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ISSUE NOTIFICATION

The projected patent number and issue date are specified above.

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

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

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

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

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

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

Li-Te Pan, Taipei City, TATWAN;
ASUSTek Computer Inc., Taipei City, TAIWAN;
Richard Lee-Chee Kuo, Taipei City, TAIWAN;

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location
for business investment, innovation, and commercialization of new technologies. The USA offers tremendous
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation
works to encourage and facilitate business investment. To learn more about why the USA is the best country in
the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov.
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| ART UNIT | PAPER NUMBER |

2471

l NOTIFICATION DATE I DELIVERY MODE l

09/03/2020 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@bluecapitallaw.com
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Application No. Applicant(s)
. . 16/043,818
Response to Rule 312 Communication - -
Examiner Art Unit

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address —

1. ] The amendment filed on 28 August 2020 under 37 CFR 1.312 has been considered, and has been:
a)X] entered.

b) [ entered as directed to matters of form not affecting the scope of the invention.

c)[J disapproved because the amendment was filed after the payment of the issue fee.
Any amendment filed after the date the issue fee is paid must be accompanied by a petition under 37 CFR 1.313(c)(1)
and the required fee to withdraw the application from issue.

d)[] disapproved. See explanation below.

e)[J entered in part. See explanation below.

/ Kimberly Payne /

Kimberly Payne
Publishing Division

Office of Data Management

U.S. Patent and Trademark Office
PTOL-271 (Rev. 04-01) Reponse to Rule 312 Communication Part of Paper No.
Petitioners' Exhibit 1002, p. 3
AT&T et al v. Asustek Technology . =
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Electronic Acknowledgement Receipt

EFS ID: 40416958
Application Number: 16043818
International Application Number:
Confirmation Number: 7229

Title of Invention:

METHOD AND APPARATUS FOR SERVING QUALITY OF SERVICE (QOS) FLOW
IN A WIRELESS COMMUNICATION SYSTEM

First Named Inventor/Applicant Name:

Li-Te Pan

Customer Number:

106622

Filer:

Sang N. Dang/Sandy Kim

Filer Authorized By:

Sang N. Dang

Attorney Docket Number: 1426-221.101
Receipt Date: 28-AUG-2020
Filing Date: 24-JUL-2018
Time Stamp: 16:52:24

Application Type:

Utility under 35 USC 111{(a)

Payment information:

Submitted with Payment no
File Listing:
Document .. . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (ifappl.)

ResposetoNTFCAP08282020.

1426-221-101--

80256

pdf

yes 5

Scee99d2448eac3efdcb5989c45a8feffdbaq
470
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Multipart Description/PDF files in .zip description
Document Description Start End
Miscellaneous Incoming Letter 5 5
Amendment after Notice of Allowance (Rule 312) 1 4
Warnings:
Information:
Total Files Size (in bytes): 80256

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

New Applications Under 35 U.S.C. 111

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

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

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

New International Application Filed with the USPTO as a Receiving Office

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

Applicants: Li-Te Pan and Richard Lee-Chee Kuo

Title: METHOD AND APPARATUS FOR SERVING QUALITY OF
SERVICE (QOS) FLOW IN A WIRELESS COMMUNICATION
SYSTEM

Serial No.: 16/043,818 Filed: July 24, 2018

Examiner: Tri H. Phan Group Art Unit: 2471

Attorney Docket No.: 1426-221.101 (1060196-US)

CERTIFICATE OF EFS-WEB TRANSMISSION
UNDER 37 CFR § 1.8

I hereby certify that the enclosed _4 Page Response to Notice to File Corrected

Application Papers is being transmitted to the United States Patent and Trademark Office via

EFS-Web on  August 28, 2020.

Date: August 28, 2020 /Sandy Kim/
Sandy Kim

Mailing Address:

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

Costa Mesa, California 92626

Tel: 714-839-3800

Fax: 714-795-2995

Petitioners' Exhibit 1002, p. 6
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Docket No. 1426-221.101 (1060196-US)
Appl. No. 16/043.818
Response Dated: August 28, 2020

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Appl. No. 1 16/043,818

Confirmation No. 1 7229

Applicants : Li-Te Pan and Richard Lee-Chee Kuo

Filed : July 24, 2018

Title : METHOD AND APPARATUS FOR SERVING QUALITY OF
SERVICE (QOS) FLOW IN A WIRELESS COMMUNICATION
SYSTEM

TC/A.U. 1 2471

Examiner : Tri H. Phan

Docket No. : 1426-221.101 (1060196-US)

Customer No. 1 106622

RESPONSE TO NOTICE TO FILE CORRECTED APPLICATION PAPERS

Mail Stop Issue Fee
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Dear Sir:

In response to the Notice to File Corrected Application Papers of the above-identified
non-provisional patent application mailed on July 16, 2020, please amend the above-identified

application as follows:

Amendments to the Specification begin on page 2

Remarks begin on page 3.

Petitioners' Exhibit 1002, p. 7
AT&T et al v. Asustek Technology
IPR2024-00997



Docket No. 1426-221.101 (1060196-US)

Appl. No. 16/043.818
Response Dated: August 28, 2020

IN THE SPECIFICATION:

On page 7 of the specification, please amend the last line to:

The QoS architecture in NG-RAN is depicted #-the-Figured3-1-[in the Figure 12-1 of 3GPP TS
38.300 v0.4.1, which is reproduced as FIG. 5] and described in the following:

On page 10 of the specification, please amend line 4 from bottom of page to:

procedures discussed above. Details of this are as shown in Figure X.2-1 and Figure X.3-1 [of

3GPP TS 38.300 v0.4.1].

On page 13 of the specification, please amend line 17 to:

AN resources is illustrated in Figure 5.7.1-1 [of 3GPP TS 23.501 v1.0.0, which is reproduced as
FIG. 7].

On page 13 of the specification, please amend line 18 to:
[Figure 5.7.1-1 of 3GPP TS 23.501 v1.0.0, entitled “The principle for classification and User

Plane marking for QoS Flows and mapping to AN Resources”, is reproduced as FIG. 7]

Petitioners' Exhibit 1002, p. 8
AT&T et al v. Asustek Technology
IPR2024-00997



Docket No. 1426-221.101 (1060196-US)
Appl. No. 16/043.818
Response Dated: August 28, 2020

REMARKS

The amendments to the specification have been made to show designation to drawings as
described in the brief description. The amendments to the specification are in compliance with

USPTO Rules. No new matter has been added.

In particular, the Notice to File Corrected Application Papers requests corrections to the

following references to the figures:
1. Reference to Figure 13-1 on the last line of Page 7;
2. Reference to Figure X.2-1 and Figure X.3-1 on line 4 of Page 10; and
3. Reference to Figure 5.7.1-1 on line 17 of Page 13.

Applicants respectfully submit that the references to the figures listed above are in
sections where verbiage from 3GPP standards are quoted and copied. Nevertheless, Applicants
inserted additional text to point out that the figures are available in a 3GPP standard.
Furthermore, in the case of the reference to Figure 13-1 on Page 7, the 3GPP standard (namely,
3GPP TS 38.300 v0.4.1) refers to an incorrect figure number. Therefore, Applicants insert text
to correct the figure number (namely, Figure 12-1). In addition, Figure 12-1 of 3GPP TS 38.300
v0.4.1 and Figure 5.7.1-1 of 3GPP TS 23.501 v1.0.0 are reproduced respectively as FIG. 5 and
FIG. 7 of the present application. Therefore, Applicants insert text to indicate that Figure 12-1 of
3GPP TS 38.300 v0.4.1 is reproduces as FIG. 5, and that Figure 5.7.1-1 of 3GPP TS 23.501
v1.0.0 is reproduced as FIG. 7.

The pending claims have all been indicated as allowable in the Notice of Allowance of

May 7, 2020.

Applicant respectfully requests entry of the amendment to specification prior to

publication of the patent.

Petitioners' Exhibit 1002, p. 9
AT&T et al v. Asustek Technology
IPR2024-00997



Docket No. 1426-221.101 (1060196-US)

Appl. No. 16/043.818
Response Dated: August 28, 2020

Should the Examiner wish to speak with Applicants’ attorney, the Examiner is invited to

contact the undersigned at the telephone number identified below.

Respectfully submitted,
Sang N. Dang
BLUE CAPITAL LAW FIRM, P.C.

Dated: August 28, 2020 /Sang N. Dang/
Reg. No. 51,186
Tel.: (714) 839-3800

Petitioners' Exhibit 1002, p. 10
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW,USPLO. OV

APPLICATION NO. ] FILING DATE FIRST NAMED [NVEN FOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. l
16/043.818 07/24:2018 Li-Te Pan 1426-221.101 7229
106622 7590 07 162070 I CNAMINER I
Blue Capital Law Firm, P.C.
650 Town Center Drive, Suite 1530 PHAN, TRIH
Costa Mesa, CA 92626
I ART UNIT | PAPER NUMBER I
2471

I NOTIFICATION DATE I DELIVERY MODE l

07/16/2020 FLECTRONIC
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

tollowing ¢-mail address(cs):

docketing@bluecapitallaw.com

PTOL-90A (Rev, 04/07)
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UNITED STATES PATENT AND TRADEMARK OFFICE

Commissioner for Patents

United States Patent and Trademark Office
P.O. Box 1450

Alexandria, VA 22313-1450
www.uspto.gov

Application No. : 16043818
Applicant : Pan

Filing Date : 07/24/2018
Date Mailed : 07/16/2020

NOTICE TO FILE CORRECTED APPLICATION PAPERS

Notice of Allowance Mailed

This application has been accorded an Allowance Date and is being prepared for issuance. The
application, however, is incomplete for the reasons below.

Applicant is given two (2) months from the mail date of this Notice within which to respond. This
time period for reply is extendable under 37 CFR 1.136(a) for only TWO additional MONTHS.

The informalities requiring correction are indicated in the attachment(s). If the informality pertains to the
abstract, specification (including claims) or drawings, the informality must be corrected with an
amendment in compliance with 37 CFR 1.121 (or, if the application is a reissue application, 37 CFR
1.173). Such an amendment may be filed after payment of the issue fee if limited to correction of
informalities noted herein. See Waiver of 37 CFR 1.312 for Documents Required by the Office of Patent
Publication, 1280 Off. Gaz. Patent Office 918 (March 23, 2004). In addition, if the informality is not
corrected until after payment of the issue fee, for purposes of 35 U.S.C. 154(b)(1)(iv), “all outstanding
requirements” will be considered to have been satisfied when the informality has been corrected. A
failure to respond within the above-identified time period will result in the application being
ABANDONED.

See attachment(s).

A copy of this notice MUST be returned with the reply. Please address response to
“Mail Stop Issue Fee, Commissioner for Patents,
P.O. Box 1450, Alexandria, VA 22313-1450".

/Quang Nguyen/
Publication Branch

Office of Data Management
(571) 272-4200

Petitioners' Exhibit 1002, p. 12
AT&T et al v. Asustek Technology
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Application No. 16043818
IDENTIFICATION OF SPECIFICATION/DRAWING INCONSISTENCIES

|:| On Page of the specification there is a brief description of FIG. , but the drawings filed do not include a
drawing with that designation. Applicant must respond either by supplying the omitted drawing or by
amending the specification to remove all references to that drawing.

|:| The drawings filed include FIG. , but the specification's brief description of the drawings does not
describe a drawing with that designation. Applicant must respond either by amending the specification to
add a brief description of that drawing or by correcting the drawings to remove the drawing in question.

|:| In the utility application, drawings are present in the application and are referred to in the detailed
description of the invention, but the specification does not contain a brief description of the several views
as required by 37 CFR 1.74 and 37 CFR 1.77(b)(9).

|:| The design application does not contain a description of the figure or figures of the drawing as required
by 37 CFR 1.153(a) and 37 CFR 1.154(b)(4).

|:| In the plant application, the specification does not contain a brief description of the drawing as required
by 37 CFR 1.163(c)(8).

Page 7, 10, 13 of the specification refers to FIG. See Comment below, but no drawing with that
designation is described in the brief description of the drawings and no drawing with that designation is
present in the application. Applicant must respond either by amending the specification to remove all
references to that drawing, or by supplying that drawing and amending the specification to add a brief
description of it.

|:| In the reissue application, FIG. , is labeled as “New” but is not described in the reissue specification’s
brief description of the drawings. Applicant must respond by amending the reissue specification’s brief
description of the drawings to add a brief description of the new drawing.

OTHER:

<[]

COMMENTS:

- Page 7, last line, referes to FIG. 13-1.

- Page 10, line 4 from bottom of page, referes to FIG. X.2-1 and X.3-1.
- Page 13, line 17, referes to FIG. 5.7.1-1.

Petitioners' Exhibit 1002, p. 13
AT&T et al v. Asustek Technology
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicants: Li-Te Pan and Richard Lee-Chee Kuo

Title: METHOD AND APPARATUS FOR SERVING QUALITY OF
SERVICE (QOS) FLOW IN A WIRELESS COMMUNICATION
SYSTEM

Serial No.: 16/043,818 Filed: July 24, 2018

Examiner: Tri H. Phan Group Art Unit: 2471

Attorney Docket No.: 1426-221.101 (1060196-US)

CERTIFICATE OF EFS-WEB TRANSMISSION
UNDER 37 CFR § 1.8

I hereby certify that the enclosed _1 Page Issue Fee Transmittal; and Electronic payment

via EFS are being transmitted to the United States Patent and Trademark Office via EFS-Web on

June 30, 2020.

Date: June 30, 2020 /Sandy Kim/
Sandy Kim

Mailing Address:

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

Costa Mesa, California 92626

Tel: 714-839-3800

Fax: 714-795-2995

Petitioners' Exhibit 1002, p. 14
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Electronic Patent Application Fee Transmittal

Application Number: 16043818

Filing Date: 24-Jul-2018

Title of Invention:

METHOD AND APPARATUS FOR SERVING QUALITY OF SERVICE (QOS) FLOW
IN A WIRELESS COMMUNICATION SYSTEM

First Named Inventor/Applicant Name: Li-Te Pan
Filer: Sang N. Dang/Sandy Kim
Attorney Docket Number: 1426-221.101

Filed as Large Entity

Filing Fees for Utility under 35 USC111(a)

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

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

UTILITY APPL ISSUE FEE 1501 1 1000 1000

Petitioners' Exhibit 1002, p. 15
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Description

Fee Code

Quantity

Amount

Sub-Total in
UsD($)

Extension-of-Time:

Miscellaneous:

Total in USD ($)

1000
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AT&T et al v. Asustek Technology
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Electronic Acknowledgement Receipt

EFS ID: 39876128
Application Number: 16043818
International Application Number:
Confirmation Number: 7229

Title of Invention:

METHOD AND APPARATUS FOR SERVING QUALITY OF SERVICE (QOS) FLOW
IN A WIRELESS COMMUNICATION SYSTEM

First Named Inventor/Applicant Name:

Li-Te Pan

Customer Number:

106622

Filer:

Sang N. Dang/Sandy Kim

Filer Authorized By:

Sang N. Dang

Attorney Docket Number: 1426-221.101
Receipt Date: 30-JUN-2020
Filing Date: 24-JUL-2018

Time Stamp: 17:08:48

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 E20206TH09015029

Deposit Account

Authorized User

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

Petitioners' Exhibit 1002, p. 17
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File Listing:

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

174568

1 1426-221-101-- yes 2
IssueFeeasFiled06302020.pdf

8da86fc639c568cfca284asfdc1 9%ed869389
8148

Multipart Description/PDF files in .zip description

Document Description Start End
Issue Fee Payment (PTO-85B) 1 1
Miscellaneous Incoming Letter 2 2
Warnings:
Information:
30419
2 Fee Worksheet (SB06) fee-info.pdf no 2
d654316f8d289f7528cca%a3153f3ad522¢1
ed1f
Warnings:
Information:
Total Files Size (in bytes): 204987

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

New Applications Under 35 U.S.C. 111

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

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

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

New International Application Filed with the USPTO as a Receiving Office

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

Complete and send this form, together with the applicable fee(s), by mail or fax, or via EFSWeb.
By mail, send to: Mail Stop ISSUE FEE By fax, send to: (571)273-2885
Commissioner for Patents
P.O.Box 1450
Alexandria, VA 22313-1450
INSTRUCTIONS: Thisform shouldbeused for transmitting the ISSUEFEE and PUBLICATIONFEE (ifrequired). Blocks 1 through5 shouldbecompleted 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.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) Note: A certificate of mailing can only be used for domestic mailings of the
Fee(s) Transmittal. This certificate cannot be used for any other accompanying

106622 papers. Each additional paper, such as an assignment or formal drawing, must
. . have its own certificate of mailing or transmission.

650 Town Center Dr|Ve, SUIte 1 530 Certificate of Mailing or Transmission

Costa Mesa’ CA 92626 I hereby certify that this Fee(s) Transmittal is being deposited with the United

States Postal Service with sufficient postage for first class mail in an envelope
addressed to the Mail Stop ISSUE FEE addressabove, or being transmitted to the
USPTO via EFS-Web or by facsimile to (571)273-2885, on the date below.

(Typed orprinted name)
(Signature)
(Date)
APPLICATION NO FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO CONFIRMATION NO
16/043,818 07/24/2018 Li-Te Pan 1426-221.101 7229
TITLE OF INVENTION: I\S/"YEgJI:IéDMD AND APPARATUS FOR SERVING QUALITY OF SERVICE (QOS) FLOW IN A WIRELESS COMMUNICATION
APPLN. TYPE ENTITY STATUS ISSUE FEE DUE PUBLICATION FEE DUE PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE
nonprovisional UNDISCOUNTED $1000 30 30 $1000 08/07/2020
EXAMINER ART UNIT CLASS-SUBCLASS
PHAN, TRI H. 2471 370-23000
1. Change of correspondence address or indication of“ Fee 2. For printing on the patent fiont page, list

Address” (37 CFR 1.363) (1) The nanes of up to 3 registered patent attorneys 1. Blue Capltal Law Firm, P.C.

|:| Change of correspondence address (or Change of oragents OR, alternatively,

Correspondence Address form PTO/SB/122) attached. (2) The name of a single firm (having as a menber 2.
a registered attorney or agent) and the names of
[[]« Fee Address” indication (or “Fee Address” Indication up to 2 registered patent attorney s or agents. If

form PTO/SB/47; Rev 03-09 or more recent) no nane is listed, no name will be printed.

attached. Use of a Customer Number is required.

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

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 ofthis form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE or COUNTRY)
ASUSTek Computer Inc. Taipei City, Taiwan

Please check the appropriate assignee category or categories (will not be printed onthe patent): |:| Individual Corporation or other private group entity |:| Govemnment
4a. Fees Submitted: Issue Fee PublicationFee (ifrequired) |:| Advance Order - # of Copies

4b. Method of Payment (Please first reapply any previously paid fee shown above):

Electronic Pay ment via EFS-Web D Enclosed check I:' Non-clectronic pay ment by credit card (Attach Hrm PTO-2038)
|:| The Director is hereby authorized to charge the required fe(s), any deficiency, or credit any overpayment to Deposit Account No.

5. Change of Entity Status (fromstatus indicated above)

|:| Applicant certifying micro entity status. See 37 CFR 1.29. NOTE: Absent avalid Certification ofMicro Entity Status (sec forms PTO/SB/15A and 15B), issue fe
payment in the micro entity amount will not be accepted at the risk ofapplication abandonment.

D Applicant asserting small entity status. See 37 CFR 1.27. NOTE: If the application was previously under micro entity status, checking this box willbe taken as
anotification ofloss ofentitlement to micro entity status.

D Applicant changing to regular undiscounted fee status. NOTE: Checking this box will be taken as a notificationofloss ofentitlement to small or micro entity
status, as applicable.

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1 .4 for signature requirements and certifications.

Authorized Signature /Sang N Dang/ Date June 30, 2020
Typed orprinted name - Sang N. Dang Registration No. 51186
PTOL-85 Part B (08-18) Approved foruse through 01/31/2020 OMB 0651-0033 U .S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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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. |
16/043,818 07/24/2018 Li-Te Pan 1426-221.101 7229
106622 7590 06/30/2020 | XAMINGR |
Blue Capital Law Firm, P.C.
650 Town Center Drive, Suite 1530 PHAN, TRIH
Costa Mesa, CA 92626
| ART UNIT | PAPER NUMBER |
2471
| NOTIFICATION DATE | DELIVERY MODE |
06/30/2020 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 @bluecapitallaw.com

PTOL-90A (Rev. 04/07)
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Application No. Applicant(s)

16/043,818 Pan et al.
Response to Rule 312 Communication Examiner Art Unit | AIA (FITF) Status
TRI'H PHAN 2471 | Yes

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --

1. M The amendment filed on 22 June 2020 under 37 CFR 1.312 has been considered, and has been:
a) entered.

by ] entered as directed to matters of form not affecting the scope of the invention.

c)[J disapproved because the amendment was filed after the payment of the issue fee.
Any amendment filed after the date the issue fee is paid must be accompanied by a petition under 37 CFR 1.313(c)(1)
and the required fee to withdraw the application from issue.

d)J disapproved. See explanation below.

e) ] entered in part. See explanation below.

/TRI H PHAN/
Primary Examiner, Art Unit 2471

U.S. Patent and Trademark Office
PTOL-271 (Rev. 04-01) Reponse to Rule 312 Communication Part of Paper No. 20200624
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Docket No. 1426-221.101 (1060196-US)
Appl. No. 16/043.818

Amendment Dated June 22, 2020
Amendment Under 37 CFR 1.312

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Appl. No. 1 16/043,818

Confirmation No. 1 7229

Applicants : Li-Te Pan and Richard Lee-Chee Kuo

Filed : July 24, 2018

Title : METHOD AND APPARATUS FOR SERVING QUALITY OF
SERVICE (QOS) FLOW IN A WIRELESS COMMUNICATION
SYSTEM

TC/A.U. 1 2471

Examiner : Tri H. Phan

Docket No. : 1426-221.101 (1060196-US)

Customer No. 1 106622

AMENDMENT UNDER 37 CFR 1.312

Mail Stop Issue Fee
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Dear Sir:

Please amend the above-identified application as follows:

Claims begin on page 2.

Remarks begin on page 4.

OK to enter.

TP
06/24/2020
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Docket No. 1426-221.101 (1060196-US)
Appl. No. 16/043.818

Amendment Dated June 22, 2020
Amendment Under 37 CFR 1.312

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Appl. No. 1 16/043,818

Confirmation No. 1 7229

Applicants : Li-Te Pan and Richard Lee-Chee Kuo

Filed : July 24, 2018

Title : METHOD AND APPARATUS FOR SERVING QUALITY OF
SERVICE (QOS) FLOW IN A WIRELESS COMMUNICATION
SYSTEM

TC/A.U. 1 2471

Examiner : Tri H. Phan

Docket No. : 1426-221.101 (1060196-US)

Customer No. 1 106622

AMENDMENT UNDER 37 CFR 1.312

Mail Stop Issue Fee
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Dear Sir:

Please amend the above-identified application as follows:

Claims begin on page 2.

Remarks begin on page 4.
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Docket No. 1426-221.101 (1060196-US)
Appl. No. 16/043.818

Amendment Dated June 22, 2020
Amendment Under 37 CFR 1.312

IN THE CLAIMS:

1. (Currently Amended) A method of a network node, comprising:
transmitting a first RRC (Radio Resource Control) message with a DRB (Data Radio Bearer)
configuration to a UE (User Equipment) for establishing a default DRB for a PDU (Protocol
Data Unit) RaecketPataUnit) session, wherein the DRB configuration includes a QFI (QoS
Flow 1d) configuration used to indicate whether a QFI field is present or not in uplink for the
default DRB and the QFI configuration is always set to a value indicating the QFI field is present
in uplink for the default DRB;

establishing the default DRB with a presence of the QFI field in uplink; and

receiving a SDAP (Service Data Adaptation Protocol) PDU with the QFI field via the
default DRB from the UE.

2. (Previously Presented) The method of claim 1, wherein the network node is not
allowed to transmit a second RRC_message to the UE for reconfiguring the QFI configuration for

the default DRB to no presence of the QFI field.

3. (Original) The method of claim 1, wherein a header in the SDAP PDU includes
at least the QFI field.

4. (Original) The method of claim 1, wherein the network node transmits an IP

(Internet Protocol) packet included in the SDAP PDU to a core network.

5. (Original) The method of claim 1, wherein the network node is a base station (or

gNB).

6. (Currently Amended) A network node, comprising:

a control circuit;

a processor installed in the control circuit; and

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

wherein the processor is configured to execute a program code stored in the memory to:

Petitioners' Exhibit 1002, p. 24
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Docket No. 1426-221.101 (1060196-US)
Appl. No. 16/043.818
Amendment Dated June 22, 2020
Amendment Under 37 CFR 1.312

transmit a first RRC (Radio Resource Control) message with a DRB (Data Radio
Bearer) configuration to a UE (User Equipment) for establishing a default DRB for a PDU
(Protocol Data Unit) RPacketBatatnit} session, wherein the DRB configuration includes a QFI

(QoS Flow Id) configuration used to indicate whether a QFI field is present or not in uplink for

the default DRB and the QFI configuration is always set to a value indicating the QFI field is
present in uplink for the default DRB;
establish the default DRB with a presence of the QFI field in uplink; and
receive a SDAP (Service Data Adaptation Protocol) PDU with the QFI field via
the default DRB from the UE.

7. (Previously Presented) The network node of claim 6, wherein the network node is
not allowed to transmit a second RRC message to the UE for reconfiguring the QFI

configuration for the default DRB to no presence of the QFI field.

8. (Original) The network node of claim 6, wherein a header in the SDAP PDU
includes at least the QFI field.

9. (Original) The network node of claim 6, wherein the network node transmits an

IP (Internet Protocol) packet included in the SDAP PDU to a core network.

10. (Original) The network node of claim 6, wherein the network node is a base

station (or gNB).
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Docket No. 1426-221.101 (1060196-US)

Appl. No. 16/043.818
Amendment Dated June 22, 2020
Amendment Under 37 CFR 1.312

REMARKS

Claims 1-10 are pending in the above-referenced application.

The pending claims have all been indicated as allowable in the Notice of Allowance of
May 7, 2020.

Previously allowed claims 1 and 6 have been amended to correct grammatical errors. No
new matter has been added. Applicant respectfully requests entry of the amendment to claims 1

and 6 prior to publication of the patent.

Should the Examiner wish to speak with Applicant's attorney, she is invited to contact the

undersigned at the telephone number identified below.

Respectfully submitted,
Sang N. Dang
BLUE CAPITAL LAW FIRM, P.C.

Dated: June 22, 2020 /Sang N. Dang/
Reg. No. 51,186
Tel.: (714) 839-3800
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicants: Li-Te Pan and Richard Lee-Chee Kuo

Title: METHOD AND APPARATUS FOR SERVING QUALITY OF
SERVICE (QOS) FLOW IN A WIRELESS COMMUNICATION
SYSTEM

Serial No.: 16/043,818 Filed: July 24, 2018

Examiner: Tri H. Phan Group Art Unit: 2471

Attorney Docket No.: 1426-221.101 (1060196-US)

CERTIFICATE OF EFS-WEB TRANSMISSION
UNDER 37 CFR § 1.8

I hereby certify that the enclosed _2 Page Amendment Transmittal Sheet and 4 Page

Amendment Under 37 CFR 1.312 are being transmitted to the United States Patent and
Trademark Office via EFS-Web on __June 22, 2020.

Date: June 22. 2020 /Sandy Kim/
Sandy Kim

Mailing Address:

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

Costa Mesa, California 92626

Tel: 714-839-3800

Fax: 714-795-2995
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Electronic Acknowledgement Receipt

EFS ID: 39790123
Application Number: 16043818
International Application Number:
Confirmation Number: 7229

Title of Invention:

METHOD AND APPARATUS FOR SERVING QUALITY OF SERVICE (QOS) FLOW
IN A WIRELESS COMMUNICATION SYSTEM

First Named Inventor/Applicant Name:

Li-Te Pan

Customer Number:

106622

Filer:

Sang N. Dang/Sandy Kim

Filer Authorized By:

Sang N. Dang

Attorney Docket Number: 1426-221.101
Receipt Date: 22-JUN-2020
Filing Date: 24-JUL-2018

Time Stamp: 16:07:40

Application Type:

Utility under 35 USC 111{(a)

Payment information:

Submitted with Payment no
File Listing:
Document .. . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (ifappl.)

1426-221-101--312Amendment]

130761

asFiledv2.pdf

yes 7

4712486d608d4819b09be4508164888303
12e27d
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Multipart Description/PDF files in .zip description
Document Description Start End
Transmittal Letter 1 2
Amendment after Notice of Allowance (Rule 312) 3 3
Claims 4 5
Applicant Arguments/Remarks Made in an Amendment 6 6
Miscellaneous Incoming Letter 7 7
Warnings:
Information:
Total Files Size (in bytes): 130761

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

New Applications Under 35 U.S.C. 111

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

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

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

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810}, a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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. Dockst Number \}
Amendment Transmitlal Lefter
1426-221.101 J
Address To
Commissioner for Palents
P.0. Box 1450
Alexandrig, Virginig 22313-14580
s Title of Invention N

METHOD AND APPARATUS FOR SERVING QUALITY OF SERVICE (QOS) FLOW IN A WIRELESS COMMUNICATION SYSTEM

First Named Inventor | Li-Te Pan
Agpnplication No. 16/043,818
Filing Date July 24, 2018
Examingr Tri H. Phan
\Art Linit 2471 -

4 N

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

L1 Applicant claims Small Entity Status. See 37 CFR 1.27.

. v

Fee Calcuiation

4 Claims as Amended A
For #Filed #Praviously Paid For #Extra Fae
Total Claims 10 - 20 = =
Total indep. Claims 2 - 3 - <. _
Multiple Dependent Claims {check if applicadle) [
e TOTAL 0 Y,
s Method of Payment N

[} DepositAccount § Credit Card [} Check [ F Money Order [} Othen:

Daposit Account Number I

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

m Charge the fee{s) set forth above

m Charge any additional fee(s) or underpayments of fee(s) under 37 CFR 118 and 1.17

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

[:} Cradit any overpayments

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

\\ Amocunt Grand Total 0

oy
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-

A

Amendment Transmittal Letler

Docket Numbser

1426-221.101

.

- Correspondence Address Y

Cusiomer Number{ 106622

O

Name

Address

City

State

Courntry

Postal Code

Frone Number

\E;Z-Z-maii Address

y

¢ Certificate of Mailing by Express Mail N

i i'ereby certify that this Amendment, ascompanyin
and fee {(f appo pr ate) are being depositec
U itod- Lit POat'li H’*mro E)p'_e:;fs mn Poct

mt?w }*o

361} ‘4‘»0 Aie\ardna, Virginia L_uio 145L on tha date
indicated below:

{Date of Mailing)

(Typed or Prisnted Nusne of Person Mailing Corvespondence)

{(Signature of Person Marling Corvespondence)

("Express Mail" Mailing Label Number)

y

- Certificate of Malling by First Class Ma#l \

! hereby certify thal this Amendment, accompanying decumenL
approprate) are being deposited with the United Stales Postal Service with
sufficient postage as first class mail in an envelope addressed © (‘omm .:.:!Oﬂ&,i’
Patents, F.O. Box 1450, Alexandria, Virginia 22313-1450 on the dat
indicated below:

and fee (i

{(Date of Mailing) {Nawme of Person Moiling Cerrespondence)

\ (Signature of Person Mailing Corvespondence) }

Ff Certificate of Transmission

/

I hereby cerlily that this Amendment, accompanying documents, and fee (if
appropriate) authorization are being facsimile transmitted o the United States
Patent and Trademark Office on the date indicated below:

{Date of Transmission} {Nassse of Persuss Transmitting Correspondence)

\ (Signature of Person Tran

Signature Instruclions

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

Verify thai the signatory information is correct and press the ‘el gn bution o slectronically sign the submission,
i you prefer to sign the form manually, simply do not click the e

:

in the Form Manager

fgn’ button: just print and manuaally sign.

Signatory Drop-Down Box Sang N. Dang

[ Efjt(i tpr actitioner s not prasent in the drop-down lis, you must close this form and select "Add Praciitioner..
ity meng.

ﬁdame

Sang N, Bang

Registration Number 55,186

Signatory Capacity Attorney for Applicant(s)

E-mail Address | sdang@bluecapitallaw.com

A

fSang N. Dang/

J
j\
./
~
vy

Date Signed { 0s.22-2020
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.UsSpto.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

| EXAMINER |
106622 7590 05/07/2020
Blue Capital Law Firm, P.C. PHAN, TRIH
650 Town Center Drive, Suite 1530
Costa Mesa, CA 92626 | ART UNIT PAPER NUMBER |
2471
DATE MAILED: 05/07/2020
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. |  CONFIRMATION NO.
16/043,818 07/24/2018 Li-Te Pan 1426-221.101 7229

TITLE OF INVENTION: METHOD AND APPARATUS FOR SERVING QUALITY OF SERVICE (QOS) FLOW 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 08/07/2020

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.
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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)

106622 7590 05/07/2020 Certificate of Mailing or Transmission
Blue Capital Law Firm, P.C. 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
650 Town Center Drive, Suite 1530 addressed to the Mail Stop ISSUE FEE address above, or being transmitted to
Costa Mesa, CA 92626 the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below.

(Typed or printed name)

(Signature)

(Date)

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

16/043,818 07/24/2018 Li-Te Pan 1426-221.101 7229

TITLE OF INVENTION: METHOD AND APPARATUS FOR SERVING QUALITY OF SERVICE (QOS) FLOW 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 08/07/2020
| EXAMINER | ART UNIT | CLASS-SUBCLASS |
PHAN, TRIH 2471 370-230000
1. Change of correspondence address or indication of "Fee Address” (37 2. For printing on the patent front page, list
CFR 1.363). (1) The names of up to 3 registered patent attorneys
or agents OR, alternatively, 1

M| Change of correspondence address (or Change of Correspondence

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

registered attorney or agent) and the names of up to 2
2 registered patent attorneys or agents. If no name is
listed, no name will be printed.

(] "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.
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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. |
16/043,818 07/24/2018 Li-Te Pan 1426-221.101 7229
| EXAMINER |
106622 7590 05/07/2020
Blue Capital Law Firm, P.C. PHAN, TRIH
650 Town Center Drive, Suite 1530
Costa Mesa, CA 92626 | ART UNIT PAPER NUMBER |

2471

DATE MAILED: 05/07/2020

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.
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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 inspedPetitionenss Exhilsitn1.002, p. 35
9. A record from this system of records may be disclosed, as a routine use, to ATi:TcetlaBvatAsuskekTashnology
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regdRR@024-00997



Application No. Applicant(s)
; . 16/043,818 Pan et al.
Notice of Allowability Examiner ArtUnit | AlA (FITF) Status
TRIH PHAN 2471 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 RCE filed on 04/14/2020.
[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 1-10 . 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) LJAll by (JSome  *c) [J None of the:
1. [ Certified copies of the priority documents have been received.
2. [ Certified copies of the priority documents have been received in Application No.
3. [J Copies of the certified copies of the priority documents have been received in this national stage application from the
International Bureau (PCT Rule 17.2(a)).

* Certified copies not received:

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

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

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

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

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

Attachment(s)

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

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

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

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

/TRI H PHAN/
Primary Examiner, Art Unit 2471

U.S. Patent and Trademark Office .
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20200501
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Application/Control Number: 16/043,818 Page 2
Art Unit: 2471

Notice of Pre-AIA 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 AIA.

DETAILED ACTION

Response to Communication(s)
2. This office action is in response to the RCE filed on Apsil 14, 2026, Claims 1-16 are now

pending in the application.

Information Disclosure Statement
3. The information disclosure statement filed {#4/15/2028 complies with the provisions of 37

CFR 1.97, 1.98 and MPEP § 609. It has been considered and placed in the application file.

Response to Amendment/Arguments
4. Applicant’s amendment/arguments filed on 04/14/2020 are acknowledged.
With respect to the rejections of claims 1-10 under 35 U.S.C. 103(a), the applicant’s
amendment/arguments (see REMARKS, pages 4-9) have been fully considered and are

persuasive. Accordingly, the previous office action sent on £1/29/202(; has been withdrawn.

Allowable Subject Matter
5. Claims 1-10 are allowed. The following is a statement of reasons for the indication of

allowable subject matter:
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Application/Control Number: 16/043,818 Page 3
Art Unit: 2471

The Applicants’ amendment/arguments in the outstanding response filed 04/14/20 have
been fully appreciated and considered. The prior art of record, considered individually or in
combination, fails to fairly show or suggest the claimed network node (cizim ) and method
{claim 1), comprising, among other limitations, the novel and unobvious limitations as
“transmifting a first Radio Resource Control "RRC message with a Data Radio Bearer "DRE’
configuration io a User Equipmeny "UE jor establishing a default DRE for a Packer Dara Unii
PO session, wherein the DRB configioation includes a QoS Flow Id "QFT configuration used
to indicate whether g QFT field is present ov not in uplink for the defauit DRE and the {3F]
configaration is alwavs sef to o vaiue indicating the QFT field is present in uplink for the defaull
DIREB; . via the default DRE from the UE” structurally and functionally interconnected with

other limitations in a manner as recited in dependent claims 2-5 and 7-10.

6. References U.S. 10,492,096; U.S. 2019/0357093; U.S. 2020/0037197; U.S.
2020/0084003; U.S. 2020/0100136 and U.S. 2020/0128430 are cited because they are put
pertinent to improve the serving QoS flow in wireless telecommunication networks. However,

none of references teaches as recited in claimed invention.

Any comments considered necessary by applicant must be submitted no later than the
payment of the issue fee and, to avoid processing delays, should preferably accompany the issue
fee. Such submissions should be clearly labeled “Comments on Statement of Reasons for

Allowance.”
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Application/Control Number: 16/043,818 Page 4
Art Unit: 2471

Conclusion
7. Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Tri H. Phan, whose telephone number is (571) 272-3074. The
examiner can normally be reached on M-F (8:00Am-4:30PM).

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Chi H. Pham can be reached on (571) 272-3179.

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

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

/TRI H PHAN/
Primary Examiner, Art Unit 2471

May 1, 2020

Petitioners' Exhibit 1002, p. 39
AT&T et al v. Asustek Technology
IPR2024-00997



Notice of Referernces Cited
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Pan et al.
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Applicant(s)/Patent Under Reexamination

Search Noles 16/043,818 Pan et al.
LAY
TRIH PHAN 2471
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Symbol Date Examiner
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Doc description: Information Disclosure Statement (IDS) Filed U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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Application Number 16043818
Filing Date 2018-07-24
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( Not for submission under 37 CFR 1.99)
Examiner Name Tri H. Phan
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Receipt date: 04/15/2020 16/043,818 ~ GpU: 2471
Application Number 16043818

Filing Date 2018-07-24

INFORMATION DISCLOSURE

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

First Named Inventor | PAN, LI-TE
Art Unit 2471

Examiner Name Tri H. Phan

Attorney Docket Number 1426-221.101

1 SDAP Header Format, Convida Wireless, 3GPP TSG-RAN WG2 NR Ad Hoc, R2-1707351, 2017, June 27-29, 2017. ]

2 Office Action from SIPO in corresponding CN Application No. 201810820169, dated March 3, 2020. |:|

If you wish to add additional non-patent literature document citation information please click the Add button
EXAMINER SIGNATURE

Examiner Signature | spr1 B pHAN/ Date Considered 04/30/2020

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

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

Petitioners' Exhibit 1002, p. 47
AT&T et al v. Asustek Technology
ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /T.H.p/ IPR2024-00997

EFS Web 2.1.17



Bibliographic Data
Application No: 16/043 ,8 18

Foreign Priority claimed: O Yes ®No

35 USC 119 (a-d) conditions met: D Yes D No D Met After Allowance

Verified and Acknowledged: [/TRI H PHAN/ | |
Examiner's Signature Initials

METHOD AND APPARATUS FOR SERVING QUALITY OF

SERVICE (QOS) FLOW IN A WIRELESS COMMUNICATION
SYSTEM

Title:

FILING or 371(c) DATE CLASS GROUP ART UNIT ATTORNEY DOCKET NO.
07/24/2018 370 2471 1426-221.101
RULE

APPLICANTS

ASUSTek Computer Inc., Taipei City, TAIWAN
INVENTORS

Li-Te Pan Taipei City, TAIWAN

Richard Lee-Chee Kuo Taipei City, TAIWAN
CONTINUING DATA

This application has PRO of 62536163 07/24/2017
FOREIGN APPLICATIONS
IF REQUIRED, FOREIGN LICENSE GRANTED*#*

08/07/2018
STATE OR COUNTRY

TAIWAN
ADDRESS

Blue Capital Law Firm, P.C.

650 Town Center Drive, Suite 1530

Costa Mesa, CA 92626
UNITED STATES

FILING FEE RECEIVED
$1,720

Petitioners' Exhibit 1002, p. 48
AT&T et al v. Asustek Technology
IPR2024-00997



EAST Search History

EAST Search History (Interference)

Ref Hits Search Query DBs ‘Default  Plurals Time
# ‘Operator Stamp
S32 1 ((RRC! (Radio adj resource adj control)) and Us- OR OFF 2020/05/01
(DRB! (Data adj Radio adj Bearer)) and (SDAP! PGPUB; 14:11
(Service adj Data adj Adaptation adj Protocol)) USPAT
and (PDU! (Packet adj Data adj Unit)) and
(QFI! ((QoS! (quality adj "of" adj service))
near3 (Flow adj2 Id)))).clm.
S33 2 ((RRC! (Radio adj resource adj control)) and Us- OR OFF 2020/05/01
(DRB! (Data adj Radio adj Bearer)) and (SDAP! :PGPUB; ' 14:15
(Service adj Data adj Adaptation adj Protocol)) USPAT
and (QFI! ((QoS! (quality adj "of" adj service))
near3 (Flow adj2 Id)))).cim.
S34 10 ((DRB! (Data adj Radio adj Bearer)) and (SDAP! {US- OR OFF 2020/05/01
(Service adj Data adj Adaptation adj Protocol)) PGPUB; 14:18
and (QFI! ((QoS! (quality adj "of" adj service)) USPAT
near3 (Flow adj2 Id)))).cim.
S35 7  ((default adj2 (DRB! (Data adj Radio adj Us- ‘OR OFF 2020/05/01
Bearer))) and (QFI! ((QoS! (quality adj "of" adj \PGPUB; ' 14:22
service)) near3 (Flow adj2 Id)))).clm. USPAT
S36 23 ((DRB! (Data adj Radio adj Bearer)) and (QFI! US- OR OFF 2020/05/01
((QoS! (quality adj "of" adj service)) near3 PGPUB; 14:23
(Flow adj2 Id)))).cim. USPAT !
S37 3 ((DRB! (Data adj Radio adj Bearer)) and (SDAP! {US- iOR OFF 2020/05/01
5 (Service adj Data adj Adaptation adj Protocol)) PGPUB; 14:26
and (QoS! (quality adj "of" adj service)) and USPAT
(Flow adj2 Id)).clm.
S38 16 ((DRB! (Data adj Radio adj Bearer)) and (QoS! US- OR OFF 2020/05/01
(quality adj "of" adj service)) and (Flow adj2  PGPUB; 14:27
Id)).cIm. USPAT

5/1/2020 2:29:22 PM
C:\Users\tphan4\Documents\EAST\Workspaces\16-043818.wsp

Petitioners' Exhibit 1002, p. 49
AT&T et al v. Asustek Technology
IPR2024-00997



EAST Search History

EAST Search History (Prior Art)

Ref iHits Search Query DBs Default iPlurals Time
# Operator | Stamp
S17 §332 (RRC! (Radio adj resource adj control)) US-PGPUB; OR iOFF 2020/04/30
and (DRB! (Data adj Radio adj Bearer)) USPAT; 10:20
and (SDAP! (Service adj Data adj USOCR; FPRS;
Adaptation adj Protocol)) and (PDU! EPO; JPO;
(Packet adj Data adj Unit)) and (QFI! DERWENT;
((QoS! (quality adj "of" adj service)) IBM_TDB
near3 (Flow adj2 Id)))
S18 §191 (RRC! (Radio adj resource adj control)) US-PGPUB; OR iOFF 2020/04/30
and (DRB! (Data adj Radio adj Bearer)) USPAT; 10:21
and ((SDAP! (Service adj Data adj USOCR; FPRS;
Adaptation adj Protocol)) same (PDU! EPO; JPO;
(Packet adj Data adj Unit)) same (QFI! {DERWENT,;
((QoS! (quality adj "of" adj service)) IBM_TDB
near3 (Flow adj2 Id))))
S19 16861 (ASUSTek.asn. or "ASUSTek US-PGPUB; OR {OFF 2020/04/30
Computer".asn. or (Pan.in. near2 Li- USPAT; 14:44
Te.in.) or (Kuo.in. near2 Richard.in. USOCR; FPRS;
near2 Lee-Chee.in.)) EPO; JPO;
DERWENT;
IBM_TDB
S20 2 S19 and ((RRC! (Radio adj resource adj US-PGPUB; OR §OFF 2020/04/30
control)) and (DRB! (Data adj Radio adj USPAT; 14:45
Bearer)) and (SDAP! (Service adj Data  {USOCR; FPRS;
adj Adaptation adj Protocol)) and (PDU! EPO; JPO;
(Packet adj Data adj Unit)) and (QFI! DERWENT;
((QoS! (quality adj "of" adj service)) IBM_TDB
near3 (Flow adj2 Id))))
S$21 142771 (( (HO4W28/00 OR H04W28/02 OR US-PGPUB;  OR ‘OFF  12020/04/30
H04W28/0268 OR H04W28/10 OR USPAT; 14:46
HO4W28/12 OR H04W28/16 OR USOCR; FPRS;
HO4W28/24 OR HO4W76/00 OR EPO; JPO;
HO4W76/10 OR H0O4W76/11 OR DERWENT;
HO04L12/24 OR H04L41/50 OR IBM_TDB
H04L41/5003 OR H04L41/5006 OR
H04L41/5009 OR H04L41/5019 OR
H04L47/2425).CPC. )
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S22 86 S21 and ((RRC! (Radio adj resource adj US-PGPUB; OR §OFF 2020/04/30
control)) and (DRB! (Data adj Radio adj :USPAT; 14:46
Bearer)) and (SDAP! (Service adj Data  {USOCR; FPRS;
adj Adaptation adj Protocol)) and (PDU! EPO; JPO;
(Packet adj Data adj Unit)) and (QFI! DERWENT;
((QoS! (quality adj "of" adj service)) IBM_TDB
near3 (Flow adj2 Id))))
S23 §332 ((RRC! (Radio adj resource adj control)) {US-PGPUB; OR §OFF 2020/05/01
and (DRB! (Data adj Radio adj Bearer)) USPAT; 13:23
and (SDAP! (Service adj Data adj USOCR; FPRS;
Adaptation adj Protocol)) and (PDU! EPO; JPO;
(Packet adj Data adj Unit)) and (QFI! DERWENT;
((QoS! (quality adj "of" adj service)) IBM_TDB
near3 (Flow adj2 Id))))
$24 2 S23 and (ASUSTek.asn. or "ASUSTek US-PGPUB; OR ‘OFF 2020/05/01
Computer".asn. or (Pan.in. near2 Li- USPAT; 13:24
* Te.in.) or (Kuo.in. near2 Richard.in. USOCR; FPRS;
near2 Lee-Chee.in.)) EPO; JPO;
DERWENT;
IBM_TDB
$25 2 S23 and @ad<="20170724" US-PGPUB; OR ‘OFF 2020/05/01
USPAT; : 13:25
USOCR; FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
$26 133 S23 and @Prad<="20170724" US-PGPUB; OR ‘OFF 2020/05/01
USPAT; : 13:26
: USOCR; FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
S27 i86 S23 and (HO4W28/00 OR HO4W28/02  US-PGPUB; OR ‘OFF 2020/05/01
OR HO4W28/0268 OR H04W28/10 OR  {USPAT; : 13:30
HO4W28/12 OR H04W28/16 OR USOCR; FPRS;
H04W28/24 OR HO4W76/00 OR EPO; JPO;
HO4W76/10 OR H04W76/11 OR DERWENT;
HO4L12/24 OR H04L41/50 OR IBM_TDB
HO4L41/5003 OR H04L41/5006 OR
HO4L41/5009 OR H04L41/5019 OR
H04L47/2425).CPC.
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S28 §301 ((RRC! (Radio adj resource adj control)) {US-PGPUB; OR §OFF 2020/05/01
and ((DRB! (Data adj Radio adj Bearer)) :USPAT; 13:42
same configur$5) and (SDAP! (Service {USOCR; FPRS;
adj Data adj Adaptation adj Protocol)) EPO; JPO;
and (PDU! (Packet adj Data adj Unit)) DERWENT;
and (QFI! ((QoS! (quality adj "of" adj IBM_TDB
service)) near3 (Flow adj2 Id))))
S29 36 ((RRC! (Radio adj resource adj control)) {US-PGPUB; OR §OFF 2020/05/01
and ((DRB! (Data adj Radio adj Bearer)) :USPAT; 14:05
same configur$5) and (SDAP! (Service {USOCR; FPRS;
adj Data adj Adaptation adj Protocol)) EPO; JPO;
and (PDU! (Packet adj Data adj Unit)) DERWENT;
and ((QFI! ((QoS! (quality adj "of" adj IBM_TDB
service)) near3 (Flow adj2 Id))) with
value))

S30 47 S23 and ((QFI! ((QoS! (quality adj "of" US-PGPUB; OR {OFF 2020/05/01
adj service)) near3 (Flow adj2 Id))) USPAT; 5 14:07
same value) USOCR; FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

S31 53 ((DRB! (Data adj Radio adj Bearer)) and :\US-PGPUB; OR §OFF 2020/05/01
(SDAP! (Service adj Data adj Adaptation {USPAT; 14:09
5 adj Protocol)) and ((QFI! ((QoS! (quality {USOCR; FPRS;

adj "of" adj service)) near3 (Flow adj2 EPO; JPO;
Id))) same value)) DERWENT;
IBM_TDB

5/1/2020 2:

29:11 PM

C:\Users\tphan4\Documents\EAST\Workspaces\16-043818.wsp
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INFORMATION DISCLOSURE First Named Inventor | PAN, LI-TE
STATEMENT BY APPLICANT | —— vy
( Not for submission under 37 CFR 1.99)
Examiner Name Tri H. Phan
Attorney Docket Number 1426-221.101

U.S.PATENTS

Pages,Columns,Lines where

Kind Relevant Passages or Relevant

Examiner| Cite
Initial* No

Name of Patentee or Applicant

Patent Number Issue Date

Code!

of cited Document

Figures Appear

If you wish to add additional U.S. Patent citation information please click the Add button.

U.S.PATENT APPLICATION PUBLICATIONS

Examiner
Initial*

Cite No

Publication
Number

Kind
Code!

Publication
Date

Name of Patentee or Applicant
of cited Document

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

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

FOREIGN PATENT DOCUMENTS

Name of Patentee or

Pages,Columns,Lines

Examiner| Cite | Foreign Document Country Kind [ Publication Applicant of cited where Relevant T5
Initial* No | Numberd Codez2| Code#| Date PP Passages or Relevant
Document .
Figures Appear
1 [
If you wish to add additional Foreign Patent Document citation information please click the Add button
NON-PATENT LITERATURE DOCUMENTS
. . Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item

Examiner| Cite o : . i

e (book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s), TS
Initials No . : .

publisher, city and/or country where published.

EFS Web 2.1.17

Petitioners' Exhibit 1002, p. 53
AT&T et al v. Asustek Technology
IPR2024-00997



Application Number 16043818

Filing Date 2018-07-24

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)
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Art Unit 2471

Examiner Name Tri H. Phan

Attorney Docket Number 1426-221.101

1 SDAP Header Format, Convida Wireless, 3GPP TSG-RAN WG2 NR Ad Hoc, R2-1707351, 2017, June 27-29, 2017. ]
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*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through a
citation if not in conformance and not considered. Include copy of this form with next communication to applicant.

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

Petitioners' Exhibit 1002, p. 54
AT&T et al v. Asustek Technology
IPR2024-00997

EFS Web 2.1.17



Electronic Acknowledgement Receipt
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File Listing:
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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
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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
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U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

PATENT APPLICATION FEE DETERMINATION RECORD | Application or Docket Number | Fiing Date
Substitute for Form PTO-875 16/043,818 0772412018 (70 be Mailed
ENTITY: LARGE (O smaLL (J micro
APPLICATION AS FILED - PART |
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(] Basic FEE N/A N/A N/A
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E ] Application Size Fee (37 CFR 1.16(s))
(] FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR
1.16(j))
TOTAL ADD'L FEE 0
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REAAFAFIEIL{NG PRNELill\IAC?LIJESRLY PRESENT EXTRA RATE ($) ADDITIONAL FEE ($)
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LIEJ (39CaFR 1.16(i)) Minus = x $0 =
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E ('?7 CeFFI):%e1r.116ﬁ1?) Minus = x $0 =
b ] Application Size Fee (37 CFR 1.16(s))
< (] FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR
1.16()))
TOTAL ADD'L FEE
" If the entry in column 1 is less than the entry in column 2, write "0" in column 3. LIE
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This collection of information is required by 37 CFR 1.16. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process} an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering,
preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S.
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
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Doc code: RCEX PTO/SB/30EFS (02-18)

Doc description: Request for Continued Examination (RCE) Approved for use through 11/30/2020. OMB 0851-0031
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

REQUEST FOR CONTINUED EXAMINATION(RCE)TRANSMITTAL
(Submitted Only via EFS-Web)

Application Filing a7 Docket Number i Art

Number 16/043,818 Date 2018-07-24 (if applicable) 1426-221.101 Unit 2471
First Named Li-Te Pan Examiner TriH. Phan

Inventor Name

This is a Request for Continued Examination (RCE) under 37 CFR 1.114 of the above-identified application.
Request for Continued Examination (RCE) practice under 37 CFR 1.114 does not apply to any utility or plant application filed prior to June 8,
1995, or to any design application. The Instruction Sheet for this form is located at WWW.USPTO.GOV

SUBMISSION REQUIRED UNDER 37 CFR 1.114

Note: If the RCE is proper, any previously filed unentered amendments and amendments enclosed with the RCE will be entered in the order
in which they were filed unless applicant instructs otherwise. If applicant does not wish to have any previously filed unentered amendment(s)
entered, applicant must request non-entry of such amendment(s).

D Previously submitted. If a final Office action is outstanding, any amendments filed after the final Office action may be considered as a
submission even if this box is not checked.

|:| Consider the arguments in the Appeal Brief or Reply Brief previously filed on

[ ] other

X Enclosed

X] Amendment/Reply
|:| Information Disclosure Statement (IDS)

|:| Affidavit(s)/ Declaration(s)

[] Other

MISCELLANEOUS

D Suspension of action on the above-identified application is requested under 37 CFR 1.103(c) for a period of months
(Period of suspension shall not exceed 3 months; Fee under 37 CFR 1.17(i) required)

[] Other

FEES

The RCE fee under 37 CFR 1.17(e) is required by 37 CFR 1.114 when the RCE is filed.
|:| The Director is hereby authorized to charge any underpayment of fees, or credit any overpayments, to
Deposit Account No

SIGNATURE OF APPLICANT, ATTORNEY, OR AGENT REQUIRED

X] Patent Practitioner Signature
[] ApplicantSignature
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Doc code: RCEX

Doc description: Request for Continued Examination (RCE)

PTO/SB/30EFS (02-18)

Approved for use through 11/30/2020. OMB 0651-0031

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Signature of Registered U.S. Patent Practitioner

Signature

/Sang N. Dang/

Date (YYYY-MM-DD)

2020-04-14

Name

Sang N. Dang

Registration Number

51186

This collection of information is required by 37 CFR 1.114. The information is required to obtain or retain a benefit by the public which is to
file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is
estimated to take 12 minutes to complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time
will vary depending upon the individual case. Any comments on the amount of time you require to complete this form and/or suggestions for
reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce,
P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PT0O-9199 and select option 2.
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. Dockst Number \}
Amendment Transmitlal Lefter
1426-221.101 J
Address To
Commissioner for Palents
P.0. Box 1450
Alexandrig, Virginig 22313-14580
s Title of Invention N

METHOD AND APPARATUS FOR SERVING QUALITY OF SERVICE (QOS) FLOW IN A WIRELESS COMMUNICATION SYSTEM

First Named Inventor | Li-Te Pan
Agpnplication No. 16/043,818
Filing Date July 24, 2018
Examingr Tri H. Phan
\Art Linit 2471 -

4 N

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

L1 Applicant claims Small Entity Status. See 37 CFR 1.27.

. v

Fee Calcuiation

4 Claims as Amended A
For #Filed #Praviously Paid For #Extra Fae
Total Claims 10 - 20 = =
Total indep. Claims 2 - 3 - <. _
Multiple Dependent Claims {check if applicadle) [
e TOTAL 0 Y,
s Method of Payment N

[} DepositAccount § Credit Card [} Check [ F Money Order [} Othen:

Daposit Account Number I

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

m Charge the fee{s) set forth above

m Charge any additional fee(s) or underpayments of fee(s) under 37 CFR 118 and 1.17

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

[:} Cradit any overpayments

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

\\ Amocunt Grand Total 0

oy
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-

A

Amendment Transmittal Letler

Docket Numbser

1426-221.101

.

- Correspondence Address Y

Cusiomer Number{ 106622

O

Name

Address

City

State

Courntry

Postal Code

Frone Number

\E;Z-Z-maii Address

y

¢ Certificate of Mailing by Express Mail N

i i'ereby certify that this Amendment, ascompanyin
and fee {(f appo pr ate) are being depositec
U itod- Lit POat'li H’*mro E)p'_e:;fs mn Poct

mt?w }*o

361} ‘4‘»0 Aie\ardna, Virginia L_uio 145L on tha date
indicated below:

{Date of Mailing)

(Typed or Prisnted Nusne of Person Mailing Corvespondence)

{(Signature of Person Marling Corvespondence)

("Express Mail" Mailing Label Number)

y

- Certificate of Malling by First Class Ma#l \

! hereby certify thal this Amendment, accompanying decumenL
approprate) are being deposited with the United Stales Postal Service with
sufficient postage as first class mail in an envelope addressed © (‘omm .:.:!Oﬂ&,i’
Patents, F.O. Box 1450, Alexandria, Virginia 22313-1450 on the dat
indicated below:

and fee (i

{(Date of Mailing) {Nawme of Person Moiling Cerrespondence)

\ (Signature of Person Mailing Corvespondence) }

Ff Certificate of Transmission

/

I hereby cerlily that this Amendment, accompanying documents, and fee (if
appropriate) authorization are being facsimile transmitted o the United States
Patent and Trademark Office on the date indicated below:

{Date of Transmission} {Nassse of Persuss Transmitting Correspondence)

\ (Signature of Person Tran

Signature Instruclions

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

Verify thai the signatory information is correct and press the ‘el gn bution o slectronically sign the submission,
i you prefer to sign the form manually, simply do not click the e

:

in the Form Manager

fgn’ button: just print and manuaally sign.

Signatory Drop-Down Box Sang N. Dang

[ Efjt(i tpr actitioner s not prasent in the drop-down lis, you must close this form and select "Add Praciitioner..
ity meng.

ﬁdame

Sang N, Bang

Registration Number 55,186

Signatory Capacity Attorney for Applicant(s)

E-mail Address | sdang@bluecapitallaw.com

A

fSang N. Dang/

J
j\
./
~
vy

Date Signad § 04/14/2020
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Docket No. 1426-221.101 (1060196-US)
Appl. No. 16/043.818

Amendment Dated April 14, 2020

Reply to Office Action January 29, 2020

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Appl. No. 1 16/043,818

Confirmation No. 1 7229

Applicants : Li-Te Pan and Richard Lee-Chee Kuo

Filed : July 24, 2018

Title : METHOD AND APPARATUS FOR SERVING QUALITY OF
SERVICE (QOS) FLOW IN A WIRELESS COMMUNICATION
SYSTEM

TC/A.U. 1 2471

Examiner : Tri H. Phan

Docket No. : 1426-221.101 (1060196-US)

Customer No. 1 106622

AMENDMENT TO FINAL OFFICE ACTION

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

Alexandria, VA 22313-1450

Dear Sir:
In response to the final Office Action mailed on January 29, 2020, having a three-month

period for responding to April 29, 2020, Applicants respectfully submit the following

amendments and remarks along with a RCE:

Claims begin on page 2.

Remarks begin on page 4.
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Docket No. 1426-221.101 (1060196-US)

Appl. No. 16/043.818
Amendment Dated April 14, 2020
Reply to Office Action January 29, 2020

IN THE CLAIMS:

1. (Currently Amended) A method of a network node, comprising:

transmitting a first RRC (Radio Resource Control) message with a DRB (Data Radio

Bearer) configuration to a UE (User Equipment) for establishing a default DRB for a PDU
(Packet Data Unit) session, wherein the DRB configuration includes a QFI (QoS Flow 1d)
configuration used to indicate whether a QFI field is present or not in uplink for the default DRB
and the QFI configuration is always set to a value indicating the QFI field is present in uplink for
the default DRB;

establishing the default DRB with a presence of the QFI field in uplink; and

receiving a SDAP (Service Data Adaptation Protocol) PDU with the QFI field via the
default DRB from the UE.

2. (Currently Amended) The method of claim 1, wherein the network node is not
allowed to transmit a second RRC message to the UE for reconfiguring the QFI configuration for

the default DRB to no presence of the QFI field.

3. (Original) The method of claim 1, wherein a header in the SDAP PDU includes
at least the QFI field.

4. (Original) The method of claim 1, wherein the network node transmits an IP

(Internet Protocol) packet included in the SDAP PDU to a core network.

5. (Original) The method of claim 1, wherein the network node is a base station (or

gNB).

6. (Currently Amended) A network node, comprising:

a control circuit;

a processor installed in the control circuit; and

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

wherein the processor is configured to execute a program code stored in the memory to:
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transmit a first RRC (Radio Resource Control) message with a DRB (Data Radio

Bearer) configuration to a UE (User Equipment) for establishing a default DRB for a PDU
(Packet Data Unit) session, wherein the DRB configuration includes a QFI (QoS Flow 1d)
configuration used to indicate whether a QFI field is present or not in uplink for the default DRB
and the QFI configuration is always set to a value indicating the QFI field is present in uplink for
the default DRB;

establish the default DRB with a presence of the QFI field in uplink; and

receive a SDAP (Service Data Adaptation Protocol) PDU with the QFI field via
the default DRB from the UE.

