UNITED STATES PATENT AND TRADEMARK OFFICE

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

PQ. Box 1450

Alexandria, Virginia 22313-1450

Www.uspto.gov

APPLICATION FILING or GRP ART
NUMBER 371(c) DATE UNIT FIL FEE REC'D ATTY.DOCKET.NO [ TOT CLAIMS JIND CLAIMS
62/577,995 10/27/2017 130 17-1107P
CONFIRMATION NO. 3734
92629 UPDATED FILING RECEIPT
OFINNO TECHNOLOGIES, LLC
11091 Sunset Hills Road AN 0O 0 O AR AR
Suite 510

Reston, VA 20190
Date Mailed: 07/16/2019

Receipt is acknowledged of this provisional patent application. It will not be examined for patentability and will
become abandoned not later than twelve months after its filing date. Any correspondence concerning the application
must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE, NAME OF
FIRST INVENTOR, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.

Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a corrected Filing Receipt identifying the requested changes, preferably by including a
properly marked-up ADS showing the changes with strike-through for deletions and underlining for additions. If you
received a "Notice to File Missing Parts" or other Notice requiring a response for this application, please submit any
request for correction to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply to
the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections provided that
the request is grantable.

Inventor(s)
Hyoungsuk Jeon, Oakton, VA;
Esmael Dinan, Herndon, VA;
Hua Zhou, Herndon, VA;
Alireza Babaei, Fairfax, VA;
Kyungmin Park, Arlington, VA;
Ali Cirik, Herndon, VA;

Applicant(s)
Hyoungsuk Jeon, Oakton, VA;
Esmael Dinan, Herndon, VA;
Hua Zhou, Herndon, VA;
Alireza Babaei, Fairfax, VA;
Kyungmin Park, Arlington, VA;
Ali Cirik, Herndon, VA;

Power of Attorney:
David Grossman--42609
Permission to Access Application via Priority Document Exchange: Yes

Permission to Access Search Results: No
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Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as
appropriate.

Projected Publication Date: None, application is not eligible for pre-grant publication
Non-Publication Request: No

Early Publication Request: No
** SMALL ENTITY **
Title

Group Common DCI
Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition Applications: No

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

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

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

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

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

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

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

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

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

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

NOT GRANTED

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

SelectUSA

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

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

PQ. Box 1450

Alexandria, Virginia 22313-1450

Www.uspto.gov

| APPLICATIONNUMBER | FILING OR 371(C) DATE | FIRSTNAMED APPLICANT |  ATTY. DOCKET NO/TITLE |
62/577,995 10/27/2017 Hyoungsuk Jeon 17-1107P
CONFIRMATION NO. 3734
92629 IMPROPER CFR REQUEST

OFINNO TECHNOLOGIES, LLC

11081 Sunset Hils Road Ay
Suite 510

Reston, VA 20190

MUY

607

Date Mailed: 07/16/2019

RESPONSE TO REQUEST FOR CORRECTED FILING RECEIPT

Power of Attorney, Claims, Fees, System Limitations, and Miscellaneous

In response to your request for a corrected Filing Receipt, the Office is unable to comply with your request
because:

* Any request to correct or update the name of the applicant must include an application data sheet (ADS)
in compliance with 37 CFR 1.76 specifying the correct or updated name of the applicant in the applicant
information section. Any request to change the applicant after an original applicant has been specified under
37 CFR 1.46(b) must include a new ADS in compliance with 37 CFR 1.76 specifying the applicant in the
applicant information section and comply with 37 CFR 3.71 and 3.73. See 37 CFR 1.46(c).

Questions about the contents of this notice and the
requirements it sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.

Naguirre/
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

PQ. Box 1450

Alexandria, Virginia 22313-1450

Www.uspto.gov

| APPLICATIONNUMBER | FILING OR 371(C) DATE [ FIRST NAMED APPLICANT [ ATTY. DOCKET NO./TITLE |
62/577,995 10/27/2017 Hyoungsuk Jeon 17-1107P
CONFIRMATION NO. 3734
92629
OFINNO TEGHNOLOGIES, LLG LR LR R
11091 Sunset Hills Road 000000T0963053
Suite 510

Reston, VA 20190

Date Mailed: 07/16/2019

NOTICE OF ACCEPTANCE OF AUTHORIZATION TO PERMIT
ACCESS TO APPLICATION VIA PRIORITY DOCUMENT EXCHANGE

This is in response to the applicant's authorization to permit access to the application-as-filed by participating
offices under 37 CFR 1.14(h)(1) submitted on 07/12/2019.

The authorization to permit access to the application under 37 CFR 1.14(h)(1) is accepted.

Questions about the contents of this notice and the
requirements it sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.

Naguirre/
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

PQ. Box 1450

Alexandria, Virginia 22313-1450

Www.uspto.gov

| APPLICATIONNUMBER | FILING OR 371(C) DATE [ FIRST NAMED APPLICANT [ ATTY. DOCKET NO./TITLE |
62/577,995 10/27/2017 Hyoungsuk Jeon 17-1107P

CONFIRMATION NO. 3734

92629 IMPROPER CPOA LETTER

OFINNO TECHNOLOGIES, LLC

11091 Sunset Hills Road LR TR U

Suite 510 0000001096405

Reston, VA 20190 Date Mailed: 07/16/2019

NOTICE REGARDING POWER OF ATTORNEY

This is in response to the power of attorney filed 07/12/2019. The power of attorney in this application is not
accepted for the reason(s) listed below:

* The power of attorney has not been accepted because the party who is giving power has not been identified.
Power of attorney may only be signed by the applicant for patent (37 CFR 1.42) or the patent owner. A party
who is not the applicant must become the applicant in accordance with 37 CFR 1.46(c) and appoint any power
of attorney in compliance with 37 CFR 3.71 and 3.73. For a reissue application, reexamination proceeding,
or supplemental examination proceeding, a patent owner who was not the applicant under 37 CFR 1.46 must
appoint any power of attorney in compliance with 37 CFR 3.71 and 3.73. See 37 CFR 1.32(b)(4).

Naguirre/

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101

— 71867
BANNER & WITCOFF , LTD
ATTORNEYS FOR CLIENT NUMBER 007412
1100 13th STREET, N.W.
SUITE 1200
__ WASHINGTON, DC 20005-4051
UNITED STATES
page T of | Ex. 1011
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Doc Code: PA.. PTO/AIA/B2A (07-13)
Document Description: Power of Attorney Approved for use through 01/31/2018. OMB 0651-0035

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.

TRANSMITTAL FOR POWER OF ATTORNEY TO ONE OR MORE
REGISTERED PRACTITIONERS

NOTE: This form is to be submitted with the Power of Attorney by Applicant form (PTO/AIA/82B) to identify the application to which the
Power of Attorney is directed, in accordance with 37 CFR 1.5, unless the application number and filing date are identified in the Power of
Attorney by Applicant form. If neither form PTO/AIA/82A nor form PTO/AIA82B identifies the application to which the Power of Attorney is
directed, the Power of Attorney will not be recognized in the application.

