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.
15/656,882 01/05/2021 10887868 ASUP146US 7223
92096 7590 12/16/2020
Cooper Legal Group LLC
6505 Rockside Road
Suite 330

Independence, OH 44131

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 73 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):

ASUSTek Computer Inc., Taipei City, TAIWAN;
Yu-Hsuan Guo, Taipei City, TAIWAN;

Richard Lee-Chee Kuo, Taipei City, TAIWAN;
Meng-Hui Ou, Taipei City, TATIWAN;

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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Doc Code: IFEE PTOL/85B-EFS

Document Description: Issue Fee Payment (PTO-85B)

Issue Fee Transmittal Form

Application Number Filing Date First Named Inventor Atty. Docket No. Confirmation No.

15656882 21-Jul-2017 Yu-Hsuan Guo ASUP146US 7223

TITLE OF INVENTION :

METHOD AND APPARATUS FOR TRANSMISSION OR RECEPTION USING BEAMFORMING IN A WIRELESS COMMUNICATION SYSTEM

Entity Status Application Type Art Unit [Class - Subclass EXAMINER
Regular Undiscounted Utility under 35 USC111(a) [2416 329000 AJIT PATEL
Issue Fee Due Publication Due Total Fee(s) Due Date Due Prev. Paid Fee
$1000 $0 $1000 02-Dec-2020 $0

1.Change of Correspondence Address and/or Indication Of Fee Address (37 CFR 1.33 & 1.363)

Current Correspondence Address: Current Indicated Fee Address:

92096
Cooper Legal Group LLC

6505 Rockside Road
Suite 330

Independence OH 44131
UNITED STATES
216-654-0090

docketing@coaperlegalaroun.com
g g gty 154

[ Change of correspondence address requested, system [ Fee Address indication requested, system generated SB/47-EFS
generated AIA/122-EFS form attached form attached

2.Entity Status

Change in Entity Status

Applicant certifying micro entity status; system generated Micro Entity certification form attached. See 37 CFR 1.29.

Note: Absent a valid certification of micro entity status, issue fee payment in the micro entity amount will not be accepted at the risk of application abandonment.
O If this box is checked, you will be prompted to choose a micro entity status on the gross income basis (37 CFR 1.29(a)) or the institution of higher education basis

(37 CFR 1.29(d)), and make the applicable certification online.

Applicant asserting small entity status. See 37 CFR 1.27.

O 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.

® Applicant changing to regular undiscounted fee status.
Note: Checking this box will be taken to be a notification of loss of entitlement to small or micro entity status, as applicable.

Petitioners' Exhibit 1002, p. 2
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Doc Code: IFEE PTOL/85B-EFS

Document Description: Issue Fee Payment (PTO-85B)

3.The Following Fee(s) Are Submitted:

[ | authorize USPTO to apply my previously paid issue fee to the

Issue Fee
IZ current fees due

The Director is hereby authorized to apply my previously paid
[ ] Publication Fee [] issue fee to the current fee due and to charge deficient fees to
Deposit Account Number

If in addition to the payment of the issue fee amount submitted
with this form, there are any discrepancies in any amount(s) due,
the Director is authorized to charge any deficiency, or credit any
overpayment, to Deposit Account Number

O The issue fee must be submitted with this form. If payment of
the issue fee does not accompany this form, checking this box
and providing a deposit account number will NOT be
effective to satisfy full payment of the fee(s) due.

[] Advance Order - # of copies

4.Firm and/or Attorney Names To Be Printed

NOTE: If no name is listed, no name will be printed
For printing on the patent front page, list to be displayed as entered

1. COOPER LEGAL GROUP, LLC

5.Assignee Name(s) and Residence Data To Be Printed

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.

Name City State Country Category

ASUSTek Computer Inc. taipei city taiwan corporation

6.Signature

| certify, in accordance with 37 CFR 1.4(d)(4) that | am an attorney or agent registered to practice before the Patent and Trademark Office who has filed and has been granted
power of attorney in this application. | also certify that this Fee(s) Transmittal form is being transmitted to the USPTO via EFS-WEB on the date indicated below.

Signature /William Joseph Cooper/ Date 12-02-2020

Name William Joseph Cooper Registration Number (44629

Petitioners' Exhibit 1002, p. 3
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Electronic Patent Application Fee Transmittal

Application Number:

15656882

Filing Date:

21-Jul-2017

Title of Invention:

METHOD AND APPARATUS FOR TRANSMISSION OR RECEPTION USING
BEAMFORMING IN A WIRELESS COMMUNICATION SYSTEM

First Named Inventor/Applicant Name:

Yu-Hsuan Guo

Filer: William Joseph Cooper/Jennifer Meinyk
Attorney Docket Number: ASUP146US
Filed as Large Entity
Filing Fees for Utility under 35 USC 111(a)
Description Fee Code Quantity Amount Sull)j-s'l'g(tsa\)l in
Basic Filing:
UTILITY APPL ISSUE FEE 1501 1 1000 1000
PUBL. FEE- EARLY, VOLUNTARY, OR NORMAL 1504 1 0 0

Pages:

Claims:

Miscellaneous-Filing:

Petition:

Patent-Appeals-and-Interference:

Petitioners' Exhibit 1002, p. 4
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Sub-Total in

Description Fee Code Quantity Amount USD($)
Post-Allowance-and-Post-Issuance:
Extension-of-Time:
Miscellaneous:
Total in USD ($) 1000

Petitioners' Exhibit 1002, p. 5
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Electronic Acknowledgement Receipt

EFS ID: 41271129
Application Number: 15656882
International Application Number:
Confirmation Number: 7223

Title of Invention:

METHOD AND APPARATUS FOR TRANSMISSION OR RECEPTION USING
BEAMFORMING IN A WIRELESS COMMUNICATION SYSTEM

First Named Inventor/Applicant Name:

Yu-Hsuan Guo

Customer Number:

92096

Filer:

William Joseph Cooper/Jennifer Meinyk

Filer Authorized By:

William Joseph Cooper

Attorney Docket Number: ASUP146US
Receipt Date: 02-DEC-2020
Filing Date: 21-JUL-2017
Time Stamp: 12:16:06

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 E2020B2C16033460
Deposit Account 505088

Authorized User

Jennifer Meinyk

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

37 CFR 1.20 {Post Issuance fees)
37 CFR 1.21 {Miscellaneous fees and charges)

Petitioners' Exhibit 1002, p. 6
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File Listing:

Document .. . File Size(Bytes)/ Multi Pages
Document Description File Name . . .
Number Message Digest | Part/.zip| (ifappl.)
45804
1 Issue Fee Payment (PTO-85B) Web85b.pdf no 2
ba045dc6062c25cbadb53071c042428a0f5
bb2cé
Warnings:
Information:
32114
2 Fee Worksheet (SB06) fee-info.pdf no 2
9a9473b21a3c68544208c7d6876b865(611
001ba
Warnings:
Information:
Total Files Size (in bytes): 77918

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. 7
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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.uspto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NO. |
15/656,882 07/21/2017 Yu-Hsuan Guo ASUP146US 7223
92096 7590 10/15/2020 | AMINR |
Cooper Legal Group LLC
6505 Rockside Road PATEL, AJIT
Suite 330
Independence, OH 44131 | ART UNIT | PAPER NUMBER |
2416
| NOTIFICATION DATE | DELIVERY MODE |
10/15/2020 ELECTRONIC

Please find below and/or attached an Office communication concerning this application or proceeding.
The time period for reply, if any, is set in the attached communication.

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the
following e-mail address(es):

docketing @cooperlegalgroup.com

PTOL-90A (Rev. 04/07)
- Petitioners' Exhibit 1002, p. 8
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mect Application No. Applicant(s)
Not COfA//ed bili 15/656,882 Guo et al.
olice of Allowabliity Examiner ArtUnit | AIA (FITF) Status
AJIT PATEL 2416 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 the amendment filed on 7/23/20.
[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.V The allowed claim(s) is/are 1,4-5,7-8,11-14,17-18,20-21 and 23-27 . 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 a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

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

(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.

{AJIT PATEL/
Primary Examiner, Art Unit 2416

U.S. Patent and Trademark Office i
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20201009

Petitioners' Exhibit 1002, p. 9
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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 |
92096 7590 09/02/2020
Cooper Legal Group LLC PATEL, AJIT
6505 Rockside Road
Suite 330 | ART UNIT PAPER NUMBER |
Independence, OH 44131 2416
DATE MAILED: 09/02/2020
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. |  CONFIRMATION NO.
15/656,882 07/21/2017 Yu-Hsuan Guo ASUP146US 7223

TITLE OF INVENTION: METHOD AND APPARATUS FOR TRANSMISSION OR RECEPTION USING BEAMFORMING 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 12/02/2020

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

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

HOW TO REPLY TO THIS NOTICE:

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

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

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

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

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

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

IMPORTANT REMINDER: Maintenance fees are due in utility patents issuing on applications filed on or after Dec. 12, 1980.
It is patentee's responsibility to ensure timely payment of maintenance fees when due. More information is available at

www.uspto.gov/PatentMaintenanceFees.
Page 1 of 3 Petitioners' Exhibit 1002, p. 10
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PART B - FEE(S) TRANSMITTAL
Complete and send this form, together with applicable fee(s), by mail or fax, or via EFS-Web.

By mail, send to: Mail Stop ISSUE FEE By fax, send to:  (571)-273-2885
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where appropriate. All
further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as indicated unless corrected
below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for maintenance fee notifications.

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

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

92096 7590 09/02/2020 Certificate of Mailing or Transmission

COOpCI' Legal GI'Ollp LLC I hereby certify that this Fee(s) Transmittal is being deposited with the United
° States Postal Service with sufficient postage for first class mail in an envelope
6505 Rockside Road addressed to the Mail Stop ISSUE FEE address above, or being transmitted to
Suite 330 the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below.
Independence, OH 44131 (Typed or printed name)
(Signature)
(Date)
APPLICATION NO. FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. |

15/656,882 07/21/2017 Yu-Hsuan Guo ASUP146US 7223

TITLE OF INVENTION: METHOD AND APPARATUS FOR TRANSMISSION OR RECEPTION USING BEAMFORMING IN A WIRELESS

OMMUNICATION 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 12/02/2020
EXAMINER | ART UNIT | CLASS-SUBCLASS |
PATEL, AJIT 2416 370-329000
1. Change of correspondence address or indication of "Fee Address” (37 2. For printing on the patent front page, list
CFR 1.363). (1) The names of up to 3 registered patent attorneys

or agents OR, alternatively, 1
(2) The name of a single firm (having as a member a
registered attorney or agent) and the names of up to 2
2 registered patent attorneys or agents. If no name is
listed, no name will be printed.

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

(] "Fee Address” indication (or "Fee Address" Indication form PTO/
SB/47; Rev 03-09 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 must have been previously
recorded, or filed for recordation, as set forth in 37 CFR 3.11 and 37 CFR 3.81(a). Completion of this form is NOT a substitute for filing an assignment.

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

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

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

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

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

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

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

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

M| Applicant certifying micro entity status. See 37 CFR 1.29
M| Applicant asserting small entity status. See 37 CFR 1.27

M| Applicant changing to regular undiscounted fee status.

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

Authorized Signature Date

Typed or printed name Registration No.

Page 2 of 3 Petitioners' Exhibit 1002, p. 11
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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. |
15/656,882 07/21/2017 Yu-Hsuan Guo ASUP146US 7223
| EXAMINER |
92096 7590 09/02/2020
Cooper Legal Group LLC PATEL, AJIT
6505 Rockside Road
Suite 330 | ART UNIT PAPER NUMBER |
Independence, OH 44131 2416

DATE MAILED: 09/02/2020

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

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

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

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571)-272-4200.

Page 3 of 3 Petitioners' Exhibit 1002, p. 12
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OMB Clearance and PRA Burden Statement for PTOL-85 Part B

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

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

Privacy Act Statement

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

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

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

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

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

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

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

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

7. Arecord from this system of records may be disclosed, as a routine use, to the Administrator, General Services,
or his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility
to recommend improvements in records management practices and programs, under authority of 44 U.S.C.
2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection
of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall
not be used to make determinations about individuals.
8. 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 inspedPetitionens3 Exhilsitn1.002, p. 13
9. A record from this system of records may be disclosed, as a routinrAT&T &t alRedASUS (Teclhndbog)yl8vCelerity
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regdRR@024-01142



Application No. Applicant(s)
; . 15/656,882 Guo et al.
Notice of Allowability Examiner ArtUnit | AlA (FITF) Status
AJIT PATEL 2416 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 the amendment filed on 7/23/20.
[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 1,4-5,7-8,11-14,17-18,20-21 and 23-26 . 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 a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

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

(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. Notice of References Cited (PTO-892) 5. ¥} 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. Interview Summary (PTO-413),
Paper No./Mail Date.

{AJIT PATEL/
Primary Examiner, Art Unit 2416

U.S. Patent and Trademark Office
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20200826
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DETAILED ACTION
Notice of Pre-AlA or AIA Status
1. The present application, filed on or after March 16, 2013, is being examined
under the first inventor to file provisions of the AlA.

EXAMINER’S AMENDMENT

2. An examiner’s amendment to the record appears below. Should the changes
and/or additions be unacceptable to applicant, an amendment may be filed as provided
by 37 CFR 1.312. To ensure consideration of such an amendment, it MUST be
submitted no later than the payment of the issue fee.

Authorization for this examiner’'s amendment was given in an interview with Mr.
A. Assar on 8/21/20.
3. The application has been amended as follows:

1. (Previously Presented) A method of user equipment (UE) for transmission or

reception using beamforming, the method comprising:

receiving a first signal indicating a first information associated with a network
beam, wherein the first signal is a Medium Access Control (MAC) signaling;

deriving a UE beam by measuring a beam reference signal of the network beam
based on the first information; and

using the UE beam to transmit a periodic Channel State Information (CSI) and to
transmit a scheduling request.

2. (Canceled)

3. (Canceled)

4. (Previously Presented) The method of claim 1, further comprising:

Petitioners' Exhibit 1002, p. 15
AT&T et al v. ASUS Technology & Celerity
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receiving a second signal indicating radio resources for the beam reference

signal and the periodic CSI.

5. (Previously Presented) The method of claim 1, wherein the first information
indicates a configuration related to the beam reference signal of the network beam to be

measured.

6. (Canceled)

7. (Previously Presented) The method of claim 4, wherein the second signal is a
Radio Resource Control (RRC) message.

8. (Currently Amended) A method of a network node for transmission or reception
using beamforming, the method comprising:

selecting a network beam;

transmitting a first signal to a user equipment (UE) to indicate a first information

associated with the network beam for the UE to derive, based on a beam reference

signal of the network beam, a UE beam used to transmit a periodic Channel State

Information (CSI) and to transmit a scheduling request, wherein the first signal is a
Medium Access Control (MAC) signaling; and

using the network beam, mapped to the UE beam, to receive the periodic CSI

and to receive the scheduling request.

9. (Canceled)

10.  (Canceled)

11.  (Currently Amended) The method of claim 8, further comprising:

transmitting a second signal indicating radio resources for [[a]] the beam
reference signal of the network beam and the periodic CSI.

Petitioners' Exhibit 1002, p. 16
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12.  (Currently Amended) The method of claim 8, wherein the first information
indicates a configuration related to [[a]] the beam reference signal of the network beam
to be measured.

13.  (Previously Presented) The method of claim 11, wherein the second signal is a
Radio Resource Control (RRC) message.

14.  (Previously Presented) A User Equipment (UE) for transmission or reception
using beamforming comprising:
a control circuit;
a processor installed in the control circuit; and
a memory installed in the control circuit and coupled to the processor;
wherein the processor is configured to execute a program code stored in the
memory to:
receive a first signal indicating a first information associated with a
network beam, wherein the first signal is a Medium Access Control (MAC)
signaling;
derive a UE beam by measuring a beam reference signal of the network
beam based on the first information; and
use the UE beam to transmit a periodic Channel State Information (CSI)

and to transmit a scheduling request.

15.  (Canceled)

16.  (Canceled)

17.  (Previously Presented) The UE of claim 14, wherein the processor is further
configured to:

receive a second signal indicating radio resources for the beam reference signal
and the periodic CSI.

Petitioners' Exhibit 1002, p. 17
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18.  (Previously Presented) The UE of claim 14, wherein the first information indicates
a configuration related to the beam reference signal of the network beam to be

measured.

19.  (Canceled)

20.  (Previously Presented) The UE of claim 17, wherein the second signal is a Radio
Resource Control (RRC) message.

21.  (Currently Amended) A network node for transmission or reception using
beamforming comprising:
a control circuit;
a processor installed in the control circuit; and
a memory installed in the control circuit and coupled to the processor;
wherein the processor is configured to execute a program code stored in the
memory to:
select a network beam;
transmit a first signal to a user equipment (UE) to indicate a first
information associated with the network beam for the UE to derive, based on a
beam reference signal of the network beam, a UE beam used to transmit a

periodic Channel State Information (CSI) and to transmit a scheduling request,
wherein the first signal is a Medium Access Control (MAC) signaling; and
use the network beam, mapped to the UE beam, to receive the periodic

CSl and to receive the scheduling request.

22.  (Canceled)

23.  (Currently Amended) The network node of claim 21, wherein the processor is
further configured to:

Petitioners' Exhibit 1002, p. 18
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transmit a second signal indicating radio resources for [[a]] the beam reference
signal of the network beam and the periodic CSI, wherein the second signal is a Radio
Resource Control (RRC) message.

24.  (Previously Presented) The method of claim 1, further comprising:
receiving an indication of candidates of network beams for communication with a

network node.

25.  (Previously Presented) The method of claim 8, further comprising:
transmitting, to the UE, an indication of candidates of network beams for

communication with the network node.

26.  (Previously Presented) The UE of claim 14, wherein the processor is further
configured to:
receive an indication of candidates of network beams for communication with a

network node.

27.  (Previously Presented) The network node of claim 21, wherein the processor is
further configured to:
transmit, to the UE, an indication of candidates of network beams for

communication with the network node.

Conclusion

4. Any inquiry concerning this communication or earlier communications from the
examiner should be directed to AJIT PATEL whose telephone number is (571)272-

3140. The examiner can normally be reached on Monday-Friday 9AM-5PM.

Petitioners' Exhibit 1002, p. 19
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Examiner interviews are available via telephone, in-person, and video
conferencing using a USPTO supplied web-based collaboration tool. To schedule an
interview, applicant is encouraged to use the USPTO Automated Interview Request
(AIR) at http://www.uspto.gov/interviewpractice.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’'s
supervisor, NOEL BEHARRY can be reached on 571-270-5630. 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 https://ppair-
my.uspto.gov/pair/PrivatePair. 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.

/AJIT PATEL/
Primary Examiner, Art Unit 2416

Petitioners' Exhibit 1002, p. 20
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Application No. Applicant(s)

, ., , 15/656,882 Guo et al.
Examiner-Initiated Interview Summary
Examiner Art Unit AlA (FITF) Status
AJIT PATEL 2416 Yes

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

(1) AJIT PATEL. ) S

(2) Mr. A. Assar. 4) .

Date of Interview: 21 August 2020.

Type: Telephonic  [J Video Conference
O Personal [copy given to: (J applicant [J applicant's representative]

Exhibit shown or demonstration conducted: [ Yes No.
If Yes, brief description:

Issues Discussed [J 101 112 00102 [O103 O Others

(For each of the checked box(es) above, please describe below the issue and detailed description of the discussion)

Claim(s) discussed: 8 and 21.
Identification of prior art discussed: None.

Substance of Interview
(For each issue discussed, provide a detailed description and indicate if agreement was reached. Some topics may include: identification or clarification of a reference

or a portion thereof, claim interpretation, proposed amendments, arguments of any applied references etc...)

The examiner and the attorney discussed 112 2nd para. in claims 8,12. The attorney agreed to amend the claims
and authorized the examiner's amendment..

Applicant recordation instructions: It is not necessary for applicant to provide a separate record of the substance of interview.

Examiner recordation instructions: Examiners must summarize the substance of any interview of record. A complete and proper recordation of the
substance of an interview should include the items listed in MPEP 713.04 for complete and proper recordation including the identification of the general
thrust of each argument or issue discussed, a general indication of any other pertinent matters discussed regarding patentability and the general results or
outcome of the interview, to include an indication as to whether or not agreement was reached on the issues raised.

