application without delay in a European patent application that claims priority to the instant
application.

2. Opt-Out of Authorizations to Permit Access by a Foreign Intellectual Property Office(s)

A. Applicant DOES NOT authorize the USPTO to permit a participating foreign IP office access to the instant
[ ] application-as-filed. If this box is checked, the USPTO will not be providing a participating foreign IP office with any
documents and information identified in subsection 1A above.

u B. Applicant DOES NOT authorize the USPTO to transmit to the EPO any search results from the instant patent
application. If this box is checked, the USPTO will not be providing the EPO with search results from the instant application.

NOTE: Once the application has published or is otherwise publicly available, the USPTO may provide access to the application in
accordance with 37 CFR 1.14.
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PTO/AIA/14 (08-15)

Approved for use through 04/30/2017. OMB 0651-0032

U.5. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of infermation unless it contains a valid OMB control number.

. . Attorney Docket Number 1426-188.101
Application Data Sheet37 CFR 1.76

Application Number

Title of Invention METHOD AND APPARATUS FOR BEAM MANAGEMENT IN A WIRELESS COMMUNICATION SYSTEM

Applicant Information:

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 37 of CFR
to have an assignment recorded by the Office.

Applicant 1

If the applicant is the inventor (or the remaining joint inventor or inventors under 37 CFR 1.45), this section should not be completed.
The information to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR
1.43; or the name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46. If the applicant is an

applicant under 37 CFR 1.46 {(assignee, person to whom the inventor is obligated to assign, or person who otherwise shows sufficient
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should be

identified in this section.

(®) Assignee (O Legal Representative under 35 US.C. 117 (O JointInventor

Q Person to whom the inventor is obligated to assign. O Person who shows sufficient proprietary interest

If applicant is the legal representative, indicate the authority to file the patent application, the inventor is:

Name of the Deceased or Legally Incapacitated Inventor:

If the Applicant is an Organization check here. X

Organization Name ASUSTek Computer Inc.

Mailing Address Information For Applicant:

Address 1 No. 15, Lite Rd., Peitou District

Address 2

City Taipei City 112 State/Province oT
Country' | TW Postal Code

Phone Number Fax Number

Email Address

Additional Applicant Data may be generated within this form by selecting the Add button.
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PTO/AIA/14 (08-15)

Approved for use through 04/30/2017. OMB 0651-0032
U.5. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of infermation unless it contains a valid OMB control number.

Application Data Sheet37 CFR 1.76

Attorney Docket Number

1426-188.101

Application Number

Title of Invention

METHOD AND APPARATUS FCR BEAM MANAGEMENT IN A WIRELESS COMMUNICATICN SYSTEM

Assignee Information including Non-Applicant Assignee Information:

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 37 of
CFR to have an assignment recorded by the Office.

Assignee 1

Complete this section if assignee information, including non-applicant assignee infermation, is desired to be included on the patent application
publication. An assignee-applicant identified in the "Applicant Information" section will appear on the patent application publication as an
applicant. For an assignee-applicant, complete this section only if identification as an assignee is also desired on the patent application

publication.

If the Assignee or Non-Applicant Assignee is an Organization check here.

[]

Prefix

Given Name

Middle Name

Family Name

Suffix

Mailing Address Information For Assignee including Non-Applicant Assignee:

Address 1

Address 2

City State/Province
Country | Postal Code
Phone Number Fax Number

Email Address

Additional Assignee or Non-Applicant Assignee Data may be generated within this form by

selecting the Add button.

WEB ADS 1.0
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PTO/AIA/14 (08-15)

Approved for use through 04/30/2017. OMB 0651-0032

U.5. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of infermation unless it contains a valid OMB control number.

Attorney Docket Number 1426-188.101

Application Data Sheet37 CFR 1.76

Application Number

Title of Invention METHOD AND APPARATUS FOR BEAM MANAGEMENT IN A WIRELESS COMMUNICATION SYSTEM

Signature:

NOTE: This Application Data Sheet must be signed in accordance with 37 CFR 1.33(b). However, if this Application Data Sheet
is submitted with the INITIAL filing of the application and either box A or B is not checked in subsection 2 of the
“Authorization or Opt-Out of Authorization to Permit Access” section, then this form must also be signed in accordance
with 37 CFR 1.14(c).

This Application Data Sheet must be signed by a patent practitioner if one or more of the applicants is a juristic entity (e.
g., corporation or association). If the applicant is two or more joint inventors, this form must be signed by a patent practitioner,
all joint inventors who are the applicant, or one or more joint inventor-applicants who have been given power of attorney (e.qg.,
see USPTO Form PTO/AIA/81) on behalf of all joint inventor-applicants.

See 37 CFR 1.4(d) for the manner of making signatures and certifications.

Signature Date (YYYY-MM-DD)
/Sang N. Dang/

First Name Sang N. Last Name Dang Registration Number 51186

Additional Signature may be generated within this form by selecting the Add button.

Petitioners' Exhibit 1002, p. 211
AT&T et al v. Asustek Technology & Celerity
WEB ADS 1.0 IPR2024-01121



PTO/AIA/15 {10-17)

Approved for use through 11/30/2017. OMB 05510032

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

Under the Paperwork Reduction Act of 1995 no persons are required to respond to a collection of information unless it displays a valid OMB control number.

UTILITY 1426-188.101 )

Attorney Docket No.

First Named Inventor

PATENT APPLICATION Ko-Chiang Lin

Title

TRANSM EWAL Wiethod and Apparatus for Beam Management...

Priority Mail Express®
Label No.

(Only for new nonprovisiona! applications under 37 CFR 1.53(b}} j

Commissioner for Patents
P.0. Box 1450
Alexandria, VA 22313-1450

APPLICATION ELEMENTS

See MPEP chapter 600 concerning utility patent application contents.