Application Number 62/577,995

Filing Date 10/27/2017

First Named Inventor Hyoungsuk Jeon

Title Group Common DCI

Art Unit

Examiner Name

Attorney Docket Number |007412.04221

SIGNATURE of Applicant or Patent Practitioner

Signature /Justin M. Philpott/ Date (Optiona) 1 7/12/2019
Name Justin M. Philpott Eﬁ%i%t;?tion 59,945

Title (if Applicant is a
juristic entity)

Applicant Name (if Applicant is a juristic entity)

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

*Total of forms are submitted.

This collection of information is required by 37 CFR 1.131, 1.32, and 1.33. The information is required to obtain or retain a benefit by
the public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR
1.11 and 1.14. This collection is estimated to take 3 minutes 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.

If you need assistance in completing the form, call 1-800-PT0O-9199 and select option 2. Ex. 1011
X.
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Doc Code: PA..
Document Description: Power of Attorney
PTOIAIA/S2E (87-13
Approved for use through 03/31/2021. OMB 8651- JJ35
1.8, Patent and Trademark Ofﬁce, U.S. WEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1885, no persans are required to respond o a coliection of information uniess it dispiays 2 valid OMB control number

""" POWER OF ATTORNEY BY APPLICANT

i hereby revoke alf previous gowers of altorney given in the application identified in either ihe aitached transmittal letter or
the boxes below.

Application Number Filing Date

(Mote: The boxes above may be ieft blank if information is provided on form PTO/AIANE2A.)

{ hereby appoint the Patent prac:tx’uoner(s) associated with the following Customer Number as mylour atiteney{s} or ageni(s),
and to transact all business in the United States Patent and Trademark Office connected therewith for the-application
referenced in the attached transmittal letier (form PTO/AIA/B2A) or identified above: 1867

OR

| hereny appoint Practitioner{s) named in the attached list (form PTO/AIA/B2C) as my/our attomey(s) or agent(s), and to transact
=+ all business in the United States Patent and Trademark Office connected therewiih for the patent appiication referenced in the
atfached transmittal letter (form PTO/AIA/B2A) or identified above. {Note: Compiete form PTO/AIA/B2C.)

Please recognize or change the correspondence address for the application identified in the attached transmittal
letter or the boxes above to:

]‘ N § The address associated with the above-mentioned Customer Number
OR
[:i The address associated with Customer Number:

OR

1 Fimm or
Lo Individual Name

Address

City ’Siate i ] Zip E

Country
Telephone ry | Emait |

{ am the Applicant {if the Applicant is a juristic entity, list the Applicant name in the box):

Comcast Cable Communications, LLC

' ! inventor or Joint inventor (title not required below)
D Legal Representative of a Deceased or Legally incapacitated inventor {title not required beiow)

l E Assignee or Person to Whom the inventor is Under an Omwligation to Assign {provide signer’s litle if applicant is a juristic entity}

rt Person Who Otherwise Shows Sufficient Proprietary Interest (e.g., a pefition under 37 CFR 1.46(b)(2) was granted in
the appilication or is concurrently being filed with this document) (provide signer’s title if apglicant is a juristic entity}

SIGNATURE of Applicant for Patent
The undersigned {whose title is suppt:ed below} is authorized {0 act on behalf of the appiccant {e.g., where the appiicant is a juristic entity).

Signature "”;f,;t eibon 1] Date (Gptonai) | 7/ 257/ 12
Name Heather Fatn
Title Vice President and Deputy General Counsel — Patents

NOTE: Signature - This form must be signed by the applicant in accordance with 37 CFR 1.33. See 37 CFR 1.4 for signature reguirements
and certifications. if more than one applicant, use muitiple forms.

[E Total of forms are submitted.
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Doc Code: PD.TO.AUTH
Document Description: Auth or Resc of Auth to Access Appl by DAS/PEX Office

PTO/SB/3G (11-15)

Approved for use through 11/30/2020. OMB 0851-0031

U.8. 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 dispiays a valid OMB controt number.

AUTHORIZATION OR RESCISSION OF AUTHORIZATION TO
PERMIT ACCESS TO APPLICATION-AS-FILED BY PARTICIPATING OFFICES

Send completed form fo: Comnissioner for Patents
£.0. Box 1450, Alexandria, VA 22313-1450

Appiication Number (if known): Filing Date:

62/577,995 10/27/2017

First Named Inventor: Attorney Docket Number:

Hyoungsuk Jeon 007412.04221

Title (Reguired)
Group Common DCI

Check either box 1 or 2 below, but not both:

1. By checking this box, the undersigned hereby grants the USETO authority to provide the European
Patent Office (EPO), the Japan Patent Office (JFPO), the Korean Intellectual Property Office (KIPO), the State
intellectual Property Office of the People’s Republic of China (SIPO), the World inteliectual Property
Organization{(WIPO), and any other foreign intellectual property office participating with the USPTO in a bilateral
or muitifateral priority document exchange agreement in which a foreign application claiming priority to the instant
patent application is filed, access to: (1) the instant patent application-as-filed and its reiated bibliographic data,
(2) any foreign or domestic application tc which pricrity or benefil is claimed by the instant application and its
related biblicgraphic data, and (3) the date of filing of this Authorization. See 37 CFR 1.14(h)(1).

2. By checking this box, the undersigned hereby rescinds the previous authority sranted to the USPTO (o
provide the EPO, JPO, KIFO, SIPO, WIFO or any other foreign inteliectual property office participating with the

USPTO in a bilateral or muitilateral priority document exchange agreement access to the documents and
information identified in paragraph 1 above.

This rescission of the previous authorization will not be effective uniess and until an appropriate USPTO official
recognizes and acts on the rescission.

However, once the application has published or is otherwise publicly avaiiabie, the USPTO may provide
access to the application in accordance with 37 CFR 1.14.

NOTE: This form must be signed by an authorized party in accordance with 37 CFR 1.14{c}. Please see 37 CFR 1.4{d)
for the form of the signature. if necessary, submit multiple forms for more than one signature, see below.”

signature /Justin M. Philpott/ Date July 12,2019
Practitioner

Name Justin M. Philpott Registration Number 59 /945

{Print/Typed) (If applicabie)

Name of Assignee. Gomcast Cable Communications, LLC e

(if applicable) (if applicable}

*Total of forms are submitted.