O Attachment

IAJIT PATEL/
Primary Examiner, Art Unit 2416

U.S. Patent and Trademark Office
PTOL-413B (Rev. 8/11/2010) Interview Summary Paper No. 20200826
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Docket No. 1050151-US-D1 ASUP146US

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re PATENT application of:

Applicant:  Yu-Hsuan Guo

Serial No.:  15/656,882

For: METHOD AND APPARATUS FOR TRANSMISSION OR RECEPTION
USING BEAMFORMING IN A WIRELESS COMMUNICATION SYSTEM

Filing Date: July 21, 2017

Examiner:  AJIT. PATEL

Art Unit: 2416

REPLY TO NON-FINAL OFFICE ACTION DATED APRIL 29, 2020

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

Alexandria, VA 22313-1450

Dear Commissioner,

Favorable reconsideration of the above-identified application is respectfully

requested in view of the following remarks and amendments.
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AMENDMENTS
IN THE CLAIMS:
Claims 1, 4-5, 7-8, 11-14, 17-18, 20-21 and 23-27 are pending as follows:
1. (Previously Presented) A method of user equipment (UE) for transmission or

reception using beamforming, the method comprising:

receiving a first signal indicating a first information associated with a network
beam, wherein the first signal is a Medium Access Control (MAC) signaling;

deriving a UE beam by measuring a beam reference signal of the network beam
based on the first information; and

using the UE beam to transmit a periodic Channel State Information (CSl) and to

transmit a scheduling request.

2. (Canceled)

3. (Canceled)

4. (Previously Presented) The method of claim 1, further comprising:
receiving a second signal indicating radio resources for the beam reference

signal and the periodic CSI.

5. (Previously Presented) The method of claim 1, wherein the first information
indicates a configuration related to the beam reference signal of the network beam to be

measured.

6. (Canceled)
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7. (Previously Presented) The method of claim 4, wherein the second signal is a
Radio Resource Control (RRC) message.
8. (Previously Presented) A method of a network node for transmission or reception

using beamforming, the method comprising:

selecting a network beam;

transmitting a first signal to a user equipment (UE) to indicate a first information
associated with the network beam for the UE to derive a UE beam used to transmit a
periodic Channel State Information (CSI) and to transmit a scheduling request, wherein
the first signal is a Medium Access Control (MAC) signaling; and

using the network beam to receive the periodic CSl and to receive the scheduling

request.
9. (Canceled)
10.  (Canceled)
11.  (Previously Presented) The method of claim 8, further comprising:
transmitting a second signal indicating radio resources for a beam reference
signal of the network beam and the periodic CSlI.
12.  (Previously Presented) The method of claim 8, wherein the first information
indicates a configuration related to a beam reference signal of the network beam to be

measured.

13.  (Previously Presented) The method of claim 11, wherein the second signal is a
Radio Resource Control (RRC) message.

14.  (Previously Presented) A User Equipment (UE) for transmission or reception
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using beamforming comprising:
a control circuit;
a processor installed in the control circuit; and
a memory installed in the control circuit and coupled to the processor;
wherein the processor is configured to execute a program code stored in the
memory to:
receive a first signal indicating a first information associated with a
network beam, wherein the first signal is a Medium Access Control (MAC)
signaling;
derive a UE beam by measuring a beam reference signal of the network
beam based on the first information; and
use the UE beam to transmit a periodic Channel State Information (CSl)

and to transmit a scheduling request.

15.  (Canceled)

16.  (Canceled)

17.  (Previously Presented) The UE of claim 14, wherein the processor is further
configured to:

receive a second signal indicating radio resources for the beam reference signal
and the periodic CSI.

18.  (Previously Presented) The UE of claim 14, wherein the first information indicates
a configuration related to the beam reference signal of the network beam to be

measured.

19.  (Canceled)
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20.  (Previously Presented) The UE of claim 17, wherein the second signal is a Radio

Resource Control (RRC) message.

21.  (Previously Presented) A network node for transmission or reception using
beamforming comprising:
a control circuit;
a processor installed in the control circuit; and
a memory installed in the control circuit and coupled to the processor;
wherein the processor is configured to execute a program code stored in the
memory to:
select a network beam;
transmit a first signal to a user equipment (UE) to indicate a first
information associated with the network beam for the UE to derive a UE beam
used to transmit a periodic Channel State Information (CSI) and to transmit a
scheduling request, wherein the first signal is a Medium Access Control (MAC)
signaling; and
use the network beam to receive the periodic CSl and to receive the

scheduling request.

22.  (Canceled)

23.  (Previously Presented) The network node of claim 21, wherein the processor is
further configured to:

transmit a second signal indicating radio resources for a beam reference signal
of the network beam and the periodic CSI, wherein the second signal is a Radio

Resource Control (RRC) message.

24.  (Previously Presented) The method of claim 1, further comprising:

receiving an indication of candidates of network beams for communication with a
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network node.

25.  (Previously Presented) The method of claim 8, further comprising:
transmitting, to the UE, an indication of candidates of network beams for

communication with the network node.

26.  (Previously Presented) The UE of claim 14, wherein the processor is further
configured to:
receive an indication of candidates of network beams for communication with a

network node.

27.  (Previously Presented) The network node of claim 21, wherein the processor is
further configured to:
transmit, to the UE, an indication of candidates of network beams for

communication with the network node.
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REMARKS
Claims 1, 4-5, 7-8, 11-14, 17-18, 20-21 and 23-27 are pending in the application,
and are all rejected. No claims are amended herein. Reconsideration of the application

in light of the following remarks is respectfully requested.

L REJECTION OF CLAIMS 1,4,5,8,11, 12, 14, 17, 18, 21 AND 24-27 UNDER
35 U.S.C. §103(a)

Claims 1,4,5,8,11,12, 14,17, 18, 21 and 24-27 are rejected under 35 U.S.C. §
103(a) as allegedly being unpatentable over Li, U.S. Publication No. 2013/0286960
(hereinafter “Li”) in view of Suzuki, U.S. Publication No. 2018/0160421 (hereinafter
“Suzuki”). Withdrawal of this rejection is respectfully requested for at least the following

reasons.

Independent claim 1 provides for, among other things, receiving a first signal

indicating a first information associated with a network beam, wherein the first
signal is a Medium Access Control (MAC) signaling; deriving a UE beam by
measuring a beam reference signal of the network beam based on the first
information; and using the UE beam to transmit a periodic Channel State
Information (CSI) and to transmit a scheduling request, and independent claims 8,

14 and/or 21 are believed to provide for at least some similar features.

It is respectfully submitted that the references cited fail to teach and/or suggest at
least these features.

For example, Li provides that:

[0139] The measurement report 1405 from UE 116, can be configured to
include information, such as, good pairs of BS TX beams and MS RX
beams, and MS RX beams capability such as which RX beams can be
formed by steering or concurrently, and so forth. The report 1405
alternatively can include the sets of the beam pairs that UE 116 can
receive where in each set the beam pairs can be received concurrently,
and so forth. (Emphasis added)

[0140] Based on the report, BS 102 decides 1410 which one or multiple
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data control beams to include the information (e.g., the resource allocation
information) for UE 116. BS 102 can decides 1415 the transmission
schemes of the selected beams for UE 116, e.g., whether to steer the
beams or concurrently transmit the information over multiple beams.
(Emphasis added)

[0141] BS 102 sends UE 116 the information 1420, which includes its TX
beams to be used. The information 1420 also can include how the BS TX
beams are transmitted, e.g., by steering, or the beams being concurrently
transmitted. (Emphasis added)

[0142] Alternatively, BS 1102 can inform UE 1186, via the information 1420,
which MS RX beams to use, if BS 102 has the knowledge about the MS's
RX beams corresponding to the BS TX beams. Such knowledge can be
obtained from UE 116's report 1405 on the good pairs of BS TX beams
and MS RX beams. (Emphasis added)

[0143] UE 116 sends the confirmation 1425 to BS 102. In certain
embodiments, the confirmation is omitted.

[0144] BS 102 uses 1430 the selected TX beam(s) to transmit the
information to UE 116. The information includes the resource allocation for
UE 116. (Emphasis added)

[0145] UE 116 then uses 1435 RX beams corresponding to the informed
BS TX beam(s) to receive the BS TX beam(s). For example, if the
informed BS TX beams are concurrent, UE 116 can use one or multiple
beams to receive the TX beams. (Emphasis added)

That is, Li seems to provide for a UE providing a measurement report to a BS,
the BS using the measurement report to select control beams for the UE and sending
the UE information comprising a transmission beam of the BS and/or a reception beam
of the UE, and the UE using the reception beam of the UE to receive the transmission
beam of the BS.

Li seems to be silent as to deriving a UE beam by measuring a beam reference

signal of a network beam based on first information indicated in a MAC signal, and the

UE using the derived UE beam to transmit a periodic CSI and a scheduling request.
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It is respectfully submitted that a UE providing a measurement report to a BS,
the BS using the measurement report to select control beams for the UE and
sending the UE information comprising a transmission beam of the BS and/or a
reception beam of the UE, and the UE using the reception beam of the UE to

receive the transmission beam of the BS, as provided for by Li, does not teach

receiving a first signal indicating a first information associated with a network
beam, wherein the first signal is a Medium Access Control (MAC) signaling;
deriving a UE beam by measuring a beam reference signal of the network beam

based on the first information; and using the UE beam to transmit a periodic

Channel State Information (CSI) and to transmit a scheduling request as provided

for by independent claim 1, and as similarly provided for by independent claims 8, 14
and/or 21, at least in part. Suzuki is believed to fail to make up for the deficiencies of Li.
It is thus respectfully submitted that independent claims 1, 8, 14 and 21 and the
remaining claims that depend therefrom are not taught by the suggested combination,
and allowance of the same is therefore respectfully requested.

Therefore, withdrawal of the rejection and allowance of the pending claims is
respectfully requested.

1. REJECTION OF CLAIMS 7, 13, 20 AND 23 UNDER 35 U.S.C. § 103
Claims 7, 13, 20 and 23 are rejected under 35 U.S.C. § 103 as allegedly being
unpatentable over Li and Suzuki and further in view of Deng, U.S. Publication No.

2019/0104549 (hereinafter “Deng”). Withdrawal of this rejection is respectfully
requested for at least the following reasons.

Claims 7, 13, 20 and 23 depend from independent claims 1, 8, 14 or 21, which
are believed to be allowable over Li and Suzuki for at least the foregoing reasons. ltis
believed that Deng does not make up for at least the aforementioned deficiencies of Li
and Suzuki with regard to independent claims 1, 8, 14 and 21. Independent claims 1, 8,
14 and 21 are therefore believed to be allowable over the suggested combination, and

claims 7, 13, 20 and 23 are believed to be allowable as well at least because they
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depend from independent claims 1, 8, 14 or 21.
Therefore, withdrawal of the rejection and allowance of the pending claims is

respectfully requested.
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IIl. CONCLUSION

For at least the above reasons, the claims under consideration are believed to be
in condition for allowance. It is to be appreciated that while reference may be made
back to certain parts of the application in this Reply (e.g., page numbers, line numbers,
Figs., etc.), that such referencing is not to be interpreted in a limiting manner (e.g., to
limit the scope of the claims and/or features therein to the particular portion(s)
referenced), but is instead merely done for purposes of explanation, illustration and/or
ease of understanding, for example. Additionally, at least one of A and B and/or the like
generally comprises A or B and/or both A and B. Also, first, second, third, etc. are
generally merely used as names, designators, etc. and are not necessarily meant to
imply an ordering, temporal relation, etc. Although the present communication may
include alterations to the application or claims, or characterizations of claim scope or
referenced art, the Applicant is not conceding that previously pending claims are not
patentable over the cited references. Rather, any alterations or characterizations are
being made to facilitate expeditious prosecution of this application. Applicant reserves
the right to pursue at a later date any previously pending or other broader or narrower
claims that capture any subject matter supported by the present disclosure, including
subject matter found to be specifically disclaimed herein or by any prior prosecution.
Accordingly, reviewers of this or any parent, child or related prosecution history shall not
reasonably infer that the Applicants have made any disclaimers or disavowals of any

subject matter supported by the present application.
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Should the Examiner feel that a telephone interview would be helpful to facilitate
favorable prosecution of the above-identified application, the Examiner is invited to
contact the undersigned at the telephone number provided below.

Should any fees be due as a result of the filing of this response, the
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INITIAL ACCESS IN HIGH FREQUENCY WIRELESS SYSTEMS

CROSS REFERENCE TO RELATED APPLICATION
[0001] This application claims the benefit of U.S. provisional application
No. 62/084,938, filed November 26, 2014, and U.S. provisional application No.
62/218,376, filed September 14, 2015, the content of which are hereby

incorporated by reference herein.

BACKGROUND
10002] In order to meet the high data rate required for the next
generation of cellular communication systems, above-8 GHz frequencies, e.g.,
at centimeter wave (cmW) and millimeter wave (mmW) frequencies, have been
explored. The large bandwidth available at these frequencies may provide
enormous capacity improvements for user-specific data transmissions. Une
challenge of using these above-6 GHz frequencies may be characteristics
related to their propagation which may be unfavorable for wireless
communication, especially in an outdoor environment. For example, higher
frequency transmissions may experience higher free space path loss. Rainfall
and atmospheric gasses, e.g., oxvgen, may add further attenuation and foliage
may cause attenuation and depolarization. The narrow beam pattern which
may be used to counter these losses may pose challenges for an evolved node B
(eNB), for example, in delivering cell-specific or broadcast information. As a
result, initial mmW access link system design may focus on specific cellular
system procedures that enable add-on ramW data fransmissions, for example,
at least downlink transmissions to an existing network such as a small cell

Long-Term Evolution (LTE) network.

SUMMARY
[0003] Methods and systems for enabhng multi-angle of arrival (AcA)

receptions for an incoming transmission at multiple angular directions to
mitigate against radio link imterruptions are described. One or more random
access (RA) resource sets may be provided by a small cell millimeter wave
(mmW) evolved node B (eNB) (8CmB) via signaling. An RA resource set may
-
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be selected based on an SCmB downlink (DL) measurement or a DL transmit
beam by an mWTRU. Methods and systems are further provided for an
mWTRU to perform an RA procedure using a selected BEA resource set. An
mWTRU may select or use multiple RA resource sets, wherein each RA
resource set in the multiple RA resource sets 1s associated with an SCmB UL
receive beam.

[0004] For example, a transmit/receive unit (WITRU) may include a
receiver configured to receive a plurality of random access (HA) resource sets,
where each of the plurality of RA resource sets is associated with a node-B
directional beam of a plurality of node-B directional beams. The WTRU may
meciude at least one processor configured to select multiple RA resource sets
from among the plurahity of RA resource sets based on the plurality of node-B
directional beams, and the at least one processor may be configured to initiate
an RA procedure based on the selected multiple BA resource sets, where the
KA procedure includes selecting multiple preambles, and where each of the
selected multiple preambles corresponds to one of the selected multiple RA
resource sets, The WTRU may include a transmitter configured to
sequentially transmit the selected multiple preambles to a node-Ban
sequential RA transmissions. In addition, the receiver and the processor may
be further configured to receive, from the node-B, in response to the sequential
BA transmissions, at least one random access response (BAR), where sach of
the received at least one RAR corresponds to one of the transmitted multiple
preambles.

[0005] According to another example, a method for use by a wireless
transmit/receive unit may include receiving, by the WTRU, a plurality of
random access (RA) rescurce sets, whers each of the plurality of RA rescurce
sets 15 associated with a node-B divectional beam of a plurality of node-B
directional beams; selecting, by the WTRU, multiple RA resource sets from
among the plurality of RA resource sets based on the plurality of node-B
directional beams; initiating, by the WTRU, an RA procedure based on the
selected multiple RA resource sets, where the RA procedure includes selecting

multiple preambles, and where each of the selected multiple preambles

-3
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corresponds to one of the selected multiple BA resource sets; transmitting, by
the WTRU, the selected multiple preambles £0 a node-B in sequential RA
transmissions; and receiving, by the mWTRU, from the node-B in response to
the sequential RA transmissions, at least one random access response (HAR),
where each of the received at least one RAR corresponds to one of the
transmitted multiple preambles.

[0008] According to another example, an mWTRU may include a
receiver configured to receive a plurality of random access (HA) resource sets,
where each of the plurality of RA resource sets 15 associated with a node-B
directional beam. The WTRU may include at least one processor configured to
select a first RA resource set and a second RA resource set from among the
plurality of RA resource sets, and mmitialize a first RA procedure based on the
selected first RA resource set and a second RA procedure based on the selected
second RA resource set, where the first and the second BA procedures are
performed substantially at the same time. The mWTRU may include a
transmitter configured to transmit a first RA transmission according to the
first RA procedure and transmit a sccond RA transmission according to the
second RA procedure, wheve the first and the second RA transnussions ave
transmitted substantially at the same time. The receiver may be further
configured to receive, from the node-B, in response to at least one of the first
and the second EA transmaissions, at least one random access response (EAR)
which corresponds to at least one of the first and the second selected RA

resource sets.

BRIEF DESCRIPTION OF THE DRAWINGS
{0007] A more detailed understanding may be had from the following
description, given by way of example in conjunction with the accompanying
drawings wherein:
[0008] FIG. 1A 18 a system diagram of an example communications

system in which one or more disclosed embodiments may be implemented;

[53
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{0009] FI. 1B 1s a system diagram of an example wireless
transmit/receive umit (WTRU) that may be used within the communications
system illustrated in FIG. 14;

10010] FIG. 10 15 a systern diagram of an example radio access network
and an example core network that may be used within the cormmunications

system illustrated in FIG. 14A;

[0011] FIG. 2 is a diagram of an example 5CmB deployment;

{06012] FiG. 318 a comparison of frequency and spatial filtering;

{0013] FIGz. 4 15 a diagram of an example OFDM frame structure;

[0014] FIG. 5 15 a diagram of a mmW downlink logical, transport and

physical channel mapping;

[0015]

FIG, 6 1s a diagram of an example mWTRU utihizing a fully

digitized beamforming approach;

{0016]

FIG. 7 is a diagram of an example mWTRU utilizing analogue

beamforming with one phase antenna array and one RI chaig;

[0017]

FIG. 8 a diagram of an example mWTRU utilizing analog

beamforming with one PAA and two RF chains;

[0018]

FIG. 9 18 a diagram of an example mWTRU utilizing analog

beamforming with two PAAs and two RF chains;

{0019]

FIG. 10 15 a diagram of an exarmple mWTRU utilizing analogue

eamforming with two PAAs and one RF chain:

[0020] FIG. 11A 15 an example illustration of a 2D narrow beam pattern;
16021 FIG. 11B is an example illustration of a2 3D narrvow beam pattern;
[0022] FIG. 12 18 an example illustration of a 3D broadside broad beam
pattern;

[0023] FIG. 1315 a diagram of an example mmW SCmB downlink broad-

beam and narrow-beam configuration;

10024] FIG. 14 15 a diagram of a narrow beam pairing procedure;
[0025] FIG. 156 15 a diagram of an mWTRU receive antenna pattern

sweep for spatial path detection;

{0026]

FIG., 16 158 a call flow for a mmW beam pairing messaging

procedure;
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[0027] FlGz. 17 1s a diagram of an mWTRU mulii-AcA reception using a

single multi-lobe beam;

[0028] FIG. 18A 15 2 2D diagram of a single multi-lobe beam pattern;
10029] FIG. 18B s a 3D diagram of a single multi-iobe beam pattern;
{0030] FIGS. 19A-B are diagrams of an example beam switching
procedure;

10031] FIG. 20 15 a diagram of an mWTRU multi-AOA reception using a

single narrow beam for a new transmission in transmitting time interval (I'T'H
N; and
10032] FIG. 21 1s a diagram of an mWTRL multi-AocA reception using a

single narrow beam for retransmission in TTT N+X.

[0033] FIG. 22 15 a diagram of an example RA acquisition and selection
procedure;
[0034] FIG. 23 15 a diagram of an example RA acqusition, selection and

confirmation procedure;

{0035] FIG. 24 iz an example random access beamforming index
(RABFI) / random access preamble identifier (RAPID) mmW MAC subheader;
{0036] FiG. 25 18 an examplie mmW MAC BAR;

[0037] FIG., 26 18 an example mmW MAC PDU comprising of an

example mmW MAC header and example mmW MAC RARs.