ADDRESS TO:

ey

4 Fee Transmittal Form

{PTO/SB/ 17 or equivalent)

ACCOMPANYING APPLICATION PAPERS

2. [_] Applicant asserts smal] entity status. 10.§ Assignment Papers
""" See 37 CFR 1.27 {cover sheet & document({s}}
3. u Applicant certifies micro emtity status. See 37 CFR 1.29. Narme of Assignee
Applicant must attach form PTO/SEB/15A or B or eguivalent.
4 m Specification [Total Pages 24 ] 11 37 CFR 3.73{c} Statement Power of Attorney

8oth the claims and abstract must start cn a new page.
{See MIPEP § 608.01{u} for informuation on the preferred arrangement} 12
Drawing{s) (35 U.5.C. 113)
inventor’'s Oath or Declaration {Total

{including substitute statements under 37 CFR 1.64 ond ass
serving as an oath or deciaration under 37 CFR 1.63{¢e})

2[7]

B.} | Acopyfrom a prior application (37 CFR 1.63(d})
i f o} i

{when there is an ussignee}

English Translation Document
{if applicabie}

&y
£

_____ {Total Sheets '= ]

o

information Disclosure Statement
(PTO/SB/GS or PTO-1443)

Copies of citations attached
Preliminary Amendment

P

Newly executed (original or copy) 12

hmi
o

Return Receipt Postcard
. Application Data Sheet  * See note below. {MPEP § 503) (Shouid be specifically itemized)
See 37 CFR 1.76 {PTO/AIA/14 or equivalent)
8. CO-ROM or CD-R
in duplicate, farge table, or Computer Program (Appendix}
Landscape Table on CD
. Nucleotide and/or &ming Acid Seguence Submission
{if applicable, items a. — ¢. ore required}

16, Certified Copy of Priority Document(s)

{if foreign priority is claimed)

Monpublication Request

Under 35 1.5.C. 122{b}2}{B}I). Applicant must attach form PTO/SB/35
or eguivalent.

Other; T7ack 1 Request

0

18.

2 foreign references

a. i Computer Readable Form {CRF}

b‘D Specification Sequence Listing on:

i { CD-ROM or CD-R {2 copies); or

ii.D Paper

. Statements verifying identity of above copies
*Note: (1) Benefit claims under 37 CFR 1.78 and foreign priority claims under 1.55 must be included in an Application Data Sheef {ADS).
{2) For applications filed under 35 U.S.C. 111, the application must contain an ADS specifying the applicant if the applicant is an

assignee, persen to whom the inventor is under an obligation to assign, or person who otherwise shows sufficient proprietary
arest in the matter. See 37 CFR 1.46(b).

5
=
=
5

19. CORRESPONDENCE ADDRESS

The address associated with Customer Number; 106822

OR u Correspondence address below

Name

Address

City State Zip Code
Country Telephone Email

Signature Date

{Sang N. Dang/

January 5, 2018
| prinymyeer | S8NG N Dang 51,186

Registration No.
{Attorney/Agent)

This collection of information is required by 37 CFR 1.53(b}. The information is required to obtain or retain a benefit by the public which is to file {and by the USPTO
te process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 12 minutes to complets,
including gathering, preparing, and submitting the completed apptication 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 reduring this burden, should be sent to the Chief Infermation Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND
TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450,

if you need assistance in completing the form, cail 1-800-PT0O-8199 and sefect option 2.
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PTO/SB/17 (63-13)
Approved for use through 11/30/2020. OMB 0651-0032
.S, Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Yndear the Paperwork Reduction Act af 1995 na persoins are reguired 1o resoond 10 s cellection of infarmation unless it displays a valid QM8 control numiber.
Complete if known
FEE TRANSMITTAL
Filing Date January 5, 2018
D Applicant asserts small entity status. See 37 CFR 1.27. First Named Inventor Ko-Chiang Lin
""" Applicant certifies micro entity status. See 37 CFR 1.29. Examiner Name Not Yet Assigned
Form PTO/S8/15A or B or equivalent must either be enclosed or have At unit _‘ -
been submitted praviously. reun Mot Yet Assighed
TOTAL AMOUNT CF PAYMENT ' {%) 1600 Practitioner Docket No. | 4426-188 .10 j

METHOD OF PAYMENT (chack all that apply)
D Check Credit Card D Money Order m None D Other {please identify):

m Depasit Account Deposit Account Number: Deposit Account Name:

For the above-identified deposit account, the Director is hereby authorized to {check all that appiy):
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METHOD AND APPARATUS FOR BEAM MANAGEMENT IN A WIRELESS
COMMUNICATION SYSTEM

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] The present Application claims the benefit of U.S. Provisional Patent Application
Serial No. 62/443,291 filed on January 6, 2017, the entire disclosure of which is incorporated

herein in its entirety by reference.
FIELD

[0002] This disclosure generally relates to wireless communication networks, and more

particularly, to a method and apparatus for beam management in a wireless communication

system.
BACKGROUND
[0003] With the rapid rise in demand for communication of large amounts of data to and

from mobile communication devices, traditional mobile voice communication networks are
evolving into networks that communicate with Internet Protocol (IP) data packets. Such IP data
packet communication can provide users of mobile communication devices with voice over IP,

multimedia, multicast and on-demand communication services.

[0004] An exemplary network structure is an Evolved Universal Terrestrial Radio Access
Network (E-UTRAN). The E-UTRAN system can provide high data throughput in order to
realize the above-noted voice over IP and multimedia services. A new radio technology for the
next generation (e.g., 5G) is currently being discussed by the 3GPP standards organization.
Accordingly, changes to the current body of 3GPP standard are currently being submitted and

considered to evolve and finalize the 3GPP standard.
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SUMMARY

[0005] A method and apparatus are disclosed from the perspective of a base station. In
one embodiment, the method includes the base station transmitting to a UE a control signal
associated with a reference signal for beam measurement, wherein the control signal includes a
beam-related information for transmitting the reference signal for beam measurement. The

method also includes the base station transmitting the reference signal for beam measurement to

the UE.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] FIG. 1 shows a diagram of a wireless communication system according to one

exemplary embodiment.

[0007] FIG. 2 is a block diagram of a transmitter system (also known as access network)
and a receiver system (also known as user equipment or UE) according to one exemplary

embodiment.

[0008] FIG. 3 is a functional block diagram of a communication system according to one

exemplary embodiment.

[0009] FIG. 4 is a functional block diagram of the program code of FIG. 3 according to

one exemplary embodiment.

[0010] FIG. 5 illustrates three exemplary types of beamforming according to one

exemplary embodiment.

[0011] FIG. 6 is a flow chart according to one exemplary embodiment.

[0012] FIG. 7 is a flow chart according to one exemplary embodiment.

[0013] FIG. 8 is a flow chart according to one exemplary embodiment.

[0014] FIG. 9 is a flow chart according to one exemplary embodiment.

[0015] FIG. 10 is a flow chart according to one exemplary embodiment.

[0016] FIG. 11 is a flow chart according to one exemplary embodiment.
2
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DETAILED DESCRIPTION

[0017] The exemplary wireless communication systems and devices described below
employ a wireless communication system, supporting a broadcast service. Wireless
communication systems are widely deployed to provide various types of communication such as
voice, data, and so on. These systems may be based on code division multiple access (CDMA),
time division multiple access (TDMA), orthogonal frequency division multiple access
(OFDMA), 3GPP LTE (Long Term Evolution) wireless access, 3GPP LTE-A or LTE-Advanced
(Long Term Evolution Advanced), 3GPP2 UMB (Ultra Mobile Broadband), WiMax, or some

other modulation techniques.