This collection of information is reguired by 37 CFR 1.14(h). The informaticn is required to obtain or retain a benefit by the public which is te file {and by the
USPTO o process) an application. Confidentiality is governed by 35 U.8.C. 122 and 37 CFR 1.11 and 1.14. This coliectionis estimated to take 8 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, shouid 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 SEMND FEES OR COMPLETED
FORMS TO THIS ADDRESS. SEND TO: Commiissioner for Patents, P.Q. Box 1450, Alexandria, VA 22313-1480.

if you need assistance in completing the form, call 1-800-PTO-9199 and seiect cption 2.
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Privacy Act Statement

The Privacy Act of 1874 {P.L. 83-57%) requires that you be given certain information in connection with your submission
of the attached form related 1o 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 Cffice may not be able {0 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 aliowed under the Freedom of information
Act (5 U.8.C. 552) and the Privacy Act (5 U.8.C 552a). Records from this sysiem of records may be disciosed to
the Department of Justice to determine whether disclosure of these records is required by the Freedom of
information Act.

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

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submiiting 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.

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{mj.

A record related to an International Application filed under the Patent Cooperation Treaty in this system of
records may be disciosed, as a routine use, to ihe internationai Bureau of the World intellectual Froperty
Organization, pursuant to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to anothier federal agency for purgoses of
National Security review (35 U.S.C. 181) and for review pursuant io the Atomic Energy Act (42 U.S.C. 218(c)).
A record from this system of records may be disclosed, as a routine use, o the Administrator, General Services,
or his/her designee, during an inspection of records conducied by GSA as part of that agency’s responsibilily 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 goveriting inspection of
records for this purpose, and any other relevant {i.e., GSA or Commerce) directive. Such disclosure shali not be
used to make determinations about individuals.

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

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USFTC becomes aware of a violation or potential vioiation of law or reguiation.
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PTO/AIA/96 (08-12)

Approved for use through 01/31/2013. 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 displays a valid OMB control number.

STATEMENT UNDER 37 CFR 3.73(c)
Comcast Cable Communications, LLC

Applicant/Patent Owner:

Application No./Patent No.: 62/577,995 Fiedisoue bato. 1012712017
Titted:  Group Common DCI

Comcast Cable Communications, LLC . a Limited Liability Company

(Name of Assignee) (Type of Assignee, e.g., corporation, partnership, university, government agency, etc.)
states that, for the patent application/patent identified above, it is (choose gne of options 1, 2, 3 or 4 below):
1. The assignee of the entire right, title, and interest.

2. |:| An assignee of less than the entire right, title, and interest (check applicable box):

|_| The extent (by percentage) of its ownership interest is %. Additional Statement(s) by the owners
holding the balance of the interest must be submitted to account for 100% of the ownership interest.

D There are unspecified percentages of ownership. The other parties, including inventors, who together own the entire
right, title and interest are:

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire
right, title, and interest.

3. |:| The assignee of an undivided interest in the entirety (a complete assignment from one of the joint inventors was made).
The other parties, including inventors, who together own the entire right, title, and interest are:

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire
right, title, and interest.

4. |:| The recipient, via a court proceeding or the like (e.g., bankruptcy, probate), of an undivided interest in the entirety (a
complete transfer of ownership interest was made). The certified document(s) showing the transfer is attached.

The interest identified in option 1, 2 or 3 above (not option 4) is evidenced by either (choose one of options A or B below):

A. |:| An assignment from the inventor(s) of the patent application/patent identified above. The assignment was recorded in
the United States Patent and Trademark Office at Reel , Frame , or for which a copy
thereof is attached.

B. A chain of title from the inventor(s), of the patent application/patent identified above, to the current assignee as follows:

. Hyoungsuk Jeon, Esmael Dinan, Hua Znou, Alireza Babaei, Kyungmin Park, Ali Cirik . Comcast Cable Communications |1 G
1. From: " e To:

The document was recorded in the United States Patent and Trademark Office at
Reel 048778 , Frame 0473 , or for which a copy thereof is attached.
2. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

[Page 1 of 2]
This collection of information is required by 37 CFR 3.73(b). 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. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND
TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2. Ex. 1011
X.
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PTO/AIA/96 (08-12)

Approved for use through 01/31/2013. 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 displays a valid OMB control number.

STATEMENT UNDER 37 CFR 3.73(c)

3. From: To:
The document was recorded in the United States Patent and Trademark Office at
Reel , Frame , or for which a copy thereof is attached.
4. From: To:
The document was recorded in the United States Patent and Trademark Office at
Reel , Frame , or for which a copy thereof is attached.
5. From: To:
The document was recorded in the United States Patent and Trademark Office at
Reel , Frame , or for which a copy thereof is attached.
6. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

|:| Additional documents in the chain of title are listed on a supplemental sheet(s).

As required by 37 CFR 3.73(c)(1)(i), the documentary evidence of the chain of title from the original owner to the
assignee was, or concurrently is being, submitted for recordation pursuant to 37 CFR 3.11.

[NOTE: A separate copy (i.e., a true copy of the original assignment document(s)) must be submitted to Assignment
Division in accordance with 37 CFR Part 3, to record the assignment in the records of the USPTO. See MPEP 302.08]

The undersigned (whose title is supplied below) is authorized to act on behalf of the assignee.

fJustin M. Philpott/ July 12, 2019
Signature Date

Justin M. Philpott 59,945

Printed or Typed Name Title or Registration Number

[Page 2 of 2]
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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.

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.

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.

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).
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.

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)).

A record 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.

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

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.

Ex. 1011
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EFS ID: 36569373
Application Number: 62577995
International Application Number:
Confirmation Number: 3734
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Group Common DCl
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Hyoungsuk Jeon

Customer Number:

92629

Filer:

Justin M. Philpott/Anna Winslow

Filer Authorized By:

Justin M. Philpott

Attorney Docket Number: 17-1107P
Receipt Date: 12-JUL-2019
Filing Date: 27-0CT-2017
Time Stamp: 14:12:59
Application Type: Provisional
Payment information:
Submitted with Payment no
File Listing:
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Warnings:
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This Acknowledgement Receipt evidencesreceipt 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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UNITED STATES PATENT AND TRADEMARK OFFICE

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

PQ. Box 1450

Alexandria, Virginia 22313-1450

Www.uspto.gov

APPLICATION FILING or GRP ART
NUMBER 371(c) DATE UNIT FIL FEE RECD ATTY.DOCKET.NO TOT cLAMS|IND CLAIMS
62/577,995 10/27/2017 130 17-1107P
CONFIRMATION NO. 3734
92629 FILING RECEIPT
OFINNO TECHNOLOGIES, LLC
13900 Lincoln Park Drive, Suite 330 0O O

Herndon, VA 20171
Date Mailed: 11/15/2017

Receipt is acknowledged of this provisional patent application. It will not be examined for patentability and will
become abandoned not later than twelve months after its filing date. Any correspondence concerning the application
must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE, NAME OF
APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection. Please verify
the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please submit
a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts™ for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Inventor(s)
Hyoungsuk Jeon, Oakton, VA;
Esmael Dinan, Herndon, VA;
Hua Zhou, Herndon, VA;
Alireza Babaei, Fairfax, VA;
Kyungmin Park, Arlington, VA;
Ali Cirik, Herndon, VA;