DETAILED DESCRIPTION

{0038] FIG. 1A 1s a diagram of an example communications system 100
in which one or more disclosed embodiments may be implemented. The
communications system 100 may be a multiple access system that provides
content, such as voice, data, video, messaging, broadcast, etc., to multiple
wireless users. The communications system 100 may enable multiple wireless
users to access such content through the sharing of system resources,
including wireless bandwidth., For example, the communications systems 100
may employ one or more channel access methods, such as code divigion

multiple access (CDMA), time division multiple access (TDMA), frequency
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division multiple access (FDMA), orthogonal FDMA (OFDMA), single-carrier
FDMA (SC-FDMA), and the hke.

[0039] As shown m FIG. 1A, the communications system 100 may
include wireless transmit/receive umits (WTRUs) 102a, 102b, 102¢, 102d, a
radio access network (RAN) 104, a core network 106, a pubhlic switched
telephone network (PSTN) 108, the Internet 110, and other networks 112,
though it will be appreciated that the disclosed embodiments contemplate any
nurmber of WIRUg, base stations, networks, and/or network elements. Hach of
the WTRUs 102a, 102b, 102¢, 102d may be any type of device configured to
operate and/or communicate i a wireless environment, By way of example,
the WTRUs 102a, 102bh, 10Z2¢, 102d may be configured to transmit and/or
receive wireless signals and may include user equipment (UE), a mobile
station, a fixed or mobile subscriber unit, a pager, a cellular telephone, a
personal digital assistant (PBA), a smartphone, a laptop, a netbook, a
personal computer, a wireless sensor, consumer electronics, and the hike.
{0040] The communications systems 100 may also include a base station
114a and a basc station 114b. Each of the base stations 114a, 114b may be
any type of device configured to wirelessly interface with at least one of the
WTRUs 102a, 102b, 102¢, 102d to facilitate access to one or more
communication networks, such as the core network 106, the Internet 110,
and/or the other networks 112, By way of example, the base stations 114a,
114b may be a base transceiver station (BTS), a Node-B, an eNode B, a Home
Node B, a Home eNode B, a site controller, an access point (AP), a wireless
router, and the like, While the base stations 114a, 114b are each depicted as a
single element, it will be appreciated that the base stations 114a, 114b may
include any number of interconnected base stations and/or network elements.
10041] The base station 114a may be part of the RAN 104, which may
also mclude other base stations and/or network elements (not shown}, such as
a base station controller (BSC), a radio network controller (RNC), relay nodes,
ete. The base station 114a and/or the base station 114b may be configured to
transmit and/or receive wireless signals within a particular geographic region,

which may be referred to as a cell (not shown). The cell may further be
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divided into cell sectors. For example, the cell associated with the base station
114a may be divided into three sectors. Thus, in one embodiment, the base
station 114a may include three transceivers, for example, one for sach sector
of the cell. In another embodiment, the base station 114a may employ
multiple-input multiple-cutput (MIMO) technology and, therefore, may utilize
multiple transceivers for each sector of the cell.

[0042] The base stations 114a, 114b may communicate with one or more
of the WTHUs 102a, 102b, 102¢, 102d over an air interface 116, which may be
any suitable wireless communication hnk ({e.g., radic frequency (RF),
microwave, infrared (IR}, ultraviolet (UV), visible light, ete.). The air interface
116 may be established using any suitable radio access technology (RAT).
0043] More specifically, as noted above, the communications system
100 may be a multiple access system and may employ one or more channel
access schemes, such as CDMA, TDMA, FODMA, OFDMA, 3C-FDMA, and the
like. For example, the base station 114a in the RAN 104 and the WTRUs
102a, 102b, 10Zc may implement a radio technology such as Universal Mobile
Telecommunications System (UMTS) Terrestrial Radio Access (UTRA), which
may estabhsh the air interface 116 using wideband CDMA (WUDMA).
WOCDMA may melude communication protocols such as High-Speed Packet
Access (HSPA) and/or Evolved HSPA (HSPA+). HSPA may include High-
Speed Downlink Packet Access (HSDPA) and/or High-Speed Uplink Packet
Access (HSUPA).

{0044] In another embodiment, the base station 114a and the WTRUs
102a, 102b, 10Z2¢ may implement a radio technology such as Evolved UMTS
Terrestrial Radio Access (E-UTRA), which may establish the aiwr interface 116
using Long Term Evolution (LTE) and/or LTE-Advanced (LTE-A).

10045] In other embodiments, the base station 114a and the WTRUs
102a, 102b, 102¢ may implement radio technologies such as IEEE 802.16 (1e.,
Worldwide Interoperability for Microwave Access (WiMAX)), CDMAZ000,
CDMAZ2000 1X, CDMAZ2000 EV-DO, Interim Standard 2000 (IS-2000), Interim
Standard 95 (18-98), Interim Standard 856 (I5-856), Global Systern for Mobile
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communications (GSM), Enhanced Data rates for GSM Evolution (EDGE),
GSM EDGE (GERAN), and the hike.

[0046] The base station 114b in FIG. 1A mayv be a wireless router, Home
Node B, Home eNode B, or access point, for example, and may utilize any
suttable RAT for facihtating wireless connectivity in a locahized area, such as a
place of business, a home, a vehicle, a campus, and the hke. In one
embodiment, the base station 114b and the WTRUs 102¢, 102d may
implement a radic technology such as HEEE B02.11 to establish a wireless
local area network (WLAN). In another embodiment, the base station 114b
and the WITRUs 102¢, 102d may implement a radio technology such as IEEE
802.15 to establish a wireless personal area network (WPAN). In yet another
embodiment, the base station 114b and the WTRUs 102¢, 102d may utilize a
cellular-based RAT (e.g., WCDMA, CDMA2000, GSM, LTE, LTE-A, ete) to
establish a picocell or femtocell, As shown in FIG. 1A, the base station 114b
may have a direct connection to the Internet 110. Thus, the base station 114b
may not be required to access the Internet 110 via the core network 106.

[0047] The RAN 104 may be in communication with the core network
106, which may be any type of network configured to provide voiwce, data,
apphications, and/or voice over internet protocol (VolP) services to one or more
of the WTRUs 102a, 102b, 102¢, 102d. For example, the core network 106 may
provide call control, billing services, mobile location-based services, pre-paid
calling, Internet connectivity, video distribution, etc., and/or perform high-
level security functions, such as user authentication. Although not shown in
FIG. 1A, it will be appreciated that the RAN 104 and/or the core network 106
may be in direct or indirect cormmmunication with other RANs that employ the
same RAT as the RAN 104 or a different RAT. For example, in addition to
being connected to the RAN 104, which may be utilizing an E-UTRA radio
technology, the core network 106 may also be in commumcation with another
RAN (not shown) employing a GSM radio technology.

[0048] The core network 106 may alse serve as a gateway for the
WIRUs 102a, 102b, 102¢c, 1024 to access the PSTN 108, the Internet 110,

and/or other networks 112, The PSTN 108 may include circuit-switched
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telephone networks that provide plain old telephone service (POTS). The
Internet 110 may include a global system of interconnected computer
networks and devices that use common communication protocols, such as the
transmission control protocol (TCP), user datagram protocol {UDP) and the
internet protocol (IP) in the TCP/IP internet protocol suite. The networks 112
may include wired or wireless communications networks owned and/or
operated by other service providers., For example, the networks 112 may
include another core network connected to one or more RANs, which may
employ the same RAT as the RAN 104 or a different RAT.

[0049] Some or all of the WTRUs 102a, 102b, 102¢, 102d in the
communications system 100 may include multi-mode capabilifies, i.e., the
WTRUs 102a, 102b, 102¢, 102d may include multiple transceivers for
communicating with different wireless networks over different wireless links.
For example, the WTRU 102¢ shown m FIG. 1A may be configured to
communicate with the base station 114a, which may employ a cellular-hased
radio technology, and with the base station 114b, which may employ an [EEE
802 radio technology.

{0050] FIG. 1B 15 a system diagram of an example WTRU 102. As
shown in FIG. 1B, the WTRU 102 may mclude a processor 118, a transceiver
120, a transmit/receive element 122, a speaker/microphone 124, a kevpad 126,
a display/touchpad 128, non-removable memory 130, removable memory 132,
a power source 134, a global positioning system (GPS) chipset 126, and other
sub-combination of the foregoing elements while remaining consistent with an
embodiment.

[0051] The processor 118 may be a general purpose processor, a special
purpose processor, a conventional processor, a digital signal processor (BSP), a
plurality of microprocessors, one Or more MICroprocessors in association with a
BSP core, a controller, a microcontroller, Application Specific Integrated
Circuits (ASICs), Field Programmable Gate Array (FPGAs) circuits, any other
type of imtegrated circuit (10), a state machine, and the like. The processor

118 may perform signal coding, data processing, power control, mputioutput
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processing, and/or any other functionahty that enables the WTRU 102 to
operate in a wireless environment. The processor 118 may be coupled to the
transceiver 120, which may be coupled to the transmit/receive slement 122,
While FIG. 1B depicts the processor 118 and the transceiver 120 as separate
components, it will be appreciated that the processor 118 and the transceiver
120 may be integrated together in an electronic package or chip.

10062] The transmit/receive element 122 may be configured to transmit
signals to, or receive signals from, a base station {(e.g., the base station 114a)
over the air interface 116. For example, in one embodiment, the
transmit/receive element 122 may be an antenna configured to transmit
and/or receive RF signals. In another embodiment, the transmit/receive
element 122 may be an emitter/detector configured to transmit and/or receive
IR, UV, or vigible light signals, for example. In vet another embodiment, the
transmit/receive element 122 may be configured to transmit and receive both
BRI and hight signals. It will be appreciated that the transmitireceive element

122 may be configured to transmit and/or receive any combination of wireless

signals.
{00563 In addition, although the transmit/receive element 122 1s

depicted 1w FIG. 1B as a single element, the WTRU 102 may include any
number of transmit/receive elements 122, More specifically, the WTRU 102
may employ MIMO technology. Thus, in one embodiment, the WIRU 102
may include two or more transmit/receive elements 122 (e.g., multiple
antennas) for transmitting and rveceiving wireless signals over the air
mterface 116.

[0054] The transceiver 120 may be configured to modulate the signals
that are to be transmitted by the transmit/receive element 122 and to
demodulate the signals that ave received by the transmit/receive element 122,
As noted above, the WTRU 102 may have multi-mode capabilities. Thus, the
transceiver 120 may include multiple transceivers for enabling the WTRU 102
to communicate via multiple BATs, such as UTREA and IEEE 802.11, for

example.
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[0055] The processor 118 of the WTRU 102 may be coupled to, and may
receive user input data from, the speaker/microphone 124, the keypad 126,
and/or the display/touchpad 128 (e.g., a liguid crystal display (LCD) display
unit or organic hght-emitting diode (OLED) display unit). The processor 118
may also cutput user data to the speaker/microphone 124, the keypad 126,
and/or the display/ouchpad 128, In addition, the processor 118 may access
information from, and store data in, any type of suitable memory, such as the
non-removable memory 130 and/or the removable memory 132. The non-
removable memory 130 may include random-access memory (BEAM), read-only
memory {(ROM), a hard disk, or any other type of memory storage device. The
removable memory 132 may meclude a subscriber identity module (SIM) card,
a memory stick, a secure digital (8D} memory card, and the like. In other
embodiments, the processor 118 may access information from, and store data
i, memory that is not physically located on the WTRU 102, such as on a
server or a home computer (not shown).

[0056] The processor 118 may receive power from the power source 134,
and may be configured to distribute and/or control the power to the other
components in the WITRU 102, The power source 134 may be any suitable
device for powering the WTRU 102. For example, the power source 134 may
include one or more dry cell batteries (e.g., nickel-cadmium (NiCd), nickel-zinc
{(N1Zn), nickel metal hydride (NiMH), lithium-1on (Li-ion), etc.), solar cells, fusl
cells, and the like.

{0057 The processor 118 may also be coupled to the GPS chipset 1386,
which may be configured to provide location information {e.g., longitude and
latitude) regarding the current location of the WTRU 102. In addition to, or in
lieu of, the information from the GPS chipset 136, the WTRU 102 may receive
location information over the air interface 116 from a base station (e.g., base
stations 114a, 114Db) and/or determine its location based on the timing of the
signals being received from two or more nearby base stations. It will be
appreciated that the WTRU 102 may acquire location imformation by way of
any suitable location-determination method while remaining consistent with

an embodiment.
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[0058] The processor 118 may further be coupled to other peripherals
138, which may include one or more software andfor hardware modules that
provide additional features, functionality and/or wired or wireless
connectivity. For example, the peripherals 138 may include an accelerometer,
an e-compass, a satellite transceiver, a digital camera (for photographs or
video), a universal serial bus (USB) port, a vibration device, a television
transceiver, a hands free headset, a Bluetooth® module, a frequency

modulated (M) radio umit, a digital music player, a media player, a video

game player module, an Internet browser, and the like,
{0059 FIG. 1C 1s a system diagram of the RAN 104 and the core

network 106 according to an embodiment. As noted above, the RAN 104 may
employ an E-UTRA radio technology to communicate with the WITRUs 102a,
102b, 10Z2¢ over the air nterface 116, The RAN 104 may also be in
communication with the core network 106.

[0060] The RAN 104 may include eNode-Bs 140a, 140h, 140c¢, though it
will be appreciated that the RAN 104 may include any number of eNode-Bs
while remaining consistent with an embodiment. The eNode-Bs 140a, 140b,
140c may each mclude one or more transceivers for comrounicating with the
WTRUs 1024, 102b, 102¢ over the air interface 116, In one embodiment, the
eNode-Bs 140a, 140b, 140¢ may mnplement MIMO technology. Thus, the
eNode-B 140a, for example, may use multiple antennas to transmit wireless
signals to, and receive wireless signals from, the WTRU 102a.

[0061] Each of the eNode-Bs 140a, 140b, 140c may be associated with a
particular cell (not shown) and may be configured to handle radio resource
management decisions, handover decisions, scheduling of users in the uplink
and/or downlink, and the like. As shown in FIG. 1C, the eNode-Bs 140a, 140b,
140c may communicate with one another over an X2 interface.

10062] The core network 106 shown in FIG. 1€ may include a mobility
management entity gateway (MME) 142, a serving gateway 144, and a packet
data network (PDN) gateway 146. While each of the foregoing elements are

depicted as part of the core network 106, it will be appreciated that any one of
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these elermnents may be owned and/or operated by an entity other than the core
network operator,

[0063] The MME 142 may be connected to each of the eNode-Bs 140a,
140b, 140¢ in the RAN 104 via an S1 interface and may serve as a control
node. For example, the MME 142 may be responsible for authenticating users
of the WTRUs 102a, 102b, 10Z2¢, bearer activation/deactivation, selecting a
particular serving gateway during an mitial attach of the WTRUs 102a, 102b,
102¢, and the hike. The MME 142 may also provide a control plane function
for switching between the RAN 104 and other RANs (not shown) that employ
other radio technologies, such as GSM or WCDMA.

[0064] The serving gateway 144 may be connected to each of the eNode
Bs 140a, 140b, 140¢ in the RAN 104 via the 81 interface. The serving gateway
144 may generally route and forward user data packets to/from the WTRUs
102a, 102b, 102c. The serving gateway 144 may also perform other functions,
such as anchoring user planes during inter-eNode B handovers, triggering
paging when downlink data is available for the WTRUs 102a, 102b, 102c¢,
managing and storing contexts of the WIRUs 102a, 102b, 102¢, and the like.
{0065] The serving gateway 144 may also be conunected to the PDN
gateway 146, which may provide the WIRUs 102a, 102b, 102¢ with access to
packet-switched networks, such as the Internet 110, to facilitate
communications between the WTRUs 102a, 102b, 102c¢ and IP-enabled
devices.

{0066 The core network 106 may facilitate communications with other
networks. For example, the core network 106 may provide the WTRUs 102a,
102h, 102¢ with access to circuit-switched networks, such as the PSTN 108, o
facilitate communications between the WTRUs 102a, 102b, 102¢ and
traditional land-line communications devices. For example, the core network
106 may include, or may communicate with, an IP gateway (e.g., an IP
multimedia subsystem (IMS) servery that serves as an interface between the
core network 106 and the PSTN 108, In addition, the core network 106 may

provide the WTRUs 102a, 102b, 102¢ with access to the networks 112, which
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may include other wired or wireless networks that are owned and/or operated
by other service providers.

[0067] Hereinafter, as used in the specification and the figures, the
terms millimeter wave (mmW) wireless transmit receive umt (WTRLUD
(mWTRU), WIRU, user equipment (UE) and mmW UE (mUE) may be used
mterchangeably and denote a WTRU or UE that is capable of operation in a
small cell millimeter wave (mmW) environment, The mWTRU may include at
least one processor (e.g., processor 118 illustrated in Fi(z. 1B) which may
perform one or more of the processes and/or other functionalities disclosed
herein that enables the mWTRU to operate in a wireless environment.
Furthermore, the processor may be operatively coupled to at least one other
processor, a receiver, a transmitter, a transceiver or any combination thereof
to perform one or more of the processes and/or functionalities disclosed herein,
and may perform those processes and/or functionalities in conjunction with or
in cooperation with those mWTRU components (i.e., the at least one other
processor, receiver, transmitter, transceiver or any combination thereof). A
process, funectionality, reception, transmission and the like performed by an
mWTRU processor, or any of the aforementioned mWTRU components and
combinations thereof, may generally be referred to as being performed by the
mWTRU throughout out the disclosure without detracting from the concepts
disclosed herein.

[0068] The small cell millimeter wave (mmW) evolved node B {(eNB)
(SCmB) deployment may be based on the Third (Generation Partnership
Program (3GPP) Release 12 small cell deplovment. The mmW operation may
be performed by two network nodes, a small cell mmW eNB (SCmB), a mmW
WTRU (mWTRU), and any combination thereof. The SCmB may include at
least one processor which may perform one or more of the processes and/or
other functionahities disclosed herein that enables the SCmB to operate in a
wireless environment. Furthermore, the processor may be operatively coupled
to at least one other processor, a receiver, a transmitter, a transceiver or any
combination thereof to perform one or more of the processes and/or

functionalities disclosed herein, and may perform those processes and/or
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functionalifies in conjunction with or in cooperation with those SCmB
components (1.e., the at least one other processor, receiver, transmitier,
transceiver or any combination thereof). A process, functionality, reception,
transmission and the like performed by an SCmB processor, or any of the
aforementioned SCmB components and combinations thereof, may generally
be referred to as being performed by the SCmB throughout out the disclosure
without detracting from the concepts disclosed herein.

{0069] The SCmB may generally be a Long Term Evolution (LTE) small
cell eNB capable of operating an mmW air interface in parallel with an LTE
air mterface in the downlink channel. The SCmB may be equipped with
advanced antenna configurations and beamforming technigques. The SCmB
may simultaneously transmit LTE downlink channels in wide beam patterns
and mmW channels in narrow beam patterns. In order to support mraoW
WTRUs without mmW uplink transmission, the SCmB may support new
features and procedures 1in the LTE uphink channel.

{0070] The mmW WTRU may be a WTRU capable of operating an LTE
and mmW air interface in parallel. The mWTRU may have two sets of
antennas. The accompanied rvespective RF chains may operate m the UTE
band and the mmW frequency band. There may also be two independent
baseband processing functions. The two baseband processing functions may
share certain hardware (HW) blocks if the mmW air interface bears similarity
with the LTE system.

6071 Add-on mmW channels may be an extension of the L'TE carrier
aggregation scheme with a new carrier type in the mmW frequency band that
may apply a different air interface. More importantly, the moW channels
may lend themselves to opportunistic use for high-throughput and/or low-
latency traffic data applications.

100672] ontrol signaling including system iformation updates, paging,
radio resource control (RRC) and non-access stratus (NAS) signaling (for
example, signaling radio bearers) and multicast traffic may be carried in LTE
channels. In addition, certain mmW Laver 1 (L1} control signaling may be

carried in the LTE channels.
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[0073] Due to the high propagation loss, especially in non-line-of-sight
(NLOS) at the mmW frequency band, one or both of a SCmB and an mWTRU
may employ narrow heamforming, for example, to ensure sufficient link
budget for high-throughput and low-latency data transmissions.