[0018] In particular, the exemplary wireless communication systems devices described
below may be designed to support one or more standards such as the standard offered by a
consortium named “3rd Generation Partnership Project” referred to herein as 3GPP, including:
R2-162366, “Beam Forming Impacts”, Nokia and Alcatel-Lucent; R2-163716, “Discussion on
terminology of beamforming based high frequency NR”, Samsung; R2-162709, “Beam support
in NR”, Intel; R2-162762, “Active Mode Mobility in NR: SINR drops in higher frequencies”,
Ericsson; TS 36.213 v13.2.0, “E-UTRA; Physical layer procedures (Release 14)”; TS 36.101
v14.1.0, “E-UTRA User Equipment (UE) radio transmission and reception (Release 14)”; and
TS 36.321 v14.0.0, “Medium Access Control (MAC) protocol specification (Release 14)”. The
standards and documents listed above are hereby expressly incorporated by reference in their

entirety.

[0019] FIG. 1 shows a multiple access wireless communication system according to one
embodiment of the invention. An access network 100 (AN) includes multiple antenna groups,
one including 104 and 106, another including 108 and 110, and an additional including 112 and
114. In FIG. 1, only two antennas are shown for each antenna group, however, more or fewer
antennas may be utilized for each antenna group. Access terminal 116 (AT) is in communication
with antennas 112 and 114, where antennas 112 and 114 transmit information to access terminal
116 over forward link 120 and receive information from access terminal 116 over reverse link
118. Access terminal (AT) 122 is in communication with antennas 106 and 108, where antennas

106 and 108 transmit information to access terminal (AT) 122 over forward link 126 and receive
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information from access terminal (AT) 122 over reverse link 124. In a FDD system,

communication links 118, 120, 124 and 126 may use different frequency for communication. For

example, forward link 120 may use a different frequency then that used by reverse link 118.

[0020] Each group of antennas and/or the area in which they are designed to
communicate is often referred to as a sector of the access network. In the embodiment, antenna
groups each are designed to communicate to access terminals in a sector of the areas covered by

access network 100.

[0021] In communication over forward links 120 and 126, the transmitting antennas of
access network 100 may utilize beamforming in order to improve the signal-to-noise ratio of
forward links for the different access terminals 116 and 122. Also, an access network using
beamforming to transmit to access terminals scattered randomly through its coverage causes less
interference to access terminals in neighboring cells than an access network transmitting through

a single antenna to all its access terminals.

[0022] An access network (AN) may be a fixed station or base station used for
communicating with the terminals and may also be referred to as an access point, a Node B, a
base station, an enhanced base station, an evolved Node B (eNB), or some other terminology. An
access terminal (AT) may also be called user equipment (UE), a wireless communication device,

terminal, access terminal or some other terminology.

[0023] FIG. 2 is a simplified block diagram of an embodiment of a transmitter system
210 (also known as the access network) and a receiver system 250 (also known as access

terminal (AT) or user equipment (UE)) in a MIMO system 200. At the transmitter system 210,
traffic data for a number of data streams is provided from a data source 212 to a transmit (TX)

data processor 214.

[0024] In one embodiment, each data stream is transmitted over a respective transmit
antenna. TX data processor 214 formats, codes, and interleaves the traffic data for each data

stream based on a particular coding scheme selected for that data stream to provide coded data.

[0025] The coded data for each data stream may be multiplexed with pilot data using
OFDM techniques. The pilot data is typically a known data pattern that is processed in a known
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manner and may be used at the receiver system to estimate the channel response. The
multiplexed pilot and coded data for each data stream is then modulated (i.e., symbol mapped)
based on a particular modulation scheme (e.g., BPSK, QPSK, M-PSK, or M-QAM) selected for
that data stream to provide modulation symbols. The data rate, coding, and modulation for each

data stream may be determined by instructions performed by processor 230.

[0026] The modulation symbols for all data streams are then provided to a TX MIMO
processor 220, which may further process the modulation symbols (e.g., for OFDM). TX MIMO
processor 220 then provides N7 modulation symbol streams to Ny transmitters (TMTR) 222a
through 222t. In certain embodiments, TX MIMO processor 220 applies beamforming weights
to the symbols of the data streams and to the antenna from which the symbol is being

transmitted.

[0027] Each transmitter 222 receives and processes a respective symbol stream to
provide one or more analog signals, and further conditions (e.g., amplifies, filters, and
upconverts) the analog signals to provide a modulated signal suitable for transmission over the
MIMO channel. Ny modulated signals from transmitters 222a through 222t are then transmitted
from N7 antennas 224a through 224, respectively.

[0028] At receiver system 250, the transmitted modulated signals are received by Ng
antennas 252a through 252r and the received signal from each antenna 252 is provided to a
respective receiver (RCVR) 254a through 254r. Each receiver 254 conditions (e.g., filters,
amplifies, and downconverts) a respective received signal, digitizes the conditioned signal to
provide samples, and further processes the samples to provide a corresponding “received”

symbol stream.

[0029] An RX data processor 260 then receives and processes the Ng received symbol
streams from Ng receivers 254 based on a particular receiver processing technique to provide Nr
“detected” symbol streams. The RX data processor 260 then demodulates, deinterleaves, and
decodes each detected symbol stream to recover the traffic data for the data stream. The
processing by RX data processor 260 is complementary to that performed by TX MIMO

processor 220 and TX data processor 214 at transmitter system 210.
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[0030] A processor 270 periodically determines which pre-coding matrix to use

(discussed below). Processor 270 formulates a reverse link message comprising a matrix index

portion and a rank value portion.

[0031] The reverse link message may comprise various types of information regarding
the communication link and/or the received data stream. The reverse link message is then
processed by a TX data processor 238, which also receives traffic data for a number of data
streams from a data source 236, modulated by a modulator 280, conditioned by transmitters 254a

through 254r, and transmitted back to transmitter system 210.

[0032] At transmitter system 210, the modulated signals from receiver system 250 are
received by antennas 224, conditioned by receivers 222, demodulated by a demodulator 240, and
processed by a RX data processor 242 to extract the reserve link message transmitted by the
receiver system 250. Processor 230 then determines which pre-coding matrix to use for

determining the beamforming weights then processes the extracted message.