Applicant(s)
Hyoungsuk Jeon, Oakton, VA;
Esmael Dinan, Herndon, VA;
Hua Zhou, Herndon, VA;
Alireza Babaei, Fairfax, VA;
Kyungmin Park, Arlington, VA;
Ali Cirik, Herndon, VA;

Power of Attorney:
David Grossman--42609

Permission to Access Application via Priority Document Exchange: No
Permission to Access Search Results: No

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

If Required, Foreign Filing License Granted: 11/14/2017
page 1 of 3
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The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 62/577,995

Projected Publication Date: None, application is not eligible for pre-grant publication
Non-Publication Request: No

Early Publication Request: No
** SMALL ENTITY **
Title

Group Common DCI
Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition Applications: No

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

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

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

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

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

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

page 2 of 3
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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.qgov or call
+1-202-482-6800.
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Doc Code: TR.PROV

Document Description: Provisional Cover Sheet (SB16)
PTO/SB/16 (11-08)
Approved for use through 05/31/2015. OMB 0651-0032
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

Provisional Application for Patent Cover Sheet
This is a request for filing a PROVISIONAL APPLICATION FOR PATENT under 37 CFR 1.53(c)

Inventor(s)

Inventor 1 [ Remove |

Given Name Middle Name Family Name City State Country j
Eyoungsuk I:eon Eakton ‘FA Us

Inventor 2 [ Remove |

Given Name Middle Name Family Name City State Country j
Esmael Dinan emdon IPA US

Inventor 3 @

Given Name Middle Name Family Name City State Country j
I—Oua Eou !Ijemdon ﬂlA US

Inventor 4

Given Name Middle Name Family Name City State Country j
blireza Eabaei !tairfax lilA US

Inventor 5

Given Name Middle Name Family Name City State Country j
tyungmin Park ﬂA_ﬂington IFA UsS

Inventor 6

Given Name Middle Name Family Name City State Country
kli Eirik ﬂ:emdon 1*/A US

All Inventors Must Be Listed — Additional Inventor Information blocks may be Add

generated within this form by selecting the Add button.

Title of Invention Froup Common DCI

Attorney Docket Number (if applicable) [17-1107P

Correspondence Address

Direct all correspondence to (select one):

(@ The address corresponding to Customer Number (O Firm or Individual Name
EFS - Web 101 ExXT0TT
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Doc Code: TR.PROV
Document Description: Provisional Cover Sheet (SB16)

PTO/SB/16 (11-08)

Approved for use through 05/31/2015. OMB 0651-0032

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

Customer Number 02629

The invention was made by an agency of the United States Government or under a contract with an agency of the United
States Government.

No.

Yes, the invention was made by an agency of the United States Government. The U.S. Government agency name is:

Yes, the invention was under a contract with an agency of the United States Government. The name of the U.S.
Government agency and Government contract number are:

EFS - Web 1.0.1 Ex. 1011
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Doc Code: TR.PROV

Document Description: Provisional Cover Sheet (SB16)
PTO/SB/16 (11-08)
Approved for use through 05/31/2015. OMB 0651-0032
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

Entity Status
Applicant asserts small entity status under 37 CFR 1.27 or applicant certifies micro entity status under 37 CFR 1.29

® Applicant asserts small entity status under 37 CFR 1.27

() Applicant certifies micro entity status under 37 CFR 1.29. Applicant must attach form PTO/SB/15A or B or equivalent.

() No

Warning

Petitionerfapplicant is cautioned to avoid submitting personal information in documents filed in a patent application that may
contribute to identity theft. Personal information such as social security numbers, bank account numbers, or credit card
numbers (other than a check or credit card authorization form PTO-2038 submitted for payment purposes) is never required
by the USPTO to support a petition or an application. If this type of personal information is included in documents submitted
to the USPTO, petitioners/applicants should consider redacting such personal information from the documents before
submitting them to USPTO. Petitioner/applicant is advised that the record of a patent application is available to the public
after publication of the application (unless a non-publication request in compliance with 37 CFR 1.213(a) is made in the
application) or issuance of a patent. Furthermore, the record from an abandoned application may also be available to the
public if the application is referenced in a published application or an issued patent (see 37 CFR1.14). Checks and credit
card authorization forms PTO-2038 submitted for payment purposes are not retained in the application file and therefore are
not publicly available.

Signature

Please see 37 CFR 1.4(d) for the form of the signature.

Signature ‘[David Grossman/ Date (YYYY-MM-DD) ‘Em 7-10-26
First Name avid Last Name rossman Registratiqn Number 2609
(If appropriate)

This collection of information is required by 37 CFR 1.51. 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 8 hours 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. This
form can only be used when in conjunction with EFS-Web. If this form is mailed to the USPTO, it may cause delays in handling
the provisional application.
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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 paten. 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 fo 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.

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 settliement
negotiations.

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.

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).

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.

A record in this system of records may be disclosed, as a routine use, t o a n other 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)).

A record 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
29086. 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.

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

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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GROUP COMMON D(CI
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

[0001] Examples of several of the various embodiments of the present invention are
described herein with reference to the drawings.

[0002] FIG. 1 is a diagram depicting example sets of OFDM subcarriers as per an aspect of
an embodiment of the present invention.

[0003] FIG. 2 is a diagram depicting an example transmission time and reception time for
two carriers in a carrier group as per an aspect of an embodiment of the present invention.

[0004] FIG. 3 is a diagram depicting OFDM radio resources as per an aspect of an
embodiment of the present invention.

[0005] FIG. 4 is a block diagram of a base station and a wireless device as per an aspect of
an embodiment of the present invention.

[0006] FIG. 5A, FIG. 5B, FIG. 5C and FIG. 5D are example diagrams for uplink and
downlink signal transmission as per an aspect of an embodiment of the present invention.
[0007] FIG. 6 is an example diagram for a protocol structure with multi-connectivity as per

an aspect of an embodiment of the present invention.

[0008] FIG. 7 is an example diagram for a protocol structure with CA and DC as per an
aspect of an embodiment of the present invention.

[0009] FIG. 8 shows example TAG configurations as per an aspect of an embodiment of the
present invention.

[0010] FIG. 9 is an example message flow in a random access process in a secondary TAG
as per an aspect of an embodiment of the present invention.

[0011] FIG. 10A and FIG. 10B are example diagrams for interfaces between a 5G core
network (e.g. NGC) and base stations (e.g. gNB and eLTE eNB) as per an aspect of an
embodiment of the present invention.

[0012] FIG. 1 1A, FIG. 11B, FIG. 11C, FIG. 11D, FIG. 1 1E, and FIG. I 1F are example
diagrams for architectures of tight interworking between 5G RAN (e.g. gNB) and LTE RAN
(e.g.(e)LTE eNB) as per an aspect of an embodiment of the present invention.