7. (Currently Amended) The network node of claim 6, wherein the network node is
not allowed to transmit a second RRC message to the UE for reconfiguring the QFI

configuration for the default DRB to no presence of the QFI field.

8. (Original) The network node of claim 6, wherein a header in the SDAP PDU
includes at least the QFI field.

9. (Original) The network node of claim 6, wherein the network node transmits an

IP (Internet Protocol) packet included in the SDAP PDU to a core network.

10. (Original) The network node of claim 6, wherein the network node is a base

station (or gNB).

Petitioners' Exhibit 1002, p. 64
AT&T et al v. Asustek Technology
IPR2024-00997



Docket No. 1426-221.101 (1060196-US)
Appl. No. 16/043.818

Amendment Dated April 14, 2020

Reply to Office Action January 29, 2020

REMARKS

Claims 1-10 are pending. Claims 1-10 stand rejected under 35 U.S.C. § 103 as being
unpatentable over Convida Wireless (“SDAP Header Format”, 3GPP TSG-RAN WG2 #99
TDOC R2-1708324, 20 June 2017) in view of Cho (U.S. Patent Publication No. 2019/0150023).
See Office Action, | 3.

Claims 1, 2, 6, and 7 have been amended based on at least Paragraph [0062] of the
present application. No new matter has been added. Applicants respectfully request

reconsideration of the claims as amended.

Claims 1 and 6 recite “transmitting [or transmit] a first RRC (Radio Resource Control)
message with a DRB (Data Radio Bearer) configuration to a UE (User Equipment) for
establishing a default DRB for a PDU (Packet Data Unit) session, wherein the DRB
configuration includes a QFI (QoS Flow Id) configuration used to indicate whether a QFI field is
present or not in uplink for the default DRB and the QFI configuration is always set to a value
indicating the QFI field is present in uplink for the default DRB”, “establishing [or establish] the
default DRB with a presence of the QFI field in uplink”, and “receiving [or receive] a SDAP
(Service Data Adaptation Protocol) PDU with the QFI field via the default DRB from the UE.”
Applicants respectfully submit that the combination of Convida Wireless and Cho fails to

disclose the noted limitations.

In response to Applicants’ arguments set forth in the Response filed on November 18,
2019, the Examiner states:

In response to applicant’s argument that Convida Wireless relates only to
processes occurring after the corresponding DRB(s) is established/initiated. In
other words, Convida Wireless do not refer to the specific claimed process,
namely transmitting a DRB configuration including a QFI configuration for
establishing a default DRB to the UE and establishing the default DRB as recited
in the claims.

The examiner respectfully disagrees with the arguments. Convida Wireless does
disclose, for example see figs. 1-4 in Section4: Appendix, for downlink 'DL’ SDAP
header and uplink 'UL’ SDAP header with flow id field; and wherein, in section 1,
Introduction: ... for each DRB, the UE monitors the QoS flow ID(s) of the
downlink packets, e.g. “transmitting a DRB configuration including a QF!
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configuration”, as disclosed in figs. 1 and 3 for DL SDAP header with flow id field,
and applies the same mapping in the uplink; that is, for a DRB, the UE maps the
uplink packets belonging to the QoS flows(s) corresponding to the QoS flow ID(s)
and PDU Session observed in the downlink packets for that DRB, e.g. “for

establishing the DRB”, ...

See Office Action, Page 8, emphasis and italics original.

Applicants respectfully disagree. In particular, Convida Wireless refers to 3GPP TS
38.300, NR; NR and NG-RAN Overall Description, Stage 2, V0.4.1. Section 4.4 of 3GPP TS
38.300 provides a description of User Plane Protocol Stack and Control Plane Protocol Stack in

Figure 4.4.1-1 entitled “User Plane Protocol Stack™ and Figure 4.4.2-1 entitled “Control Plane

Protocol Stack™ as follows:

UE gNB
NAS <
RRC < > RRC
RLC < > RLC
PHY  |e > PHY

Figure 4.4.2-1:

Control Plane Protocol Stack
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In addition, Section 6.1 of 3GPP TS 38.300 states that “Radio bearers are categorized
into two groups: data radio bearers (DRB) for user plane data and signalling radio bearers (SRB)

for control plane data.”

It is clear from the above two figures that SDAP is in User Plane Protocol Stack, while
RRC is in Control Plane Protocol Stack. And, the SDAP packet (i.e. the SDAP PDU disclosed
in Cho) is transmitted via DRB, while RRC message is transmitted via SRB. Thus, SDAP and

RRC are different protocol layers and use different radio bearers for transmission. Basically, the
SDAP header is included in a SDAP packet (or SDAP PDU). Thus, the statement “for each
DRB, the UE monitors the QoS flow ID(s) of the downlink (SDAP) packets” in Convida
Wireless does not correspond to the concept that the UE receives a first RRC message which

includes a QFI configuration as recited in amended claims 1 and 6 of the present application.

In addition, the following two statements in Section 1 of Convida Wireless define AS-
level mapping and Reflective mapping:

- AS-level mapping in the UE and in the NG-RAN associate UL and DL QoS Flows
with DRBs.

- Reflective mapping: for each DRB, the UE monitors the QoS flow ID(s) of the
downlink packets and applies the same mapping in the uplink; that is, for a DRB,
the UE maps the uplink packets belonging to the QoS flows(s) corresponding to
the QoS flow ID(s) and PDU Session observed in the downlink packets for that
DRB. To enable this reflective mapping, the NG-RAN marks downlink packets
over Uu with QoS flow ID.

AS-level mapping defines a mapping between UL/DL QoS flows and DRBs and
Reflective mapping means the AS-level mapping in uplink direction on a DRB follows the AS-
level mapping in downlink direction for the DRB. In other words, the UE will map a QoS flow
with QoS flow ID1 to a DRB for uplink transmission if the UE receives a QoS flow with QoS
flow ID1 from this DRB in downlink direction (i.e. from the network). That is how the flow id
field in the SDAP header is used by the UE.

In contrast, the QFI configuration recited in amended claims 1 and 6 of the present
application is used to indicate whether a QFI field is present or not in uplink for the default
DRB. Therefore, it is clear the usage of the flow id field in the SDAP header disclosed in
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Convida Wireless is different and distinguishable from the usage of the QFI configuration

disclosed in amended claims 1 and 6 of the present application.

Furthermore, the statement “for each DRB, the UE monitors the QoS flow ID(s) of the
downlink (SDAP) packets” (disclosed in Convida Wireless) implies that the concerned DRB
should have been established by the UE so that the UE can monitors the QoS flow ID(s) of the
downlink (SDAP) packets received on the DRB. In contrast, the first RRC message with a DRB
configuration is transmitted for the UE to establish the default DRB according to the amended
claims 1 and 6 of the present application. Therefore, the UE has not established the default DRB
yet before the first RRC message is received. The two concepts are different and

distinguishable.

The Examiner also states:

Furthermore, applicant asserts that “There are three main differences between
Cho and the claimed invention as recited in the claims of the present
application”.

The first difference is Cho discloses that two indications in the DL SDAP header
are used to determine whether QF! field is present in 'downlink’, while the QF/
configuration recited in the claims is used to determine whether QFI field is
present in 'uplink’. The examiner respectfully disagrees with the arguments. Cho
does disclose, for example see fig. 9, wherein at least one of the NAS-level
reflective QoS activation indication or the AS-level reflective QoS activation
indication is set to ‘1’ indicating the QFI field is present (or where one indication
may be set to value ‘0’ indicating the QFI field is not present), the DL SDAP PDU
further includes a QoS flow ID ‘QFI’, e.g. left (AS) or right (NAS) situation appears,
in which Cho implies only ‘one QFI configuration’ is used with steps $913-915;
and wherein, as disclosed in page 7, para 129; pages 7-8, para 153, Cho discloses
for the UL QoS flow ID=13 to a UL DRB, e.g. “the QFI configuration is used to
determine whether QFl field is present in ‘uplink’”.

The second difference is Cho discloses using 'two indications f to determine
whether QFl! field is present in SDAP headeror not, while ‘one QFI configuration'is
used and recited in the claims. The examiner respectfully disagrees with the
arguments. Cho does disclose, for example see fig. 9, wherein at least one of the
NAS-level reflective QoS activation indication or the AS-level reflective QoS
activation indication is set to ‘1’, the DL SDAP PDU further includes a QoS flow 1D
CQFI, e.g. left (AS) or right (NAS) situation appears, in which Cho implies only
‘one QFI configuration’ is used with steps $913-915.
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The third difference is Cho discloses these two indications may he set to values
indicating the QFl field is not present, while the claims specify that the QFI
configuration is always ‘set to a value’ indicating the QFI field is present in
‘uplink’ for the default DRB. The examiner respectfully disagrees with the
arguments. Cho does disclose, for example see fig. 9, wherein at least one of the
NAS-level reflective QoS activation indication or the AS-level reflective QoS
activation indication is set to ‘1’ (or where one indication may be set to value ‘0’
indicating the QFI field is not present), the DL SDAP PDU further includes a QoS
flow ID ‘CQFI’, e.g. left (AS) or right (NAS) situation appears, in which Cho implies
only 'one QFI configuration’ is used with steps S913-915; and wherein, as
disclosed in page 7, para 129; pages 7-8, para 153, Cho discloses for the UL QoS
flow ID=13 to a UL DRB, e.g. “the QFI configuration is always ‘set to a value’
indicating the QFl field is present in ‘uplink’ for the DRB”.

See Office Action, Pages 9-10, emphasis original.

Applicants respectfully disagree. According its Abstract, Cho discloses a method for
performing reflective QoS, which comprises receiving a DL SDAP PDU via a DRB from a
network and the DL SDAP PDU includes a first indicator indicating whether to perform AS
mapping rule update for uplink. The concept is basically same as what disclosed in Convida

Wireless. Therefore, most of the arguments against Convida Wireless are also applicable to Cho.

Firstly, the first indicator is included in a DL SDAP PDU, while a RRC message is used

to include a QFI configuration as recited in amended claims 1 and 6 of the present application.

Secondly, the first indicator included in a DL SDAP PDU is used to indicate whether to
perform AS mapping rule update for uplink (the AS-level mapping defines a mapping between
UL/DL QoS flows and DRBs as explained above) according to the Abstract (or Paragraph
[0108]) of Cho, while the QFI configuration disclosed in amended claims 1 and 6 of the present
application is used to indicate whether a QFI field is present or not in uplink for the default
DRB. Therefore, usage of the first indicator included in a DL SDAP PDU is different from that
of the QFI configuration.

Furthermore, since the UE needs to receive a DL SDAP PDU via a DRB from a network
to determine whether to perform AS mapping rule update for uplink direction, this implies that
the concerned DRB should have been established so that the UE can receive the DL SDAP PDU
via the DRB. In contrast, the default DRB is established after the first RRC message is received
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by the UE (or transmitted by the network node) according to the amended claims 1 and 6 of the

present application.

Besides, although the first indicator indicating whether to perform AS mapping rule
update for uplink, Cho does not that disclose the first indicator is always set to a value indicating
the AS mapping rule is updated for uplink on a DRB, while amended claims 1 and 6 of the
present application discloses the QFI configuration is always set to a value indicating the QFI
field is present in uplink for the default DRB.

Furthermore, claims 2 and 7 recite “the network node is not allowed to transmit a second
RRC message to the UE for reconfiguring the QFI configuration for the default DRB to no
presence of the QFI field.” Applicants respectfully submit that the combination of Convida

Wireless and Cho fails to disclose the noted limitations of claims 2 and 7.

For the reasons stated above, Applicants respectfully submit that claims 1-10 are

patentable over any combination of Convida and/or Cho.

In view of the foregoing it is respectfully submitted that the pending claims are in
condition for allowance. Reconsideration of the rejections is requested. Allowance of the claims

is solicited.

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

hereby made.

Respectfully submitted,

Sang N. Dang

BLUE CAPITAL LAW FIRM, P.C.
Dated: April 14, 2020 /Sang N. Dang/

Reg. No. 51,186
Tel.: (714) 839-3800
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Notice of Pre-AIA 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 AIA.

DETAILED ACTION

Response to Communication(s)
2. This office action is in response to the Arguments filed on November 1¥, 2019, Claims 1-

1& are now pending in the application.

Claim Rejections - 35 USC § 103

The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all

obviousness rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described as set forth in
section 102 of this title, if the differences between the subject matter sought to be patented and the prior art are
such that the subject matter as a whole would have been obvious at the time the invention was made to a person
having ordinary skill in the art to which said subject matter pertains. Patentability shall not be negatived by the
manner in which the invention was made.

The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1,148 USPQ 459
(1966), that are applied for establishing a background for determining obviousness under pre-
ATA 35 U.S.C. 103(a) are summarized as follows:

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

2. Ascertaining the differences between the prior art and the claims at issue.

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

4. Considering objective evidence present in the application indicating obviousness or
nonobviousness.

Note: Document U.S. 2019/0150023 has been published on 05/16/2019 and claims priority to
U.S. provisional application 62/453,467, filed February 1, 2017 (entirely in English and
thereby antedating this application).
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3. Claims 1-10 are rejected under 35 U.S.C. 103(a) as being unpatentable over Convida
Wireless (“SDAP Header Format”, 3GPP TSG-RAN WG2 #99 TDOC R2-1708324, 29
June 2017, cited by the applicants; hereinafter ‘Convida Wireless’) in view of Cho et

al. (U.S. 2019/0150023; hereinafter ‘Cho’).

- In regard to ciaun 1, Convida Wireless discloses the method of a network node,
comprising

transmitting a first message with a Data Radio Bearer ‘DRB’ contiguration to g UE (User
Eguoipment) for establishing a default DREB for g Packet Data Unit "PDLY session (for
example see Chapter {, Introduction: “In the downdink, the NG-RAN maps Qo8 Flows to DREs
based on NG-U markings, QoS Flow D, and the associated Qo8 profiles... To enable this
reflective mapping, NG-RAN marks downlink packets over Un with (a8 flow 17), wherein the
DRB configuration includes a QoS Flow Id ‘QFE configuration; establishing the default DRB
with a presence of the QFI field in uplink (for examysie see Chapter §, Introducton:
“Refleciive mapping: for cach DRE, the UE monitors the (o8 flaw 1Dy of the downlink packets
and applies the same mapping in the uplink ... To enable this veflective mapping. the NG-RAN
marks downlivg packeis over Uwith QoS flow (D7 Chapter 2: 7 for U suppornig NAS
veflective (oS8 function, and If NAY reflective (ol function is enabled by the 3G for some
traffic flows, the UE shall create a devived Qo8 rude for the uplink traffic based, on ihe received
downlink traffic. The UE shall use the devived. (o8 rules to determine mapping berween uplink
traffic and (of flow. The devived (o8 rule inclides packet filter, Qo8 flow identificy QFT
and rule precederice value 7Y, and

receiving a Service Data Adaptation Protocol "SDAP PDU with the GFI field via the
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default DREB from the UE (for example see Chapier 2, 7. As per RANZ previous agreement now
reflected in 38300 in the uplink, the UE marks uplink packeis over Uw with the QF1 for the
purposes of marking forwarded packes 1o the CN. So in the UL the SDAP header showld at
feast include the OFL )

Though, Convida Wireless does disclose for NAS-RQI indicator and AS-RQI indicator
(for example see figs. 1, 3: DL SDAP header) to indicate whether the UE shall create (or update)
the QoS Flow to DRB mapping as specified in Chapter 3, Proposals 2-3; figs. 2, 4: UL SDAP
header; but does not explicitly disclose for wherein the QFI configuration used to indicate
whether a QFI field is present or not in uplink for the default DRB and the QFI configuration is
always set to a value indicating the QFI field is present in uplink for the default DRB. However,
such limitation lacks thereof from Convida Wireless reference is well known and disclosed
by Cheo.

In an analogous art, Che discloses for system/device and method for performing
reflective quality of service ‘QoS’ in wireless communication system (for exampie see
Abstracy; figs, 7, 9 page 1. para 2); wherein the QFI configuration used to indicate whether a
QFl field is present or not in uplink for the default DRB (for exasnyple see fig, I page 8, paras
f09, 113, 1§7); and where the QFI configuration is always set to a value indicating the QFI field
is present in uplink for the default DRB (for exampie see figs. 7. step §915 in fig, U page 4, para
85, page 6, paray 109-111; page 7, paras 126-129).

Thus, it would have been obvious to those skilled in the art at the time of the invention
was made to incorporate Cho’s AS-level and NAS-level indication into Convida Wireless’s

system with a motivation on performing reflective QoS as specified in Cho: page 1, paras 2

and 13.
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- Regarding ¢lzim 6, the combination of Cho and Convida Wireless also discloses for
network node (e.g. NG-eNB, NG-RAN) having limitations mirrored method steps of claim
1, respectively. Thus, they are rejected for the same rationales applied to claim 1 discussed
above, as additionally disclosed in NG-RAN in figs. 7, 20; page 3, para 54; and in the

respective portions of the specification.

- In regard to ciaims 2 and 7, in addition to features in base claims 1 and 6 (see rationales
pertaining the rejection of base claims 1 and 6 discussed above), the combination
of Cho and Convida Wireless further discloses for wherein the network node is not allowed to
transmit a second message to the UE for reconfiguring the QFI configuration for the default
DRB to no presence of the QFI field (fir example see Cha: page 5, para 113; steps S$07. 911 in
fig. 9).
Convida Wireless lacks what Cho discloses wherein the QFI configuration used to
indicate whether a QFI field is present or not in uplink for the default DRB (for exanysie see
fg. 11 page 6, pavas 109, 113, 117); and where the QFI configuration is always set to a
value indicating the QFI field is present in uplink for the default DRB (for exampie see
figs. 7, step §913 in fig. 97 page 4, para 65, page 6, paras 109-111; page 7. paras 126-129).
Thus, it would have been obvious to those skilled in the art at the time of the invention
was made to incorporate Cho’s AS-level and NAS-level indication into Convida
Wireless’s system with a motivation on performing reflective QoS as specified in Cho: page 1,

paras 2 and 13.
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- Regarding claims 3 and 8, in addition to features in base claims 1 and 6 (see rationales
pertaining the rejection of base claims 1 and 6 discussed above), the combination
of Cho and Convida Wireless further discloses for wherein a header in the SDAP PDU includes
at least the QFI field (for exampie see Convida Wireless: Chapier 2, As per RANT previous
agreement now reflected in 38300, in the uplink, the UE maris uplink packets over Uy with ihe
QFT for the purposes of marking forwarded packets 1o the CN. 8o in the UL the SDAP header

>~

should ar least include the OQFEL 7, Chor see fig 1),

Convida Wireless lacks what Cho discloses wherein the QFI configuration used to
indicate whether a QFI field is present or not in uplink for the default DRB (fi:r example see
fig. 11 page &, paras 109, 113, 117); and where the QFI configuration is always set to a
value indicating the QFI field is present in uplink for the default DRB (for example see
figs. 7, step 8913 infig 9) page 4, para 65, page 8, paras 109-711; page 7, paras 126-129).

Thus, it would have been obvious to those skilled in the art at the time of the invention
was made to incorporate Cho’s AS-level and NAS-level indication into Convida

Wireless’s system with a motivation on performing reflective QoS as specified in Cho: page 1,

paras 2 and 13.

- In regard to ciaims 4 and %, in addition to features in base claims 1 and 6 (see rationales
pertaining the rejection of base claims 1 and 6 discussed above), the combination
of Cho and Convida Wireless further discloses for wherein the network node transmits an
Internet Protocol ‘IP’ packet included in the SDAP PDU to a core network (for exampie see Cho:

fig. 6; page 4, paras 67-68).
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Convida Wireless lacks what Cho discloses wherein the QFI configuration used to
indicate whether a QFI field is present or not in uplink for the default DRB (for exampie see
fig. 11 page 6. pavas 139, 713, 117); and where the QFI configuration is always set to a
value indicating the QFI field is present in uplink for the default DRB (for exasiple see figs. 7,
step $913 in fig 9 page 4, para 65 page 6, paras 109-111; page 7, paras 126-129).

Thus, it would have been obvious to those skilled in the art at the time of the invention
was made to incorporate Cho’s AS-level and NAS-level indication into Convida Wireless’s
system with a motivation on performing reflective QoS as specified in Cho: page 1, paras 2 and

13.

- Regarding clairns S and 13, in addition to features in base claims 1 and 6 (see rationales
pertaining the rejection of base claims 1 and 6 discussed above), the combination
of Cho and Convida Wireless further discloses for wherein the network node is a base station or
gNB (for exdample see Choo figs. ZA, 4A-8; page 3, para 54).

Convida Wireless lacks what Cho discloses wherein the QFI configuration used to
indicate whether a QFI field is present or not in uplink for the default DRB (for cxaripie see
value indicating the QFI field is present in uplink for the default DRB (for examipie see figs. 7,
step SPI3 infig ¥, page 4, para 685 page &, paras 109-11]; page 7, pavas 126-129).

Thus, it would have been obvious to those skilled in the art at the time of the invention
was made to incorporate Cho’s AS-level and NAS-level indication into Convida

Wireless’s system with a motivation on performing reflective QoS as specified in Cho: page 1,

paras 2 and 13.
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Response to Arguments
4. Applicant’s arguments, in REMARKS, pages 4-7, of the outstanding response, pertaining
the rejection of clammis i-10 under 35 U.S.C. § 103(a) as being unpatentable over Convida
Wireless in view of Cho, have been fully considered but they are not persuasive. Applicants’
arguments will be addressed herein below in the order in which they appear in the response filed
11/18/2019.
In response to applicant’s argument that Convida Wireless relates only to processes

occurring after the corresponding DRB(s) is established/initiated. In other words, Convida

Wireless do not refer to the specific claimed process, namely transmitting a DRB

configuration including a QFI configuration for establishing a default DRB to the UE and

establishing the default DRB as recited in the claims. The examiner respectfully disagrees with

the arguments. Convida Wireless does disclose, for example see figs. 1-4 in Section4: Appendix,
for downlink ‘DL’ SDAP header and uplink ‘UL’ SDAP header with flow id field; and wherein,
in section 1, Introduction: ... for each DRB, the UE monitors the QoS flow ID(s) of the downlink
packets, e.g. “fransauitiing o DREB configuration including o QFI configuration” | as disclosed in
figs. 1 and 3 for DL SDAP header with flow id field, and applies the same mapping in the
uplink; that is, for a DRB, the UE maps the uplink packets belonging to the QoS flows(s)
corresponding to the QoS flow ID(s) and PDU Session observed in the downlink packets for that
DRB, e.g. “fur estahlishing the 2RE”, ... This contribution discusses the header format of the
Service Data Adaptation Protocol (SDAP) which is being designed by RAN2 to provide

mapping between a QoS flow and a data radio bearer and Marking QoS flow ID (QFI) in both
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DL and UL packets, e.g2. “ia configure a QFf ficld in uplink for the defanly H3RR, as disclosed in
114 e 4 } ;

figs. 2 and 4 for UL SDAP header with flow id field.

Furthermore, applicant asserts that “There are three main differences between Cho and
the claimed invention as recited in the claims of the present application”.

The first difference is o discloses thar two indivations in the DL SDAP header are

used to determine whether QF{ field is present in “downlindc, while the QF{ configuration
vecited in the claims is used to determine whether QFT field is present in ‘uplink . The examiner
respectfully disagrees with the arguments. Cho does disclose, for example see fig. 9, wherein at
least one of the NAS-level reflective QoS activation indication or the AS-level reflective QoS
activation indication is set to ‘1’ indicating the QFI field is present (or where one indication may
be set to value ‘0’ indicating the QFI field is not present), the DL SDAP PDU further includes a

QoS flow ID ‘QFI’, e.g. left (AS) or right (NAS) situation appears, in which Cho implies only

‘one QFI configuration’ is used with steps S913-915; and wherein, as disclosed in page 7, para
129; pages 7-8, para 153, Cho discloses for the UL QoS flow ID=13 to a UL DRB, e.g. “the
QFI configuration is used to determine whether QFI field is present in ‘uplink’”

The second difference is (4o discioses using ‘two indications’ to determine whether (3FI

fleld is present in SDAP header or not, while “one QFF configuranon’ is used and recited in the
ciaims. The examiner respectfully disagrees with the arguments. Cho does disclose, for example
see fig. 9, wherein at least one of the NAS-level reflective QoS activation indication or the AS-
level reflective QoS activation indication is set to ‘1°, the DL SDAP PDU further includes a QoS
flow ID ‘QFI’, e.g. left (AS) or right (NAS) situation appears, in which Cho implies only ‘one

QFI configuration’ is used with steps S913-915.
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The third difference is Choe discioses these two indications sy be set to values indicating

the QF1 field is not present, while the claims specify thai the QFI configuration is always ‘set io
a value indicating vhe QFI field 1s present in “uplink’ for the defauly DRB. The examiner
respectfully disagrees with the arguments. Cho does disclose, for example see fig. 9, wherein at
least one of the NAS-level reflective QoS activation indication or the AS-level reflective QoS

activation indication is set to ‘1’ (or where one indication may be set to value ‘0’ indicating

the QFI field is not present), the DL SDAP PDU further includes a QoS flow ID ‘OFI’, e.g. left
(AS) or right (NAS) situation appears, in which Cho implies only ‘one QFI configuration’ is
used with steps S913-915; and wherein, as disclosed in page 7, para 129; pages 7-8, para 153,
Cho discloses for the UL QoS flow ID=13 to a UL DRB, e.g. “the QFI configuration is always
‘set to a value’ indicating the QFI field is present in ‘uplink’ for the DRB”.

Claims 2-5 and 7-10 are rejected as in Part 3 above of this Office action and by virtue of
their dependence from claims 1 and 6.

Therefore, the examiner concludes that the combination of Cho and Convida Wireless

teaches the arguable features.

Conclusion
5. Accordingly, THIS ACTION IS MADE FINAL. See MPEP § 706.07(a). Applicant is
reminded of the extension of time policy as set forth in 37 CFR 1.136(a).
A shortened statutory period for reply to this final action is set to expire THREE
MONTHS from the mailing date of this action. In the event a first reply is filed within TWO
MONTHS of the mailing date of this final action and the advisory action is not mailed until after

the end of the THREE-MONTH shortened statutory period, then the shortened statutory period
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will expire on the date the advisory action is mailed, and any extension fee pursuant to 37
CFR 1.136(a) will be calculated from the mailing date of the advisory action. In no event,
however, will the statutory period for reply expire later than SIX MONTHS from the date of this

final action.

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Tri H. Phan, whose telephone number is (571) 272-3074. The
examiner can normally be reached on M-F (8:00Am-4:30PM).

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Chi H. Pham can be reached on (571) 272-3179.

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

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

/TRI H PHAN/
Primary Examiner, Art Unit 2471

January 23, 2020
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Amendment Dated November 18, 2019
Reply to Office Action September 6, 2019

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Appl. No. 1 16/043,818

Confirmation No. 1 7229

Applicants : Li-Te Pan and Richard Lee-Chee Kuo

Filed : July 24, 2018

Title : METHOD AND APPARATUS FOR SERVING QUALITY OF
SERVICE (QOS) FLOW IN A WIRELESS COMMUNICATION
SYSTEM

TC/A.U. 1 2471

Examiner : Tri H. Phan

Docket No. : 1426-221.101 (1060196-US)

Customer No. 1 106622

AMENDMENT TO OFFICE ACTION

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

Alexandria, VA 22313-1450

Dear Sir:
In response to the Office Action mailed on September 6, 2019, having a three-month period

for responding to December 6, 2019, Applicants respectfully submit the following amendments

and remarks:

Claims begin on page 2.

Remarks begin on page 4.
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Docket No. 1426-221.101 (1060196-US)
Appl. No. 16/043.818

Amendment Dated November 18, 2019
Reply to Office Action September 6, 2019

REMARKS

Claims 1-10 are pending.

L Claim Objections

Claims 1 and 6 are objected to due to use of the claim term “network node.” Applicants
respectfully submit that as discussed in Paragraph [0085] of the present application, gNB is an
example of an access network (i.e. network node). Under the circumstances, Applicants
respectfully submit that the present specification supports the use of the claim term “network

node” in claims 1 and 6.

IL. Rejection under 35 U.S.C. § 103

Claims 1-10 stand rejected under 35 U.S.C. § 103 as being unpatentable over Convida
Wireless (“SDAP Header Format”, 3GPP TSG-RAN WG2 #99 TDOC R2-1708324, 20 June
2017) in view of Cho (U.S. Patent Publication No. 2019/0150023). See Office Action, J 6.
Applicants respectfully traverse the rejection and respectfully requests reconsideration of the

claims.

As discussed in Paragraphs [0062] — [0065] of the present application, to make sure the
gNB can identify a new QoS flow initiated by a UE during an ongoing PDU session, the default
DRB of the PDU session should be initiated with presence of QFI in uplink. The UE may

initiate the default DRB when receiving a DRB configuration (e.g. included in a RRC message)
from the gNB. The DRB configuration may include a QFI configuration indicating presence of
QFI for the default DRB. With the QFI in a SDAP PDU transmitted on the default DRB in
uplink, the gNB is able to identify the new UL QoS flow so that the gNB can transmit the IP
packet included in the SDAP PDU to the core network (e.g. UPF) via correct handling (e.g. a
tunnel corresponding to the new UL QoS flow) and then the IP packet can pass the

corresponding packet filter.

Consistent with the specification, claims 1 and 6 recite “transmitting [or transmit] a first
message with a DRB (Data Radio Bearer) configuration to a UE (User Equipment) for
establishing a default DRB for a PDU (Packet Data Unit) session, wherein the DRB
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Docket No. 1426-221.101 (1060196-US)

Appl. No. 16/043.818

Amendment Dated November 18, 2019

Reply to Office Action September 6, 2019

configuration includes a QFI (QoS Flow Id) configuration used to indicate whether a QFI field is
present or not in uplink for the default DRB and the QFI configuration is always set to a value
indicating the QFI field is present in uplink for the default DRB” and “establishing [or establish]
the default DRB with a presence of the QFI field in uplink”. Applicants respectfully submit that

the combination of Convida Wireless and Cho fails to disclose the noted limitations.

First, Chapter 1 of Convida Wireless discloses the reflective packet mapping, and
Chapter 2 of Convida Wireless discloses the NAS reflective QoS function. However, these
chapters of Convida Wireless relate only to processes occurring after the corresponding

DRB(s) is established/initiated. In other words, Chapters 1 and 2 of Convida Wireless do not

refer to the specific claimed process of establishing a DRB, namely fransmitting a DRB

configuration including a QFI configuration for establishing a default DRB to the UE and

establishing the default DRB as recited in the claims.

Furthermore, Convida Wireless does not teach how to configure a QFI field in uplink

for the default DRB. In contrast, the claims specify that the DRB configuration includes a QFI

configuration used to indicate whether a QFI field is present or not in uplink for the default DRB,

which is however not disclosed in D1.

Second, the Office Action admits that Convida Wireless “does not explicitly disclose for
wherein the QFI configuration is present or not in uplink for the default DRB and the QFI
configuration is always set to a value indicating the QFI field is present in uplink for the default
DRB.” See Office Action, Pages 5-6. Nevertheless, the Office Action cites to Cho in rejecting
the claims. See Office Action, Page 6.

Applicants respectfully disagree. In particular, Paragraphs [0109] — [0113] of Cho
discuss the flow chart shown in FIG. 9 (reproduced below) of Cho.
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Reply to Office Action September 6, 2019

FIG. 9
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As discussed in Paragraphs [0109] — [ 0113] of Cho, during the PDU Session
Establishment, the UE receives QoS rule(s) related to the PDU session from 5GC, and receives
AS mapping rule(s) and DRB configuration information for the PDU session from NG-RAN.
The AS-mapping rule(s) is a UL QoS flow to DRB mapping rule configured to the UE. The UE
saves the received QoS rule(s) and AS-mapping rule(s), and establishes DRB such as default
DRB and/or Dedicated DRB (non-default DRB). The default DRB is established by NG-RAN at
PDU Session Establishment. If the first packet of the flow is UL packet, if no mapping rule is
configured in the UE, the packet is sent through default DRB to the network.

Paragraph [0117] of Cho discloses that QoS flow ID (QFI) can be present for DL SDAP
header only when it is necessary depending on the values of two reflective QoS activation
indications in the DL SDAP header. If both NAS - level Reflective QoS activation indication
and AS - level Reflective QoS activation indication are “0”, the DL SDAP header may not
include the QoS flow ID. Otherwise, the DL SDAP header includes the QoS flow ID according
to Paragraph [0109] of Cho.
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Reply to Office Action September 6, 2019

There are three main differences between Cho and the claimed invention as recited in the
claims of the present application. The first difference is Cho discloses that two indications in the
DL SDAP header are used to determine whether QFI field is present in downlink, while the QFI
configuration recited in the claims is used to determine whether QFI field is present in uplink.
The second difference is Cho discloses using two indications to determine whether QFI field is
present in SDAP header or not, while one QFI configuration is used and recited in the claims.
The third difference is Cho discloses these two indications may be set to values indicating the
QFI field is not present, while the claims specify that the QFI configuration is always set to a
value indicating the QFI field is present in uplink for the default DRB. It is clear that Cho fails
to teach to use a QFI configuration and the QFI configuration is always set to a value indicating

the QFI field is present in uplink for the default DRB.

For the reasons stated the above, Applicants respectfully submit that claims 1-10 are

patentable over any combination of Convida Wireless and/or Cho.

CONCLUSION

In view of the foregoing it is respectfully submitted that the pending claims are in
condition for allowance. Reconsideration of the rejections is requested. Allowance of the claims

is solicited.

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

hereby made.

Respectfully submitted,

Sang N. Dang

BLUE CAPITAL LAW FIRM, P.C.
Dated: November 18, 2019 /Sang N. Dang/

Reg. No. 51,186
Tel.: (714) 839-3800
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IN THE CLAIMS:

1. (Original) A method of a network node, comprising:

transmitting a first message with a DRB (Data Radio Bearer) configuration to a UE (User
Equipment) for establishing a default DRB for a PDU (Packet Data Unit) session, wherein the
DRB configuration includes a QFI (QoS Flow Id) configuration used to indicate whether a QFI
field is present or not in uplink for the default DRB and the QFI configuration is always set to a
value indicating the QFI field is present in uplink for the default DRB;

establishing the default DRB with a presence of the QFI field in uplink; and

receiving a SDAP (Service Data Adaptation Protocol) PDU with the QFI field via the
default DRB from the UE.

2. (Original) The method of claim 1, wherein the network node is not allowed to
transmit a second message to the UE for reconfiguring the QFI configuration for the default

DRB to no presence of the QFI field.

3. (Original) The method of claim 1, wherein a header in the SDAP PDU includes
at least the QFI field.

4. (Original) The method of claim 1, wherein the network node transmits an IP

(Internet Protocol) packet included in the SDAP PDU to a core network.

5. (Original) The method of claim 1, wherein the network node is a base station (or

gNB).

6. (Original) A network node, comprising:

a control circuit;

a processor installed in the control circuit; and

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

wherein the processor is configured to execute a program code stored in the memory to:
transmit a first message with a DRB (Data Radio Bearer) configuration to a UE

(User Equipment) for establishing a default DRB for a PDU (Packet Data Unit) session, wherein
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the DRB configuration includes a QFI (QoS Flow Id) configuration used to indicate whether a
QFI field is present or not in uplink for the default DRB and the QFI configuration is always set
to a value indicating the QFI field is present in uplink for the default DRB;

establish the default DRB with a presence of the QFI field in uplink; and

receive a SDAP (Service Data Adaptation Protocol) PDU with the QFI field via
the default DRB from the UE.

7. (Original) The network node of claim 6, wherein the network node is not allowed
to transmit a second message to the UE for reconfiguring the QFI configuration for the default

DRB to no presence of the QFI field.

8. (Original) The network node of claim 6, wherein a header in the SDAP PDU
includes at least the QFI field.

9. (Original) The network node of claim 6, wherein the network node transmits an

IP (Internet Protocol) packet included in the SDAP PDU to a core network.

10. (Original) The network node of claim 6, wherein the network node is a base

station (or gNB).
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Priority under 35 U.S.C. § 119
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Application/Control Number: 16/043,818 Page 2
Art Unit: 2471

Notice of Pre-AIA 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 AIA.

DETAILED ACTION

Response to Communication(s)
2. This office action is in response to the Application filed on July 24, 2018, Claims 1-10

are presented in the application for examination.

Information Disclosure Statement
3. The information disclosure statements filed $7/24/18 and (:7/25/1& comply with the
provisions of 37 CFR 1.97, 1.98 and MPEP § 609. It has been considered and placed in the

application file.

Specification
4. The lengthy specification has not been checked to the extent necessary to determine the
presence of all possible minor errors. Applicant's cooperation is requested in correcting any

errors of which applicant may become aware in the specification.

Claim Objections

5. Claims | and 6 are objected to because of the following informalities:
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Application/Control Number: 16/043,818 Page 3
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Regarding clains i, the claim attempt to define “A methnd of ¢ network node ...
fransmiifing a fivsi message with a Data Radio Bearer .. io a4 User Equipmeni .. receiving
a Service Data Adapnarion Protocol . from the UE”. From this wording it is not possible to
unambiguously derive which “network node” performs this method.

However, when looking into the application’s specification, specifically at paras. 74-75,
it appears that the method is indeed performed by a ‘gNB’ also referred to as next generation
Node B.

It appears that the feature of Claim 1 mentioned above is indeed broader than allowed by
the application’s description as filed, since no other embodiment providing any alternative to the
interpretation of this feature has been found in the application’s description as filed.
Furthermore, the features as extracted from the application’s description as discussed above
appear Indeed to be essential features to the alleged invention, and as such they should be
included in the independent Claim 1.

The same objections and observation apply to independent Claim 6.

The Applicant is respectfully reminded that the subject-matter for which protection is
sought is defined solely by the claims, the description and the figures being meant merely to aid
in the interpretation. Therefore, the claims should be dear per se, and as mentioned above, they
should include all the features essential to the definition of the invention.

In the case of amending the claimed invention, Applicant is respectfully requested to
indicate the portion(s) of the specification which dictate(s) the structure relied on for
proper interpretation and also to verify and ascertain the metes and bounds of the claimed

invention.
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Thus, for the purpose of examination, the claims will be interpreted in the broadest sense

as below.

Claim Rejections - 35 USC § 103

The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all

obviousness rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described as set forth in
section 102 of this title, if the differences between the subject matter sought to be patented and the prior art are
such that the subject matter as a whole would have been obvious at the time the invention was made to a person
having ordinary skill in the art to which said subject matter pertains. Patentability shall not be negatived by the
manner in which the invention was made.

The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1,148 USPQ 459
(1966), that are applied for establishing a background for determining obviousness under pre-
ATA 35 U.S.C. 103(a) are summarized as follows:

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

2. Ascertaining the differences between the prior art and the claims at issue.

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

4. Considering objective evidence present in the application indicating obviousness or
non-obviousness.

Note: Document U.S. 2019/0150023 has been published on 05/16/2019 and claims priority to
U.S. provisional application 62/453,467, filed February 1, 2017 (entirely in English and thereby
antedating this application).

6. Claims 1-10 are rejected under 35 U.S.C. 103(a) as being unpatentable over Convida
Wireless (“SDAP Header Format”, 3GPP TSG-RAN WG2 #99 TDOC R2-1708324, 29 June
2017, cited by the applicants; hereinafter ‘Convida Wireless’) in view of Cho et al. (U.S.

2019/0150023; hereinafter ‘Cho’).

- In regard to claim 1, Convida Wireless discloses the method of a network node,

comprising
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transmitting a first message with a Data Radio Bearer ‘DRB’ configuration to a UE (User
Equipment) for establishing a default DRB for a Packet Data Unit ‘PDU’ session (for exampie
see Chapter 1, Inroduction: “In the downlink, the NG-RAN maps (ol Flows fo DRBs based on
NG-U markings, (o8 Flow IIE and the associated Qo8 profiles... To enable this veflective
nuipping, NG-RAN marks downlink packeis over Uy with (o8 flow {137), wherein the DRB
configuration includes a QoS Flow 1d ‘QFI’ configuration; establishing the default DRB with a
presence of the QFI field in uplink (for exanyle see Chapier {, Introduction: "Reflective
mapping: for each DBRB, the UE mondtors the Qof flow 1Ds of the downlink packets and applies
the same mapping in the uplink .. To enable this reflective mapping, the NG-RAN ma
downlink packets over Uu with Qol flow ID7; Chapter 20 V. for UE supporting NAS reflective
the UF shall create a devived Qo8 rule for the uplink traffic based on the received downlink
traffic. The UE shall use the devived QoS rules to deiermine mapping between uplink traffic and
Ol flow. The devived Qod rule includes packet filter, Qo flow identifier QFT and
rule precedence value .. 7); and

receiving a Service Data Adaptation Protocol ‘SDAP’ PDU with the QFI field via the
default DRB from the UE (fuosr example see Chapier 2, ... As per RANZ previous agreement now
reflected in 38300 in the uplink, the UE marks uplink packeis over Uu with ithe QFT for the
purposes of marking forwarded packets 1o the CN. Soin the UL the SDAFP header should at least
inciude the QFF.7).

Though, Convida Wireless does disclose for NAS-RQI indicator and AS-RQI indicator
to indicate whether the UE shall create (or update) the QoS Flow to DRB mapping as specified

in Chapter 3, Proposals 2-3; but does not explicitly disclose for wherein the QFI configuration
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used to indicate whether a QFI field is present or not in uplink for the default DRB and the QFI
configuration is always set to a value indicating the QFI field is present in uplink for the default
DRB. However, such limitation lacks thereof from Convida Wireless reference is well known
and disclosed by Che.

In an analogous art, Che discloses for system/device and method for performing
reflective quality of service ‘QoS’ in wireless communication system (for examiple see Abstract;
Figs. 7, % page I, para 2); wherein the QFI configuration used to indicate whether a QFI field is
present or not in uplink for the default DRB (for exarnple see fig. 11 page 6, paras 109, 113,
£17); and where the QFI configuration is always set to a value indicating the QFI field is present
in uplink for the default DRB (for exampie see figs. 7, siep 5913 in fig. 9; page 4, para 65; page
8, paras 109-1 1§, page 7, paras 126-129).

Thus, it would have been obvious to those skilled in the art at the time of the invention
was made to incorporate Cho’s AS-level and NAS-level indication into Convida Wireless’s

system with a motivation on performing reflective QoS as specified in Cho: page 1, paras 2 and

13.

- Regarding claim 6, the combination of Cho and Convida Wireless also discloses for
network node (e.g. NG-eNB, NG-RAN) having limitations mirrored method steps of claim 1,
respectively. Thus, they are rejected for the same rationales applied to claim 1 discussed above,
as additionally disclosed in NG-RAN in figs. 7, 20; page 3, para 54; and in the respective

portions of the specification.

Petitioners' Exhibit 1002, p. 110
AT&T et al v. Asustek Technology
IPR2024-00997



Application/Control Number: 16/043,818 Page 7
Art Unit: 2471

- In regard to claims 2 and 7, in addition to features in base claims 1 and 6 (see rationales
pertaining the rejection of base claims 1 and 6 discussed above), the combination of Cho and
Convida Wireless further discloses for wherein the network node is not allowed to transmit a
second message to the UE for reconfiguring the QFI configuration for the default DRB to no
presence of the QFI field (for example see Cho: page 6, pava 13, steps §807, 911 in fig. 9).

Convida Wireless lacks what Cho discloses wherein the QFI configuration used to
indicate whether a QFI field is present or not in uplink for the default DRB (for exanyie see fig.
P page & paray 109, 113, 117); and where the QFI configuration is always set to a value
indicating the QFI field is present in uplink for the default DRB (fir example see figs. 7, siep
S9i3 in fie U pape 4, pava 65, page &, paraz 109-111; page 7, paras 126-129).

Thus, it would have been obvious to those skilled in the art at the time of the invention
was made to incorporate Cho’s AS-level and NAS-level indication into Convida Wireless’s

system with a motivation on performing reflective QoS as specified in Cho: page 1, paras 2 and

13.

- Regarding claims 3 and 8, in addition to features in base claims 1 and 6 (see rationales
pertaining the rejection of base claims 1 and 6 discussed above), the combination of Cho and
Convida Wireless further discloses for wherein a header in the SDAP PDU includes at least the
QFI field (for exampie see Convida Wireless: Chapier 2, "0 As per RAN2D previous agreement
now reflected in 383000 in the uplink, the UE marks uplink packets over Une with the QF7F for the

purposes of marking forwarded packets o the ON. So in the UL the SOAF header should at least

include the QF .7 Chor see fig. §1).
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Convida Wireless lacks what Cho discloses wherein the QFI configuration used to
indicate whether a QFI field is present or not in uplink for the default DRB (for exsamipie see fig.
1 page 6, paras 109, 113, 117); and where the QFI configuration is always set to a value
indicating the QFI field is present in uplink for the default DRB (for example see figs. 7, step
SGi3 in fig 9 page 4, para 65, page 6, paraz [09-111; page 7, paras 126-129).

Thus, it would have been obvious to those skilled in the art at the time of the invention
was made to incorporate Cho’s AS-level and NAS-level indication into Convida Wireless’s

system with a motivation on performing reflective QoS as specified in Cho: page 1, paras 2 and

13.

- In regard to claims 4 and 9, in addition to features in base claims 1 and 6 (see rationales
pertaining the rejection of base claims 1 and 6 discussed above), the combination of Cho and
Convida Wireless further discloses for wherein the network node transmits an Internet Protocol
‘IP’ packet included in the SDAP PDU to a core network (for examiple see Cha! fig, 6, page 4,
paras 67-68).

Convida Wireless lacks what Cho discloses wherein the QFI configuration used to
indicate whether a QFI field is present or not in uplink for the default DRB (fisr exampie see fig.
11 page 6. paras 109, 113, 117); and where the QFI configuration is always set to a value
indicating the QFI field is present in uplink for the default DRB (for examplie sece figs. 7. siep
X130 fie @ page 4, para 65; page 8§, paras J09-111; page 7, paras 126-129).

Thus, it would have been obvious to those skilled in the art at the time of the invention

was made to incorporate Cho’s AS-level and NAS-level indication into Convida Wireless’s
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system with a motivation on performing reflective QoS as specified in Cho: page 1, paras 2 and

13.

- Regarding clatms 5 and 1§, in addition to features in base claims 1 and 6 (see rationales
pertaining the rejection of base claims 1 and 6 discussed above), the combination of Cho and
Convida Wireless further discloses for wherein the network node is a base station or gNB (o
exampde see Cho: figs, 2A, 4A-8; page 3, para 54).

Convida Wireless lacks what Cho discloses wherein the QFI configuration used to
indicate whether a QFI field is present or not in uplink for the default DRB (fisr exampie see fig.
11 page 6. paras 109, 113, 117); and where the QFI configuration is always set to a value
indicating the QFI field is present in uplink for the default DRB (for examplie sece figs. 7. siep
XI3in fig G poage 4, para 65; page 6, paras J09-111; page 7, paras 126-129).

Thus, it would have been obvious to those skilled in the art at the time of the invention
was made to incorporate Cho’s AS-level and NAS-level indication into Convida Wireless’s

system with a motivation on performing reflective QoS as specified in Cho: page 1, paras 2 and

13.

7. Examiner's Note: In the case of amending the claimed invention, Applicant is
respectfully requested to indicate the portion(s) or passage(s) as originally filed of the
specification, which dictate(s) the structure relied on for proper interpretation on which these
amendments, including the amended dependent claims in the corresponding embodiment, are

based; and also to verify and ascertain the metes and bounds of the claimed invention.

Conclusion
8. The prior art made of record and not relied upon is considered pertinent to applicant's

disclosure.
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Kim et al. (U.S. 2018/0146398), Pan; Li-Te (U.S. 2019/0028920) and Pan et al. (U.S.
2019/0029057) are all cited to show system/devices and methods for improving for QoS flow
servicing in wireless telecommunication networks, which are considered pertinent to the claimed
invention.

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Tri H. Phan, whose telephone number is (571) 272-3074. The
examiner can normally be reached on M-F (8:00Am-4:30PM).

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Chi H. Pham can be reached on (571) 272-3179.

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

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

/TRI H PHAN/
Primary Examiner, Art Unit 2471

September 3, 2019
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in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

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

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

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

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

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

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

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

NOT GRANTED

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

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call
+1-202-482-6800.
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SYSTEMS AND METHODS FOR PACKET DATA CONVERGENCE PROTOCOL
SEQUENCING

RELATED APPLICATIONS

The present application claims priority under 35 U.S.C. § 119 to U.S. Provisional
Application No. 62/372,138 filed on August 8, 2016, which is hereby incorporated by
reference in its entirety.

Various embodiments of the present application generally relate to the field of
wireless communications, and in particular, (o improving packet data convergence

protocol (PDCP) sequencing in wireless communications networks.

BACKGROUND

Protocol stacks used in most cellular communications networks, such as Long
Term Evolution (LTE), LTE-Advanced {LTE-A)}, Next Generation Cellular Network (5G
NR, etc.}, and the like, may include a packet data convergence protocol (PDCP) laver. The
PDCP layer may provide services to a radio resource control (RRC) layer and user plane
upper layers at a user equipment (UE) or an evolved Node B (eNB) or a general Node B
{gNB). The PDCP laver may perform various functions including ordering incoming
packets according to each packet’s sequence number (SN}, and in-sequence delivery of
those packets to other layers. Many cellular communications networks also use radio
bearers (for example, data radio bearers (DRBs), sidelink radio bearers (SLRBs), and
signalling radio bearers (SRB)) to route data flows to and from a UE. When a radio bearer
is established, a PDCP entity may be created to order packets flowing through the radio
bearer. According to current cellular communications standards, each radio bearer is
associated with one PDCP entity.

However, the packets that flow through a particular radio bearer (for example, a
DRB) may belong to more than one data flow. Additionally, according to current cellular
communications standards, the PDCP layer does not differentiate between the different
flows traveling through a DRB. This may result in packet processing delays because
packets of a flow in a DRB may have to wait for other packets of another flow to be
processed due to the SN order of the other packets. Additionally, because the PDCP layer
is required to provide in-sequence delivery of packets 1o other layers, if a packet is
missing, then processing of all other packets, including packets belonging to different

flows, may be delaved while packet re-transmission procedures take place.

-1 -
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Once solution to these shortcomings may include setting up an individual DRB for
an individual data flow. However, these solutions require more signaling to establish
additional DRBs, which may increase overhead costs associated with increased network
resource consumption.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments will be readily understood by the following detailed description
in conjunction with the accompanying drawings. To facilitate this description, like
reference numerals designate like structural elements. Embodiments are illustrated by way
of example and not by way of limitation in the figures of the accompanying drawings.

FIG. 1 illustrates a cellular communications network in accordance with various
example embodiments;

FIG. 2 ilustrates a logical representation of various embodiments discussed herein;

FIG. 3 illastrates an example protocol stack, in accordance with wvarious
embodiments;

FIG. 4 illusirates example packet data convergence protocol (PDUP) protocol data
anits (PDUs), in accordance with various embodiments;

FIG. 5 illustrates example components of an electronic device for wireless
communication, in accordance with various example embodiments; and

FIG. 6 illustrates an example process that may be performed by an electronic

device to perform various embodiments discussed herein,

DETAHLED DESCRIPTION

Embodiments discussed herein relate to improving packet data convergence
protocol (PDCP) sequencing in wireless communications networks. Embodiments provide
a flow-based quality of service {(Qo8) framework that may be employed in wireless
communication networks. In embodiments, a core network (N} {or a network element
therein} may perform flow level QoS control and enforcement procedures. In
embodiments, the CN {or a network element therein) may transfer per-Flow QoS
information to a Radio Access Network (RAN), and the QoS control may be performed in
the RAN on a per-flow basis or may implement traditicnal radio bearer (RB) concepts. In
other embodiments, the RAN itself or a user equipment (UE) may perform the flow fevel
QoS control and enforcement procedures.

fo embodiments, the flow-based QoS framework may be implemented by a

computer device, such as a UE and/or a base station (for example, an evolved nodeB

.
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{eNB}, a next generation nodeB (gNB), and the like}. In such embodiments, the computer
device may instantiate a plurality of PDCP entities to process a corresponding plurality of
flows of a data radio bearer (DRB). As used herein, the terms “instantiate”, “instantiation”,
and the like may refer to the creation of an instance, and an “instance” may refer tc a
5 concrete occurrence of an object, which may occur, for example, during execution of
program code. The computer device may also classify traffic of the DRB into individual
flows of the plurality of flows and provide the traffic of the individual flows to a
corresponding PDCP entity. In embodiments, the classification of the individual flows
may be based on g flow classification rule (alse referred to as a “flow classification

10 configuration”). In such embodiments, the flow classification rule may be generated by a
network element (for example, an eNB/gNB or a CN clement) and signaled to the UE,
generated by the UE and signaled to the network element, or independently generated by
each of the UE and the network element without requiring over-the-air (OTA) signaling of
the flow classification rule.

15 Embodiments also provide various PDCP enhancements to allow the PDCP
instances to identity a flow to which a packet may belong In embodiments, each packet
may include a new flow identifier field in a header portion of a PDCP packet or protocol
data unit (PDU), portions of existing fields of a PDCP packet/ PDU, or the PDCP payload
{(for example, the beginning or the end of the packet/PDU} may be used for flow

20 dentification. Other embodiments may be deseribed and/or claimed.

The following detailed description refers to the accompanying drawings. The same
reference numbers may be used in different drawings to identify the same or similar
elements. In the following description, for purposes of explanation and not limitation,

specific details are set forth such as particular structures, architectures, interfaces,

S
i

techniques. etc , in order to provide a thorough understanding of the various aspects of the
claimed invention. However, it will be apparent to those skilled in the art having the
benefit of the present disclosure that the various aspects of the invention claimed may be
practiced in other examples that depart from these specific details. In certain instances,
descriptions of well-known devices, circuiis, and methods are omitted so as not to obscurs
30 the description of the present invention with unnecessary detail.

Various aspects of the illustrative embodiments will be described using terms
commonly employed by those skilled in the art to convey the substance of their work to
others skilled in the art. However, it will be apparent to those skilled in the art that
alternate embodiments may be practiced with only some of the described aspects. For

-3 -
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purposes of explanation, specific numbers, materials, and configurations are set forth in

order to provide a thorough understanding of the illustrative embodiments. However, it

will be apparent to one skilled in the art that alternate embodiments may be practiced

without the specific details. In other instances, well-known features are omitied or
S simplified in order not to obscure the illustrative embodiments.

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

10 the order of presentation.

The phrase “in various embodiments,” “in some embodiments,” and the like are
used repeatedly. The phrase generally does not refer to the same embodiments; however, it
may. The terms “comprising,” “having,” and “including” are synonymous, unless the
context dictates otherwise. The phrase “A and/or B” means {A), (B), or (A and B). The

15  phrases “A/B” and “A or B” mean {A), (B), or {A and B), similar to the phrase “A and/or
B.” For the purposes of the present disclosure, the phrase “at least one of A and B” means
(A}, (B), or (A and B). The description may use the phrases “in an embodiment,” “in
embodiments,” “in some embodiments,” and/or “in various embodiments,” which may
each refer to one or more of the same or different embodiments. Furthermore, the terms

F 1Y

20 “comprsing,” “lucluding,” “having,” and the like, as used with respect to embodiments of
the present disclosure, are synonymous.

Example embodiments may be described as a process depicted as a flowchart, a
flow diagram, a data flow diagram, a structure diagram, or a block diagram. Although a

flowchart may describe the operations as a sequential process, many of the operations may

S
i

be performed in parallel, concurrently, or simultaneously. In addition, the order of the
operations may be re-arranged. A process may be terminated when its operations are
completed, but may also have additional steps not included in the figure{s). A process may
correspond to a method, a function, a procedure, a subroutine, a subprogram, and the like,
When a process corresponds to a function, its termination may correspond to a return of
30 the function to the calling function and/or the main function.

As used herein, the term “cireuitry” refers to, is part of, or includes hardware
components such as an Application Specific Integrated Circuit {ASIC), an electronic
circuit, a logic circuit, a processor {(shared, dedicated, or group) and/or memory {shared,
dedicated, or group) that are configured to provide the described functionality. In some

-4
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embodiments, the circuitry may execute one or more software or firmware programs to
provide at least some of the described functionality. Example embodiments may be
described in the general context of computer-executable instructions, such as program
code, software modules, and/or functional processes, being executed by one or more of the

5 aforementioned circuitry. The program code, software modules, and/or functional
processes may include routines, programs, objects, components, data structures, ete., that
perform particular tasks or implement particular data types. The program code, software
modules, and/or functional processes discussed herein may be implemented using existing
hardware in existing communication networks. For example, program code, software

10 modules, and/or functional processes discussed herein may be implemented using existing
hardware at existing network elements or control nodes.

As used herein, the term “processor circuitry” refers to, is part of, or includes
circuitry capable of sequentially and automatically carrying out a sequence of arithmetic
or logical operations; recording, storing, and/or transferring digital data. The term

15 “processor circuitry” may refer to one or more application processors, one or more
baseband processors, a physical central processing anit (CPU), a single-core processor, a
dual-core processor, a triple-core processor, a quad-core processor, and/or any other
device capable of executing or otherwise operating computer-executable instructions, such
as program code, software modules, and/or functional processes. As used herein, the term

20 “interface circuitry” refers to, 18 part of, or includes cireuitry providing for the exchange of
information between two or more components or devices. The term “interface circuitry”
may refer to one or more hardware interfaces (for example, buses, input/output (O)
interfaces, peripheral component interfaces, and the like).

As used herein, the term “user equipment” may be considered synonymous to, and

S
i

may hereafter be occasionally referred to, as a client, mobile, mobile device, mobile
terminal, user terminal, mobile unit, mobile station, mobile user, UE, subscriber, user,
remote station, access agent, user agent, receiver, etc., and may describe a remote user of
network resources in a communications network. Furthermore, the term “user equipment”
may include any type of wireless/wired device such as consumer clectronics devices,
30 cellular phones, smartphones, tablet personal computers, wearable computing devices,
personal digital assistants (PDAg), desktop computers, and laptop computers, for exampie.

As used herein, the term “network clement” may be considered synonymous to
and/or referred to as a networked computer, networking hardware, network equipment,
router, switch, hub, bridge, radio network controller, radio access network device,

-5
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gateway, server, and/or any other like device. The term “network element” may describe a
physical computing device of a wired or wireless communication network and be
configured to host a virtual machine. Furthermore, the term “network element” may
describe equipment that provides radio baseband functions for data and/or voice
S connectivity between a network and one or more users. The term “network element” may
be considered synonymous to and/or referred 1o as a “base station.” As used herein, the
term “base station” may be considered synonymous io and/or referred to as a node B, an
enhanced or evolved node B {eNB), base transceiver station (BTS), access point {AP),
etc., and may describe equipment that provides the radio baseband functions for data

10 and/or voice connectivity between a network and one or more users.
it should also be noted that the term “channel” as used hercin may refer to any
transmission medium, either tangible or intangible, which is used to communicate data or

a data stream. Additionally, the term “channel” may be synonymous with and/or

197 L
H

equivalent to “communications channel” “data communications channel,” “transmission

15 channel,” “data transmission channel” “access channel” “data access channel)” “link,”

ER Y

“data link,” “carrier,” “radiofrequency carrier,” and/or any other like term denoting a
pathway or medium through which data is conununicated.

FIG. 1 illustrates an example of a cellular communications network 100 (also

referred o as “network 1007 and the like), according to various embodiments. Network

20 100 includes UEs 105, two base stations (BSs) 110 (BS 110-1 and BS 110-2 are

collectively referred to as “BS 110”7 or “BSs 1107}, and to cells 115 (cell 115-1 and cell

115-2 are collectively referred to as “cell 1157 or “cells 115”). The following description

is provided for an example network 100 that operates in conjunction with the Long Term

Evolution (LTE} standard as provided by 3rd Generation Partonership Project (3GPP)

S
i

technical specifications (TS} However, the evample embodiments are not limited in this
regard and the described embodiments may apply to other networks that benefit from the
principles described herein, such as new radio access technologies (NR} and the like In
addition, the following description provided for functionality of the UE 105 and/or
downlink (DL} transmissions may be equally applicable to network-side {e.g., BS 110, CN
30 140, ete.) functionality and/or uplink (UL} transmissions unless stated otherwise.
Referring to FIG. 1, UE 105 may be a physical hardware device capable of runnming
one or more applications and capable of accessing network services via one or more radio
tinks 120 {radio link 120-1 and radio link 120-2 are collectively referred to as “radio links
1207 or “links 1207) with corresponding BSs 110, A link 120 may allow the UE 105 1o
-6 -
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transmit and recetve data from a BS 110 that provides the link 120. To transmit/receive

data to/from one or more BSs 110, UE 105 may include a transmitter/receiver {or

alternatively, a transceiver), memory, one or more processors, and/or other like

components that enable UE 105 to operate in accordance with one or more wireless

5 communications protocols and/or one or more cellular phone communications protocols.

In various embodiments, UE 105 may have multiple antenna elements that enable the UE

105 to maintain multiple links 120 to transmit/receive data to/from multipie BSs 110. For

example, as shown in FIG. I, UE 105 may connect with BS 110-1 via link 120-1 and

simudtaneously connect with BS 110-2 via link 120-2. Furthermore, UE 105 may be

10 capable of measuring various cell-related criteria, such as channel conditions and signal

quality {for example, reference signal received power (RSRP), reference signal recerved

guality (RSRQ), and the like), and provide a measurement report including this

information to a BS 110, Examples of UE 105 may include a wireless phone or

smartphone, a laptop personal computer (PC), a tablet PC, a wearable computing device,

15  an autonomous sensor or other like machine type communication (MTC) deviee, and/or

any other physical device capable of recording, storing, and/or transferring digital data
to/from BS 110 and/or any other like network element.