[0033] Turning to FIG. 3, this figure shows an alternative simplified functional block
diagram of a communication device according to one embodiment of the invention. As shown in
FIG. 3, the communication device 300 in a wireless communication system can be utilized for
realizing the UEs (or ATs) 116 and 122 in FIG. 1 or the base station (or AN) 100 in FIG. 1, and
the wireless communications system is preferably the LTE system. The communication device
300 may include an input device 302, an output device 304, a control circuit 306, a central
processing unit (CPU) 308, a memory 310, a program code 312, and a transceiver 314. The
control circuit 306 executes the program code 312 in the memory 310 through the CPU 308,
thereby controlling an operation of the communications device 300. The communications device
300 can receive signals input by a user through the input device 302, such as a keyboard or
keypad, and can output images and sounds through the output device 304, such as a monitor or
speakers. The transceiver 314 is used to receive and transmit wireless signals, delivering
received signals to the control circuit 306, and outputting signals generated by the control circuit
306 wirelessly. The communication device 300 in a wireless communication system can also be

utilized for realizing the AN 100 in FIG. 1.
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[0034] FIG. 4 is a simplified block diagram of the program code 312 shown in FIG. 3 in
accordance with one embodiment of the invention. In this embodiment, the program code 312
includes an application layer 400, a Layer 3 portion 402, and a Layer 2 portion 404, and is
coupled to a Layer 1 portion 406. The Layer 3 portion 402 generally performs radio resource
control. The Layer 2 portion 404 generally performs link control. The Layer 1 portion 406

generally performs physical connections.

[0035] As described in 3GPP R2-162366, in lower frequency bands (e.g., current LTE
bands < 6GHz), the required cell coverage may be provided by forming a wide sector beam for
transmitting downlink common channels. However, utilizing wide sector beam on higher
frequencies (>> 6GGHz) the cell coverage is reduced with same antenna gain. Thus, in order to
provide required cell coverage on higher frequency bands, higher antenna gain is needed to
compensate the increased path loss. To increase the antenna gain over a wide sector beam, larger
antenna arrays (number of antenna elements ranging from tens to hundreds) are used to form

high gain beams.

[0036] As a consequence, the high gain beams are narrow compared to a wide sector
beam. Therefore, multiple beams for transmitting downlink common channels are needed to
cover the required cell area. The number of concurrent high gain beams that access point is able
to form may be limited by the cost and complexity of the utilized transceiver architecture. In
practice, on higher frequencies, the number of concurrent high gain beams is much less than the
total number of beams required to cover the cell area. In other words, the access point is able to

cover only part of the cell area by using a subset of beams at any given time.

[0037] As described in 3GPP R2-163716, beamforming is generally a signal processing
technique used in antenna arrays for directional signal transmission/reception. With
beamforming, a beam can be formed by combining elements in a phased array of antennas in
such a way that signals at particular angles experience constructive interference while others
experience destructive interference. Different beams can be utilized simultaneously using

multiple arrays of antennas.

[0038] Beamforming can be categorized into three types of implementation: digital

beamforming, hybrid beamforming, and analog beamforming. For digital beamforming, the

Petitioners' Exhibit 1002, p. 221
AT&T et al v. Asustek Technology & Celerity
IPR2024-01121



Attorney Docket No.: 1426-188.101

Client Docket No.: 1060022-US

Filed Via EFS

beam is generated on the digital domain, i.e., the weighting of each antenna element can be
controlled by baseband (e.g., connected to a TXRU). Therefore it is very easy to tune the beam
direction of each subband differently across the system bandwidth. Also, to change beam
direction from time to time does not require any switching time between OFDM (Orthogonal
Frequency Division Multiplexing) symbols. All beams whose directions cover the whole
coverage can be generated simultaneously. However, this structure requires (almost) one-to-one
mapping between TXRU (transceiver/RF chain) and antenna element and is quite complicated as
the number of antenna element increases and system bandwidth increases (also heat problem

exists).

[0039] For Analog beamforming, the beam is generated on the analog domain, i.e., the
weighting of each antenna element can be controlled by an amplitude/phase shifter in the RF
(Radio Frequency) circuit. Since the weighing is purely controlled by the circuit, the same beam
direction would apply on the whole system bandwidth. Also, if beam direction is to be changed,
switching time is required. The number of beam generated simultaneous by an analog
beamforming depends on the number of TXRU. Note that for a given size of array, the increase
of TXRU may decrease the antenna element of each beam, such that wider beam would be
generated. In short, analog beamforming could avoid the complexity and heat problem of digital
beamforming, while is more restricted in operation. Hybrid beamforming can be considered as a
compromise between analog and digital beamforming, where the beam can come from both

analog and digital domain. Examples of the three types of beamforming are shown in FIG. 5.

[0040] In 3GPP R2-162709, an eNB may have multiple TRPs (either centralized or
distributed). Each TRP can form multiple beams. The number of beams and the number of
simultaneous beams in the time/frequency domain depend on the number of antenna array

elements and the RF at the TRP.
[0041] Potential mobility type for NR can be listed as follows:

* Intra-TRP mobility
* Inter-TRP mobility
* Inter-NR eNB mobility
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[0042] In 3GPP R2-162762, reliability of a system purely relying on beamforming and
operating in higher frequencies might be challenging, since the coverage might be more sensitive
to both time and space variations. As a consequence of that the SINR of that narrow link can

drop much quicker than in the case of LTE.

[0043] Using antenna arrays at access nodes with the number of elements in the
hundreds, fairly regular grid-of-beams coverage patterns with tens or hundreds of candidate
beams per node may be created. The coverage area of an individual beam from such array may
be small, down to the order of some tens of meters in width. As a consequence, channel quality
degradation outside the current serving beam area is quicker than in the case of wide area

coverage, as provided by LTE.

[0044] With the support of beam operation and TRP (Transmission/Reception Point), a
cell may have multiple choices to schedule a UE. For example, there may be multiple beams
from a TRP transmitting the same data to the UE, which can provide more reliability for the
transmission. Alternatively, multiple beams from multiple TRPs can transmit the same data to
the UE. To increase the throughput, it is also possible for a single TRP to transmit different data
on different beams for the UE. Also, multiple TRPs can transmit different data on different

beams to the UE.

[0045] Depending on UE capability, a UE may also generate a narrow beam when
transmitting or receiving data/signal and may suffer from above restriction of base station beam,
i.e., the number of UE beams can be generated simultaneously is limited. The following UE
beam could correspond to beam(s) generated by a UE when transmitting or receiving signals, to
distinguish from base station beam or network beam, which refers to beam(s) generated by a
base station or network node when transmitting or receiving signals. If it is not specifically

mentioned, the following beam can refer to a base station beam, a UE beam, or both.