[0013] FIG. 12A, FIG. 12B, and FIG. 12C are example diagrams for radio protocol
structures of tight interworking bearers as per an aspect of an embodiment of the present
invention.

[0014]  FIG. 13A and FIG.13B are example diagrams for gNB deployment scenarios as per
an aspect of an embodiment of the present invention.

[0015] FIG. 14 is an example diagram for functional split option examples of the centralized
gNB deployment scenario as per an aspect of an embodiment of the present invention.

1
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[0016] FIG.15 is example diagrams illustrating an example index-based group common DCI
as per an aspect of an embodiment of the present invention.
[0017] FIG.16 is example diagrams illustrating an example group common DCI as per an

aspect of an embodiment of the present invention.

[0018] FIG.17 is example diagrams illustrating an example group common DCI as per an
aspect of an embodiment of the present invention.
[0019] FIG.18is example diagrams illustrating an example group common DCI as per an

aspect of an embodiment of the present invention.

DETAILED DESCRIPTION OF EMBODIMENTS

[0020]

aggregation. Embodiments of the technology disclosed herein may be employed in the

Example embodiments of the present invention enable operation of carrier

technical field of multicarrier communication systems. More particularly, the embodiments

of the technology disclosed herein may relate to signal timing in a multicarrier

communication systems.

[0021] The following Acronyms are used throughout the present disclosure:
ASIC application-specific integrated circuit
BPSK binary phase shift keying
CA carrier aggregation
CSI channel state information
CDMA code division multiple access
CSS common search space
CPLD complex programmable logic devices
CC component carrier
CP cyclic prefix
DL downlink
DCI downlink control information
DC dual connectivity
¢MBB enhanced mobile broadband
EPC evolved packet core
E-UTRAN evolved-universal terrestrial radio access network
FPGA field programmable gate arrays
FDD frequency division multiplexing
HDL hardware description languages
HARQ hybrid automatic repeat request
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LTE
MCG
MeNB
MIB
MAC
MAC
MME
mMTC
NAS
NR
OFDM
PDCP
PDU
PHY
PDCCH
PHICH
PUCCH
PUSCH
PCell
PCell
PCC
PSCell
pTAG
QAM
QPSK
RBG
RLC
RRC
RA

RB
SCC
SCell
Scell
SCG

information element

long term evolution

master cell group

master evolved node B

master information block

media access control

media access control

mobility management entity
massive machine type communications
non-access stratum

new radio

orthogonal frequency division multiplexing
packet data convergence protocol
packet data unit

physical

physical downlink control channel
physical HARQ indicator channel
physical uplink control channel
physical uplink shared channel
primary cell

primary cell

primary component carrier
primary secondary cell

primary timing advance group
quadrature amplitude modulation
quadrature phase shift keying
resource block groups

radio link control

radio resource control

random access

resource blocks

secondary component carrier
secondary cell

secondary cells

secondary cell group
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SeNB
sTAGs
SDU
S-GW
SRB
SC-OFDM
SFN
SIB
TAI
TAT
TDD
TDMA
TA
TAG
TTI

UL

UE
URLLC
VHDL

CU

DU

Fs-C
Fs-U
gNB
NGC

NG CP
NG-C
NG-U
NR

NR MAC
NR PHY
NR PDCP
NR RLC
NR RRC

secondary evolved node B

secondary timing advance group

service data unit

serving gateway

signaling radio bearer

single carrier-OFDM

system frame number

system information block

tracking area identifier

time alignment timer

time division duplexing

time division multiple access

timing advance

timing advance group

transmission time interval TB transport block
uplink

user equipment

ultra-reliable low-latency communications

VHSIC hardware description language

central unit

distributed unit
Fs-control plane
Fs-user plane

next generation node B
next generation core
next generation control plane core
NG-control plane
NG-user plane

new radio

new radio MAC

new radio physical
new radio PDCP

new radio RLC

new radio RRC
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NSSAI network slice selection assistance information
PLMN public land mobile network

UPGW user plane gateway

Xn-C Xn-control plane

Xn-U Xn-user plane

Xx-C Xx-control plane

Xx-U Xx-user plane

[0022] Example embodiments of the invention may be implemented using various physical
layer modulation and transmission mechanisms. Example transmission mechanisms may
include, but are not limited to: CDMA, OFDM, TDMA, Wavelet technologies, and/or the
like. Hybrid transmission mechanisms such as TDMA/CDMA, and OFDM/CDMA may also
be employed. Various modulation schemes may be applied for signal transmission in the
physical layer. Examples of modulation schemes include, but are not limited to: phase,
amplitude, code, a combination of these, and/or the like. An example radio transmission
method may implement QAM using BPSK, QPSK, 16-QAM, 64-QAM, 256-QAM, and/or
the like. Physical radio transmission may be enhanced by dynamically or semi-dynamically
changing the modulation and coding scheme depending on transmission requirements and
radio conditions.

[0023] FIG. 1 is adiagram depicting example sets of OFDM subcarriers as per an aspect of
an embodiment of the present invention. As illustrated in this example, arrow(s) in the
diagram may depict a subcarrier in a multicarrier OFDM system. The OFDM system may use
technology such as OFDM technology, DFTS-OFDM, SC-OFDM technology, or the like.
For example, arrow 101 shows a subcarrier transmitting information symbols. FIG. 1 is for
illustration purposes, and a typical multicarrier OFDM system may include more subcarriers
in a carrier. For example, the number of subcarriers in a carrier may be in the range of 10 to
10,000 subcarriers. FIG. 1 shows two guard bands 106 and 107 in a transmission band. As
illustrated in FIG. 1, guard band 106 is between subcarriers 103 and subcarriers 104. The
example set of subcarriers A 102 includes subcarriers 103 and subcarriers 104. FIG. 1 also
illustrates an example set of subcarriers B 105. As illustrated, there is no guard band between
any two subcarriers in the example set of subcarriers B 105. Carriers in a multicarrier OFDM
communication system may be contiguous carriers, non-contiguous carriers, or a combination
of both contiguous and non-contiguous carriers.