The BSs 110 are hardware computing devices configured to provide wireless

communication services to mobile devices (for example, UE 105} within a coverage area

20 orcell 115 associated with a BS 110 (for example, cell 115-1 associated with BS 110-1).

In embodiments where the cellular communications network 100 is an LTE or LTE-A

system, the BSs 110 may be referred to as evolved nodeBs (eNBs) 110 and the like. In

embodiments where the cellular communications network 100 s an NR system, the BSs

110 may be referred to as next generation nodeBs (gNBs) 110, transmission reception

S
i

points (TRPs) 110, and the like. In some embodiments, at least cne of the BSs 110 may be
a WiFi access point (AP}, such as a router, switch, hub, gateway device, or other like
network element that provides coonection to a Wireless Local Area Network (WLAN) in
accordance with an Institute of Electrical and Electronics Engineers (IFEEE)} 802.11
protocol.

30 A cell 115 providing services to UE 105 may also be referred to as a “serving cell,”
“cell coverage area,” and the like. As discussed previously, BSs 110 may provide wircless
communication services to UE 105 via links 120. The links 120 between the BSs 110 and
the UE 105 may include one or more DL {or forward) channels for transmitting
information from BS 110 to UE 105 Although not shown by FIG. 1, links 120 may also
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inchade one or more UL {or reverse) channels for ransmitting information from UE 105 to

a BS 110. The channels may include the physical downlink shared channel (PDSCH),

physical downlink control channel (PDCCH), physical hybrid automatic repeat request

(HARQ) indicator channel (PHICH}, physical control format indicator channel (PCFICH),

S physical broadcast channel (PBCH), physical uplink shared channel (PUSCH), physical

uplink control channel (PUCCH), physical random access channel (PRACH), and/or any
other like communications channels or links used to transmit/receive data.

The BSs 110 include a transmitter/receiver (or allernatively, a transceiver)

conunected to one Or more antennas, one of more merory devices, oue of More Processors,

10 and/or other like components. The one or more transmitters/receivers may be configured

to transmit/receive data signals to/from one or more UEs 105 within its cell 115 via one¢ or

more links that may be associated with a transmitter and a recetver. In embodiments where

network 100 employs the LTE or LTE-A standard, one or both BSs 110 may employ

Evolved Universal Terrestrial Radio Access (E-UTRA) protocols, for example, using

15  orthogonal frequency-division multiple access (OFDMA) for scheduling and transmitting

DL communications and single carrier frequency-division multiple access (SC-FDMA) for

scheduling and receiving UL communications from UE 105 When one of the BSs 110

acts as a WiFi AP, that BS 110 may use direct-sequence spread spectrum (DSSS)

signaling, OFDM signaling, etc., according to the particular version of the IEEE 802.11

20 protocol being, Different protocols may be used in embodiments where network 100

employs other cellular communications standard.
Furthermore, BSs 110 may be capable of communicating with one another over a
backhaul connection 125 and may communicate with one or more servers 135 within a

core network (CN) 140 over another backhaul connection 130 In embodiments where

S
i

network 100 employs the LTE/LTE-A and/or NR standards, backhaul connection 125 may
include a wired connection employing an X2 interface, which defines an interface for
communicating data packets directly between BSs 110, In embodiments where one BS
110 is an eNB or gNB and the other BS 110 is a WiFi AP, the backhaul connection may
include a wired or wireless connection employing an Xw interface. Furthermore, in such
30 embodiments the backhaul connection 130 may tnclude a wired connection employing an
ST interface, which defines a protocol for the forwarding of packets indirectly between
BSs 110 by way of one or more mobility management entities (MMESs), one or more
Serving Gateways (SGWs), and/or other like core network elements. In embodiments,
various HO-related messages may be commmunicated directly between the BSs 110 over
-8
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the X2 interface (for example, during an X2-HO operation or an Intra-MME HO, or to
forward packets to a secondary eNB (SeNB) in BC mode) or between the BSs 110 and CN
elements over the 51 interface (for example, during an S1-HO operation or an Inter-MME
HO, or to receive user-plane data from the CN 140).
S in many deployment scenarios, an end-to-end bearer may be established between
the UE 105 and a device 150. The device 150 may be a UE that is the same or similar to
UE 105, a desktop PC, server, or some other electronic device. As discussed previously, a
bearer may be a tunnel or pipeline connecting two or more points {e.g., UE 105 and device
150} through which a data flow may travel. Bearers that carry user plane traffic may be
10 referred to as data radio bearcrs (DRBs), and bearcers that carry control plane traffic may
be referred to as signaling radio bearers (SRBs).

In embodiments, DRBs may be established according to normal procedures, for
example, duning an Evolved Packet System (EPS) Session Establishment procedure
between the UE 105, a BS 110, and/or one or more elements within the CIN 140 {for

15  example, a mobility management entity (MME}) The EPS Session Establishment
procedure may include initial attachment procedures, connection re-establishment
 procedure, among other procedures. During the DRB establishment procedure, the BS 110
may signal a Radio Resource Control (RRC) message (for example, an RRC Connection
Setup message, an RRC Connection Reconfiguration message, an RRC Connection Re-

20 establishment message, and the like) to the UE 105 to setup the radio bearer. The RRC
message may include all the necessary configuration parameters to establish the ra.dia%
interface and a radio bearer, such as radic bearer (JoS parameters, a session management
request, an EPS radio bearer identifier (ID) and/or DRB ID, and other like configuration

 parameters. In various embodiments, the RRC message may be enbanced to notify the UE

S
i

105 that flow-based PDCP functionality is configured. For example. in some
embodiments, the UE 105 may signal a first RRC message (for example, a
UECapabilityInformation message) to a BS 110 to indicate that the UE 105 supports flow-
based PDCP functionality. In response, the BS 110 may activate or configure the UE 103
with flow-based PDCP functionality by signaling a second RRC message (for example, an
30 RRC Connection Reconfiguration message) to the UE 105 that may include a new
element/ficld in an information clement (JE) (for example, a new elerment/field 1o the
PDCP-Config), which may be used to indicate that flow-based PDCP should be used for a

particular radio bearer.
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In other embodiments, a Non-Access Stratum (NAS) message may be enhanced to
notify the UE 105 that flow-based PDCP is configured. NAS signaling may be used in
scenarios where filter rules used to identify individual flows are provided at the NAS
fevel. This may be done in a similar manner as configuring traffic flow template (TFT)

5 filters at the NAS layer. In embodiments, the NAS layer/entity may be in charge of flow
detection, setting flow identifiers for individual flows (for example, in PDCP service data
units (SDUs}), and mapping individual flows to DRBs. In such embodiments, the access
stratum {AS} layer may be responsible for creating new PDCP entities for individual
flows. In such embodiments, the UE 105 may indicate that the UE 10S supports tlow-

10 based PDCP functionality using, for example, a UE Network Capability IE of an Attach
Request message or Tracking Area Update message {or equivalent messages for NG
implementations). In response, a network element {for example, an MME} may activate or
configure the UE 105 with flow-based PDCP functionality when activating an EPS bearer
using, for example, an “activate default EPS bearer context request” message or an

15 “activate dedicated EPS bearer context request” message, which may be a NAS message
encapsulated in an RRC message (for example, an RRC Connection Reconfiguration
message, and the like).

Regardless of how flow-based PDCP procedures are configured, when a DRB is
established, a PDCP instance may be created to perform vanous PDCP functions (for

20 example, aggregate, (re-jyorder, cipher/decipher, etc.) for packets of an individual flow
according to their corresponding flow IDS and/or sequence numbers (SNs) as discussed
herein.

{o embodiments, the network 100 may implement one or more multi-cell

aggregation technologies, such as Dual-Connectivity (DC), LTE-WLAN Aggregation

S
i

(LWA), and/or LTE-NR aggregation. in such embodiments, split bearers may be used to
provide higher throughput by combining the resources available at multiple celis 115
Additionally, split bearers may be used to convey packets with different QoS requirements
over separate Hinks 120

In DC mode, DL transmissions may be conveyed to the UE 105 according to the
30 following example: user plane data from the CN 140 may be first transferred to the BS
110-1 operating as a master eNB (MeNB) or primary cell (PCell) 115-1. At the BS 110-1,
the DRB may be split so that some data packets are transmitted to the UE 105 via the
PCell 115-1, while other data packets are transmitted to the UE 105 by BS 110-2 operating
as the secondary eNB (SeNB) or a secondary cell {(8Cell) 115-2. The other data packets to
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be transmitted by BS 110-2 may be transferred over the backhaul connection 125 from BS
110-1 to BS 110-2. In some cases, the data packets transmitted by the BS 110-1 and the

BS 110-2 may belong to the same flow. In various embodiments, packets belonging to an
individual flow may be transmitted over a specified link 120 (for example, link 120-1),

5 while other packets may be transmitted over a different link 120 (for example, link 120-2).
Typically, all the packets received by the UE 105, from either BS 110-1 or BS 116-2 may

be aggregated, cipher/deciphered, and re-ordered at a PDCP layer of the UE 103 In
embodiments, all the packets received by the UE 1035, from either BS 110-1 or BS 110-2
may be classified as belonging to individual flows, and the classified packets may be

10 provided to corresponding PDCP entitics to be aggregated, cipher/deciphered, and re-
ordered. For example, embodiments provide that packets of a tirst flow may be received

g while

(=2

from BS 110-1 over link 120-1 and provided to a first PDCP entity for processin

packets of a second flow may be received from BS 110-2 over hink 120-2 and provided 1o

a second PDCP entity for processing. This may reduce the need for aggregation of an
15  individual flow, which may reduce the end-to-end and delay for that flow.

In the UL direction, the UE 105 may transmit some packets to BS 110-1 acting as
the MeNB and other packets to BS 110-2 acting as the SeNB. Typically, the other data
packets received by BS 110-2 may be transferred over the backbaul connection 125 from
BS 110-2 to BS 110-1, where the PDCP entity at BS 110-1 may aggregate, decipher, and

20 re-order the packets for upper layer entities. In embodiments, all the packets received by
the BS 110-1, from either the UE 105 or BS 110-2 may be classified as belonging to
individual flows, and the classified packets may be provided to corresponding PDCP
entities to be aggregated, cipher/deciphered, and re-ordered. Similar to the DL direction,

packets of a first flow may be received from UE 105 over link 120-1 and provided to a

S
i

first PDCP entity for processing, while packets of a second tflow may be received from BS
110-2 over backhaul link 125 and provided to a second PDCP entity for processing.

In LTE-NR aggregation mode, UL and DL transmissions may be communicated
to/from the UE 105 in a similar manner as in DC mode except that one BS 110 (for
example BS 110-1) may be an “LTE eNB” that only provides connectivity to an EPC ON
30 140 or may be an “eLTE eNB”, which is an eNB that supports connectivity to both EPC
and NG CNs 140, and another BS {for example, BS 110-2) may be a gNB that supports
connectivity to a NG CN 140, for example. Additionally, either BS 110 may act as a
master node or a secondary node. One difference between LTE-NR aggregation and DC
mode 1s that user-plane traffic may be routed to an EPC CN 140 when an LTE eNB 1s
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acting as the master node, or user-plane traffic may be routed to an NG CN 140 when a
eNB or eLTE eNB acis as the master node.

fn LWA mode, DL transmissions may be conveyed to the UE 105 in a similar
manner as in € mode except that the BS 110-2 may act as a WiFi AP, for example. In
S such embodiments, the BS 110-1 may perform scheduling for PDCP packets at its PDCP
tayer, and may transmit some packets over an LTE (or NR} iuterface (for example, the
“Uu interface”} and other packets may be provided to the BS 110-2 for transmigsion over a
WiFi interface. The BS 110-1 may transmit these packets to the BS 110-2 after
encapsulating the packets in LWA Adaptation Protocol (LWAAP) packets/units/frames,
10 which carry the bearer identity. Typically, all of the packets received over the LTE and
Wikt interfaces mayv be aggregated and re-ordered at a PDCP layer of the UE 105 In
embodiments, packets received by the UE 105 may be processed in a similar manner as
discussed with regard to the DC mode, such as classitying packets as belonging to
individual flows, and providing the classified packets to corresponding PDCP entities to
15  be aggregated, cipher/deciphered, and re-ordered. Additionally, packets received by the
UE 105 from BS 110-1 may be classified as belonging to a first individual flow and
provided to a corresponding first PDCP entity to be aggregated, cipher/deciphered, and re-
ordered, while packets received by the UE 105 from BS 110-2 may be classified as
belonging to a second individual flow and provided to a corresponding second PDCP

20 entity to be aggregated, cipher/deciphered, and re-ordered.
in the UL direction, the UE 105 may transmit some packets to LTE {or NR) BS
110-1 and other packets to the WiFi AP BS 110-2. Typically, the other data packets
received by the BS 110-2 mav be transferred over a backhaul connection 125 (for

example, the Xw interface) from BS 110-2 to BS 110-1, where the PDCP entity at BS

S
i

110-1 may aggregate and re-order the packets for upper laver entities. In embodiments, all
the packets received by the BS 110-1, from either the UE 105 or BS 110-2 may be
classified as belonging to individual flows, and the classified packets may be provided to
corresponding PDCP entities to be aggregated, cipher/deciphered, and re-ordered. Similar
to the DL direction, packets of a first flow may be received from UE 105 gver link 120-1
30 and provided to a first PDCP entity for processing, while packets of a second flow may be
received from BS 110-2 over backhaul link 125 and provided to a second PDCP entity for
processing,

Regardless of whether or not multi-cell aggregation technologies are implemented,
in conventional systems re-ordering and aggregation operations may be accomplished at
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the PDCP laver of a receiver entity using PDCP SNs, and PDCP SNs may be managed on
a per-bearer basis. The re-ordering may be required to ensure that all received packets are
delivered in sequence to upper layers, and in DC or LWA systems, the re-ordering
operations of the PDCP entity may be required even if individual links have different
5 available bandwidths and/or latency. Since data flows from different applications with
different latency constraints may be transmitted in the same DRB, in conventional
systems, data packets of a first flow may be pending in a re-ordering queue waiting for the
reception of data packets of a second flow, which may arrive over another link 120 in DC
or LW A systems. This may lead to increased latency or delay for processing packets of the

10 first flow.

According to various embodiments, multiple flows may be assigned to a single
DRB and individual PDCP instances may be generated to aggregate, cipher/decipher, and
re~order packets of individual flows of a same DRB. In some embodiments, lower layer
entities {for example, radio link control {RLC) entities and media access control (MAC)

15  entities) may support individual queues for individual tlows of a same DRB. Additionally,
the PDCP mstances at the UE 105 and/or BSs 110 may aggregate, cipher/decipher, and re-
order packets of individual flows based on flow ID and/or an SN included 1o obtained
PDCP packets. Examples of such embodiments are shown and described with regard to
FIGS. 2-6.

20 According to various embodiments, once a DRB is established, a default PDCP
entity may be created/generated to process all packets of the DRB. After the default PDCP
entity is created, a flow classification rule {(also referred to as a “flow classification
configuration” and the like} may be activated. The flow classification rule may indicate
various parameters tor identitying and/or labeling packets belonging to an individual tlow

and various parameters for processing packets of an individual flow. For example, the

S
i

flow classification rule may indicate a tag, QoS ID, or flow ID that belongs to an.
individual flow; a location of a tag/QoS ID/flow ID in individual received packets; a

location of a tag/QoS W/flow 1D to be inserted into individual packets for transmission;

the size (in bits or bytes) of the tag/QoS /flow ID; a destination for the packets oncei

30 processed, a link over which the packets of the flow will be received or should be sent {(for
example, m DC or LWA implementations), and/or other like parameters. In some
embodiments, the flow classification rule may be provided by upper layers. Additionally, a
How classification rule may map traffic from different protocol data unit (PDU) sessions
to different DRBs. In embodiments, an [P flow may be mapped to a QoS flow or class and
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a DRB. For example, in some embodiments mapping of IP flows may include a two-step
procedure for DL and UL transmissions, in which 3 NAS entity may be responsible for
mapping an 1P flow to a QoS flow/class, and access stratum (AS) entity may be
responsible for the mapping the QoS flow/class to an individual DRB. In another
S embodiment, a NAS entity may be responsible for flow identification and
creation/addition of the flow 1D, and the AS entity may be responsible for creation of a
new PDCP entity to manage the identified flow when that flow is reported to the AS entity

by the NAS entity.
In embodiments, a flow classification rule may be activated and/or configured at

10 the NAS laver and/or AS layer. In one example, a flow classification rule may be activated
when a flow D is obtained by the PDCP layer from a NAS layer, where receipt of the
flow I may cause PDCP entity creation by the BS 110 and/or the UE 105, In another
example, a tlow classification rule roay be activated when a new flow is detected by an AS
entity, where the detection may cause PDCP entity creation by the BS 110 and/or the UE

15 105 In alternative embodiments, a flow classification rule may be activated in advance
{for example, at DRB setup), which may cause creation of a new PDCP entity even when
there are no packets of an individual flow to transfer to the newly created PDCP entity. In
such embodiments, the gnew PDPC entity may be created according to
instructions/commands in the activated How classification rule.

20 Once the flow classification rule i3 activated, the BS(s) 110 and UE 103 may create
a new flow-specific PDCP entity, which may be used to process an individual flow. In
some embodiments, the individual flow may be indicated by the flow classification rule. In
such embodiments, all other packets of the DRE may still be processed by the default

PDCP entity. After activation of the flow classification rule, another flow classification

S
i

rule may be activated, which may cause the BS8(s) 110 and UE 105 to create another flow-
specific PDCP entity to process another individual flow indicated by the other flow
classification rule. In such embodiments, all other packets of the DRB that are not
included in both individual flows may still be processed by the default PDCP entity. There
may be multiple flow-specific PDCP entities per DRE, which together with the default
30 PDCP entity may be associated to the same RLC entity of the DRB. As a result, all traffic
of the same DRB may be processed by the lower layer entities (for example, RLC and
MAC entitigs) as belonging to the same bearer,

Using flow classification rules in this way may provide resource utilization
efficiencies. For example, the flow classification rules may allow offloading of PDCP
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functionality to multiple processors or processor-cores, such as operating a first PDCP
entity by a first processor, a second PDUP entity for a second processor, and so forth. In
some embodiments, the individual PDCP entities may be operated by a corresponding
virtual machine. With conventional bearer-based PDCUP procedures, data received on
S multiple links must be ageregated and processed in the same PDCP entity, which may iead
to reduced performance when applications for different flows run on different processors
or when individual links operate on different processors. This is because all the data must
be aggregated at the same PDCP entity. Additionally, in data aggregation
implementations, the flow classification rules may indicate an individual link 120 over
10 which an individual flow may be transmitted. This may reduce computational burdens on
a celiular modem of the UE 105 by, for example, allowing a WiFi modem of the UE 105
to operate a PDCP entity for a flow that is received over a WiFi link.

In various embodiments, the flow classification rule may be internally configured
at the UE 105, or may be configured by a BS 110. Where a BS 110 configures the traffic
15 classification rule, the BS 110 may use a traffic flow templaie (TFT) to map a flow to
individual packets, and may communicate the flow classification rule to the UE 105 using
AS or NAS signaling. In alternative embodiments, the UE 105 may determine the flow
classification rule, for example, based on a local application programming interface (AP
for various applications, and may communicate the flow classification rule to 2 BS 110
20 using AS (for example, RRC signaling) or NAS signaling. According to various

embodiments, there may be three ways to activate flow classification rules.
In first embodiments, flow classification rules may be activated by the UE 105, In
such embodiments, the UE 105 may determine how to map a flow for both DL and UL
transoissions, and may send the DL flow classification rule to the BS 110 and/or a CN

140 element (for example, an MME, PGW , etc.).

S
i

In second embodiments, flow classification rules may be activated by the BS 110
or a CN 140 element (for example, an MME, PGW, eic.}. In such embodiments, the BS
110 or a CN 140 element may determine how to map a flow for both DL and UL, and may
send the UL flow classification rule to the UE 105, In embodiments where the CN 140
30 clement (for example, an MME, PGW, ctc.) determines the flow classification rule, the
CN 140 clement may send the DL flow classification rule to BS 110, which may in turm
provide the flow classitication rule to the UE 105,
In third embodiments, How classification rules may be activated by the UE 105
and the BS 110 or CN 140 element independently. In such embodiments, the UE 105 may
- 15-
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determine how to map a flow tor UL transmissions, and the BS 110 or CN 140 element

may determine how to map a flow for DL transmissions. In such embodiments, the flow

classification rules may not be signaled OTA. In embodiments where the CN 140 efement

(for example, an MME, PGW, etc) determines the flow classification rule, the CN 140
S element may provide the DL flow classification rule to the BS 110.

In various embodiments, when a flow classification rule 1s activated, g
sending/transmitting entity may identify or classity a new flow to be transmitted. In
embodiments, Internet Protocol (IP) tupies or subset/combinations of IP tuples may be
used to identify or classity a flow. The tuples may include a source IP address, a source

10 port, a destination [P address, and a destination port. In some embodiments, a flow may be
identified based on a range of ports, a range of I addresses, and/or a combination of
various port ranges and/or various 1P address ranges. In some embodiments, the
sending/transmifting entity may map all tuples having the Qo8 requirements or the same
QCI 1o the same flow. Additionally or alternatively, when a flow classification rule is

15  activated, a sending/transmitting entity may identify or classify a new flow to be
transmitted  according to  one or more QoS charactenistics.  The QoS
characteristics/requirernents may comprise a QoS class I (QCI), a bit rate, a delivery
order, a reliability indication, a delay characteristic, and a priority level. Additionally or
alternatively, when a flow classification rule is activated, a sending/transmitting entity

20 may identity or classify a new flow to be transmitted based oun a tag or identification field
of a header portion of received packets or an API of the systermn/application from which the
packets are obtained. These embodiments may be applicable when the packets are
received/obtained from upper layers, such as a transmission control protocol (TCPYIP

layer/entity and/or an application layer/entity.

S
i

in embodiments where link aggregation mechanisms are used (for example DC or
LWA), the UE 105 and/or BSs 110 may select a link 120 over which to obtain or send
individaal flows. The link 120 sefection or routing selection can be either determined by
the UE 105 itself or configured by the BS 110 or a CN element. The link selection may be
based on QoS requirements/characteristics (discussed previcusty) for an individual flow
30 and a channel quality of a particolar ink 120, For example, when the UE 105 operates an
application with real-time or near real-time latency requirements, the UE 105 or a BS 110
may select a link 120 that has less latency and jitter than other links 120 for
communicating packets for that application rather than sending packets of an individual
flow over both links 120. This is because, in some cases, hugh throughput may be less of &
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concern for applications with real-time or near real-time latency requirements when

compared to applications with relatively high latency and jitier tolerance. For applications

with less stringent latency and/or QoS requirements, throughput may be more important,

and in such cases, the UE 105 or BS 110 may send packets for an individual flow over

S both links 120 in a similar manner as convention link aggregation procedures.

Although not shown by FIG. 1, each BS 110 may be part of a radio access network

{(RAN} or associated with a radio access technology (RAT). In embodiments where

communications network 100 employs the LTE standard, the RAN may be referred to as

an evolved universal terrestrial radio access network (E-UTRAN). In emnbodiments where

10 communications network 100 employs NR standards, the RAN may be referred to as an

MNR RAN, a next generation RAN (gRAMN), and the like. RANs and their typical

functionality are generally well-known, and thus, a further detailed description of the
typical functionality of RAN 1s omitted.

The network 100 may include CN 140, which may include one or more hardware

15 devices, such as the one or more servers 135, The CN 140 may be an EPC CN or a next

generation (NG} CN. These servers may provide various telecommunications services to

more servers 135 of the CN 140 may comprise components of the System Architecture

Evolution (SAE) with an Evolved Packet Core (EPC) as described by 3GPP technical

20 specifications. In such embodiments, the one or more servers 135 of the CN 140 may

include components such as one or more MMEs and/or Serving General Packet Radio

Service Support Nodes (S8G8Ns) (which may be referred to ag an “SGESN/MME™), a

serving gateway {SGW), packet data network (PDN) gateway (PGW), home subscriber

server {HES), access network discovery and selection function (ANDSF), evolved packet

S
i

data gateway (ePD(3), an MTC interworking function ({WF), and/or other like components
as arg known. In embodiments where network 100 employs NR standards, the one or more
servers 135 of the CN 140 may comprise the same components as an EPC core, enhanced
versions of those elements, and/or additional or different elemenis not yet defined. The
various elements of the CN 140 may route phone calls from UE 105 to other mobile
30 phones or landline phones, or provide the UE 105 with a connection to the internet 145 for
communication with one or more other computer devices, such as device 150, Because the
components of the SAE core network and their functionality are generally well-known, a

further detailed description of the SAE core network 1s omitted. The aforementioned
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functions may be provided by the same physical hardware device or by separate
components and/or devices.
FIG. 2 illustrates a logical representation of various embodiments discussed herein.
FIG. 2 shows three DRBs including DRB1 205A (“first DRB”) with three flows 210
5 {(flowl 210A, flow2 210B, and flow3 210C) Additionally, arrangement 200 includes
DRB2 205B (“second DRB”) and DRB3 205C (“third DRB”) each have a corresponding
flow 210 {flow4 210D of DRB2 2108 and flow5 210E of DRB3 210C). Although FIG. 2
only shows a single DRB with three flows, in various embodiments more than one DRB
may have a plurality of flows, and each DRB may include any number of flows.

10 FIG. 3 illustrates an example protocol stack 300, in accordance with various
embodiments. The protocol stack 300 may correspond to the DRBs 205 and flows 210
shown by FIG. 2. As shown by FIG. 3, each of PDCP entities 310A-E in the protocol stack
300 correspond with the tlows 210A-E of FIG 2, respectively. For example, PDCP entity
310A in FIG. 3 may correspond to flowl 210A of DRB1 205A in FIG. 2, PDCP entity

15  310B in FIG. 3 may correspond to flow2 210B of DRB1 205A 1n FIG. 2, PDCP entity
310C m FIG. 3 may correspond to flow3 210C of DRB1 205A in FIG. 2, PDCP entity
310D in FIG. 3 may correspond to flow4 210D of DRB2 2108 in FIG. 2, and PDCP entity
310E in FIG. 3 may correspond to flow5 210K of DRB3 210C in FIG. 2. Additionally, the
protocol stack includes a default PDCP entity 310Z for each of the DRBs 205, The default

20 PDCP entities 3107 may perform the various PDCP functions for received packets that do

not belong to either of the flow-based PDCP entities 310A-E. Further, each DRB 205 may

have a corresponding RLC entity 305, for example, RLC entity 305A in FIG. 3 may
correspond with DRB 2054 10 FIG. 2, RLC entity 305B in FIG. 3 may correspond with

DRB 205B in FIG. 2, and RLC entity 305C in FIG. 3 may correspond with DRB 205C in

FIG. 2 Furthermore, all of the DRBs 210 may correspond with the MAC entity 315,

S
i

The UE 105 and BSs 110-1 and 110-2 may each include a separate protocol stack
300, Each protocol stack 300 may be used as a control plane protocol stack for
establishing radio-specitic functionality, or may be used as a user plane protocol stack for
establishing data-specific functionality including communicating data between the UE 105

30 and the BS 110 over an air interface, such as the LTE-Uu interface.

The main functions of the PDCP lavers/entiies 310 may include header
compression and decompression of I data flows using the Robust Header Compression
{(ROHC) protocol; transfer of data {user plane or control plane}, maintenance of PDCP
SNs; in~-sequence delivery of upper layer protocol data units (PDUs) at re-establishment of
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tower layers; duplicate elimination of lower laver service data units (8DUs} at re-
establishment of lower layers for radio bearers mapped on the RLC layer; ciphering and
deciphering of user plane data and control plane data; integrity protection and integrity
verification of control plane data; integrity protection and integrity verification of user

5 vplane data for relay nodes (RNs); timer based discard;, duplicate discarding;

pael]

and or split

bearers, routing and reordering. According to various embodiments, the PDCP functions

may be performed on a per-flow basis as discussed herein. For example, a plurality of

PDCP entities, 310 may be instantiated, where individual PDCP entities 310 of the

plurality of PDCP entities 310 may process corresponding flows 210 of a plurality of

10 flows 210 and the instantiated PDCP entitics 310 may perform any of the aforementioned

functions and/or functions specified by 3GPP technical specification (1S8) 36323 V14.1.0
(2016-12) and/or other like TSs.

The main functions of the RLC layers/entities 305 may include transfer of upper

layer PDUs: error correction through automatic repeat request {AR(Q), concatenation,

15  segmentation and reassembly of RLC SDUs; re-segmentation of RLC data PDUs;

reordering of RLC data PDUs; duplicate detection; RLC SDU discard; RLC re-

establishment; and protocol error detection. In some embodiments, the RLC entities 305

may each have a single queue for all PDUs of individual tiows obtain from corresponding

PDCP entities 310. This queue may be a first-in first-out (FIFO) queue where all PDCP

20 entities 310 connected to the same RLC entity 305 may place PDUs in the same queue

following the FIFO concept. In other embodiments, the RLC layers/entities 305 may

include individual queues for PDUs of individual flows obtained from corresponding

PDCP entities 310. For example, the DRBI RLC entity 305A may include a “default

queue” or buffer to store RLC SDUs including PDCP PDUs obtained from the default

PDCP entity 3107, a first queue or buffer to store RLC SDUs including PDCP PDUs

obtained from the flow! PDCP entity 310A, a second queue or buffer to store RLT SDUs

S
i

including PDCP PDUs obtained from the flow2 PDCP entity 3108, and a third queue or
butfer to store RLC SDUs including PDCP PDUs obtained from the flow3 PDCP entity
310C. In some embodiments, the individual queues may be prioritized according to the
30 data delivered to or contained in the mdividual gueues. For example, PDUs of individual
flows may be marked with a “prionity” or “Qo%” mndication, and the RLC entity 305 may
select data from an individual queue associated with a highest priority flow for

transmission before individual quenes associated with lower priority flows.

- 19-
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The main functions of the MAC layer/entity 315 may include mapping between
logical channels and transport channels; multiplexing of MAC SDUs from one or different
logical channels onto transport blocks (TB) to be delivered to the physical layer on
transport channels; demultiplexing of MAC SDUs from one or different logical channels

§  from transport blocks (TB) delivered from the physical layer on transport channels;
scheduling information reporting; error correction through Hybrid Automatic Repeat
Request (HARQ); pricrity handiing between UEs by means of dynamic scheduling;
priority handling between logical channels of one MAC entity; Logical Channel
prioritization; transport format selection; radio resource selection for stdelink connections.

10 In embodiments, the MAC entity 315 may include individual queues for PDUs of
individual flows obtain from a corresponding PDCP entity 310. For example, the MAC
entity 315 may include a “default queue” or buffer to store MAC SDUSs including PDCP
PDUs obtained from the default PDCP entity 3107, a first queue or buffer to store MAC
SDUs including PDCP PDUs obiained from the flowl PDCP entity 310A, a second gueue

15 or buffer to store MAC SDUs inchuding PBCP PBUs obtained from the flow2 PDCP
entity 310B, and a third queue or buffer to store MAC SDUs including PDCP PDUs
obtained from the flow3 PDCP entity 310C.

Although not shown by FIG. 3, the protocol stack 300 may also include an RRC
entity above the PDCP entities 310, The main functions of the RRC entity may include

20 RRC connection control; Inter-RAT mobility including security activation and transfer of
RRC context information; measurement configuration and reporting; transfer of dedicated
NAS information and non-LTE dedicated information; transfer of UE radio access
capability information; support for E-UTRAN sharing (multiple PLMN identities); generic

protocol error handling; support of self-configuration and self-optimization; and support of

S
i

measurement fogging and reporting for network performance optimization. The broadcast
of system information may include NAS common information, cell (re-}selection
parameters, neighboring cell information and information, and common channel
configuration information. RRC connection control may include establishment,
modification, and release of RRC connections; initial securily activation such as initial
30 configuration of AS integrity protection (SRBs) and AS ciphering (for SRBs and DRBs);
establishment, modification, and release of resource blocks (RBs) carrying user data (for
example, DRBs), radio configuration control; RIN-specific radic configuration control for
the radio interface; cell management; (oS control; and recovery from radio hink failures
(RLFs). In addition to the these tfunctions, in various embodiments the RRC laver may be
220 -
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responsible for configuring the UE 105 and/or the BS 110 for flow-based PDCP
aggregation, which may include configuring flow-based PDCP aggregation for a particular
DREB 205,
Although not shown by FIG. 3, the protocol stack 300 may also include a NAS
S layer/entity above the RRC layer/entity. The NAS layer/entity may be the highest stratum
of the control plane between UE 105 and an MME at the radio interface. The main
functions of the NAS laver may include mobility support for the UE 105; and support of
session management procedures to establish and maintain [P connectivity between the UE
105 and a packet data network gateway (PDN GW) within the CN 140. The NAS layer
10 may also provide NAS security services for the NAS protocols, which may include
integrity protection and ciphering of NAS signalling messages. In addition to the these
functions, in varigus embodiments the NAS layer may be responsible for configuring the
UE 105 and/or the BS 110 for flow-based PDCP aggregation, which may include
configuring flow-hased PDCP aggregation tor a particular DRB 205
15 Although not shown by FIG. 3, the protocol stack 300 may also include a Physical
layer (PHY) entity below the MAC entity 315. The main functions of the PHY layer may
include carrying information from the MAC transport channels over the air interface. The
PHY layer may also take care of the link adaptation (AMC), power control, cell search
(for inttial synchronization and handover purposes) and other measurements (inside the
20 LTE and/or NR systems and between systems) for the RRC layer.

Although not shown by FIG. 3, in embodiments where LWA may be used, the
protocol stack 300 may also include an LWAAP entity and a WLAN entity. The LWAAP
entity may receive/deliver TWAAP SDUs from/to upper layers (for example, a
corresponding PDCP entity 310}, and may send/receive LWAAP PDUs to/from its peer

LWAAP entity via the WLAN entity. At the BS 110, when an LWAAP entity receives an

S
i

LWAAP SDU from upper layers, it constructs the corresponding LWAAP PDU and
delivers it to lower layers. At the UE 105, when an LWAAP entity receives an LWAAP
PDU from lower layers, it reassembles the corresponding LWAAP SDU and delivers it to
upper layers. When receiving an LWAAP data PDU from lower layers (for example,
30 downlink data), the LWAAP entity in the UE 105 may dentify the upper layer entity to
which the LWAAP SDU is destined based on the DRB ID included in the LWAAP
header; reassemble the LWAAP SDU from the LWAAP data PDU by removing the
LW AAP header from the LWAAP data PDU, and deliver the reassembled LWAAP SDU
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to the upper layer entity identified by the DRB ID. The WLAN entity may inchude its own
MAC and PHY entities that operate in accordance with WiFi protocols.
Sorne of the functions listed above may be applicable to both the UE 105 and the
BS 110, while some of the functions may only be applicable to only the UE 105 or the BS
S 110. Further, although FIG. 3 shows a single protocol stack 300, in various embodiments,
the UE 105 and/or BSs 110 mayv generate or create multiple protocol stacks 300 for
communicating with one another, wherein each protocol stack 300 may include a
corresponding RRC, PBCP, RLC, MAC, PHY, LWAAP, and/or WLAN entities.
{o a first example, the UE 105 may generate a first protocol stack 300 with first
10 RRC, first PDCP, fust RLC, first MAC, and first PHY entities for communicating with
BSs 110 associated with a master cell group (MCG) including one or more MeNBs, and
may generate a second protocol stack 300 with second RRC, second PBCP, second RLC,
second MAC, and second PHY entities for communicating with BSs 110 associated with a
secondary cell group (SCG} including one or more SeNBs. Such embodiments may he
15  applicable to the UE 105 and/or BSs 110 operating in BC mode where one or more BSs
110 may operate as the MeNBs and the one or more other BSs 110 may operate as a
SeNBs.
in a second example, the UE 105 and/or BSs 110 may generate a first protocol
stack 300 with first RRC, first PDCP, first RLC, first MAC, and first PHY entities for
20 communicating in an LTE network and may generate a second protocol stack 300 with
second RRC, second PDCP, second RLC, second MAC, and second PHY entities for
communicating in an NR network. Such embodiments may be applicable to the UE 105
and/or BSs 110 operating in DC mode where the LTE BS 110 may operate as an MeNB

and the NR BS 110 may operate as a secondary gNB (SgNB), or where the LTE BS 110

S
i

may operate as an SeNB and the NR BS 110 may operate as a master gNB (MgNB).

In a third example the UE 105 and/or BSs 110 may generate a first protocol stack
300 with first RRC, first PDCP, first RLC, first MAC, and first PHY entities for
communicating in an LTE network or an NR network and may generate a second protocol
stack 300 with second RRC, second PDCP, second RLC, LWAAP, and WLAN entities for
30 communicating in a WiFi network. Such embodiments may be applicable to the UE 105
and/or BSs 110 operating in LWA mode where the LTE or NR BS 110 may operate as a
PCell and the Wiki BS 110 may operate as SCell.

Fi(z. 4 iHusirates an example PDCP PDU 400A and an example PDCP PDU 400B,
in accordance with various embodiments. The PDCP PDUs 400A-B may be a bit string

-27 .
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that is byte aligned (for example, in multiples of 8 bits} in length. For each of the PDCP
PDUs 400A-B and for each field discussed infra, the left most bit may be the first and
most significant bit (MSB) and the right most bit may be the last and least significant bit
(LSB), unless otherwise mentionad. Additionally, the bhits of each field may be ordered

S and/or populated from MSB to LSB. Furthermore, the fields may include integers that are
encoded according to standard binary encoding for unsigned integers.

PDU 400A may include a flow ID field 405, PDCP SN fields 410A-B, a data field
415, reserved {R) fields 420A-B, and a VT field 425, The data field 415 may have a
variable length and may include one or more uncompressed PDCP SDUs for user plane

10 data or control plane data; or one or more compressed PDCP SDUs for user plane data
only. The data field 415 may be a payload portion of the PDU 400A and may be referred
to as a “data pavload 4157, “PDU payload 4157, and the like. The other ficlds depicted by
FIG. 4 may be part of a header portion of the PDU 400A. Each of the R fields 420A-B
may be set to O and ignored by the receiver entity. The D/C field 425 mav be a single bit

15  having a value of 1 to indicate that the PDCP PDU 400A 1s a data PDU and a value of O to
indicate that the PDCP PDCU 400A 15 a control PDU.

The PDCP SN fields 410A-B may carry an SN, An SN for an SRB may be 5bits in
tength, and an SN for DRBs may be 7, 12, 15, 16, or 18 bits in length depending on the
configuration by higher layers. The size of the PDCP SN fields 410A-B may be based on

20 an indicated SN size in a PDCP configuration message. For example, the SN size may be
indicated by the pdep-SN-Size field of the PDCP-Config IE in an RRC message. When the
SN is 7 bits in length, the SN may be populated in the PDCP SN field 410A and the PDCP
SN field 4108 may be used by the data field 415, for example. When data for a new flow

210 18 received by the receiver entity, the receiver entity may create a new flow-specific

S
i

PDCP entity 310 for the new tlow 210, and may start a re-ordering operation for the new
flow 210. i the PDCP entity 310 for the flow 210 already exists, normal re-ordering
operations may be performed. As the sequence numbering is based on individual flow 210,
the data received for the flow 210 may be re-ordered irmnmediately and delivered to an
appropriate application. In this way, received data for one flow 210 is not delayed due to
30 missing data from another flow 210,

To support flow-specific PDCP sequence numbering, the PDCP PDU 400A may
include the flow ID field 405 as shown in FIG. 4. The flow 1D may be used route packets
to a flow-hased PDCP entity at the receiver entity for separate and/or parallel processing
(for example, mm-order delivery) In other embodiments, the flow 1D field 405 may he

~2
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included in a payload portion of the PDCP PDU 400A (not shown by FIG. 4). In another

embodiment, the flow ID may be part of another protocol layer, which may be received by

the PDCP in the pavioad portion of the PDCP PDU 400A (not shown by FIG. 4) The

other protocol layer may be an existing layver (for example, an RRC layer or RLC 305), or

5 may be a new protocol fayer introduced on top or below the PDCP layer. Each flow-

specific PDCP entity 310 may maintain its own PDCP SN, as well as a split bearer and/or

link selection decision in the case of DU or LWA implementations. The flow I may be

used by the receiver entity to identify an individual flow. For example, and with reference

to FIG. 2, the tflow ID field 405 for flowl 210A in DRB] 205A may have a decimal value

10 of ¥ (or a binary value of 00001}, the flow ID field 405 for flow2 2108 in DRB1 205A
may have a decimal value of Z {or a binary value of 00010), and so forth.

Referring to PDU 4008, the PDU 400B may include the same or similar fields as
previously discussed with regard to PDU 400A, except that the PDU 400B does not
include a separate fiow 1D field 405 Instead, the MSB 406A and/or the LSB 4068 bits of

15  the existing SN fields 410A-B may be used to indicate the flow ID and the remaining bits
may be used to indicate the SN. Although FIG. 4 shows that a single MSB 406A and a
single LSB 4068 may be used, in other embodiments, any sumber of MSBs 406A and/or
L.SBs 4068 may be used to convey the flow 1D,

In various embodiments, the sending/iransmitier enfity may mark or otherwise

20 nsert a flow 1D mnto the flow ID field 405 of PDU 400A or the SN fields 410A-B of PDU
400B. Additionally, the receiver entity roay extract or read the flow ID from the flow ID
field 405 of PDU 400A or the SN fields 410A-B of PDU 4008,

As an example, in the DL direction, a BS 110 may obtain data packets (for

example, 1P packets) from a CN element in the CN 140, The data packets may be included

S
i

in tunneled packets (for example, General Packet Radio System (GPRS) Tunneling
Protocol User Plane (GTP-U) packets). The BS 110 may extract or read a tag or other like
identifier from a header portion of the tunneled packets and/or the data packets. The tag or
other like identifier may be an 1P wple, QoS characteristic/requirement, etc. discussed
infra. In embodiments, the BS 110 may transiate this tag or other like identifier into a flow
30 ID, or may re-use the tag or other like identifier as the flow I3, The BS 10 may map the
data packets to a DKB using a DRB ID, and may map the data packets to a flow-based
PDCP entity (when activated) or a default PDCP entity (when no flow-based PDCP entity
ts activated) using the flow ID. The BS 110 may then route the data packets to the
corresponding PDCP entity based on the flow 1D Once the data packets are obtained by
- 24 -
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the corresponding PDCP entity, the corresponding PDCP entity may process individual

data packets 1o produce individual PDCP PDUs 400A or 400B. Processing the individual

data packets may include inserting the flow ID into the flow 1D field 405 or the SN field

410A-B. After receipt of the DL transmission by the UE 103, the PDCP PDUs 400A-B

5 may be obtained by a PDCP layer from a lower layer entity {for example, an RLC entity

305) of the UE 10S. The PDCP layer of the UE 105 may then identify the flow ID from

the flow ID field 405 of PDU 400A or the SN fields 410A-B of PDU 4008 to determine a
corresponding flow-based PDUP entity to process the packeis.

In another example, in the UL direction, the UE 105 may receive data packets {for

10 example, TP packets) from a higher laver entity (for example, a TCP/IP entity). The UE

105 may extract or read a tag or other ke identifier {for example, IP tuples, QoS

information, etc.} from a header portion of the data packets. In embodiments, the UE 105

may translate this tag or other hike identifier 1nto a flow 1D, or may re-use the tag or other

like identifier as the flow ID. The UE 105 may map the data packets to a DRB using a

15 DRB 1D, and may map the data packets fo a flow-based PDCP entity (when activated) or a

default PDCP entity (when no flow-based PDCP entity is activated) using the flow 1D

The UE 105 may then route the data packets to the corresponding PDCP entity based on

the flow ID. Once the daia packets are obtained by the corresponding PDCP entity, the

corresponding PDCP entity may process individual data packets to produce individual

20 PDCP PDUs 400A or 400B. Processing the individual data packets may include inserting

the flow HJ into the flow ID field 405 or the SN field 410A-B. After receipt of the UL

transmission by the BS 110, the PDCP PDUs 400A-B may be obtained by a PDCP layer

from a lower laver entity {for example, an RLC entity 305) of the BS 110. The PDCP layer

of the BS 110 may then identify the flow ID from the flow 1D field 405 of PDU 400A or

the SN fields 410A-B of PDU 4008 to determine a corresponding flow-based PDCP entity

S
i

to process the packets. In embodiments, the BS 110 may encapsulate the packets in a
tunneling protocol packet (for example, a GTP-U packet) and send the tunneling protocol
packet to a CN element in the CN 140,
In some embodiments, the flow D may be based on IP tuples, QoS
30 characteristics/requurements, and/or other like flow parameters indicated by the data
packets and/or tunneled packets discussed previously. Since space in the SN fields 410A-
B or flow ID field 405 may be limited (for example, as shown by FIG. 4, the tlow ID field
405 may be 5 bits in length), in some embodiments an algorithm may be used to generate
a flow D using one or more IP tuples, ol characteristics, QCI values, etc. as inputs 1o
- 25 .
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the algorithm. Additionally or alternatively, in embodiments individual bits in the flow ID
field 405 may indicate the IP tuples, QoS characteristics/requirements, eic. Additionally,
in some embodiments a special value (for example, “07”) may be reserved for the default

PDCP entity 310Z of a DRB 205, In embodiments where the flow ID is based on a QGS

5 characteristic or QCI value, the flow 1D may be referred to as a “QoS flow ID” and thd
like. |

In embodiments, packets for DL transmission over the Uu interface may be marked
in band with a flow ID or QoS fiow ID for the purposes of reflective QoS. In
embodiments, packets for UL transmission over the Un interface may be marked in band

10 with & flow 1D or QoS flow 1D for the purposces of marking packets to be forwarded to the
CN 140. In embodiments, the sender/transmitter entity may increment the value in the
flow 1D field 405 {o indicaie that the receiver entity should classify and process another
flow. Since space in the SN ficlds 410A-B or flow ID field 405 may be limited, in the
event that the sending/transmitter entity runs out of space in the SN fields 410A-B or flow

15 1D field 405, a newly identified flow may be classified to be processed by the default
PDCP entity 3107 {as “unclassified”) or by an existing flow-specific PDCP that shares the
similar QoS characteristics or QCL

in some embodiments, the use of PDU 400A or PDU 400B may be configured
semi-statically by ligher layers. For example, a configuration message in an RRC message

20 may indicate whether the flow 1D field 405 should be used or not for an individual PDCP
entity. This may be used in deployment scenarios where the PDCP PDU may not need to
carry flow 1D in certain situations, such as when a UF 105 and/or BS 110 is capable of
connecting to both a EPC CN 140 and a NG CN 140, or for bearers that are used for

signalling setup procedures (for example, SRBs and certain guaranteed bit-rate (GBR)

S
i

bearers). In an alternative embodiment, where the PDU 400A is used, the flow 1D field
405 may be set to a8 known value when flow IDs should not be used.

In other embodiments, rather than switching between PDU 400A and PDU 4008,
the use of flow-based PDCP functionality may be dynamically configured by higher
layers. In such embodiments, when flow-based PDCP functionality is configured then
30 PDU 400A or PDU 400B may be used, and when flow-based PDCP functionality is not
configured then conventional PDCP PDUs may be used. In one example, dynamic
configuration may be used according to a type of CN 140 that the UE 105 is connected
with, such as using convention PDUJs when connected with an EPC CN or using the PDUs
of the example embodiments when connected with an NG CN. In another example, the
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dynamic configuration may be used on a DRB basis where the particular PDCP
functionality t¢ be used may be based the type of iraffic carried in a3 DRB, such as using
convention PDUs when the DRB includes a GBR bearer and using PDU 400A or PDU
4008 when the DRB includes non-GBR bearers.

S FIG. § illustrates, for one embodiment, example components of an electronic
device 500, Tn various embodiments, the electronic device 500 may implemented in or by
UE 105 and/or a B8 110 as described previously with regard to FiG. 1. In some
embodiments, the elecironic device S00 may include application circuitry 502,
communication circuitry 503 including WLAN circuitry SU12 and baseband cireuitry 504,

10 radio frequency (RF) circuitry 506, front-end module (FEM) circuitry 508 and one or
more antennas 510, coupled together at least as shown. In embodiments where the
glectronic device 500 1s implemented in or by a BS 110, the clectronie device 500 may
also include network interface circuitry (not shown} for communicating over a wired
interface (for example, an X2 interface, an 81 interface, and the like).

15 The application circuitry 502 may include one or more application processors. For
example, the application circuitry 502 may include circuitry such as, but not limited to,
one or more single-core or multi-core processors 502a. The processor{(s) 502a may include
any combination of general-purpose processors and dedicated processors (e.g., graphics
processors, application processors, gic.}. The processors may be coupled with and/or may

20 include memory/storage S02b (also referred to as “memory S02b” or “computer-readable
medium  502b”) and may be configured to execute instructions stored in the
memory/storage 502b to enable various applications and/or operating sysiems to run on
the system.

The baseband circuitry 504 (also be referred to a “processor circuitry 504”7 and the

S
i

like} may include circuitry such as, but not limited to, one or more single-core or multi-
core processors. The baseband circuitry $04 may include one or more baseband processors
and/or control logic to process baseband signals received from a receive signal path of the
RF circuitry 506 and to generate baseband signals for a transmit signal path of the RF
circuitry 506. Baseband circuity 504 may interface with the application circuitry 502 for
30 geveration and processing of the baseband signals and for controlling operations of the RF
circuitry 506, For example, in some ernbodiments, the bascband circuitry 504 may include
& second generation (2(3) bascband processor 504a, third generation (3() baseband
processor 504b, fourth generation (43} baseband processor 504c¢, and/or other baseband
processor{s) 504d for other existing generations, generations in development or to be
Z27 -
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developed in the future (e.g., fifth generation {5(), 6@, etc.). The baseband circuitry 504

{e.g., one or more of baseband processors 504a-d} may handle varicus radio control

functions that enable communication with one or more radio networks via the RF circuitry

506. The radio control functions may include, but are not limited to, signal

5 modulation/demedulation, encoding/decoding, radio frequency shifting, and the like. In

some embodiments, modulation/demodulation circuitry of the baseband circuitry 504 may

include  Fast-Fourier  Transform  (FFT),  precoding, and/or  consteliation

mapping/demapping functionality. In some embodiments, encoding/deceding circuitry of

the baseband circuitry 504 may include convolution, tail-biting convolution, turbo,

10 Viterbi, and/or Low Density Panty Check (LDPC) encoder/decoder functionality.

Embodiments of modulation/demodulation and encoder/decoder functionality are not

fimited to these examples and may include other suitable functionality in other
embodiments.

In some embodiments, the basehand circuitry 504 may include elements of a

15  protocol stack such as, for example, elements of an evolved universal terrestrial

radio access network (E-UTRAN) protocol including, for example, PHY, MAC, RLC,

PDCP, and/or RRC elements. A ceniral processing unit (CPU) 504e of the baseband

circuitry 504 may be configured to run elements of the protocol stack for signaling of the

PHY, MAC, RLC, PDCP and/or RRC layers. In some embodiments, the baseband

20 circuilry may include one or more audio digital signal processor(s) (DSP) 5041 The audio

DSP(s) 504f may include elernents for compression/decompression and echo cancellation

and may include other suitable processing elements in other embodiments. The baseband

circuitry 504 may further include memory/storage 504g (also referred to as “memory

504¢” or “computer-readable medium 504¢™). The memory/storage 504g may be used to

S
i

load and store data and/or instructions for operations performed by the processors of the
baseband circuitry 504, Memory/storage for one embodiment may include any
combination of suitable volatile memory and/or wvon-volatile memory. The
memory/storage 504g may include any combination of various levels of memory/storage

including

o2

but not limited to, read-only memory (ROM) having embedded software
30 imstructions {e.g., firmware), random access memory {e.g., dynamic random access
memory (DRAM)), cache, bufters, ctc. The memory/storage 504g may be shared among
the various processors or dedicated to particular processors. Components of the baseband
circuitry 504 may be suttably combined in a single chip, a single chipset, or disposed on a
same circuit board in some embodiments In some embodiments, some or all of the
.78 -
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constituent components of the baseband circuitty 504 and the application circuitry 502
may be implemented together, such as, for example, on a system on a chip (SoC}.

{n some embodiments, the baseband circuitry 504 may be used for communicating
over cellular networks and the WLAN circuitry 512 may be used for communicating over

S WLAN networks. The WLAN circuitry S12 may include processor circuitry 512a and
CRM 512b. The processor circuitry 5124 may be similar to process circuitry described
with respect to other components and CRM 512b may be similar to CRM described with
respect to other componenis.

In some embodiments, the baseband circuitry 504 may provide for

10 communication compatible with one or more radio technologies. For example, in some
embodiments, the baseband circuitry 504 may support comumunication with an E-UTRAN
and/or other wireless metropolitan area networks (WMAN), a wireless focal area network
(WLAMN), a wireless personal area network (WPAN). Embodiments in which the baseband
circuitry 504 1s configured to support radio communications of more than one wireless

15 protocol may be referred to as multi-mode baseband circuitry.

RF arcuitry 506 may enable commuonication with wireless networks
using modulated electromagnetic radiation through a non-solid mediura. In various
embodiments, the RF circuitry 506 may include switches, filters, amplifiers, etc., to
facilitate the communication with the wireless network. RF circuitry 506 may include a

20 receive signal path that may nclude circuitry to down-convert RF signals received from
the FEM circuitry 508 and provide baseband signals to the baseband circuitry 504. RF
circuitry 506 may also include a transmit signal path that may include circuitry to up-
convert baseband signals provided by the baseband circuitry 504 and provide RF output

signals to the FEM circuitry 308 for transmission.

S
i

in some embodiments, the RF circuitry 506 may include a receive signal path and a
tranamit signal path. The receive signal path of the RF circuitry 506 may include mixer
circuifry 306a, amplifier circuitry 306b and filter circuitry 506¢. The transmit sigonal path
of the RF circuitry 506 may include filter circuitry 506¢ and mixer circuitry 506a. RF
circuitry S06 may also include synthesizer circuitry 506d for synthesizing a frequency for
30 use by the mixer circuitry S06a of the recetve signal path and the transmut signal path. In
some embodiments, the mixer circuitry S06a of the receive signal path may be configured
to down-~convert R¥ signals received from the FEM circuitry 508 based on the synthesized
frequency provided by synthesizer circuitry 506d. The amplifier circuitry 506b may be
configured to amplify the down-converted signals and the filter circuitry 506¢ may be a

~29.
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tow-pass filter (LPF) or band-pass filter (BPF) configured to remove unwanted signals
from the down-converted signals to generaie output baseband signals. Quiput baseband
signals may be provided to the baseband circuitry 504 for further processing. In some
embodiments, the output baseband signals may be zero-frequency baseband signals,
S ealthough this is not a requirement. In some embodiments, mixer circuitry 506a of the
receive signal path may comprise passive mixers, although the scope of the embodiments
is not limited in this respect.

In some embodiments, the mixer circuitry 506a of the transmit signal path may be
configured to up-convert input baseband signals based on the synthesized frequency
10 provided by the synthesizer circuitry 506d to generate RF output signals for the FEM
circuitry 508. The bascband signals may be provided by the baseband circuitry 504 and
may be filtered by filter circuitry 506¢. The filter circuitry 506¢ may include a low-pass

filter (LPF), although the scope of the embodiments 1s not limited in this respect.
In some embodiments, the mixer circuitry 506a of the receive signal path and the
15 mixer circuitry 506a of the transmit signal path may include two or more mixers and may
be arranged for quadrature downconversion and/or upconversion, respectively. In some
embodiments, the nuxer circuitry 506a of the receive sigonal path and the mixer circuitry
506a of the transmit signal path may include two or more nuxers and may be arranged for
tmage rejection {e.g., Hartley image rejection). In some embodiments, the mixer circuttry
20 506a of the receive signal path and the mixer circuitry 506a of the itransmuit signal path
may be arranged for direct downconversion and/or direct upconversion, respectively. In
some embodiments, the mixer circuitry 300a of the receive signal path and the mixer
circuitry 506a of the transmit signal path may be configured for super-heterodyue

operation.

S
i

In some embodiments, the output baseband signals and the input baseband signals
may be analog baseband signals, although the scope of the embodiments is not limited in
this respect. In some alternate embodiments, the output baseband signals and the input
baseband signals may be digital baseband signals. In these alternate embodiments, the RF
circuitry 506 may include analog-to-digital converter (ADC) and digital-to-analog
30 converter {BAC) circuitry and the baseband circuitry 504 may include & digital baseband
interface to communicate with the RF circuitry 506.

In some dual-mode embodiments, a separate radio IC circuitry may be provided for
processing signals for each spectrum, although the scope of the embodiments is not

limited in this respect.
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In some embodiments, the synthesizer circuitry 506d may be a fractional-N
synthesizer or a fractional N/N+1 synthesizer, although the scope of the embodiments is
not limited in this respect, as other types of frequency synthesizers may be suitable. For
example, synthesizer circuitry 5064 may be a delta-sigma svnthesizer, a frequency

5 multiplier, or a synthesizer comprising a phase-locked loop with a frequency divider. The
synthesizer circuitry 506d may be configured to synthesize an output frequency for use by
the mixer circuitry 506a of the RF circuitry 506 based on a frequency input and a divider
control input. In some embodiments, the synthesizer circuitry 506d may be a fractional
N/N+1 synthesizer.

10 {n some cmbodiments, frequency input may be provided by a voltage controlled
oscillator (VCQO), although that is not a requirement Divider control input may be
provided by either the baseband circuitry 504 or the application circuitry 502 depending
on the desired output frequency. In some embodiments, a divider control input (e g, N)
may be determined from a look-up table based on a channel indicated by the application

15 circuitry 502

Synthesizer circuttry 506d of the RF circuitry 506 may include a divider, a delay-
locked loop (DLL), a multiplexer and a phase accumulator. In some embodiments, the
divider may be a dual modulus divider (DMD) and the phase accumulator may be a digital
phase accumulator (DPA). In some embodiments, the DMD may be configured to divide

20 the input signal by either N or N+1 (e.g., based on a carry out) to provide a {ractional
division ratio. In some example embodiments, the DLL may include a set of cascaded,
tunable, delay elements, a phase detector, a charge pump and a D-type flip-flop. In these
embodiments, the delay elements may be configured to break a VCO period up into Nd

equal packets of phase, where Nd is the number of delay elements in the delay line. In this

S
i

way, the DLL provides negative feedback to help ensure that the total delay through the
detay line is one VCO cycle.

In some embodiments, synthesizer circuitry 506d may be configured to generate a
carrier frequency as the output frequency, while in other embodiments, the output
frequency may be a multiple of the carrier frequency {e.g., twice the carrier frequency,
30 four times the carrier frequency) and used in conjunction with guadratiure generator and
divider circuitry to generate multiple signals at the carrier frequency with multiple
different phases with respect to each other. In some embodiments, the output frequency
may be a LO frequency (fLO}. In some embodiments, the RF cirautry 506 may include

an [Q/polar converter,

t

(8]
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FEM circuitry 508 may inchude a receive signal path that may include circuitry
configured to operate on RF signals received from one or more antennas 510, amplify the
received signals and provide the amplified versions of the received signals to the RF
circuitry 500 for further processing. FEM circuitry 508 may also include a transmit signal

S path that may include circuitry configured to amplify signals for fransmission provided by
the RF circuitry 506 for transmission by one or more of the one or more antennas S10. In
soime embodiments, the FEM circuitry 508 may include a TX/RX switch to switch
between transmit mode and receive mode operation. The FEM circuitry 508 may include a
receive signal path and a transmit signal path. The receive signal path of the FEM circuitry

10 may include a low-noise amplifier (LNA} to amplify received RF signals and provide the
amplified received RF signals ags an output {¢.g., to the RF circuitry 506). The transmit
signal path of the FEM circuitry 508 may include a power amplifier (PA) to amplify input
RF signals {(e.g., provided by RF circuitry 506), and one or more filters to generate RF
signals for subsequent transmission {(e.g, by one or more of the one or more antennas
15 510).

In some embodiments, the electronic device 500 may include additional elements
such as, for example, memory/storage, display, camera, sensor, and/or interface circuitry
{(for example, input/output (V/O) interfaces or buses) {(not shown). In embodiments where
the electronic device is implemented in or by a BS 110, the electronic device may include

20 npetwork interface circuitry. The network ioterface circuitry may be one or more computer
hardware components that connect electronic device 500 to one or more network elements,
such as one or more servers within the CN 140 or another BS 110, via a wired connection.
To this end, the network interface circuitry may tnclude one or more dedicated processors

and/or FPGAs 1o communicate using one or more wired communications protocol. The

S
i

wired communications protocols may include a serial communications protocol {e.g., the
Universal Sertal Bus (USB), FireWire, Serial Digital Interface (SDI), and/or other like
serial communications protocols), a parallel communications protocol {e.g., IEEE 1284,
Computer Automated Measurement And Cootrol (CAMAC), and/or other like paraliel
communications protocols), and/or a network communications protocol (e.g., Ethernat,
30 token ring, Fiber Disinbuted Data Interface (FDDI), and/or other like network
commurications protocols). The network interface circuitry may also include one or more
virtual network interfaces contfigured to operate with one or more applications.

In some embodiments, the processor circuitry of the electronie device 500 (for
example, baseband circuitry 504 and/or processor circuitry S12a) may be to determine that

~32.
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a DRB is to be classified into individual flows of a plurality of flows; instantiate a
plurality of PDCP entities, individual PDCP entities of the plurality of PDCP entities to
process corresponding flows of the plurality of flows; classify received packets of the
DRB into the corresponding flows; and provide, to the individual PDCP entities of the
S5 plurality of PDXCP entities, the classified packets of the corresponding flows.