[0046] One way to track the current beam(s) (either or both of base station beam and UE
beam) available for communication could be to perform measurement from the UE side. A base
station may transmit reference signal on all base station beams or some of the base station beams
in certain time occasion(s). After measuring the reference signal, the UE may detect whether

there is any beam change or update, e.g., an existing beam disappears or a new beam comes out.
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Also, UE may send a report with beam measurement result to the base station to inform base
station the new status of beam(s). The reference signal for beam measurement may be sent
periodically, aperiodically, or semi-persistently. For periodic beam reference signal, the base
station may configure a proper periodicity for measurement occasion(s) when UE would perform

measurement.

[0047] Within a measurement occasion, the base station may generate all base station
beams to allow UE to update the status of all base station beams. (Note that a measurement
occasion may be composed of several symbols, and different base station beam could be
transmitted on different symbols). On the other hand, an aperiodic beam reference signal is
transmitted when there is an associated triggering signal. When the UE detects the associated
triggering signal (e.g., a control signal, a control channel, an uplink grant, or a downlink
assignment), the UE would realize there would be beam reference signal in an associated timing

occasion, e.g., the rest of the symbol(s) in the same slot or the symbol(s) in the following slot.

[0048] For aperiodic beam reference signals, as there is already information obtained
from the periodic beam reference signal, the base station may choose some base station beams,
e.g., those may reach the UE, instead of sending beam reference signal on all beams. Also, the
base station beam(s) used to transmit the aperiodic beam reference signal may be different from
the base station beam(s) used to transmit the periodic beam reference signal. For example, the
base station beam(s), which are used to transmit the aperiodic beam reference signal, may be

narrower than those used to transmit the periodic beam reference signal.

[0049] Another example could be the direction of base station beam(s) used to transmit
the aperiodic beam reference signal may be different from the direction of base station beam(s)
used to transmit the periodic beam reference signal. For example, the direction of base station
beam(s) used to transmit the aperiodic beam reference signal could be slightly adjusted
compared to the periodic one so that the beam quality could be improved, refined, or fine-tuned
(e.g., if UE location is not on the same direction of a beam used to carry periodic beam reference
signal). Semi-persistent reference signal could be something in between (e.g., first being
configured, start periodic transmission if there is an associated signal, and could modify or pause

the transmission if another associated signal is detected).

10
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[0050] It is possible for UE to request the beam reference signal (e.g., an aperiodic beam
reference signal) if UE detects there is a beam quality change, UE mobility, UE rotation or any
other case when beam refinement or adjustment is required. The UE may send such request with
a control element, a control signal, a control channel, or a preamble. Of course, as discussed
above, an aperiodic beam reference signal can be sent by the base station without request from

the UE, if the base station detects that a beam refinement or adjustment is required.

[0051] A UE may be served by more than one TRP, where one or multiple base station
beam(s) from each TRP could be used to transmit data/signal to the UE. One or multiple base

station beam(s) from all the serving TRP(s) could form a base station beam set of the UE.

[0052] It is possible that a UE may detect beam refinement/adjustment is required for
some beam(s) or some TRP(s) among the beams within the base station beam set of the UE
while beam refinement/adjustment is not require for other beam(s) or other TRP(s) among the
beams within the base station beam set of the UE. In this situation (i.e., only beam direction of
some beam(s) or beam direction of some TRP(s) are changed and beam direction of other
beam(s) or beam direction of other TRP(s) are unchanged), simply requesting beam reference
signal for beam adjustment/refinement is inefficient as the base station has no idea beam
direction of which beam(s) or of which TRP(s) is changed/unchanged. Therefore, the base
station would need to send the beam reference signal for refining/adjusting all the beams within
the beam set of the UE, even if some of them does not require any adjustment. As one base
station beam might needs several transmission occasions to carry the beam reference signal (with
a narrower beam or several different beam directions), performing refinement or adjustment for
all beams in the beam set of the UE would require more resources to carry a beam reference
signal (e.g., many symbols or slots). Also, as the number of occasions associated with one
triggering signal is expected to be limited, performing refinement or adjustment for all beams in
the beam set of the UE may also result in more triggering of beam reference signal, which

increases the control overhead as well.

[0053] From the perspective of the base station, it is also possible that the base station
detects only some beam(s) or some TRP(s) among the beams within the base station beam set of

the UE would require refinement or adjustment. When the base station transmits the beam
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reference signal on the beam(s) or the TRP(s), the UE may not be able to decide what is the

correct UE beam to perform the beam measurement for beam adjustment or refinement.

[0054] A first general concept of this invention is that when a UE requests beam
refinement or adjustment, the UE would indicate which beam(s) or beam(s) from which TRP(s)
would require beam refinement/adjustment associated with the request. An example of

requesting beam refinement or adjustment would be to request beam reference signal.

[0055] A general second concept of this invention is that when a base station triggers
beam refinement or adjustment for a UE, the base station would indicate that beam refinement or
adjustment is performed on which beam(s) or beam(s) from which TRP(s) associated with the
trigger. An example of triggering beam refinement or adjustment for a UE would be to send an

aperiodic trigger for beam reference signal to the UE.

[0056] In one embodiment, a UE could send a request to a base station to request a beam
reference signal, wherein the request could include information indicating which beam(s) or
which TRP(s) would require beam reference signal(s). In one embodiment, the information
could indicate beam id(s) or TRP id(s). The information could be carried explicitly on a channel
used to send the request. Alternatively, the information could be carried implicitly according to
which resource is used to send the request. More specifically, an association between resource(s)

and beam id or TRP id could be previously configured.

[0057] In one embodiment, the request could be transmitted on a control channel, on a
data channel, or via a preamble. The beam reference signal could be an aperiodic beam reference
signal. The UE could decide which beam(s) or which TRP(s) requires beam reference signal
according to measurement on periodic beam reference signal, according to decoding failure of a

channel, UE mobility, UE rotation, and/or UE location.

[0058] In one embodiment, a base station could transmit the aperiodic beam reference
signal in accordance with the request from the UE. More specifically, the UE could perform
measurement on the aperiodic beam reference signal with the UE beam(s) associated with the

requested beam(s) or beam(s) from requested TRP(s).