[0024] FIG. 2 is a diagram depicting an example transmission time and reception time for
two carriers as per an aspect of an embodiment of the present invention. A multicarrier
OFDM communication system may include one or more carriers, for example, ranging {rom 1
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to 10 carriers. Carrier A 204 and carrier B 205 may have the same or different timing
structures. Although FIG. 2 shows two synchronized carriers, carrier A 204 and carrier B 205
may or may not be synchronized with each other. Different radio frame structures may be
supported for FDD and TDD duplex mechanisms. FIG. 2 shows an example FDD frame
timing. Downlink and uplink transmissions may be organized into radio frames 201. In this
example, radio frame duration is 10 msec. Other frame durations, for example, in the range of
1 to 100 msec may also be supported. In this example, each 10 ms radio frame 201 may be
divided into ten equally sized subframes 202. Other subframe durations such as including 0.5
msec, 1 msec, 2 msec, and 5 msec may also be supported. Subframe(s) may consist of two or
more slots (e.g. slots 206 and 207). For the example of FDD, 10 subframes may be available
for downlink transmission and 10 subframes may be available for uplink transmissions in
each 10 ms interval. Uplink and downlink transmissions may be separated in the frequency
domain. A slot may be 7 or 14 OFDM symbols for the same subcarrier spacing of up to
60kHz with normal CP. A slot may be 14 OFDM symbols for the same subcarrier spacing
higher than 60kHz with normal CP. A slot may contain all downlink, all uplink, or a downlink
part and an uplink part and/or alike. Slot aggregation may be supported, e.g., data
transmission may be scheduled to span one or multiple slots. In an example, a mini-slot may
start at an OFDM symbol in a subframe. A mini-slot may have a duration of one or more
OFDM symbols. Slot(s) may include a plurality of OFDM symbols 203. The number of
OFDM symbols 203 in a slot 206 may depend on the cyclic prefix length and subcarrier
spacing.

[0025] FIG. 3 is a diagram depicting OFDM radio resources as per an aspect of an
embodiment of the present invention. The resource grid structure in time 304 and frequency
305 is illustrated in FIG. 3. The quantity of downlink subcarriers or RBs may depend, at
leastin part, on the downlink transmission bandwidth 306 configured in the cell. The
smallest radio resource unit may be called a resource element (e.g. 301). Resource elements
may be grouped into resource blocks (e.g. 302). Resource blocks may be grouped into larger
radio resources called Resource Block Groups (RBG) (e.g. 303). The transmitted signal in
slot 206 may be described by one or several resource grids of a plurality of subcarriers and a
plurality of OFDM symbols. Resource blocks may be used to describe the mapping of certain
physical channels to resource elements. Other pre-defined groupings of physical resource
elements may be implemented in the system depending on the radio technology. For
example, 24 subcarriers may be grouped as a radio block for a duration of 5 msec. In an
illustrative example, a resource block may correspond to one slot in the time domain and 180
kHz in the frequency domain (for 15 KHz subcarrier bandwidth and 12 subcarriers).

6

Ex. 1011
APPLE INC. / Page 28 of 123



17-1107P

[0026] In an example embodiment, multiple numerologies may be supported. In an example,
a numerology may be derived by scaling a basic subcarrier spacing by an integer V. In an
example, scalable numerology may allow at least from 15kHz to 480kHz subcarrier spacing.
The numerology with 15 kHz and scaled numerology with different subcarrier spacing with
the same CP overhead may align at a symbol boundary every 1ms in a NR carrier.

[0027] FIG. 5A, FIG. 5B, FIG. 5C and FIG. 5D are example diagrams for uplink and
downlink signal transmission as per an aspect of an embodiment of the present invention.
FIG. 5A shows an example uplink physical channel. The baseband signal representing the
physical uplink shared channel may perform the following processes. These functions are
illustrated as examples and it is anticipated that other mechanisms may be implemented in
various embodiments. The functions may comprise scrambling, modulation of scrambled bits
to generate complex-valued symbols, mapping of the complex-valued modulation symbols
onto one or several transmission layers, transform precoding to generate complex-valued
symbols, precoding of the complex-valued symbols, mapping of precoded complex-valued
symbols to resource elements, generation of complex-valued time-domain DFTS-OFDM/SC-
FDMA signal for each antenna port, and/or the like.

[0028] Example modulation and up-conversion to the carrier frequency of the complex-
valued DFTS-OFDM/SC-FDMA baseband signal for each antenna port and/or the complex-
valued PRACH baseband signal is shown in FIG. 5B. Filtering may be employed prior to
transmission.

[0029] An example structure for Downlink Transmissions is shown in FIG. 5C. The
baseband signal representing a downlink physical channel may perform the following
processes. These functions are illustrated as examples and it is anticipated that other
mechanisms may be implemented in various embodiments. The functions include scrambling
of coded bits in each of the codewords to be transmitted on a physical channel; modulation of
scrambled bits to generate complex-valued modulation symbols; mapping of the complex-
valued modulation symbols onto one or several transmission layers; precoding of the
complex-valued modulation symbols on each layer for transmission on the antenna ports;
mapping of complex-valued modulation symbols for each antenna port to resource elements;
generation of complex-valued time-domain OFDM signal for each antenna port, and/or the
like.

[0030] Example modulation and up-conversion to the carrier frequency of the complex-
valued OFDM baseband signal for each antenna port is shown in FIG. 5D. Filtering may be

employed prior to transmission.
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[0031] FIG. 4 is an example block diagram of a base station 401 and a wireless device 406,
as per an aspect of an embodiment of the presentinvention. A communication network 400
may include at least one base station 401 and at least one wireless device 406. The base
station 401 may include at least one communication interface 402, at least one processor 403,
and at least one set of program code instructions 405 stored in non-transitory memory 404 and
executable by the at least one processor 403. The wireless device 406 may include at least
one communication interface 407, at least one processor 408, and at least one set of program
code instructions 410 stored in non-transitory memory 409 and executable by the at least one
processor 408. Communication interface 402 in base station 401 may be configured to
engage in communication with communication interface 407 in wireless device 406 via a
communication path that includes at least one wireless link 411. Wireless link 411 may be a
bi-directional link. Communication interface 407 in wireless device 406 may also be
configured to engage in a communication with communication interface 402 in base station
401. Base station 401 and wireless device 406 may be configured to send and receive data
over wireless link 411 using multiple frequency carriers. According to some of the various
aspects of embodiments, transceiver(s) may be employed. A transceiver is a device that
includes both a transmitter and receiver. Transceivers may be employed in devices such as
wireless devices, base stations, relay nodes, and/or the like. Example embodiments for radio
technology implemented in communication interface 402, 407 and wireless link 411 are
illustrated are FIG. 1, FIG. 2, FIG. 3, FIG. 5, and associated text.

[0032] An interface may be a hardware interface, a firmware interface, a software interface,
and/or a combination thereof. The hardware interface may include connectors, wires,
electronic devices such as drivers, amplifiers, and/or the like. A software interface may
include code stored in a memory device to implement protocol(s), protocol layers,
communication drivers, device drivers, combinations thereof, and/or the like. A firmware
interface may include a combination of embedded hardware and code stored in and/or in
communication with a memory device to implement connections, electronic device
operations, protocol(s), protocol layers, communication drivers, device drivers, hardware
operations, combinations thereof, and/or the like.