{0074] Transmit and receive narrow beam paring may be used in certain
scenarios. For example, at 28 GHz and 38 GHz in urban areas using a
steerable 10™beamwidth and 24.5-dBi horn antenna at both the transmitter
and receiver, a consistent coverage with a cell-radius of up to 200 meters may
be demonstrated.

[0075] It will be appreciated that certain processes aye described herein
and that the exemplary steps to carry out those processes may be described in
an exemplary order. It will be further appreciated that is some instances the
exemplary steps and ordering of steps are not intended to be Limiting. In
particular, it will be appreciated that in some processes, certain steps may be
rearranged in procedural order, some steps may be omitted, and some steps
may be arranged or combined with other processes without departing from the
concepts disclosed herein.

{0076] FIG. 2 18 a diagram of an example SCmB deployment. In
addition to using narrow beams by the SCmB and the mWTRUs in downlink
transmissions and receptions, the SCmB and the mWTRUs, may also apply
broad beam patterns for the traditional LTE operations, which may include
cell search, random access, and cell selection/reselection, and the like. FIG. 2
shows narrow mmW DL transmit (Tx) beams transmitted by the SCmB and
mmW DL receive (Bx) beams formed by the mWTRUs. A beam may bhe
considered narrow when the beam has a half-power-bandwidth substantially
equal to or below 10 degrees in certain applications and substantially equal to
or below 15 degrees in other applications. However, 1t will be appreciated that
a narrow beam is not limuted thereto, and a narrow beam may have a half-
power-bandwidth greater than 15 degrees in some applications. FIG. 2 also
shows a broad LTE DL sector-wide beam transmitted by the SCmB and LTE

DL Ex beams formed by the mWTRUs.

Petitioners' Exhibit 1002, p. 71
AT&T et al v. ASUS Technology & Celerity
IPR2024-01142



WO 2016/086144 PCT/USZ015/062766

[0077] A transmit or receive beam, either in the downbink or uphnk
direction, that are used for directional signal transmission or reception may be
referred to as directional beams, narrow beams or narrow directional beams.
The directional beams may be formed, for example, by different beam forming
technigues at a transmitting or receiving end (e.g., at a WIRU or node-B).
[06078] For example, a directional transmit or receive beam is formed by
a WTRU applying specific weight to each antenna elements of the antenna
solution, be it a digital antenna array implementation as shown in FIG. 6, in
which the weight 1s comprised of both amplitude and phase, or an analogue
phase antennag array umplementation as shown in FIG. 7, which comprises a
phase-only weight. The weights are selected by an algorithm or function
within the WTRU to form an antenna pattern, i.e.. a transmit beam or a
receive beam, with the main lobe of the beam (the maximum gain of the
antenna pattern) pointed to a direction in both azimuth and elevation plan
(3D direction) that 1s intended by the algorithm and function. A receive beam
sweep 18 performed by applving a set of weights, sequentially, one at a time,
and each time the applied weight is changed an antenna pattern is generated
whose main lobe will be placed at a new direction. The covered divection of
each beam over time will constitute a sweep coverage which can be the sum of
the antenna pattern coverage. For example, consider if an antenna array is
configured to form a 15-degree receive beam in azimuth plane and to provide a
90 degree coverage. In such a case, there will be six weights and each weight
will move the main lobe of the beam by 15 degrees. If each antenna pattern is
maintained for one TTI, this beam sweep of 90 degree coverage will take 6
TTls. In contrast, an omnidirectional antenna is a class of antenna which
radiates radio wave power uniformly in all directions in one plane, with the
radiated power decreasing with elevation angle above or below the plane,
dropping to zero on the antenna's axis.

{0079] The mWTRU receive beam forming may be regarded as a narrow
spatial filtering as shown in FIG. 3. FIG. 3 illustrates a comparison of
frequency and spatial filtering. FIG. 3 demonstrates the effect of a spatial or

angular filtering (bottom), compared with frequency domamn filtering (top).
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10080] Similar to frequency filtering fo remove unwanted frequency
components, spatial filtering may allow an mWTRU to detect a channel
impulse response at a distinct angular dirvection captured by the narrow
receive beam. This may result in a flat effective channel by excluding angular
incoming paths outside of its beamwidth. A Release 12 LTE WTRU may be
assumed to have an omni-directional receive beam patiern and consequently
mayv perceive a superimposed channel impulse response over the entire
angular domain. Therefore, an aligned mmW transmit beam and mmW
receive beam pair {Le., mmW or narrow transmit and receive beam paiy) may
provide an additional degree of freedom in the angular domain cormpared with
the current LTE system. Accordingly, the mmW downlink system design for
the SCmB deployment s focused on integrating the directivity of a narrow
transmit and receive beam pair into cellular system procedures including L1
control signaling, mmW data scheduling, narrow beam paring, beam
measurement, mmW L1 control information feedback, and the like.

[0081] mmW system parameters and assumptions will now be
described. It should be noted that many design parameters may be changed.
These parameters and assumptions are not intended to be hmiting but serve
to illustrate possible sets of parameters of an example mmW system.

[0082] The carrier frequency may be 28 GHz, and may be intended for a
system numerology in an example. Alternatively, the design may be extended
to other mmW frequencies such as 38 GHz, 60 GHz, 72 GHz, and the like.
The systemn bandwidth may be varable up to 1 GHz with aggregation to
higher bandwidths. The estimated root mean square (RMS) delay spread may
be 100-200 ns with a narrow beam pattern. The latency may be 1 ms. The
waveform may be an orthogonal frequency division multiplex (OFDM)-based
waveform or a broad-band-single-carrier-based waveform. The connectivity
may be LTE small cell eNEB with mmW add-on channels with two separate
antennas and RF chains connected to two different antennas. The mimimum
downlink data rate may be 30 Mbit/s for at least 95% of the mWTRUs.

Mobility may be an optumized data connection at 3 km/h and may maintain a
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connection at 30 km/h. The coverage raay meet the data rate and mobility
requirements with less than a 100-m cell radius.
[0083] Waveform selection will now be described. Waveforms for the
mmW air interface may mclude broad-band Cychie Prefizxed Single Carvier
(CP-8C), OFDM, single carrier (SC»-OFDM, multi-carrier (MC)-code division
multiple access (CDMA), generalized OFDM, FBMC, and others may be used
for the air interface of a system such as an above-6 GHz system {(e.g., conW or
mmW). A frame structure for the system may depend on the apphed
waveform. A transmission time interval (T'TI) length such as 100us may be
used, for example, to achieve low latency. A system bandwidth such as one in
the range of 50MHz to 2GHz may be used, for example, to achieve high data
rates.
{0084] The OFDM frame structure will now be described. A mmW
frame structure of an OFDM-based waveformm may offer {flexibility,
coordinating between the LTHE and mmW channels, and may enable common
functional block sharing in an mWTRU.
[00856] A mmW sampling frequency may be selected as an integer
multiple of the LTE mimimurs samphng frequency of 1.92 MHz, which may
lead to an mmW OFDM sub-carrier spacing Af being an integer multiple of the
LTE sub-carrier spacing of 15 kHz, i.e. Af = 157K kHz. The selection of the
integer multiple K and the resulting Af may take account for the sensitivity to
the doppler shift, different types of frequency errors and the ability to remove
channel time dispersion. The orthogonality between sub-carriers may
deteriorate, and inter-sub-carrier interference (ISI) may increase when the
oppler shift increases in proportion to the sub-carrier spacing. For example,
the maximum doppler shift at 30 km/h and 28 GHz 1 778 Hz. The latest 28-
GHz channel time dispersion measurement in a dense urban area, e.g., Poly
NYU, indicates that the RMS delay spread o 1s between 100ns and 200ns up
to a 200-m cell radius. The 90% coherence bandwidth may be estimated at
1/500 of 100 kHz and the 50% cocherence bandwidth at 1/55 of 1 MHz.
{0086] A sub-carrier spacing Af between 100 kHz and 1 MHz may thus

be reasonable. A sub-carrmer spacing of 300 kHz (KX=20) may be robust aganst
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the doppler shifi and other types of frequency errors, and may considerably
reduce the implementation complexity., The corresponding symbol length (1/

Afy may be 3.33 us.

10087] A cyelic prefix (CP) length may normally be required to span over
the entire length of the channel time dispersion in order to eliminate inter-
syrobol-interference. On the other hand, as a CP does not carry useful data, a
long CP may cause excessive system overhead. One example of CP length for
a Tsymba of 3.33 us mav be selected at 1/14 of Tembe, 0.24 us and the
corresponding CP overhead may be 7% as caleulated by Tep / {Top + Toymbot).
{0088] In order to achieve low latency, the transmission time interval
(TTD length of the mmW transmission may be reduced significantly compared
to the 1-ms TTI length of the LTE system. It may be heneficial to have an
mmW sub-frame length of 1 ms to align with the L'TE 1-ms sub-frame timing.
The mmW sub-frame may contain multiple mmW TTIs whose length is tied to
other parameters such as sub-carvier spacing, symbol length, CP length, FFT
size, and the like.

{0089] An example with a conservative CP length (e.g., 4x channel delay
spread) is shown below in TABLE 1, which is outlines, in one example, mmW
downlink OFDM numerology. It should be noted the CP length selection may
be based on the assumption that the delay spread over all potential mmW

frequency bands is lower than 200 ns.
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OFDM NUMEROLOGY

PARAMETERS

System bandwidth (MHz) 125 250 300 1000
Sampling rate (MHz) 153.6 307.2 614.4 1928.8
Sub-carrier spacing (kHz) 300 300 3200 300
Number of sub-carrier per RB 12 12 12 12

RB bandwidth (MHz) 3.6 3.6 3.6 3.6
Number of assignable RBg 32 64 128 256
Number of occupied sub-carriers 384 768 1536 3072
Occupied bandwidth (MHz) 115.2 230.4 460.8 921.6
IDFT(Tx)/DFT(Rx) size 512 1024 2048 4096
OFDM symbol duration (us) 3.333 3.333 3.333 3.333
CP length {ratio to symbol length) 1/4 1/4 1/4 1/4
CP length {(us) 0.833 0.833 0.833 0.833
Number of symbols per slot 24 24 24 24
Slot duration (TTT) (us) 100 100 100 100
Sub-frame duration (ms) 1 1 1 1
Number of slots per sub-frame 10 10 10 10
Frame duration (ms) 10 10 10 10
Number of sub-frames per frame 10 10 10 10
Number of symbols per TTI per | 288 288 288 288
BB

Number of symbols per TTI using | 9216 18432 36864 73728
all RBs

Signahing overhead 20% 20% 20% 20%
Data rate using uncoded 64QAM | 442.368 884.736 1769.472 | 353R8.944
(Mbps)

Spectral efficiency 3.5638944 3.538944 | 3.538944 | 3.538944

TABLE 1 mooW DOWNLINK OFDM NUMEROLOGY

[0090]

FIG. 4 depicte an example OFDM-based frame structure. In the

example, the system bandwidth is 1GHz and a sub-carrier spacing of 300 kHz
with a corresponding symbol length of 3.33 ps 15 used. An example cyclic
prefix (CP) length of 1/4 of Tyympa which equals 0.833 ps 1s used. According to
FiG. 4, each frame may include one or more sub-frames, each sub-frame may
include one or more time slots, and each time slot may include one or more
symbols with CPs disposed therebetween. It should be noted that the following
frame structure discussion and examples assume an OFDM-based mmW

waveform, which may be readily incorporated into the OFDM-based LTE
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small cell network. However, this 18 not intended to be hmiting and is for
explanation purposes only. For example, the system procedure designs
proposed in the subsequent sections are not bound by this specific frame
structure and may be apphed to other waveform candidates.

{0091] mmW physical channels will now be described. The SCmB
deplovment mav employ new mmW physical laver channels and reference
signals as described below in addition to the existing LTE physical channels.
{06092] A beam-specific reference signal (BSES) 15 a unique seguence
transmitted per transmit beam that may be used for beam acquisition,
timing/frequency synchronization, channel estimation for the physical
downlink directional control channel (PDDCCH), beam tracking and
measurement, and the like. It may implicitly carry beam identity information
mncluding a BSRS sequence index. [t should be noted that there may be
different types of BSRSs. The BSRS resource allocation may be pre-defined.
{0093] An adaptive antenna reference signal (AARS) i1s a unigue
sequence scheduled and transmitted dynamically for beam pair measurement
specific for one antenna port. The bheam identity information mayv be
embedded 1n the sequence index of the AARS imphoeitly or carvied in a small
payload m the AARS.

{0094] The PDDCCH may carry all data related control information for
an mWTRU to identify, demodulate and decode an associated physical
downlink directional data channel (PDDDCH) correctly. The PDDCCH may
be carried in an mmW narrow beam or broad beam, and may apply different

multiple access mechanisms,

[0095] For example, there mayv be a common PDDCCH transmitted in
the downhink mmW broad heam covering a sector or cell and a dedicated
PDDBCCH only transmitted in a narrow transmitfreceive beam pair when
mWTRU-specific data transmissions ave on-going. The dedicated PDDCCH
may carry scheduling information for an associated PDDDCH on a per-TTI
basis and may not carry beam specific information. A common PDDCCH may
imclude cell-specific information including sector/segment identity or beam

identity,  In addition, an mWTRU may read the common PDDCCH to
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determine if 1t 1s scheduled for narrow beam pairing procedure in order to
begin narrow heam data transmission subsequently.

{0096] A PDDDCH may carry payload information received in the form
of a media access control (MAC) protocol data umit (FDU) from the mmW MAC
layer. The complete resource allocation of this channel may be determined by
the downlink scheduling information carried on the PDDCCH. The PDDDCH
intended for an mWTRU may be transmitted in a narrow transmission heam
and received in a properly paired narrow receive beam, f.e., a narrow beam
paitr. Due to this spatial isolation, PDDDCHs for different WIRUs 1n different
beam pairs may reuse time, frequency or code resources. Multiple PDDDCHs
may alsc operate in one beam pair using multiple access in the time,
frequency or code domain. In addition, a common PDDDCH may be used to
carvy data i broad mmW antenna patterns associated with the common
PDDCCH.

{0097] Demodulation reference signals (DMRS) are symbols embedded
in the transmigsion for channel estimation for PDDDCH. They are placed in
both the time and frequency domain according to pre-defined patterns to
ensure correct interpolation and reconstruetion of the channel.

{0098] All channels and reference signals in a narrow beam pair may be
beamformed identically and may bhe considered to be transmitted via one
physical antenna port. Given the directivity of the transmission of these
channels, carrying broadeast or multicast mformation may not be an optimal
application. The SCmB deployment with mmW downlink data transmission
may adopt a channel mapping as illustrated in FIG. 5. FIG. 6 1s a diagram of
an mmW downlink logical, transport and physical channel mapping.

{0099] mWTRU beamforming will now be described. An mWTRU may
use a phase antenna arrvay to achieve the beamforming gain necessary to
compensate for the high path loss at ramW frequencies, at which the short

wavelength may allow a compact form factor of the device design. Whale an
element spacing of 0.5) 1s typically used in theoretical performance analysis,
i practice, a larger spacing such as 0.7A may be applied. The phase antenna

may apply different beamforming algorithms,
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{0100] FIG. 6 18 a diagram of an example mWTRU utilizing a fully
digitized beamforming approach. A fully digitized beamforming approach may
have a dedicated radio frequency (RF) chain 602 (e.g., 602a, 602b, 602¢ and
602d), including an RF processor 603 and an analog-to-digital converter (ADC)
604 for each antenna element 605, Each RF chain 602 is operatively coupled
to a broadband (BB) processor 606, The signal 607 processed by each antenna
element 605 may bhe controlled independently in phase and amplitude to
optimize the channel capacity. The configuration, as shown in Fi(3. §, has the
same number of RF chains 602, RF processors 603 and ADCs 604 ags that of
antenna elements 605, although, this is not required. While offering very high
performance, this mWTRU antenna configuration may impose a very high cost
and complexity in implementation and cause high energy consumption in
operation. Thus, fully digitized beamforming may not be initially adopted and
may become feasible in the future with advanced technology.

{0101] FIG. 7 1s a diagram of an exarople nWTRU utilizing analogue
beamforming with one phase antenna array (PAA) 701 and one RF chain 702.
The RF chain may include an RF processor 703 and an ADC 704 coupled to a
BB processor 706. Analogue beamforming, as shown i FHa. 7, may apply only
one RF chain for a PAA. Each antenna element 705 configured to received
signal 707 may be connected to a phase shifter 708 that may be used to set the
weight W for beam forming and steering. Thus, the required number of RF
as well.

[0102] It should be noted that in this case, only the phase of the signal
at each antenna element 1s adjusted in beamforming. The phase shifting and
combining may be implemented in different stages including RF (as shown in
FIG. 7), broadband (BB} analogue, and local oscillator {1.(3). Each solution
may be evaluated in terms of signal loss, phase error, power consumption, and
the like.

10103] The mWTRU analogue beamforming algorithms may include
fixed codebook-based beamforming, continuous phase shifting beamforming,

and the like. In fixed codebook-based beamforming, a gnd of beams may
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comprise of a set of fixed bearos. Kach beam may be formed by the mWTRU
applying a beamforming weight vector v chosen from a pre-defined codebook
v € {vy, v, V3 . vyt where N denotes the number of fixed beams. Each vector
may nclude pre-calibrated phase shifts for all phase shifters and, thus, may
represent a unique analogue beam direction, ie., “beam”. The number of
beams may depend on the half-power-beam-width (HPBW) of the
beamforming and desired coverage.

{0104] ontinucus phase shifting beamforroing may be used to calculate
the desired weight of each phase shifter based on the estimated short-term
channel information and may be converted using a high resolution digital-to-
analogue converter (DAC) in order to be apphied to the phase shifter. It may
provide continuous and adaptive beamforming to track the channel conditions.
The algorithm may perform well in scenarios with increased multipath, high
angular spread and low WTRU mobility.

{0105] An mWTRU may combine both the digitized and analogue
beamforming by employing a hybrid approach including analogue
beamforming performed over the phase array antenna elements each
associated with a phase shifter and all connected to one R¥F chain and digital
precoding apphied on the baseband signal of each RF chain when there is more
than one RF chain. Multiple-input multiple-output (MIMO) schemes may be
mmplemented using digital precoding.

{01086] The basic systern parameters of hyvbrid beamforming, for
example, digitized and analogue beamforming ave: number of data strear,
Npara, number of RF chains (TRX), Nrmryx; number of antenna ports, Nap;
number of antenna elements, Nag; and the number of phase antenna arrays,
Neaa.

{0107] For Npaa < Nap < Nygy < Nap, one PAA may be comprised of
multiple antenna elements, e.g., a PAA of size 4%4 has 16 antenna elements.
An antenna port may be defined such that the channel over which a symbol on
the antenna port is conveyed may be inferred from the channel over which
another symbol on the same antenna port 1s conveyed. There may be one

resource grid per antenna port. The LTE R12 antenna port configurations

Petitioners' Exhibit 1002, p. 80
AT&T et al v. ASUS Technology & Celerity
IPR2024-01142



WO 2016/086144 PCT/USZ015/062766

may be used. Cell-specific reference signals may support a configuration of
one, two, or four antenna ports and may be transmitted on antenna ports
p=0, pe{0l} and p € {0,1,2,3}, respectively. Multicast-broadcast single-
frequency network (MBSFN) reference signals may be transmitted on antenna
port p=4. WTRU-specific reference signals associated with physical
downlink shard channel (PDSCH) mayv be transmitted on antenna port(s)
p=5 p=7, p=28, or one or several of p€{7,8910,11,12,12,14}.
Demodulation reference signals associated with enhanced physical downhink
control channel (EPDCCH) may be transmitted on one or several of p €
{107,108,109,110}.  Positioning reference signals may be transmitted on
antenna port p = 6. 51 reference signals may support a configuration of one,
two, four or eight antenna ports and may be transmitted on antenna ports
p =15 pe{1516}, pe{151617,18}, and p €{1516,17,18,19,20,21,22},
respectively. Each antenna port may carry beamformed reference signals
uniquely associated with each respective antenna port. The reference signals
may be used to identify the antenna port. When the number of TRX signals
equal the number of antenna elements, for example, one RF chain per antenna
element, the antenna configuration hecomes the fully digitized solution as
shown in FIG, 6. One PAA may be connected to one RF chain, as shown in
FIG. 7. or multiple BF chains depending on the system requirement and
configuration. For example, in Fl{z. 8, which 18 a diagram of an example
mWTRU utilizing analog beamforming with one PAA 801 and two RF chains
80Za and 802b, one PAA of size 4x4 1s connected to two RF chains and each RF
chain has a set of 16 phase shifters. The PAA may form two narrow beam
patterns within a +48° and -48° coverage in the azimuth plane. In this
configuration, Nps < Ngp = Nygy < Nyg.