In some embodiments, the processor circuitry of the electronic device 500 (for
example, baseband circuitry 504 and/or processor circuitry 512a) may determine that a
data radio bearer {(“DRB”} has been established, create a first PDCP entity upon
establishment of the DRB. The first PDCP entity may process all packets of the DRB. The
10 processor circuitry of the electronic device 500 may detect activation of a flow
classification rule. The flow classification rule may indicate that the DRB is to be
classified into individual flows of a plurality of flows. The processor circuitry of the
electronic device 500 may create a second PDCP entity to process packets of a flow of the
plurality of flows corresponding to the second PDCP entity based on the flow
15 classification rule. Upon creation of the second PDCP entity, the first PDCP entity may
cease processing the packets of the flow corresponding to the second PDCP entity and
continue processing all other packets of the DRB. The processor circuitry of the electronic
device 500 may classify received packets of the DRB as belonging to the flow
corresponding to the second PDCP entity, and may provide, to the second PDCP entity,

20 the classified packets belonging to the flow corresponding to the second PDCP entity.
In some embodiments, the electronic device 500 may be a UE 105 that s to
perform the operations/procedures discussed previcusly. The PDCP entities may be
created by components in the baseband circuitry 504, application circuitry 502, or WLAN

circuitry 512, In some embodiments, the UE 105 may identify the flow classification rule
3 Y 3

S
i

based on an internal configuration of the UE 105, AS signaling; NAS signaling, or
through an application program interface to the application circuitry 502.

In some embodiments, the electronic device 500 may be an eNB/gNB 110 that is to
configure a UE 105 with a flow classification rule associated with a first flow; and
transmit a plurality of fiows of a DRB to the UE 105, The plurality of flows may include
30 the first flow. In some embodiments, the baseband circuitry S04 of the eNB/gNB 110 may
configure the UE 105 by transmitting RRC signaling to the UE 105 to configure the UE
105 with the flow classification rule. In some embodiments, the baseband circuitry 504 of

the eNB/gNB 110 may fransmit the first flow using a first header compression and PDCP

t
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encryption process and transmit a second flow of the plurality of flows using a second
header compression and PDCP encryption process.

Furthermore, the electronic device 500 may be configured to perforra the processes

described herein (or parts thereof, such as process 600 described with respect to FIG. 6.
S FIG. 6 iliustrates an example flow-based PDUP process 600, in accordance with
varigus embodiments. In embodiments, a computer device (for example, electronic device
500 discussed with regard to FIG. S, which may be implemented in or by the UE 105 or
the BS 110 discussed with regard to FIGS. 1-4) may include one or more non-transitory
computer-readable media having instructions, stored thereon, that when executed by the
10 computer device, cause the computer device to perform process 600. For illustrative
purposes, the operations of process 600 are described as being performed by various
elements of a computer device as described with respect to FIGS. 1-5. However, it should
be noted that other similar devices/entities may operate process 600, While particular
examples and orders of operations are illustrated in FIG 6, in various embodiments, these
15  operations may be re-ordered, broken into additional operations, combined, and/or omitted
altogether. In some embodiments, the operations illustrated in one of FIG. 6 may be
combined with operations described with regard to other example embodiments and/or one

or more operations described with regard to the non-limiting examples provided herein.
Referring to FIG. 6, at operation 605, processor circuitry of the computer device
20 may identity a PDCP configuration. In embodiments where the computer device is the UE
105, the RF circuitry 506 may receive RF signaling from a BS 110, and the RF circuitry
506 may pass data representative of the RF signaling (for example, a configuration
message) to processor circuitry of the UE 105 via mterface circuitry of the UE 105 In

such embodiments, the RF signaling may include an RRC signaling message or NAS

S
i

signaling message.

In embodiments where the computer device is the BS 110, network interface
circuitry (NIC) of the BS 110 may receive a configuration message from a CN element
within the CN 140 (for example, an MME, PGW, etc.), and the NIC may pass the
configuration message to processor circuitry of the BS 110. In such embodiments, the
30 configuration message may be included in a NAS signaling message, an S1-AP message,
or some other like message. In other embodiments where the computer device is the BS
110, the processor circuitry of the BS 110 may generate the configuration message based

on information obtained from a N element, and the NIC may pass the configuration
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message {0 processor circuitry of the BS 110, which may be obtained from an S1-AP
message.

At operation 610, the processor circuitry of the computer device may determine
that a DRB is to be classified into individual flows. In embodiments, the PDCP

S configuration obtained at operation 605 may identify one or more DRBs (for example,
using DRB IDs) and may indicate whether any of the identified DRBg are configured for
flow-based PDCP functionality. As an example, and with reference to FIG. 2, the PDCP
configuration may indicate that DRB1 205A is to be classified into individual tlows. In
some embodiments, the PDCP configuration may indicate whether any PDCP PDUs

10 should be sent via a sccondary cell group (SCG), a master cell group (MCG), or spilit
between the SCG and MCG in the UL or DL direction. This configuration may be used by
& default PDCP entity 3107 to perform various PRCP functions. In addition, the PP
configuration may include a routing rule tor an individual tlow, where the routing rule
may indicate whether PDCP PDUs should be sent via the SCG over a dedicated link 120,

15 the MUG over a dedicated link 120, or split between the SCG and MCG in the UL or DL
direction.

At operation 615, the processor circuitry of the computer device may create a
default PDCP entity 3107, and at operation 620 the processor circuilry of the computer
device may operate the default PDCP entity 3107 to process all received packets

20 associated with the identified DRB. Tn various embodiments, to perform operations 615-
620, the processor circuitry may generate a new protocol stack 300 including a new PDCP
entity 3107, a new RLC entity 303, and a new MAC entity 315. In other embodiments, the
processor circuitry may maintain and continue operating an already existing protocol stack

300.

S
i

At operation 625, the processor circuitry of the computer device may detect
activation of a flow classification rule. As an example, and with reference to FIG. 2, the
flow classification rule may indicate that flow] 210A of DRB1 205A should be classified
as an individual flow. The flow classification rule may indicate various parameters for
identifying and/or labeling packets belonging to an individual flow, and various
30 parameters for processing packets of an individual flow as discussed previously.

{n embodiments where the computer device is the UE 105, the flow classification
rule(s) may be activated by the UE 105 This may be referred to as “local activation” of
the flow classification rules. In such embodiments, the processor circuitry of the UE 108
may generate a DL flow classification rule indicating how to map packets of flowl 210A

~35.
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for DL packets and may generate a UL flow classification rule indicating how to map

packets of flow! 210A for UL packets. Additionally, the communication circuitry of the

UE 105 may control transmission of the DL flow classification rule to the BS 110 and/or a

CN 140 element (for example, an MME, PGW, etc.} using, for example, higher layer
S signaling.

In embodiments where the computer device is the BS 110, the flow classification
rule(s) may be activated by the BS 110. This may be referred to as “network-hased
activation” of the flow classification rules. In such embodiments, the processor circuitry of
the BS 110 may generate a DL flow classification nule indicating how to map packets of

10 flowl 210A for DL packets and may generate a UL tlow classification rule indicating how
to map packets of flowl 2Z10A for UL packets. Additionally, the communication circuitry
of the BS 110 may control transmission of the DL flow classification rule to the UE 105
using higher layer signaling (for example, RRC or NAS signaling) or using explicit
signaling of a PDCP conirol packet that indicates the flow UL and/or DL classification
15 rules to the UE 105, In some embodiments the NIC of the BS 110 may send the DL and/or
UL flow classification rules to a CN 140 element (for example, an MME, PGW, etc.)
and/or another BS 110 using backhau! links 125, 130, In embodiments where the CN 140
element (for example, an MME, PGW, etc.} determines the flow classification rule, the
computer device is a CN 140 element (for example, an MME, PGW, eic.}, processor
20 circuitry of the CN element may generate and send the UL and DL flow classification
rules to the BS 110, which may in turn provide the DL flow classification rule to the UE

105,
In other embodiments, the UL and DL flow classification rules may be activated

by the UE 105 and the BS 110 or CN 140 element independently. This may be referred to

S
i

as “independent activation” of the flow classification rules since each device may locally
activate their own flow activation rules independent of one another. In such embodiments,
the processor circuitry of the UE 105 may determine how to map packets of flowl 210A
for UL transmissions, and the BS 110 or CN 140 element may determine how to map
packets of flowi 210A for DL transmissions. In such embodiments, the flow clagsification
30 rules may not be signaled OTA. In embodiments where the CN 140 clement determines
the flow classification rules, the CN 140 element may provide the DL flow classification
rule to the BS 110.

Referring back to FIG. 6, at operation 630, the processor circuitry of the computer
device may generate or create a flowX PDCP entity, where X is a number that is

- 36 -
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representative of a flow 1D In an example, X may be equal to 1 when the flow
classification rule indicates that flowl 210A of DRBI 205A is to be classified as an
individual flow. In this example, at operation 630, the processor circuitry may generate the
flowl PDCP entity 310A as shown by FIG. 3.

S At operation 035 the processor circuitry of the computer device may classity
received packets of the DRB (for example, DRBI 205A of FIG. 2) as belonging to flowX
{for example, flowl 210A of FIG. 2} or other flows. At operation 640, the processor
circuitry of the computer device may provide classified packets belonging to flowX (for
example, flowl 210A of FIG. 2) to the flowX PDCP entity (for example, flow! PDCP

10 entity 310A of FIG. 3). At operation 645, the processor circuitry of the computer device
may operate the to the flowX PDCP entity (for example, flowl PDCP entity 310A of FIG.
3) to process packets of flowX (for example, packets of flowl 210A of FIG. 2} and may
operate the default PDCP entity 3107 1o process all other received packets that do not
belong to flowX.

15 At operation 650, the processor circuitry of the computer device may determine
whether another flow classification rule has been activated. Operation 650 may be
performed in a same or similar manner as discussed previously with regard to operation
625. If at operation 650 the processor circuitry determines that another flow classification
rule has been activated, then the processor circuitry may proceed back to perform

20 operations 030-645 as discussed previously for another identified flow (for example,
flow2 2108 of FIG. 2). If at operation 650 the processor circuitry determines that another
flow classification rule has not been activated, then the processor circuitry may proceed to
operation 655 to determine whether any more packet for flowX have been received or

should be received.

S
i

If at operation 655 the processor circuitry determines that more packet for flowX
have been received or should be received, then the processor circuitry may proceed back
to perform operations 645-650 as discussed previously. If at operation 655 the processor
circuitry determines that no more packet for flowX have been received or that packets for
flowX will not be received, then the processor circuiiry may proceed to operation 660 to
30 terminate or pause the flowX PDCP entity. In embodiments, to perform operation 660, the
processor circuitry may determine whether the EPS session, which resulted in the DRB
being established, has ended. In embodiments, operation 660 may be based on expiration
of a timer, or based on receipt of an indication from higher level layers. After completion
of operation 660, process 600 may end or repeat as necessary.

7 -
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Some non-limiting examples are provided below.

Example 1 may include one or more computer-readable media including
instructions, which when executed by one or more processors, causes a computer device
to: determine that a data radio bearer (“DRB”) is to be classified into individual flows of a

5 vplurality of flows; instantiate a plurality of packet data convergence protocol (“PDCP™)
entities, individual PDCP entites of the plurality of PDCP entities o process
corresponding flows of the plurality of flows; classity obtained packets of the DRB into
the corresponding flows; and provide, to the individual PDCP entities of the plurality of
PDCP entities, the classified packets of the corresponding flows.

10 Exarople 2 may include the computer-readable media of example i and/or some
other examples herein, wherein, to classity the obtained packets of the DBRB, the computer
device, in response to execution of the instructions, is to: identify the obtained packets of
the corresponding tlows according to one or more internet protocol (“IP7) tuples, a
combination of two or more IP tuples, one or more Quality of Service (“(JoR”)

15  characteristics, or a flow identifier ("I marking in the classified packets.

Example 3 may include the computer-readable media of example 2 and/or some
other examples herein, wherein: when identification of the obtained packets is according
to one or more IP tuples or a combination of two or more 1P tuples, the IP? tuples comprise
a source IP address, a source port, a destination IP address, a destination port, and a

20 protocol type, when identification of the obtained packets is according to one or more QoS
characteristics, the QoS characteristics comprise a QoS class ID (“QCI”), a bit rate, a
delivery order, a reliability indication, a delay characteristic, and a priority level, and when
identification of the obtained packets is according to the flow ID marking, wherein the

flow 1} is a value in a header portion of the obtained packets.

25 Example 4 may include the computer-readable media of examples 1-3 and/or some
other examples herein, wherein, to classify the obtained packets of the DRB, the computer
device, in response to execution of the instructions, 18 to: determine, based on a flow 1D
within individual packets of the obtained packets, an individual PDCP entity of the
plurality of PDCP entities to which the obtained packets belong.

30 Example 5 may include the computer-readable media of example 4 and/or some

other examples herein, wherein, to identify a flow 1D within individual packets of the

obtained packets, the computer device, in response to execution of the instructions, is to

extract a first low ID from one of one or more most significant bits of a sequence number

(“SN”) field of a PDCP protocol data unit (“PDU”) of a first packet of the obtained
-38-
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packets, one or more least significant bits of the SN field of the PDCP PBU of the first
packet, a value in a flow [D field in a header portion of the PDCP PDU of the first packet,
or a value in a flow 1D field in a payload portion of the PDCP PDU of the first packet.
Example ¢ may include the computer-readable media of example I and/or some
S other examples herein, wherein the computer device, in response to execution of the
instroctions, is to: operate the iondividual PDCP entities to insert a flow ID into the
obtained packets when the flow 1D is not present within individual packets of the obtained
packets.
Example 7 may include the computer-readable media of any one of examples {-6
10 and/or some other examples hercin, wherein, to instantiate the plurality of PDCP entities,
the compuier device, in response to execution of the instructions, is to: create a first PDCP
entity upon establishment of the DRB, wherein the first PDCP entity is to process all
packets of the DREB; detect activation of 2 flow classification rule; and create a second
PDCP entity to process packets of a fiow corresponding to the second PDCP entity based
15  on the flow classification rule, wherein upon activation of the flow classification rule, the
first PDCP entity is to cease processing the packets of the flow corresponding to the
second PDCP entity and continue processing all other packets of the DRB.
Example 8 may include the computer-readable media of example 7 and/or some
other examples herein, wherein the computer device, in response to execution of the
20 nstructions, is further to: upon establishment of the DREB, implement the first PDCP entity
to cipher or decipher all packets of the DRB using a bearer {1 of the DRB or the identified
flow 1D; and upon creation of the second PDCP entity, implement the second PDCP entity
to cipher or decipher the flow corresponding to the second PDCP entity using at least the

bearer 1D of the DRB or a flow 1D of the flow corresponding to the second PDCP entity.

S
i

Example 9 may include one or more computer-readable mediz including
instructions, which when execuied by one or more processors, causes a computer device
to: determine that a data radio bearer ("DRB”) has been established; create a first packet
data convergence protocol ("PDCP”) entity upon establishment of the DREB, wherein the
first PDCP entity is to process all packets of the DRB, detect activation of a flow
30 classification rule, wherein the flow classification rule is to indicate that the DRB 15 to be
classified into individual flows of a plurality of flows; create a second PDCP entity to
process packets of a flow of the plurality of tlows corresponding to the second PDCP
entity based on the flow classification rule, wherein upon creation of the second PDCP
entity, the first PDCP entity is to cease processing the packets of the flow corresponding to
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the second PDCP entity and continue processing all other packets of the DRB; classify
obtained packets of the DRB as belonging 1o the flow corresponding to the second PDCP
entity; and provide, to the second PDCP entity, the classified packets belonging to the
flow corresponding to the second PDCP entity.

S Example 10 may include the computer-readable media of example 9 and/or some
other examples herein, wherein, to detect activation of a flow classification rule, the
computer device, in response to execution of the instructions, is to: identify the flow
classification rule based on an internal configuration of the computer device, information
included in access stratum signaling, information incladed in non-access stratum (“NAS”)

[0 signaling, or information obtained from an application of the computer device via an
application programing interface.

Example 11 may include the computer-readable media of examples 9-10 and/or
some other examples herein, wherein, to detect activation of the flow classification rule,
the computer device, in response to execution of the instructions, is to: detect a local

15 activation of the flow classification rule, wherein, to detect the local activation of the flow
classification rule, the computer device, in response to execution of the instructions, is to:
determine a downlink (“DL”} flow classification rule to map a dowanlink flow; determine
an uplink (“UL”) flow classification nule to map an uplink flow; and controf transmission
of the DL flow classification rule or the UL flow classification rule to another computer

20 device.

Example 12 may include the computer-readable media of examples 9-10 and/or
some other examples herein, wherein, to detect activation of the flow classification rule,
the computer device, in response to execution of the instructions, i8 to: identify an

indication of the flow classification rule based on an obtained message, wherein, to

S
i

identify the indication of the flow classification rule, the computer device, in response o
execution of the instructions, 18 to: control receipt of one or more signals, wherein the one
or more signals comprise radio resource control ("RRC”) signaling or NAS signaling; and
identify a DL flow classification rule to map a DL flow or a UL flow classification rule to
map a UL flow.

30 Example 13 may include the computer-readable media of examples 9-10 and/or
some other exarples herein, wherein the computer device, in response to exccution of the
instructions, is to: select one or more links for cach of the corresponding fiows based on a

routing rule associated with each of the corresponding flows; and control transmission of a
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message to indicate the selected one or more links and a flow identifier for each of the
corresponding flows, wherein the message is an RRC message or a NAS message.

Exarople 14 may include the computer-readable media of example 13, wherein the
routing rule is based on a QoS characteristic.

S Example 15 may include the computer-readable media of examples 9-10 and/or
some other examples herein, wherein the computer device, in response to execution of the
instructions, is 1o: determine a first link over which a first flow of the plurality of flows is
1o be received and a second link gver which a second flow of the plurality of flows is to be
received; obtain packets of the first flow from first communication circuitry used to

10 communicate over the first link; and obtain packets of the second flow from second
communication circuitry used to communicate over the second link, wherein the first link
ts different than the second link.

Example 16 may include an apparatus to be implemented by hase station ("BS”),
the apparatus comprising: communication circuitry to transmit a configuration message to

15  establish a data radio bearer ("DRB”), and transmit and receive packets of the DRB after
the DRB 1s established; and processor cirauitry coupled with the communication circuitry,
the processor circuitry to: instaniiate one or more of packet data convergence protocol
(“PDCP”) entities in response {0 establishment of the DRB, wherein individual PDCP
entities of the one or more of PDCP entities are to process corresponding {lows of the one

20 or more of flows; classify obtained packets of the DRB into the one or more flows;
provide, to the individual PDCP entities of the one or more of PDCP entities, the classified
packets of the corresponding flows; and operate the individual PDCP eniities to re-order
the classified packets according to information included in the classified packets.

=
I
i

Exarople 17 may include the apparatus of example 16 and/or some other examples

S
i

herein, wherein, to classity the obtained packets of the DRB, the processor circuitry is to:
identify the obtained packets of the corresponding fiows according to one or more internet
protocol (“IP”) tuples or a combination of two or more IP tuples, wherein the IP tuples
comprise a source [P address, a source port, a destination {P address, a destination port,
and a protocol type, determine a flow identifier (“ID7) for the obtained packets; and insert
30 the flow D into one of one or more most significant bits of & sequence number (“SN7)
ficld of a PDCP protocol data unit ("PDU™) of a first packet of the received packets, one
or more least signiticant bits of the SN field of the PDCP PDU of the first packet, or a
value in a flow identifier field of the PDCP PDU or a PBCP body of the first packet.
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Example 18 may include the apparatus of example 16 and/or some other examples
herein, wherein, to classify the obtained packets of the DRB, the processor circuitry is 1o
identify the obtained packets of the corresponding flows according to one or more
Quality of Service (“QoS8™} characteristics, wherein the QoS characteristics comprise a
5 Qok class identifier (“QCT"), a bit rate, a delivery order, a reliability indication, a delay
characteristic, and a priority level, determine a flow ID for the obtained packets, and insert
the flow 1D into one of one or more most signiticant bits of an SN field of a PDCP PDU of
a first packet of the received packets, one or more leas{ significant bits of the SN field of
the PDCP PDU of the first packet, or a value in a flow identifier field of the PDCP PDU or
10 & PDCP body of the first packet.
Example 19 may include the apparatus of example 16 and/or some other examples
herein, wherein, to classify the obtained packeis of the DRB, the processor circuitry is {o;
identity a flow ID within individual packets of the obtained packets.
Example 20 may include the apparatus of examples 16-19 and/or some other
15  examples herein, wherein, to instantiate the plurality of PDCP entities, the processor
circuitry is to create a defaolt PDCP entity upon establishment of the DRB, wherein the
default PDCP entity is to process all packets of the DRB, detect activation of a flow
classification rule; and create a first flow PDCP entity to process packets of a first
flow based on the flow classification rule, wherein upon creation of the first flow PDCP
20 entity, the default PDCP entity 13 1o cease processing the packets of the first flow and
continue processing all other packets of the DRB.
Example 21 may include the apparatus of example 20 and/or some other examples
herein, wherein the processor circuitry is to: upon establishrment of the DRB, implement

the first PDCP entity to cipher or decipher all packets of the DRB using a bearer identifier

S
i

of the DRB or the identified flow identifier; and upon creation of the second PDCP
entity, implement the second PDCP entity to cipher or decipher the flow corresponding to
the second PDCP entity using at least the bearer identifier of the DRB or a flow identifier
of the flow corresponding to the second PDCP entity.

Example 22 may include an apparatus to be implemented in a user equipment
30 (“UE”), the apparatus comprising: communication circuitry to receive a configuration
message to establish a data radio bearer ("DRB”), and receive packets of the DRB after
the DREB is established; and processor circuitry coupled with the communication circuitry,
the processor circuitry to: determine, based on information in the configuration message,
that the DRRB 15 to be classified into individual flows of a one or more of flows; create a
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default packet data convergence protocol (“PDUP”) entity upon establishment of the DRB,

wherein the default PDCP entity i3 to process ali packets of the DREB; detect activation of

g flow classification rule, wherein the flow classification rule is to indicate that the DRB is

to be classified into individual flows of a plurality of flows; create a first tlow PDCP entity

5 to process packets of a first flow of the plurality of flows based on the flow classification

rule, wherein upon creation of the first flow PRCP entity, the default PDCP entity is to

cease processing the packets of the first flow and continue processing all other packets of

the DRB; classify obtained packets of the DRB as belonging to the first flow or belonging

to other flows of the plurality of flows; and provide the classified packets belonging to the

10 first flow to the first flow PDCP entity and the classified packets belonging to the other
flows to the default PDCP entity,

Example 23 may include the apparatus of example 22 and/or some other examples
herein, wherein, to detect activation of the flow classification rule, the processor circuitry
is to: detect a local activation of the flow classification rule, and wherein, to detect the

15 local activation of the flow classification rule, the processor circuitry is to: determing a
downlink (“DL”) flow classification rule to map a downlink flow; or determine an uplink
(“UL”} flow classification rule to map an uplink flow.
Example 24 may include the apparatus of example 22 and/or some other examples
herein, wherein the flow classification tule is a first flow classification rule that
20 corresponds with the first flow, and wherein the processor circuitry is to. detect activation
of a second flow classification rule corresponding to a second flow of the plurality of
flows; create a second flow PDICP entity to process packets of the second flow based on
the second flow classification rule, wherein upon creation of the second flow PDCP entity,

the default PDCP entity is to cease processing the packets of the second flow and continue

S
i

processing all other packets of the DRB that do not belong to the first flow or the second
flow; classify packets of the DRB received after creation of the second flow PDCP entity
as belonging to the first flow, belonging to the second flow, or belonging to the other
flows of the plurality of flows; provide the classified packets belonging to the first flow to
the first flow PDCP entity; provide the classified packets belonging to the second flow to
30 the second flow PDXCP entity;, and provide the classified packets belonging to the other
flows to the default PDCP entity.

Example 25 may include the apparatus of examples 22-24 and/or some other
examples herein, wherein the communication circuitry comprises first communication
circuitry and second communication circuitry, and the processor circuitry 1s fo! identify a

- 43 -

Petitioners' Exhibit 1002, p. 183
AT&T et al v. Asustek Technology
IPR2024-00997



WO 2018/031081 PCT/US2017/026857

first link over which a first flow of the plurality of flows is to be received and a second

link over which a second flow of the plurality of flows is to be received, wherein the first

link is provided by & first BS and the second link is provided by a second BS, and wherein

the identification is based on an indication in the configuration message or an indication in

5 arsceived RRC message or a received NAS message; obtain packets of the first flow from

the first communication circuitry used to commmunicate with the first BS over the first link;

and obtain packets of the second flow from second communication circuitry used to

communicate with the second BES over the second link, wherein the first flow is a different

flow than the second flow, and the first link is different than the second link, wherein the

10 first communication circuitry 15 cellular modem cireuitry and the second conununication
circuitry is wireless local area network modem circuitry.

Example 26 may include an apparatus comprising: means for determining that a
data radio bearer (“DRB”} is to be classified into individual flows of a plurality of flows;
means for instantiating a plurality of packet data convergence protocol ("PDCP”) entities,

15 individual PDCP entities of the plurality of PBUP entities to process corresponding flows
of the plurality of flows; means for classifying obtained packets of the DRB into the
corresponding flows; and means for providing, to the individual PDCP entities of the
plurality of PDCP entities, the classified packets of the corresponding flows.

Example 27 may include the apparatus of example 26 and/or some other examples

20 herein, wheremn, fo classify the obtained packets of the DRB, the apparatus comprises;
means for identifying the obtained packets of the comresponding flows according to one or
more internet protocol (“IP7) tuples, a combination of two or more IP tuples, one or more
Quality of Service (“Qo0S”) characteristics, or a flow identifier (“ID”) marking in the

classified packets.

S
i

Example 28 may include the apparatus of example 27 and/or some other examples
herein, wherein: when identification of the obtained packets is according to one or more P
tuples or a combination of two or more [P tuples, the 1P tuples comprise a source 1P
address, a source port, a destination 1P address, a destination port, and a protocol type,
when identification of the obtained packets is according to one or more QoS
30 characteristics, the QoS characteristics comprise a QoS class 1D ("QUT’), a bit rate, a
delivery order, a religbility indication, a delay characteristic, and a priority level, and when
identification of the obtained packets is according to the flow 11D marking, wherein the

Hlow I3 1s a value in a header portion of the obtained packets.
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Example 29 may include the apparatus of examples 26-28 and/or some other
examples herein, wherein, to classify the obtained packets of the DRB, the apparatus
comprises: means for determining, based on a flow ID within individual packets of the
obtained packets, an individual PDCP entity of the plurality of PDCP entities to which the

S obtained packets belong.

Example 30 may include the apparatus of exaraple 29 and/or some other examples
herein, wherein, to identify a flow D within individual packets of the obtained packets,
the apparatus comprises: means for extracting a first flow ID from one of one or more
most significant bits of a sequence number (3N} field of a PBCP protocol data unit

10 (“PDU”) of a first packet of the obtained packets, one or more least significant bits of the
SN field of the PDCP PDU of the first packet, a value in a flow {D tield in a header
portion of the PDCP PDU of the first packet, or a value in a flow ID field in a payload
portion of the PDCP PDUJ of the tirst packet.

Example 31 may include the apparatus of example 26 and/or some other examples

15  herein, further comprising: means for operating the individual PDCP entities to insert a
flow ID into the obtained packets when the flow ID is not present within individual
packets of the obtained packets.

Example 32 may include the apparatus of examples 26-31 and/or some other
examples herein, wherein, to instantiate the plurality of PDCP entities, the apparatus

20 compnses: means for creating a first PDCP entity upon establishment of the DRB,
wherein the first PDCP entity is to process all packets of the DRB; means for detecting
activation of a flow classification rule; and means for creating a second PRCP entity to
process packets of a flow corresponding to the second PDCF entity based on the flow

classification rule, wherein upon activation of the flow classification rule, the first PDCP

S
i

entity is to cease processing the packets of the flow corresponding to the second PDCP
entity and continue processing all other packets of the DRB.

Example 33 may include the apparatus of exaraple 32 and/or some other examples
herein, further comprising: means for implementing, upon establishment of the DRB, the
first PDCP entity to cipher or decipher all packets of the DRB using a bearer 1D of the
30 DRB or the identified flow ID; and means for implement, upon creation of the second
PDCP entity, the second PDCP entity to cipher or decipher the flow corresponding to the
second PDRCP entity using at least the bearer 1D of the DRB or a flow 1D of the tlow

corresponding to the second PDCP entity.
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Example 34 may include an apparatus comprising: means for determining that a
data radic bearer (“"DRB") has been established; create a first packet data convergence
protocol (“PDCP”) entity upon establishment of the DRB, wherein the first PDCP entity is
to process all packets of the DRB; means for detecting activation of a tlow classification

S rule, wherein the flow classification rule is to indicate that the DRB is to be classified into
individual flows of a plurality of flows; means for creating a second PDCP entity 1o
process packets of a flow of the plurality of flows corresponding to the second PDCP
entity based on the flow classification rule, wherein upon creation of the second PDCP
entity, the first PDCP entity is to cease processing the packets of the flow corresponding to

10 the second PDCP entity and continue processing all other packets of the DRB; means for
classifying obtained packets of the DRB as belonging to the flow corresponding to the
second PDCP entity; and means for providing, to the second PDCP entity, the classified
packets belonging to the tlow corresponding to the second PDCP enfity.

Example 35 may include the apparatus of example 34 and/or some other examples

15 herein, wherein, to detect activaiion of a flow classification rule, the apparatus comprises:
means for identifying the flow classification rule based on an internal configuration of the
computer device, information included in access stratum signaling, information included
in non-access stratum (“NAS”) signaling, or information obtained from an application of
the computer device via an application programing interface.

20 Example 36 may include the apparatus of examples 34-35 and/or some other
examples herein, wherein, to detect activation of the flow classification rule, the apparatus
comprises: means for detecting a local activation of the flow classification rule; means for
determining a downlink ("DL”) flow classification rule to map a downlink flow; means for

determining an uplink ("UL”) flow classification rule to map an uplink flow; and means

S
i

for transmitting the DL flow classification rule or the UL flow classification rule to
another computer device.

Example 37 may include the apparatus of examples 34-35 and/or some other
examples herein, wherein, to detect activation of the flow classification rule, the apparatus
comprises: means for identifying an indication of the flow classitication rule based on an
30 obtained message;, means for receiving of one or more signals, wherein the one or more
signals coraprise radio resource control ("RRC”) signaling or NAS signaling; and means
for identifying a DL flow classification rule to map a DL flow or a UL flow classification

rule to map a UL flow.
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Example 38 may include the apparatus of examples 34-35 and/or some other
examples herein, wherein the apparatus comprises: means for selecting one or more links
for each of the corresponding flows based on a routing rule associated with each of the
corresponding flows; and means for transmitting a message to indicate the selected one or

5 more links and a flow identifier for each of the corresponding flows, wherein the mesgsage
ts an RRC message or a NAS message.

Example 39 may include the apparatus of example 38 and/or some other examples
herein, wherein the routing rule is based on a (oS characteristic.

Example 40 may include the apparatus of examples 34-35 and/or some other

10 examples hercin, further comprising: means for determining a first link over which a first
flow of the plurality of flows is to be received and a second link over which a second tlow
of the plurality of flows is to be recetved; means for obtaining packets of the first flow
from first communication circuitry used to communicate over the first link; and means for
obtaining packets of the second flow from second communication circuitry used to

15 communicate over the second link, wherein the first link is different than the second link.

Exampie 41 may include an apparatus to be implemented by base station (“BS”),
the apparatus comprising: communication means for transmitiing a contiguration message
to establish a data radio bearer (“DRB”), and transmitting and receive packets of the DRB
after the DRB is established; and processor means for: instantiating one or more of packet

20 data convergence protocol ("PDCP”) entities in response to establishment of the DRB,
wherein individual PDCP entities of the one or more of PDCP entities are to process
corresponding flows of the one or more of flows; classifving obtained packets of the DRB
into the one or more flows, providing, to the individual PDCP entities of the one or more

of PDCP entities, the classified packets of the comresponding flows; and operating the

S
i

individual PDCP entities to re-order the classified packets according to information
included in the classified packets.

Example 42 may include the apparatus of exarple 41 and/or some other examples
herein, wherein, to classify the obtained packets of the DRB, the processor means is for:
identifying the obtained packets of the corresponding flows according to one or more
30 internet protocol (“IP7) tuples or a combination of two or more 1P tuples, wherein the IP
tuples comprise a source [P address, a source port, a destination [P address, a destination
port, and a protocol type; determining a flow identifier (“ID7) for the obtained packets;
and inserting the flow 1D into one of one or more most significant bits of a sequence
number (“SN”) field of a PDCP protocol data unit (“PDU”) of a first packet of the
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received packets, one or more least significant bits of the SN field of the PDCP PDU of
the first packet, or a value in a flow identifier field of the PDCP PDU or 2 PDCP body of
the first packet.

Example 43 may include the apparatus of example 41 and/or some other examples

5 ‘herein, wherein, to classify the obtained packets of the DRB, the processor means is for
tdentifving the obtained packets of the corresponding flows according to one or more
Quality of Service (“Qo8”) characteristics, wherein the QoS characteristics comprise &
QoS class identifier (“QCT”), a bit rate, a delivery order, a reliability indication, a delay
characteristic, and a priority tevel; determining a flow D for the obtained packets; and

[0 inserting the flow ID into one of one or more most significant bits of an SN field of a
PDCP PDU of a first packet of the received packets, one or more least significant bits of
the SN field of the PDCP PDU of the first packet, or a value in a flow identifier field of
the PDCP PDU or a2 PDCP body of the first packet.

Example 44 may include the apparatus of example 41 and/or some other examples

15 herein, wherein, to classify the obtained packets of the DRB, the processor means is for:
identifying a flow ID within individual packets of the obtained packets.

Example 45 may include the apparatus of examples 41-44 and/or some other
examples herein, wherein, to instantiate the plurality of PDCP entities, the processor
means is for: creating a default PDCP entity upon establishment of the DRB, wherein the

20 default PDCP entity is to process all packets of the DRB; detecting activation of a flow
classification rule; and creating a first flow PDCP entity to process packets of a first flow
based on the flow classification rule, and wherein upon creation of the first flow PDCP
entity, the default PDCP entity is to cease processing the packets of the first flow and

continue processing all other packets of the DREB.

S
i

Example 46 may include the apparatus of example 45 and/or some other examples
herein, wherein the processor means is for: implementing, upon establishment of the DRB,
the first PDCP entity to cipher or decipher all packets of the DRB using a bearer identifier
of the DRB or the identified flow identifier; and implementing, upon creation of the
second PP entity, the second PDCP entity to cipher or decipher the flow corresponding
30 to the second PDCP contity using at least the bearer identifier of the DRB or a flow
identitier of the flow corresponding to the second PDCP entity.

Example 47 may include an apparatus to be implemented in a user equipment
(“UE”), the apparatus comprising. means for receiving a configuration message to
establish a data radio bearer (“DRB”); means for determining, based on information in the
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configuration message, that the DRB is to be classified into individual flows of a one or
more of flows; means for creating a default packet data convergence protocol (“PDCP”)
entity upon establishment of the DREB, wherein the default PDCP entity is 1o process all
packets of the DRB; means for receiving packets of the DRB after the DRB is established;
5 means for detecting activation of a flow classification rule, whergin the flow classification
rule is to indicate that the DRB is to be classified into individual flows of a plurality of
flows; means for creating a first flow PDCP entity 10 process packets of a first flow of the
plurality of flows based on the flow classification rule, wherein upon creation of the first
flow PDCP entity, the default PBCP entity is to cease processing the packets of the first

10 flow and continue processing all other packets of the DRB; means for classifying obtained
packets of the DRB as belonging to the first flow or belonging to other flows of the
plurality of flows; and means for providing the classified packets belonging to the first
flow to the first flow PDCP entity and the classified packets belonging to the other flows
to the default PDCP entity.

15 Example 48 may include the apparatus of example 47 and/or some other examples
herein, wherein the means for detecting the activation of the flow classification rule is for:
detecting a local activation of the flow classification rule, and wherein, to detect the local
activation of the flow classification rule, the processor circuitry is to determining a
downlink (“DL”) flow classification rule to map a downlink flow,; or determining an

20 uplink ("UL”) flow classification rule to map an uplink flow.

Example 49 may include the apparatus of example 47 and/or some other examples
herein, wherein the flow classification rule is a first flow classification rule that
corresponds with the {irst flow, and wherein the apparatus comprises: means for detecting

activation of a second flow classification rule corresponding to a second flow of the

S
i

plurality of flows; means for creating a second flow PDCP entity to process packets of the
second flow based on the second flow classification rule, wherein upon creation of the
second flow PDCP entity, the default PDCP entity s to cease processing the packets of the
second flow and continue processing all other packets of the DRB that do not belong to
the first flow or the second flow; means for classifying packets of the DRB received after
30 creation of the second flow PDCP entity as belonging to the first flow, belonging to the
second flow, or belonging to the other flows of the plurality of flows; means for providing
the classified packets belonging to the first flow to the first flow PDCP entity; means tor

providing the classified packets belonging to the second flow to the second flow PDCP
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entity; and means for providing the classified packets belonging to the other flows to the
default PDCP entity.
Exarple 50 may include the apparatus of examples 47-49 and/or some other
examples herein, further comprising: means for identifying a first link over which a first
S flow of the plurality of flows is to be received and a second link over which a second flow
of the plurality of flows is to be received, wherein the fitst ink is provided by a first BS
and the second link is provided by a second BS, and wherein the identification is based on
an indication in the configuration message or an indication in a received RRC message or
a received NAS message; means for obtaining packets of the first flow from the first
10 communication circuitry used to communicate with the first BS over the first link; and
means for obtaining packets of the second flow from second communication circuitry used
to communicate with the second BS over the second link, wherein the first flow is a
different flow than the second tlow, and the first link 15 different than the second link.
Example 51 may include a method comprising: determining that a data radio
15 bearer ("BRB”} is io be classitied into individual flows of a plurality of flows;
instantiating a plurality of packet data convergence protocol (“PDCP”) entities, individual
PDCP entities of the plurality of PDCP entities to process corresponding flows of the
plurality of flows; classifying obtained packets of the DRB into the corresponding flows;
and providing, to the individual PDCP entities of the plurality of PDCP entities, the
20 classified packets of the corresponding flows.
Example 52 may include the method of example 51 and/or some other examples
herein, wherein classifying the obtained packets of the DRB comprises: identifying the
obtained packets of the corresponding flows according to one or more internet protocol

(“1P”} tuples, a combination of two or more IP tuples, one or more Quality of Service

S
i

(“Q08”) characteristics, or a flow identifier (“1D”) marking in the classified packets.

Example 53 may include the method of example S2 and/or some other examples
herein, wherein: when identification of the obtained packets is according to one or more 1P
tuples or a combination of two or more TP wples, the IP tuples comprise a source P
address, a source port, a destination IP address, a destination port, and a protocol type,
30 when identification of the obtained packets is according to one or more QoS
characteristics, the QoS characteristics comprise a QoS class 1D (“QCI”), a bit rate, a
delivery order, a reliability indication, a delay characieristic, and a priority level, and when
identification of the obtained packets 1s according to the flow 1D marking, wherein the
flow I3 1s a value in a header portion of the obtained packets.
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Example 54 may include the method of examples 51-53 and/or some other
examples herein, wherein classifving the obtained packets of the DRB comprises:
deterroining, based on a flow ID within individual packets of the obtained packets, an
individual PDCP entity of the plurality of PDCP entities to which the obtained packets

S belong

Example 55 may include the method of example $4 and/or some other examples
herein, wherein identifying a flow D within individual packets of the obtained packets
comprises: extracting a first flow ID from one of one or more most significant bits of a
sequence number (“SN”) field of a PDCP protocol data unit ("PDU”) of a first packet of

10 the obtained packets, one or more least significant bits of the SN field of the PDCP PDU
of the first packet, a value in a flow ID field in a header portion of the PDCP PDU of the
first packet, or a value in a flow ID field in a payload portion of the PDCP PDU of the first
packet.

Example 56 may include the method of example 51 and/or some other examples

15  herein, further comprising: operating the individual PDCP entities to insert a flow 1D into
the obtained packets when the flow ID is not present within individual packets of the
obtained packets

Example 57 may include the method of examples 51-56 and/or some other
examples herein, wherein instantiating the plurality of PDCP entities comprises: creating a

20 first PDCP entity upon establishment of the DRB, wherein the first PDCP entity is to
process all packets of the DRB; detecting activation of a flow classification rule; and
creating a second PDCP entity to process packets of a flow corresponding to the second
PDCP entity based on the flow classification rule, and wherein upon activation of the tflow

classification rule, the first PDCP entity is 1o cease processing the packets of the flow

S
i

corresponding to the second PDCP entity and continue processing all other packets of the
DREB.

Example 58 may include the method of example $7 and/or some other examples
herein, further comprising: implementing, upon establishment of the DRB, the first PDCP
entity to cipher or decipher all packets of the DRB using a bearer 1D of the DRB or the
30 identified flow ID; and implement, upon creation of the second PDCP entity, the second
PDCP entity to cipher or decipher the flow corresponding to the second PDCP entity using
at least the bearer ID of the DRB or a flow D of the tlow corresponding to the second

PDCP entity.
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Example 59 may include a method comprising: determining that a data radio
bearer (“DRB”) has been established; create a first packet data convergence protocol
(“PDCP”) entity upon establishment of the DRB, wherein the first PDCP entity is to
process all packets of the DRB; detecting activation of a flow classification rule, wheregin

S the flow classification rule is to indicate that the DRB is to be classified into individual
flows of a plurality of flows; creating a second PBCP entity to process packets of a flow of
the plurality of flows corresponding to the second PDCP entity based on the flow
classification rule, whergin upon creation of the second PECP entity, the first PDCP entity
5 1o cease processing the packets of the flow corresponding to the second PDCP entity

10 and continue processing all other packets of the DRB; classifying obtained packets of the
DRB as belonging to the flow corresponding to the second PDRCP entity; and providing, to
the second PDTP entity, the classified packets belonging to the flow corresponding o the
second PDCP entity.

Example 60 may include the method of example 59 and/or some other examples

15  herein, wherein detecting activation of a flow classification rule comprises: means for
identifying the flow classification rule based on an internal configuration of the computer
device, information included in access stratum signaling, information included in non-
access stratuma (“NAS”) signaling, or information obtained from an application of the
computer device via an application programing interface.

20 Example 61 may include the method of examples 59-60 and/or some other
examples herein, wherein detecting activation of a flow classification rule comprises:
detecting a local activation of the flow classification rule, wherein detecting the local
activation of the flow classification rule comprises: deternining a dowolink (“DL”) flow

classification rule to map a downlink flow; determining an uplink (“UL”) flow

S
i

classification rule to map an uplink flow; and transmitting the DL flow classification rule
or the UL flow classification rule to another computer device.

Example 62 may include the method of examples 59-60 and/or some other
examples herein, wherein detecting activation of a flow classification rule comprises:
identifying an indication of the flow classification rule based on an obtained message,
30 wherein identifying the indication of the flow classification rule comprises: receiving of
one or more signals, wherein the one or more signals comprise radio resource control
(“RRC”} signaling or NAS signaling; and identifving a DL flow classification rule to map

a DL flow or a UL flow classification rule to map a UL flow.
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Example 63 may include the method of examples 59-60 and/or some other
examples herein, further comprising selecting one or more links for each of the
corresponding flows based on a routing rule associated with each of the corresponding
flows; and transmitting a message to indicate the selected one or more links and a flow

S identifier for each of the corresponding flows, wherein the message is an RRC message or
a NAS message.

Example 64 may include the method of example 63 and/or some other examples
herein, wherein the routing rule is based on a (oS characteristic.

Example 65 may include the method of examples 59-60 and/or some other

10 examples herein, further comprising: determining a first link over which a first flow of the
plurality of flows is to be received and a second link over which a second flow of the
plurality of flows is to be received;, obtaining packets of the first flow from first
communication circuitry used to communicate over the first link; and obtaining packets of
the second flow from second communication circuitry used to communicate over the

15 second link, wherein the first link 1s different than the second link.

Example 66 may include a method to be performed by base station (“B8”), the
method comprising: transmitting a configuration message to establish a data radio bearer
(“DRB™}, instantiating one or more of packet data convergence protocol ("PDCP”) entities
in response to establishment of the DRB, wherein individual PDCP entities of the one or

20 wmore of PDCP entities are to process coresponding flows of the one or more of flows;
obtaining packets of the DRB after the DRB is established; classifying the obtained
packets of the DRB into the one or more flows; providing, to the individual PDCP entities
of the one or more of PDCP entities, the classitied packets of the correspounding flows; and

operating the individual PDCP entities to re-order the classified packets according to

S
i

information included in the classified packets; and transmitting the re-ordered packets of
the DRB to a destination device.

Example 67 may include the method of example 66 and/or some other examples
herein, wherein classitying the obtained packets of the DRB comprises: identifying the
obtained packets of the corresponding flows according to one or more internet protocol
30 (TP wiples or a combination of two or more [P tuples, wherein the 1P tuples comprise a
source P address, a source port, a destination 1P address, a destination port, and a protocol
type; determining a flow identifier ("1D7) for the obtained packeis; and  inserting  the
Hlow I into one of one or more most significant bits of a sequence number (“SN”) field of
a PDCP protocol data unit (“PDU”) of a first packet of the received packets, one or more

~ 5§
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least significant bits of the SN field of the PDCP PDU of the first packet, or a value in a
flow identifier field of the PDCP PDU or a PDCP body of the first packet.
Exaraple 68 may include the method of example 66 and/or some other examples
herein, wherein classifying the obtained packets of the DRB comprises: identifying the
5 obtained packets of the corresponding flows according to one or more Quality of Service
{“Q08”) characteristics, wherein the QoS characteristics comprise a QoS clags identifier
{(“QCI"}, a bit rate, a delivery order, a reliability indication, a delay characteristic, and a
priority level; determining a flow ID for the obtained packets; and inserting the flow ID
into one of one or more most significant bits of an SN field of a PDCP PDU of a first
10 packet of the received packets, one or more least significant bits of the SN field of the
PDCP PDU of the first packet, or a value in a flow identifier ficld of the PDCP PDU or a
PDCP body of the first packet.
Example 69 may include the method of example 66 and/or some other examples
herein, wherein classifying the obtained packets of the DRB comprises: identifying a flow
15 1D within individual packets of the obtained packets.
Example 70 may include the method of examples 66-69 and/or some other
examples herein, wherein instantiating the plurality of PDCP entities comprises: creating a
default PDCP entity upon establishment of the DRB, wherein the default PDCP entity is to
process all packets of the DRB, detecting activation of a flow classification rule; and
20 creating a first flow PDCP entity to process packets of a first flow based on the flow
classification rule, and wherein upon creation of the first flow PDCP entity, the default
PDCP entity is to cease processing the packets of the first flow and continue processing all
other packets of the DRB,

Exaraple 71 may include the method of example 70 and/or some other examples

S
i

herein, further comprising: implementing, upon establishment of the DRB, the first PDCP
entily to cipher or decipher all packets of the DRB using a bearer identifier of the DRB or
the identified flow identifier; and tmplementing, upon creation of the second PDCP entity,
the second PDCP entity to cipher or decipher the flow corresponding to the second PDCP
entity using at least the bearer identifier of the DRB or a flow identifier of the flow
30 corresponding to the second PDCP entity.

Exarople 72 may include a method to be performed by user equipment ("UE”), the
method comprising: receiving a configuration message to establish a data radic bearer

“DRB™,

Vi

determining, based on information in the configuration message, that the DRB
is to be classified into individual flows of a one or more of flows; creating a default packet
- 54 -

Petitioners' Exhibit 1002, p. 194
AT&T et al v. Asustek Technology
IPR2024-00997



WO 2018/031081 PCT/US2017/026857

data convergence protocol (“PDCP”) entity upon establishment of the DREB, wherein the

default PDCP entity is to process all packets of the DRB,; receiving packets of the DRB

after the DRB is established; detecting activation of a flow classification rule, wherein the

flow classification rule is to indicate that the DRB is to be classified into individual flows

S of a plurality of flows; creating a first flow PDCP entity to process packets of a first flow

of the plurality of flows based on the flow classification rule, wherein upon creation of the

first flow PDCP entity, the default PDCP entity is to cease processing the packets of the

first flow and continue processing all other packets of the DRB; classifying obtained

packets of the DRB as belonging fo the first flow or belonging to other flows of the

10 plurality of flows; and providing the classified packets belonging to the first flow to the

first flow PDCP entity and the classified packets belonging to the other flows to the

default PDCP entity.

Example 73 may include the method of example 72 and/or some other examples

herein, wherein detecting the activation of the tlow classification rule comprises: detecting

15 alocal activation of the flow classification rule, and wherein, to detect the local activation

of the flow classification rule, the processor cirauitry is to: determining a downlink (“DL”)

flow classification rule to map a downlink tlow; or determining an uplink (“UL"} flow
classification rule to map an uplink flow.

Example 74 may include the method of example 72 and/or some other examples

20 herein, wherein the flow classification rule is a fust flow classification rule that

corresponds with the first flow, and wherein the method comprises: detecting activation of

a second flow classification rule corresponding to a second flow of the plurality of flows;

creating a second flow PDCP entity to process packets of the second flow based on the

second flow classification rule, wherein upon creation of the second flow PDCP entity, the

S
i

default PDCP entity is to cease processing the packets of the second fiow and continue
processing ali other packets of the DRB that do not belong to the first flow or the second
flow; classifying packets of the DRB received after creation of the second flow PDCP
entity as belonging to the first flow, belonging to the second flow, or belonging to the
other tlows of the plurality of flows; providing the classified packets belonging to the first
30 flow to the first flow PDCP entity;, providing the classified packets belonging to the
second flow to the second flow PDCP entity, and providing the classified packets
belonging to the other flows to the default PDCP entity.

Example 75 may inclode the method of examples 72-74 and/or some other
examples herein, further comprising: identityving a first link over which a first flow of the

- 55 .
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plurality of flows is to be received and a second link over which a second flow of the
plurality of flows is to be received, wherein the first link is provided by a first BS and the
second link is provided by a second BS, and wherein the identification is based on an
indication in the configuration message or an indication in a received RRC message or a
received NAS message, obtaining packets of the first flow from the first communication
circuifry used to communicate with the first BS over the first link; and obtaining packets
of the second flow from second communication circuitry used to communicate with the
second BS over the second link, wherein the first flow is a different flow than the second
flow, and the first link is different than the second link.

The foregoing description of the above Examples provides illustration and
description for the example embodimenis disclosed herein, but the above Examples are not
intended to be exhaustive or to limit the scope of the invention io the precise form
disclosed. Modifications and variations are possible in light of the above teachings and/or

may be acquired from practice of various implementations of the invention.
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Claims

1. One or more computer-readable media including instructions, which when executed by
One OF MOTE Processors, Causes a computer device 1o

determine that a data radio bearer (“DDRB”™} is to be classified into individual flows
of a plurality of flows;

instantiate a plurality of packet data convergence protocol (“PDCP”) entities,
individual PDCP entities of the plurality of PDCP entities to process corresponding flows
of the plurality of flows;

classity obtained packets of the DRB into the corresponding flows; and

provide, to the individual PDCP entities of the plurality of PDCP entities, the

classified packets of the corresponding flows.

2. The one or more computer-readable media of claim 1, wherein, to classify the obtained

packets of the DRB, the computer device, in response to execution of the instructions, is

identify the obtained packets of the corresponding flows according to one or more
internet protocol (“IP”} tuples, a combination of two or more P tuples, one or more
Quality of Service (“QoS7) characteristics, or a flow identifier (“ID”) marking in the

classified packets.

3. The one or more computer-readable media of claim 2, wherein:

when identification of the obtained packets is according to one or more IP tuples or
a combination of two or more IP tuples, the IP tuples comprise a source TP address, a
source port, a destination P address, a destination port, and a protocol type,

when identification of the obtained packets is according to one or more QoS
characteristics, the QoS characteristics comprise a QoS class I {(“QCI”}, a bit rate, a
delivery order, a reliability indication, a delay characteristic, and a priority level, and

when identification of the obtained packets is according to the flow ID marking,

wherein the flow 1D is a value in a header portion of the obtained packets.

4. The one or more computer-readable media of claim 1 or 3, whercin, to classify the
obtained packets of the DRB, the computer device, in response to execution of the

instructions, s to;
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determine, based on a flow 1D within individual packets of the obtained packets, an
individual PDCP entity of the plurality of PDCP entities to which the obtained packets

belong.

5 5 The one or more computer-readable media of claim 4, wherein, to identify a flow 1D
within individual packets of the obtained packets, the computer device, in response to
execution of the instructions, is to;

extract a first flow D from one of one or more most significant bits of a sequence

nurwber ("SN7) field of a PDCP protocol data unit ("PDU} of a first packet of the

10 obtained packets, one or more least significant bits of the SN ficld of the PDCP PDU of
the first packet, a value in a flow 1D field in 2 header portion of the PDCP PDU of the first
packet, or a value in a flow ID field in a payload portion of the PDCP PDU of the first

packet.

15 6. The one or more computer-readable media of claim 1, wherein the computer device, in
response to execution of the instructions, 1s to:
operate the individual PDCP entities to insert a flow 1D into the obtained packets

when the flow 1D is not present within individual packets of the obtained packets.

20 7. The one or more computer-readable media of any one of claims 1-6, wherein, to
instantiate the plurality of PDCP entities, the computer device, in response to execution of
the instructions, is to;

create a first PDCP entity upon establishment of the DRB, wherein the first PDCP

entity is to process all packets of the DREB;

S
i

detect activation of a flow classification rule; and

create a second PDCP entity to process packets of a flow corresponding {o the
second PTXCP entity based on the flow classification rule,

wherein upon activation of the flow classification rule, the first PDCP entity is to
cease processing the packets of the flow corresponding to the second PBCP entity and
30 continue processing all other packets of the DRE.
8. The one or more computer-readable media of claim 7, wherein the computer device, in

response to execution of the instructions, is further to:
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upon establishment of the DRB, implement the first PDCP entity to cipher or
decipher all packets of the DRB using a bearer ID of the DRB or the identified flow 1D,
and
upon creation of the second PDCP entity, implement the second PDCP entity to
5 cipher or decipher the flow corresponding to the second PDCP entity using at least the

bearer I of the DRB or a flow [ of the flow corresponding to the second PDCP entity.

9. One or more computer-readable media including instructions, which when executed by
One OF MOTe Processors, causes a computer device 0.
10 determine that a data radio bearer ("DRB”) has been established;
create a first packet data convergence protocol ("PDCP”) entity upon
gstablishment of the DRB, wherein the first PDCP entity is to process all packets of the
DRB;
detect activation of a flow classification rule, wherein the flow classification rule is
15 toindicate that the DRB is to be classified info individual flows of a plurality of flows,
create a second PDCP entity to process packets of a flow of the plurality of flows
corresponding to the second PDCP entity based on the flow classification rule, wherein
upon creation of the second PDCP entity, the first PDCP entity is to cease processing the
packets of the flow corresponding to the second PDCP entity and continue processing all
20 other packets of the DRB;
classify obtained packets of the DRB as belonging to the flow corresponding to the
second PDCP entity; and
provide, 1o the second PDCP entity, the classified packets belonging to the flow

corresponding to the second PDCP entity.

S
i

10. The one or more computer-readable media of claim 9, wherein, to detect activation of
a flow classification rule, the computer device, in response to execution of the instructions,

is o
identify the flow classification rule based on an internal configuration of the
30 computer device, information included in access stratum signaling, information inchuded
in non-access stratum ("INAS”) signaling, or information obtained from an application of

the computer device via an application programing interface.
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11. The one or more computer-readable media of claim 9 or 10, wherein, to detect
activation of the flow classification rule, the computer device, in response to execution of
the instructions, is to:
detect a local activation of the flow classification rule, wherein, to detect the local
S activation of the flow classification rule, the computer device, in response to execution of
the instructions, is 1o
determine a downlink (“DL”} flow classification rule to map a downlink flow;
determing an uplink (“UL”) flow classification rule to map an uplink flow; and
control  transmission of the DL flow classification rule or the UL flow

10 classification rule to another computer device,

12. The one or more computer-readable media of claim 9 or 10, wherein, to detect
activation of the flow classification rule, the computer device, in response to execution of
the instructions, is to:

15 identify an indication of the flow classitication rule based on an obtained message,
wherein, to identify the indication of the flow classification rule, the computer device, in
response to execution of the instructions, is to:

control receipt of one or more signals, wherein the one or more signals comprise
radio resource control (“RRC7) signaling or NAS signaling; and

20 identify a DL flow classification rule to map a DL flow or a UL flow classification

rule to map a UL flow,

13. The one or more computer-readable media of claim 9 or 10, wherein the computer

device, in response to execution of the instructions, is to:

25 select one or more links for each of the corresponding flows based on a routing
rule associated with each of the corresponding flows; and
contro} transmission of a message to indicate the selected one or more links and a
flow identifier for each of the corresponding flows, wherein the message is an RRC
message or a NAS message.
30

14. The one or more computer-readable media of claim 13, wherein the routing rule is

based on a QoS characteristic.

- 60 -
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15. The one or more computer-readable media of claim 9 or 10, wherein the computer
device, in response to execution of the instructions, is to:
determine a first link over which a first flow of the plurality of flows is to be
received and a second link over which a second flow of the plurality of flows is to be
S received;
obtain packets of the first flow from first communication circuitry used 1o
communicate over the first link; and
obtain packets of the second flow from second communication circuitry used to
commnicate over the second link, wherein the first link is different thao the second link
10
16. An apparatus to be implemented by base station (“B37), the apparatus comprising:
communication circuitry o
transmit a configuration message to establish a data radio bearer (“"DRB”),
and
15 transmit and receive packets of the DRB after the DRB is established; and
processor circuitry coupled with the communication circuitry, the processor
circuitry to:
instantiate one or more of packet data convergence protocol (“PDCP”)
entities in response (o establishment of the DRB, wherein individual PDCP entities
20 of the one or more of PDCP entities are {o process corresponding flows of the one
or more of flows;
classify obtained packets of the DRB into the one or more flows;
provide, to the individual PDCP entities of the one or more of PDCP

entities, the classified packets of the corresponding flows; and

S
i

operate the individual PDCP entities to re-order the classified packets

according t¢ information included in the classified packets.

17. The apparatus of claim 16, wherein, o classify the obtained packets of the DRB, the
Processor circuitry 1s to:

30 identify the obtained packets of the corresponding flows according to one or more
internet protocol (“IP7”) tuples or a combination of two or more 1P tuples, wherein the IP
tuples comprise a source 1P address, & source port, a destination I address, a destination
port, and a protocol type,

determine a flow identifier (“ID7) for the obtained packets; and
-61 -
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insert the flow ID into one of one or more most significant bits of a sequence
number (“SN™} field of a PBCP protocol data unit (“PDU™Y of a first packet of the
received packets, one or more least significant bits of the SN field of the PDCP PDU of
the first packet, or a value in a flow identifier field of the PDCP PDU or 2 PDCP body of

5 the first packet.

18. The apparatus of claim 16, wherein, to classify the obtained packets of the DRB, the
Processor circuitry 1s to:
identify the obtained packets of the corresponding flows according to one or more
10 Quality of Service ("Qo8”) characteristics, wherein the QoS characteristics comprise a
Qob class identifier {"QCT7), a bit rate, a delivery order, a reliability indication, a delay
characteristic, and a priority level;
determine a flow ID for the obtained packets; and
insert the flow [ into one of one or more most significant bits of an SN field of 2
15 PDCP PDU of a first packet of the received packets, one or more least significant bits of
the SN field of the PDCP PDU of the first packet, or a value in a flow identifier field of
the PDCP PDU or a PDCP body of the first packet.

19, The apparatus of claim 16, wherein, to classify the obtained packets of the DRB, the
20 processor circuilry 18 1o

identity a flow ID within individual packets of the obtained packets.

20. The apparatus of any one of claims 16-19, wherein, to instantiate the plurality of

PDCP entities, the processor circuitry is to:

S
i

create a default PDCP entity upon establishment of the DRB, wherein the default
PDCP entity is to process all packets of the DREB,

detect activation of a flow classification rule; and

create a first flow PDCP entity to process packets of a first flow based on the flow
classification rule,
30 wherein upon creation of the first flow PDCP entity, the default PDCP entity is to
cease processing the packets of the first flow and continue processing all other packets of

the DRB.

21. The apparatus of claim 20, wherein the processor circuitry 18 to:
- 62 -
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upon establishment of the DRB, implement the first PDCP entity to cipher or

decipher all packets of the DRB using a bearer identifier of the DRB or the identified flow
identifier; and

upon creation of the second PDCP entity, implement the second PDCP entity to

5 cipher or decipher the flow corresponding to the second PDCP entity using at least the

bearer identifier of the DRB or a flow identifier of the flow corresponding to the second

PDCP entity.

22. An apparatus to be implemented in a user equipment (“UE”), the apparatus

10 comprising:
communication circuitry to receive a configuration message to establish a data

radio bearer (“DRB”), and receive packets of the DRB after the DRB is established; and
processor circuitry coupled with the communication circuitry, the processor
circuitry fo:

15 determine, based on information in the configuration message, that the
DIRB is to be classified into individual flows of a one or more of flows;

create a default packet data convergence protocol (“PDCP”) entity upon
establishment of the DRB, wherein the default PDCP entity is to process all
packets of the DRE;

20 detect activation of a flow classification rule, wherein the flow
classification rule is to indicate that the DRB is to be classified into individual
flows of a plurality of flows;

create a first flow PDCP entity to process packets of a first flow of the

plurality of flows based on the flow classification rule, wherein upon creation of

S
i

the first flow PDCP entity, the default PDCP entity is to cease processing the
packets of the first flow and continue processing all other packets of the DRB;
classify obtained packets of the DRB as belonging to the first flow or
belonging to other flows of the plurality of flows; and
provide the classified packets belonging to the first flow to the first flow
30 PDCP entity and the classified packets belonging to the other flows to the defanlt

PDCP entity.

23. The apparatus of claim 22, wherein, to detect activation of the flow classification rule,

the processor circuitry 1s to
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detect a local activation of the flow classification rule, and wherein, to detect the
tocal activation of the flow classification rule, the processor circuitry is to:
determine a downlink (“D1”)} flow classification rule to map a downlink flow; or

determine an uplink (“UL™) flow classification rule to map an uplink flow.