[0033] The term configured may relate to the capacity of a device whether the device is in an
operational or non-operational state. Configured may also refer to specific settings in a
device that effect the operational characteristics of the device whether the device is in an
operational or non-operational state. In other words, the hardware, software, firmware,
registers, memory values, and/or the like may be “configured” within a device, whether the
device is in an operational or nonoperational state, to provide the device with specific
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characteristics. Terms such as “a control message to cause in a device” may mean that a
control message has parameters that may be used to configure specific characteristics in the
device, whether the device is in an operational or non-operational state.

[0034]  According to some of the various aspects of embodiments, a 5G network may include
a multitude of base stations, providing a user plane NR PDCP/NR RLC/NR MAC/NR PHY
and control plane (NR RRC) protocol terminations towards the wireless device. The base
station(s) may be interconnected with other base station(s) (e.g. employing an Xn interface).
The base stations may also be connected employing, for example, an NG interface to an NGC.
FIG. 10A and FIG. 10B are example diagrams for interfaces between a 5G core network (e.g.
NGC) and base stations (e.g. gNB and eLTE eNB) as per an aspect of an embodiment of the
present invention. For example, the base stations may be interconnected to the NGC control
plane (e.g. NG CP) employing the NG-C interface and to the NGC user plane (e.g. UPGW)
employing the NG-U interface. The NG interface may support a many-to-many relation
between 5G core networks and base stations.

[0035] A base station may include many sectors for example: 1, 2, 3, 4, or 6 sectors. A base
station may include many cells, for example, ranging from 1 to 50 cells or more. A cell may
be categorized, for example, as a primary cell or secondary cell. At RRC connection
establishment/re-establishment/handover, one serving cell may provide the NAS (non-access
stratum) mobility information (e.g. TAI), and at RRC connection re-establishment/handover,
one serving cell may provide the security input. This cell may be referred to as the Primary
Cell (PCell). In the downlink, the carrier corresponding to the PCell may be the Downlink
Primary Component Carrier (DL PCC), while in the uplink, it may be the Uplink Primary
Component Carrier (UL PCC). Depending on wireless device capabilities, Secondary Cells
(SCells) may be configured to form together with the PCell a set of serving cells. In the
downlink, the carrier corresponding to an SCell may be a Downlink Secondary Component
Carrier (DL SCC), while in the uplink, it may be an Uplink Secondary Component Carrier
(UL SCC). An SCell may or may not have an uplink carrier.

[0036] A cell, comprising a downlink carrier and optionally an uplink carrier, may be
assigned a physical cell ID and a cell index. A carrier (downlink or uplink) may belong to
only one cell. The cell ID or Cell index may also identify the downlink carrier or uplink
carrier of the cell (depending on the context it is used). In the specification, cell ID may be
equally referred to a carrier ID, and cell index may be referred to carrier index. In
implementation, the physical cell ID or cell index may be assigned to a cell. A cell ID may be
determined using a synchronization signal transmitted on a downlink carrier. A cell index
may be determined using RRC messages. For example, when the specification refers to a first
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physical cell ID for a first downlink carrier, the specification may mean the first physical cell
ID is for a cell comprising the first downlink carrier. The same concept may apply to, for
example, carrier activation. When the specification indicates that a first carrier is activated,
the specification may equally mean that the cell comprising the first carrier is activated.
[0037] Embodiments may be configured to operate as needed. The disclosed mechanism
may be performed when certain criteria are met, for example, in a wireless device, a base
station, a radio environment, a network, a combination of the above. and/or the like. Example
criteria may be based, at least in part, on for example, traffic load, initial system set up, packet
sizes, traffic characteristics, a combination of the above. and/or the like. When the one or
more criteria are met, various example embodiments may be applied. Therefore, it may be
possible to implement example embodiments that selectively implement disclosed protocols.
[0038] A base station may communicate with a mix of wireless devices. Wireless devices
may support multiple technologies, and/or multiple releases of the same technology. Wireless
devices may have some specific capability(ies) depending on its wireless device category
and/or capability(ies). A base station may comprise multiple sectors. When this disclosure
refers to a base station communicating with a plurality of wireless devices, this disclosure
may refer to a subset of the total wireless devices in a coverage area. This disclosure may
refer to, for example, a plurality of wireless devices of a given LTE or 5G release with a given
capability and in a given sector of the base station. The plurality of wireless devices in this
disclosure may refer to a selected plurality of wireless devices, and/or a subset of total
wireless devices in a coverage area which perform according to disclosed methods, and/or the
like. There may be a plurality of wireless devices in a coverage area that may not comply
with the disclosed methods, for example, because those wireless devices perform based on
older releases of LTE or 5G technology.
LOO3S1 /11 i ittt i i i e i o i 1 C A and Multi-Connectivity
[0040] FIG. 6 and FIG. 7 are example diagrams for protocol structure with CA and multi-
connectivity as per an aspect of an embodiment of the present invention. NR may support
multi-connectivity operation whereby a multiple RX/TX UE in RRC_CONNECTED may be
configured to utilize radio resources provided by multiple schedulers located in multiple
gNBs connected via a non-ideal or ideal backhaul over the Xn interface. gNBs involved in
multi-connectivity for a certain UE may assume two different roles: a gNB may either act as a
master gNB or as a secondary gNB. In multi-connectivity, a UE may be connected to one
master gNB and one or more secondary gNBs. FIG. 7 illustrates one example structure for the

UE side MAC entities when a Master Cell Group (MCG) and a Secondary Cell Group (SCG)
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are configured, and it may not restrict implementation. Media Broadcast Multicast Service
(MBMS) reception is not shown in this figure for simplicity.

[0041] In multi-connectivity, the radio protocol architecture that a particular bearer uses may
depend on how the bearer is setup. Three alternatives may exist, an MCG bearer, an SCG
bearer and a split bearer as shown in FIG. 6. NR RRC may be located in master gNB and
SRBs may be configured as a MCG bearer type and may use the radio resources of the master
gNB. Multi-connectivity may also be described as having at least one bearer configured to use
radio resources provided by the secondary gNB. Multi-connectivity may or may not be
configured/implemented in example embodiments of the invention.

[0042] In the case of multi-connectivity, the UE may be configured with multiple NR MAC
entities: one NR MAC entity for master gNB, and other NR MAC entities for secondary
gNBs. In multi-connectivity, the configured set of serving cells for a UE may comprise of
two subsets: the Master Cell Group (MCG) containing the serving cells of the master gNB,
and the Secondary Cell Groups (SCGs) containing the serving cells of the secondary gNBs.
For a SCG, one or more of the following may be applied: at least one cell in the SCG has a
configured UL CC and one of them, named PSCell (or PCell of SCG, or sometimes called
PCell), is configured with PUCCH resources; when the SCG is configured, there may be at
least one SCG bearer or one Split bearer; upon detection of a physical layer problem or a
random access problem on a PSCell, or the maximum number of NR RLC retransmissions
has been reached associated with the SCG, or upon detection of an access problem on a
PSCell during a SCG addition or a SCG change: a RRC connection re-establishment
procedure may not be triggered, UL transmissions towards cells of the SCG are stopped, a
master gNB may be informed by the UE of a SCG failure type, for split bearer, the DL data
transfer over the master gNB is maintained; the NR RLC AM bearer may be configured for
the split bearer; like PCell, PSCell may not be de-activated; PSCell may be changed with a
SCG change (e.g. with security key change and a RACH procedure); and/or a direct bearer
type change between a Split bearer and a SCG bearer or simultaneous configuration of a SCG
and a Split bearer may or may not supported.