[0108] FIG. 9 15 a diagram of an example mWTRU utilizing analog
beamforming with two PAAs 901a and 901b and two RF chains 902a and
902b. In the example shown in Fl{z. 9, there are two PAAs and each PAA has
a dedicated RF chain, for example, Npas = Nap = Nygy < Nyg. This
configuration may allow spatial independence hetween the two simultaneous

beams by placing the PAAs at different orientations e.g. in the azimuth plane.
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An aligned PAA arrangement may provide an aggregated larger coverage
compared to the configuration in FIG. 8. Both configurations with two RF
chains may apply MIMO with two data streams.

{0109] For Nag > Npaa > Nap = Nypy, multiple PAAg 1001a and 1001b
may be connected to a single RF cham 1002 by using a switch 1009 as depicted
m FIG. 10, FIG. 10 15 a diagram of an example mWTRU utilizing analogue
beamforming with two PAAs 1001a, 1001b and one RF chain 1002, Each PAA
1001a, 10061b may form a narrow beam pattern covering from +45° to -43° in
the azimuth plane. They may be oriented separately so a single-beam may
also provide a good coverage by using a narrow beam at a different direction at
different time instances.

{0110] For Npara < Nppy € Nag, when Npurs = Nppy =1, an mWTRU
may have a single-beam configuration and may operate one bearm at a time.
The mWTRU beamforming may form the narrow beam pattern such as the
one shown in FIGS. 11A and 11B for a 16x16 PAA at the strongest angular
direction, e.g., a LOS path obtained from beam measurement. FIG. 11A is an
example illustration of a 20 narrow beam pattern. FIG. 11B is an example
Hlustration of a 31 narrow beam pattern.

{0111] The mWTRU may form a broad beam pattern, e.g., a wide main
lobe such as the one shown in FIG. 12 to cover a range of continuous angular
directions including both strong and weak ones in-between. FIG. 12 is an
example lustration of a 3D broadside broad beam pattern. It should be noted
that the antenna gain may be reduced considerably with a broad beam pattern
and the link budget may worsen.

{0112] When Npprg = 1 < Npgy, for example when Npgy = 2, an mWTRU
may have two simultaneous beam patterns and the beam patterns may be
different and also may be used for different applications. For example, the
mWTRU may place two narrow beam patterns at different angular incoming
directions to receive one data stream. For example coherent beam combining
may be used to utilize the spatial diversity and mitigate the blockage effect
and/or weak line-of-sight (LO5)} conditions. The mWTRU may form one narrow

beam and one broad beam for different applications. For example, the narrow
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heam may be used for data transmission and the broad beam for control
signaling.

{0113] When 1 < Npups = Negy. €.2., the transmission may apply MIMO
to increase the capacity, for example in high signal to noise ratio (SNR)
channel conditions. The mWTRU may place two narrow beam patterns at
different angular incoming dirvections to receive two data streams in parallel.
10114] The SCmB beam forming schemes may also include fixed beam,
adaptive beam forming, e.g., codebook-based and non-codebook-based, and
classical beam forming, e.g., direction-of-arrival (DoA) estimation. Each
scheme may require different procedures and may work well in certain
scenarins. For example the DoA estimation may require smaller angular
spread and an mWTRU may need to transmit an LTE uphnk reference signal
to ensure DoA accuracy. The fixed beam system may reguire beam cycling
and switch procedures.

{0115] It should be noted that the mWTRU antenna configuration and
beamforming discussed helow are based on a single-bearmn mWTRU antenna
configuration with analogue beamforming as illustrated in FIG. 7. This is not
intended to be limiting, and 1s only intended to serve as an example for
lustrative purposes.

[01186] Due to the high path loss at mmW frequencies, an mmW data
transmission may apply both fransmit and receive beamforming. The
resulting narrow beam pair may be considered as spatial filtering and may
limit the mWTRU to receiving only the incoming angular paths captured
within the narrow beam pair. For a single-beam mWTRU, this may
significantly increase the susceptibility to blocking caused by WTRU device
orientation, moving objects in the surrounding environment or entering
shadowing of a building, vegetation, street furniture, and the hike.

[0117] Periodical downlink reference signal transmission has been
applied to support network functions including cell discovery, channel state
measurement and broadcast data transmission. The same static mechanism
may result in excessive signaling overhead when using narrow antenna

pattern sweeping in which in each sweep direction the transmission is

8.
Petitioners' Exhibit 1002, p. 83

AT&T et al v. ASUS Technology & Celerity
IPR2024-01142



WO 2016/086144 PCT/USZ015/062766

repeated. Moreover, the concentration of energy within a narrow antenna
pattern may lead to energy waste when no users are located within the

downlink antenna pattern coverage at each sweep direction. The efficiency of

the traditional pre-defined downlink reference signal transmission may be
sub-optimal due to the inherent nature of the narrow antenna pattern
transmission.

10118] In a system which may use beamforming in the DL and/or in the
UL, tmtial or other access may be performed using Physical Random Access
Channel (PRACH) and/or a rvandom access procedure. Mechanisms are
deseribed herein to enable PRACH transmission and/or performance of a
random access procedure in a beamformed system, for example, to 1mprove
NLOS coverage in the UL and/or to enable the receiving node to select an UL
beam (e.g., a preferred or best UL beam).

{0119] Terms used herein will now be described. A beam may be one of
the lobes, e.g., main/side/grating lobes of a fransroit radiation pattern and a
receive gain pattern of an antenna arrayv. A beam may also denote a spatial
direction that may be represented with a set beamforming weights, A beam
may be 1dentified or associated with a reference signal, an antenna port, a
beam identity {ID), a scrambhing sequence number and may be transmitted
and/or received at a specific time and/or frequency and/or code and/or spatial
resources. A beam may be formed digitally, in an analogue manner or both
(hybrid beamforming). The analogue beamforming may be based on fixed

code-book or continuous phase shifting.

10120] A data channel beam may be used to transmit data channel, data
channel beam, PDSCH, mPDSCH, mmW PDSCH, mmW data channel,
directional PDSCH, beamformed data channel, spatial data channel, data
channel slice or high frequency data channel. A data channel beam may be
identified or associated with a reference signal, an antenna port, a beam
wdentity (ID), a scrambling sequence nurnber and may be transmitted and/or
received at a specific time and/or frequency and/or code and/or spatial

resgurees.
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[0121] A control channel beam may be used to transroit control channel,
control channel beam, PDCCH, mPDCCH, mmW PDCCH, mmaW control
channel, directional PDCCH, beamformed control channel, spatial control
channel, control channel slice or high frequency control channel. A control
channel beam may be identified or associated with a reference signal, an
antenna port, a beam identity (ID), a scrambling seguence number and may
be transmitted and/or received at a specific time and/or frequency and/or code
and/or spatial resources. Control channel beam duration may be a number of
OFDM symbols in a TTT occupied by one control channel beam. Control region
may be the number of OFDM symbols in a TTI occupied by all the control
channel beams transmitted in the TTL

10122] A measurement beam may be used to transmit a signal or
channel for beam measurement including beam reference signal, beam
measurement reference signal, common reference signal (CRS), channel state
information - reference signal (CS1-BS), channel state information -
mterference measurement (CSI-IM), ete. A measurement beam may be
identified or associated with a reference signal, an antenna port, a beam
identity (113}, a scrambling sequence nurober and may be transmitted and/or
received at a specific time and/or frequency and/or code and/or spatial
TESOUrces.

[0123] In some embodiments described herein, mB, SCmB, eNB, cell,
small cell, Peell, Scell may be used interchangeably. In some embodiments,
operate may be used interchangeably with transmit and/or receive. In some
embodiments, component carrier, mmW carrier may be used interchangeably
with serving cell.

{0124] In some embodiments, UE mayv be substituted for eNB and/or
vice versa and still be consistent with concepts disclosed herein. In some
embodiments, UL may be substituted for DL and/or vice versa and still be
consistent with concepts disclosed herein.

[0125] In some embodiments, a channel may refer to a frequency band
which may have a center or carrier frequency and a bandwidth. Spectrum

may include one or more channels which may or may not overlap. Channel,
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frequency channel, wireless channel, and mmW channel may be used
interchangeably. Accessing a channel may be the same as using the channel
{e.g., transmitting and/or recelving on or using) .

13126] In some embodiments, a channel may refer to an mmW channel
or signal such as an uphink or downlink physical channel or signal. Downhink
channels and signals may include one or more of mmW synchronization
signal, mmW broadcast channel, mmW cell reference signal, mmW beam
reference signal, mmW beam control channel, mmW beam data channel,
mmW hybrid Automatic Repeat refduest (ARG or HARQ) indicator channel,
mmW demodulation reference signal, Primary Sychronizatin Signal (PSS),
Secondary Synchronization Signal (555), DeModulation Reference Signal
(DMRS), CRS, CSI-RS, Pysical Broadeast Channel (PBCH), Physical
Downlink Control Channel (PDCCH), Physical Hybrid ARG Indicator Channel
(PHICH), Enhanced Physical Bownlink Control Channel EPDCCH and
Physical Bownlink Shared Channel (PDSCH). Uplink channels and signals
may include one or more of mmW PRACH, mmW control channel, mmW data
channel, mmW beam reference signal, mmW demodulation reference signal,
PRACH, Physical Uplink Control Channel (FPUCCH), Sounding Reference
Signal (SRS), BDMRS and Physical Uplink Shared Channel (PUSCH). Channel
and mmW channel may be used interchangeably. Channels and signals may
be used interchangeably. PRACH and preamble may be used
mterchangeably.

[0127] In some embodiments, data/control may mean data and/or control
signals and/or channels. Control may include synchronization, and control
data may 1nclude synchronization data. The data/control may be mmW
data/control. Data/control and data/control channels and/or signals may be
used interchangeably. Channels and signals may be used interchangeably.
The terms control channel, control channel beam, PDCCH, mPDCCH, mmW
PDCCH, mmW control channel, directional PBCCH, beamformed control
channel, spatial control channel, control channel slice, high frequency control
channel may be used imterchangeably. The terms data channel, data channel

beam, PBSCH, mPDSCH, mmW PDSCH, mmW data channel, directional
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PDSCH, beamformed data channel, spatial data channel, data channel slice,
high frequency data channel may be used interchangeably.

[0128] In some embodiments, channel rescurces may be resources (e.g.,
3GPP LTE or LTE-A resources) such as time and/or frequency and/or code
and/or spatial resources which may, e.g., at least sometimes, carry one or more
channels and/or signals. In some embodiments, channel resources may be
used interchangeably with channels and/or signals.

[0129] The terms mmW beam reference signal, mmW reference rescurce
for beam measurement, mmW measurement reference signal, mmW channel
state measurement reference signal, mmW demodulation reference signal,
mmW sounding reference signal, reference signal, CSI-RS, CRS, DM-RS, DRS,
measurement reference signal, reference resource for measurement, CSE-IM,
and measurement RS may be used interchangeably. The terms mmW cell,
mmW small cell, 5Cell, secondary cell, license-assisted cell, unlicensed cell,
and LAA cell may be used interchangeably. mmW cell, mamW small cell,
PCell, primary cell, LTE cell, and licensed cell may be used interchangeably.
[0130] The terms interference and interference plus noise may be used
mterchangeably.

{0131] A UE may determine the UL and/or DL directions of one or more
subframes according to one or more received and/or configured time division
duplex (TDD) UL/DL configurations. UL/DL and UL-DL may be used
mterchangeably.

{0132] In some embodiments, transmit power, power, antenna ayray
transmit power may be used mterchangeably.

{0133] In some emhodiments, cmW and mmW may be used

interchangeably.

10134] A beam paring procedure in accordance with an embodiment will
now be described. A SCmB may transmit a sector-wide mmmW broad beam to
provide coverage and multiple mmW narrow beams, for example, 2 grid of
narrow beams for data transmission. Each narrow transmit beam may carry
BESRES, for example, as described herein. BSRES may be used for one or more
purposes such as downlink beam initial acquisition, for example, initial
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acquisition, tracking, measurement, and the hke. Each narrow transmit beam
may carry AARS which may be used for beam pairing procedures. When a
transmission narrcw beam is scheduled to an mWTRU for data transmission,
the beam may also carry BoRS, dedicated PDDCCH, PDDDCH and asscciated
DMRS at the assigned resource allocation.

[0135] The beam pairing procedure may include one or more of beam
forming, beam steering, beam switching, and the like. Beam pairing may
mvolve transmission and/or reception antenna pattern control. The control
may include manipulation based on angle of arrival (AcA) andior angle of
departure (AoD) in one or both azimuth and elevation planes. AcA may be
used herein to represent AcA in the azimuth plane and/or elevation plane.
AocA 1n the azimuth plane is referred to as azimuth/horizontal AcA. AcA in the
elevation plane may be referred to as elevation/zenith AcA (EoA/ZoA). AoD
may be used herein to cover Aol} in the azimuth and/or elevation plane. AoD
in the azimuth plane may be referved to as azimuth/horizontal Aol 1n the
elevation plane, referred as elevation/zenith AocD (EoD/ZoD).

[0136] As noted above, the term “beam” may be one of the lobes, for
exarople, as the main lobe of the radiation of an antenna array, for example,
an antenna pattern. The bearm width may be characterized using half power
beamwidth (HPBW). The HPBW may be the angle between two directions on
either side of a main lobe, in which the radiation intensity is one half of the
maximnum value of the radiation pattern. The beam width may depend on an
antenna arrvay’s configuration in terms of number of elements, slement
spacing, element pattern, and the like. In general, an antenna array with a
large number of antenna elements, e.g., a uniform rectangular array (URA) of
16x16 elements, may generate a narrower beamwidth compared to an antenna
array with fewer antenna elements, e.g., an URA of 4x4 elements.

{0137 When an mWTRU camps on an SCmB, 1t may subsequently
receive a system information broadeast {(3IB) specific to the mmW downlink
beam configuration parameters that may include but are not limited to the
following: mmW sector identity, the number of downlink transmit narrow

beams per sector, BSRS frequency allocation, BSRE sequence configuration,
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BSRES periodicity, coramon PDDCCH transport format, common PDDCCH
frequency allocation, common PDCCCH periodicity, and the like.

[0138] The above mentioned configuration parameters may provide an
mWTRU with information, for example, some or all necessary information, to
detect a reference signal, for example, BSRS, and/or receive a control channel,
for example, a common PDDCCH in a mmW beam, for example, 3 mmW broad
beam. Alternatively, the common PDDCCH configuration may be pre-
determined.

{0139] Flz. 13 1s a diagram of an example mmW SCmB downlink broad-
beam and narrow-beam configuration. In order for an mWTRU to detect,
dentify, and measure a downlink transmit measurement reference beam,
each transmit narrow beam may carry a unigue identity that may be
implemented using: an AARS sequence index and a small data package. The
AARS sequence index may be the identity (ID) of each transmit beam. It may
be embedded i the reference sequence design, which mayv be determined by
physical layer operation. For example, the AARS of all narrow fransmit
beams 1301 of the same sector, as shown in FIG. 13, may apply a sequence of
good autocorrelation and cross-correlation properly, eg., one Zadoff-Chu ()
base sequence with different cyclic shift, Walsh code, Golay sequence, and the
like. A SCmB may broadeast in LTE SIB the ZC base sequence index of each
sector. Based on the reported beam measurement, the SCmB may determine
which mmW sector and which mmW transmit beams may be associated with
the reporting mWTRYU., The small data package may include the identity of
each transmit beam. For example, a numeric beam ID and sector ID may be
carried in a small payload or data package. The AARS may provide the
required timing, frequency synchronization, and channel estimation, which
may enable the demodulation and decoding of the payload information.

{0140] Beam pairing using AARS is disclosed herein. When an mWTRU
has performed a random access channel (RACH) procedure and begins
receiving the common control channel carried in the cell-wide broad mmW
antenna pattern in a CONNECTED mode, 1t may perform a beam pairing

procedure. FIG., 14 15 a diagram of an example narrow beam pairing
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procedures, including initial narrow beam pairing acquisition 1401, active
narrow beam transmassion start 1402, steady-state narrow beam
measurement 1403, and beam-pair switch during data transmission 1404,
10141] During imitial narrow beam pawing acquisition 1401, the
mWTRU may receive a beam measurement request in a common control
channel along with L1FDBEK scheduling 1401a, the mWTRU may measure
Downlink Measurement Reference Beam and provide metric for beam pair
index 1401b, and the WTRU may report beam measurement results in the
scheduled uplink control channel 1401c.

10142] During active narrow beam transmission start 1402, the
mWTRU may receive narrow beam scheduling in a common control channel
14024, the mWTRU may receive in a dedicated data channel in the scheduled
beam pair 1402b, the mWTRU may receive per-TTI scheduling in the
dedicated control channel 140Z2¢, and the mWTRU may transmit regular
LIFDBE (ACK/NACK, CSI of the used beam pair) 1402d.

{0143] During steady-state narrow bheam measurement 1403, the
mWTRU may receive data and narrow beam measurement gap scheduling
1403a, the mWTRU may receive data i a dedicated data channel in a
Common Reference Beam 1403b, the mWTRU may receive per-TTI scheduling
in the dedicated control channel 1403c, and the mWTRU may receive in the
dedicated data channel in the scheduled beam pair 1403d, a scheduled gap
period to measure Downhink Measurement Reference Beam may be realized
1403e, and mWTRU may update beam measurement results in an uphnk
control channel 1403%,

{0144] During a beam-pair switch during data transrmission 1404, the
mWTRU may receive new narrow beam scheduling in a common control
channel 1404a, the mWTRU may receive in a dedicated data channel in the
scheduled beam pair 1404b, the mWTRU may receive per-TTI scheduling in
the dedicated control channel 1404c, and the mWTRU may transmit regular
L1FDBE (ACK/NACK, CSI of the used beam pair) 1404d.

{0145] In an embodiment, the mWTRU may perform an on-demand

beam rmeasurement procedure. A measurement request and configuration
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may be provided by an SCmB. The mWTRU may receive a beam
measurement reguest (BMR) on the common control channel, for example,
common PDDCCH from the SCmB. The BMR mayv include one or more
parameters and/or sets of parameters which may include one or more of an
adaptive antenna reference signal (AARS) sequence, time and frequency
resource allocations, uphink grants for BMR feedback, reporting quality metric
thresholds, number of guality metrics to report. a new or updated BMR
indicator, a BME trigger, and the like. The time and/or frequency resource
allocation for the AARS may be considered as a time and/or frequency
schedule for the AARS. The mWTRU may decode the comnmon PDDCCH and
receive a BMR from the SCmB using a WIRU-specific network identity such
as a cell radio network temporary identifier (C-RNTI). The mWTRU may
receive the resource allocation and transport format of the common PDDCCH
i higher laver signaling such as in a SIB (or in SIBs) which may be broadcast
by the SCmB. The mWTRU may sweep receive beams and/or perform
measurements. The mWTRU may sweep one or more narrow receive antenna
patterns per the BMR time and frequency resource schedule. The mWTRU
may measure the scheduled AARS sequence, obtain the beam-pair-specific
quality metric per the BMR quality metric to veport, filter the quality metric
per the BMR reporting quality metric threshold and report the processed
measurement results to the SCmB using the uplink grant scheduled in the
BME. The mWTRU may decode the beam pair schedule information on the
common PDDCCH. The mWTRU may form the scheduled narrow or multi-
lobe broad receive antenna pattern. The mWTRU may decode the dedicated
PDDCCH within the formed beam pair to acquire the per-TTI PDDDCH
scheduling information. The mWTRU may receive the PDDDCH from the
SCmB accordingly.