24, The apparatus of claim 22, wherein the flow classification rule i3 a first flow
classification rule that corresponds with the first flow, and wherein the processor circuitry
is to:
detect activation of g second flow classification rule corresponding to a second
10 flow of the plurality of flows;
create a second flow PDCP entity to process packets of the second tlow based on
the second flow classification rale, wherein upon creation of the second flow PBUP entity,
the defauit PDCP entity is to cease processing the packets of the second flow and continue
processing all other packets of the DEB that do not belong to the first flow or the second
15 flow;
classity packets of the DRB received after creation of the second flow PBCP entity
as belonging to the first flow, belonging to the second flow, or belonging to the other
flows of the plurality of flows;
provide the classified packets belonging to the first flow to the first flow PDCP
20 entity;
provide the classified packets belonging to the second flow to the second flow
PDCP entity; and
provide the classified packets belonging to the other flows to the default PDCP

entity,

S
i

25. The apparatus of any one of claims 22-24, wherein the communication circuitry

comprises first communication cireuitry and second communication circuitry, and the
Processor circuitry 18 to:

identify a first link over which a first flow of the plurality of flows is to be received

30 and a second link over which a second flow of the plurality of flows i3 to be received,

wherein the first link 1s provided by a first BS and the second link is provided by a second

BS, and wherein the identification is based on an indication in the configuration message

or an indication in a received RRO message or a received NAS message;

- 64 -
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obtain packets of the first flow from the first communication circuitry used to
communicate with the first BS over the first link; and

obtain packets of the second flow from second communication circuitry used to
communicate with the second BS over the second link, wherein the first flow is a different

flow than the second flow, and the first link is different than the second link.
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INTERNATIONAL SEARCH REPORT

inlernational application No

PCT/USZ017 /026857

A. CLASSIFICATION OF SUBJECT MATTER

INV.  HOAW28/02
ADD. HOAW28/12 HOAW76,/02 HO4L12/851

Ascording o International Patent Classification (IPG) or to both national elassification and PG

2. FIELDS SEARCHED

Minimum documentation searched (slassification system followsd by classification symbols)

HOAW HOAL

Documentation searched other than minimum documentation to the extent that such decuments are insluded in the fields searched

Electrenic data base consulted during the intemational search {name of data base and, where practicable, search terms used)

EPO~Internal, COMPENDEX, WPI Data, INSPEC

C. DCCUMENTS CONSIDERED TO BE RELEVANT

Category” | Citation of document, with indication, where appropriate, of the relevant passages Relevant to ¢laim No.

X WO 2013/112084 Al (ERICSSON TELEFON AB L M 1-6,16,
[SE]; ERIKSSON ANN-CHRISTINE [SEl: 18,19
STIJERNHOLM) 1 August 2013 (2013-88-01)
page 5, line 7 - line 26

page 7, line 17 - line 28
page 8, line 26 - line 30
page 11, ling 9 - line 28
page 14, line 27 - line 29
page 15, ling 5 ~ line 34
page 16, Tine 25 - line 28
page 17, line 15 - line 25

figures 1-3,5-6

A US 201473416831 Al (MUTIKAINEN JARI [FI13 1-8,
20 November 2014 (2014-11-20) 16-21
paragraph (86181 - paragraph [0024]
figure 2

..!/.,..

Further documents are listed in the scontinuation of Box C. See paient family annex,

* Special categories of cited documents : _ i i i " X

*T" later document pubdlished after the intematicnal filing date or priority
date and notin conflict with the application but oited to understand
the principle or theory underlying the invention

A" ducument defining the general state of the art which is not considered

to be of particular relevanse
*E" earlier application or patent but published on or after the international

filing date "X decument of particular relevance; the claimed invention cannot be
;

considered novel or cannct be considerad to invoive an inventive
L° document which may throw doubts on priorty olaim(s) orwhish is siep when the document is taken alone
sited to establish the publication date of ancther sitation or cther

. oy "Y" document of particular relevance; the claimed invention cannot be
spesial reason (as specified) H

considered to involve an inventive step whern the dosument is

0¥ document referring to an oral disciesune, use, exhibition or other sombined with one ar more other such documents, such combination
means being okvious to a pereon skilied in the ant

P document published prier to the international filing date but later than
the priority date slaimed & document member of the same patent family

Date of the actusl sompietion of the intemational search Date of mailing of the international ssarch report

16 July 20817 1270972017

Name and mailing address of the ISA/ Authorized officer
Eurcpean Patent Offise, P.B. 5818 Patentlaan 2
WL - 2280 HV Rijswijk

1 (+31-7 2041 .
o S s Ruscitto, Alfredo

Form PCTASAIZTD {second sheet) (Apiii 2008) PetitionerS' EXhlblt 1002, p 21 2
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INTERNATIONAL SEARCH REPORT

inlernational application No

PCT/USZ017 /026857

C{Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category”

Citation of dosument, with indication, where appropriate, of the relevant passages

Relevant fc claim No.

A

"3 Generation Partnership Project;
Technical Specification Group Radio Access
Network: Evolved Universal Terrestrial
Radio Access {E-UTRA); Packet Data
Convergence Protocol {PDCP)} specification
{Release 13}",

3GPP STANDARD:; 3GPP TS 36.323, 3RD
GENERATION PARTNERSHIP PROJECT {3GPP},
MOBILE COMPETENCE CENTRE ; 656, ROUTE DES
LUCIOLES ; F-06921 SOPHIA-ANTIPOLIS CEDEX
: FRANCE,

vol. RAN WG2, no. V13.2.1,

11 July 2016 {(2016-07-11), pages 1-39,
XPBR1123667,
paragraph 4.2
Figure 4.2.1.1

Figure 4.2.2.1

MEDIATEK INC ET AL: “Remaining issues
with reflective GoS5 for NR®,

3GPP DRAFT; RZ-1700552 REMAINING ISSUES
WITH REFLECTIVE QOS5 FOR NR, 3RD GENERATION
PARTNERSHIP PROJECT ({3GPP}, MOBILE
COMPETENCE CENTRE ; 658, ROUTE DES
LUCIOLES ; F-06921 SOPHIA-ANTIPOLIS CEDEX
; FRA

vol. RAN WGZ, no. Spokane, USA; 26176117 -
26170118

17 Jdanuary 20817 {2017-01-17), XPO51211124,
Retrieved from the Internet:
URL:htip://www.3gpp.org/fip/Meetings 3GPP_
SYNC/RANZ/Bocs/

[retrieved on 2017-01-17]

paragraph 1

paragraph 2.1

paragraph 2.2

INTEL CORPORATION: "Supporting Next Gen
(oS in NR",

3GPP DRAFT; RZ2-160078-0Q0S-¥5, 3RD
GENERATION PARTNERSHIP PROJECT {3GPP},
MOBILE COMPETENCE CENTRE ; 658, ROUTE DES
LUCIOLES ; F-06921 SOPHIA-ANTIPOLIS CEDEX
: FRANCE

vol, RAN WG2, no. Reno, USA; 28161114 -
28161118

18 November 2016 (2016-11-18},
XPB51193505,

Retrieved from the Internet:
URL:hitp://www.3gpp.org/ftp/tsg ran/WG2 RL
2/TSGR2_96/Docs/

[retrieved on 2016-11-18]}

paragraph 2.2.2

paragraph 2.3

1-8,
16-21

1,16

1,16

Form PCTASAIZTD (continuation of second sheet) (April 2005)
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international application No.

INTERNATIONAL SEARCH REPORT PLT/US2817 /026857

Box No. il Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Ardicle 17(2){a) for the following reasons:

1. E:] Claims Nos.:

because they relate fo subject matter not required to be ssarched by this Authority, namely:

2. E:] Claims Nos.:

because they relale to parts of the international application that de not comply with the prescribed requirements fo such
an extent that no meaningful international search can be carried out, specifically:

3. E:] Claims Nos.:

bacause they are dependent claims and are not drafied in accordance with the second and third sentences of Rule 6.4(a).

Box Mo. il Observations where unity of invention is iacking {(Continuation of item 3 of tirst sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

see additional sheet

1. E:] As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

]

As all searchable claims coulid be searched without effort justifying an additional fess, this Authority did not invite payment of
additional {ees.

3. Ej As only some of the required additions! search fees were imely paid by the applicant, this international search report covers
only those claims for which fees were paid, specificaily claims Nos.:

4. E;[ No required additional search faes were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

1-8, 16-21
femark on Protest i The additional search fees were accompanied by the applicant’s protest and, where appiicable, the
i payment of a protest fee.
i The additional search fees were accompanied by the applicant’s protest but the applicable protest
 fee was not paid within the time limit specified in the invitation.
E i No protest accompanied the paymert of additional search fees.
Form PCTASA210 (continuation of {irst sheet {2)) (Aprii 2005) Petitioners' Exhibit 1002, p. 214
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international Application No. PCT/ US2017/ 026857

FURTHER INFORMATION CONTINUED FROM  PCTISA 210

This International Searching Authority found multiple {(groups of)}
inventions in this international appiication, as Tollows:

1. ¢laims: 1-8, 16-21

(F1} an apparatus to be implemented by base station, BS, the
apparatus comprising communication circuitry to (F2)
transmit a configuration message to establish a data radic
bearer, DRB, and {F3} transmit and receive packets of the
DRB after the DRB is established and {F4) processor
circuitry coupled with the communication circuitry, the
processor circuitry to instantiate one or more of packet
data convergence protocni, PDCP, entities in response to
establishment of the DRB, wherein individual PDCP entities
of the one or more of PDCP entities are o process
corresponding flows of the one or more of flows (F5)
classify obtained packets of the DRB into the one or more
fiows {F6} provide, to the individual PDCP entities of the
one or more of PDCP entities, the classified packets of the
corresponding flows and (F7) operate the individual PDCP
entities to re-order the classified packets according to
information included in the classified packets (F8) wherein,
to classify the obtained packets of the DRB, the processor
civcuitry is to identify the obtained packets of the
corresponding flows according to one or more internet
protocol, 1P, tuplies or a combination of two or more IP
tuples, wherein the IP tuples comprise a source IP address,
a source port, a destination IP address, a destination port,
and a protocel type according to the subject-matter of
independent claim 16 and the first part of dependent claim
17.

2. claims: 9-~15, 22-25%

(F9) an apparatus to be implemented in a user eguipment, UF,
the apparatus comprising communication circuitry to (F18)
receive a configuration message to establish a data radio
bearer, DRB, and (F1l1l} receive packets of the DRB after the
DRB is established and (F12} processor circuitry coupled
with the communication circuitry, the processor circuitry to
determine, based on information in the configuration
message, that the DRB is to be classified into individual
fiows of a one or more of flows (F13) create a default
packet data convergence protocel, PDCP, entity upon
establishment of the DRB, wherein the default PDCP entity is
to process all packets of the DRB {Fl4) detect activation of
a flow classification rule {F15) wherein the flow
classification rule is to indicate that the DRB is to be
classified into individual fTlows of a pluratity of flows
(F16) create a first flow PDCP entity to process packets of
a first flow of the plurality of flows based on the flow
classification rule {F17) wherein upon creation of the first
flow POCP entity, the default PDCP entity 1s to cease
processing the packets of the first flow and continue
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international Application No. PCT/ US2017/ 026857

FURTHER INFORMATION CONTINUED FROM  PCTISA 210

processing all other packets of the DRB (Fi8) classify
obtained packets of the DRB as belonging to the first flow
or belonging to other flows of the plurality of flows and
{F19) provide the classified packets belonging to the first
flow to the first flow PDCP entity and the classified
packets belonging to the other flows to the default PDCP
entity according to the subject-matter of independent claim

2e.

Petitioners' Exhibit 1002, p. 216
AT&T et al v. Asustek Technology
IPR2024-00997



INTERNATIONAL SEARCH REPORT

information on patent family members

inlernational application No

PCT/USZ017 /026857
Patent dosument Fublication Patent family Publication
cited in search report date member{s) date
Wl 2013112884 Al 01-08-2013  EP 2815616 Al 24-12-2014
s 2815898332 Al 09-04-2015
WO 2813112084 Al 01-08-2013
US 2014341631 Al 20-11-2014  HNONE

Form PCTASAIZTD (patent family annex) (April 2005)
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Document Description: Power of Altorney
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directed, the Power of Attorney will not Be recognized in the application.

Application Number Not Yet Assigned

Filing Date July 24, 2018

First Named Inventor

Li-Te Pan

Title

METHOD AND APPARATUS FOR SERVING QUALITY OF SERVICE
(QOS) FLOW IN A WIRELESS COMMUNICATION SYSTEM

Art Unit Not Yet Assigned

Examiner Name Not Yet ASS%Q ned

Attorney Docket Number §1426-221 101
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Name
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Registration
Number
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Title (if Applicantis a
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Applicant Name (if Applicant is a juristic entity)

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

*Total of forms are submitted.

This collection of information is required by 37 CFR 1,131, 1.32, and 1.33. The information is required to obtain or retain a benefit by
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Document Description: Power of Altorney Approved for use through 11/30/2014. GMB 0851-0051

U.S, Patent ang Trademark Office; U.8. DEPARTMENT OF COMMERCE

Under the Paperwark Reduction Act of 1885, no parsons are required to raspond to a collection of information urdess it displays a valid OMB control number

POWER OF ATTORNEY BY APPLICANT

| hereby revoke all previous powers of attorney given in the application identified in gither the atfached transmittal letter or
the boxes below.

Application Number Filing Date

{Noie: The boxes above may be left blank if information is provided on form PTO/AIA/S2A.)

| heraby appeint the Patent Practitioner(s) associated with the following Customer Number as my/our aftforney(s) or agent{s), and
to transact all business in the United States Patent and Trademark Office connecied therewith for the application referenced in
the attached transmittal letter (form PTO/AIA/B2A) or identified above:

oR 106622

[:] ¥ hereby appoint Practitioner(s} named in the attached list (form PTO/AIABZC) as my/our attorney(s) or agent{s), and to transact
ali business in the United States Patent and Trademark Office connected therewith for the patent application referenced in the
attached transmittal letter (form PTO/AIA/E2A) of identified above. (Note: Complete form PTO/AIABZC.)

Please recognize or change the correspondence address for the application identified in the atiached transmittal
tetter or the boxes above to:

E The address associated with the above-mentioned Custorner Number
OR

E] The address associated with Customer Number:
OR
Firm or
individual Mame

Address
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| Email :

Telephone

| arm the Applicant (if the Applicant is 2 juristic entity, list the Applicant name in the box):

inventor ar Joint Inventor {title not required below)
Legal Representative of a Deceased or Legally incapacitated Inventor (title not required below)

Agsignee or Person fo Whom the Inventor is Under an Cbligation to Assign {provide signer's title if applicant is a juristic entity)

Person Who Otherwise Shows Sufficient Propristary Inferest (e.g., a petition under 37 CFR 1.48(b)(2} was granted in the
application or is concurrently being filed with this document) {provide signer's title if applicant is a juristic entity)
SIGNATURE of Applicant for Patant

The undersigned (whose fitle is suppiied below) i authorized to gct}on behalf of the appiicant {e.g., whare the appiicant is a juristic entity). _—
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Signature LAL L RU‘\ LA 5] A LA Date (Optional) | Jé_ﬂ,&xj .7 ’\/Q D f\
Name MING-HSIU HSU ‘ { ‘
Title Director of ASUSTek Computer Inc.

NOTE: Signature ~ This form must be signed by the applicant in accordance with 37 CFR 1.33. See 37 CFR 1.4 for sighature reguirements
and cerifications. If more than one appficant, use multiple forms.

ETcta( of forms are submitted.
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicants: Li-Te Pan and Richard Lee-Chee Kuo

Title: METHOD AND APPARATUS FOR SERVING QUALITY OF
SERVICE (QOS) FLOW IN A WIRELESS COMMUNICATION
SYSTEM

Serial No.: TBD Filed: Herewith

Examiner: TBD Group Art Unit: TBD

Attorney Docket No.: 1291-221.101 (1060196-US)

CERTIFICATE OF EFS-WEB TRANSMISSION
UNDER 37 CFR § 1.8

I hereby certify that the enclosed _1 Page Utility Transmittal; 1 Page Fee Transmittal; 8

Page Application Data Sheet; 56 Page Specification; 12 Page Drawings: 2 Page executed

Declaration; 2 Page Information Disclosure Statement by Applicant with 2 references:; and 2

Page Power of Attorney are being transmitted to the United States Patent and Trademark Office
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PTO/AIA/4
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Attorney Docket Number 1426-221.101

Application Data Sheet37 CFR 1.76

Application Number

Title of Invention METHOD AND APPARATUS FCR SERVING QUALITY OF SERVICE (QOS) FLOW IN A WIRELESS COMMUNICATION 5YSTEM

The application data sheet is part of the provisional or nonprovisional application for which it is being submitted. The following form contains the
biblicgraphic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76.

This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the document
may be printed and included in a paper filed application.

Secrecy Order 37 CFR 5.2:

Portions or all of the application associated with this Application Data Sheet may fall under a Secrecy Order pursuant to 37
] CFR 5.2 (Paper filers only. Applications that fall under Secrecy Order may not be filed electronically.)

Inventor Information:

Inventor 1

Legal Name
Prefix| Given Name Middle Name Family Name Suffix
Li-Te Pan

Residence Information (Select One) () US Residency (® Non USResidency (O Active US Military Service

City Taipei City Country of Residence i ™

Mailing Address of Inventor:

Address 1 No. 15, Lite Rd., Peitou District

Address 2

City | Taipei City 112 | State/Province | or

Postal Code Country i ™

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
Richard Lee-Chee Kuo

Residence Information (Select One) () US Residency (® Non USResidency (O Active US Military Service

City Taipei City Country of Residence i ™

Mailing Address of Inventor:

Address 1 No. 15, Lite Rd., Peitou District

Address 2

City Taipei City 112 | State/Province | oT
Postal Code | Country i ™

All Inventors Must Be Listed - Additional Inventor Information blocks may be generated

within this form by selecting the Add button.
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PTO/AIA/14 (08-15)

Approved for use through 04/30/2017. OMB 0651-0032

U.5. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of infermation unless it contains a valid OMB control number.

Attorney Docket Number 1426-221.101

Application Data Sheet37 CFR 1.76

Application Number

Title of Invention METHOD AND APPARATUS FCR SERVING QUALITY OF SERVICE (QOS) FLOW IN A WIRELESS COMMUNICATION SYSTEM

Correspondence Information:

Enter either Customer Number or complete the Correspondence Information section below.
For further information see 37 CFR 1.33(a).

[ ] An Address is being provided for the correspondence Information of this application.

Customer Number 106622

Email Address | Add Email | | Remove Email

Application Information:

Title of the Invention éllcl;\I'AI-'I\AOLIJ:)N.'i\(I:\IAI?rIﬁé)PI\IIDlé\YRSA_iI_'éJI\;J'II FOR SERVING QUALITY OF SERVICE (QOS) FLOW IN A WIRELESS
Attorney Docket Number | 1426-221.101 Small Entity Status Claimed []
Application Type Nenprovisional

Subject Matter UHility

Total Number of Drawing Sheets (if any) 12 Suggested Figure for Publication (if any)

Filing By Reference:

Only complete this section when filing an application by reference under 35 U.S.C. 111(c} and 37 CFR 1.57{a). Do not complete this section if
application papers including a specification and any drawings are being filed. Any domestic benefit or foreign priority information must be
provided in the appropriate section{s) below (i.e., "Domestic Benefit/National Stage Information” and “Foreign Priority Information®).
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(57) Abstract: The present disclosure relates o a communication method
and system for converging a 5th-Generation (5G) communication system
for supporting higher datarates beyond a 4th-Generation (4G) system with
a technology for Internet of Things (IoT). The present disclosure may be
applied to intelligent services based on the 5G communication technology
and the IoT-related technology, such as smart home, smart building, smart
city, smart car, connected car, health care, digital education, smart retail,
security and safety services. Embodiments herein disclose a UE for man-
aging a data communication in a wireless communication network. The
UE includes a DRB management unit configured to determine a DRB for
transmitting a packet based on QoS flow identifier and a PDU session as-
sociated with the packet and mapping of the QoS flow identifiers to the
DRBs for each established PDU session. The DRB management unit per-
forms one of mapping the packet to an established non-default DRB if the
list of one or more QoS flow identifiers associated with the DRB includes
the QoS flow identifier of the packet and the DRB is associated with the
PDU session of the packet, and mapping the packet to a default DRB as-
sociated with the PDU session of the packet if none of the established non-
default DRBs is associated with the PDU session and the QoS flow iden-
tifier of the packet.
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Description
Title of Invention: METHOD AND APPARATUS FOR

MANAGING DATA COMMUNICATION IN WIRELESS COM-

[1]

[2]

[3]

MUNICATION NETWORK
Technical Field

The present disclosure relates to a wireless communication system. More particularly
related to a method and apparatus for managing data communication in a next
generation communication system such as 5G wireless communication system.
Background Art

To meet the demand for wireless data traffic having increased since deployment of
4G communication systems, efforts have been made to develop an improved 5G or
pre-5G communication system. Therefore, the 5G or pre-5G communication system is
also called a 'Beyond 4G Network' or a 'Post LTE System'. The 5G communication
system is considered to be implemented in higher frequency (mmWave) bands, e.g.,
60GHz bands, so as to accomplish higher data ratcs. To dccrcasc propagation loss of
the radio waves and increase the transmission distance, the beamforming, massive
multiple-input multiple-output (MIMO), Full Dimensional MIMO (FD-MIMO), array
antenna, an analog beam forming, large scale antenna techniques are discussed in 5G
communication systems. In addition, in 5G communication systems, development for
system network improvement is under way based on advanced small cells, cloud Radio
Access Networks (RANSs), ultra-dense networks, device-to-device (D2D) commu-
nication, wireless backhaul, moving network, cooperative communication, Co-
ordinated Multi-Points (CoMP), reception-end interference cancellation and the like. In
the 5G system, Hybrid FSK and QAM Modulation (FQAM) and sliding window su-
perposition coding (SWSC) as an advanced coding modulation (ACM), and filter bank
multi carricr (FBMC), non-orthogonal multiplc access(NOMA), and sparsc codc
multiple access (SCMA) as an advanced access technology have been developed.

The Internet, which is a human centered connectivity network where humans
generate and consume information, is now evolving to the Internet of Things (IoT)
where distributed entities, such as things, exchange and process information without
human intervention. The Internet of Everything (IoE), which is a combination of the
IoT technology and the Big Data processing technology through connection with a
cloud server, has emerged. As technology elements, such as "sensing technology",
"wired/wireless communication and network infrastructure", "service interface
technology", and "Security technology" have been demanded for IoT implementation,

a sensor network, a Machine-to-Machine (M2M) communication, Machine Type Com-
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munication (MTC), and so forth have been recently researched. Such an IoT en-
vironment may provide intelligent Internet technology services that create a new value
to human life by collecting and analyzing data generated among connected things. IoT
may bc applicd to a varicty of ficlds including smart home, smart building, smart city,
smart car or connecled cars, smart grid, health care, smart appliances and advanced
medical services through convergence and combination between existing Information
Technology (IT) and various industrial applications.

In line with this, various attempts have been made to apply 5G communication
systems to IoT networks. For example, technologies such as a sensor network,
Machine Type Communication (MTC), and Machine-to-Machine (M2M) commu-
nication may be implemented by beamforming, MIMO, and array antennas. Ap-
plication of a cloud Radio Access Network (RAN) as the above-described Big Data
processing tecchnology may also be considered to be as an example of convergence
between the 5G technology and the IoT technology.

Several broadband wireless technologies have been developed to meet the growing
number of broadband subscribers and to provide more and better applications and
services. The second generation wireless communication system has been developed to
provide voice services while ensuring the mobility of users. The third generation
wireless communication system supports not only a voice service but also data service.
In recent years, the fourth wireless communication system has been developed to
provide high-speed data service. However, currently, the fourth generation wireless
communication system suffers from lack of resources to meet the growing demand for
high speed data services. So [ilth generation wireless communication system is being
developed to meet the growing demand for high speed data services, support ultra-
reliability and low latency applications and support a massive machine type commu-
nication.

In an existing system, a bearer service architecture to support QoS is shown in the
FIG. 1. An Evolved Packet Service (EPS) bearer is established between a user
equipment (UE) 110 and a Public Data Network (PDN) gateway for the transportation
of an application packet (or an internet protocol (IP) packet). The EPS bearer is a
bearer corresponding to an IP packet flow (or a service data flow) with a defined QoS
between the UE 110 and the PDN gateway. The EPS bearer may be bidirectional or
unidirectional. Multiple EPS bearers can be established for the UE 110 in order to
provide different QoS streams or conneclivity to different PDNs. In an example, a user
might be engaged in a voice call (i.e., VoIP call) while at the same time performing
web browsing or File Transfer Protocol (FTP) download. A VolP EPS bearer would
provide the necessary QoS for the voice call, while a best-effort EPS bearer would be

suitable for the web browsing or the FTP session.
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[7]

[8]

[9]

[10]

[11]

One EPS bearer and EUTRA Radio Access Bearer (E-RAB) is established when the
UE 110 connects to the PDN, and that remains established throughout the lifetime of
the PDN connection to provide the UE 110 with always-on IP connectivity to that
PDN. This bcarer is referred to as the default EPS bearcr. Any additional EPS bcarer/
E-RAB that is established to the same PDN is relerred (o as a dedicated bearer. The
initial bearer level QoS parameter values of the default bearer are assigned by the
network, based on a subscription data. The decision to establish or modify the
dedicated bearer can only be taken by the EPC, and the bearer level QoS parameter
values are always assigned by the EPC.

The EPS bearer/E-RAB is the level of granularity for bearer level QoS control in the
network. That is, service data flows (SDFs) mapped to the same EPS bearer receive the
same bearer level packet forwarding treatment (e.g. scheduling policy, queue
management policy, rate shaping policy, RLC configuration, ctc.).

The EPS bearer/E-RAB is referred to as a Guaranteed Bit Rate (GBR) bearer if the
dedicated network resources related to a GBR value that is associated with the EPS
bearer/E-RAB are permanently allocated (e.g. by an admission control function in the
eNodeB) at the bearer establishment/modification. Otherwise, the EPS bearer/E-RAB
is referred to as a Non-GBR bearer. The dedicated bearer can either be the GBR or the
Non-GBR bearer while a default bearer shall be a Non-GBR bearer.

Applications/IP flows or SDFs are mapped to the EPS bearer based on a packet clas-
sification rule or a Traffic Flow Template (TFT) i.e. source IP address, destination IP
address and port number of the IP flow or the SDF. An UL TFT in the UE 110 binds
the SDF to an EPS bearer in an uplink (UL) direction. Multiple SDFs can be mul-
tiplexed onto the same EPS bearer by including multiple uplink packet filters in the UL
TFT. A DL TFT in the PDN GW 140 binds the SDF to the EPS bearer in a downlink
(DL) direction. Multiple SDFs can be multiplexed onto the same EPS bearer by
including multiple downlink packet filters in the DL TFT. An E-RAB transports the
packets of the EPS bearer between the UE 110 and the EPC. When the E-RAB exists,
there is a one-to-one mapping between the E-RAB and the EPS bearer. A data radio
bearer transports the packets of the EPS bearer between the UE 110 and the one or
more eNB(s) 120. When a data radio bearer exists, there is a one-to-one mapping
between the data radio bearer and the EPS bearer/E-RAB.

Further, a S1 bearer transports the packets of an E-RAB between the eNodeB 120
and a serving GW 130. A S5/S8 bearer transports the packets of the EPS bearer
between the serving GW 130 and the PDN GW 140. The UE 110 stores the mapping
between an uplink packet filter and a data radio bearer to create the binding between
the SDF and the data radio bearer in the uplink. The PDN GW 140 stores a mapping

between a downlink packet filter and the S5/S8a bearer to create the binding between
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[13]

[14]

the SDF and the S5/S8a bearer in the downlink. Further, the eNB 120 stores a one-
to-one mapping between the data radio bearer and the S1 bearer to create the binding
between the data radio bearer and the S1 bearer in both the uplink and downlink.
Further, the serving GW 130 stores the one-lo-one mapping between the S1 bearer and
the S5/S8a bearer to create the binding between the S1 bearer and the S5/S8a bearer in

both the uplink and downlink.
The data radio bearer and the S5/58 bearer corresponding to each EPS bearer is es-

tablished when the UE 110 enters the RRC connected state from an IDLE state. A new
data radio bearer can be setup during the connected state if a new EPS bearer is es-
tablished. An existing data radio bearer is released during connected state if a corre-
sponding EPS bearer is released. All data radio bearers are released when RRC
connection is released. The EPS bearer ID, a PDCP configuration, the RL.C con-
figuration and a logical channcl configuration arc providced by thc ¢cNB 120 in the RRC
connection reconfiguration message when the DRB is established. The EPS bearers
configuration provided by a NAS signaling included an EPS bearer ID, QoS info and
TFT.

Disclosure of Invention

Technical Problem

In the existing bearer concept, the SDFs with same characteristic are mapped to same
bearer. An Over-the-air (OTA) services are mapped to same best effort EPS bearer. If
the SDFs of difference scrvices arc mixed together in the same bearer then service
"starvation or blockage", i.e. a large chunk of data in the buffer delays packets
belonging to a different service or delays in TCP connection establishment process
when the TCP connection request/response packets get to end of the queue. In the next
generation communication design it is proposed to remove EPS bearer to reduce
signaling overhead and to provide more QoS granularity. The OTA services can be
treated differently if operator desires to do so. The flow based QoS framework is being
developed. In a flow based QoS framework, the PDU session is established between
the UE 110 and the data network. The PDU session may carry multiple flows requiring
QoS differentiation. The QoS differentiation between several flows multiplexed on the
same PDU session is provided by means of QoS marking applied to each packet. In the
flow based QoS framcwork, cxisting mcthods of cstablishing the data radio bearcrs and
mapping packets (o the data radio bearers cannol be used as the EPS bearer is not es-
tablished between the UE 110 and the PDN. In the flow based QoS framework, there is
needed a robust method and apparatus for establishing the data radio bearer and
mapping the packets of the PDU session to the data radio bearer in the DL and the UL.

Thus, it is desired to address the above mentioned disadvantages or other
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shortcomings or at least provide a useful alternative.
Solution to Problem

Embodiments herein disclose a method for managing a data communication in a
wireless communication network. The method includes receiving, by a gNodeB, a
plurality of packets of at least one QoS flow from a network entity. A QoS flow
identifier (QFI) associated with the at least one QoS flow is received in a header of
each packet. Further, the method includes mapping, by the gNodeB, each received
packet of the at least one QoS flow to a DRB. The at least one QoS flow is mapped to
thc DRB bascd on the QFI associated with the at Icast onc QoS flow.

In an embodiment, the plurality of packets of the at least one QoS [low is received,
by the gNodeB, from the network entity by receiving the packet on at least one PDU
tunnel between the gNodeB and the network entity. The PDU tunnel is separate for
receiving the plurality of packets of the at least one QoS flow of each PDU session.

In an embodiment, each received packet from the network entity of the at least one
QoS flow is mapped, by the gNodeB, to the DRB by mapping the received packet to an
already established DRB if the list of at least one QoS flow identifiers associated with
the established DRB includes the QoS flow identifier of the received packet and the es-
tablished DRB is associated with the PDU session of the received packet.

In an embodiment, each received packet [rom the network entity ol the QoS flow is
mapped, by the gNodeB, to the DRB by establishing a new DRB if none of the es-
tablished DRBs is associated with the PDU session and the QoS flow of the received
packet, transmit a signaling message including the DRB configuration of new DRB to
a User Equipment (UE), wherein the DRB configuration includes one or more of the
PDU session identifier and a list of one or more QoS flow identifiers of the QoS flows
associated with the DRB, and mapping the received packet to newly established DRB.

In an embodiment, each received packet from the network entity of the QoS flow is
mapped to the DRB by updating configuration of an already established DRB as-
sociated with the PDU session of the received packet if none of the established DRBs
for the PDU session of received packet is associated with the QoS flow of the received
packet, where the QoS flow identifier of the received packet is added to the list of QoS
flow identifiers of the updated DRB, transmitting the signaling message including the
DRB configuration of the updated DRB to the UE, where the DRB configuration
includes the at least one of the PDU session identifier and a list of at least one of QoS
tflow identifiers of the QoS flows associated with the DRB, and mapping the received
packet to the updated DRB.

In an embodiment, the QoS flow is mapped to only onc DRB.

In an embodiment, the DRB is mapped (o the at least one QoS flow of same PDU
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session.
[22] In an embodiment, each of the DRB defines a packet forwarding treatment on a radio

[23]

[24]
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[29]

[30]

[31]

interface to data exchange between the UE and the gNodeB in the wireless commu-
nication nctwork.

In an embodiment, the plurality of packets of the at least one QoS [low is received,
by the gNodeB (i.e., target gNodeB), from another gNodeB (i.e., source gNodeB). The
QoS flow identifier associated with each packet is also received by the gNodeB from
another gNB.

In an embodiment, the plurality of packets of the at least one QoS flow is received,
by the gNodeB (i.e., target gNodeB), from another gNodeB (i.e., source gNodeB). The
QoS flow identifier and the PDU session identifier of PDU session associated with
each packet is also received by the gNodeB from another gNodeB.

Embodiments herein disclosc a mcthod for managing a data communication in a
wireless communication network. The method includes determining, by a UE, a DRB
for transmitting a packet based on a QoS flow identifier and a PDU session associated
with the packet and mapping of the QoS flow identifiers to the DRBs for each es-
tablished PDU session. Further, the method includes performing by the UE one of:
mapping the packet to an established non-default DRB if the list of at least one of QoS
flow identifiers associated with the DRB includes the QoS flow identifier of the packet
and the DRB is associated with the PDU session of the packet, and mapping the packet
to a default DRB associated with the PDU session of the packet if none of the es-
tablished non-default DRBs is associated with the PDU session and the QoS flow
identifier of the packet. Further, the method includes transmitling the packet over the
mapped DRB.

In an embodiment, the UE receives mapping of the QoS flow identifiers to the DRBs
for each established PDU session from the gNodeB in a signaling message.

In an embodiment, the UE receives the PDU session identifier and a list of at least
one of QoS flow identifiers associated with each DRB from the gNodeB in the
signaling message.

In an embodiment, the UE receives a list of at least one of QoS flow identifiers as-
sociated with each DRB from the gNodeB in the signaling message.

In an embodiment, the UE receives from the gNodeB the default DRB configuration
associated with the PDU session in the signaling message.

In an embodiment, the UE receives [rom the gNodeB configuration of a default DRB
associated with the PDU session in a signaling message after the establishment of RRC
connection.

In an embodiment, the UE includes at least one of the QoS flow identifier and the

PDU session identifier in a packet header of the packet transmitted on the default
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[32] In an embodiment, on receiving a packet on default DRB, the gNodeB establishes a

[33]

[34]

[35]

[36]

new DRB for the QoS flow identifier and the PDU session identifier received in the
packet hcader of the packet received on the default DRB. Further, the gNodeB
transmilts a signaling message including the DRB conliguration of new DRB, where
the DRB configuration includes one or more of a PDU session identifier and a list of
one or more QoS flow identifiers of the QoS flows associated with the DRB.

In an embodiment, on receiving a packet on default DRB, the gNodeB establishes a
new DRB for the QoS flow identifier received in the packet header of the packet
received on the default DRB. Further, the gNodeB transmits a signaling message
including the DRB configuration of new DRB, where the DRB configuration includes
a list of one or more QoS flow identifiers of the QoS flows associated with the DRB.

In an embodiment, on rccciving a packet on default DRB, the gNodeB updatcs an
already established DRB corresponding to the PDU session identifier received in the
packet header of packet received on the default DRB. The QoS flow identifier of the
packet received on the default DRB is added to the list of the QoS flow identifiers of
the updated DRB. Further, the gNodeB transmits a signaling message including the
DRB configuration of the updated DRB, where the DRB configuration includes one or
more of the PDU session identifier and a list of one or more QoS flow identifiers of the
QoS Flows associated with DRB.

In an embodiment, on receiving a packet on default DRB, the gNodeB updates an
already established DRB. The QoS flow identifier of the packet received on the default
DRB is added to the list of the QoS [low idenltifiers of the updated DRB. Further, the
gNodeB transmits a signaling message including the DRB configuration of the updated
DRB, where the DRB configuration includes a list of one or more QoS flow identifiers
of the QoS Flows associated with DRB.

Embodiments herein disclose an apparatus for managing a data communication in a
wireless communication network. The apparatus includes a processor and a memory to
store DRB configurations. A DRB management unit is coupled to the memory and the
processor. The DRB management unit is configured to receive a plurality of packets of
at least one QoS flow from a network entity. A QoS flow identifier associated with the
at least one QoS flow is received in a header of each packet. The DRB management
unit is configured to receive a plurality of packets of the at least one QoS flow from
another gNodeB (i.e., source gNodeB). At least one of QoS [low identifier and PDU
session identifier of the PDU session associated with each packet is also received.
Further, the DRB management unit is configured to map each received packet of the at
least one QoS flow to the DRB. The at least one QoS flow is mapped to the DRB

based on the ID associated with the at least one QoS flow and a QoS parameter.
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Embodiments herein disclose a UE for managing a data communication in a wireless
communication network. The UE includes a processor and a memory to store a DRB
configuration received from a gNodeB in the wireless communication network. A
DRB management unit is coupled to the memory and the processor. The DRB
management unit is configured to determine a DRB for transmitting a packet based on
a QoS flow identifier and a PDU session associated with the packet and mapping of the
QoS flow identifiers to the DRBs for each established PDU session. Further, the UE is
configured to perform one of: map the packet to an established non-default DRB if the
list of at least one of QoS flow identifiers associated with the DRB includes the QoS
flow identifier of the packet and the DRB is associated with the PDU session of the
packet, and map the packet to a default DRB associated with the PDU session of the
packet if none of the established non-default DRBs is associated with the PDU session
and the QoS [low identifier of the packel. Further, the UE is configured (o transmit the
packet over the mapped DRB.

These and other aspects of the embodiments herein will be better appreciated and un-
derstood when considered in conjunction with the following description and the ac-
companying drawings. It should be understood, however, that the following de-
scriptions, while indicating preferred embodiments and numerous specific details
thereof, are given by way of illustration and not of limitation. Many changes and modi-
fications may be made within the scope of the embodiments herein without departing
from the spirit thereof, and the embodiments herein include all such modifications.
Advantageous Effects of Invention

The principal object of the embodiments herein is to provide a method and apparatus
for managing a data communication in a next generation wireless communication
system.

Another object of the embodiments herein is to receive, by a gNodeB, a plurality of
packets of one or more QoS flows from a network entity.

Another object of the embodiments herein is to map, by the gNodeB, each received
packet of one or more QoS flows to a DRB.

Another object of the embodiments herein is to determine, by the UE, the DRB for
transmitting the packet based on the QoS flow identifier and a PDU session associated
with the packet and mapping of the QoS flow identifiers to the DRBs for each es-
tablished PDU session.

Another object of the embodiments herein is to receive the mapping of the QoS flow
identifiers to the DRBs for each established PDU session from the gNodeB in a
signaling messagc.

Another object of the embodiments herein is to map, by the UE, the packet (o an es-
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tablished non-default DRB if the list of one or more QoS flow identifiers associated
with the DRB includes the QoS flow identifier of the packet and the DRB is associated

with the PDU session of the packet.
Another objcct of the cmbodiments hercin is to map, by the UE, the packet to a

deflault DRB associated with the PDU session of the packet il none of the established
non-default DRBs is associated with the PDU session and the QoS flow identifier of
the packet.

Another object of the embodiments herein is to transmit, by the UE, the packet over
the mapped DRB.

Brief Description of Drawings

This method is illustrated in the accompanying drawings, throughout which like
reference letters indicate corresponding parts in the various figures. The embodiments
herein will be better understood from the following description with reference to the
drawings, in which:

FIG. 1 illustrates an EPS bearer service architecture, according to a prior art;

FIG. 2 is an overview of a system for managing a data communication in a wireless
communication network, according to an embodiment as disclosed herein;

FIG. 3 illustrates various components of a gNodeB, according to an embodiment as
disclosed herein;

FIG. 4 illustrates various components of a UE, according to an embodiment as
disclosed herein;

FIG. 5 is a flow diagram illustrating a method for managing, by the gNodeB, a data
communication in the wireless communication network, according to an embodiment
as disclosed herein;

FIG. 6 is a flow diagram illustrating a method for managing, by the UE, the data
communication in the wireless communication network, according to an embodiment
as disclosed herein;

FIG. 7 is a sequence diagram illustrating various operations performed for es-
tablishing a data radio bearer and mapping packets to the DRBs in an uplink (UL),
according to an embodiment as disclosed herein;

FIG. § is a sequence diagram illustrating various operations for establishing the data
radio bearer and mapping packets of QoS flows to DRBs, according to an embodiment
as disclosed herein;

FIG. 9 is a sequence diagram illustrating various operations performed for es-
tablishing the data radio bearer in the UL, where the PM/QFI and PDU session
identificr is included in a BSR, according to an ecmbodiment as discloscd herein;

FIG. 10 is a sequence diagram illustrating various operations performed [or es-
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tablishing one or more DRBs, according to an embodiment as disclosed herein;
F1G. 11 is a sequence diagram illustrating various operations performed for es-

tablishing one or more DRBs in a DL, according to an embodiment as disclosed
herein;

FIG. 12 is a sequence diagram illustrating various operations performed [or es-
tablishing one or more DRBs in the UL, according to an embodiment as disclosed
herein;

FIG. 13 is a sequence diagram illustrating various operations performed for the DRB
setup in the DL, according to an embodiment as disclosed herein; and

FIG. 14 is a sequence diagram illustrating various operations performed for es-
tablishing the data radio bearer in the DL, according to an embodiment as disclosed

herein.

Mode for the Invention

The embodiments herein and the various features and advantageous details thereof
are explained more fully with reference to the non-limiting embodiments that are il-
lustrated in the accompanying drawings and detailed in the following description. De-
scriptions of well-known components and processing techniques are omitted so as to
not unnecessarily obscure the embodiments herein. Also, the various embodiments
described herein are not necessarily mutually exclusive, as some embodiments can be
combined with one or more other embodiments to form new embodiments. The term
"or" as used herein, refers to a non-exclusive or, unless otherwise indicated. The
examples used herein are intended merely to facilitate an understanding of ways in
which the embodiments herein can be practiced and to further enable those skilled in
the art to practice the embodiments herein. Accordingly, the examples should not be
construed as limiting the scope of the embodiments herein.

As is traditional in the field, embodiments may be described and illustrated in terms
of blocks which carry out a described function or functions. These blocks, which may
be referred to herein as managers, units or modules or the like, are physically im-
plemented by analog and/or digital circuits such as logic gates, integrated circuits, mi-
croprocessors, microcontrollers, memory circuits, passive electronic components,
active electronic components, optical components, hardwired circuits and the like, and
may optionally be driven by firmware and software. The circuits may, for example, be
embodied in one or more semiconductor chips, or on substrate supports such as printed
circuit boards and the like. The circuits constituting a block may be implemented by
dedicated hardware, or by a processor (e.g., one or more programmed microprocessors
and associated circuitry), or by a combination of dedicated hardwarc to perform some

[unctions of the block and a processor (o perform other functions of the block. Each
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block of the embodiments may be physically separated into two or more interacting
and discrete blocks without departing from the scope of the disclosure. Likewise, the
blocks of the embodiments may be physically combined into more complex blocks
without dcparting from the scope of the disclosurc.

The term "first" and "second" herein are used merely [or labeling purpose and can be
used interchangeably without departing from the scope of the embodiments. It is to be
noted that terms, QoS packet markings or QoS markings or QoS ID or packet marking
or QoS descriptor is used interchangeably throughout the description. It is to be noted
that the QoS packet marking or the QoS marking or the QoS ID or packet marking or
the flow descriptor or the QoS descriptor identifies a set of QoS parameters. The
proposed method have described the invention using the packet marking (PM),
however it is equally applicable for QoS packet marking or QoS marking or QoS ID or
packet marking or flow descriptor.

Accordingly embodiments herein disclose a UE for managing a data communication
in a wireless communication network. The UE includes a processor and a memory to
store a DRB configuration received from a gNodeB in the wireless communication
network. A DRB management unit is coupled to the memory and the processor.
Further, the DRB management unit is configured to determine a DRB for transmitting
the packet based on the QoS flow identifier and a PDU session associated with the
packet and mapping of the QoS flow identifiers to the DRBs for each established PDU
session. The DRB management unit is configured to perform one of mapping the
packet to an established non-default DRB if the list of one or more QoS flow
identifiers associated with the DRB includes the QoS [low identifier of the packet and
the DRB is associated with the PDU session of the packet, and mapping the packet to a
default DRB associated with the PDU session of the packet if none of the established
non-default DRBs is associated with the PDU session and the QoS flow identifier of
the packet. Further, the DRB management unit is configured to transmit the packet
over the mapped DRB.

The proposed method can be used to reduce the signaling overhead and to provide
more QoS granularity by eliminating the EPS bearer concept in the next generation
wireless communication system (e.g., 5G wireless communication system or the like).

Unlike the conventional methods and the conventional systems, the RAN provides
the mapping between the DRBs and the QoS flows. Multiple QoS flows can be
mapped (o same DRB. In UL, the UE maps the QoS (lows to the DRBs based on
mapping received from the RAN. Further, the UE receives packet in the UL from a
higher layer. The UE receives the PM associated with packet along with the packet.
Further, the UE maps the packet to a default DRB if the DRB does not exist for PM as-
sociated with the DRB. Further, the UE also adds the packet marking in a header of the
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packet sent on default DRB. Further, the UE adding packet marking in the packet
header of packet is transmitted to the gNB. The gNB adding packet marking in the
packet header of packet is transmitted to a CN

In the uplink, the UE marks uplink packets over a Uu interface with the QoS flow
identifier for the purposes ol marking forwarded packets to the CN as described in the
3GPP standard TR 38.804 and the 3GPP standard TS 38.300.

Referring now to the drawings, and more particularly to FIGS. 2 through 14, there
are shown preferred embodiments.

FIG. 2 is an overview of a system for managing a data communication in a wireless
communication network, according to an embodiment as disclosed herein. In an em-
bodiment, the system includes a UE 110, a gNodeB 120, a network entity 160. The UE
110 may also include or be referred to by those skilled in the art as a mobile station, a
subscriber station, a mobilc unit, a subscriber unit, a wircless unit, a rcmotc unit, a
mobile device, a wireless device, a wireless communications device, a remote device, a
mobile subscriber station, an access terminal, a mobile terminal, a wireless terminal, a
remote terminal, a handset, a user agent, a mobile client, a client, or some other
suitable terminology.

The UE 110 can be, for example, but not limited to a cellular phone, a smart phone,
a Personal Digital Assistant (PDA), a wireless modem, a wireless communication
device, a handheld device, a tablet computer, a laptop computer, a wireless local loop
(WLL) station, a Universal Serial Bus (USB) dongle, a wireless router, etc.

The gNodeB (GNB) 120 may also include or be referred to by those skilled in the art
as a SG eNB, a base station, a base (ransceiver station, a radio base station, an access
point, a radio transceiver, an eNB or some other suitable terminology.

The next generation communication system supports a PDU Connectivity Service i.e.
a service that provides exchange of PDUs between the UE 110 and a data network
(DN) (not shown). The PDU connectivity service is supported via PDU sessions that
are established upon request from the UE 110. The PDU session is an association
between the UE 110 and the DN that provides a PDU connectivity service. Each PDU
session supports a single PDU session type i.e. supports the exchange of a single type
(e.g. IPv4, 1Pv6, Ethernet, etc.,) of the PDU requested by the UE 110 at the estab-
lishment of the PDU session. The PDU sessions are established (upon UE 110
request), modified (upon UE 110 and network request) and released (upon UE 110 and
network request) using a Non Access Stratum (NAS) session management signaling
exchanged between the UE 110 and a Session Management Function (SMF) in a core
network (CN) (not shown). In the next generation communication system, for data
communication, the UE 110 may establish one or more PDU sessions, to the same DN
or to different DNs. Each PDU session is identified by a PDU session identifier.
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In case of non-roaming, packets of the PDU session in the uplink (UL) direction
traverses from the UE 110 to a RAN (or gNodeB) 120 over a radio interface, the RAN
(or gNodeB) 120 to a User Plane Function (UPF) over a N3 interface and from the
UPF to the DN over a N6 interfacc. In casc of roaming, the packets of PDU session in
the UL traverses [rom the UE 110 to the RAN (or gNodeB) 120 over the radio
interface, the RAN (or gNodeB) 120 to the UPF in a visiting PLMN over the N3
interface, the UPF in the visiting PLMN to the UPF in a home PLMN over a N9
interface and from the UPF in the home PLMN to the DN over a N6 interface. In case
of non-roaming, the packets of PDU session in a downlink (DL) traverses from the DN
to the UPF over the N6 interface, the UPF to the RAN (or gNodeB) 120 over a N3
interface, the RAN (or gNodeB) 120 to the UE 110. In case of roaming, the packets of
the PDU session in the DL traverses from the DN to the UPF in a Home PLMN over
the N6 interface, the UPF in the home PLMN to the visiting PLMN over a N9
interface, the UPF in the visiting PLMN to the RAN (or gNodeB) 120 over the N3
interface, the RAN (or gNodeB) 120 to the UE 110.

Further, the packets of the PDU session may require different QoS treatment. The
QoS flow is the finest granularity of the QoS differentiation in the PDU session. The
packets of the PDU session which require same QoS treatment constitute the QoS
flow. There can be several QoS flows per PDU session. A QoS flow identifier (ID) (or
QoS Marking or QoS ID or QoS descriptor or packet marking) is used to identify the
QoS flow. The QoS Flow ID is unique within the PDU session. A user plane traffic
with the same QoS Flow ID within the PDU session receives the same traffic
[orwarding treatment (e.g. scheduling, admission control etc.). Each QoS [low is
mapped to a set of QoS parameters (e.g. Allocation and Retention Priority, guaranteed
bit rate, maximum bit rate, etc.). The QoS flow identifier is included in each packet of
the PDU session exchanged between the RAN (or gNodeB) 120 and the UPF. Marking
of packet (i.e. associating the packet transmitted on a N3 interface to the QoS flow
identifier) is done by the UPF in the DL. Marking of the packet (i.e. associating the
packet transmitted on the N3 interface to the QoS flow identifier) is done by the RAN
(or gNodeB) 120 in the UL. For each PDU session, the single tunnel is established
between the UPF and the RAN (or gNodeB) 120 for exchanging the packets associated
with different QoS flows of the PDU session.

For exchanging the packets of a PDU session, the data radio bearers (DRBs) need to
be established between the UE 110 and the RAN (or gNodeB) 120. Various methods to
establish the DRBs and mapping packets of QoS flows to DRBs are discussed further.

In an embodiment, the RAN (or gNodeB) 120 is configured to receive a plurality of
packets of at least one QoS flow from a network entity 160 (i.e., a UPF in a core
network or a UP entity in the core network). The QoS flow 1D (QFI) associated with
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the at least one QoS flow is received in the header of each packet. Further, the RAN
(or gNodeB) 120 is configured to map each received packet of the at least one QoS
flow to the DRB. The at least one QoS flow is mapped to the DRB based on the QFI
associatcd with the at lcast onc QoS flow.

In an embodiment, the plurality of packets of the at least one QoS [low is received,
by the gNodeB 120, from the network entity 160 by receiving the packet on at least
one PDU tunnel between the gNodeB 120 and the network entity 160. The PDU tunnel
is separate for receiving the plurality of packets of the at least one QoS flow of each
PDU session.

In an embodiment, each received packet, from the network entity 160, of the at least
one QoS flow is mapped, by the gNodeB 120, to the DRB by mapping the received
packet to an already established DRB if the list of at least one QoS flow identifiers as-
sociatcd with the cstablished DRB includces the QoS flow identificr of the reccived
packet and the established DRB is associated with the PDU session of the received
packet.

In an embodiment, each received packet, from the network entity 160, of the QoS
flow is mapped, by the gNodeB 120, to the DRB by establishing a new DRB if none of
the established DRBs is associated with the PDU session and the QoS flow of the
received packet, transmitting a signaling message including the DRB configuration of
new DRB to the UE 110, wherein the DRB configuration includes one or more of the
PDU session identifier and a list of one or more QoS flow identifiers of the QoS flows
associated with the DRB, and mapping the received packet to newly established DRB.

In an embodiment, each received packel, [rom the network entity 160, of the QoS
flow is mapped to the DRB by updating configuration of an already established DRB
associated with the PDU session of the received packet if none of the established
DRBs for the PDU session of received packet is associated with the QoS flow of the
received packet, where the QoS flow identifier of the received packet is added to the
list of QoS flow identifiers of the updated DRB, transmitting the signaling message
including the DRB configuration of the updated DRB to the UE 110, where the DRB
configuration includes the at least one of the PDU session identifier and a list of at
Ieast one of QoS flow identifiers of the QoS flows associated with the DRB, and
mapping the received packet to the updated DRB.

In an embodiment, the QoS flow is mapped to only one DRB.

In an embodiment, the DRB is mapped (o the at least one QoS flow of same PDU
session.

In an embodiment, each of the DRB defines a packet forwarding treatment on a radio
interface to data exchange between the UE 110 and the gNodeB 120 in the wireless

communication network.
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In an embodiment, the RAN (or gNodeB) 120 is configured to receive the plurality
of packets of the at least one QoS flow from another gNodeB. The at least one of QFI
and the PDU session identifier of the PDU session associated with each packet is also
reccived by the RAN (or gNodeB) 120 from another gNodeB. Further, the RAN (or
gNodeB) 120 is conligured to map each received packet of the at least one QoS [flow Lo
the DRB. The at least one QoS flow is mapped to the DRB based on the QFI as-
sociated with the at least one QoS flow. Further, the UE 110 is configured to determine
the DRB for transmitting the packet based on the QoS flow identifier and the PDU
session associated with the packet and mapping of the QoS flow identifiers to the
DRBs for each established PDU session. Further, the UE is configured to perform one
of: map the packet to the established non-default DRB if the list of at least one of QoS
flow identifiers associated with the DRB includes the QoS flow identifier of the packet
and thc DRB is associated with the PDU scssion of the packet, and map the packet to
the default DRB associated with the PDU session of the packet if none of the es-
tablished non-default DRBs is associated with the PDU session and the QoS flow
identifier of the packet. Further, the UE 110 is configured to transmit the packet over
the mapped DRB.

In an embodiment, the UE 110 receives mapping of the QoS flow identifiers to the
DRBs for each established PDU session from the gNodeB 120 in a signaling message.

In an embodiment, the UE 110 receives the PDU session identifier and a list of at
least one of QoS flow identifiers associated with each DRB from the gNodeB 120 in
the signaling message.

In an embodiment, the UE 110 receives the list of at least one of QoS (low identiliers
associated with each DRB from the gNodeB 120 in the signaling message.

In an embodiment, the UE 110 receives, from the gNodeB 120, the default DRB con-
figuration associated with the PDU session in the signaling message.

In an embodiment, the UE 110 receives from the gNodeB 120 configuration of the
default DRB associated with the PDU session in the signaling message after the estab-
lishment of the RRC connection.

In an embodiment, on receiving the packet on default DRB, the gNodeB 120 is
further configured to establish a new DRB for the QoS flow identifier and the PDU
session identifier received in the packet header of the packet received on the default
DRB. Further, the UE 110 is configured to transmit the signaling message including
the DRB conliguration of new DRB, where the DRB conliguration includes one or
more of a PDU session identifier and a list of one or more QoS flow identifiers of the
QoS flows associated with the DRB.

In an embodiment, on receiving the packet on the default DRB, the gNodeB 120 is
configured to establish a new DRB for the QoS flow identifier received in the packet
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header of the packet received on the default DRB. Further, the gNodeB 120 is
configured to transmit the signaling message including the DRB configuration of new
DRB. The DRB configuration includes the list of one or more QoS flow identifiers of
thc QoS flows associatcd with thc DRB.

In an embodiment, on receiving the packet on the default DRB, the gNodeB 120 is
further configured to update an already established DRB corresponding to the PDU
session identifier received in the packet header of packet received on the default DRB.
The QoS flow identifier of the packet received on the default DRB is added to the list
of the QoS flow identifiers of the updated DRB. Further, the gNodeB 120 is configured
to transmit the signaling message including the DRB configuration of the updated
DRB, where the DRB configuration includes one or more of the PDU session identifier
and a list of one or more QoS flow identifiers of the QoS Flows associated with DRB.

In an embodiment, on rccciving the packet on the default DRB, the gNodceB 120 is
configured to update the already established DRB. The QoS flow identifier of the
packet received on the default DRB is added to the list of the QoS flow identifiers of
the updated DRB. Further, the gNodeB 120 is configured to transmit the signaling
message including the DRB configuration of the updated DRB. The DRB con-
figuration includes the list of one or more QoS flow identifiers of the QoS flows as-
sociated with DRB.

The FIG. 2 shows the limited overview of the system but, it is to be understood that
other embodiments are not limited thereto. Further, the system can include any number
of hardware or software components communicating with each other. Further, the
labels are only used [or illustrative purpose and not limiting the scope of the invention.
For example, the component can be, but not limited to, a process running in the
controller or processor, an object, an executable process, a thread of execution, a
program, or a computer.

FIG. 3 illustrates various components of the gNodeB 120, according to an em-
bodiment as disclosed herein. In an embodiment, the gNodeB 120 includes a DRB
management unit 121, a communication unit 122, a memory 123 and a processor 124.
The processor 124 is in communication with the DRB management unit 121, the com-
munication unit 122, and the memory 123. The DRB management unit 121 is coupled
to the memory 123 and the processor 124. In an embodiment, the DRB management
unit 121 is configured to receive the plurality of packets of at least one QoS flow from
the network entity 160. (The various procedures [or receiving the plurality of packets
of at least one QoS flow from the network entity 160 is explained in the FIGS. 7 to 14).
After receiving the plurality of packets of at least one QoS flow from the network
entity 160, the DRB management unit 121 is configured to map each received packet

of the at least one QoS flow to the DRB. (The various procedures for mapping each
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received packet of the at least one QoS flow to the DRB is explained in the FIGS. 7 to
14). In an embodiment, the DRB management unit 121 is configured to establish the
DRBs and provide the DRBs to the QoS flows mapping information to the UE 110
bascd on the information reccived from the network entity 160 and/or the UE 110.
(The various procedures [or establishing the DRBs and provide the DRBs (o the QoS
flows mapping information to the UE 110 is explained in the FIGS. 7 to 14).

The communication unit 122 is configured to communicate with internal units of the
gNodeB 120. Further, the communication unit 122 is configured to communicate with
external units of the system.

In an embodiment, the memory 123 is configured to store the DRB configurations.
The memory 123 may include non-volatile storage elements. Examples of such non-
volatile storage elements may include magnetic hard discs, optical discs, floppy discs,
flash memorics, or forms of clectrically programmable mcmorics (EPROM) or clec-
trically erasable and programmable (EEPROM) memories. In addition, the memory
123 may, in some examples, be considered a non-transitory storage medium. The term
"non-transitory" may indicate that the storage medium is not embodied in a carrier
wave or a propagated signal. However, the term "non-transitory” should not be in-
terpreted that the memory 123 is non-movable. In some examples, the memory 123 can
be configured to store larger amounts of information than the memory. In certain
examples, a non-transitory storage medium may store data that can, over time, change
(e.g., in Random Access Memory (RAM) or cache).

Although the FIG. 3 shows the hardware components of the gNodeB 120 but it is to
be understood that other embodiments are not limited thereon. In other embodiments,
the gNodeB 120 may include less or more number of components. Further, the labels
or names of the components are used only for illustrative purpose and does not limit
the scope of the invention. One or more components can be combined together to
perform same or substantially similar function to manage the data communication in
the wireless communication network.

FIG. 4 illustrates various components of the UE 110, according to an embodiment as
disclosed herein. In an embodiment, the UE 110 includes a DRB management unit
111, a communication unit 112, a memory 113 and a processor 114. The processor 114
is in communication with the DRB management unit 111, the communication unit 112,
and the memory 113.

In an embodiment, the DRB management unit 111 is coupled to the memory 113 and
the processor 114. Further, the DRB management unit 111 is configured to determine
the DRB for transmitting the packet based on the QoS flow identifier and the PDU
session associated with the packet and mapping of the QoS flow identifiers to the
DRBs for each established PDU session. Further, the DRB management unit 111 is
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configured to perform one of: map the packet to an established non-default DRB if the
list of at least one of QoS flow identifiers associated with the DRB includes the QoS
flow identifier of the packet and the DRB is associated with the PDU session of the
packet, and map thc packet to the default DRB associated with the PDU session of the
packet il none of the established non-default DRBs is associated with the PDU session
and the QoS flow identifier of the packet. Further, the DRB management unit 111 is
configured to transmit the packet over the mapped DRB.

Further, the communication unit 112 is configured to communicate with internal
units of the UE 110. Further, the communication unit 112 is configured to com-
municate with external units of the system.

In an embodiment, the memory 113 may include non-volatile storage elements.
Examples of such non-volatile storage elements may include magnetic hard discs,
optical discs, floppy discs, flash mcmorics, or forms of clectrically programmablc
memories (EPROM) or electrically erasable and programmable (EEPROM) memories.
In addition, the memory 113 may, in some examples, be considered a non-transitory
storage medium. The term "non-transitory" may indicate that the storage medium is not
embodied in a carrier wave or a propagated signal. However, the term "non-transitory”
should not be interpreted that the memory 113 is non-movable. In some examples, the
memory 113 can be configured to store larger amounts of information than the
memory. In certain examples, a non-transitory storage medium may store data that can,
over time, change (e.g., in Random Access Memory (RAM) or cache).

Although the FIG. 4 shows the hardware components of the UE 110 but it is to be
understood that other embodiments are not limited thereon. In other embodiments, the
UE 110 may include less or more number of components. Further, the labels or names
of the components are used only for illustrative purpose and does not limit the scope of
the invention. One or more components can be combined together to perform same or
substantially similar function to manage the data communication in the wireless com-
munication network.

FIG. 5 is a flow diagram 500 illustrating a method for managing, by the gNodeB 120,
the data communication in the wireless communication network, according to an em-
bodiment as disclosed herein. The operations of the 502 and 504 are performed by the
DRB management unit 121.