12

Petitioners' Exhibit 1002, p. 226
AT&T et al v. Asustek Technology & Celerity
IPR2024-01121



Attorney Docket No.: 1426-188.101

Client Docket No.: 1060022-US

Filed Via EFS

[0059] In another embodiment, a base station could send a trigger to a UE to trigger
aperiodic beam reference signal(s) for some beam(s) or for some TRP(s), wherein the trigger
could include information of aperiodic beam reference signal(s) corresponding to which beam(s)
or which TRP(s). The information could indicate beam id(s) or TRP id(s). Furthermore, the

information could be carried explicitly on a channel used to trigger aperiodic reference signal(s).

[0060] In one embodiment, the trigger could be transmitted on a control channel. More
specifically, the trigger could be transmitted together with a downlink assignment or together
with an uplink grant. Alternatively, the trigger could be transmitted on a data channel. The base
station could decide which beam(s) or which TRP(s) requires a beam reference signal according
to measurement on reference signal(s) transmitted by the UE, according to decoding failure of a

channel, according to UE mobility, and/or according to UE location.

[0061] In one embodiment, the UE could perform measurement on the aperiodic beam
reference signal(s) in accordance with the trigger from the base station. More specifically, the
UE could perform measurement on aperiodic beam reference signal with UE beam(s) associated

with the triggered beam(s) or beam(s) from triggered TRP(s).

[0062] In one embodiment, the trigger could indicate how many symbols are used to
carry the aperiodic beam reference signal. Furthermore, the trigger could indicate the mapping

between symbols and beam(s) or beam from which TRP(s).

[0063] FIG. 6 is a flow chart 600 according to one exemplary embodiment from the
perspective of a UE. In step 605, the a UE sends a signal to request transmission of a beam
reference signal(s) from a base station, wherein the signal includes information indicating which

beam(s) or TRP(s) the beam reference signal is requested.

[0064] Referring back to FIGS. 3 and 4, in one exemplary embodiment of a UE, the
device 300 includes a program code 312 stored in the memory 310. The CPU 308 could execute
program code 312 to enable the network node to send a signal to request transmission of a beam
reference signal(s) from a base station, wherein the signal includes information indicating which
beam(s) or TRP(s) the beam reference signal is requested. Furthermore, the CPU 308 can
execute the program code 312 to perform all of the above-described actions and steps or others

described herein.
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[0065] FIG. 7 is a flow chart 700 according to one exemplary embodiment from the
perspective of a base station. In step 705, the base station receives from a UE a signal which
requests transmission of a beam reference signal(s), wherein the signal includes information

indicating which beam(s) or TRP(s) the beam reference signal is requested.

[0066] Referring back to FIGS. 3 and 4, in one exemplary embodiment of a base station,
the device 300 includes a program code 312 stored in the memory 310. The CPU 308 could
execute program code 312 to receive from a UE a signal which requests transmission of a beam
reference signal(s), wherein the signal includes information indicating which beam(s) or TRP(s)
the beam reference signal is requested.. Furthermore, the CPU 308 can execute the program

code 312 to perform all of the above-described actions and steps or others described herein.

[0067] In the context of the embodiments illustrated in FIGS. 6 and 7 and discussed
above, in one embodiment, the information could indicate beam id(s) or TRP id(s). The beam
refinement or adjustment for the UE could be performed for the beam(s) or TRP(s) indicated by

the information. The beam reference signal(s) could be aperiodic beam reference signal(s).

[0068] In one embodiment, the signal to request a beam reference signal(s) could be a
preamble. The preamble could be a dedicated preamble. In addition, the preamble could be
different from a preamble used to initiate a random access procedure. Furthermore, the preamble
could use a resource different from the resource of a preamble used to initiate a random access
procedure. In one embodiment, the preamble can only be sent if the UE has a valid timing

advance.

[0069] In one embodiment, the signal to request a beam reference signal(s) could be a
control channel or a scheduling request. Furthermore, the scheduling request could be a different
from a scheduling request to request uplink grant. In general, a resource configured to send the
scheduling request is different from a resource configured to send scheduling request to request
uplink grant. In one embodiment, the signal to request a beam reference signal(s) could be a data

channel. The information could be carried on the signal.

[0070] In one embodiment, the information could be indicated based on the resource
used to transmit the signal. Multiple resources are configured, and each resource could be

associated with a beam/TRP/set of beams/set of TRP(s). In one embodiment, the determination
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of a which beam(s) or TRP(s) is indicated in the information is based on a measurement of a
reference signal(s). In one embodiment, the reference signal(s) could be periodic reference
signal(s). Furthermore, the determination of which beam(s) or TRP(s) is indicated in the
information could be based on decoding of a downlink channel, UE mobility, UE location,

and/or UE rotation.

[0071] In one embodiment, the base station could send the beam reference signal for
beam(s) or TRP(s) indicated in the information. The UE could measure the beam reference

signal with UE beams associated with the indicated beam(s) or with the indicated TRP.

[0072] In one embodiment, beam refinement or adjustment is required for some beam(s)
or some TRP(s) among the beams within the base station beam set of the UE while beam
refinement or adjustment may not require for other beam(s) or other TRP(s) among the beams

within the base station beam set of the UE.

[0073] FIG. 8 is a flow chart 800 according to one exemplary embodiment from the
perspective of a base station. In step 805, the base station transmits a trigger and an associated
beam reference signal(s) to a UE, wherein the trigger includes information indicating which

beam(s) or TRP(s) the beam reference signal(s) is transmitted.

[0074] Referring back to FIGS. 3 and 4, in one exemplary embodiment of a base station,
the device 300 includes a program code 312 stored in the memory 310. The CPU 308 could
execute program code 312 to transmit a trigger and an associated beam reference signal(s) to a
UE, wherein the trigger includes information indicating which beam(s) or TRP(s) the beam
reference signal(s) is transmitted. Furthermore, the CPU 308 can execute the program code 312

to perform all of the above-described actions and steps or others described herein.

[0075] FIG. 9 is a flow chart 900 according to one exemplary embodiment from the
perspective of a UE. In step 905, the UE receives a trigger requesting the UE to measure a beam
reference signal(s), wherein the trigger includes information indicating which beam(s) or TRP(s)

the beam reference signal(s) is transmitted.

[0076] Referring back to FIGS. 3 and 4, in one exemplary embodiment of a UE, the
device 300 includes a program code 312 stored in the memory 310. The CPU 308 could execute
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program code 312 to receive a trigger requesting the UE to measure a beam reference signal(s),
wherein the trigger includes information indicating which beam(s) or TRP(s) the beam reference

signal(s) is transmitted.. Furthermore, the CPU 308 can execute the program code 312 to

perform all of the above-described actions and steps or others described herein.