{0146] In another embodiment, the SCmB may perform an on-demand
beam pairing procedure. A dynamically tailored AARS transmission may
reduce the signaling overhead and also save the small cell eNB power
consumption by sending a reference signal to mWTRU specifically for a beam

pairing procedure. The SCmB may receive and measure AcA of an mWTRU s
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uphnk transmission in broad antenna patitern and. based on the measured
results. the SCmB may estimate a coarse mWTRU-specific AoD. The SCmB
may dynamically schedule and transmit an mWTRU-specific AARS in a
narrow antenna pattern radiated toward the mWTRU, The SCmbB may send a
BMR on the common control channel (common PDDCCH) to the mWTRU and
schedule the mWTRU to receive the transmitted AARS. The SCmB may
monitor the BMR uplink grant resource allocation per the BMR and receive an
uplink beam measurement reporting from the mWTRU per the BMR uphnk
grant information. The SCmB may process the beam measurement guality
metrics with scheduling statistics, including but to limited to QoS and
mWTRU-specific historical throughput and determine a narrow beam pair
scheduling information in common PDDCCH. The SCmB may send the
narvow or multi-lobe broad downlink antenna pattern to the mWTRU and
transmit PDDIDCH to the mWTRU.

{0147] An mWTRU may perform an automated periodical and/or
triggered beam measurement procedure. The common PDDCCH mayv be
decoded by the mWTRU and a BMR using a WTRU-specific network identity
may be received, such as a cell-radio network temporary dentifier (C-RNTI).
It should be noted that all information required to receive the common
PDDCCH, mncluding resource allocation and a transport format, mayv be pre-
configured in LTE SIB. The BMR may include all information of the
transmitted AARSs. An mWTRU may form one or more narrow receive
antenna patterns and initiate receive sweeping per the sweeping pattern,
periodicity and other configuration parameters according to the mWTRU
capahlity and network configurations. The mWTRU may receive the network
configurations on beam sweeping in higher laver signaling such as SIB (or
SEBs) which may be broadeast. For example, the mWTRU depicted in FIG. 15
may sweep a receive beam over the enfire coverage area. The mWTRU may
sweep and cover the range of spatial angles, W. The range may depend on the
beamwidth, the orientation of the antenna array, the number of antenna

elements of the PAA, and other additional factors. The spatial angle may be
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represented by the azimuth angle and elevation angle. ¥iG. 15 1s a diagram of

an mWTRU receive antenna pattern sweep for spatial path detection.

{0148] The mWTRU may correlate AARSs over a pre-configured
observation time at each sweeping position, for example, a receive beam
direction. The mWTRU may use a control word to denote the receive beam
direction. The mWTRU may convert the control word by a DAC to apply the
phase shifters each connected to an antenna element. The beamwidth may be
kept very narrow in order to provide higher resclution in detection of AcA
paths and each control word may uniguely represent an AcA.

{0149] The mWTRU may compare the AARS correlation result with a
pre-defined or scheduled threshold to determine a ranking of AARS. The
mWTRU may apply another control word to the phase shifter using another
receive beam direction and repeat the AARS correlation. The AARS may have
a property that may be used for a unique identification. For example, an

AARS sequence may use cyclic shift value as a specific transmit beam

1dentity.
{0150] The AARS sequence may carry explicit transmit beam identity

£

and other related information in a small data packet. The mWTRU may
synchronize in timing and frequency with the detected AARS and may
dermodulate and decode the payvload to obtain the transmit bearm 1dentity and
other information.

[0151] The mWTRU may quantize the measured BSRS antenna
reference signal strength and/or signal-to-nomse ratio into a transmit beam
quality metric according to a pre-defined loock-up table. The mWTRU may link
quantized measurement guality metric and a corresponding transmit beam
1dentity to the applied beamforming control word.

{0152] The mWTRU may create a beam measurement record updated
after each sweep, and store the beam measurement record in a memory of the
mWTRU. The measurement record is shown in TABLE 2 below. According to
the example in Table 2, the mWTRU may have detected two transmit beams,
transmit beam 3 and transmit beam 9 at AcA W, and We, which the mWTRU
may calculate based on the beamforming control words, respectively. The
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mWTRU may map each receive beamforming control word umiquely to a

receive beam index, which may facilitate receive beam scheduling.

mWTRU Beceive mWTRU Detected | Corresponding | Transmit
Beamforming Receive Transmit | AcA Beam
Control Word Beam Index | Beam Quantized
Identity Quality
Metric
110010...... 110} Index; 3 9y X
{1 11040...... 10 1} Ifndexfg 9 Ipfg X;

TABLE 2: EXAMPLE mWTRU INTERNAL BEAM MEASUREMENT
RECORD

{0153] The mWTRU may report the detected transmit beam identity,
associated receive beam index, and beam pair quality metric to the network.

The report may be as shown in the example 1o Table 3.
1

mWTRU Receive Detected Transmit Transmit Beam
Beam Index Beam [dentity Quantized Quality Metric
Index; 3 X4
Indexs 9 KXo

TABLE 3: EXAMPLE BEAM MEASUREMENT REPORT

{0154] FiG. 16 158 a call flow for a mmW beam pairing messaging
procedure 1600a and a data transmission using a beam pair 1600b. For
example, during beam pairing 1600a, the SCmB mayv estimate uplink AoA
based on mmW or LTE uplink transmission and transmit narrow-beam
AARSs at the corresponding AoD 1601, the SCmB may transmit a BMR in
Common PDDCCH including AARS schedule information in 2 downhink mmW
broad-beam transmission 1602, the mWTRU may sweep a receive beam,
measure the scheduled AARS gquality metric and record the heam pair
measurement 1603, the mWTRU may transmit a beam measurement report
using uplink grant given in the BMR using an uplink mmW/LTE broad-beam
transmission 1604, the SCmB may evaluate multi-AcA reception suitability
considering real-time system parameters including the transmit beam

availability, QoS, reported transmit beam quality metric, data buffer status,
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historically achieved capacity, etc. 1605, the 5CmB may transmit beam pair
scheduling in Common PDDCCH including steady-state measurement
configuration using a downlink mmW broad-beam transmission 1606, and the
mWTRU may form a receive beam to pair with the transmit beam according to
the beam pairing scheduling either using narrow beam pair or multi-AcA
beam pair 1607.

[01565] During data transmission using the beam pair 1600b, the SCmB
transmits dedicated PBDCCH and PDDBDCH carrvying data traffic in narrow
beam pair using a downlink mmW narrow beam pair transmission 1608, the
mWTRU may receive the PDDDCH according to the per-TTI scheduling
carried 1 dedicated PDDCCH and also perform steady-state beam
measurement according to the pre-scheduled pericdic measurement
configuration 1609, the mWTRU may transmit Physical Uplink Dedicated
Control Channel (PUDCCH) laver 1 feedback (LIFDBK) (e.g., an ACK/NACK,
CSlL, etel) and a steady-state beam measurement report using an uphink mmW
narrow beam pair transmission 1610, the SCmB may transmit dedicated
PDDCCH and PDDDCH carrying data traffic in narrow beam pair using a
downhink mmW narrow beam pair transmission 1611, the mWTRU may
transmit PUDCCH LI1FDEK {e.g., ACK/NACK, CSI) and a steady-state beam
measurement report using an uplink mmW narrow beam pair transmission
161%, and so on.

{0158] The mWTRU may accelerate the AARS measurement by
applying an mmW guasi or broad beam sweep and narrow down the angulay
search range before beam measurement. An mWTRU may perform the sweep
periodically or the sweep may be triggered by network measurement requests
from the SCmB in order to provide input to the scheduling procedure. The
measurement reguest may be selective, by configuring a targeted beam
measurement for one or a set of transmit beams. An mWTRU may receive
from the 3CmB a measurement gap configuration i L1 control signaling
and/or higher layer signaling. During the measurement gap, the mWTRU

may interrupt a data transmission and perform a beam measurement.
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[0157] Beam pairing using Random Access Channel (RACH) 1s disclosed
heremn. Beam pairing may be performed in connection with a RACH
procedure, for example, initiated in IDLE mode. The beam pairing and/or
RACH procedure may be performed when an mWTREU has not been configured
with a network identity vet. For example, a RACH preamble transmission,
which may use a narrow beam for the transmission, may be used to pair the
beams for the data transmission.

[0158] In this embodiment, an mWTRU wmay perform a preamble
transmission procedure which may be a fixed narvrow antenna pattern
preamble transmission procedure. BSRS may be substituted for Beam
Measurement Reference Signal (BMRS) and vice versa and still be consistent
with what 1s disclosure herein. A configuration may be provided and/or used.
An mWTRU may receive a downlink BMRS transmission configuration and/oy
a BACH configuration. The configuration or configurations may be received
from an SCmB. The configuration or configurations mayv be received in hagher
layer signaling such as in a SIB or SIBs which may be broadeast to the
mWTRU. The configuration or configurations which may be received in a SIB
or 51Bs may be received in common PBDDCH or in a PODDCH which may be
mdicated by a common PDDCCH. The configuration or configurations may be
received via an mmW cell or an LTE cell for example in the case of carrier
aggregation with an LTE cell. The configurations may be provided together or
separately. The BMRS transmission configuration may include one or more
parameters and/or sets of parameters which may include one or more of a
BMES sequence, BMRS or beam index time and/or frequency resource
allocation for the BMRS, reporting quality metric thresholds, number of
quality metrics to report, among others. A parameter or set of parameters
may be associated with a beam such as a DL beam. The time and/or frequency
resource allocation for the BMRS may be considered as a time and/or
frequency schedule for the BMRS. The RACH configuration may comprise of a
mapping between BMRS sequence or index (e.g., BMRS or beam index) and
one or more {e.g., a set of) parameters for a RACH or preamble transmission

such as the preamble transmission sequence, transmit tume instance,
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frequency resource allocation, imitial power offset, transmit beam pattern or
information from which to determine the transmit beam pattern, etc. For one
or each RACH or preamble parameter such as the transmission sequence,
transmit time, and/or frequency resource allocation, a set of parameters may
be provided by the SCmB from which the mWTRU may choose, e.g., one, for
its transmission of the RACH or preamble. The RACH configuration may
include a mapping for each of a set of BMRS sequences or indices {e.g., BMRS
or beam indices). The RACH configuration or RACH parameters may include
a RACH acknowledgement configuration which may be associated with a
BMRS. The RACH acknowledgement configuration may identify or include
mformation to enable determination of the receive antenna pattern which may
be used for reception of the RACH acknowledgement. Beam may be
substituted for one or more of BMES, BMRBS sequence, BMES index, and
beam index and still be consistent with this disclosure. In some embodiments,
one or more of beam, BMRS, BMES sequence, BMES index, and beam index
may be used interchangeably.

[0159] The mWTRU may sweep receive beams and/or perform
measurernents. The mWTRU may sweep one or more receive beams or
antenna patterns which may be narrow receive beams or antenna patterns.
The mWTRU may perform the sweep per the configured BMRS time and/or
frequency resource schedule. The mWTRU may measure a BMRS according
to a BMRS sequence. The mWTRU may measure one or more BMRS that
may (e.g., each) be associated with a beam and may determineg a maximum
measured BMRES. The mWTRU may determine the relative quality or level of
two or more BMRS. For example, the mWTRU may determine the maximum
measured BMRS and at least the next lower measured BMRS., The mWTRU
may transmit £o the SCmB a preamble based on the maximum measured
BMRS. The mWTRU may transmit the preamble with a transmit beam or
antenna pattern which may be formed at the direction of the maximum
measured BMRS sequence. The transmit beam or antenna pattern may be in
accordance with or based on the RACH configuration mapping {(e.g., between

BMRES and transmit beam pattern or bearn pattern imformation).
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[0160] The mWTREU may transmit the preamble at a time instance, e.g.,
the slot/sub-frame/syrbol corresponding to the maximum measured BMRS
sequence. The time Instance (or instances from which the mWTRU may
choose) for the transmission may be per the RACH configuration mapping
{(e.g., between BMRS and preamble transmaission time or times).

[0161] The mWTRU may use a preamble sequence corresponding to the
maximum measured BMES sequence. The preamble sequence (or sequences
from which the mWTRU may choose} for transmission may be per the RACH
configuration mapping {(e.g., between BMERS and preamble transmission
sequence or sequences). The mWTRU may transmit a preamble at a frequency
allocation corresponding to the maximum measured BMRS sequence. The
fregquency allocation or frequency allocations from which the mWTRU may
chose for transmission may be per RACH configuration mapping {e.g. between
BMES and RACH frequency allocation or allocations). The mWTRU may
transmit a preamble with an imitial power calculated based on the imitial
power offset corresponding to the maximum measured BMRS sequence. The
initial power offset mayv be per the RACH configuration mapping {(e.g.,
between BMRES and yrutial power offset for preamble transmission). A slot/sub-

frame/symbol may be used to represent timeslot and/or sub-frame and/or

symbol,
[016%] The mWTRU may receive a preamble acknowledgement from the

SCmB. The mWTRU may receive a preamble acknowledgement within a
receive antenna pattern which may be similar or identical to the preamble
transmit antenna pattern and/or may be according to the RACH
acknowledgement configuration. When an acknowledgement is received, the
mWTRU may decode a dedicated PDDCCH which may be within the formed
beam pair. The mWTRU may acquire the per-TTI PDDDCH scheduling
mformation from the SCmB and may receive the PDDDCH accordingly. The
mWTRU may transmit another preamble to the SCmB if and/or when no
preamble acknowledgement is received, for example, within a certain time
window or after a certain time window. If andfor when no preamble

acknowledgement is received, for example, within a certain time window or
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after a certain araount of time, the mWTRU may retransmit a {e.g., the same
or another) preamble 1n another direction. Transmission in a direction may be
the same as transmission within a transmit antenna pattern formed at a
direction. The mWTREU may transmit or re-transmit a next nt subsequent
preamble, for example, within a transmit antenna pattern formed at a
direction of the (n mod m)th maximum measured BMRES sequence. N may be
the number or index of the preamble transmission. If power ramping for a
beam direction is used, n may or may only be incremented for the next beam
direction. N may not be incremented for transmissions in the same direction
at a different power. The mWTRU may transmit the preamble at a time
mstance, e.g., slot/sub-frame/symbol corresponding to the (n mod my)th
maximum measured BMRS sequence. The correspondence of time instance to
BMRS sequence may be per a RACH configuration mapping. The mWTRU
may use a preamble sequence corresponding to the (n mod m)™ maximum
measured BMRS sequence. The correspondence of preamble sequence to
BMES may be per a RACH configuration mapping. The mWTRU may
transmit the preamble at a frequency allocation corresponding to the (n mod
m)t maximum measured BMERES sequence. The corvespondence of frequency
allocation to BMRES sequence may be per a RACH configuration mapping. The
mWTRU may transmit the preamble with an initial power calculated based on
the imitial power offset corresponding to the (n mod m}® maximum measured
BMRES sequence. The correspondence of mitial power offset to BMRS
sequence may be per a RACH configuration mapping. m may represent the
number of measured BMRS whose metric 1s, e.g., as determined by the
mWTRU above a pre-defined or configured guality (e.g. quality threshold).
The terms preamble and preamble sequence may be used interchangeably.

10163] The mWTRU may, for example, alternatively transmit or
retransmit the next n'd subsequent preambles within a transmit antenna
pattern formed at the divection of (0 mod 2) -1) * antenna pattern HPBW
away from the previous preamble transmission dirvection. The MWTRU may
transmit the preamble at the time mstance, e.g., the slot/sub-frame/symbol

used for the previous preamble transmission. The mWTRU may use the
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preamble sequence used for the previous preamble transmission. The
mWTRU may transmit the preamble at the frequency allocation used for the
previous preamble transmission and/or with a power used for the previous
preamble transmission. The mWTRU may transmit the preamble at the
frequency allocation used for the previous preamble transmission. The
mWTRU may fransmit the preamble with a power used for the previous
preamble transmission. The mWTRU may continue to transmit or retransmit
a next preamble until an acknowledgement is received or until the number of
preamble transmissions exceeds a limit which may be provided or specified,
for exarople, in a RACH configuration. The aWTRU may stop transmitting
preambles when the number of preamble transmissions, for example, n,
exceeds a limit specified or included in a RACH configuration.

[0164] The mWTRU may associate a downhink transmit antenna
pattern with beam-specific information, for example, a unique beam-specific
index. The beam-specific information may be mapped to one or multiple PHY
layer preamble configurations including, but not limited to, the time slot/sub-
frame/symbols on or during which the preamble transmission may occur, the
preamble sequence that may be used, the ymitial power offset that way be
apphied, and the like. The RACH procedure may occur when the SCmB
receives a preamble transmission in an mmW broad beam, for example, to
increase the PRACH detection rate. The narrow beam pairing for data
transmission may occur after ta RACH procedure.

{0165)

In yet another embodiment, the mWTRU may perform a

B

preamble transmission procedure with a variable transmif antenna pattern.
The mWTRU may receive downlink RACH configuration from the SCmB. The
RACH configuration may be received in a SIB on a common PDDDCH. The
RACH configuration may include one or more cell-specific preamble
transmission sequences, transmit ftime 1nstances, frequency rescurce
allocations, mitial power offsets, and the like. The mWTRU may sweep one or
more narrow receive antenna patterns and measure the cell-specific reference
signal. The mWTRU may transmit to the SCmB a preamble within a

transmit antenna pattern formed at the direction of the maximum measured
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cell-specific reference signal. The mWTRU may transmit the preamble
according to one or more parameters received in the RACH configuration, for
example, the RACH configuration for the cell-specific preamble transmission.
For example, the mWTEU may transmit the preamble at the time instance,
e.g., the slot/sub-frame/symbol, using a preamble sequence, at the frequency
allocation, and with an initial power offset selected from or provided in the
RACH configuration.

[{3166] A preamble acknowledgement may be received from the SCmB
by the mWTRU within a receive antenna pattern which may be similar or
identical to the preamble transmit antenna pattern according to the RACH
acknowledgement configuration. When no acknowledgement is received, the
mWTRU may transmit or re-transmit the next preamble to the SCmB within
an antenna pattern that may be narvower than the previous preamble
transmission, for example, by a pre-defined or configured antenna pattern
thinning step size but centered at the same dirvection as the previous preamble
transmission.

[0167] The mWTRU may stop transmitting preambles when the number
of preamble transmissions, for example, n, exceeds a hmit specified in a RACH
configuration or when an acknowledgement 1is received. When an
acknowledgement is received, the mWTRU may decode the common PDDCCH
and may receive the associated PDDDCH accordingly.

[0168] Multi-direction data transmission and reception will now be
described. In an embodiment, an SCmB may determine spatial AocD/AocA
mformation based on a reported mWTRU beam measurement. The SCmB
may evaluate the suitability of applying a different receive antenna pattern or
narrow beam pair switch based on a range of criteria. The criteria may
include but is not limited to real-time system parameters, for example, the
transmit beam availability, QoB, reported transmit beam quality metrics, data
buffer status, historically achieved capacity, and the hike.

{0169] The SCmB may evaluate possible transmission schemes for data
transmissions to the reporting mWTRU,

{0170] In an example, the SCmB may form a single narrow transmit
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heam at the AoD corresponding to the strongest resulting AoA path. For
example, the AoD associated with the transmit beam 3 in FIG. 15, The SCmB
may schedule the mWTRU to use the detecting receive beam, for example,
receive bearm index; for the data transmission. The SCmB may transmit the

HARQ new and re-transmissions in the same transmit beam to the mWTRU.

[0171] The SCrB may apply multi-AocD transmission. The 3CmB may
form one or more single narrow transmit beams at each AoD corresponding to
the AoA path with a reported guality metric above a pre-configured threshold.
The SCmB may send data to the mWTRU in multiple transmit beams each
radiated toward a different AoD3.

{0172] In an alternate-AoD retransmission example, the SCmB may
form a single narrow transmit beam at the AoD corresponding to the strongest
resulting AcA path. Upon receiving a NACK from the mWTRU, the SCmB
may form a single narrow transmit beam at another AcD, for example,
corresponding to a AcA with a reported gquality metric above a pre-configured
threshold, the SCmB may transmit the HARQ retransmission to the mWTRU.
{0173] Both the multi-AcD  transmussion and  alternate-AcD
retransmission modes may be considered as an mWTRU multi-AcA reception.
Multi-AoD transmission mode may enable a simultaneous mWTRU reception
at multiple AoAs to take advantage of spatial diversityv. Alternative-AoD
transmission modes may combine the spatial diversity with a time diversity,
because the mWTRU may change the receive beam to a different AcA for the

HARQ retransmissions than for the one used for the new transmissions.