At 502, the method includes receiving the plurality of packets of at least one QoS
[low [rom the network entity 160. The identifier associated with the at least one QoS
flow is included in the header of each packet by the network entity 160. The plurality
of packets of at least one QoS flow of the at least one PDU session are received from
the network entity 160 over at least one tunnel established between the gNodeB 120
and the network entity 160. The tunnel established between the gNodeB 120 and the
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network entity 160 is per PDU session. In an embodiment, the plurality of packets of
the at least one QoS flow is received from another gNodeB. The at least one of QFI
and the PDU session identifier of the PDU session associated with each packet is also
reccived from another gNodeB. At 504, the mcthod includes mapping cach received
packet of the at least one QoS [low of the PDU session to the DRB. The at least one
QoS flow of the PDU session is mapped to the DRB based on the ID associated with
the at least one QoS flow.

The received packet of the at least one QoS flow is mapped to the already established
DRB if the list of at least one QoS flow identifiers associated with the established DRB
including the QoS flow identifier of the received packet and the established DRB is as-
sociated with the PDU session of the received packet.

The received packet of the at least one QoS flow is mapped to the DRB by es-
tablishing the ncw DRB if nonc of the establishecd DRBs is associated with the PDU
session and the QoS flow of the received packet, transmitting the signaling message
including the DRB configuration of new DRB to the UE 110, wherein the DRB con-
figuration includes one or more of the PDU session identifier and the list of one or
more QoS flow identifiers of the QoS flows associated with the DRB, and mapping the
received packet to newly established DRB.

The received packet of the at least one QoS flow is mapped to the DRB by updating
configuration of an already established DRB associated with the PDU session of the
received packet if none of the established DRBs for the PDU session of received
packet is associated with the QoS flow of the received packet, where the QoS flow
identifier of the received packel is added to the list of QoS [low identifiers of the
updated DRB, transmitting the signaling message including the DRB configuration of
the updated DRB to the UE 110, where the DRB configuration includes the at least one
of the PDU session identifier and the list of at least one of QoS flow identifiers of the
QoS flows associated with the DRB, and mapping the received packet to the updated
DRB.

Each QoS flow is mapped to only one DRB. Each DRB is mapped to the at least one
QoS flow of same PDU session.

In an embodiment, mapping each received packet of the at least one QoS flow of the
PDU session to the DRB includes establishing a new DRB if none of the established
DRBs is associated with the PDU session and the QoS flow of the received packet,
transmitting the signaling message including the DRB conliguration of new DRB (o
the UE 110, wherein the DRB configuration includes one or more of the PDU session
identifier and a list of one or more QoS flow identifiers of the QoS flows associated
with the DRB, and mapping the received packet to newly established DRB.

In an embodiment, mapping each received packet of the at least one QoS flow of the
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PDU session to the DRB includes updating configuration of an already established
DRB associated with the PDU session of the received packet if none of the established
DRBs for the PDU session of received packet is associated with the QoS flow of the
reccived packet wherein the QoS flow identificr of the received packet is added to the
list of QoS [low identifiers of the updated DRB, transmiltling the signaling message
including the DRB configuration of the updated DRB to the UE 110 where the DRB
configuration includes the at least one of the PDU session identifier and the list of at
least one of QoS flow identifiers of the QoS flows associated with the DRB, and
mapping the received packet to the updated DRB.

FIG. 6 is a flow diagram 600 illustrating a method for managing, by the UE 110, the
data communication in the wireless communication network, according to an em-
bodiment as disclosed herein. The operations of the 602, 604a, 604b and 606 are
performed by the DRB management unit 111.

At 602, the method includes determining the DRB for transmitting the packet based
on the QoS flow identifier and the PDU session associated with the packet and
mapping of the QoS flow identifiers to the DRBs for each established PDU session. At
604a, the method includes mapping the packet to an established non-default DRB if the
list of at least one of QoS flow identifiers associated with the DRB includes the QoS
flow identifier of the packet and the DRB is associated with the PDU session of the
packet. At 604b, the method includes mapping the packet to the default DRB as-
sociated with the PDU session of the packet if none of the established non-default
DRBs is associated with the PDU session and the QoS flow identifier of the packet. At
606, the method includes transmitling the packet over the mapped DRB.

In an embodiment, the UE 110 receives mapping of the QoS flow identifiers to the
DRBs for each established PDU session from the gNodeB 120 in the signaling
message (e.g.. RRC signaling message).

In an embodiment, the UE 110 receives the PDU session identifier and the list of at
least one of QoS flow identifiers associated with each DRB from the gNodeB 120 in
the signaling message.

In an embodiment, the UE 110 receives the list of at least one of QoS flow identifiers
associated with each DRB from the gNodeB 120 in the signaling message.

In an embodiment, the UE 110 receives the default DRB configuration associated
with the PDU session in the RRC signaling message.

In an embodiment, the UE 110 includes at least one ol the QoS (low identifier and
the PDU session identifier in the packet header of the packet transmitted on the default
DRB.

The various actions, acts, blocks, steps, or the like in the flow diagrams 500 and 600

may be performed in the order presented, in a different order or simultaneously.
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Further, in some embodiments, some of the actions, acts, blocks, steps, or the like may
be omitted, added, modified, skipped, or the like without departing from the scope of
the invention.

FIG. 7 is a scquence diagram illustrating various opcrations performed for cs-
tablishing the DRBs and mapping the UL packets (o the DRBs, according (o an em-
bodiment as disclosed herein.

In an embodiment, the QoS parameters associated with the QoS flow are provided to
the RAN (or gNodeB) 120 as the QoS profile when the PDU session is established or
the new QoS flow is established or the radio connection is established. The QoS pa-
rameters may also be pre-configured in the RAN 120. In the RAN 120, the DRB
defines the packet treatment on the radio interface (i.e., Uu interface). The DRB serves
packets with the same packet forwarding treatment. The separate DRBs may be es-
tablished for the QoS flows requiring diffcrent packet forwarding treatment. The RAN
(or gNodeB) 120 knows the mapping between each QoS Flow and associated QoS pa-
rameters (or QoS profile) and accordingly decides the radio configuration for corre-
sponding DRB. In the DL, the RAN (or gNodeB) 120 maps QoS flows to the DRBs
based on the packet marking (i.e. QoS Flow ID) and the associated QoS profiles. For
the UL, the RAN (or gNodeB) 120 provides the QoS flow to the DRB mapping in the
RRC signaling message. This mapping information is used by UE 110 to map the
packet to be transmitted to one of the established DRBs. One DRB can be mapped to
multiple QoS flows. For each DRB configured, the RAN (or gNodeB) 120 provides
the list of one or more QoS Flow Identifiers (QFIs) and PDU session identifier. In a
system in which only one PDU session can be established for each UE 110, the RAN
(or gNodeB) 120 may not provide the PDU session identifier for each configured
DRB. The QoS parameters (e.g. packet error rate, latency, data rate, etc.) which are
related to the radio level QoS can be same for multiple QoS flows and hence multiple
QoS flows of same PDU session can be mapped to same DRB. The QoS flow of the
PDU session is not mapped to more than one DRB. The QoS flow of one PDU session
and another QoS flow of another PDU session may have same QoS Flow ID but these
are mapped to different DRBs. In other words, the QoS flows of different PDU
sessions are not mapped to same DRB. If the QoS flows of different PDU sessions are
mapped to same DRB, then on receiving the packet from the UE 110 on this DRB, the
gNodeB 120 cannot identify the PDU session associated with this packet and hence it
will not be able to identily the tunnel on which this packet should be sent to the UPF
170. Note that, the tunnel between gNodeB 120 and UPF 170 is different for each PDU
session.

In the proposed method, the RAN (or gNodeB) 120 first establishes one or more
DRBs and provides the configuration of each established DRB to the UE 110 in the
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RRC signaling message after the RRC connection is established between the UE 110
and the RAN (or gNodeB) 120. Each established DRB is either a default DRB as-
sociated with the PDU session or a non-default DRB associated with the PDU session.
Onc dcfault DRB is cstablished for cach PDU scssion. Multiple non-dcfault DRBs can
be associated with the PDU session. For each non-default DRB, the list of one or more
QoS flow identifiers is provided by the gNodeB 120. In the DRB configuration
included in the RRC signaling, the RAN (or gNodeB) 120 may indicate whether it is
the default DRB or not.

In the UL, the access stratum (i.e. AS) in the UE 110 receives (702) the packet to be
transmitted and associated PM/QFI and the PDU session identifier from the higher
layer (e.g. NAS layer or application layer in the UE 110). In a system in which only
one PDU session can be established for each UE 110, the access stratum (i.e. AS) in
the UE 110 rcccives the packet to be transmitted and associated PM/QFI from the
higher layer (e.g. NAS layer or application layer in the UE 110).

In the proposed method, the UE 110 checks (704) if the DRB is already established
at least for the QoS flow (identified by PM/QFI) and the PDU session associated with
received packet or not. If yes, then the UE 110 maps the packet to that DRB and
transmits the packet over the mapped DRB. If not, then the UE 110 maps the packet to
the default DRB of the PDU session associated with the packet and transmits (706) the
packet using the default DRB of the PDU session associated with the packet.

Further, the UE 110 sends (708) the packet over the radio along with associated PM/
QFI (i.e. PM_1/QFI_1) to the RAN (or gNodeB) 120.

The PM/QFI is included in the packet sent on the default DRB. The PM/QFI can be
included in the packet header (e.g. it can be included in header of the Service Data
Adaptation Protocol (SDAP)).

The RAN (or gNodeB) 120 sends (710) the UL packet with the packet marker
PM_1/QFI_1 to the UPF 170. The UPF 170 sends (712) the UL IP packet to the DN
180. Further, the 110 RAN (or gNodeB) 120 determines (714) to establish the DRB
setup if the DRB does not exist to handle packets with the packet marking
PM_1/QFI_1.

On receiving the packet on the default DRB with the PM/QFI, the RAN (or gNodeB)
120 may add the QoS flow identified by the PM/QFI to existing (i.e. already es-
tablished) DRB or add a new DRB for this QoS flow identified by the PM/QFI. The
RAN (or gNodeB) 120 sends (716) the updated DRB configuration to the UE 110. If
new DRB is added then the UE 110 creates (718) the new DRB corresponding to new
configuration and PM/QFI included in the DRB configuration message. In response,
the UE 110 may send the DRB configuration complete message. After receiving the
DRB configuration complete message the RAN (or gNodeB) 120 creates (720) the
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DRB using the DRB configuration if new DRB configuration is added for the PM/QFI.

On receiving the packet from the UE 110 on the DRB, the RAN (or gNodeB) 120
identifies the PM/QFI and PDU session identifier of the received packet based on
mapping between the DRB to the PM/QFI and the PDU session identifier. The RAN
(or gNodeB) 120 indicates (710 or 724) the PM/QFI of the packet to UPF 170 by
adding PM/QFI in the header while transmitting the packet to UPF 170. The packet is
transmitted to UPF 170 on the tunnel associated with the PDU session of the packet.
The UPF 170 sends (726) the UL IP packet to the DN 180.

In an embodiment, the packets on the default DRB may be transmitted on first come
first basis or can be prioritize based on the QoS marking.

In an embodiment, the PM/QFI and the PDU session identifier may be included in
the BSR. This is shown in the FIG. 9. On receiving the PM/QFI and the PDU session
identificr in the BSR, if there does not cxist the DRB for this PM/QFI and PDU scssion
identifier then the RAN (or gNodeB) 120 initiates DRB setup. The RAN (or gNodeB)
120 may map the PM/QFI to existing DRB or add the new DRB for this PM/QFI and
PDU session identifier. The RAN (or gNodeB) 120 sends the updated DRB con-
figuration to the UE 110. If new DRB is added, the UE 110 creates the new DRB cor-
responding to new configuration and PM/QFI included in the DRB configuration
message. In response, the UE 110 may send DRB configuration complete message.
After receiving the DRB configuration complete message, the RAN (or gNodeB) 120
creates the DRB using the DRB configuration if new DRB configuration is added for
the PM/QFI.

In one embodiment of the proposed method, instead of sending the packet on the
default DRB, the UE 110 can create the new DRB and configure it using the default
configuration. The default configuration can be pre-defined or provided by the RAN
(or gNodeB) 120 in the RRC message. Further, the UE 110 uses an unused LCID for
this new DRB. The PM/QFI and optionally PDU session identifier can included in
packet transmitted over this new DRB. On receiving the packet for the LCID and/or
PM/QFT and/or PDU session identifier for which there is no associated DRB, the RAN
(or gNodeB) 120 may map the PM/QFI to existing DRB or add the new DRB for this
PM/QFI. Further, the RAN (or gNodeB) 120 sends the updated DRB configuration to
the UE 110. If new DRB is added, the UE 110 updates/creates the new DRB corre-
sponding to new configuration and PM/QFI included in the DRB configuration
message. In response, the UE 110 may send DRB conliguration complete message.
After receiving the DRB configuration complete message, the RAN (or gNodeB) 120
creates the DRB using the DRB configuration if new DRB configuration is added for
the PM/QFI.

As shown in the FIG. 8§, the PDU session and the DRBs (including the default DRB)
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are established (802) among the UE 110, the gNodeB 120, an UP entity 190 and a CP
entity 200. The UE AS receives (804) the packet with a new QFI from UE NAS.
Further, the UE 110 uses (806) the QFI of the packet to map it to the DRB. If there is
no mapping of thc QFI to thc DRB in thc AS mapping table for this PDU scssion, then
the packet is assigned to the default DRB for this PDU session.

Further, the UE 110 sends (808) the packet on the default DRB. The UE 110 includes
the QFI in the SDAP header if SDAP has been configured for this DRB. SDAP entity
is created for each PDU session.

Further, the gNodeB 120 sends (810) the UL packets over NG-U and includes the
corresponding QFI.

Further, the gNodeB 120 optionally sets up (812) the DRB for new QoS flow. The
user pane data is exchanged (814) between the UE 110 and the gNodeB 120 over radio
interface and QFI may be included in the packet hcader. The uscr panc data is
exchanged (814) between the gNodeB 120 and the UP entity 190 over the PDU tunnel
and the QFI is included in the packet header.

As shown in the FIG. 9, the UE 110 receives (902) the UL packet with packet marker
PM_1/QFI 1 for the PDU session. Further, the UE 110 determines (904) that the DRB
does not exist to handle packets with packet marking PM_1/QFI_1. Further, the UE
110 sends (906) the packet on the default DRB.

Further, the UE 110 sends (908) the BSR: PM_1/QFI_1 to the RAN (or gNodeB)
120. Further, the RAN (or gNodeB) 120 determines that the DRB does not exist to
handle packets with the packet marking PM_1/QFI_1 then the RAN (or gNodeB) 120
setups (910) the DRB. The DRB Setup includes (912) DRB Conlig -> PM_1/QFI_1.
Further, the UE 110 creates (914) the DRB using the DRB configuration corre-
sponding to PM_1/QFI_1 and the RAN (or gNodeB) 120 creates (916) the DRB using
DRB configuration corresponding to PM_1/QFI 1. The UE 110 sends (918) the radio
packet to the RAN (or gNodeB) 120. The RAN (or gNodeB) 120 sends (920) the UL
packet with packet marker PM_1/QFI_1 to the UPF 170. Further, the UPF 170 sends
(922) the UL IP packet to the DN 180.

FIG. 10 is a sequence diagram illustrating various operations performed for es-
tablishing one or more DRBs and mapping the packets of QoS flows to DRBs,
according to an embodiment as disclosed herein.

In an embodiment, the RAN (or gNodeB) 120 obtains the list of authorized QoS
[lows (identified by packet markings i.e. PM or QoS marking or QoS ID or QoS rule or
flow descriptor or QoS descriptor or QoS Flow ID (QFID)) for the UE 110. The RAN
(or gNodeB) 120 may obtain the authorized list of PMs/QFIs for the UE 110 from the
CP function in the CN after the RAN 120 receives the RRC connection request from
the UE 110. Alternately, the UE 110 may send authorized the list of PMs/QFIs to the
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RAN (or gNodeB) 120. Further, the UE 110 may be pre-configured with the list of au-
thorized PMs/QFls or the UE 110 may obtain the list of authorized PMs/QFls from the
CP function in the CN.

The QoS paramecters of the QoS flow arc also provided to thc RAN (or gNodceB) 120
as the QoS profile when the PDU session is established or the new QoS [low is es-
tablished or when the radio connection is established. The QoS parameters may also be
pre-configured in the RAN. In the RAN 120, the DRB defines the packet treatinent on
the radio interface (i.e., Uu). The DRB serves the packets with the same packet
forwarding treatment. Separate DRBs may be established for the QoS flows requiring
different packet forwarding treatment. The RAN (or gNodeB) 120 knows the mapping
between each QoS Flow and associated QoS parameters (or QoS profile) and ac-
cordingly decides the radio configuration for corresponding data radio bearer. In the
downlink, thc RAN (or gNodcB) 120 maps thc QoS flows to thc DRBs bascd on the
packet marking (i.e. QoS Flow ID) and the associated QoS profiles. For the uplink, the
RAN (or gNodeB) provides QoS flow to the DRB mapping in the RRC signaling
message. One DRB can be mapped to multiple QoS flows. For each DRB configured,
the RAN (or gNodeB) 120 provides the list of one or more QFIs and PDU session
identifier. In a system in which only one PDU session can be established for each UE
110, the RAN (or gNodeB) 120 may not provide the PDU session identifier for each
configured DRB. The QoS parameters (e.g. packet error rate, latency, data rate, etc.)
which are related to the radio level QoS can be same for multiple QoS flows and hence
multiple QoS flows of same PDU session can be mapped to same DRB. The QoS flow
ol the PDU session is not mapped to more than one DRB. The QoS (low of one PDU
session and another QoS flow of another PDU session may have same QoS flow
identifier but these are mapped to different DRBs.

In other words, the QoS flows of different PDU sessions are not mapped to same
DRB. If the QoS flows of different PDU sessions are mapped to same DRB, then on
receiving the packet from the UE 110 on the DRB, the gNB 120 cannot identify the
PDU session associated with this packet and hence it will not be able to identify the
tunnel on which this packet should be sent to the UPF. Note that, the tunnel is different
for each PDU session.

In an embodiment, the RAN (or gNodeB) 120 provides one or more DRB config-
urations to the UE 110 in the RRC signaling message (e.g. RRC connection recon-
[iguration message). The DRB conliguration includes L2 conliguration similar to the
DRB configuration in the existing system. For example, it may include Service Data
Adaptation Protocol (SDAP) configuration, Packet Data Convergence Protocol
(PDCP) configuration, Radio Link Control (RLC) configuration, MAC configurations,
etc. Each DRB configuration is mapped to one or more PM/QFIs. For each DRB
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configured, the RAN (or gNodeB) 120 provides the list of one or more QFIs and PDU
session identifier. The RAN (or gNodeB) 120 also indicates whether the DRB corre-
sponding to each DRB configuration is an UL DRB or DL DRB or bidirectional DRB.
The UE 110 and the RAN (or gNodeB) 120 crcate onc DRB for cach DRB con-
[iguration irrespective ol whether one or more QoS [lows are mapped (o same DRB
configuration. The created DRB is associated with one or more QoS flows listed in the
DRB configuration. The DRB handles the packets of one or more PM/QFIs associated
with the DRB.

In embodiment, the RAN (or gNodeB) 120 provides one or more DRB config-
urations to the UE 110 in the RRC signaling message (e.g. RRC connection recon-
figuration message). Each DRB configuration is mapped to one or more PM/QFIs. The
RAN (or gNodeB) 120 also indicates whether the DRB corresponding to each data
DRB configuration is thc UL DRB or thc DL DRB or the bidircctional DRB. The UE
110 and the RAN (or gNodeB) 120 creates one DRB for each DRB configuration.
However, if the DRB configuration is mapped to multiple PM/QFIs then the UE 110
creates separate data DRB for each PM/QFI using the same DRB configuration. So
basically in this embodiment mapping of one DRB configuration to multiple PM/QFIs
means that the DRB for these PM/QFIs have same configuration but the packets of
these PM/QFIs are mapped to different DRB and hence different queues. The created
DRB is associated with one PM/QFI. The DRB handles the packets of QoS flow
(identified by PM/QFI) associated with the DRB.

In the UL, an Access Stratum (i.e. AS) layer in the UE 110 receives the packet to be
transmitted and associated PM/QFI and the PDU session identifier (needed only when
multiple PDU sessions are established for the UE 110) from the higher layer (e.g. NAS
layer or application layer). Based on a) PM/QFI and optionally PDU session id of the
packet and b) mapping between the DRB to the PMs/QFIs and optionally the PDU
session identifier, the UE 110 maps the packet to appropriate DRB. On receiving the
packet from the UE 110 on the DRB, the RAN (or gNodeB) 120 identifies the PM/QFI
and optionally the PDU session identifier of the received packet based on mapping
between the DRB to the PM/QFI and optionally the PDU session identifier. The RAN
(or gNodeB) 120 indicates the PM/QFI of the packet to the UPF 170 by adding PM/
QFI in the header while transmitting the packet to UPF 170. The packet is transmitted
to the UPF 170 on the tunnel associated with the PDU session of the packet.

Further, the RAN (or gNodeB) 120 may provide updated DRB configurations to the
UE 110 in the RRC signaling message whenever the PM/QFIs authorized for the UE
changes ( or new QoS flow is added or existing QoS flow is released).

In one embodiment, the DRB configurations can be provided by the RAN (or
gNodeB) 120. The mapping between the PM/QFlIs, the PDU session identifier and the

Petitioners' Exhibit 1002, p. 258
AT&T et al v. Asustek Technology
IPR2024-00997



27

WO 2018/026169 PCT/KR2017/008293

[149]

[150]

[151]

[152]

[153]

DRB configurations can be provided to the UE 110 by the CP function in the CN.

In one embodiment, in addition to PM/QFI, a priority may also be associated with the
packet. Within same DRB, the packets can be treated differently for different priority.
The packets can be transmitted in order of priority. The packet qucuc of the DRB can
be managed as priority queue. Alternately, multiple queues can be maintained (or
packets with different priority.

As shown in the FIG. 10, the list of authorized QoS flows and associated QoS pa-
rameters are provided (1002) between the gNodeB 120 and the CN-CP entity. Further,
the DRB Config setup including the list of one or more DRBs; for each DRB list of
one or more QoS Flows (QFIs) and PDU Session ID is provided (1004) between the
UE 110 and the gNodeB 120. Further, the UE 110 creates (1006) the DRBs based on
the received DRB configurations. The gNodeB 120 creates (1008) the DRBs based on
scnt DRB configurations. For cach DRB, the UE 110 storcs (1010) the list of as-
sociated QoS flow(s) and the optionally the PDU Session ID. Further, the gNB 120
maps (1012) the received DL packet to DRB based on the QFI of received packet.
Further, the UE 110 maps (1014) the UL packet to the DRB using a) QFI and op-
tionally PDU session id of UL packet and b) DRB to QoS Flow(s) and optionally PDU
session identifier mapping.

FIG. 11 is a sequence diagram illustrating various operations performed for es-
tablishing one or more DRBs in the DL, and FIG. 12 is a sequence diagram illustrating
various operations performed for establishing one or more DRBs in the UL, according
to an embodiment as disclosed herein.

In an embodiment, the RAN (or gNodeB) 120 provides mapping between one or
more DRBs and the QoS flows (identified by the QoS flow identifier /PM) to the UE
110 in the RRC signaling message (e.g. RRC connection reconfiguration message).
The DRB configuration includes the 1.2 configuration similar to the DRB con-
figuration in the existing system is provided for each DRB. For example, it may
include the SDAP configuration, the PDCP configuration, the RLC configuration, the
MAC configurations, etc. Each DRB is mapped to one or more PM/QFIs. For each
DRB configured, the RAN (or gNB) 120 provides the list of one or more QFIs and op-
tionally PDU session identifier. The QoS flows of same PDU session can be mapped to
same DRB. The QoS flow of the PDU session is not mapped to more than one DRB.
The QoS flow of one PDU session and another QoS flow of another PDU session may
have same QoS Flow ID but these are mapped to diflferent DRBs. In other words, the
QoS flows of different PDU sessions are not mapped to same DRB.

Further, if QoS flows of different PDU sessions are mapped to same DRB, then on
receiving the packet from UE 110 on the DRB, the gNB 120 cannot identify the PDU

session associated with this packet and hence it will not be able to identify the tunnel
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on which this packet should be sent to the UPF 170. Note that, the tunnel is different
for each PDU session. The RAN 120 also indicates whether each DRB is an UL DRB
or DL DRB or bidirectional DRB. The logical channel ID may or may not be present
in the DRB configuration. Howcver, the LCG 1D is included. In onc ecmbodiment, in
case LCID is included, for the DL only DRB, the PM/QFI and PDU session id may not
be included.

The PM/QFlIs, for which DRB configuration is provided, can be the QFIs/PMs for
which UE 110 is authorized. The RAN (or gNodeB) 120 may obtain the PM/QFIs
when the RAN 120 receives the RRC connection request from the UE 110. The RAN
(or gNodeB) 120 may obtain the PM/QFIs from the CP function in the CN. Al-
ternately, the UE 110 may send the PM/QFIs to the RAN (or gNodeB) 120. Further,
the UE 110 may be pre-configured with the authorized QFIs/PMs or the UE 110 may
obtain thc PM/QFIs from thc CP function in thc CN.

The QoS parameters of the QoS flow are also provided to the RAN (or gNodeB) 120
as the QoS profile when the PDU session is established or the new QoS flow is es-
tablished or when the radio connection is established. The QoS parameters may also be
pre-configured in the RAN 120. The RAN (or gNodeB) 120 knows the mapping
between each QFI/PM and associated QoS parameters and accordingly decides the
radio configuration for corresponding DRB. The QoS parameters (e.g. packet error
rate, latency, data rate, etc.) which are related to the radio level QoS can be same for
two QFIs/PMs and hence multiple QFIs/PMs can be mapped to same DRB.

In the proposed method, the DRB is established as shown in FIG. 11 for the DL and
as shown in the FIG. 12 for the UL.

DL DRB creation: In the proposed method, the RAN (or gNodeB) 120 receives the
packet in the DL from the UP function in the CN. The RAN (or gNodeB) 120 receives
the PM/QFI associated with the packet along with the packet marking. The RAN (or
gNodeB) 120 checks if the DRB is already established for the PM/QFI associated with
received packet or not.

If not then, in an embodiment, the RAN (or gNodeB) 120 may create the DRB using
the DRB configuration corresponding to the PM/QFI and the PDU session and adds
the packet in the DRB queue. Further, the RAN (or gNodeB) 120 sends the packet to
the UE 110 and may include the PM/QFI and optionally PDU session id in the packet
header.

If not then, in an embodiment, the RAN (or gNodeB) 120 may add the QoS [low cor-
responding to the PM/QFI of received packet to one of the existing DRB. Further, the
RAN (or gNodeB) 120 updates the DRB configuration to the QoS flows mapping.
Further, the RAN (or gNodeB) 120 sends the RRC signaling message to the UE 110
with updated DRB configurations to the QoS flows mapping. Further, the RAN (or
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gNodeB) 120 adds the packet in the queue of DRB to which the QoS flow of receive
packet is mapped.

If yes, the RAN (or gNodeB) 120 adds the packet in the DRB queue.

On recceiving the packet in the DL, the UE 110 obtains the LCID and dctermincs if
there exists the DRB corresponding to the LCID. If yes, the UE 110 maps the packelt to
that DRB. If not, then there are two approaches:

Approach 1 (as shown in the FIG. 11): The UE 110 obtains the PM/QFI and op-
tionally PDU session identifier for the received packet. Further, the UE 110 creates the
DRB using the DRB configuration corresponding to PM/QFI and optionally PDU
session id and adds the packet in this DRB queue. The LCID of the logical channel as-
sociated with this new DRB is the LCID of the received packet.

Approach 2: Alternately, the UE 110 creates the DRB using the DRB configuration
corrcsponding to the LCID and adds the packet in the DRB qucuc. Notc that, thc DRB
configuration configured for each PM/QFI may have LCID. So, based on the LCID,
the UE 110 can identify the DRB configuration to be used for creating the DRB. The
LCID of the logical channel associated with this new DRB is the LCID of the received
packet.

In an embodiment, the UE 110 may decide to follow approach 1 or approach 2
depending on whether the LCID is included in the DRB configuration or not. The
RAN (or gNodeB) 120 may include the PM/QFI and optionally PDU session id in the
packet header depending on whether the LCID is included in the DRB configuration or
not.

UL DRB Creation: In the UL, the access stratum layer in UE receives the packet to
be transmitted and associated the PM PM/QFI and optionally PDU session identifier
from the higher layer (e.g. NAS layer or application layer). Further, the UE 110 checks
if the DRB is already established for the PM/QFI and optionally the PDU session
identifier associated with received packet or not.

If not, the UE 110 creates the DRB using the DRB configuration corresponding to
the PM/QFT and optionally the PDU session identifier and adds the packet in the DRB
queue. If the LCID is not included in the DRB configuration, the UE 110 itself assigns
an unused LCID for the DRB. Further, the UE 110 sends the packet to the RAN (or
gNodeB) 120 and may include the PM/QFI and the PDU Session ID in the packet
header. If the LCID is included in the DRB configuration, the UE 110 may not include
the PM/QFI and PDU session identifier in the packet header.

If yes, the UE 110 adds the packet in that the DRB queue.

In an embodiment, on receiving the packet from the UE 110, the RAN (or gNodeB)
120 checks if the DRB is already established for the PM/QFI and the PDU session id
associated with received packet or not. If not, the RAN (or gNodeB) 120 creates the
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DRB using the DRB configuration corresponding to the PM/QFI and the PDU session
identifier and adds the packet in this DRB queue. If yes, the RAN (or gNodeB) 120
adds the packet in the DRB queue.

In an embodiment, on rccciving the packet in the UL, the RAN (or gNodeB) 120
obtains the LCID and determines il there exists the DRB corresponding to this LCID.
If yes, the RAN (or gNodeB) 120 maps the packet to that DRB. If not, then there are
two approaches:

Approach 1: The RAN (or gNodeB) 120 obtains the PM/QFI and PDU session
identifier for the received packet. Further, the RAN (or gNodeB) 120 creates the DRB
using the DRB configuration corresponding to the PM/QFI and optionally the PDU
session identifier and adds the packet in the DRB queue. The LCID of the logical
channel associated with the new DRB is the LCID of the received packet.

Approach 2: Alternatcly, the RAN (or gNodceB) 120 crcates the DRB using the DRB
configuration corresponding to the LCID and adds the packet in the DRB queue. Note
that, the DRB configuration configured for each PM/QFI and optionally PDU session
identifier may have the LCID. So, based on the LCID, the RAN (or gNodeB) 120 can
identify the DRB configuration to be used for creating the DRB. The LCID of the
logical channel associated with the new DRB is the LCID of the received packet.

In an embodiment, the RAN (or gNodeB) 120 decides to follow approach 1 or
approach 2 depending on whether the LCID is included in the DRB configuration or
not. The UE 110 may include the PM/QFI and the optionally PDU session identifier in
the packet header depending on whether the LCID is included in the DRB con-
[iguration or not.

Further, the RAN (or gNodeB) sends the packet to the UPF 170 and may include the
PM/QFI in the packet header. The packet is transmitted to the UPF 170 on the tunnel
associated with the PDU session of the packet.

In an embodiment, the PM/QFI and optionally the PDU session identifier may be
included in the BSR. On receiving the PM/QFI and optionally PDU session identifier
in the BSR, if there does not exist the DRB for the PM/QFT and optionally the PDU
session identifier, then the RAN (or gNodeB) 120 creates the DRB. In this case, the
UE 110 does not include the PM/QF]I in the UL packet. Alternately, the LCID may be
included in the BSR. On receiving the LCID in the BSR, if there does not exist the
DRB for this LCID then the RAN (or gNodeB) 120 creates the DRB. In this case, the
UE 110 does not need (o include the PM/QFI and optionally the PDU session identifier
in the UL packet. Note that, the DRB configuration configured for each PM/QFI and
PDU session identifier may have the LCID. So that, based on LCID, the RAN (or
gNodeB) 120 can identify the DRB configuration to be used for creating the DRB. The
LCID of the logical channel associated with this new DRB is the LCID of the received
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[175] As shown in the FIG. 11, the DN 180 sends (1102) the DL 1P packet to the UPF 170.

[176]

[177]

[178]

The DRB configuration Setup: List of Mapping between PM/QFI(s) and DRB con-
figuration is cstablished (1104) between the UE 110 and the RAN 120. The UPF sends
(1106) the DL packet along with Packet Marker PM_1 or QFI 1 to the RAN 120.
Further, the RAN determines (1108) that the DRB does not exist to handle packets
with packet marking PM_1/QFI_1. The RAN creates (1110) the DRB using the DRB
configuration corresponding to PM_1/QFI_1. The RAN 120 sends (1112) the radio
packet along with Packet Marker PM_1/QFI_1. The UE 110 determines (1114) that the
DRB does not exist to handle the received radio packet. The UE 110 creates (1116) the
DRB using DRB configuration corresponding to PM_1/QFI_1

As shown in the FIG. 12, the DRB Config Setup: List of Mapping between PM/
QFI(s) and DRB configuration is cstablished (1202) between the UE 110 and the RAN
120. Further, the UE 110 receives (1204) the UL packet with the Packet Marker
PM_ 1/QFI 1. Further, the UE 110 determines (1206) that the DRB does not exist to
handle packets with packet marking PM_1/QFI_1. Further, the UE 110 creates (1208)
the DRB using DRB configuration corresponding to PM_1/QFI 1. Further, the UE 110
sends (1210) the radio packet along with Packet Marker PM_1/QFI 1 to the RAN 120.
Further, the RAN 120 determines (1212) that the DRB does not exist to handle the
received radio packet. Further, the RAN 120 creates (1214) the DRB using DRB con-
figuration corresponding to PM_1/QFI_1. Further, the RAN 120 sends (1216) the UL
packet along with the Packet marker PM_1/QFI_1 to the UPF 170. The UPF 170 sends
(1218) the UL IP packet to the DN 140.

FIG. 13 is a sequence diagram illustrating various operations performed for the DRB
establishment in the DL, according to an embodiment as disclosed herein.

The QoS parameters of the QoS flow are also provided to the RAN (or gNodeB) 120
as the QoS profile when the PDU session is established or the new QoS flow is es-
tablished or when the radio connection is established. Further, the QoS parameters may
also be pre-configured in the RAN 120. In the RAN 120, the DRB defines the packet
treatment on the radio interface (Uu). The DRB serves packets with the same packet
forwarding treatment. The separate DRBs may be established for the QoS flows
requiring different packet forwarding treatment. The RAN (or gNodeB) 120 knows the
mapping between each QoS flow and associated QoS parameters (or QoS profile) and
accordingly decides the radio configuration [or corresponding data radio bearer. In the
downlink, the RAN (or gNodeB) 120 maps the QoS flows to the DRBs based on the
packet marking (i.e. QoS Flow ID) and the associated QoS profiles. For the uplink, the
RAN (or gNodeB) 120 provides the QoS flow to the DRB mapping in the RRC
signaling message. One DRB can be mapped to multiple QoS flows. For each DRB
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configured, the RAN (or gNodeB) 120 provides the list of one or more QFIs and PDU
session identifier. The QoS parameters (e.g. packet error rate, latency, data rate, etc.)
which are related to radio level QoS can be same for multiple QoS flows and hence
multiple QoS flows of same PDU scssion can bc mapped to samc DRB. The QoS flow
ol the PDU session is not mapped to more than one DRB. The QoS (low of one PDU
session and another QoS flow of another PDU session may have same QoS Flow ID
but these are mapped to different DRBs. In other words, the QoS flows of different
PDU sessions are not mapped to same DRB.

If the QoS flows of different PDU sessions are mapped to same DRB, then on
receiving the packet from the UE 110 on the DRB, the gNodeB 120 cannot identify the
PDU session associated with this packet and hence it will not be able to identify the
tunnel on which this packet should be sent to the UPF. Note that the tunnel is different
for cach PDU session.

In the proposed method, the DN 180 sends (1302) the DL IP packet to the UPF 170.
The RAN (or gNodeB) 120 receives (1304) the packet in the DL from the UP function
in the CN. Further, the RAN (or gNodeB) 120 receives the PM/QFI associated with the
packet along with the packet marking. The RAN (or gNodeB) 120 checks (1306) if the
DRB is already established for the PM/QFI and optionally the PDU session associated
with received packet or not. If not, the RAN (or gNodeB) 120 initiates (1308) the DRB
setup. It sends DRB configuration message including the DRB configuration and its
mapping to one or more PM/QFIs and optionally PDU session identifier. The RAN (or
gNodeB) 120 knows the mapping between each PM/QFI and associated QoS pa-
ramelers and accordingly decides the radio configuration for corresponding DRB. The
QoS parameters which are related to radio level QoS can be same for two PM/QFIs
and hence multiple PM/QFIs can be mapped to same DRB, so that the RAN (or
gNodeB) 120 may add the PM/QFI of received packet to the list of PM/QFIs for an
existing DRB or add a new DRB and provide new DRB configuration for the PM/QFI
of the received packet. If new DRB is added, the UE 110 creates (1310) the new DRB
corresponding to new configuration and PM/QFI included in the DRB configuration
message.

In response, the UE 110 may send DRB configuration complete message. After
receiving the DRB configuration complete message, the RAN (or gNodeB) 120 creates
(1312) the DRB using the DRB configuration corresponding to PM/QFI of received
packet if new DRB configuration is added for this PM/QFI and adds the packet in this
DRB queue. If the PM/QFI of received packet is added to existing DRB then the
packet is mapped (1312) to that DRB queue.

FIG. 14 is a sequence diagram illustrating various operations performed for DRB es-

tablishment in the DL, according to an embodiment as disclosed herein. In an em-
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bodiment, in the UL, the access stratum layer receives (1402) the packet to be
transmitted and associated PM/QFI and optionally the PDU session identifier from the
higher layer (e.g. NAS layer or application layer). Further, the UE 110 checks (1404) if
the DRB is alrcady cstablished for the PM/QFI and optionally the PDU scssion
identifier associated with received packel or not. If not, the UE initiates (1406) the
DRB setup. It sends DRB configuration request message including the PM/QFI and
optionally the PDU session identifier of the received packet. On receiving the DRB
configuration request message with PM/QFI and PDU session identifier, the RAN (or
gNodeB) 120 decides (1408) the radio configuration for corresponding DRB. The
RAN (or gNodeB) 120 knows the mapping between each PM/QFI and associated QoS
parameters and accordingly decides the radio configuration. The QoS parameters
which are related to the radio level QoS can be same for two PM/QFIs and hence
multiple PM. Further, the QFIs can be mapped to same DRB, so that thc RAN (or
gNodeB) 120 may add the PM/QFI received in the DRB configuration request message
to list of PM/QFIs for an existing DRB or add the new DRB and provide new DRB
configuration for the PM/QFI and PDU session id of received packet. Further, the
RAN (or gNodeB) 120 sends the DRB configuration message to the UE 110.

If new DRB is added then the UE 110 creates (1410) the new DRB corresponding to
new configuration and the PM/QFI included in the DRB configuration message. In
response, the UE 110 may send DRB configuration complete message. After receiving
the DRB configuration complete message, the RAN (or gNodeB) 120 creates (1412)
the DRB using the DRB configuration if new DRB configuration is added for the PM/
QFL

Further, the UE 110 sends the radio packet to the RAN (or gNodeB) 120. Further, the
RAN 120 sends the (1416) the UL packet along with the packet marker PM_1/QFI_1
to the UPF 170. The UPF 170 sends (1418) the UL IP packet to the DN 140.

In an embodiment, each DRB is associated with the PDCP entity, multiple RLC
entities and logical channels. In the proposed method, the packets with different PM/
QFT or packets of different flows are processed by same PDCP entity. The PDCP
PDUs associated with different PM/QFI or different flows are processed by different
RLC entity. The RLC PDUs of each RLC entity is processed or mapped to different
logical channel.

Further, the RAN (or gNodeB) 120 may provide one or more DRB configurations.
Each DRB conliguration is associated with one or more PM/QFIs or [lows. There is
one PDCP configuration per DRB. There can be multiple RLC configurations per
DRB. Each RLC configuration is mapped to one or more PM/QFIs or flows. Further,
the UE 110 creates RLC entity and logical channel for each RLC configuration. There

can be multiple logical channel configurations per DRB. Number of logical channel
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[187]

[188]

[189]

[190]

[191]

configurations is equal to number of RLC configurations. That is, there is one to one
mapping between logical channel and RLC entity.

The advantage of this approach is that functions like ROHC; securities which are
samc for cach flow can bc applicd using onc PDCP cntity. RLC/logical channcl
[unctions are [low specific and hence applied independently.

In an embodiment, the RAN (or gNodeB) 120 may provide one or more DRB config-
urations. Each DRB configuration is associated with one or more PM/QFIs or flows.
There is one PDCP configuration per DRB. There is one RLC configuration per DRB.
The logical channel configuration can be different for different PM/QFI or flows. This
means that each DRB is mapped to multiple logical channels. The RLC PDUs of
different flows/PM/QFIs are mapped to different logical channels. The advantage of
this approach is that functions like ROHC; securities, ARQ which are same for each
flow can bc applicd using onc PDCP/RLC cntity. The logical channel functions arc
flow specific and hence applied independently.

In an embodiment, the UE 110 may handover from one RAN (or gNodeB) also
referred as source gNodeB to another RAN (or gNodeB) also referred as target
gNodeB due to mobility. In this case to avoid any loss of packets, the source gNodeB
may transmit to target gNodeB, one or more packets received by it from the network
entity 160. The packets which are either not yet transmitted by the source gNodeB to
the UE 110 or the packets which are transmitted but not yet acknowledged by the UE
110 are transmitted the source gNodeB to the target gNodeB. In order to enable the
target gNodeB to map these packets to appropriate DRBs the source gNodeB provides
to the target gNodeB, the QFI and optionally the PDU session identilier of the PDU
session associated with each packet. The target gNodeB can then map these packets of
each PDU session to the DRBs based on the QFI using the methods explained earlier
wherein the gNodeB 120 maps the packets received from the network entity 160 to
DRBs based on the QFI.

The embodiments disclosed herein can be implemented using at least one software
program running on at least one hardware device and performing network management
functions to control the elements.

The foregoing description of the specific embodiments will so fully reveal the
general nature of the embodiments herein that others can, by applying current
knowledge, readily modify and/or adapt for various applications such specific em-
bodiments without departing (rom the generic concept, and, therefore, such adaptations
and modifications should and are intended to be comprehended within the meaning and
range of equivalents of the disclosed embodiments. It is to be understood that the
phraseology or terminology employed herein is for the purpose of description and not

of limitation. Therefore, while the embodiments herein have been described in terms of
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preferred embodiments, those skilled in the art will recognize that the embodiments
herein can be practiced with modification within the spirit and scope of the em-

bodiments as described herein.
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Claims

A method for managing a data communication in a wireless commu-
nication network, comprising:

receiving, by a gNodeB, a plurality of packets of at least one QoS flow
from a network entity, wherein an identifier (ID) associated with the at
least one QoS flow is included in a header of each packet; and
mapping, by the gNodeB, each received packet of the at least one QoS
flow to a Data Radio Bcecarcer (DRB) whercin the at lcast onc QoS flow
is mapped to the DRB based on the ID associated with the at least one
QoS flow.

The method of claim 1, wherein receiving by a gNodeB the plurality of
packets of the at least one QoS flow from the network entity
comprising receiving the packet on at least one PDU tunnel between
the gNodeB and the network entity, wherein the PDU tunnel is separate
for receiving the plurality of packets of the at least one QoS flow of
each PDU session, and

whercin mapping by the gNodeB cach reeeived packet of the at least
one QoS [low to the DRB comprising mapping the received packelt Lo
an already established DRB if the list of at least one QoS flow
identifiers associated with the established DRB includes the QoS flow
identifier of the received packet and the established DRB is associated
with the PDU session of the received packet.

The method of claim 1, wherein mapping by the gNodeB each received
packet of the at least one QoS flow to the DRB comprises:

establishing a new DRB if none of the established DRBs is associated
with the PDU session and the QoS flow of the received packet;
transmitting a signaling message including the DRB configuration of
new DRB to a User Equipment (UE), wherein the DRB configuration
includes one or more of the PDU session identifier and a list ol one or
more QoS flow identifiers of the QoS flows associated with the DRB;
and

mapping the received packet to newly established DRB.

The method of claim 1, wherein mapping by the gNodeB each received
packet of the at least one QoS flow to the DRB comprises:

updating configuration of an alrcady cstablishcd DRB associatcd with
the PDU session of the received packet if none of the established DRBs

for the PDU session of received packet is associated with the QoS flow
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of the received packet wherein the QoS flow identifier of the received
packet is added to the list of QoS flow identifiers of the updated DRB;
transmitting a signaling message including the DRB configuration of
the updatcd DRB to the Uscr Equipment (UE) whercin the DRB con-
figuration includes the at least one of the PDU session identifier and a
list of at least one of QoS flow identifiers of the QoS flows associated
with the DRB; and

mapping the received packet to the updated DRB,

wherein the QoS flow is mapped to only one DRB,

wherein the DRB is mapped to the at least one QoS flow of same PDU
session, and

wherein each of the DRB defines a packet forwarding treatment on a
radio intcrfacc to data cxchange between the UE and the gNodeB in the
wireless communication network.

A method for managing a data communication in a wireless commu-
nication network, comprising:

determining, by a User Equipment (UE), a Data Radio Bearer (DRB)
for transmitting a packet based on a QoS flow identifier and a PDU
session associated with the packet and mapping of the QoS flow
identifiers to the DRBs for each established PDU session;

performing by the UE one of:

mapping the packet to an established non-default DRB if the list of at
least one of QoS (low identifiers associated with the DRB includes the
QoS flow identifier of the packet and the DRB is associated with the
PDU session of the packet;

mapping the packet to a default DRB associated with the PDU session
of the packet if none of the established non-default DRBs is associated
with the PDU session and the QoS flow identifier of the packet; and
transmitting the packet over the mapped DRB.

The method of claim 5, wherein the UE receives mapping of the QoS
flow identifiers to the DRBs for each established PDU session from the
gNodeB in a signaling message,

wherein the UE receives the PDU session identifier and a list of at least
one of QoS [low identifiers associated with each DRB [rom the
gNodeB in a signaling message, and

wherein the UE receives a list of at least one of QoS flow identifiers as-
sociated with each DRB from the gNodeB in a signaling message.

The method of claim 5, wherein the method further comprises:
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establishing by the gNodeB a new DRB for the QoS flow identifier and
the PDU session identifier received in the packet header of the packet
received on the default DRB;

transmitting by the gNodeB the signaling message including the DRB
confliguration of new DRB to the UE, wherein the DRB conlfiguration
includes one or more of a PDU session identifier and a list of one or
more QoS flow identifiers of the QoS flows associated with the DRB;
updating by the gNodeB an already established DRB corresponding to
the PDU session identifier received in the packet header of packet
received on the default DRB, wherein the QoS flow identifier of the
packet received on the default DRB is added to the list of the QoS flow
identifiers of the updated DRB; and

transmitting by the gNodeB a signaling message including the DRB
configuration of the updated DRB to the UE, wherein the DRB con-
figuration includes one or more of the PDU session identifier and a list
of one or more QoS flow identifiers of the QoS Flows associated with
DRB,

wherein the UE receives the default DRB configuration associated with
the PDU session in a RRC signaling message, and

wherein the UE transmits the at least one of the QoS flow identifier and
the PDU session identifier in a packet header of the packet on the
default DRB.

The method of claim 5, wherein the method [(urther comprises:
establishing by the gNodeB a new DRB for the QoS flow identifier
received in the packet header of the packet received on the default
DRB;

transmitting by the gNodeB the signaling message including the DRB
configuration of new DRB to the UE;

updating by the gNodeB an already established DRB, wherein the QoS
flow identifier of the packet received on the default DRB is added to
the list of the QoS flow identifiers of the updated DRB; and
transmitting by the gNodeB a signaling message including the DRB
configuration of the updated DRB to the UE, wherein the DRB con-
[iguration includes a list of one or more QoS [low identifiers of the
QoS Flows associated with DRB,

wherein the DRB configuration includes a list of one or more QoS flow
identifiers of the QoS flows associated with the DRB.

An apparatus for managing a data communication in a wireless com-
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munication network, comprising:

a memory to store DRB configurations;

a processor; and

a DRB management unit, coupled to the memory and the proccssor
conligured to:

receive a plurality of packets of at least one QoS flow from a network
entity, wherein an identifier (ID) associated with the at least one QoS
flow is included in a header of each packet; and

map each received packet of the at least one QoS flow to a Data Radio
Bearer (DRB) wherein the at least one QoS flow is mapped to the DRB
based on the ID associated with the at least one QoS flow and an QoS
parameter.

The apparatus of claim 9, whercin rececive the plurality of packets of the
at least one QoS flow from the network entity comprises receive the
packet on at least one PDU tunnel between the gNodeB and the
network entity, wherein the PDU tunnel is separate for receiving the
plurality of packets of the at least one QoS flow of each PDU session,
and

wherein map each received packet of the at least one QoS flow to the
DRB comprises map the received packet to an already established DRB
if the list of at least one QoS flow identifiers associated with the es-
tablished DRB includes the QoS flow identifier of the received packet
and the established DRB is associated with the PDU session of the
received packet.

The apparatus of claim 9, wherein map each received packet of the at
least one QoS flow to the DRB comprises:

establish a new DRB if none of the established DRBs is associated with
the PDU session and the QoS flow of the received packet;

transmit a signaling message including the DRB configuration of new
DRB to a User Equipment (UE), wherein the DRB configuration
includes one or more of the PDU session identifier and a list of one or
more QoS flow identifiers of the QoS flows associated with the DRB;
map the received packet to newly established DRB;

update conliguration of an already established DRB associaled with the
PDU session of the received packet if none of the established DRBs for
the PDU session of received packet is associated with the QoS flow of
the received packet wherein the QoS flow identifier of the received
packet is added to the list of QoS flow identifiers of the updated DRB;

Petitioners' Exhibit 1002, p. 271
AT&T et al v. Asustek Technology
IPR2024-00997



WO 2018/026169

[Claim 12]

[Claim 13]

40
PCT/KR2017/008293

transmit a signaling message including the DRB configuration of the
updated DRB to the User Equipment (UE) wherein the DRB con-
figuration includes the at least one of the PDU session identifier and a
list of at Icast onc of QoS flow identificrs of the QoS flows associated
with the DRB; and

map the received packet to the updated DRB,

wherein the QoS flow is mapped to only one DRB,

wherein the DRB is mapped to the at least one QoS flow of same PDU
session, and

wherein each of the DRB defines a packet forwarding treatment on a
radio interface to data exchange between the UE and the gNodeB in the
wireless communication network.

A uscr cquipment (UE) for managing a data communication in a
wireless communication network, comprising:

a memory to store a DRB configuration received from an gNodeB in
the wireless communication network;

a processor; and

a DRB management unit, coupled to the memory and the processor
configured to:

determine a Data Radio Bearer (DRB) for transmitting a packet based
on a QoS flow identifier and a PDU session associated with the packet
and mapping of the QoS flow identifiers to the DRBs for each es-
tablished PDU session;

perform one of:

mapping the packet to an established non-default DRB if the list of at
least one of QoS flow identifiers associated with the DRB includes the
QoS flow identifier of the packet and the DRB is associated with the
PDU session of the packet, and

mapping the packet to a default DRB associated with the PDU session
of the packet if none of the established non-default DRBs is associated
with the PDU session and the QoS flow identifier of the packet; and
transmit the packet over the mapped DRB.

The UE of claim 12, wherein the UE receives mapping of the QoS flow
identifiers to the DRBs for each established PDU session [rom the
gNodeB in a signaling message,

wherein the UE receives the PDU session identifier and a list of at least
one of QoS flow identifiers associated with each DRB from the

gNodeB in the RRC signaling message, and
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wherein the UE receives a list of at least one of QoS flow identifiers as-
sociated with each DRB from the gNodeB in a signaling message.

The UE of claim 12, wherein the UE is further configured to:

cstablish a ncw DRB for the QoS flow identificr and the PDU scssion
identifier received in the packet header of the packet received on the
default DRB; and

transmit the signaling message including the DRB configuration of new
DRB, wherein the DRB configuration includes one or more of a PDU
session identifier and a list of one or more QoS flow identifiers of the
QoS flows associated with the DRB,

wherein the UE receives the default DRB configuration associated with
the PDU session in a RRC signaling message, and

wherein the UE transmits at Icast onc of the QoS flow identificr and the
PDU session identifier in a packet header of the packet on the default
DRB.

The UE of claim 14, wherein the UE is further configured to:

establish a new DRB for the QoS flow identifier received in the packet
header of the packet received on the default DRB;

transmit the signaling message including the DRB configuration of new
DRB, wherein the DRB configuration includes a list of one or more
QoS flow identifiers of the QoS flows associated with the DRB;

update an already established DRB corresponding to the PDU session
identifier received in the packet header of packet received on the
default DRB, wherein the QoS flow identifier of the packet received on
the default DRB is added to the list of the QoS flow identifiers of the
updated DRB;

transmit a signaling message including the DRB configuration of the
updated DRB, wherein the DRB configuration includes one or more of
the PDU session identifier and a list of one or more QoS flow
identifiers of the QoS Flows associated with DRB;

update an already established DRB, wherein the QoS flow identifier of
the packet received on the default DRB is added to the list of the QoS
flow identifiers of the updated DRB; and

transmit a signaling message including the DRB conliguration of the
updated DRB, wherein the DRB configuration includes a list of one or
more QoS flow identifiers of the QoS Flows associated with DRB,
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[Fig. 14]
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1. —Fi(E BAL L T vk HARRF AR T, BTk 5 v AR -

R AL S B B 1) 35— AR SS BB QoS flowhriR , M AZAH IR B K rh 25 0 B2 1Y)
F QoS flowhn R FNKBE, B i B (5 2 60 55 2o AR 2000 B I L B 71 3R, AT il Tic B 91 3%
AT —QoS TlowhriH 2 QoS flowhniR A ATIRLE —QoS flowhriR M KEE =3 2
RIS R DG 22, Hodb, 25 QoS Flowhn iR E /N T 25 —QoS flowhriRIHL /s

AW B TR S QoS lowhr IR AT AL BEI , 48 T iR H8 i 60, Sk s i ir il 4 2 1
FITREE QoS [Towkril, J1:3& T W INJ5 M Fdi s LA 2 A% i

2. WBCRIELR BT IR IR 7 2% B EAE T, IR L B A5 B Ie 656 5 — B n B B, Tk
P18 B AT R B H S —QoS TlowkRMFI/BLEE —QoS flowhr M IHE QoS
flow, FriR 4 QoS flowbl#EHHw F4TQoS flowHl/Eidh e F4TQoS flow.

3. QBRI EL SR LRT IR I 2, Hes A2 T, Frid BUE i 3k ic iR 58 48 fs B, B
R A5G B H TR rid 8un i ek 2 AR TR S QoS flowhriR, LA f2 &7 Al
FERTIR 28 QoS flowhriR .

A, QOBCREL SR LT R 9 5 1%, AR AEAE T, AR B 0 A Sk IR G5 58 =8/~ 5 8., B
R =F5 16 BT R prid s 4=k vp 4 e 7 BOW KB, Frid 45 e 7 B T #55 prid
HF—Q0S flowtriHoLE QoS flowtniH.

5. AR R EL R LFAR 1 77328 , HARRFEAE L+, 2 FriR 20n (¥ AL Sk AL 45 Frik 28 QoS flow
PR, IR o (76 Sk Hie GRS P e (5 2 TR B MU Heon 5 B H T iR 25 —QoS
flowkr iR I .

6. WAL ) LR 1 =5 AT — Fr i (1) 7 v, FOARRAE 70 T, T IR MR 40 135 4% 80 170 25040 190 25— QoS
flowhsiH, AAFA# ) EAS B B WX R 2 QoS £ lowhr iR A B .2 |/, I fi45 :

PR T2 it To e Fe N\ 1 26 AL 3E I TR L 1545 6 o

7. s B AR E, HAEAE T, P 2 AL

AR, T AR 15 A 4 O 1 58— IR T R IRQoS . £ lowhR iR, MAF it I T & {5
B AR S QoS [lowks IRFIHC L, FriR Bl & (5 B Bl FE E s AR 200 W) L i 771
R, TR B 73 T 124 25 —QoS flowhriH . 2 QoS flowki IHEA 22 ik 55 QoS flow
PRI B 2 M3 Mo R, Hod, 28 QoS Flowhr MHI K EE/NT 28 —QoS flowkril
I 5

IRIUASEEL , T 24 ik 2 A R 25 1 21 BTk 25 QoS flowhn IR AN AT A& FEI , 78 Fr ik
F A 060, Sk T s NI IR K 1R TR 25 QoS flowhmiH , 3 38 18 NS 1 203 s (S 2 A%
i# o

S. AR ELSR 7T iR (M 25 &, AR 7E T, B L B (S B I35 5 R E R, irid
B E R HTIERANFEAILE QoS flowhriHF/ELE —QoS flowhriRMFE EQoS
flow, FriR$E EQoS flowbl4ETE & F4T7QoS flowHl/BitE & F1TQoS flow.

9. WNBURIELR T ik ) 28 B, HARFEAE T, FriR B iy ek e BLFE 58 — 8 s fE &, B
AR A5~ s B TR Frid Bk i Sk 2 A FE TR 5 —QoS  flowhrid , BA J &
FERTR 28 QoS flowhriR.

10. WAL R ELR 7 Frik i 2% B, HARRAELE T, Frid B i 6k e S5 3 = 4anfE B, i
A =45 (E B TR ik Bk i sk vp 45 0 7w BRI WS B BE, BTl 48 e =7 BT 4%
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TR S —QoS flowhriREEs —QoS flowhril.

T AR SR 7 AT iR 17 25 B, FLARS AL 78 1, 249 ir il 2040 1 8L S P BLFE T 3B 28 QoS
£ lowhs IR, Bl Zo 4l i) Bk Ie B FE S8 DU HEon (5 2., FriR S8 DU Feon (5 B T /R il 28
QoS flowhr IR

12 AR EER T-1 T — BT i 38 B, HAREAE T, Frid 2% B a4 .

B A it e, TG o e N 4 RIX I TR T B A5 S .

13, — P BAR I3 B, SURFE AT T, BT 2 BB

AL PR

T A7 il A BRAR O] PAT F5-2 IR A7 Aif 2

Hoep, BIradt b B S e B

R AL S B B 1) 55— RS QoS flowhnil , M AE6% PRI T B4 S8 vh 25 0 S B
QoS flowhR iR A 1, BF i it B 5 /S 0 60 16 B0 AR 0 M R B 216, BT il B 1)K
HT A E QoS flowhriH 5 QoS flowbmiRPLAFTREE —QoS flowhriRIKEE =F 2
[EJ AR AR DG 2R, o, 55 2QoS flowhn RIS E /DT 25 —QoS flowhriRIHS A

MR BN FTR R QoS flowhr IR AT [ EER , 78 T iR B4 11 60k A s i A il 1K B2 1
JITIR 25 QoS flowhril, J1: 38 T- W InJa ) i s IS 2 A% 3 o

14, —PprHE LT A A T, AT v ST S A2 A G LA s A Fe 2, A e/ T,
P 154 4 b BE 25 AT BT SETL DL R 20 3R

MR I AL S 0 B s ) 5 — AR S5 TR QoS £ lowhRiR , M AEA% AR E B v 25 0 S Y
QoS Flowhs A BE , BiF il i B 5 S 0 60 55 208 AR 30on B TR B 256, fiT i il B 41 %
AT A5 —QoS flowhriH 58 QoS flowhriHLL TR E —QoS flowhr MM KE =32
(A PRI B0 22, o, 58 QoS TlowdARiRMT K /N T3 —QoS TlowhriR K&

AW B FTR S QoS flowhr IR ANFRAS BN, 7 Frid odhs 161 2k J s I il < = 10
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BERREGX EKERITENANEEFEEN R

[0001] ARH{FERT20174204 H27 H 242 W [E &) 5  H 1B 5 APCT/CN2017/082241 . &
W AN A8 B AR 7 vk R B L L AT S AR Al A 5 1 R FR O O S A, 4R
WA IELL 5| s S AEA R IE Y .

AR B
[0002] R TF A AS BRI , 47 i b RS 2 A% 1 0 ik VR Rt S AT AT i
VAN

BEREAR

[0003] PFHAB{EEARFIPE KR ,BG (Fifth Generation, 5 1R REMNIE 1A 56 RS
h EEAFRAAS (Access Stratum,$ENJZ) FINAS (Non Access Stratum, dEFEN)Z) , H Al
TESCRGHIAST H 9l N T — 2, Al — PR NSDAP (Service Data Adaptation
Protocol , Bk Hda fLidi N P30 J= - % SDAP R W] LA FT-3E4TQoS (Quality of Service, ik
55 i) £ low Q) S8R A 2 AP ST , LA JZEE AT AN [FIQoS | Low (EA% 461 (11 2048 (¥ Bl Sk vh
IINASFE QoS flowhr i, TR AL QoS flow.