[0077] In the context of the embodiments illustrated in FIGS. 8 and 9 and discussed
above, in one embodiment, the UE could perform measurement on the beam reference signal(s)
with UE beam(s) associated with the indicated beam(s) or the indicated TRP(s). The information
could indicate beam id(s) or TRP id(s). The beam refinement or adjustment for the UE could be
performed for the beam(s) or TRP(s) indicated by the information. The beam reference signal(s)

could be aperiodic beam reference signal(s).

[0078] In one embodiment, the trigger could be a control channel, a downlink assignment,
an uplink grant, or a data channel. The information could be carried on the trigger. Furthermore,

the information could be indicated based on which beam(s) or TRP(s) is used to carry the trigger.

[0079] In one embodiment, the determination of which beam(s) or TRP(s) is indicated in
the information could be based on a measurement of a reference signal(s). The reference signal(s)
could be sounding reference signal(s). In one embodiment, the determination of which beam(s)
or TRP(s) is indicated in the information could be based on decoding of an uplink channel, on

UE mobility, on UE location, or on UE rotation. Beam refinement or adjustment could be
required for some beam(s) or some TRP(s) among the beams within the base station beam set of
the UE while beam refinement or adjustment may not require for other beam(s) or other TRP(s)

among the beams within the base station beam set of the UE.

[0080] In one embodiment, the trigger could indicate how many symbols are used to
carry the aperiodic beam reference signal. Furthermore, the trigger could indicate the mapping

between symbols and beam(s) or beam from which TRP(s).

[0081] FIG. 10 is a flow chart 1000 according to one exemplary embodiment from the
perspective of a base station. In step 1005, the base station transmits to a UE a control signal
associated with a reference signal for beam measurement, wherein the control signal includes a
beam-related information for transmitting the reference signal for beam measurement. In step

1010, the base station transmits the reference signal for beam measurement to the UE.
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[0082] Referring back to FIGS. 3 and 4, in one exemplary embodiment of a base station,
the device 300 includes a program code 312 stored in the memory 310. The CPU 308 could
execute program code 312 (1) to transmit to a UE a control channel associated with a reference
signal for beam measurement, wherein the control signal includes a beam-related information for
transmitting the reference signal for beam measurement, and (ii) to transmit the reference signal
for beam measurement to the UE. Furthermore, the CPU 308 can execute the program code 312

to perform all of the above-described actions and steps or others described herein.

[0083] FIG. 11 is a flow chart 1100 according to one exemplary embodiment from the
perspective of a UE. In step 1105, the UE receives from a base station a control signal

associated with a reference signal for beam measurement, wherein the control signal includes
beam-related information for transmitting the reference signal for beam measurement. In step

1110, the UE measures the reference signal for beam measurement from the base station.

[0084] Referring back to FIGS. 3 and 4, in one exemplary embodiment of a UE, the
device 300 includes a program code 312 stored in the memory 310. The CPU 308 could execute
program code 312 (i) to receive from a base station a control signal associated with a reference
signal for beam measurement, wherein the control signal includes beam-related information for
transmitting the reference signal for beam measurement, and (ii) to measure the reference signal
for beam measurement from the base station. Furthermore, the CPU 308 can execute the
program code 312 to perform all of the above-described actions and steps or others described

herein.

[0085] In the context of the embodiments illustrated in FIGS. 10 and 11 and described
above, in one embodiment, the beam-related information could indicate at least a beam on which
the reference signal for beam measurement is transmitted. Alternatively or additionally, the
beam-related information could indicate a first beam and the reference signal for beam

measurement is transmitted on at least a refined beam of the first beam.

[0086] In one embodiment, the reference signal for beam measurement could be
transmitted aperiodically. The control signal could be transmitted via a control channel. In one
embodiment, the control signal could be transmitted via a data channel. In one embodiment, the

control signal could indicate how many symbols are used to carry the reference signal for beam
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measurement. In one embodiment, the control signal indicates a presence of the reference signal

for beam measurement. In addition, the control signal indicates resources used to carry the

reference signal for beam measurement.

[0087] In one embodiment, the UE could perform measurement on the reference signal
for beam measurement with UE beam(s) associated with the beam indicated by the beam-related
information. In addition, beam refinement for the UE could be performed for the beam indicated

by the beam-related information.

[0088] Various aspects of the disclosure have been described above. It should be
apparent that the teachings herein may be embodied in a wide variety of forms and that any
specific structure, function, or both being disclosed herein is merely representative. Based on the
teachings herein one skilled in the art should appreciate that an aspect disclosed herein may be
implemented independently of any other aspects and that two or more of these aspects may be
combined in various ways. For example, an apparatus may be implemented or a method may be
practiced using any number of the aspects set forth herein. In addition, such an apparatus may be
implemented or such a method may be practiced using other structure, functionality, or structure
and functionality in addition to or other than one or more of the aspects set forth herein. As an
example of some of the above concepts, in some aspects concurrent channels may be established
based on pulse repetition frequencies. In some aspects concurrent channels may be established
based on pulse position or offsets. In some aspects concurrent channels may be established
based on time hopping sequences. In some aspects concurrent channels may be established

based on pulse repetition frequencies, pulse positions or offsets, and time hopping sequences.

[0089] Those of skill in the art would understand that information and signals may be
represented using any of a variety of different technologies and techniques. For example, data,
instructions, commands, information, signals, bits, symbols, and chips that may be referenced
throughout the above description may be represented by voltages, currents, electromagnetic

waves, magnetic fields or particles, optical fields or particles, or any combination thereof.

[0090] Those of skill would further appreciate that the various illustrative logical blocks,
modules, processors, means, circuits, and algorithm steps described in connection with the

aspects disclosed herein may be implemented as electronic hardware (e.g., a digital
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implementation, an analog implementation, or a combination of the two, which may be designed
using source coding or some other technique), various forms of program or design code
incorporating instructions (which may be referred to herein, for convenience, as “software” or a
“software module”), or combinations of both. To clearly illustrate this interchangeability of
hardware and software, various illustrative components, blocks, modules, circuits, and steps have
been described above generally in terms of their functionality. Whether such functionality is
implemented as hardware or software depends upon the particular application and design
constraints imposed on the overall system. Skilled artisans may implement the described
functionality in varying ways for each particular application, but such implementation decisions

should not be interpreted as causing a departure from the scope of the present disclosure.