{0174] An mWTRU may transmit the measurement report to the SCmB
in existing LTE uplink physical chanuvels mcluding PUCCH and PUSCH. The
HARQ ACK/NACK may be carried in a new LTE physical channel operating
at same TTI as mmW systems. An mWTRU may report the beam
measurernent and HARQ ACK/NACK in mmW uphink physical channels to

the SCmB.

[0175] An mWTRU’s beam measurement report may contain more than
one detected transmit beam, a SCmB may evaluate the suitability of the
proposed transmission schemes by considering certain real-time system
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parameters including, but not limited to: reported transmit beam quality
metrics, transmit beam availability at the SCmB, QoS, data buffer status,
historically archived capacity of the mWTRU, and the like.

10176] The multi-AcA reception may lead to improved robustness of the
data transmissions due to spatial diversity. The sensitivity to radio hnk
blockage may be significantly reduced when a LOS obstruction occurs in one o
the AocA paths during the multi-AoD transmission or alternate-AoD
retransmission, the radio ink may be maintained.

{0177] In another embodiment, the SCmB may schedule in common
PODCCH, one or more of the proposed transmission modes. A SCmB may
send the transmission mode scheduling information in common or dedicated
PDDCCH which mncludes but 1s not limited to: Transmission mode (for
example with 2-bit field, transmit beam information (for example transmit
beam identity, beam reference signal, ete., receive beam information (for
exarople the rveported raWTRU beam identity, heam index, etc), trigger
mformation for the activation of alternate-AoD HARQ transmission. A SCmB
may transmit the mWTRU PDDDCH using scheduled transmit beams.

[0178] In another embodiment, an mWTRU may decode the scheduling
mformation in the common or dedicated PDDCCH and obtain the receive
antenna pattern control words corresponding to the scheduled transmit and/or
receive beams. The mWTRU may translate the multiple control words to one
multi-lobe receive antenna pattern control word with the main lobe dirvected at
the scheduled and/or receive beam direction and apply the resulting control
word to generate a multi-lobe receive antenna pattern to pair with the
scheduled downlink heam transmission.

{0179] FIG. 17 18 a diagram of an mWTRU multi-AcA reception using a
single muliti-lobe beam. The SCmB may perform a multi-AoD} transmission as
shown m FIG. 17. The SCmB may form two narrow transmit beams at the
AoDs corresponding to the reported transmit beams and send the data in both
transmit beams. The SCmB, may use a multi-lobe transmit beam with each

lobe directed at the Aolls corresponding to the reported transmit beams.
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[0180] An mWTRU may perform a roulii-AoA reception procedure as
described below. The mWTRU may decode a transmission mode scheduling
information carried in the LTE control channels or mmW common/dedicated
PDDCCH and receive scheduled transmit and/or receive beam information,
trigger configuration, and the hike. The mWTRU may obtain one or more
receive beam indices based on the beam measurement record, for example, as
shown in TABLE 2, and determine the information of mWTRU receive
beamforming control word and a corresponding AocA path for each recsive
beam index. For example, the scheduled receive beam index may be included
in the mWTRU beam measurement corresponding to the beamforming control

word and AocA as shown in TABLE 4 below.

mWTRU Receive Beam | mWTRU Receive Corresponding AcA
Index Beamforming Control
Word
Index; {10010...... 110} W
Indexg {11100...... 101} Wy

TABLE 4 mWTRU MEASUREMENT RECORD LOOGK-UP RESULT

{0181] The mWTRU may calculate the receive heamforming control
word based on AcAs of the main lobes and the weight factor of each main lobe
according to the transmit and/or receive beam scheduling. The mWTRU may
use a larger weight factor to obtain a high antenna gain at the main lobe at
the AoA corresponding to the scheduled receive beam, for example, Indexy, ¥,

in Table 4, at which the AoA path may have the highest measured guality

metric,
{0182] The mWTRU may apply the generated beamforming control word
and form a muliti-lobe receive beam with main lobes divected at the AcA paths

corresponding to the scheduled transmit and/or receive beams. The mWTRU
may decode and demodulate the PDDDCH received in the multi-lobe receive
beam. FIG. 18A is a 2D diagram of a single multi-lobe beam pattern. FIG.

188 15 a 3D diagram of a single multi-lobe beam pattern.
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[0183] The mWTRU may adaptively form a beam pattern with multiple
distinct strong lobes, as shown in 18A and 188, to receive at different
incoming angular directions. The mWTRU may apply the multi-direction and
reception to adapt to the channel condition and improve the radio link
robustness.

[0184] A beam switching procedure will now be described. In another
embodiment, the mWTRU may perform during active data transmission an
event-triggered beam switching procedure triggered by one or a sequence of
pre-defined events. The trigger events may include, but are not limited to: the
mWTRU may transmit a nurmber of NACKSs to a new data transmission above
a pre-defined threshold, and/or the mWTRU mav measure a
BSRS/BMRS/DMRS or other reference signal gqualities below a pre-defined
threshold over a pre-defined number of measurements., The mWTRU may
send a beam switch request to a SCmB using L1 uphink control signaling or
higher layer signaling, e.g., REC signaling in uplink data channels. The heam
switching request may comprise of, but is not limited to, a beam switch
request bit, recommended new beam pair indexes, tvpes of triggered events,
and the hke.

{0185] The mWTRU may monitor the comamon or dedicated PDDCCH
and decode the updated beam pair scheduling information received from the
SCmB. The mWTRU may form the switched narrow or multi-lobe broad
receive antenna pattern, decode the dedicated PDDCCH within the switched
beam pair to acquire per-TT1 PDDDCH scheduling information and receive
the PDDDCH.

{0186] The mWTRU may receive a beam measurement request from the
SCmB on the common PDDCCH, which may include AARS scheduling
information of beam pair switch candidates, measurerment gap, uplink grant,
ete. The mWTRU may measure the scheduled candidate AARS during the
measurement gap and report the updated beam pair measurement to the
SCmB using the uplink grant.

{0187] FIGS., 19A-B are diagrams of an example beam switching

procedure 1900a in FIG. 19A and a data transmission using the new heam
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pair 1900b in FlG. 198, For example, during a heam switching procedure, the
mWTRU is in an RRC-connected state 1801. The mWTRU may (1) measure
quality metric of BSRS/BMRS/DMRS or other reference signals below a pre-
defined threshold, and (2) number of transmitted NACKs for new data
transmissions above a pre-defined threshold 1902, The mWTRU may transmit
PUDCCH L1FDEK with a new field indicating beam switch request using an
uplink mmW/LTE broad-beam transmission 1803, The SCmB may evaluate
the availabihity of beam pair rescurces and also the previous perigdical beam
palr measurement to decide the beam switch candidates 1904, The SCmB may
transmit a Beam Update Request in Common PDDCCH, AARS of beam pair
candidates, uplink grant and data interruption period using a downlink mmW
broad-beam transmission 19058, The mWTRU may, during the data
interruption period, sweep receive an antenna pattern and measure the
scheduled AARS quality metric and record the beam pair measurement 1906.
The mWTRU may transmit a PUDCCH L1FDBK beam update measurement
report using an uplink mmW/LTE broad-beam transmission 1907. The SCmB
mayv, during the data interruption period. sweep a receive antenna pattern
and measure the scheduled AARS quahty metric and record the beam pamr
measurement 1908, The SCmB may transmit beam pair scheduling mm a
Common PDDCCH including steady-state measurement configuration using a
downlink mmW broad-beam transmission 1909, The mWTRU may switch to a
new beam pair according to the beam pairing scheduling either using narrow
beam pair or multi-AcA beam pair 1910.

[0188] During data transmission using the new beam pair 1900b, the
SCmB may transmit dedicated PDDCCH and PDDDCH carrying data traffic
in narrow beam pair using a downlink mmW narrow beam pair transmission
1911, The mWTRU may receive the PDDDCH according to the per-TT1
scheduling carried in the dedicated PDDDCH and also per steady-state beam
measurement according to the pre-scheduled periodic measurement
configuration 1912. The mWTRU may transmit PUDCCH L1FDBK {e.g.,
ACK/NACK, CHl, ete.) and a steady-state beam measurement report using an

uphnk mmW narrow beam pair transmission 1913.
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[01859] In another embodiment, the SCmB may schedule in common
PDDCCH, dedicated PDDCCH or LTE L1 control channels for a directional
HARQ transmission. The directional HARQ transmission scheduling
mformation may include but is not limited to transmit and/or receive heam
indices of HAR{ new transmission and all pre-configured retransmissions.
The SCmB may transmit the HARQ new transmission at the AoD
corresponding to the scheduled new transmission transmit and/or receive
beam index and upon receiving NACKs, transmit the HARY retransmissions
at the AoDs corresponding to scheduled retransmission transmit and/or
receive beam indices.

[0180] In another embodiment, an mWTRU may decode the
transmission mode scheduling information on the common PDDCCH,
dedicated PDDCCH or LTE PDCCH. The mWTRU may receive a directional
HARQ transmission scheduling and upon decoding an error of the HARG new
data transmission perform beam pair switch for one or all HARQ
retransmissions according to the scheduled transmit andfor receive beam
indices.

10191] The SCmB may form a narrow transmit beam at the AoD
corresponding to the AoA path with the highest reported quality metric and
transmit the PDDDCH new transmission. Upon a new transmission failure,
the SCmB may change the AoD of the retransmissions by steering the
transmit beam to a different AoD corresponding to a different AcA path at the
mWTRU, for example with the next highest reported guality metric.

10192] FIG. 20 1s a diagram of an mWTRU multi-AQA reception using a
single narrow beam for a new transmission in TT1I N. FIG. 21 15 a diagram of
an mWTRU multi-AcA  reception using a single narrow beam for
retransmission m TTI N+X. Ag shown in FIGS. 20 and 21, in TTI N the
SCmB may apply a transmit beam at the Aol} corresponding to transmit beam
3 for a new transmission. For retransmission in TTI N+X the SCmB may
apply a transmit beam at the AoD corresponding to transmit beam 9. The
time interval between HARY new transmission and retransmissions may

depend on a range of mmW HARE parameters including but not limited to the
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number of HARQ processes, mWTRU processing time of the largest HARQ
data block size, the maximum round-itrip propagation delay of the
dimensioned mmW cell size, and the like.

10193] The mWTRU may obtain the receive beam indices in an internal
beam measurement record, for example, as shown i TABLE 2 (above), and
retrieve the information of the mWTRU receive beamforming control word and
corresponding detected AcA path for each receive beam index. For example,
the scheduled receive beam Index: and Index. according to the mWTRU beam
measurement record may correspond to the beamforming control word and
AoA as shown in TABLE 4 {above).

[0184] The mWTRU may receive a new data mdicator (NDI) in the
scheduhing information i the common or dedicated PDDCCH, apply the
beamforming control word used for the transmit and/or receive beam
scheduled for the HARQ new transmission and form a narrow receive beam at
the corresponding AoA path. In the example shown in FIG. 20, the mWTRU
may receive the HARQ new transmission in mmW TTI N using the scheduled
primary receive beam at AcA path W4, which is the strongest detected AcA
path from the measurement.

{0185] The mWTRU may then decode and demodulate the PDDDCH in
the paired transmit and receive beams.

[0196] Referring to FIG. 21, upon decoding an error of the new
transmmission in TTI N, the mWTRU may apply TTI N+X in the beamforming
control word used for the transmit and/or beam scheduled for the HARQ
retransmissions and form a narrow receive beam at the corresponding AcA
path. In the example shown i FIG. 21, the new transmission in ramW TTI N
may be blocked and in TTI N+X, the mWTRU may form a narrow receive
beam at AoA path Wy, which is the 2nd strongest detected AoA path from the
measurement done. The beam steering tume may be negligible compared to
the mWTRU baseband processing time when designing the retransmission

delay value of X,
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[0197] The mWTRU may demodulate and decode the HARY
retransmissions in the switched transmit and receive beam pairs that are
different than the pair used for the new transmission,

13198] The SCmB may not pair the transmit and receive beams for the
new transmission at the strongest reported AoA path because the beam
scheduling may depend on many factors, e.g., the transmit beam availability.
[0199] In another embodiment, a HARQ directional transmission may
be triggered by scheduled trigger events. A 5CmB, upon receiving a pre-
defined number of ACKs for HARQ retransmission, may send scheduling
information to remove an alternate-AoDd HARQ retransmission scheme and
schedule the beam pair used for the new transmission to apply for
retransmissions. An mWTRU upon receiving the scheduling mformation to
remove directional HARGQ transmission, may stop the receive antenna pattern
steering between new data transmission and retransmissions, and use the
beam pair for the HARQ new transmission. The AoA path corresponding to
the scheduled primary beam may be blocked as shown in FIG. 21 and may not
be recovered. During the data transmission, the mWTRU beam measurement
may require configuration of a measurement gap and may not produce mm-time
megsurement reports to indicate the blocking condition to the SCmB.

10200] The directional HARQ scheme may result in consecutive NACKs
for the new transmissions and ACKs for the retransmissions. In this case, the
SCmB may waste energy if continuing with the new transmissions. Instead, it
may consider rermoving the divectional HARQ transmission scheme and form a
narrow transmit beam for HARQ new transmission and retransmissions. The
SCmB may reconfigure the HARQ) directional transmission to be a regular
HARQ transmission.__The SCmB may reconfigure the HARGQ directional
transmission to a regular HARE transmission when receiving a pre-defined
consecutive number of NACKs for new transmissions and ACKs for
retransmissions. The SCmB may set the transmission scheme selection field
in common or dedicated PDDCCH to a bit combination corresponding to the
regular transmission mode and use the transmit and/or receive beam for

HARG retransmission for HARQ new transmissions.
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10201] Upon receiving the transmission mode reconfiguration from the
SCmB, the mWTRU may fix the receive beam at the AcA path corresponding
to previous retransmission AocA paths and receive the HARG new
transmissions and retransmissions using the same transmit and receive beam
pair.

[0202] In another embodiment, the SCmB may schedule periodical data
interruptions in RRC dedicated signaling, the dedicated PDDCCH, the
common PDDCCH or the UTE PDCCH. During these interruptions, the data
transmission may be suspended for an mWTRU to measure selective beam
pairs, including beam pairs of the previcusly reported best quality metric or
available beam pair candidates for scheduling.

10203] A SCmB may transmit beam specific reference signals in one or
more wide beams, multi-lobe (rnulti-AocD) beams, and/or narrow beams with
different periodicity. A SCmB may dynamically schedule and transmit beam
specific reference signals using resources {(e.g., time, frequency and code)
dedicated to at least one mWTRU.

10204] The SCmB may periocdically transmit beam specific reference
signals corresponding to one or more bearns and the 5CmB may determine the
periodicity of beam specific reference signals according to mWTRUs density
under coverage of those beams. The SCmB may choose to transmit more often
the heam specific reference signals corresponding to beams that are reported
by other mWTRUs 1n their measurement results.

[0205]

The SCmB may transmit the beam specific reference signals
corresponding to one or more beams, when these beams are reported by
mWTRUs in the measurement report. The SCmB may schedule the heam
reference signal resources {e.g., time, frequency and code) using common or
dedicated PDDCCH. An SCmB may indicate the BSRS sequence index in the
reference signal scheduling or implicitly indicate the BSES sequence index in
the subframe number, slot number and/or the number of REs containing the
dedicated PDDCCH. The SCmB mayv use a beam measurement reguest MAC
CE to indicate the presence of narrow beam reference signals The mWTRU

may receive the associated reference signal time and frequency resource
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allocation in 518 or dedicated RRC signaling. In another example, the SCmB

i

may use the BSRS sequence index of broad beam reference signals to
implicitly indicate the presence of corresponding narrow beam reference
signals. The mWTRU may calculate the time and frequency resources of the
narrow beam reference signals based on the resources used for wide beam
reference signals. In another example, SCmB mayv use a new beam presence
indicator channel to indicate the presence of one or more beam specific
reference signals in the current subframe. A beam presence indicator channel
may carry information regarding the identity of the beam. The mWTRU may
receive time and frequency resource allocation of the present reference signals
m S5IB or RRC signaling.

10206] To enable multi-AoD transmissions, the SCmB may dynamically
measurement reports from the mWTRU with at least two or more narrow
beams, the SCmB may choose to activate measurements for the mulii-lobe
covering the AoD transmission. The SCmB may choose the same methods
described above to schedule dynamic multi-lobe measurements.

10207] In another embodiment, an mWTRU may perform measurersents
on one set of previously measured beams when one or a set of pre-configured
events are met. An mWTRU may be initially configured to measure only the
reference signals corresponding to the wide beam or the serving beam. The
mWTRU may perform measurements on one or more backup beams when one
or move of the following events are triggered: (1) when the number of NACKs
received {(with an Rx beam corresponding to the serving Rx-Tx beam pair) is
above a pre-defined threshold; (2) when the receive signal strength mdicator
(RSSD/reference signal receive power (RSRP)reference signal receive quality
(RSEQ)/channel quality indicator (CQL) of the serving beam pair i1s below a
defined threshold and/or the RSSI/RSRP/RSRQ/CQL of the alternate beam
pair is above a defined threshold or better than the serving beam pair by at
least a configured offset; (3) when the number of OUT OF SYNC indications

are above a configured threshold within a configured time window; and/or (4)
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when the number of ARQ NACKSs received at the RLC layer is above a defined
threshold.

[0208] An SCmB may signal a measurement configuration to the
mWTRU that may include measurement objects, measurement cycles and
measurement scope, in addition to measurement i1dentity and quantity
configuration. An mWTRU may receive an imitial configuration for
{Measurement object, Measurement Scope and Measurement cycle} in

accordance with TABLE 5, below,

Serving Narrow beam Measure, Track, Report | x
Narrow beam within the | Measure, Report v {<=x)

serving wide beam

Serving Wide  beam | Measure, z {>=y)
encompassing the

Serving narrow heam

Other wide beams of | None Infinity

serving cell

TABLE §5: EXAMPLE MEASUREMENT CONFIGURATIONS
{0209] Where a measurement object indicates to the set of beam 1Ds, the
measurement cycle may capture the periodicity/frequency of measurement.
The measurement scope may determine the operation to be performed on the

measurement object,

{0210] In one example, the SCmB may explicitly reconfigure the
measurement scope and cycle parameters according to the mWTRU
measurernent. report. For example, depending on the measurement report
from the mWTRU, the SCmB may promote from the measurement scope and
may provide a lower value for the measurement cycle for the non-serving
narrow beam.

{0211] Alternatively, the SCmB may configure the mWTRUs to
implicitly scale the measurement configuration if one or more triggers for
measurement events occur. For example, when the number of NACKSs received
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when using serving narrow beams 1s above a given threshold, an mWTRU
may promote the measurement scope of the serving wide-beam to report
autonomously. Additionally the non-serving wide beams of the serving cell
may be promoted from {None—Measure-—->Measure and Report—Measure,
Track and Report}. In a similar fashion, the measurement cycle may also be
scaled according to the number of NACKs received or the signal threshold of
the serving beam.