[0004]  Foob , ANFEIFIQoS flow 2tk T ANAEQoSHHATIP (Internet Protocol , PI&E 30
flowE AT WAL B J5 19 211 o CENV 5 AR F L A v, — Aol 85 m) BEBLEE 22 FhQoS  £low , AN[H]
HIQoS flown] BE 2 Wbk B AN [F) B4l AR 38 b Oy 1 BRDSe B A A% 4, it 2 EATHdRIE
s N ATHEE , — AR RR 2 SDAP E MR P AR A EUE 1 QoS £ low, A ALK TR IR BLKIQoS
Clowbr i, H4T1ZQoS Clowbr R AT AR 18 . N, Dy 1 A4S J0 2 N (, Jksil) 7E R 2]
B, T LA RE AL -5 4% 0 Y T8 B 2 A% e i P 32 358 IR A A% A A 3 SR A% i 1244040, UE
(User Equipment, P i&4) &5 ZRFZBIEHIQ0S £ LowdT AR 4 B H 4 F s It B QoS
flowhpil, LLEHZQoS flowhniRALiNes LB AW 4% o

ZIARAE

[0005] Dy T FEARAHOSEL AR H AF AL 1] 8, A% 0 FF S AR FR It 7 — Bl G BRI vk VB E
Fe AT A A L TR AR 7 % i -

[0006]  &5—TJ7m, $etit ¥ —Fi (5 BALIL T, Ik 7 B AL :

[0007]  FRIEEFALHIINEIE I E—QoS flowhmil , MAE %L B (S B 28 W xy M &5
QoS flowhr i FN K BE, FTid e B (5 2 H B4 R AR E B 1 e B 81 36, Birid e B 2 36 A+
TAE S —QoS flowhril 2 QoS flowhriR LA AR EE —QoS flowhr iR S & — 35 2 [H] 1]
WS R, Hodt, 55 QoS TlowhRiR K E /N T-55—QoS flowhn il

[0008] A BIFTIREE QoS flowkr AR BER , 75 BT IR £ ¥a iy ALk v s i pr i <
FEI TR S8 QoS 1lowhr i, JH- 28 T-% I i Fds Se B B A% 3

[0009]  wJikh, TR L E (S B P BEFESE —fEnE 2, iR e —HrRE 2 HTERAE
FARE G —QoS Flowhr IHAN/BLEE QoS flowhkriH 5 QoS flow, ATk 5 QoS flowfl
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Fife e E4TQoS flowHN/Ei 48 2 F4TQoS flow.

[0010]  wfikith, Frik B i AL Sk b ie 45 50 —HRon B 8, Ird & a5 B TR hr
IR ECHE 0k A 2 TS TR 45 —QoS FlowhriH, BL AL TG BB 85 QoS flowhriH.
[0011]  wridkhh, TR F B LT IE AR E =R E S, rd & —fnE B TR
REHRE LS R T BN AR, BriR e e 7B TR TR 25 —QoS  [lowks HEY
QoS flowkriHo

[0012]  wrikhh, 4 BTl ZOHE AL Sk LR BT 28 QoS £ lowhr B, BT il 4 1 1 Sk
AL FLE PUFR S B iR IU AR 5 B H TR TR 58 QoS flowhs IR K E .

[0013]  wJidkhh, FriR ARPE Fe A4 I IR 55— QoS flowhnill, A7 Ml I HE & 15 2 o A ify
RIS QoS flowhr iR A & 2 /il , i BLH :

[0014] BRI 17l o LR N4 R IEII iR R B A5 2 o

[0015] S8 5T, 324V —Fi 5 BAR LR E , ik 26 5 AR -

[0016]  FEififsidl, F T MR E AL 2 1 58 —QoS  flowhr i, MAF A% L B 5 J rh &
WA R QoS flowhn LRI, AT IR L B 5 /2. 6L 55 0 AR 300k B2 IC B 71036, ATk
He B AR T A —QoS FlowbriR 28 QoS flowhriR Ll KA 2 —QoS flowbriRf K
JE = 2 AR SE B, Ho L 85 QoS FlowkRiRIEE /AN T45 —QoS flowhmiH K 5
[0017] ¥ sty , FHF 24 v i 2 AR B 25 30 21 Fr ik 25 QoS t lowhr iIRAIFITIR K B i), 78
FI R B4 1AL S th A I R K BRI iR 25 QoS ClowksiH, IF3E TN Ja M BE 2 (= B
1A%

[0018]  wWlikh, TR E (S B P IR B —fnE B, iR —HREEHTERAE
FALH —QoS flowkniRA/ELE —QoS flowhriRKIHEEQoS flow, i+ QoS flowfy
e FATQoS flowAnl/uidE & F1TQoS flow.

[0019]  wridkh, Frik o ds Bk FIC GRS 5E —fon B8, Irid 8 —fen(E B H T8
IR FHR 0=k A 2 TS TR A5 QoS flowhiiH, PA A 2 A3 TR 5 QoS flowhziiH.
[0020]  wridHh, Frik F PR AL S RIS RE S —fRon B B T & —F8on (5 B T8 r
REAR RSk s T BN W AR, B fe e 7 BCH T TR 2 —QoS  £lowhs IHEY
QoS flowbtniH,

[0021]  WJikhh, 4 Bl 2O 0 ALk BLEE BT IR 27 QoS £ lowhr iR, Bk 2 1 Ak
AFE R VUFER G B, TR B IR E B THE R TR 58 QoS Flowhr MK .

[0022] W] gkdh, Fir ik e B an £l 4

[0023]  BrWAF AR EL, BT BN I A7 il e B N e R IE I T IR BL A5 o

[0024] S5 =5, 424t T —Fi (5 B4R E , Irid 3¢ B AL

[0025] AbTH B,

[0026]  H T A7 M AL L85 T $AT F8 -2 IR A7 it 45 5

[0027]  FLriv, Jr iR Ab B 85 9l Fic B A

[0028]  HRIEAFALHIMI IRV —QoS [lowkriH, IAF M B B A5 B b 25 6 S 1 58—
QoS flowhr i A B, FITIA FL (5 8 A BLHE 208 AR 200 B (R B L 21 2%, FTIR L B 5 3k AT
At QoS FlowhR M 28 QoS flowhkn LA K T 28 QoS flowks YIS & 35 2 (Al
W RLSC FR, Hod, 55 QoS Tlowhr iR EE/INT 5 —QoS flowhriR S s
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[0029] MBI PR 28 QoS flowhs HANFT IR I , 78 Br ik £ s iy 00 Sk s In pr ik
E%%ﬁﬁ:mwwMﬁ/#ﬁ$ﬁMFMﬁ%iWF'M%%

[0030]  SEPY Ty i, $EAE T — Pt AL T S A A S 5T, BT R vHEANL T S A i N B B AR AT
T84, Fridk 45 2 v Ab B 2R AT IS S B LA R AP BR

[0031]  IRIEAAEMIIIEIEII QoS [lowhril , MAE 8L B (5 B H 25 ) % B 1 55 —
QoS flowhriH A B, FITIAR C 15 8 A BLFE 20 AR 200 B IR TG L 21 2, FITIR T L 51 3k AT
iR —QoS flowhril 28 QoS flowhril LA TR 2H QoS flowhr MK E 35 2 [
REMLIREFR, Hodt, 85 QoS flowhn IR EE /DT 55 —QoS £ lowhy IR EE s

[0032] 4 if I ATk 28 QoS flowhs WFNFTIR K FERT , 78 BT il 3 1 00 3k F s L ik
FERT TR 5 QoS flowhril, I 38E TN )G B 2 s L5 B AL id

[0033] AN FF St BE LK F52 AR TT 28 At RCR A

[0034]  AATFFS I , fEUEAT B AL S, IR PR Fr AR H M B K 55 —QoS £ Lowhris, M
FEAE R B A Sorp AR A 28 QoS Flowhr iHAIIZEE —QoS flowhr iR H K . 2 25 1) 2
ZF QoS flowhnIRAMNZA R, YA BT LU S QoS flowhrn PRRARE Z 55 —QoS flow
P, BRI PEAZ AR IR BL SR m i Bl K RERT 28 QoS flowdmiHe HH T 58 QoS flowhs
PR E/ANTAZ A —QoS Flowhril, I, T3 M 7% 5 —QoS flowhsiH ¥ Z 4l sL (S 8.
[R5 328 T LAY 8 P48, 9F HL L i B S BRI R 78 TiZ 588 QoS flowhkr iR B, anik, 1
I AFiZE QoS [lowhr iR BEAT LB M R 35 M, M TN 1 18 2L RiG M.
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B BT, B AR A3 2R AN AL B B w0 A [R) 3 3R s A TR BOREABL IR 225 o DA b 7 1) 4 S it 451)
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[0044] 7B} A FF S Jitd A5 AT VE AR AN 48 2 1/ 5 Se X AR A T ST A5 A0 3 B 1) 44 1n] i3k AT ] HR
i

[0045]  PDU (Protocol Data Unit, thilE#E ¥ 70) session: —PPDU sessiondt W F—Ff
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V) S S R TR L a0 B 35 Tt 471

[0052] 2D hh, EIRTCLZRIE N 120K U FE L2 MUE 110658 , i ok N
120t 0T DAAR 3 B S0 & I B A5 B, B an ] sie BB A% 4, DA B Al /6 B AR da i 7
RSB AL (S, SR Bl FR S5 UE 110 sEBL T FEAR )

[0053]  gk— b Hh, 1% BN A e P AR o] DLALFERZ 0 1R 285 130, 1% 4% 0 I 5 45 130 1] LU
LA S A5 N4 5% TR AR A 1202 R AT %8z . 740 iZ 2 O MR #4130 5% e 4kt
N B4 2 [ A] GEAL S — AT 2 A amim i , T e dm il AR RS  iZ o B A\ B4 120
TEARICBIVE | LOR IEMI B J5 , 7T DL IE o — M4l il 508 2 b 0 A i ae , 1%
BB 22 45 bR WIAZ O W A 2%, DL S B (it — DA%

[0054] g 7 T-BEAE, 2 T RASBC RGN IR ¢ RBAT R BB A4, 1S FH K 1B, 1% K 1B
A2 AR P — 7= A1 1 S it 451) 20 HH R — R 5G R 0 I 2 IR & M B o 56 R P B B AL FRAS I
NASJZ , Hodr, 8 51 NFISDAPJZ R & T-AS )= , iZSDAPJZ I - /= RIIPANAS = .

[0055]  7ESGHRSiH, FIRUE 110FITE e N #4120 34 BLEE R 4544 . LLUEL 1O A1),
TE R IERE R SRR A, B0 FANAS 2 3 A8 1ZSDAP R , - HHiZNAS 238 R 1Z B QoS £1owlH
B 1ZAE BT BN —QoS flowhRiHas . 2 i » FHIZSDAPEMR #51%QoS flow, 7fEEHE
AL ER NS —QoS flowkrilel® —QoS flowhnil.SDAPZ AT HHE SE4T V8 Infs S AL 3
J& , iBAZ 45 PDCP (Packet Data Convergence Protocol ,Z AL E i) 2, £ IRLC
(Radio Link Control, LZk%EE&+a#]) = MAC Media Sccess Control, k4 A=) 2
HEAT 26 2 AR PR T, 2 )0 i B 2R s R A A I N4 o

[0056]  fEHRIZ A TR, 1% UE 110420 B H i it , 248 tHMACIE £2 I RLCJZ . PDCP JZ= i3t
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IT% 1 2 AN TR J5 45 = SDAP 2 , Fi FH 1% SDAP JZ AT S0 S AN B J5 i A2 45 SDAP )2 &,
R 342 2ANAS = o

[0057] 5 B BH A &, 78 il e B AT AR PR A i B A, B3R B SR U R RO
— ALK BAR AT LR NSDU (Service Data Unit, IRSHIE I0) , 014 2 kb FE 5 (K151
P n] AFR PDU, R /2 , iZSDUFIPDUZ — A AH X B E 2 o 481 a0, 5 T SDAP J2 5k Ut , MAPDCP$Z
ACFR 24 BT LARR ISDAP SDU, 28 ik A B JS % 33 25 NAS 2 [ 2808 7T LAFR 2 SDAP PDU.

[0058] ]2 /& AR Hg — 7~ 1) Mk S it A7) 7 HH T — b (T B AR 7 VA IR IR RR 1] o % A B AR 3k T
A LLALEG LR LA P B

[0059]  7E2DBR201h , IR RRAR 4 B I 25 —QoS  flowhr iR, ATl (KT HC B A5 B H 2 i
FRLITEE QoS flowhs LRI , iZ e B A5 S T BLHE FUHE A 306 N 17 i B2 3% L 1Z e B 1
KT —QoS flowhriH .2 —QoS flowhriREL AiZ 5 —QoS flowhriRIMKE =52
(A LRI YOG 2, Horp, 58 QoS LowdRiRIF A E /T35 —QoS T lowhriRINK S .

[0060]  7E L2027, Y& W B QoS flowhs PAAN iz KN , 78 Z 84 i AL Sk vh s
AR EIZE QoS flowhril, 3T N It B SIS Bk 44 38 o

[0061]  FEAL ) S , AT B AR A, MU S AR 2 28 —QoS  flowkriH,
AL T EAS B AW R QoS flowhRiR FiZAE —QoS flowhs IR . 2425 i)
FNZE QoS flowkn IRFNZ RS, Ui BA ] LLIE I 55 QoS Tlowhr IR E iZ 5 —QoS
Clowhr iR, IR, 76 32 B0 s 19 6 Sk s i B R BT 25 —QoS  [lowhr . B T 1% 28 —QoS
flowhr iR K /N TiZE—QoS flowhril, BRIk, JE- TN IN T8 QoS flowhs IR IF Hdki 5L
A B AL AT LA 148, 0 A I E S B P FER TiZ50 QoS Flowhr il K,
I, BEIN Y XSS QoS flowhn INBEAT L B R v MR, AT 85 17 (& S AR R .
[0062]  Wrikhh, FTAREL &S TR ARFRE —fRE 8, TdE —fnE B HTHERASR
PFAL T QoS flowhriRA/BLE —QoS flowhriHI1E QoS flow,1ZiEEQ0S flowflHh
f8 2 F4TQoS flowfl/EidE 2 F4TQoS flow,

[0063]  wJikith, Frid 0PE (1 ALk R IR LRG58 R RS 2, FTid 88 38 /s B T8 7Rpr
IRFE Lk A R B ALEL TR 5 —QoS Flowks H, BAAE TALFL TR 5 QoS flowkpsiH.
[0064]  WlidkHh, FriRk FdE Ak IE OB = fanE 8, rid & = B 18
RFAE I LSk TR R E T B AN KB, iR fe e 7w B T iR 25 —QoS  £lowhs HEK
HF QoS flowkhriHe.

[0065]  WJikHh, >4 BT HOHE AL Sk BLER BT 25 QoS flowhr iR, BT il Z 4 1 o Sk
EALFE R VU oR{E B, TR S DU e R 5 B THE R TR 58 QoS flowhr MK .

[0066] Wik Hh , BTl MR 4 f5 AL 40 0 B P 1) 58— QoS Flowhr il , MATfil YT B (5 2 b &1
K RIS QoS flowhr iR K B 2 BT, B4

[0067]  F2ACHH- A7l o ER 43 N8 R IE I FITiR iE EL45 1 o

[0068]  F3R il o] Se i AR 7 3, 140 AT $c BEAT 3 &5 & T2 R AS 28 T 1) 0T 358 S Tt 491) 5 AR 28 T s
Tt A AN B —— B R .

[0069]  [E[3 247 T — o< 49 4 S it 9 g HH 1) — S B AR 18 7 R IR ] o X LB 20748
H S PAZA BAR 3 T N B T 28U W A0 BAL S VAT LEL RS I R LA S B D 0
[0070]  7E2DBE301 , TLLRE N & M UE AR IEE B A5 S , UBERIN0IZ To 2R B N 13 48 R 5 T
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BiEEo

[0071]  fESZBR N I sh, B B AT 0 R U, UR— IR 22 76 4% 581 (1 20408 A 38 Qo S
flowhn il , BLE T I g N1 25 AE 2N B H RNy, m] DL 2 7 55080 ok W8 A 45 i e 1 K 122 280
YA iden bz o Forby, QR SCATIR , 1A% ol 18 2 48 Jo 2k N 88 5% 0 W 46 2 TR ) A& 4
WWAE , 4900, 24 FmaE ] LAACN (Core Ne twork , £ 0 M) QoSA% i id i .

[0072]  Jy /{8 TUEFEAL A v AR 40 AL R Bl QoS £ low, B e 75 ZE 08 k4~
QoS flowhrill, Toek4E NV 4 rl AT I UB & SETE B4 5, DLUB &AL B 15 2ok ¥R 7RUEET
KA QoS lowlia[ s MNQoS £ 1lowks IR o 7E ARSI, iZ e e N W& vl BLid 1 RRC
(Radio Resource Control, L& Br ¥R ) HN EH B IZEE B B,

[0073] 44K, ixX B2 DL iZ A £ B3 N\ 1 44 1l 3 RRCHE e B v B 45 39 1Z 0 8.5 B )it 4T
VB, 78 7 — St b, i e RN e de T LLIE ok e v BT B S A TSt
1911355 A AR 72

[0074]  Horb, i BAE D P B G EUHRE AR BN M T B B A 3K, B0 B AR T A2 5 —QoS
flowhriR E_ QoS flowhniHUA XiZ 5 QoS flowhn N B =F Z RN L &, Ho,
QoS flowhriRE KB/ T2 —QoS flowhsiR i) K&

[0075] &% BEULHH ) A2 , 78 s2br s2 I i, L BLE S AT B8 AL AR — B0 AR 306 B ) TE
B2, AT 8 ALERE 22 AN B AR O W TE B D)3, AR 2 7SI it 49 4 L AS PR 52 o

[0076]  Hib ,iZ#u¥s A2 r] LLADRB Data Radio Bearer,BHE 2K 3K) -

[0077]  H, 25 —QoS flowhmiAT] LA T-HE—FRIR—1QoS flow, U1, 1% —QoS flowhr
AT AR NQoS flow TDAHEL T4 —QoS flowhrid, iZ i —QoS flowksiH Al LU QoS
flowl 58 3R - — L, N T RIEEUER BAPDU sessionMfE—,1Z 5 —QoS flow
FRIAT 8 22 SR H8AN L R ek 2 K T8N L I HUH A R 7R o

[0078]  HiAb,iZ % QoS flowtriHWATLLH TME FR1E -1MQoS flow.iZH QoS flow
IR 55 —QoS flowknil——XtM, 55 —QoS flowhpiRANAIAY 2, %5 —QoS flowkriH
PSS DN T —QoS flowhn IRIF K HE T, iZ 5 QoS T lowhr iR A] LA N2 EL 4 (¥ # b , b
— 2B lh AR P U — 2R B 9R S, A i 2B SR S R B R €107 4%

[0079]  sizfm b, TBAIAIZEE —QoS flowhriFUE XN BT 5 —QoS flowhn iR J—FhrR
75 2 W R U, TEAR A TT 2, 1Z 58 QoS flowhriRAINT M58 —QoS flowkril 1+
FRIE—FQoS flow.

[0080]  FH-T55—QoS flowhriHar K Fi K M LA Fok R, Wk, 5 BOF 454K, NI,
FEAD IF St B vh , v LS FIKC BE /N 25 QoS Flowks IHSRARE 28—QoS flowkril, LA
A T n]

[0081]  FESEFREZELH , WAL QoS £ 1owhr IR AL ] 2 AR, I 24Q0S f1owkst 2, 2%
5 ST S QoS flowhR BT RoR £ 3% B 0, 7T RE 75 EhZ B /K3 )
QoS TlowhmIRBHT HOMTHACL E , Witk BAK , 1 R 2 HiTHe 5 1 B ) 80 ads AR A e, Wi
A AR, AL E I B i L Sk rh ] R AL RS 2 R T 28 QoS TlowhRiR,

[0082] B, 7EF AR AR B — LB I QoS flow, JLLRIE N W & 10 A L B R 1Y
QoS flowhn b, i, MR SCAT AR ZHE P IR —QoS flowhn L, 7L E T X M IF]
H QoS flowkriHn , BRI AT RIATEE —QoS flowhrilRALH 1% —QoS flowkriH.SR1M ,
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T g8 S BOZE s A SR EARE R B Sk P TTRE LR QoS flowhniH , T e 45
QoS flowknil, Bl nf GEAEAEALIE S —QoS FlowhriRA IR 56458 QoS flowhbriRm
Hon H A7 O

[0083] X L PA RIS I » A8 SKEBR SICER T, T e die N e — M = T P8 7R s B A% 1 1)
QoS flowhr iR, HIE  ZBILE SR P A ZEE —QoS flowhril 2 —QoS
flowhm A BL L iZ 2 QoS flowhmi =3 Z A XN O¢ 2R o B W1, 15 S % 3K 1, iZ R 2 Bk
H R T AN s AR S DRB1 [ E ¥ 41 5%

[0084] &1
[0085]
DRB1 - QoS flow $H48 &= QoS flow #Fi% ®2 (bit)
QoS flow D1 Qo5 tlow short [D1 2
o8 flow 1D2 08 flow short D2 2
QoS flow Do QoS flow short TDn 2

[0086]  FFiUn FH I A2, ik (O e B A1 2 UL 2 110 T X AFAE 33 4T Ud B L 78 7 — S it 491)
o R A TS B 08 vT DL FUE T2 2 A9 o R S Ag) %) e AR 2 o
00871  Ti4b, ik 7 ELULBH P /2 , 75 3L BR SEEL R, £ 4T BEANUE,, TN S8 QoS flowhril K
FERT LLARTA] , B, B A BE-UERS B 2088 A 3, B30 QoS [lowhkn iR IR EEmT LLAHTA] ,
AR TSI it A5 AN AR PR A2
[0088]  7EDIE3027 , UNAR HE AL ZLHE M 55— QoS 1 owhs i, MAFfif 1) i & {5 5 &%
PN BN QoS flowhr iR A i,
[0089]  (ESKBRSCEN R, 3 75 BLHAT BUARAL 4TI . UEINAS 244 R % 4 11 20808 19 55— QoS
flowhr IRAL I 45 SDAP 2, SDAP EAEREIIZ S — QoS Flowhn iR )&, i %58 —QoS flowhrif
X RLAT G AR, MOZ L B B PRz B AR B EE B A K . 2 J5 5 X UERSDAP JZ M 4
ZE QoS Flowkrild, MIEPFIVIIZ AL E 5138 A E SAFT AT EE QoS flowkril filk
i
[0090]  7EBER303, MUEA WEZF QoS flowhriHFiZ KBRS , 78 ZBHE 1 A 3L h s
INZAC L Z 5 —QoS flowhsiR.
[0091]  7EE ARSI A UERISDAP /Z 2 W% 2 QoS flowhr iRAIZAL R, T B 7] LA R
FHIZE5 QoS flowhril AR E1ZE —QoS flowhril, RN 2 , 2B 10 A =k i IniZ K
FEMTZEE QoS flowhiiH. T 1% %8 QoS flowht IR K B/ NTiZ 5 —QoS flowhr iR K
B, BRLit, W7 DA 2 R AL i X T4
[0092] 5 Ui BH 2, ixX AR DLZUE B W 21150 QoS lowhrIH Az K B R 34T
WY, 7E 55— 92 e o, T B IZ UER & BZ 58 QoS flowhkn IR AZ K B, Ui B T RE /2 28—
QoS flowhr i F] GE&FIY M, TR N A& W ARG 1% —QoS T 1owhr iR 43Tl AT MW 58 —
QoS [lowhriR o 7E iZAE L T , UERSDAP =2 n] PAAE R 1A=L P A8 N % 5 —QoS  [lowks
o
[0093]  HE— B, ZEIE AL P ARG L RaRERE . ZS R E R TR ZR
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P AL P R S HRIZEE QoS flowhriR, LA A2 T FEIZHE —QoS flowkril.

[0094]  tHHIR, Z4 —FRn (8 2 n] LR ZEEE AL 2 B AR IZE QoS flowhsil
FHZ QoS flowhn i, W EL 45, M BLFRIF A2 1Z 2 —QoS flowhrik, IE2i% 5 QoS flow
PR

[0095]  E— P Hh, Dy /A T B2 a1 0 28 2 N 150 4% 6 85 AL 4 . DR 1 a2 BT 45 5 1 Qo S
FlowhF i, TR B AL Sk P A BEHE 7RQ0S  Flowhi iR KB . b, i%QoS Flowksiting
PLUAEE—QoS flowkribl, B ATLLIAZE —QoS flowkrills

[0096] B[, IZE IR ML P IB RS =R G 8, ZE =R B B TRz 8E
KAk e TR A KL, Zi e 7B T 1Z 58 —QoS flowhrilEl s QoS
flowkriH .

[0097]  JE— Db, B3 1AL Sk BELFE % 28 QoS flowhriRmT , iZ F 4 i 6 3k ik Ay
VTR B R, ZB TR R EE AT ERIZE QoS flowhriRIK )%,

[0098]  FESZFR=ZIL A, T — R UE R £8 B2 N\ 15 4% 2 18] — M 2 4 B i 47 35 — QoS
flowhr IR A B, DR U, AEROE AL et FE b, 2 BRI Gk P AT LA R R iZ 58 —QoS flow
PR K BE ot 242 B0 I AL R A4 S8 QoS FlowhriiHit, H TiZ 5 QoS flowksiH &
RIGENASECER, I, 7 ZA 2R ALY 455 8, Bla i S (5 B ok
FEIRIZE QoS flowhriR I o Ntk , mT DAIA 3055 48 A4 19 2808

[0099]  7EDIR304H , URNG N IN 5 I B4 A 25 12 OB Be N e 46, DAL T-Un N I a4l s
BE SR A8

[0100]  7EEAARSZEL A , UTDKE 22 503 10 1o X 2 19 B i AR 3 R I8 45 % o 4e e N W44, ik, B
W ZEAE % QoS flowhRiR K IE T LR AW .

[0101] AP BR305 , To B N & FRNT 14808 , T8 2 i3RI 28 —QoS  flowkr i,
[0102]  Jo£kie N W& BN BZUE R I FI B 5 , 3T Z 80 Pa 347 A 75 - Flo] BE 1) S B0
PN SNBSS e € T SREIE W N SR (= P w0 S =IN35 VIR 1= DA e S N2 E e (= DA 72/ G/ R S
AR SE QoS flowhr il , M TG 24 N 24 fRAT 12 B0 11 A Sk R AL R 191 28 —QoS flow
P TR IR B, AR I, D 1 R Sk vP AR AT HE S I 28 QoS Flowhs i,

[0103] ol , #5 1% K RE N 2B 4 , T2 T0 2 e N e 5 A B0 1R 60 3k o b 18 KR 2tk
FFHI S8 QoS flowhriH.

[0104]  JE—2DHh, ZTCLREEN WS FANTIS BIZ ZE QoS flowkn s , ] AR S 1Z 25 —QoS
£ Llowhr iR, A7l I B A5 S0, B NS QoS flowhiiH o 7E B AR S o, 1T B (5
SRR ALEE Z L E IR, T iZ 0 8k N 48 v DL N iZ 5000 A bl WA s AR AR
LRI R, 1T 2R N1 4% AT LAAATAil I T B 5 B ORI 2 DR B V2R b, SR BUZH R
TR M T B A2, ML B AR P AEE T SR —QoS FlowhriH 58 QoS flowkrsil A
MQoS flowbriR =3 Z Al X RIS R, A %48 QoS flowhriRA BT S —QoS flowhr
o

[0105]  Hiltn,iE &K1, WP TC L& N & 52 N A ZDRBL R B2 B Z 20, BiZ e
QoS flowhkriRNQoS flow short 1D2, MiZIC &4 N5 & MR P14 I B 51 2 1 1] BLAf 2 1%
QoS flowkrillNQoS flow 1D2,

[0106]  HE— DHh, iZTCREAN B AL IZHE —QoS Flowhnif)a, n] LA TS HC B 28 —
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QoS flowhriR - 5% HiIiHE < [A] 13 W O R, T 1% 55— QoS £ 1owhs TR B [ 4% iy il 1E
FH B I 1 0 Z AL T8 , I 2 B A2 s RO M4 .

[0107]  gE— P, ZLE SR PIEEFEE i rnG 8. ZE G EH TR ATRE
ZI1H T —QoS flowknIHFI/BR 28 QoS flowkr IRIHTHE R SS i & QoS flow, %48 QoS
flowflFTE 7 F47QoS flowAl/BidsE F4TQoS flow.

[0108]  7E~BR N A, —4QoS flow A BEAL I 5 —QoS flowhs IR A/ QoS
flowkn L, Flan, an WA A Z B VBUFHE — QoS flow, MBI /T HPaiL it B b, A%
QoS flowhyr IHH/EUE —QoS flowhn iR, Jogkie N W& RIE Lz dn 1 L 884
HAEL, ] LASRENZEAEKIQoS flow,

(01091 554b, iZEEQoS flown] LAA FATH IR, ] LN AT, ik n] DU FAT 2R AN
AT R R 2, Tk NS RS TR UE, TS EATQoS flow AR ZAL B —QoS
£ LlowhR A/ B EE QoS lowkrnii, B3 , i R 4TQoS flow A FE EALIL G —QoS flowhril
/885 QoS Clowkril, Bl , R [ 17QoS [TowAl F4TQ0S [lowA TR EALI# EH —QoS
flowhR PR FN/BREE QoS flowhriR.

(01101 FEARN )| SZf H , 7EREA T E AL g , IR SrA I  2E i 2 —QoS  flowhril,
MAFfig FTTC EBLAS B AP B XM QoS flowhR iR ANZ 4% QoS lowhr RIS o 2425 1f)
BZF QoS flowhs RANIZAS BN, Ui B AT LU 55 —QoS flowhs HRAE X8 —QoS
flowkr i, BRI, FEZ PR AL S P N BRI 28 QoS flowkriH. T iZ 28 QoS
flowhr P BN TZ 8 —QoS flowhn iR, BRI, BTN 7% 58 —QoS  flowhr PR K] Hdhs sk
WAE B AL aT US4, 9F B Z AL B S B IR FE7R 71250 QoS flowhr IR A, 4N
L BN T 3SR QoS flowhR iR #HAT I B R yE M, M85 1 & S ARG R .
[0111]  TFEULHIM 2, LIRS CAUELE AR S MR AE A AL I U E 1 55 —QoS £ lowkr
PR, B —QoS flowhniH, B B0 —QoS flowhsiRI , FE iz i ALk s n iz
QoS flowhm IR B BEAT Ul BH o % T Jo 2R N R A5 SR UL, 1% Je 2 B N IR 8 7E 7] UEAL i 4
Py, B AT LA G IR S 77 ACRAE S S

[0112]  —®EI X AT EE kUL, W QoS flow RN B AT 182 28, W L& N & Ae
TEARR I R I A Sk RN EE —QoS FlowhkrnIRENEE —QoS flowhril, Hdv, izfew M1 14
ANiZQoS £ lowst W AT EHE -5 N AT HHim Yoy e S 21 A =) 1) 2 8m A 2 E L a0, iz 48 E 3
uJ Pl Nreflective QoSe

(01131  fHZ, W HQoS 1owlit B A AT N.IK 538 40, B, %45 8 S # Nreflective
QoS, MITC e B N8 — = A2 T ATER 1 INQoS  (lowtriH, DAE T-UEAf & QoS MTow
K 5 AT IR AR BB A, LA SR FH RS2 R 25 8 AR A A T S IR 1) A % o
[0114]  fF BHARSZILH , Z o422 N a5t nf DUIRHE 55 —QoS  flowhr iR, 21 )2 15 FA 12X
M QoS flowhri o &l BIAFAEXT B 25 —QoS flowhr I , 7EA% Hi i B da 1 A1 3k
TERINIZ 5 QoS flowhnil , LAR i 2 M i UEAR 15 2, AN TF Sl 4o A % o ez N
15 28 R IR H s LA A @ i # PR A% 8 (5 B SEULE R AT VR N 48, RIS 2 0L IR UE R IS
P A B 1k A% i (5 B Se I R .

[01158] T BEUd W IR A2 , 71 2B S B R, 4 S 33 4 Ak ak BB i) 2 QoS flowdd i B A
R fEE S L L E A reflective QoS, WIFEEMRAL L e, ok N s thm] L
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1% % 41~QoS flowH IBENL— QoS flowANHE BEXT M 25 —QoS flowhriRE 58 QoS
flowkbril, HX1Z 2 100S flow P HIH E QoS flowll & X N 5 —QoS flowkriHEL S —
QoS flowhriHBEI T o R 2, 7 SEBR S A, o 242 N e TR R ) i RIS Tc B 17 %) R 1)
reflective QoS,{HIZHHEMI AL LT AT HEARBENT 5 —QoS flowhniHuk 5 —QoS flowkr
i

[0116]  EAAZMRG — < MR S AR s W 1 — P B AR B 25 MR B (5 B
& AL

[0117] A WFEHR410, - TRIEFALM A IR 2 —QoS flowhr i, MAFfif L 215 B H
FEWAT T Z QoS Flowhr IR A B, iZ T B A 2 i OLFR 208 AR 26 B IV TE 2 1) 58, 1% 1D
BARATAEE QoS Flowkril 28 —QoS flowhril LA A iZ 5 —QoS flowhril [ B —
B2 MEI MR FR, HirP, 28 QoS Flowhr iR K E /T2 —QoS flowhr it K

[0118]  ¥RMNARER420, FHT 4% A AR 410 & W 1% 58 QoS 1 lowhn IR AN K I, 76
IZEHR AL R INIZ K E R IZ 5 QoS MlowhriR, 3 3L-T N )& B s 5 B 1%
o

(01191 nJikth, ZACE G S HF e ESE —fErE R, B —fErEEH TR FT 2L
B —QoS flowhriR /A —QoS flowhriRATFEEQoS flow, i%fEEQoS flowflihfe &
47QoS flowHl/BHE 7 F4T7QoS flow.

[0120]  mJ ikt , ZE IR AL PR O E G B, 8 e nE B THxiZids
AL 2 AL REIZ S8 —QoS flowhrit, B A2 &AL FG % 5H QoS flowhriH.

(01211 wf ik, Z B Ak P B GG = Fe (e B, 0 =i 5 B TR~z 3dE
ALk 45 T B NS x5 e TR T 5 %58 QoS flowhriHELES QoS
flowhrifo

[0122]  wJihih, >4 il #4106k Th BLFE iR 58 —QoS flowhriRIN, frid # s 1 a1k
I EFE VU~ G S iR S VU8 =~ (5 B TR R R 58 —QoS  Flowhm IR K

[0123]  WJikdh, 125 K48, %38 H iR AL 45

[0124]  PaWAF AL 430, FITRfOF A7 o Befe N A K IEIZIC EAE 2

[0125]  FEARNIFSLHB) + , 7ERHT E R L4 , IRIE R 2R M 5 —QoS flowkril,
MAF G EAS S AP BT IS QoS flowhriRFIZ S QoS £ lowkr I K B o 2425 i)
BZ QoS flowhr LFZ K FERT , Ui B VT BAIB I 28 —QoS  flowhr IR AR E 1% 58 —QoS
flowhr iR, BRI, fEiZ B0 ) ALk RS in B K R 88 QoS flowkrile FH T 1% 5 QoS
Clowhm IR /DT IZEH—QoS [lowks i, BRIk, TN 1 %5 QoS [Towhr iR i) Hda sk
WAE BAL ST LA A 14, H IZ L EE B iR T 28 QoS flowks IR K5, T
e BN T ATZER QoS Flowhr R4 Al B i R A4, Mo 38N 1 & SRR RaE
[0126]  SGT Bk Szt v fr) 36 B, Hip S AR AT # AR I Bk 77 N 8T 9% i
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BB ER BRSBTS S nT AR R — 2 AR il A AT 2R 504348 He {5 20
{F516% 32 o 76— LS i 45 b , A4 5 1 038 0 — A3 7= 28, T4 S 4S5 o

[0134]  T/08:11512 440 BeH AAF502 0 M Bl 432 L A 22 [R) it 42 10, iR 41 s 4 1 A m]
PSR, S5, J0 55 I T B RS R AN PR T« 35 D4R L S AL B d A A
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METHOD AND APPARATUS FOR SERVING QUALITY OF SERVICE (QOS) FLOW
IN A WIRELESS COMMUNICATION SYSTEM

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] The present Application claims the benefit of U.S. Provisional Patent Application
Serial No. 62/536,163 filed on July 24, 2017, the entire disclosure of which is incorporated

herein in their entirety by reference.
FIELD

[0002] This disclosure generally relates to wireless communication networks, and more

particularly, to a method and apparatus for serving QOS flow in a wireless communication

system.
BACKGROUND
[0003] With the rapid rise in demand for communication of large amounts of data to and

from mobile communication devices, traditional mobile voice communication networks are
evolving into networks that communicate with Internet Protocol (IP) data packets. Such IP data
packet communication can provide users of mobile communication devices with voice over IP,

multimedia, multicast and on-demand communication services.

[0004] An exemplary network structure is an Evolved Universal Terrestrial Radio Access
Network (E-UTRAN). The E-UTRAN system can provide high data throughput in order to
realize the above-noted voice over IP and multimedia services. A new radio technology for the
next generation (e.g., 5G) is currently being discussed by the 3GPP standards organization.
Accordingly, changes to the current body of 3GPP standard are currently being submitted and

considered to evolve and finalize the 3GPP standard.
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SUMMARY

[0005] A method and apparatus are disclosed from the perspective of a network node. In
one embodiment, the method includes the network node transmitting a first message with a DRB
(Data Radio Bearer) configuration to a UE (User Equipment) for establishing a default DRB for
a PDU (Packet Data Unit) session, wherein the DRB configuration includes a QFI (QoS Flow Id)
configuration used to indicate whether a QFI field is present or not in uplink for the default DRB
and the QFI configuration is always set to a value indicating the QFI field is present in uplink for
the default DRB. The method further includes the network node establishing the default DRB
with a presence of the QFI field in uplink. The method also includes the network node receiving
a SDAP (Service Data Adaptation Protocol) PDU with the QFI field via the default DRB from
the UE.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] FIG. 1 shows a diagram of a wireless communication system according to one

exemplary embodiment.

[0007] FIG. 2 is a block diagram of a transmitter system (also known as access network)
and a receiver system (also known as user equipment or UE) according to one exemplary

embodiment.

[0008] FIG. 3 is a functional block diagram of a communication system according to one

exemplary embodiment.

[0009] FIG. 4 is a functional block diagram of the program code of FIG. 3 according to

one exemplary embodiment.

[0010] FIG. 5 is a reproduction of Figure 12-1 of 3GPP TS 38.300 v0.4.1.
[0011] FIG. 6 is a reproduction of Figure A.6-1 of 3GPP TS 38.300 v0.4.1.
[0012] FIG. 7 is a reproduction of Figure 5.7.1-1 of TS 23.501 v1.0.0.
[0013] FIG. 8 is reproduction of Figure 1 of 3GPP R2-1707159.
[0014] FIG. 9 is reproduction of Figure 2 of 3GPP R2-1707159.
[0015] FIG. 10 is reproduction of Figure 3 of 3GPP R2-1707159.
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[0016] FIG. 11 is reproduction of Figure 4 of 3GPP R2-1707159.

[0017] FIG. 12 is a flow chart according to one exemplary embodiment.

[0018] FIG. 13 is a flow chart according to one exemplary embodiment.

[0019] FIG. 14 is a flow chart according to one exemplary embodiment.
DETAILED DESCRIPTION

[0020] The exemplary wireless communication systems and devices described below

employ a wireless communication system, supporting a broadcast service. Wireless
communication systems are widely deployed to provide various types of communication such as
voice, data, and so on. These systems may be based on code division multiple access (CDMA),
time division multiple access (TDMA), orthogonal frequency division multiple access
(OFDMA), 3GPP LTE (Long Term Evolution) wireless access, 3GPP LTE-A or LTE-Advanced
(Long Term Evolution Advanced), 3GPP2 UMB (Ultra Mobile Broadband), WiMax, or some

other modulation techniques.

[0021] In particular, the exemplary wireless communication systems devices described
below may be designed to support one or more standards such as the standard offered by a
consortium named “3rd Generation Partnership Project” referred to herein as 3GPP, including:
TS 38.300 v0.4.1, “NR; NR and NG-RAN Overall Description; Stage 2”; TS 23.501 v1.0.0,
“System Architecture for the 5SG System; Stage 2”; R2-1707159, “SDAP Header Format”,
Ericsson; R2-1707160, “Reflective QoS and Presence of Flow-1ID”, Ericsson; R2-1707161,
“QoS Flow Remapping Within the Same Cell and in Handover”, Ericsson; S2-170065,
“Discussion on Reflective QoS activation using C-plane and U-plane”, Huawei and HiSilicon;
3GPP RAN2#98 meeting chairman’s note; 3GPP RAN2 NR Ad Hoc#2 meeting chairman’s
note; TS 38.323 v0.0.5, “NR; Packet Data Convergence Protocol (PDCP) specification”; 3GPP
email discussion [NR-AH2#08][NR UP] Running TS 37.324 attachment “Draft 37324-010-
v1.doc”; R2-1705780, “QoS flow ID in AS Reflective QoS”, CMCC; R2-1704648, “Discussion
on reflective QoS”, ZTE; R2-1704649, “Discussion on the SDAP PDU format”, ZTE; TS 23.401

v14.0.0, “General Packet Radio Service (GPRS) enhancements for Evolved Universal Terrestrial
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Radio Access Network (E-UTRAN) access”. The standards and documents listed above are

hereby expressly incorporated by reference in their entirety.

[0022] FIG. 1 shows a multiple access wireless communication system according to one
embodiment of the invention. An access network 100 (AN) includes multiple antenna groups,
one including 104 and 106, another including 108 and 110, and an additional including 112 and
114. In FIG. 1, only two antennas are shown for each antenna group, however, more or fewer
antennas may be utilized for each antenna group. Access terminal 116 (AT) is in communication
with antennas 112 and 114, where antennas 112 and 114 transmit information to access terminal
116 over forward link 120 and receive information from access terminal 116 over reverse link
118. Access terminal (AT) 122 is in communication with antennas 106 and 108, where antennas
106 and 108 transmit information to access terminal (AT) 122 over forward link 126 and receive
information from access terminal (AT) 122 over reverse link 124. In a FDD system,
communication links 118, 120, 124 and 126 may use different frequency for communication. For

example, forward link 120 may use a different frequency then that used by reverse link 118.

[0023] Each group of antennas and/or the area in which they are designed to
communicate is often referred to as a sector of the access network. In the embodiment, antenna
groups each are designed to communicate to access terminals in a sector of the areas covered by

access network 100.

[0024] In communication over forward links 120 and 126, the transmitting antennas of
access network 100 may utilize beamforming in order to improve the signal-to-noise ratio of
forward links for the different access terminals 116 and 122. Also, an access network using
beamforming to transmit to access terminals scattered randomly through its coverage causes less
interference to access terminals in neighboring cells than an access network transmitting through

a single antenna to all its access terminals.

[0025] An access network (AN) may be a fixed station or base station used for
communicating with the terminals and may also be referred to as an access point, a Node B, a
base station, an enhanced base station, an evolved Node B (eNB), or some other terminology. An
access terminal (AT) may also be called user equipment (UE), a wireless communication device,

terminal, access terminal or some other terminology.
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[0026] FIG. 2 is a simplified block diagram of an embodiment of a transmitter system
210 (also known as the access network) and a receiver system 250 (also known as access
terminal (AT) or user equipment (UE)) in a MIMO system 200. At the transmitter system 210,
traffic data for a number of data streams is provided from a data source 212 to a transmit (TX)

data processor 214.

[0027] In one embodiment, each data stream is transmitted over a respective transmit
antenna. TX data processor 214 formats, codes, and interleaves the traffic data for each data

stream based on a particular coding scheme selected for that data stream to provide coded data.

[0028] The coded data for each data stream may be multiplexed with pilot data using
OFDM techniques. The pilot data is typically a known data pattern that is processed in a known
manner and may be used at the receiver system to estimate the channel response. The
multiplexed pilot and coded data for each data stream is then modulated (i.e., symbol mapped)
based on a particular modulation scheme (e.g., BPSK, QPSK, M-PSK, or M-QAM) selected for
that data stream to provide modulation symbols. The data rate, coding, and modulation for each

data stream may be determined by instructions performed by processor 230.

[0029] The modulation symbols for all data streams are then provided to a TX MIMO
processor 220, which may further process the modulation symbols (e.g., for OFDM). TX MIMO
processor 220 then provides N7 modulation symbol streams to Ny transmitters (TMTR) 222a
through 222t. In certain embodiments, TX MIMO processor 220 applies beamforming weights
to the symbols of the data streams and to the antenna from which the symbol is being

transmitted.

[0030] Each transmitter 222 receives and processes a respective symbol stream to
provide one or more analog signals, and further conditions (e.g., amplifies, filters, and
upconverts) the analog signals to provide a modulated signal suitable for transmission over the
MIMO channel. Ny modulated signals from transmitters 222a through 222t are then transmitted
from N7 antennas 224a through 224, respectively.

[0031] At receiver system 250, the transmitted modulated signals are received by Ng
antennas 252a through 252r and the received signal from each antenna 252 is provided to a

respective receiver (RCVR) 254a through 254r. Each receiver 254 conditions (e.g., filters,
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amplifies, and downconverts) a respective received signal, digitizes the conditioned signal to

provide samples, and further processes the samples to provide a corresponding “received”

symbol stream.

[0032] An RX data processor 260 then receives and processes the Ng received symbol
streams from Ng receivers 254 based on a particular receiver processing technique to provide Nr
“detected” symbol streams. The RX data processor 260 then demodulates, deinterleaves, and
decodes each detected symbol stream to recover the traffic data for the data stream. The
processing by RX data processor 260 is complementary to that performed by TX MIMO

processor 220 and TX data processor 214 at transmitter system 210.

[0033] A processor 270 periodically determines which pre-coding matrix to use
(discussed below). Processor 270 formulates a reverse link message comprising a matrix index

portion and a rank value portion.

[0034] The reverse link message may comprise various types of information regarding
the communication link and/or the received data stream. The reverse link message is then
processed by a TX data processor 238, which also receives traffic data for a number of data
streams from a data source 236, modulated by a modulator 280, conditioned by transmitters 254a

through 254r, and transmitted back to transmitter system 210.

[0035] At transmitter system 210, the modulated signals from receiver system 250 are
received by antennas 224, conditioned by receivers 222, demodulated by a demodulator 240, and
processed by a RX data processor 242 to extract the reserve link message transmitted by the
receiver system 250. Processor 230 then determines which pre-coding matrix to use for

determining the beamforming weights then processes the extracted message.

[0036] Turning to FIG. 3, this figure shows an alternative simplified functional block
diagram of a communication device according to one embodiment of the invention. As shown in
FIG. 3, the communication device 300 in a wireless communication system can be utilized for
realizing the UEs (or ATs) 116 and 122 in FIG. 1 or the base station (or AN) 100 in FIG. 1, and
the wireless communications system is preferably the LTE system. The communication device
300 may include an input device 302, an output device 304, a control circuit 306, a central

processing unit (CPU) 308, a memory 310, a program code 312, and a transceiver 314. The

6
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control circuit 306 executes the program code 312 in the memory 310 through the CPU 308,
thereby controlling an operation of the communications device 300. The communications device
300 can receive signals input by a user through the input device 302, such as a keyboard or
keypad, and can output images and sounds through the output device 304, such as a monitor or
speakers. The transceiver 314 is used to receive and transmit wireless signals, delivering
received signals to the control circuit 306, and outputting signals generated by the control circuit
306 wirelessly. The communication device 300 in a wireless communication system can also be

utilized for realizing the AN 100 in FIG. 1.

[0037] FIG. 4 is a simplified block diagram of the program code 312 shown in FIG. 3 in
accordance with one embodiment of the invention. In this embodiment, the program code 312
includes an application layer 400, a Layer 3 portion 402, and a Layer 2 portion 404, and is
coupled to a Layer 1 portion 406. The Layer 3 portion 402 generally performs radio resource
control. The Layer 2 portion 404 generally performs link control. The Layer 1 portion 406

generally performs physical connections.

[0038] 3GPP TS38.300 described SDAP (Service Data Adaptation Protocol) layer and
QoS as follows:

6.5 SDAP Sublayer

The main services and functions of SDAP include:
- Mapping between a QoS flow and a data radio bearer;
- Marking QoS flow ID (QFI) in both DL and UL packets.

A single protocol entity of SDAP is configured for each individual PDU session, except for DC
where two entities can be configured (one for MCG and another one for SCG - see subclause

12).

[...]

12 QoS

The QoS architecture in NG-RAN is depicted in the Figure 13-1 and described in the following:
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For each UE, 5GC establishes one or more PDU Sessions.

- For each UE, the NG-RAN establishes one or more Data Radio Bearers (DRB) per PDU
Session. The NG-NG-RAN maps packets belonging to different PDU sessions to different
DRBs. Hence, the NG-RAN establishes at least one default DRB for each PDU Session

indicated by 5GC upon PDU Session establishment.

- NAS level packet filters in the UE and in the 5GC associate UL and DL packets with QoS

Flows.

- AS-level mapping in the UE and in the NG-RAN associate UL and DL QoS Flows with DRBs.

[Figure 12-1 of 3GPP TS 38.300 v0.4.1, entitled “QoS architecture”, is reproduced as FIG. 5]

NG-RAN and 5GC ensure quality of service (e.g. reliability and target delay) by mapping packets
to appropriate QoS Flows and DRBs. Hence there is a 2-step mapping of IP-flows to QoS flows
(NAS) and from QoS flows to DRBs (Access Stratum).

In NG-RAN, the data radio bearer (DRB) defines the packet treatment on the radio interface
(Uu). A DRB serves packets with the same packet forwarding treatment. Separate DRBs may be
established for QoS flows requiring different packet forwarding treatment. In the downlink, the
NG-RAN maps QoS Flows to DRBs based on NG-U marking (QoS Flow ID) and the associated QoS
profiles. In the uplink, the UE marks uplink packets over Uu with the QFI for the purposes of

marking forwarded packets to the CN.
In the uplink, the NG-RAN may control the mapping of QoS Flows to DRB in two different ways:

- Reflective mapping: for each DRB, the UE monitors the QFI(s) of the downlink packets and
applies the same mapping in the uplink; that is, for a DRB, the UE maps the uplink packets
belonging to the QoS flows(s) corresponding to the QFI(s) and PDU Session observed in
the downlink packets for that DRB. To enable this reflective mapping, the NG-RAN marks

downlink packets over Uu with QFI.
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It is FFS whether the marking with a QFI can be semi-statically configured (to not include the

QOS flow ID when not needed).

- Explicit Configuration: besides the reflective mapping, the NG-RAN may configure by RRC

an uplink “QoS Flow to DRB mapping”.

The precedence of the RRC configured mapping and reflective QoS is FFS (can reflective QoS
update and thereby override an RRC configured mapping? Or does a configured QoS Flow ID to

DRB mapping always take precedence over a reflective mapping?)

If an incoming UL packet matches neither an RRC configured nor a reflective “QoS Flow ID to

DRB mapping”, the UE shall map that packet to the default DRB of the PDU session.

Within each PDU session, is up to NG-RAN how to map multiple QoS flows to a DRB. The NG-
RAN may map a GBR flow and a non-GBR flow, or more than one GBR flow to the same DRB,
but mechanisms to optimise these cases are not within the scope of standardization. The timing
of establishing non-default DRB(s) between NG-RAN and UE for QoS flow configured during
establishing a PDU session can be different from the time when the PDU session is established.

Itis up to NG-RAN when non-default DRBs are established.

In DC, the QoS flows belonging to the same PDU session can be mapped to different bearer
types (see subclause 4.5.2) and as a result there can be two different SDAP entities configured
for the same PDU session: one for MCG and another one for SCG (for instance when one MCG

bearer and one SCG bearer are used for two different QoS flows).

The support for PDU session mapped to different bearers is pending conclusions in SA2 and

RANS3.

[...]

Annex A (informative):

QoS Handling in RAN

When and if to include the QF! in full or in shortened form and RQl in SDAP is FFS.
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All message names and parameters are FFS.

These reflect current status and may need to be updated based on further decisions.

[...]
A.6 UE Initiated UL QoS Flow

The following figure shows an example message flow when the UE AS receives an UL packet for

a new QoS flow for which a QFI for DRB does not exist.

[Figure A.6-1 of 3GPP TS 38.300 v0.4.1, entitled “UL packet with a new QoS flow for which a

mapping does not exist in UE”, is reproduced as FIG. 6]

0. PDU session and DRBs (including a default DRB) have been already established.
1. UE AS receives a packet with a new QFI from UE NAS.

2. UE uses the QFI of the packet to map it to a DRB. If there is no mapping of the QFl to a
DRB in the AS mapping table for this PDU session, then the packet is assigned to the
default DRB.

3. UE sends the packet on the default DRB. The UE includes the QFI in the SDAP header if
SDAP has been configured for this DRB.

4. gNB sends UL packets over NG-U and includes the corresponding QFI.

5. If gNB wants to use a new DRB for this QoS flow, it sets up a DRB. It can also choose to
move the QoS flow to an existing DRB using RRC signalling or AS reflective mapping

procedures discussed above. Details of this are as shown in Figure X.2-1 and Figure X.3-1.

6. UL packets received in UE AS with the QFI are sent over the DRB decided by the QFl to
DRB mapping table. If configured in step 5, UL data packets include a QoS marking (same

as or corresponding to QFI) in the SDAP header.

10
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[0039] 3GPP TS 23.501 specified QoS model for NR (New RAT/Radio) as follows:
5.7 QoS model

57.1 General Overview

The 5G QoS model supports a QoS flow based framework. The 5G QoS model supports both
QoS flows that require guaranteed flow bit rate and QoS flows that do not require guaranteed

flow bit rate. The 5G QoS model also supports reflective QoS (see clause 5.7.5).

The QoS flow is the finest granularity of QoS differentiation in the PDU session. A QoS Flow ID
(QFI) is used to identify a QoS flow in the 5G system. User Plane traffic with the same QFI within
a PDU session receives the same traffic forwarding treatment (e.g. scheduling, admission
threshold). The QFl is carried in an encapsulation header on N3 (and N9) i.e. without any
changes to the e2e packet header. It can be applied to PDUs with different types of payload, i.e.
IP packets, unstructured PDUs and Ethernet frames. The QFl shall be unique within a PDU

session.

NOTE 1: Policing of User Plane traffic (e.g. MFBR enforcement) is not regarded as QoS

differentiation and is done by UPFs on an SDF level granularity.

Each QoS flow (GBR and Non-GBR) is associated with the following QoS parameters (parameter

details are described in clause 5.7.2):
- 5G QoS Indicator (5Ql).
- Allocation and Retention Priority (ARP).

Each GBR QoS flow is in addition associated with the following QoS parameters (details are

described in clause 5.7.2):
- Guaranteed Flow Bit Rate (GFBR) - UL and DL;
- Maximum Flow Bit Rate (MFBR) - UL and DL;
- Notification control.

Each Non-GBR QoS flow may in addition be associated with the following QoS parameter

11
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(details are described in clause 5.7.2):
- Reflective QoS Attribute (RQA).
Two ways to control QoS flows are supported:

1) For non-GBR QoS flows with standardized 5Qls, the 5Ql value is used as QFI as defined in
clause 5.7.4 and a default ARP is used. In this case no additional N2 signalling is required

at the time traffic for the corresponding QoS flows start; or

2) For GBR and non-GBR QoS flows, all the necessary QoS Parameters corresponding to a
QFI are sent as QoS profile to (R)AN, UPF either at PDU Session establishment or QoS flow

establishment/modification.

Editor's note: Whether beyond the standardized 5Qls, also pre-configured 5Ql values

can be further used as QFI values is FFS.

The QoS parameters of a QoS flow are provided to the (R)AN as a QoS profile over N2 at PDU
Session or at QoS flow establishment and when NG-RAN is used at every time the User Plane is
activated. QoS parameters may also be pre-configured in the (R)AN for non-GBR QoS flows (i.e.

without the need to be signalled over N2).

The UE performs the classification and marking of UL User plane traffic, i.e. the association of
uplink traffic to QoS flows, based on QoS rules. These rules may be explicitly signaled over N1
(at PDU Session establishment or QoS flow establishment), pre-configured in the UE or
implicitly derived by UE from reflective QoS. A QoS rule contains a QoS rule identifier, the QFI of
the QoS flow, one or more packet filters and a precedence value. There can be more than one

QoS rule associated with the same QFI (i.e. with the same QoS flow).

A default QoS rule is required for every PDU session. The default QoS rule is the only QoS rule
of a PDU session that may contain no packet filter (in this case, the highest precedence value
(i.e. lowest priority) has to be used). If the default QoS rule does not contain a packet filter, the
default QoS rule defines the treatment of packets that do not match any other QoS rule in a

PDU session.

12
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Editor's note: It is FFS whether there, in addition, is a need for pre-authorized QoS rules

be provided to the UE.

The SMF allocates the QFI for every QoS flow and derives its QoS parameters from the
information provided by the PCF. When applicable, the SMF provides the QFI together with the
QoS profile containing the QoS parameters of a QoS flow to the (R)AN. The SMF provides the
SDF template (i.e. the set of packet filters associated with the SDF received from the PCF)
together with the SDF precedence and the corresponding QFI to the UPF enabling classification
and marking of User Plane traffic. When applicable, the SMF generates the QoS rule(s) for the
PDU Session by allocating QoS rule identifiers, adding the QFI of the QoS flow, setting the
packet filter(s) to the UL part of the SDF template and setting the QoS rule precedence to the
SDF precedence. The QoS rules are then provided to the UE enabling classification and marking

of UL User Plane traffic.

Editor's note: Some applications, e.g. IMS, require also the DL part of the SDF template
in the QoS rule. Whether the DL of the SDF template has to be sent for every QoS

rule is FFS.

The principle for classification and marking of User Plane traffic and mapping of QoS Flows to

AN resources is illustrated in Figure 5.7.1-1.

[Figure 5.7.1-1 of TS 23.501 v1.0.0, entitled “The principle for classification and User Plane

marking for QoS Flows and mapping to AN Resources”, is reproduced s FIG. 7]

In DL incoming data packets are classified based on SDF templates according to their SDF
precedence (without initiating additional N4 signalling).. The CN conveys the classification of
the User Plane traffic belonging to a QoS flow through an N3 (and N9) User Plane marking using
a QFI. The AN binds QoS flows to AN resources (i.e. Data Radio Bearers in case of in case of
3GPP RAN). There is no strict 1:1 relation between QoS flows and AN resources. It is up to the
AN to establish the necessary AN resources to map the QoS flows to DRBs so that the UE
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receives the QFI (and reflective QoS (see clause 5.7.5) may be applied).

In UL, the UE evaluates UL packets against the packet filters in the QoS rules based on the
precedence value of QoS rules in increasing order until a matching QoS rule (i.e. whose packet
filter matches the UL packet) is found. The UE uses the QFl in the corresponding matching QoS

rule to bind the UL packet to a QoS Flow. The UE then binds QoS flows to AN resources.

If no match is found and the default QoS rule contains one or more uplink packet filters, the UE

shall discard the uplink data packet.
The following characteristics apply for processing of Downlink traffic:
- UPF maps User Plane traffic to QoS flows based on the SDF templates

- UPF performs Session-AMBR enforcement and also performs PDU counting for support of

charging.

- UPF transmits the PDUs of the PDU session in a single tunnel between 5GC and (R)AN, the
UPF includes the QFl in the encapsulation header. In addition, UPF may include an

indication for reflective QoS activation in the encapsulation header.

- UPF performs transport level packet marking in downlink, e.g. setting the DiffServ Code
point in outer IP header. Transport level packet marking may be based on the 5Ql and

ARP of the associated QoS flow.

- (R)AN maps PDUs from QoS flows to access-specific resources based on the QFland the
associated 5G QoS characteristics and parameters, also taking into account the N3 tunnel

associated with the downlink packet.

NOTE 2: Packet filters are not used for binding of QoS flows onto access-specific resources in

(R)AN.

- If reflective QoS applies, the UE creates a new derived QoS rule. The packet filter in the
derived QoS rule is derived from the (i.e. the header of the) DL packet, and the QFI of the

derived QoS rule is is set according to the QFI of the DL packet.
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Following characteristics apply for processing of uplink traffic:

- UE uses the stored QoS rules to determine mapping between UL User Plane traffic and
QoS flows. UE transmits the UL PDUs using the corresponding access specific resource for

the QoS flow based on the mapping provided by RAN.

- (R)AN transmits the PDUs over N3 tunnel towards UPF. When passing an UL packet from
(R)AN to CN, the (R)AN determines the QFl value, which is included in the encapsulation

header of the UL PDU, and selects the N3 tunnel.

- (R)AN performs transport level packet marking in the uplink, transport level packet

marking may be based on the 5QI and ARP of the associated QoS Flow.

- UPF verifies whether QFls in the UL PDUs are aligned with the QoS Rules provided to the

UE or implicitly derived by the UE (e.g. in case of reflective QoS).
- UPF performs Session-AMBR enforcement and counting of packets for charging.

For UL Classifier PDU sessions, UL and DL Session-AMBR shall be enforced in the UPF that
supports the UL Classifier functionality. In addition, the DL Session-AMBR shall be enforced
separately in every UPF that terminates the N6 interface (i.e. without requiring interaction

between the UPFs) (see clause 5.6.4).

For multi-homed PDU sessions, UL and DL Session-AMBR shall be enforced in the UPF that
supports the Branching Point functionality. In addition, the DL Session-AMBR shall be enforced
separately in every UPF that terminates the N6 interface (i.e. without requiring interaction

between the UPFs) (see clause 5.6.4).

NOTE 3: The DL Session-AMBR is enforced in every UPF terminating the N6 interface to
reduce unnecessary transport of traffic which may be discarded by the UPF
performing the UL Classifier/Branching Point functionality due to the amount of the

downlink traffic for the PDU session exceeding the DL Session-AMBR.

The (R)AN shall enforce Max BitRate (UE-AMBR) limit in UL and DL per UE for non-GBR QoS

flows. The UE shall perform UL rate limitation on PDU Session basis for non-GBR traffic using
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Session-AMBR, if the UE receives a session-AMBR.

Rate limit enforcement per PDU session applies for flows that do not require guaranteed flow
bit rate. MBR per SDF is mandatory for GBR QoS flows but optional for non-GBR QoS flows. The
MBR is enforced in the UPF.

The QoS control for Unstructured PDUs is performed at the PDU session level. When a PDU
session is set up for transferring unstructured PDUs, SMF provides the QFI which will be applied

to any packet of the PDU session to the UPF and UE.

Editor's note: Whether and how the QoS flow level QoS control is supported for

unstructured PDUs is FFS.
[0040] 3GPP R2-1707159 discussed SDAP Header Format as follows:

2.1 Transparent mode for SDAP

As agreed in the last meeting there are cases when the SDAP header is not needed (e.g. when
operating in LTE+DC mode towards EPC or when the network does not intend to use any
reflective mapping). When the network does not configure the SDAP header one could model
this in a way that the SDAP layer is absent. However, this makes the protocol look different
depending on an RRC configuration. Hence, a cleaner solution is to model the absence of the
SDAP header as “SDAP transparent mode” as done already in several other 3GPP protocols. In

this way, SDAP can always be drawn on top of PDCP. Also a PDCP SDU is always an SDAP PDU.