[0091] In addition, the various illustrative logical blocks, modules, and circuits described
in connection with the aspects disclosed herein may be implemented within or performed by an
integrated circuit (“IC), an access terminal, or an access point. The IC may comprise a general
purpose processor, a digital signal processor (DSP), an application specific integrated circuit
(ASIC), a field programmable gate array (FPGA) or other programmable logic device, discrete
gate or transistor logic, discrete hardware components, electrical components, optical
components, mechanical components, or any combination thereof designed to perform the
functions described herein, and may execute codes or instructions that reside within the IC,
outside of the IC, or both. A general purpose processor may be a microprocessor, but in the
alternative, the processor may be any conventional processor, controller, microcontroller, or state
machine. A processor may also be implemented as a combination of computing devices, e.g., a
combination of a DSP and a microprocessor, a plurality of microprocessors, one or more

microprocessors in conjunction with a DSP core, or any other such configuration.

[0092] It is understood that any specific order or hierarchy of steps in any disclosed
process is an example of a sample approach. Based upon design preferences, it is understood
that the specific order or hierarchy of steps in the processes may be rearranged while remaining
within the scope of the present disclosure. The accompanying method claims present elements
of the various steps in a sample order, and are not meant to be limited to the specific order or

hierarchy presented.
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[0093] The steps of a method or algorithm described in connection with the aspects
disclosed herein may be embodied directly in hardware, in a software module executed by a
processor, or in a combination of the two. A software module (e.g., including executable
instructions and related data) and other data may reside in a data memory such as RAM memory,
flash memory, ROM memory, EPROM memory, EEPROM memory, registers, a hard disk, a
removable disk, a CD-ROM, or any other form of computer-readable storage medium known in
the art. A sample storage medium may be coupled to a machine such as, for example, a
computer/processor (which may be referred to herein, for convenience, as a “processor”) such
the processor can read information (e.g., code) from and write information to the storage
medium. A sample storage medium may be integral to the processor. The processor and the
storage medium may reside in an ASIC. The ASIC may reside in user equipment. In the
alternative, the processor and the storage medium may reside as discrete components in user
equipment. Moreover, in some aspects any suitable computer-program product may comprise a
computer-readable medium comprising codes relating to one or more of the aspects of the

disclosure. In some aspects a computer program product may comprise packaging materials.

[0094] While the invention has been described in connection with various aspects, it will
be understood that the invention is capable of further modifications. This application is intended
to cover any variations, uses or adaptation of the invention following, in general, the principles
of the invention, and including such departures from the present disclosure as come within the

known and customary practice within the art to which the invention pertains.
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CLAIMS

1. A method of a base station, comprising:

the base station transmits to a UE a control signal associated with a reference signal for
beam measurement, wherein the control signal includes a beam-related information for
transmitting the reference signal for beam measurement; and

the base station transmits the reference signal for beam measurement to the UE.

2. The method of claim 1, wherein the beam-related information indicates at least a

beam on which the reference signal for beam measurement is transmitted.

3. The method of claim 1, wherein the beam-related information indicates a first
beam and the reference signal for beam measurement is transmitted on at least a refined beam of

the first beam.

4. The method of claim 1, wherein the reference signal for beam measurement is

transmitted aperiodically.

5. The method of claim 1, wherein the control signal is transmitted via a control
channel.
6. The method of claim 1, wherein the control signal indicates how many symbols

are used to carry the reference signal for beam measurement.

7. A method of a User Equipment (UE), comprising:

the UE receives from a base station a control signal associated with a reference signal for
beam measurement, wherein the control signal includes beam-related information for
transmitting the reference signal for beam measurement; and

the UE measures the reference signal for beam measurement from the base station.

8. The method of claim 7, wherein the beam-related information indicates at least a
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beam on which the reference signal for beam measurement is transmitted.

9. The method of claim 7, wherein the beam-related information indicates a first
beam and the reference signal for beam measurement is transmitted on at least a refined beam of

the first beam.

10. The method of claim 7, wherein the UE performs measurement on the reference
signal for beam measurement with UE beam(s) associated with the at least a beam indicated by

the beam-related information.

11. The method of claim 7, wherein beam refinement for the UE is performed for the

at least a beam indicated by the beam-related information.

12. The method of claim 7, wherein the reference signal for beam measurement is

transmitted aperiodically.

13. The method of claim 7, wherein the control signal is transmitted via a control

channel.

14. The method of claim 7, wherein the control signal indicates how many symbols

are used to carry the reference signal for beam measurement.

15. A base station, comprising:
a control circuit;
a processor installed in the control circuit; and
a memory installed in the control circuit and operatively coupled to the processor;
wherein the processor is configured to execute a program code stored in the memory to:
transmit to a UE a control signal associated with a reference signal for beam
measurement, wherein the control signal includes a beam-related information for transmitting the

reference signal for beam measurement; and
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transmit the reference signal for beam measurement to the UE.

16. The base station of claim 15, wherein the beam-related information indicates at

least a beam on which the reference signal for beam measurement is transmitted.

17. The base station of claim 15, wherein the beam-related information indicates a
first beam and the reference signal for beam measurement is transmitted on at least a refined

beam of the first beam.

18. The base station of claim 15, wherein the reference signal for beam measurement

is transmitted aperiodically.

19. The base station of claim 15, wherein the control signal is transmitted via a

control channel.

20. The base station of claim 15, wherein the control signal indicates how many

symbols are used to carry the reference signal for beam measurement.
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ABSTRACT

A method and apparatus are disclosed from the perspective of a base station. In one
embodiment, the method includes the base station transmitting to a UE a control signal
associated with a reference signal for beam measurement, wherein the control signal includes a
beam-related information for transmitting the reference signal for beam measurement. The
method also includes the base station transmitting the reference signal for beam measurement to

the UE.
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signal(s) to a UE, wherein the trigger includes information indicating which
beam(s) or TRP(s) the beam reference signal(s) is transmitted
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The UE receives a trigger requesting the UE to measure a beam reference
signal(s), wherein the trigger includes information indicating which beam(s) or
TRP(s) the beam reference signal(s) is transmitted
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The base station transmits to a UE a control signal associated with a
reference signal for beam measurement, wherein the control signal includes a
beam-related information for transmitting the reference signal for beam
measurement
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The base station transmits the reference signal for beam measurement to the
UE
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The UE receives from a base station a control signal associated with a
reference signal for beam measurement, wherein the control signal includes
beam-related information for transmitting the reference signal for beam

measurement
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The UE measures the reference signal for beam measurement from the base

station
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Tile of | METHOD AND APPARATUS FOR BEAM MANAGEMENT IN A WIRELESS
invention | COMMUNICATION SYSTEM
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s diractad fo: The gttached application, or

D United Stales application or PCT infernational application nurnber

filed on

The above-identified application was made or authorized 1o be made by me.

| balieve that | am the original invenior or an original joint inveritor of & claimed invention in the application.
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