{0212] In ancther embodiment, a WTRU may implicitly or explicitly
perform beam switching from a serving beam pair to an alternate beam pair
based on configured criteria. The mWTRU may also report the implicit beam
switch to the SCmB. The mWTRU may maintain and update an internal beam
measurement result table. Each row or measurement record in the table may
contain quantized measurement results for a unique Bx beam and Tx beam
pair. The Bx or Tx beams may be identified using a unique ID. Such a beam
1D may be used to identify different beam characteristics, patterns or patch
antenna configurations. For example, different IDs may be assigned for
narrow beam nl, narrow beam n2, wide beam wil and a multi-lobe beam
pattern (for muiti-AcA reception or for multi-AoD transmuission) covering both
narrow beam nl and narrow beam n2. In some cases, different beam IDs may
be used to identify beams generated from one or more patch antennas.
Optionally, the measurement results stored in the table may be averaged
using a moving average filter whose coefficients are configured by the SCmB.
In one sclution, the table may be sorted in the decreasing order of the
quantized measurement result. An mWTRU may be configured to use the Rx
beam corresporndding to the topmost enfry in the measurement table.
Additionally, an mWTRU may be configured to implicitly switch from a
serving Rx-Tx beam pair to the alternate Rx-Tx beam pair in the
measurerment table if the Tx beam D is the same between the serving and
alternate beam pair. Such an implicit transition may be triggered when one
or more of the following criteria is satisfied: (1) when the number of NACKSs
received (with Kx beam corresponding the serving Bx-Tx beam pair) 1s above a

pre-defined threshold; (2) when the RSSURSRP/RSRG/CQL of the serving
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bheam pair is below a defined threshold and/or the RSSVRSRP/RSRQ/CQI of
the alternate beam pair 1s above a defined threshold or better than the serving
gam pair by at least a configured offset; (3) when the number of OUT OF
SYNC indications are above a configured threshold within a configured time
window; and/or when the number of ARQ NACKs received at the RL layer is
above a defined threshold.
[0213] Upon receiving the new data transmission using the serving
beam pair, the mWTREU wmay be configured to receive each successive
retransmissions and may attempt using an alternate receive beam as long as
following two conditions are satisfied: (1) the Tx beam corresponding to the
alternate Bx beam 1s same as the Tx beam 1n the serving beam pair; and (2)
the quantized measurement results corresponding to the alternate Rx-Tx

beam pair is at least above a predefined threshold.

{0214] In the case where the number of candidate Rx beams for a given
Tx serving beam is less than the maximum number of HARQ retransmission
attermpts, the mWTRU may cycle through the candidate Ex beam for each
retransmission atternpt.

{0215]

beam switch to the SCmB. The mWTRU may use either new MAC CE

Opticnally, the mWTRU may be configured to report the implicit

element or use L1 signaling to report the implicit beam switch. The mWTRU
may transmit an explicit beam switch request to the SCmB when one or more
of the beam switch criteria as described above is satisfied. Such an explicit
report may be mandatory if the serving and alternate beam pawr differ by at
least the Tx beam 1D corresponding to SCmB. The SCmB may then respond
with beam switch acknowledgment or reject messages, based on its internal
REM/Scheduler algorithms, The beam switch acknowledgment message may
carry an explicit identifier for the new beam pair to use. Such an identifier
may indicate one or more of the following: (1) the index of the preferred beam
pair in the table of the last transmitted beam measurement report; (2) the
transmit beam D corresponding to the SCmB; and/or (3) the receive beam ID

corresponding to the mWTREU.
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{0216] Random access (RA) resource sets are disclosed herein. One or
more RA resource sets may be provided, e.g., by signaling, and/or used. An
mWTRU may select or determine an RA rescurce set based on an SCmB DL
measurement or DL transmit beam. An KA resource set may be associated
with an SCmB UL receive beam. An mWTRU may perform an RA procedure
using the selected or determined RA resource set. An mWTRU may select
and/or use multiple RA resource sets where each RA resource set may be
associated with a different SCmB UL receive beam. An mWTRU may perform
an RA procedure via UL transmissions using one or more, for example, each,
of the selected or determined RA resource sets. The mWTRU may use the
different resource sets via UL fransmissions to attempt to gain successful
access to the SCmB. The SCmB may use the RA UL transmissions from the
mWTRU to determine, for example, a best receive beam for UL
communication with the mWTRU

{0217] In one embodiment, the mWTRU may try an RA resource set
mdividually, for example, until successful or maximum attempts have been
reached. An mWTRU may try another BA resource set if, for example, only if a
previous RA rescurce set was unsuccessful, for example, if maximum attempts
was reached without success.

10218] In another embodiment, UL transmission by the mWTRU using
different RA resource sets may be performed serially or sequentially, for
example, at different times one transmission after the other. An RA attempt
may include tries with the multiple resource sets and may be considered
successful, if a random access response (RAR) 1s successfully received from the
SCmB for at least one transmission.

{0219] An RA or PRACH resource set may be or include a transmission
sequence which may be referred to as a preamble, a resource in time and/or
frequency, and/or RA response (RAR) window information. The terms RA
resource set and PRACH resource set may be used interchangeably.

[0220] An RA resource set may include a set of one or more PRACH

resources and one or more associated PRACH parameters. Dhifferent PRACH
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resources in the same RA resource set may have the same or different
associated parameters.

[0221] For example, an RA resource set may include a set of PRACH
preambles, resource mformation related to a set of resources in time and/or
frequency and RAR window information. Time for a PRACH resource or RA
resource set may be, for example, allocated, configured, or identified in at least
one of subframes, frames, system frame numbers (SFNg), TTIs, or symbols.
Frequency may be, for example, in, allocated, configured, or identified in at
least one of subcarriers, whole carriers, or resource blocks which may
represent a set of subcarriers and symbols. The frequency allocation for a
PRACH resource may be the full system bandwidth or part of the system
bandwidth. An RA resource set may or may also include transmission and/or
random access procedure parameters. RAR window information may including
timing and location and/or directional information corvesponding to receipt of
an expected RAR transmission from the SCmB (.e., corresponding to a tirae of
expected receipt of the RAR and a location and/or direction from which the
expected RAR is to be received from). Since the RAR window is received in a
downlhink beam, the expected divection and/or location for the RAR window of
the expected RAR may be explicitly or inherently determined from the
corresponding same direction and/or location of the downlink beam associated
with the selected RA set and also other information received in the RA
resource set, e.g., a frequency and tune “location” of the window,

[0222] An RA resource set may be associated with one or more DL
transmit beams and/or one or more UL receive beams.

[0223] An mWTRU may select or determine at least one RA resource set
and perform an RA procedure using the at least one RA resource set. For a
selected RA resource set, the procedure may include one or more of selecting a
preamble from the set preambles in the selected RA resource set, selecting or
determining a physical resource (e.g., directional UL transmit beam) in time
and/or frequency from the set of physical resources in the selected RA resource
set, determining a RAR window from RAR window information provided in

the selected RA resource set, transmitting to the SCmB the selected preamble
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on the deterrained physical resource, monitoring during the determined RAR
window at a determined location (e.g., a specified direction or zone) for a
corresponding RAR, and/or receiving an RAR associated with the selected RA
resource set and/or the preamble transmission, The mWTRU may use linkage
or mapping mnformation to select or determine the physical resource (e.g., a
directional UL transmit beam) to use for a particular RA transmission, such
that the linkage or mapping information may indicate a linkage or mapping of
the selected preamble to the physical resource or may indicate a linkage or
mapping of an RA resource set of the selected preamble to the physical
resource. Thus, the mWTRU may determine which physical resource to select
based on a selected RA resource set or selected preamble and the hinkage or
mapping information.

{0224] The BA procedure may include additional steps such as power

ramping, retransmission, contention resolution, and the like. The SCmB

and/or the mWTEU may perform beamforming the Ul and/or DL.
{0225] SCmB downlink transnmit and uplink receive beam linkage is

disclosed herein. An SCmB may maintain a linkage and/or mapping between
one or more downlink transmit beams and one or more uplink receive beams.
The linkage and/or mapping may be determined by the spatial coverage. For
example, a downlink transmit beam that may cover a specific SCmB downlink
AoD range may be linked and/or mapped to one or multiple receive beams that
may provide a corresponding spatial coverage for an SCmB uplink AcA.

[0226] For a downlink transmit beam, the downlink transmit beam
Iinkage and/or mapping to uplink receive beam may be one to one, one-to-
many, or many-to-one. Different downlink transmit heams may have different
types of mapping, for example, one beam may have a one-to-one mapping
while another may have a one —to-many mapping.

10227] The beamwidth of an uplink receive beam may not be the same
as the beamwidth of a downlink transmit beam. For example, given a certain
coupling loss and uplink transmit power lower than that of the downlink, the

SCmB receive beam may be narrower than the transmit beam to provide more
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gain to close the uplink hink budget. In this example, the downlink transmit
beam mapping to uplink receive beam may be one to many.

[0228] The mapping may be static, for example, configured when an
SCmB is be started. The mapping may be semi-statically or dynamically
reconfigured, for example, when the SCmB beamforming algorithm changes
depending on certain network status, e.g., load per beam, user density, etc.
The SCmB may send this SCmB transmit and receive beam linkage o
mWTRUs via system information broadeast or via dedicated signaling.

13229] The SCmB downlink transmit beam of the linked beams may be
a control channel beam, a measurement beam or a data channel beam. The
SCmB uplink receive beam of the linked beams may be used to receive

PRACH, uplink control channel, uplink reference signal or uplink data

channel.
{0230] Methods and systems for RA resource set linkage to one or more

beams and/or tiraes are disclosed herein. One or more RA resource sets may
be provided and/or used. A RA resource set may be associated with or
correspond to at least one SCmB beam such as at least one SCmB DL
transmit beam for a downhink transmission transmitted by the SCmB and/or
at least one SCmB UL receive beam for an uplink transmission to be received
by the SCmB. A group of one or more RA resource sets mav be associated
with and/or correspond to at least one SCmB beam such as at least one SCmB
DL transmit beam and/or at least one SCmB UL receive beam. A group may
have one or more members.

[0231] In an example, a group of KA resource sets may be associated
with a SCmB DL transmit beam, e.g., by configuration. The SCmB DL
transmit beam may correspond to one or more SCmB UL receive beams. A RA
resource set, for example, each RA resource set in the group may correspond to
an SCmB UL receive beam. Multiple SCmB DL transmit beams may be
associated with a same UL receive beam. A RA resource set may be in more
than one group of RA resource sets. A RA resource set may be associated with

more than one SCmB DL transmit beam.
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[0232] An 5CmB may provide and/or configure the RA resource sets, for
example, in signaling such as RRC or broadcast signaling and/or in system
information such as in a SIB. An mWTRU may receive and/or use one or more
of the RA resource sets or groups of RA resource sets, for example, received in
signaling or configuration from an SCmB.
[0233] An association between a group of RA resource sets and an
SCmPB DL transmit beam may be implicit or explicit. For example, an SCmB
may transmit broadcast signahing when transmitting using a particular DL
beam, for example, when transmitting with particular beamforming which
may create a directional beam in azimuth and/or elevation. The broadeast
signaling may include a configuration for a group of RA resource sets. The
broadcast of the group when using the particular DL transmit beam may
mmphicitly associate the group with the DL transmit beam. In another
example, the association between a group of RA resource sets and a DL
transmit beam may be explicitly indicated in signaling.
{0234] A random access resource set may be associated per SCmB
uplink receive beam. Each RA rescurce set may be associated with a specific
SCmB uphnk receive beam, for example, the PRACH time allocation of a RA
resource set may be determined by the associated SCmEB uplink receive beam
sweeping schedule, the maximum PRACH transmit power may be based on
the gain of the associated SCmB uplink receive beam, etc.
10235] RA resource sets may he provided by the SCmB to all mWTRUs
via system broadcast signaling and/or dedicated signaling. The signaling may
meiude a mapping between RA resource set number or index to SCmB
ownlink transmit beam or/fand SCmB uplink receive heam. The SCmB
downlink transmit beam and uplink receive beam mayv be indicated with a

beam reference signal index, a beam identity (ID), a scrambling code index,

ete.
10236] With this mapping configuration, an mWTRU may for example

establish one of or both mappings described in Equation 1 and Equation 2:
mbB downlink transmit beam — Handom access resource set

Equation 1
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mB downlink fransmit beam — SCmB uphink receive heam — Random
access resource set

Equation 2

{0237] As SCmB downlink transmit beam mapping to SCmB uphuk
receive beam may be one-to-one, one-to-many or many-to-one, one SCmB
downlink transmit beam mav be associated with multiple SCmB uplink
receive beam and as a result the SOmB downlink transmit beam may be
mapped to multiple KA resource sets.

[0238] RA resource set selection is disclosed herein. In one embodiment,
RA resource set selection may be independent of beam information. An
mWTRU may select or determine a BA resource set or a group of BRA resource
sets from configuration information from the SCmB, for example, provided in
a SIB, which may associate the RA resource set or the group of RA resource
sets, for example, imphcitly or explicitly, with a DL beam, DL measurement or
measurement set, or DL transmission. That is, information representative of
a DL beam may be used by the processor of the mWTRU, for example, to make
the selection of the RA resource set or group of BA rescurce sets. In addition or
alternatively, the RA resource set or the group of BA resource sets may be
implicitly or explicitly associated with, for example, an UL beam, an UL
measurement or measurement set, or an UL transmission. That 1s,
mformation representative of a UL beam may be used by the processor of the
mWTRU, for example, to make the selection of the RA resource set or group of
RA resource sets. An mWTRU may select one or more RA resource sets or one
or more groups of RA resource sets based on configuration information
received from the SCmB, measurement information received from the SCmB
and/or measurcment information acguired (Le., measured) by the mWTRU
from a DL beam.

{0239] For example, the mWTRU may select or determine an RA
resource set or a group of RA resource sets based on at least one of: (i) a DL
measurernent, for example, a DL beam measurement) which may for example

cross a threshold, () the highest DL measurement, for example, a highest DL
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beam measurement of a set of DL measurements, where each of DL beam
measurements may, for example, cross a threshold (1) RA resource set
configuration which may be provided or broadcast by an SCmB, for example,
i system information, and (v} time of the DL measurement or time a DL
signal or channel 1s received by the mWTRU,

[0240] For example, the mWTRU may receive a DL control channel
and/or a reference signal at a particular time and/or take a measurement
thereof at a particular time. A SIB, which may identify (e.g., impheitly or
explicitly) and/or include configuration of a EA resource set or a group of RA
resource sets, may be associated with the DL control channel or the reference
signal. If the mWTRU successfully receives the control channel and/or
determines the measurement is above a threshold, the mWTRU may receive
the associated SIB and/or the associated configured group of RA resource sets.
The mWTRU may select or determine the group of RA resource sets as the
group associated with, or provided 1in, the SIB associated with the DL control
channel or the measurement.

[0241] In another example, the mWTRU mav receive multiple DL
control channels and/or measure multiple reference signals each at a
particular time., The mWTRU may choose the DL control chanunel or reference
signal with the best quality, for example, highest signal, SNE, or signal-io-
mterference-plus-noise ratio (SINR), and receive the associated SIB and/or the
associated configured group of RA resource sets. The mWTRU may select or
determine the group of RA resource sets as the group associated with, or
provided in the SIB associated with, the chosen or best guality channel or
signal.

10242] RA resource set selection with beam information is disclosed
herein, An mWTRU may select or determine a group of RA resource sets
based on an SCmB DL beam. An mWTRU may determine or select an SCmB
DL beam based, for example, on at least one of successful synchronization,
successful reception of a transmission from the beam such as a SIB or control
channel, a measurement of the bhearn, andfor a measurement of the beam

exceeding a threshold. The association of beams with signals and channels

-66-
Petitioners' Exhibit 1002, p. 121

AT&T et al v. ASUS Technology & Celerity
IPR2024-01142



WO 2016/086144 PCT/USZ015/062766

such as synchronization signals, broadeast channels, control channels, and
measurement signals may or may not be known to the mWTRU. For example,
an mWTRU may not know the association until after reading one or more
S5iBs. An mWTRU may synchronize to an 5CmB and read 5IBs and/or control
channels based on time relationships. For sumplicity in some embodiments
and examples described herein, the mWTRU may determine or select a beam
and use that beam for other determinations or associations, The mWTRU may
mstead, or in addition, determine and/or use an aspect of a beam, for example,
the transmission or reception time of a signal or channel which may be
beamformed and still be consistent with the examples disclosed herein.

[0243] For example, the SCmB may sweep DL beams in fime. The
mWTRU may find one or more satisfactory DL transmissions, for example,
based on successful synchronization, successful reception, or a measurement
exceeding a threshold. A DL transmission may corvespond to a DL beam. The
mWTRU may choose one or more of the satisfactory DL transmissions or the
associated DL beams, for example, the best or highest quality N (N>=1) DL
transmissions or DL beams. For cach of the N chosen transmissions or beams,
the mWTRU may determine one or more times duving which to acquire one or
more associated SIBs, for example, from a fixed or known timing relationship
and the mWTRU may acquire the one or more SIBs. An SIB associated with a
DL transmission or DL beam may include an identification andfor a
configuration of a BA resource set or a group of RA resource sets. The RA
resource set, sets or group of sets may be provided to the mWTRU separate to,
along with or included in the SIB.

[0244] The mWTRU may select or determine a RA resource set or a
group of RA resource sets as the set or the group associated with or provided
in the SIB associated with each of the chosen N, DL transmissions DL beams,
{0245] RA resouryce set selection, for example, selection of multiple
groups 1s disclosed herein. An mWTRU may determine one or more groups of
RA resource sets. For example, an mWTRU may determine a group of RA
resource sets for each DL beam for which a measurement exceeds a threshold.

An mWTRU may determine a primary group and one or more secondary
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groups. The primary group may correspond to the best beam (1.e., the beam
with the highest quality measurement).

[0246] FIG. 22 illustrates an example of RA acquisition and selection
procedure. A DL control channel, DL beam and/or reference signal may be
transmitted by the SCmB and received by the mWTRU (2201). The mWTRU
may determine, in accordance with the procedures disclosed herein, whether
the DL control channel, DL heam and/or reference signal meets a requirement
{e.g., based on a threshold test, best quality, successful synchromization, ete.)
(2202). Based on the determination of meeting the requirement, the mWTRU
determine to request configuration information (e.g., to be provided in a SIB)
corresponding to the DL control channel, DL beam and/or reference signal
from the SCmB (2203). The mWTRU may transmit the request for
configuration information to the SCmB (2204). Upon receiving the request for
configuration information, the SCmB may transmit the corresponding
configuration information and RA resource sets which correspond to the
configuration information to the mWTRU (2205). Upon receiving the
configuration information and RA resource sets, the mWTRU may select a RA
resource set based on the configuration information (2206). It will be
appreciated that the configuration information and RA resources sets may be
transmitted to the mWTRU in separate transmissions at separate times, and,
in some cases, the RA resgurce sets may be provided to the mWTRU prior o
or subsequent to the reguest for configuration information.

{0247] FIG. 23 illustrates an example RA acquisition, selection and
confirmation procedure. An BA resource set or sets and/or SIB is transmitted
by the SCmB and received by the mWTRU (2301). The mWTRU selects an RA
resource set from those RA sets received, and hegins to perform an RA
procedure based on the selected RA set (e.g., further celecting a preamble
provided in the selected EA resource set, further selecting a physical rescurce
such as a directional mWTRU uphnk (UL) transmit beam for transmitting the
selected preamble based on the selected preamble, further determining a RAR
window for monitoring for a specific RAR, ete.) (2302). The mWTRU may then

transmit the selected preamble to the SCmB using the selected divectional
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mWTRU Ul transmit beara (2303). Upon receiving the preamble, the SCmB
may generate or select a Random Access Response (RAR) based on the
received preamble (2304), and may transmit the RAR to the mWTRU using a
corresponding directional SCmB DL beam (2305). The RAR may be
transmitted by the SCmB as the mWTRU monitors for the RAR during a RAR
window determined by the mWTRU, where the RAR window corresponds o,
for example, a time period and a location {e.g., direction) in which the mWTRU
monitors for a specific, expected RAR. The SCmB may use configuration
iformation based on the RA resource used in the received uplink preamble
{e.g., the one selected by the mWTRU) to determing a transmission timing of
the selected RAR such that the transmission fiming comncides with the RAR
window. The mWTRU may select an UL beam based on the received RAR
(2306).

0248] It will be appreciated that the examples iHustrated in FIGS. 22
and 23 may be corabined in various ways and the ordering of steps may be
rearranged without departing from the general concepts disclosed herein. For
example, some or all of steps 2201-2206 may be incorporated into FIG, 23 to
occur prior to step 2303

[0249] Random aceess resource set contents are disclosed herein, An RA
resource set may include a set of one or more PRACH resources, for example,
preambles and/or resources in time and/or frequency, and cne or more
associated PRACH parameters, for example, ftransmission and/or RA
procedure parameters.

[0250] The PRACH transmission seguences may be or may include
preambles included in a BA resource set and may be or may be based on
Zadoff-Chu (ZC) sequences. Each preamble sequence may have a unique
index number associated with a specific cyclic shift of the ZC sequence. The
set of preamble sequences for each RA resource set may be configured or may
be determined based on pre-configured criteria. For example, each RA
resource set may have a designated ZC base sequence and each preamble in
the rescurce set ma