Proposal1 When RRC de-configures the SDAP header, this is modelled as SDAP transparent

mode.
2.2 SDAP Header format

In RAN2 97-bis meeting, decision was made to include Flow ID in SDAP header and to have the
header byte aligned. Yet, the question of Flow Id length remains open. Possible sizes of flow ID
are from 7 bits up to 16 bits when SDAP header is assumed to be one or two bytes and

Maximum defined QFI value in QFI table defined by SA is 79 [1]. Flow ID value range with 7-bits

should be already sufficient as it allows 128 flows to exist in one PDU session. Having larger Flow
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ID range requires UE to allocate more resources for Flow to DRB mapping.

Table 1: 3GPP TS23.501 System Architecture for 5G System, Stage2, V0.4.0 (2017-04)

5.7.5.4.2 Reflective QoS Activation via User Plane

When the 5GC determines to activate reflective QoS via U-plane, the SMF shall include a QoS
rule including an indication to the UPF via N4 interface to activate User Plane with user plane
reflective. When the UPF receives a DL packet matching the QoS rule that contains an indication
to activate reflective QoS, the UPF shall include the RQl in the encapsulation header on N3
reference point. The UE creates a UE derived QoS rule when the UE receives a DL packet with a

RQl. (Reflective QoS Indication).

Based on the input from SA2 that UEs shall be told whether a DL packet requires an update of
the NAS level SDF-to-Flow mapping. We propose that there is one-bit indication in the DL
header. When the bit is set to 1, the UE indicates to NAS that it shall determine and possibly

update the SDF-to-Flow mapping based on the Flow-ID present in the SDAP header [2].

Proposal 2 The DL SDAP header includes 1-bit NAS-RQI indication that indicates whether the

UE shall create (or update) a UE derived QoS rule.

Similarly, to NAS RQl, there could be AS RQl bit indication in SDAP header indicating whether
the UE shall create or update a QoS Flow to DRB mapping. Having both, NAS and AS RQl
indication would require the SDAP header to be 2-bytes assuming that a 6-bit flow id length is

not sufficient.

Figure 1 shows the header when both, AS and NAS RQJ exists in the header. Length of the Flow
ID is between 7 and 16.
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[Figure 1 of 3GPP R2-1707159, entitled “DL SDAP header with 8-bit Flow ID, NAS-RQI, AS-RQl

and 6-bit Reserved field”, is reproduced as FIG. 8]

Observation 1 In DL, when NAS-RQI and AS-RQl fields are present and Flow ID is greater
than 7-bits, SDAP header grows to 2 bytes

Having NAS-RQI and AS-RQl allows gNB transmitter to omit the AS Flow ID in downlink header
when neither the NAS RQI bit nor the AS RQI bit is set. This would allow reducing the header
size to one octet in all DL packets that should not trigger any filter-update. But of course, it

would also result in a variable SDAP header size. Such header is presented in the figure 1.

[Figure 2 of 3GPP R2-1707159, entitled “DL SDAP header with 1-bit NAS-RQJ, 1-bit AS-RQIl and
Flow ID omitted (AS RQI = 0)”, is reproduced as FIG. 9]

The header length variation in the SDAP header and adds complexity when e.g. ROHC needs to

identify the starting point of the IP packet in the PDCP layer.

Considering that updating the Flow-ID to DRB mapping is significantly easier than the update of
the NAS filters, we don’t think that such an explicit indication should be added. Without that

indication a header length of one byte provides space for a 7-bit Flow ID length.

From DRB to Flow ID mapping perspective in UE, it is not desirable to have longer Flow ID range
than required as UE is required to maintain Flow to DRB mapping table. The range of 128 Flow

IDs is sufficient for the use cases that currently exists [1].

The resulting downlink SDAP header is depicted in Figure 3.

[Figure 3 of 3GPP R2-1707159, entitled “DL SDAP header with 7-bit Flow ID and NAS-RQl”, is
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reproduced as FIG. 10]

Proposal 3 The DL and UL SDAP header contains a 7-bit Flow ID

For UL, Flow ID provides information to the gNB from which gNB is able to observe the QoS
marking carried in the NG3 UL header. The NAS-RQl is not required. Hence the resulting UL

header has one spare bit (R) for later use as shown in Figure 4.

[Figure 4 of 3GPP R2-1707159, entitled “UL SDAP header when 7-bit Flow ID is used”, is

reproduced as FIG. 11]

Proposal 4 The UL SDAP header has one spare bit (R) for later use.

In previous meeting, some companies proposed to have control PDU for SDAP layer. Information
carried by the control PDU would be related to the state of NAS and AS usage. This information
can carried with the methods proposed above. Furthermore, RRC signalling covers QoS features,
which would make control element information redundant. Since SDAP layer is used currently
only with QoS and it is currently tightly coupled with the PDCP entity, control PDU would add
complexity that may not be justified with the benefits. Additionally, dynamic SDAP header
introduces complexity to the ROHC implementation as the position of the IP packet needs to be
known by ROCH. Alternatively having SDAP header at the end would avoid the ROCH problems
but introduce coupling of SDAP header with PDCP SDU length information. Parsing from the end
with dynamic headers would create complexity to the receiver parser as the receiver would

need to predict the length of the SDAP header or have it indicated otherwise.

Proposal 5 Control headers are not introduced in SDAP layer.
Proposal 6 SDAP header is placed at the beginning of the PDU.
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[0041] 3GPP R2-1707160 discussed reflective QoS and presence of Flow-ID as follows:
Presence of SDAP header and QoS Flow ID

To enable reflective QoS, the RAN marks downlink packets over Uu with a QoS flow ID. The UE
marks uplink packets over Uu with the QoS flow ID for the purposes of marking forwarded

packets to the CN.
RAN2-97bis agreed that ...

DL packets over Uu are not marked with “Flow ID” at least for cases where UL AS reflective

mapping and NAS reflective QoS is not configured for DRB.
AS layer header include the UL “Flow ID” depending on network configuration
RAN2-98 discussed the topic again and concluded the following:

1. The QoS flow ID is presence once the AS reflective QoS is active. FFS whether it is always

present.

2. gNB should be informed when NAS layer reflective QoS is activated (e.g. can be used). It is FFS

how we handle NAS reflective QoS and dependent on how/when it will be provided.

3. RAN2 will support a mode in which SDAP header is not present and is configured per DRB. If
configured, FFS how the different fields are handled.

Dynamic presence of QoS Flow ID

Bullet 3 above implies that the eNB configures by RRC for each DRB whether or not the UE shall
include the SDAP header in uplink PDCP SDUs and whether the SDAP header is present in DL
PDCP SDUs. According to bullet 1, it should be discussed further whether the “QoS flow ID”,
once SDAP is configured, “is always present” or whether it may be present only dynamically. To
achieve the latter the SDAP header would need to indicate with one bit the presence of the
“QoS Flow ID” . Since such an indication would consume one bit itself it would not allow
reducing the size of the SDAP header below one octet. Hence, we consider it more efficient to

aim for an SDAP header that has a fixed size of one byte (if configured to be present by RRC).
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Proposal 1 If the SDAP is configured for a DRB by means of RRC, the “QoS Flow ID” is
present in UL and DL packets on that DRB (not dynamically
enabled/disabled).

Re-configuring presence of SDAP header

Since UE and network must be aware at any point in time which PDCP SDUs contain an SDAP
header, the presence of this header should only be changed by a synchronized reconfiguration,
i.e., RRCConnectionReconfiguration including mobilityControlinfo. One should note that this still
requires that the PDCP receiver entity informs the SDAP entity for each delivered PDCP PDU
whether the SDAP header is present. If one would like to avoid that, RAN2 should restrict the
configuration of SDAP header to full configuration (fullConfig). However, we consider it

acceptable to allow enabling/disabling the SDAP header during a handover.

Proposal 2 The eNB may change the presence of the SDAP header only by means of a

handover, i.e., a synchronized reconfiguration.

Due to the decision to make SDAP a separate protocol above PDCP, the RoHC compressor and
decompressor (which are specified to be part of PDCP) must now peek into the SDAP PDU and
work with the SDAP SDU (the IP packet). While this is not a nice design, we believe that with the
two proposals above both the UE and the network have all information that is necessary to

perform RoHC.

Observation 1 Based on the RRC configuration RoHC compressor and decompressor entities
in UE and network side can determine the position of the IP packet inside

each PDCP PDU, i.e., whether an SDAP header is present or not.

Conclusion

Based on the discussion in section 2 we propose the following:

Proposal 1 If the SDAP is configured for a DRB by means of RRC, the “QoS Flow ID” is

present in UL and DL packets on that DRB (not dynamically
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enabled/disabled).

Proposal 2 The eNB may change the presence of the SDAP header only by means of a
handover, i.e., a synchronized reconfiguration.

References
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AH, Qingdao, P.R. of China, 27th — 29th June 2017

Annex: QoS-related agreements in previous meetings

RAN2-95 discussed the basic principles of the NR QoS framework and reached the following

agreements:

Agreements

1 For DL for a non-GBR flow, the eNB sees an indication over NG-u and based on
the indication the eNB maps the packet to a DRB of an appropriate QoS. RAN2
understanding of SA2 agreements is that eNB has a QoS profile associated with

the indication.

FFS whether there is a requirement for every different QoS indication to be

mapped to a different radio bearer.
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2 Functionality is required to differentiate flows from different PDN-connections
over the radio interface (e.g. by using separate DRBs or by an explicit indication

in a header)

3 For DL, the eNB establishes DRBs for the UE taking the QoS profiles in to

account.

FFS how the DRB is established in the first packet is an UL packet.

At RAN2-95bis some further agreements were achieved and the first of the FFSs above was

resolved:

Agreements

1: RAN determines the mapping relationship between QoS flow (as determine by

the UE in UL or marked by the CN in DL) and DRB for UL and DL.
1a RAN can map multiple QoS flows to a DRB.

2 Specification will not forbid a GBR flow and non-GBR flow to be mapped to the

same DRB, but we will not introduce mechanisms to optimise this case.

3 Specification will not forbid more than one GBR flow to be mapped to the same

DRB, but we will not introduce mechanisms to optimise this case.

FFS: Whether traffic from different PDU sessions can be mapped to one DRB or

not.

Agreements
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RAN2#96:

1 Default DRB is established by eNB at PDU session establishment (or an existing

DRB may be used if mapping of more than one session to a DRB is allowed)

2. If the first packet of the flow is UL packet, if no mapping rule is configured in

the UE, the packet is sent through default DRB to the network.

FFS How and when the network can remap the flow to more appropriate DRB.
FFS the first packet is handled in the case that pre-authorised QoS is configured
FFS whether the pre-authorised QoS applies to RAN or only to the UE.

FFS whether there is a single level of mapping from UL TFT (5 tuple) to DRB, or
whether there is a 2 level mapping from UL TFT to QoS flow and then from QoS
flow to DRB.

Agreement
1: Traffic from different PDU sessions are mapped to different DRBs

2: In DL we have a 2-step mapping of IP flows, in which NAS is responsible for the
IPflow->QQOSflow mapping, and AS is responsible for the QOSflow->DRB

mapping (confirmation of SA2 agreement status).

3: In UL we have a 2-step mapping of IP flows, in which NAS is responsible for the
IPflow->QQOSflow mapping, and AS is responsible for the QOSflow->DRB
mapping.

4 DL packets over Uu are marked in band with QOS-flow-id for the purposes of

reflective QoS
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5 UL packets over Uu are marked in band with QOS-flow-id for the purposes of

marking forwarded packets to the CN.

FFS for bullets 4 and 5 whether it can be semi-statically configured to not include

the QOS flow ID in some cases.

FFS for bullets 4 and 5 whether it might be possible to use a shorter id over the

radio compared to that received from the CN. This is a stage 3 issue.

Agreements

1 For reflective QoS, the UE determines QoS Flow ID to DRB mapping in the
uplink based on the downlink packets received within a DRB and applies those

filters for mapping uplink Flows to DRBs.

2 The UE "continuously" monitors the QoS Flow ID in downlink PDCP packets and

updates the reflective QoS Flow ID to DRB mapping in the uplink accordingly.
3 RRCcan configure an uplink mapping

FFS The precedence of the RRC configured mapping and reflective QoS (e.g. can

reflective QoS update an RRC configured mapping)
Working assumption:

If an incoming UL packet does not match a QoS Flow ID to DRB mapping
(neither a configured nor a determined via reflective QoS), the UE shall map

that packet to the default DRB of the PDU session.

=> FFS whether the QoS field is added by PDCP or a new protocol layer above
PDCP.
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RAN2 Ad-Hoc January 2017:

Agreements

1: A new user plane AS protocol layer (e.g. PDAP) above PDCP should be
introduced to accommodate all the functions introduced in AS for the new QoS

framework, including:
- QOS flow->DRB routing;
- QoS-flow-id marking in DL packets;

- QoS-flow-id marking in UL packets;

2 The new protocol layer is applicable for all cases connecting to the 5G-CN

3: Single protocol entity is configured for each individual PDU session.

RAN2-97 Athens:

1 RAN2 to confirm that the timing of non-default DRB establishment (RAN to UE)
for QoS Flow configured during PDU Session Establishment could be done NOT

at the same time as PDU Session Establishment. (up to eNB implementation)

2  Working assumption from RAN2#96 is confirmed. i.e. First UL packet that

doesn't have a mapping to a DRB, is mapped to a default DRB.

1 “Lossless HO”, that is, lossless, in sequence without duplication to upper layers,
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should be supported in specification for intra-NR.

FFS whether we support QoS flow remapping at handover and, if supported,

whether the handover is lossless for this case.

RAN2-97bis Spokane (April 2017)

Agreements

1 NR/NR DC should support that different QoS flows of the same PDU session

can be mapped to MgNB and SgNB.

2 Inthe case of NR/NR DC where different QoS flows of the same PDU session
are mapped to MgNB and SgNB then there is one SDAP entity in the MgNB

and one in SgNB for that PDU session.

RAN2 understand that support of this behaviour is still under discussion on SA2

Agreements:
- New AS layer PDU is PDCP SDU
- AS layer header is byte-aligned

- DL packets over Uu are not marked with “Flow ID” at least for cases where UL

AS reflective mapping and NAS reflective QoS is not configured for DRB.

- AS layer header include the UL “Flow ID” depending on network

configuration

[0042] 3GPP R2-1707161 discussed QoS flow remapping within the same Cell and in

handover as follows:
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2.1 Updating QoS-Flow to DRB filters

At RAN2-96 it was discussed how the network can change a mapping of UL flows to DRBs and
RAN2 agreed that “The UE "continuously” monitors the QoS Flow ID in downlink PDCP packets

and updates the reflective QoS Flow ID to DRB mapping in the uplink accordingly”.

The word “continuously” was put in quotation marks since companies wanted to study whether

really each and every DL packet needs to be analysed.

We believe that this is the simplest way to allow the eNB to update the mapping by redirecting
the packets of a DL flow onto a different DRB. For example, if the UE observes initially a
downlink packet with Flow ID X on DRB 1, it creates an “Flow-to-DRB” filter that maps uplink
packets with Flow ID X to DRB 1. But if the UE later observes a downlink packet with Flow ID X
on DRB 2, it should change the filter for Flow X so that also the UL packets are mapped to DRB
2.

In the meantime, SA2 agreed however that the CN should indicate dynamically in the N3 (user
plane) packet header that the UE shall use this packet’s headers to create or update the NAS

level reflective QoS mapping:

Table 1: 3GPP TS23.501 System Architecture for 5G System, Stage2, V0.3.1 (2017-03)

5.7.5.4.2 Reflective QoS Activation via User Plane

When the 5GC determines to activate reflective QoS via U-plane, the SMF shall include a QoS
rule including an indication to the UPF to activate User Plane with user plane reflective.
When the UPF receives a DL packet matching the QoS rule that contains an indication to
activate reflective QoS, the UPF shall include the RQl in the encapsulation header on N3
reference point. The UE creates a UE derived QoS rule when the UE receives a DL packet with

a RQI (Reflective QoS Indication).

Based on the input from SA2 that UEs shall be told whether a DL packet requires an update of

the NAS level SDF-to-Flow mapping, we suggest copying that indication into the SDAP header.
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Proposal 5 If the NAS-RQI bit in a DL SDAP header is set to 1, the UE indicates to NAS that it
shall determine and possibly update the SDF-to-Flow mapping based on the

Flow-ID present in the SDAP header.

So far RAN2 assumed that the UE shall update the AS-level Flow-to-DRB mapping based on all
received DL packets containing a Flow-ID. One could consider changing this so that the UE
updates also the AS-level mapping only if explicitly told to do so. To achieve this, the SDAP
header would however need to comprise a second bit which indicates separately but in a similar
way whether the UE shall update the Flow-to-DRB mapping using the Flow-ID in the packet
header. Obviously this would only leave 6 bit for the Flow ID and hence likely lead to 2 octet
SDAP headers if 6 bit is considered too small. More discussion on the possible header formats

can be found in 0. In that paper we conclude that the Flow-ID in the SDAP header should 7 bit.
Proposal 6 The Flow ID length for DL and UL in SDAP header is 7-bits.

Proposal 7 Since the NAS-RQI bit is only needed in DL SDAP headers, the UL SDAP header

has one spare bit (R).
2.2 Packet reordering upon re-mapping QoS Flow to another DRB

Some companies observed in the last meeting that the re-mapping of a QoS Flow to a different
DRB may cause out-of-sequence packet delivery. This may happen when initial packets of the
flow ended up in a low priority DRB and subsequent packets are mapped to a high priority DRB
due to an updated Flow-to-DRB mapping. We agree with this observation but believe that the
network can avoid this when performing the re-mapping at an occasion where the queues are
empty. It may however not always be possible to ensure this for the uplink direction. But at
least for initial re-mapping from a default DRB to another DRB, it is likely that higher layers are
still in the initial handshaking phase (e.g. TCP SYN/SYN-ACK, TLS security setup, HTTP GET) and

hence there will typically be very few packets in flight that could overtake each other.

Observation2 When the NW re-maps a flow to a different DRB during the initial
transaction phase of the flow, packet re-ordering is unlikely due to few

packets being in flight.
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Observation3 When the NW re-maps a flow to a different DRB it can minimize the risk of
re-ordering by postponing it to occasions when buffers are empty or at least

small.

It was also mentioned that packet re-ordering upon Flow re-mapping could be avoided by
means of an additional re-ordering function per QoS Flow (above PDCP). However, in
accordance with the observations above, we don’t see a need for such (complex) functionality

on the UE side.

If RAN2 believes the risk of packet re-ordering upon QoS-Flow remapping (in uplink direction) is
unacceptably large, we suggest seeking for a relatively simple solution such as the following:
Upon detecting a remapping of a flow to a different DRB (reflectively or explicitly) the PDCP
transmitter copies all the not-yet-RLC-ACKed PDCP PDUs to the target DRB’s PDCP entity. This
may result in some duplicates but those don’t matter for higher layers. Since we anyway assume
that there will usually be only few packets in flight during the initial phase of a file transfer, the
inefficiency due to the (few) duplicates would be negligible for the initial reflective QoS
remapping described above. Of course, the approach would also avoid re-ordering on IP level if

the network re-maps a flow during handover.

Moving (instead of copying) the data to another DRB would avoid the overhead but would

require re-processing already pre-processed the PDCP PDUs of the source DRB.

Proposal 8 Additional UE functionality for avoiding possible out-of-order delivery when re-
mapping a QoS-Flow to a different DRB (by explicit signalling or by update

reflective QoS mapping) should not be introduced.

Proposal 9 If Proposal 8 is not agreeable (i.e., if RAN2 believes that re-ordering due to QoS
flow re-mapping shall be avoided), the PDCP transmitter shall copy all the
not-yet-RLC-ACKed PDCP PDUs to the target DRB’s PDCP entity.

2.3 Precedence order of reflective and configured mapping

RAN2-96 did not yet agree on “The precedence of the RRC configured mapping and reflective
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QoS”. There are basically three options:
1) An RRC configured mapping overrides any reflective mapping for that flow.
2) A newly derived reflective mapping overrides a mapping configured previously by RRC.

3) The UE applies always the most recent mapping, i.e., either provided by RRC or derived by

reflective QoS

We think that the second option would introduce an undesirable dependency between the RRC
configuration and the user plane. For example, the RRC configuration (AS-Config) would not
represent the mapping that the UE applies. This would be undesirable in case of mobility since
the UE would not behave as expected by the target node. It would also remove the possibility to

override a previous reflective QoS mapping by a dedicated configuration.

The third option suffers from possible race conditions since it may not be fully predictable
whether the UE received a DL data packet or the RRCConnectionReconfiguration first. Also, just

as the second option, ambiguities exist upon mobility.

Generally, we think that RRC signalling should always have precedence over L2 and L1 control
signalling. It would ensure a clean split and avoid any ambiguity. Also during mobility this
principle ensures that the target eNB is aware of all configured UL QoS mappings applied by the
UE. Besides that, it would also allow the eNB to map a DL QoS flow onto a different DRB than

the UL QoS flow with the same ID.

Proposal 10 If the eNB configures the UE with an “uplink QoS Flow to DRB filter”, it overrides

any reflective mapping for this QoS flow.
2.4 Maintaining QoS mapping during handover

In the context of inter-cell mobility, it should be discussed whether the UE maintains the
reflective UL QoS filters. As mentioned above, the target eNB does not know the UE’s reflective
QoS filters from the AS-Config. One could consider that the source eNB provides the reflective
UL QoS mappings to the target eNB (e.g. in AS-Context). Alternatively, the target node can

change the QoS mapping and send the new mapping to the UE in the HO command
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(RRCConnectionReconfiguration). But we consider this being unnecessarily complex and it
would also introduce risk of state mismatch. It appears simpler that the UE maintains a
reflective UL QoS mapping as long as the DRB with which it is associated exists, i.e., also during
normal RRC mobility. The UE releases the reflective UL QoS mapping when the eNB releases the

DRB with which the mapping is associated.

Proposal 11 The UE maintains a reflective UL QoS mapping as long as the DRB with which it is
associated exists, i.e., also during normal RRC mobility and upon bearer-type
change. The UE releases the reflective UL QoS mapping when the eNB

releases the DRB with which the mapping is associated.

[0043] RAN2#98 Chairman’s note captured the following agreements made for related
QoS:

Agreements

1: From RAN2 perspective the existing QoS parameters, and in particular the
concept of QCI/5Ql to abstract QoS requirements between CN and RAN should
be maintained in NR/NGC.

2 RAN2 sees a benefit in providing a “averaging window” as new QoS parameter
via N2. The RAN may use in this parameter in its scheduling decision e.g. to

enforce MBR and GRB.
3: No additional parameters are recommendation to SA2.

4 RAN2 to ask SA2 to clarify the use and corresponding actions from CN related

to the notification control to CN, if the QoS targets cannot be fulfilled in RAN

Agreements of SDAP headers
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1. The QoS flow ID is presence once the AS reflective QoS is active. FFS whether

it is always present.

2. gNB should be informed when NAS layer reflective QoS is activated (e.g. can be
used). Itis FFS how we handle NAS reflective QoS and dependent on

how/when it will be provided.

3. RAN2 will support a mode in which SDAP header is not present and is

configured per DRB. If configured, FFS how the different fields are handled.

[0044] RAN2 NR Ad Hoc #2 Chairman’s note captured the following agreements made
for related QoS:
Agreements

1 At SN addition and at new PDU session establishment then MN makes the

decision which QoS flows are moved SN
FFS Whether the SN can reject the movement of a QoS flow.

2 Irrespective of which node makes the decision of where a QoS flow is mapped

(to MN or SN) then RAN2 will aim that the RRC signalling is the same.

Agreements

1: The MN makes the decision to move ongoing/existing QoS flows to the SN (this
agreement does not imply whether the QoS flow is moved by moving a single

flow or by moving a whole bearer)
FFS Whether MN or SN takes the decision for flows being moved from SN to MN

2: The SN can reject the addition of a QoS flow, and inform the MN.
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3: The DRB level offloading (i.e. offloading all QoS flows of a DRB) is supported
between the MN and SN.

FFS: The QoS flow level offloading between the MN and SN, and if supported then

whether lossless handover can be supported.

4: The lossless handover user plane procedure could be reused for DRB level

offloading, if mapping is maintained in the target node.
FFS: If the case where mapping is not maintained can support lossless handover

5: The SN is responsible for the DRB management (e.g., setup, modify, release) of

SCG/SCG-split bearers, and the QoS flow -> DRB mapping at the SN

Agreements:

1. Thereis a need to tell the UE that it has to update the mapping rule. For the
AS reflective QoS it is up to the RAN to decide when to update the mapping

rules. FFS on the details of the header format.

2. ltis up to the RAN to decide when and which mechanism, explicit RRC re-
configuration and/or AS reflective QoS, should be used to provide mapping

information to the UE.

3. A UE follows the latest QoS flow to DRB mapping information regardless of the

fact whether it was explicit RRC or AS reflective QoS.
4. Whether a SDAP header is present or not is configured by RRC per DRB
5. The gNB indicates to UE using RRC signaling the default DRB for a PDU session.

6. RAN decides and configures the default DRB for a PDU session.
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[0045] Draft 3GPP TS 37.324 specified SDAP data transfer procedure and QoS flow to
DRB (Data Radio Bearer) mapping as follows:

5.2 SDAP data transfer procedures

5.2.1 UL data transfer procedures

At reception of an SDAP SDU from upper layer for a QoS flow,
- if there is no stored QoS flow to DRB mapping rule for the QoS flow:
- the SDAP entity shall map the SDAP SDU to the default bearer;
- else:

- the SDAP entity shall map the SDAP SDU to the DRB according to the stored QoS

flow to DRB mapping rule;

- if the DRB to which this SDAP SDU is mapped is configured by upper layer [3] with the
presence of SDAP header,

- the SDAP entity shall construct the SDAP PDU as specified in the subclause 6.2.2.2;

else:

- the SDAP entity shall construct the SDAP PDU as specified in the subclause
6.2.2.1;

- the SDAP entity shall deliver the SDAP PDU to the lower layers.
5.2.2 DL data transfer procedures

At reception of an SDAP PDU from lower layers,

- if the DRB from which this SDAP PDU is received is configured by upper layer [3] with
the presence of SDAP header, the SDAP entity shall:

- perform reflective QoS flow to DRB mapping as specified in the subclause 5.3.2;

- retrieves the SDAP SDU from the SDAP PDU as specified in the subclause 6.2.2.2;
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- else:

-retrieve the SDAP SDU from the SDAP PDU as specified in the subclause 6.2.2.1;

- deliver the retrieved SDAP SDU to the upper layer.

5.3 QoS flow to DRB mapping procedure

5.3.1 QoS flow to DRB mapping configuration
When upper layer [3] configures a UL QoS flow to DRB mapping rule for an SDAP entity:

- the SDAP entity shall store the UL QoS flow to DRB mapping rule.
5.3.2 Reflective QoS flow to DRB mapping

For each received DL packet of the QoS flow, the UE shall check the SDAP header for reflective

QoS to DRB mapping, as follows:
- if reflective QoS flow to DRB mapping is enacted:

the SDAP entity shall store the QoS flow to DRB mapping of the DL packet as the QoS flow to
DRB mapping rule for the UL packets of the QoS flow.

[0046] 3GPP R2-1704648 proposed to use a SDAP control PDU (Packet Data Unit) to
configure QoS flow to DRB mapping as follows:

2.1 Reflective notification on Uu

Per achievement captured in [1] (Annex A for reference), the RAN may control the uplink
mapping of QoS Flow-DRB either via reflective mapping or explicit configuration. And the
reflective mapping is accomplished via marking DL packets over Uu with QFI (Called as

reflective mapping via SDAP data PDU hereafter).

Whether to support QoS flow-DRB remapping was raised up during Sl with no final decision.
The issue is analyzed in our companion contribution [2] and we propose that the QoS flow-DRB

remapping for non-handover case (i.e. intra-cell remapping) should be allowed. Then according
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to the achievement indicated above, the RAN can control the uplink QoS flow-DRB remapping
via explicit configuration or reflective mapping via SDAP data PDU. However, take the following

remapping case listed in [2] for an instance:

— Ifanincoming UL packet does not match a“QoS Flow ID to DRB mapping”, the UE shall
map the packet to the default DRB of the PDU session. When the gNB receives the packet,

it may decide to remap the UL QoS flow to another appropriate DRB.

If the gNB controls the remapping via explicit configuration, additional RRC signalling overhead
and extra delay will be introduced. While if the gNB controls the remapping via SDAP data PDU,
it should be noted that for UL mainly traffic, maybe there’s no DL data arrival right at that time.
Then the control of the remapping may be delayed until the first DL packet arrival. The
unpredictable delay may have negative impact on the user experience. The analysis above is

also true for the other three remapping cases listed in [2].

To tackle the issue, one possible approach is to introduce a SDAP Control PDU for uplink
reflective mapping (Called as SDAP Control PDU for reflective mapping hereafter). For example,
if to map a QoS flow to a DRB via the SDAP control PDU, the QFI of the QoS flow should be
include in the SDAP control PDU and the SDAP control PDU is delivered via the DRB to which

the QoS flow is expected to be mapped to.

— The SDAP control PDU for reflective mapping can be introduced in addition to the reflective
mapping via SDAP data PDU: When the gNB decides to control the uplink
mapping/remapping of QoS Flow-DRB via reflective mapping, if there’s no DL data available

right at that time, control via SDAP control PDU, or else control via SDAP data PDU; or,

— The SDAP control PDU for reflective mapping can be introduced instead of the reflective
mapping via SDAP data PDU: Whenever the gNB decides to control the uplink

mapping/remapping of QoS Flow-DRB via reflective mapping, control via SDAP control PDU.

During the study in SI, majority of the companies propose to decouple the NAS reflective QoS

and AS reflective mapping. The target can be achieved with the introduction of SDAP control
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PDU replace reflective mapping via SDAP data PDU. And if it is agreed to introduce the SDAP
control PDU for reflective mapping, the SDAP control PDU format can be found in our

companion contribution [6].

Observationl. If with the introduction of SDAP control PDU to replace reflective mapping via
SDAP data PDU, the target of decouple the NAS reflective QoS and AS reflective mapping can

be achieved.
With the above analyse, we propose:
Proposall. To introduce SDAP control PDU for reflective mapping.

Proposal2. The SDAP control PDU can be introduced either to replace or in addition to the

reflective mapping via SDAP data PDU.
At RAN2#97bis [3], it’s agreed that:

- DL packets over Uu are not marked with “Flow ID” at least for cases where UL AS

reflective mapping and NAS reflective QoS is not configured for DRB.
Then the question is when should the DL packets over Uu are marked with “Flow ID”?

According to the achievement in SA2 [4] (Annex B for reference), if the NAS reflective QoS is
used, the UE needs to rely on the DL packets to derive the QoS rules. The derived QoS rule
includes Packet Filter, QFI, precedence value. Among the derived QoS rules, the Packet Filter
and QFIl can be derived only from the DL packets. So obviously, the QFI should also be included

in DL packets for the purpose of NAS reflective QoS.

Observation2. DL packets over Uu should be marked with QFI for the purpose of NAS

reflective QoS.

The NAS reflective QoS is to create a QoS rule for an uplink QoS flow in the UE. And per
achievement in [1], the timing of establishing non-default DRB(s) and how to map QoS flows to
DRBs is up to RAN decision. At the time to create a QoS rule for an uplink QoS flow via NAS
reflective QoS, it’s the most probably that there will be upcoming uplink packets for this specific

QoS flow. If the QoS flow is not mapped to any DRB at that time, the AS reflective mapping may
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be used at the same time to map this specific uplink QoS flow to an established DRB. In this
case, if keeping using SDAP data PDU for the purpose of AS reflective mapping, QFl should be

included in DL packets for both the purpose of NAS reflective QoS and AS reflective mapping.

Observation3. NAS reflective QoS and AS reflective mapping may take place simultaneously

over the Uu.

Observation4. If keep using the SDAP data PDU for the purpose of AS reflective QoS, DL
packets over Uu should be marked with QFI for the purpose of NAS reflective QoS and/or AS

reflective mapping.

With the introduction of QFI in DL packets for the purpose of reflective, whether the UE should
“continuously” monitor the QFl in DL packets or not is left open at the end of Sl phase.
Considering the high data volume in NR, concerns arise that high processing overhead as well as
complexity will be introduced if the UE is required to continuously monitor QoS flow ID in each
DL packet [5]. Besides, as analyzed above, if keep using the SDAP data PDU for the purpose of
AS reflective QoS, the QFI should be included in the DL packets for the purpose of NAS
reflective QoS and AS reflective mapping. Then if with only QFl in the DL packets, the UE
receives a DL packet with QFI can’t discriminate whether it is for NAS reflective QoS or AS
reflective mapping, thus should perform both type of reflective checking anytime. In this way,

unnecessary processing overhead will be introduced.

To tackle the issues above, indicators should be introduced in the DL packets to inform UE
whether the QFl is included in the DL packets or not and whether it is for NAS reflective QoS
and/or AS reflective mapping. The UE needs to do reflective checking only if it is indicated that
the QFl is included. And the UE performs NAS reflective checking and/or AS reflective checking
according to the instruction of the indicators. The detail of the inclusion of the indicators in the

SDAP header will be discussed in our companion contribution [6].

Proposal 3. If keep using the SDAP data PDU for the purpose of AS reflective QoS, indicators
should be introduced in the DL packets to inform whether QFl is included or not and whether

it is for NAS reflective QoS and/or AS reflective mapping.
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For the AS reflective mapping, the QoS flow-DRB mapping is determined by the gNB itself, it is
up to gNB to determine when to make use of the AS reflective mapping. So the gNB knows well
when the AS reflective mapping is required and generates the SDAP control PDU or SDAP data

PDU for reflective mapping accordingly.

While for NAS reflective QoS, per achievement in SA2 [4], the reflective QoS can be activated
via either User Plane or Control Plane via the Reflective QoS Indication (RQl). If activated via
User Plane, the RQl will be included in the encapsulation header of the DL packets on N3
reference point. With the receiving of RQl, the gNB knows NAS reflective QoS is required and
includes QFI in the DL packets accordingly. If activated via Control Plane, the RQl is only
indicated to the UE via N1 reference point [4]. The gNB has no idea of when to include the QFI
in the DL packets. So SA2 should be informed that for the case of reflective QoS activated via

Control Plane, the RQl should also be informed to the gNB, e.g. via N2 signalling.

Proposal 4. To inform SA2 that the RQIl should be informed to the gNB also in case the

reflective QoS is activated via Control Plane.
2.2 Precedence of the RRC configured mapping and reflective mapping

The precedence of the RRC configured mapping and AS reflective mapping is still left open now
[1]. During the discussion in Sl, solution for the issue is discussed but without any considering
on the occurring of the issue itself, that is, in which scenarios the issue will take place. The
reasonable assumption is that once the QoS flow-DRB mapping is decided in the gNB, it will be
kept in use only if QoS flow-DRB remapping is needed. In other words, the issue of the
precedence of RRC configured and reflective mapping should only be considered if QoS flow-

DRB remapping is allowed.

Proposal 5. The issue of the precedence of RRC configured and reflective mapping should only

be considered if QoS flow-DRB remapping is allowed.

The gNB decides the QoS flow-DRB mapping according to the QoS profiles per QoS flow, taking
the radio condition in RAN (e.g. radio link quality, load condition etc) into consideration.

Neither the QoS profiles nor the radio conditions in RAN will change frequently. So it can be
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precluded that another QoS flow-DRB remapping will take place right after the preceding one.
In other words, practically, the gNB will initiate a new remapping only after the completion of
the previous remapping. And the gNB knows the most updated QoS flow-DRB mapping in UE
clearly. Given the above, we propose that the UE should always apply the most recent mapping,

i.e., either explicit provided by RRC or derived by reflective mapping.

Proposal 6. The UE should always apply the most recent mapping, i.e., either explicit provided

by RRC or derived by reflective mapping.
2.3 QoS flow-DRB mapping handle during handover

According to the agreement at RAN2#97bis, “Lossless HO” can be accomplished if the target
uses the same DRB configuration and QoS flow-DRB mapping as the source. So for the purpose
of “Lossless HO”, all of the QoS flow-DRB mapping information in the source should be
forwarded to the target. And the UE should maintain all of the QoS flow-DRB mapping acquired
from the source (including both the mapping configured via RRC signaling and the reflective

mapping) during handover and update according to the target decision correspondingly.

Proposal 7. Forward all of the QoS flow-DRB mapping information from the source to the

target.

Proposal 8. The UE should maintain all of the QoS flow-DRB mapping acquired from the

source during handover and update according to the target decision correspondingly.

[0047] According to 3GPP TS 23.501, QoS flow is generally the finest granularity of
QoS differentiation in PDU session. The PDU session provides association between a UE and a

data network that provides a PDU connectivity service.

[0048] According to 3GPP TS 38.300, a new AS (Access Stratum) layer, called SDAP
(Service Data Adaptation Protocol), is specified to provide functions e.g. mapping between a
QoS flow and a data radio bearer (DRB) and marking QoS flow ID (QFI) in both DL packets and
UL packets. In addition, each SDAP entity is associated with one PDU session. There is at least
one DRB (e.g. default DRB) for each PDU session. Each SDAP PDU may contain at least a IP
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packet. Each SDAP PDU may contain a SDAP header (if configured for UL and/or DL). The
SDAP header may indicate at least a QFI used to identify a QoS flow for which the IP packet
comes from the QoS flow. A SDAP PDU could be a PDCP SDU. In addition, the network may

control the mapping of QoS flow(s) to DRB in RRC explicit mapping or reflective mapping.

[0049] In general, it is assumed that each QoS flow may be configured to use a DRB via
RRC (Radio Resource Control) explicit mapping or reflective mapping. If a DRB (e.g. default
DRB or non-default/dedicated DRB) serves only one UL QoS flow, the network may not
configure the DRB with presence of SDAP header for UL, which reduces signaling overhead and

saves radio resources.

[0050] FIG. 6, which is a reproduction of Figure A.6-1 of 3GPP TS 38.300 v0.4.1,
illustrates a scenario of UE initiated UL QoS flow. The UE initiates a new UL QoS flow (the
second UL QoS flow) e.g. based on pre-configured QoS parameters. If there is no mapping of
the QFI to a DRB in the AS mapping table for this PDU session, the second UL QoS flow will
be mapped to a default DRB of the PDU session. In case there is already an ongoing UL QoS
flow (the first UL QoS flow) mapped to this default DRB and the default DRB is not configured
with presence of SDAP header for UL currently, the gNB would not be aware of the second UL
QoS flow when receiving UL SDAP PDUs corresponding to the second UL QoS flow from the
UE. In this situation, the target QoS of the second UL QoS flow would not be satisfied because
gNB would not set up a new DRB for the second QoS flow or map the second QoS flow to an
existing DRB according to QoS parameters of the second QoS flow. Besides, the IP packets
included in those SDAP PDUs of the second UL QoS flow would not be distinguished by the
core network (e.g. UPF) because the packet filter corresponds to the first UL QoS flow. As a

result, the IP packets would be discarded, which causes data missing and resources waste.

[0051] Several solutions described below could be considered.
[0052] Alternative 1. UE indicates preference/need for presence of SDAP header
[0053] Since the UE knows if a DRB is to serve multiple UL QoS flows, the UE

understands if the presence of SDAP header on the DRB is needed. In case the second UL QoS
flow is initiated by the UE, the UE knows that the default DRB currently configured with no
presence of SDAP header will serve the existed first UL QoS flow and the second UL QoS flow.

42

Petitioners' Exhibit 1002, p. 357
AT&T et al v. Asustek Technology
IPR2024-00997



Attorney Docket No.: 1426-221.101

Client Docket No.: 1060196-US

Filed Via EFS

At this time, the UE could transmit a first indication to the gNB to indicate that the presence of
SDAP header on the default DRB is needed. Based on the first indication, the gNB reconfigures
the default DRB with presence of SDAP header. In case the second UL QoS flow is released by
the UE, the UE could transmit a second indication to the gNB to indicate that the presence of
SDAP header on the default DRB is not needed. Based on the second indication, the gNB
reconfigures the default DRB with no presence of SDAP header. The first indication and/or the
second indication could be sent via e.g. physical signaling, MAC control element, PDCP (Packet
Data Convergence Protocol) signaling, RRC signaling or a SDAP signaling (e.g. SDAP control
PDU). The first indication and the second indication could also indicate the preference/need of

presence of SDAP header on a non-default DRB (e.g. a second DRB).

[0054] Alternative 2: UE provides information about establishment or release of a UE

initiated QoS flow

[0055] In case the UE initiates the second UL QoS flow, the UE could transmit a first
assistance information to the gNB to inform that the second UL QoS flow is initiated by the UE.
The UE could determine to transmit the first assistance information if it knows that the default
DRB currently configured with no presence of SDAP header will serve the existed first UL QoS
flow and the second UL QoS flow. In addition, the UE could determine to not transmit the first
assistance information if it knows that the default DRB currently configured with presence of
SDAP header. Based on the first assistance information, the gNB reconfigures the default DRB
with presence of SDAP header.

[0056] In case the UE releases the second UL QoS flow, the UE could transmit a second
assistance information to the gNB to inform that the second UL QoS flow is released by the UE.
The UE could determine to transmit the second assistance information if it knows that the default
DRB currently configured with presence of SDAP header will serve only the first UL QoS flow.
In addition, the UE could determine to not transmit the second assistance information if it knows
that the default DRB currently configured with presence of SDAP header is still serving multiple
UL QoS flows (e.g. the first UL QoS flow and a third UL QoS flow). Based on the second

assistance information, the gNB reconfigures the default DRB with no presence of SDAP header.
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[0057] In the first assistance information, QoS information/rule or parameters of the
second UL QoS flow could be included. In the second assistance information, an identity of the
second UL QoS flow (e.g. QFI) or an index of the QoS information/rule or parameters (reported
in the first assistance information) could be included. The first assistance information and/or the
second assistance information could be sent via, for example, physical signaling, MAC control

element, PDCP signaling, RRC signaling or a SDAP signaling.

[0058] Based on the first assistance information indicating establishment of the second
UL QoS flow, the gNB may (indicate the UE to) establish a second DRB on the UE and
configure the UE to use the second DRB to serve the second UL QoS flow. Based on the second
assistance information indicating release of the second UL QoS flow, the gNB may (indicate the

UE to) release the second DRB used to serve the second UL QoS flow on the UE.

[0059] Since the second UL QoS flow is initiated by the UE, the UE itself may release
the second UL QoS flow when the second UL QoS flow is not needed. In case the default DRB
becomes to serve only the first UL QoS flow, the gNB may change the default DRB from a
presence of SDAP header to no presence of SDAP header (based on e.g. above alternatives). As

a result, the presence of SDAP header on the default DRB would change again and again.

[0060] In general, 3GPP R2-1707160 proposes to change the presence of the SDAP
header by means of a handover. In the handover, the UE shall reset MAC layer, re-establish
PDCP layer and RLC layer for all RBs that are established according to the legacy LTE system,
as discussed in the 3GPP email discussion [NR-AH2#08][NR UP] Running TS 37.324
attachment “Draft 37324-010-v1.doc”. As a result, all buffers in MAC layer and RLC layer are
flushed. Therefore, using a handover procedure to change the presence of the SDAP header on
the default DRB seems to be overkill because all the PDUs stored in the buffers may need to be

retransmitted, which wastes lots of radio resources.

[0061] Alternative 3. the default DRB is initiated with presence of QFI in uplink

[0062] To make sure the gNB can identify a new QoS flow initiated by a UE during an
ongoing PDU session, the default DRB of the PDU session should be initiated with presence of
QFI in uplink. The UE may initiate the default DRB when receiving a DRB configuration (e.g.
included in a RRC message) from the gNB. The DRB configuration may include a QFI
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configuration indicating presence of QFI for the default DRB. It is also feasible for the gNB not
to include the QFI configuration and the UE just applies presence of QFI for the default DRB.
Accordingly, the gNB should also initiate the default DRB for receiving SDAP PDU(s) from the
UE.

[0063] With the QFI in a SDAP PDU transmitted on the default DRB in uplink, the gNB
is able to identify the new UL QoS flow so that the gNB can transmit the IP packet included in
the SDAP PDU to the core network (e.g. UPF) via correct handling (e.g. a tunnel corresponding
to the new UL QoS flow) and then the IP packet can pass the corresponding packet filter.

[0064] More specifically, the QFI is included in a SDAP header of a SDAP PDU
transmitted via the default DRB from the UE to the gNB. The SDAP header contains at least the
QFI field. If the SDAP header contains only the QFI field, the concept could be replaced as the
default DRB is initiated with presence of SDAP header in uplink.

[0065] In principle, the gNB would not reconfigure no presence of QFI for the default
DRB if the gNB cannot make sure no further new QoS flows will be initiated by the UE. In this
situation, QFI for the default DRB is always present. Otherwise (i.e. no further new QoS flows
will be initiated by the UE), the gNB may reconfigure no presence of SDAP header for the
default DRB in case only one QoS flow is mapped to the default DRB.

[0066] By this way, the above introduced alternatives (e.g. Alternative 1 and Alternative

2) seem not needed in terms of protocol efforts and signaling overhead.

[0067] In addition, the core network (e.g. UPF) could initiate a third UL QoS flow
associated with the PDU session on the UE. The core network (e.g. SMF) provides QoS
parameters of the third UL QoS flow to the gNB. Based on the QoS parameters of the third UL
QoS flow, the gNB may establish a dedicated DRB on the UE and configure the UE to use the
dedicated DRB to serve the third UL QoS flow. 3GPP R2-1704648 mentions that majority of
the companies propose to decouple the NAS reflective QoS and AS reflective mapping. Thus,
the gNB may configure the UE to serve the third UL QoS flow using reflective mapping.

[0068] Since it is possible that no DL QoS flow corresponds to the third UL QoS flow
(i.e. no DL SDAP PDU uses a QFI associated with the third UL QoS flow), the UE cannot create
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the reflective mapping rule for the third UL QoS flow so as to use the default DRB to serve the
third UL QoS flow. In this situation, the default DRB cannot satisfy the QoS of the third UL

QoS flow.

[0069] In general, 3GPP R2-1704648 proposes to use SDAP control PDU to assist the
UE creating the reflective mapping rule. This solution seems feasible, but causes complexities
and signaling overhead. For example, the gNB cannot know whether the UE receives a SDAP
control PDU indicating the third UL QoS flow (e.g. the corresponding QFI included in the SDAP
control PDU) on the dedicated DRB so that the gNB would transmit the SDAP control PDU
several times till the UE transmits UL SDAP PDUs of the third UL QoS flow on the dedicated
DRB.

[0070] Other solutions described below could be used instead.

[0071] Alternative 4: QoS profile provided to gNB indicates traffic direction (e.g. only
UL, only DL or bidirectional)

[0072] When a QoS flow is initiated by the core network (e.g. SMF), the core network
provides a QoS profile related to the QoS flow to the gNB. In general, the QoS profile does not
consider traffic directions e.g. UL or DL if NR follows LTE concept (as discussed in 3GPP TS
23.401) that EUTRAN core network (e.g. MME) initiates an EPS (Evolved Packet System)
bearer and EUTRAN base station (e.g. eNB) configures the association between the EPS bearer
and a DRB. If a LTE UE has UL traffic belonging to the EPS bearer, it uses the DRB for
transmission of the UL traffic. If DL traffic belonging to the EPS bearer arrives on the EUTRAN
base station, the EUTRAN base station use the DRB to transmit the DL traffic to the LTE UE. In
order words, in LTE, mapping of EPS bearer to DRB for UL does not depend on mapping of
EPS bearer to DRB for DL. In NR, mapping of QoS flow to DRB for UL may depend on
mapping of QoS flow to DRB for DL. If the mapping of QoS flow to DRB for DL is not

available, the reflective mapping rule should not be used.

[0073] Therefore, the QoS profile should include information about traffic direction on
each QoS flow so that the gNB can know whether mapping of the QoS flow to DRB for DL is
available or not. For example, the QoS profile/parameters related to the third UL QoS flow

indicates a QFI and traffic in (only) UL direction. By this way, the gNB configures the UE to use
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the dedicated DRB to serve the third UL QoS flow via RRC explicit mapping. If the QoS
profile/parameters related to the third UL QoS flow indicates a QFI and traffic in both UL and
DL direction, the gNB may configure the UE to use the dedicated DRB to serve the third UL

QoS flow via reflective mapping.

[0074] Alternative 5. a QoS flow not to be served by default DRB uses RRC explicit
mapping
[0075] In general, Alternative 4 is feasible, but would cause protocol efforts on definition

of traffic direction. Another solution could be that the gNB should use RRC explicit way to
configure a QoS flow with the mapping of the QoS flow to a DRB if the DRB is a dedicated
DRB i.e. the DRB is not a default DRB.

[0076] Since the gNB uses RRC signaling to establish a dedicated DRB to serve the third
UL QoS flow, the RRC signaling can include information about the mapping of the third UL
QoS flow to the dedicated DRB because the information does not cause significant signaling

overhead.

[0077] If the gNB configures the QoS flow with reflective mapping and Alternative 3 is
used, the gNB will be aware of the third UL QoS flow using the default DRB. And then the gNB
transmits a RRC signaling indicating the mapping of the third UL QoS flow to the dedicated
DRB to the UE.

[0078] Anyway, the RRC explicit way will be used for the mapping of the third UL QoS
flow to the dedicated DRB. Therefore, this alternative seems simplest in terms of protocol
efforts.

[0079] FIG. 12 is a flow chart 1200 according to one exemplary embodiment of a

network node. In step 1205, the network node transmits a first message with a DRB
configuration to a UE for establishing a default DRB for a PDU session, wherein the DRB
configuration includes a QFI configuration used to indicate whether a QFI field is present or not
in uplink for the default DRB and the QFI configuration is always set to a value indicating the
QFI field is present in uplink for the default DRB. In one embodiment, the network node may
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not be allowed to transmit a second message to the UE for reconfiguring the QFI configuration

for the default DRB to no presence of the QFI field.

[0080] In step 1210, the network node establishes the default DRB with a presence of the
QFI field in uplink. In one embodiment, a header in the SDAP PDU could include at least the
QFI field.

[0081] In step 1215, the network node receives a SDAP PDU with the QFI field via the
default DRB from the UE.

[0082] In one embodiment, the network node could transmit an IP (Internet Protocol)
packet included in the SDAP PDU to a core network. Furthermore, the network node could be a

base station. Furthermore, the base station could be a gNB.

[0083] Referring back to FIGS. 3 and 4, in one exemplary embodiment of a network
node, the device 300 includes a program code 312 stored in the memory 310. The CPU 308
could execute program code 312 to enable the network node (i) to transmit a first message with a
DRB configuration to a UE for establishing a default DRB for a PDU session, wherein the DRB
configuration includes a QFI configuration used to indicate whether a QFI field is present or not
in uplink for the default DRB and the QFI configuration is always set to a value indicating the
QFI field is present in uplink for the default DRB, (ii) to establish the default DRB with a
presence of the QFI field in uplink, and (iii) to receive a SDAP PDU with the QFI field via the
default DRB from the UE. Furthermore, the CPU 308 can execute the program code 312 to

perform all of the above-described actions and steps or others described herein.

[0084] FIG. 13 is a flow chart 1300 according to one exemplary embodiment of a UE. In
step 1305, the UE receives a first message with a DRB configuration from a network node,
wherein the DRB configuration indicates the UE to initiate a default DRB for a PDU session and
includes no information of QFI configuration for the default DRB in uplink. In one embodiment,
wherein the UE may not receive a second message {from the network node for changing the QFI
configuration for the default DRB to no presence of QFI (i.e. QFI for the default DRB is always

present).
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[0085] In step 1310, the UE initiates the default DRB with a presence of QFI in uplink.
In step 1315, the UE transmits a SDAP PDU with a QFI via the default DRB to the network
node. In one embodiment, a header in the SDAP PDU could include at least a field of QFI.
Furthermore, an IP packet could be included in the SDAP PDU for transmitting to a core
network. The core network could a UPF (User Plane Function) or a SMF (Session Management
Function), as discussed in 3GPP TS 23.501. The network node could be a base station (e.g.
gNB).

[0086] Referring back to FIGS. 3 and 4, in one exemplary embodiment of a UE, the
device 300 includes a program code 312 stored in the memory 310. The CPU 308 could execute
program code 312 to enable the UE (i) to receive a first message with a DRB configuration from
a network node, wherein the DRB configuration indicates the UE to initiate a default DRB for a
PDU session and includes no information of QFI configuration for the default DRB in uplink, (i1)
to initiate the default DRB with a presence of QFI in uplink, and (iii) to transmits a SDAP PDU
with a QFI via the default DRB to the network node. Furthermore, the CPU 308 can execute the
program code 312 to perform all of the above-described actions and steps or others described

herein.

[0087] FIG. 14 is a flow chart 1400 according to one exemplary embodiment of a
network node. In step 1405, the network transmits a first message with a DRB configuration to a
UE, wherein the DRB configuration indicates the UE to initiate a default DRB for a PDU
session, and the DRB configuration includes information of a QFI configuration for the default

DRB in uplink or includes no information of QFI configuration for the default DRB in uplink.

[0088] In one embodiment, the network node may not transmit a second message to the
UE for changing the QFI configuration for the default DRB to no presence of QFI (i.e. QFI for
the default DRB is always present). In addition, the network node may not set the QFI

configuration for the default DRB in uplink to no presence of QFI in uplink.

[0089] In step 1410, the network node initiates the default DRB with a presence of QFI

in uplink.
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[0090] In step 1415, the network node receives a SDAP PDU with a QFI via the default
DRB from the UE. In one embodiment, a header in the SDAP PDU could include at least a field

of QFL

[0091] In one embodiment, the network node could transmit an IP packet included in the
SDAP PDU to a core network. The network node could be a base station (e.g. gNB). The core
network could be a UPF or a SMF, as discussed in 3GPP TS 23.501.

[0092] Referring back to FIGS. 3 and 4, in one exemplary embodiment of a network
node, the device 300 includes a program code 312 stored in the memory 310. The CPU 308
could execute program code 312 to enable the network node (i) to transmit a first message with a
DRB configuration to a UE, wherein the DRB configuration indicates the UE to initiate a default
DRB for a PDU session, and the DRB configuration includes information of a QFI configuration
for the default DRB in uplink or includes no information of QFI configuration for the default
DRB in uplink, (ii) to initiate the default DRB with a presence of QFI in uplink, and (iii) to
receives a SDAP PDU with a QFI via the default DRB from the UE. Furthermore, the CPU 308
can execute the program code 312 to perform all of the above-described actions and steps or

others described herein.

[0093] Various aspects of the disclosure have been described above. It should be
apparent that the teachings herein may be embodied in a wide variety of forms and that any
specific structure, function, or both being disclosed herein is merely representative. Based on the
teachings herein one skilled in the art should appreciate that an aspect disclosed herein may be
implemented independently of any other aspects and that two or more of these aspects may be
combined in various ways. For example, an apparatus may be implemented or a method may be
practiced using any number of the aspects set forth herein. In addition, such an apparatus may be
implemented or such a method may be practiced using other structure, functionality, or structure
and functionality in addition to or other than one or more of the aspects set forth herein. As an
example of some of the above concepts, in some aspects concurrent channels may be established
based on pulse repetition frequencies. In some aspects concurrent channels may be established

based on pulse position or offsets. In some aspects concurrent channels may be established
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based on time hopping sequences. In some aspects concurrent channels may be established

based on pulse repetition frequencies, pulse positions or offsets, and time hopping sequences.

[0094] Those of skill in the art would understand that information and signals may be
represented using any of a variety of different technologies and techniques. For example, data,
instructions, commands, information, signals, bits, symbols, and chips that may be referenced
throughout the above description may be represented by voltages, currents, electromagnetic

waves, magnetic fields or particles, optical fields or particles, or any combination thereof.

[0095] Those of skill would further appreciate that the various illustrative logical blocks,
modules, processors, means, circuits, and algorithm steps described in connection with the
aspects disclosed herein may be implemented as electronic hardware (e.g., a digital
implementation, an analog implementation, or a combination of the two, which may be designed
using source coding or some other technique), various forms of program or design code
incorporating instructions (which may be referred to herein, for convenience, as “software” or a
“software module”), or combinations of both. To clearly illustrate this interchangeability of
hardware and software, various illustrative components, blocks, modules, circuits, and steps have
been described above generally in terms of their functionality. Whether such functionality is
implemented as hardware or software depends upon the particular application and design
constraints imposed on the overall system. Skilled artisans may implement the described
functionality in varying ways for each particular application, but such implementation decisions

should not be interpreted as causing a departure from the scope of the present disclosure.

[0096] In addition, the various illustrative logical blocks, modules, and circuits described
in connection with the aspects disclosed herein may be implemented within or performed by an
integrated circuit (“IC), an access terminal, or an access point. The IC may comprise a general
purpose processor, a digital signal processor (DSP), an application specific integrated circuit
(ASIC), a field programmable gate array (FPGA) or other programmable logic device, discrete
gate or transistor logic, discrete hardware components, electrical components, optical
components, mechanical components, or any combination thereof designed to perform the
functions described herein, and may execute codes or instructions that reside within the IC,

outside of the IC, or both. A general purpose processor may be a microprocessor, but in the
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alternative, the processor may be any conventional processor, controller, microcontroller, or state
machine. A processor may also be implemented as a combination of computing devices, e.g., a

combination of a DSP and a microprocessor, a plurality of microprocessors, one or more

microprocessors in conjunction with a DSP core, or any other such configuration.

[0097] It is understood that any specific order or hierarchy of steps in any disclosed
process is an example of a sample approach. Based upon design preferences, it is understood
that the specific order or hierarchy of steps in the processes may be rearranged while remaining
within the scope of the present disclosure. The accompanying method claims present elements
of the various steps in a sample order, and are not meant to be limited to the specific order or

hierarchy presented.

[0098] The steps of a method or algorithm described in connection with the aspects
disclosed herein may be embodied directly in hardware, in a software module executed by a
processor, or in a combination of the two. A software module (e.g., including executable
instructions and related data) and other data may reside in a data memory such as RAM memory,
flash memory, ROM memory, EPROM memory, EEPROM memory, registers, a hard disk, a
removable disk, a CD-ROM, or any other form of computer-readable storage medium known in
the art. A sample storage medium may be coupled to a machine such as, for example, a
computer/processor (which may be referred to herein, for convenience, as a “processor”) such
the processor can read information (e.g., code) from and write information to the storage
medium. A sample storage medium may be integral to the processor. The processor and the
storage medium may reside in an ASIC. The ASIC may reside in user equipment. In the
alternative, the processor and the storage medium may reside as discrete components in user
equipment. Moreover, in some aspects any suitable computer-program product may comprise a
computer-readable medium comprising codes relating to one or more of the aspects of the

disclosure. In some aspects a computer program product may comprise packaging materials.

[0099] While the invention has been described in connection with various aspects, it will
be understood that the invention is capable of further modifications. This application is intended

to cover any variations, uses or adaptation of the invention following, in general, the principles
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of the invention, and including such departures from the present disclosure as come within the

known and customary practice within the art to which the invention pertains.
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CLAIMS

1. A method of a network node, comprising:

transmitting a first message with a DRB (Data Radio Bearer) configuration to a UE (User
Equipment) for establishing a default DRB for a PDU (Packet Data Unit) session, wherein the
DRB configuration includes a QFI (QoS Flow Id) configuration used to indicate whether a QFI
field is present or not in uplink for the default DRB and the QFI configuration is always set to a
value indicating the QFI field is present in uplink for the default DRB;

establishing the default DRB with a presence of the QFI field in uplink; and

receiving a SDAP (Service Data Adaptation Protocol) PDU with the QFI field via the
default DRB from the UE.

2. The method of claim 1, wherein the network node is not allowed to transmit a
second message to the UE for reconfiguring the QFI configuration for the default DRB to no
presence of the QFI field.

3. The method of claim 1, wherein a header in the SDAP PDU includes at least the
QFI field.

4, The method of claim 1, wherein the network node transmits an IP (Internet

Protocol) packet included in the SDAP PDU to a core network.

5. The method of claim 1, wherein the network node is a base station (or gNB).

6. A network node, comprising:

a control circuit;

a processor installed in the control circuit; and

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

wherein the processor is configured to execute a program code stored in the memory to:
transmit a first message with a DRB (Data Radio Bearer) configuration to a UE

(User Equipment) for establishing a default DRB for a PDU (Packet Data Unit) session, wherein
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the DRB configuration includes a QFI (QoS Flow Id) configuration used to indicate whether a
QFI field is present or not in uplink for the default DRB and the QFI configuration is always set
to a value indicating the QFI field is present in uplink for the default DRB;

establish the default DRB with a presence of the QFI field in uplink; and

receive a SDAP (Service Data Adaptation Protocol) PDU with the QFI field via
the default DRB from the UE.

7. The network node of claim 6, wherein the network node is not allowed to transmit
a second message to the UE for reconfiguring the QFI configuration for the default DRB to no
presence of the QFI field.

8. The network node of claim 6, wherein a header in the SDAP PDU includes at
least the QFI field.
9. The network node of claim 6, wherein the network node transmits an IP (Internet

Protocol) packet included in the SDAP PDU to a core network.

10. The network node of claim 6, wherein the network node is a base station (or

gNB).
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ABSTRACT

A method and apparatus are disclosed from the perspective of a network node. In one
embodiment, the method includes the network node transmitting a first message with a DRB
(Data Radio Bearer) configuration to a UE (User Equipment) for establishing a default DRB for
a PDU (Packet Data Unit) session, wherein the DRB configuration includes a QFI (QoS Flow Id)
configuration used to indicate whether a QFI field is present or not in uplink for the default DRB
and the QFI configuration is always set to a value indicating the QFI field is present in uplink for
the default DRB. The method further includes the network node establishing the default DRB
with a presence of the QFI field in uplink. The method also includes the network node receiving
a SDAP (Service Data Adaptation Protocol) PDU with the QFI field via the default DRB from
the UE.
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