[0043] Withrespect to the interaction between a master gNB and secondary gNBs for multi-
connectivity, one or more of the following principles may be applied: the master gNB may
maintain the RRM measurement configuration of the UE and may, (e.g, based on received
measurement reports or traffic conditions or bearer types), decide to ask a secondary gNB to
provide additional resources (serving cells) for a UE; upon receiving a request from the
master gNB, a secondary gNB may create a container that may result in the configuration of
additional serving cells for the UE (or decide that it has no resource available to do so); for
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UE capability coordination, the master gNB may provide (part of) the AS configuration and
the UE capabilities to the secondary gNB; the master gNB and the secondary gNB may
exchange information about a UE configuration by employing of NR RRC containers (inter-
node messages) carried in Xn messages; the secondary gNB may initiate a reconfiguration of
its existing serving cells (e.g., PUCCH towards the secondary gNB); the secondary gNB may
decide which cell is the PSCell within the SCG; the master gNB may or may not change the
content of the NR RRC configuration provided by the secondary gNB; in the case of a SCG
addition and a SCG SCell addition, the master gNB may provide the latest measurement
results for the SCG cell(s); both a master gNB and secondary gNBs may know the SFN and
subframe offset of each other by OAM, (e.g., for the purpose of DRX alignment and
identification of a measurement gap). In an example, when adding a new SCG SCell,
dedicated NR RRC signaling may be used for sending required system information of the cell
as for CA, except for the SFN acequired from a MIB of the PSCell of a SCG.

[0044]  In an example, serving cells may be grouped in a TA group (TAG). Serving cells in
one TAG may use the same timing reference. For a given TAG, user equipment (UE) may
use at least one downlink carrier as a timing reference. For a given TAG, a UE may
synchronize uplink subframe and frame transmission timing of uplink carriers belonging to
the same TAG. In an example, serving cells having an uplink to which the same TA applies
may correspond to serving cells hosted by the same receiver. A UE supporting multiple T As
may support two or more TA groups. One TA group may contain the PCell and may be
called a primary TAG (pTAG). In a multiple TAG configuration, at least one TA group may
not contain the PCell and may be called a secondary TAG (sTAG). In an example, carriers
within the same TA group may use the same TA value and/or the same timing reference.
When DC is configured, cells belonging to a cell group (MCG or SCG) may be grouped into
multiple TAGs including a pTAG and one or more sTAGs.

[0045] FIG. 8 shows example TAG configurations as per an aspect of an embodiment of the
present invention. In Example 1, pTAG comprises PCell, and an sTAG comprises SCelll. In
Example 2, a pTAG comprises a PCell and SCelll, and an sSTAG comprises SCell2 and
SCell3. In Example 3, pTAG comprises PCell and SCelll, and an sTAG1 includes SCell2
and SCell3, and sTAG2 comprises SCell4. Up to four TAGs may be supported in a cell
group (MCG or SCQG) and other example TAG configurations may also be provided. In
various examples in this disclosure, example mechanisms are described for a pTAG and an
sTAG. Some of the example mechanisms may be applied to configurations with multiple

sTAGs.
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[0046] In anexample, an eNB may initiate an RA procedure via a PDCCH order for an
activated SCell. This PDCCH order may be sent on a scheduling cell of this SCell. When
cross carrier scheduling is configured for a cell, the scheduling cell may be different than the
cell that is employed for preamble transmission, and the PDCCH order may include an SCell
index. At least a non-contention based RA procedure may be supported for SCell(s) assigned
to sSTAG(s).

[0047] FIG. 9 is an example message flow in a random access process in a secondary TAG
as per an aspect of an embodiment of the present invention. An eNB transmits an activation
command 600 to activate an SCell. A preamble 602 (Msgl) may be sent by a UE in response
to a PDCCH order 601 on an SCell belonging to an sTAG. In an example embodiment,
preamble transmission for SCells may be controlled by the network using PDCCH format 1 A.
Msg2 message 603 (RAR: random access response) in response to the preamble transmission
on the SCell may be addressed to RA-RNTI in a PCell common search space (CSS). Uplink
packets 604 may be transmitted on the SCell in which the preamble was transmitted.

[0048] According to some of the various aspects of embodiments, initial timing alignment
may be achieved through a random access procedure. This may involve a UE transmitting a
random access preamble and an eNB responding with an initial TA command NTA (amount
of timing advance) within a random access response window. The start of the random access
preamble may be aligned with the start of a corresponding uplink subframe at the UE
assuming NTA=0. The eNB may estimate the uplink timing from the random access
preamble transmitted by the UE. The TA command may be derived by the eNB based on the
estimation of the difference between the desired UL timing and the actual UL timing. The
UE may determine the initial uplink transmission timing relative to the corresponding
downlink of the sTAG on which the preamble is transmitted.

[0049] The mapping of a serving cell to a TAG may be configured by a serving eNB with
RRC signaling. The mechanism for TAG configuration and reconfiguration may be based on
RRC signaling. According to some of the various aspects of embodiments, when an eNB
performs an SCell addition configuration, the related TAG configuration may be configured
for the SCell. In an example embodiment, an eNB may modify the TAG configuration of an
SCell by removing (releasing) the SCell and adding(configuring) a new SCell (with the same
physical cell ID and frequency) with an updated TAG ID. The new SCell with the updated
TAG ID may initially be inactive subsequent to being assigned the updated TAG ID. The
eNB may activate the updated new SCell and start scheduling packets on the activated SCell.
In an example implementation, it may not be possible to change the TAG associated with an
SCell, but rather, the SCell may need to be removed and a new SCell may need to be added
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with another TAG. For example, if there is a need to move an SCell from an sTAG to a
PTAG, at least one RRC message, for example, at least one RRC reconfiguration message,
may be send to the UE to reconfigure TAG configurations by releasing the SCell and then
configuring the SCell as a part of the pTAG (when an SCell is added/configured without a
TAG index, the SCell may be explicitly assigned to the pTAG). The PCell may not change
its TA group and may be a member of the pTAG.

[0050] The purpose of an RRC connection reconfiguration procedure may be to modify an
RRC connection, (e.g. to establish, modify and/or release RBs, to perform handover, to setup,
modify, and/or release measurements, to add, modify, and/or release SCells). If the received
RRC Connection Reconfiguration message includes the sCellToReleaseList, the UE may
perform an SCell release. If the received RRC Connection Reconfiguration message includes
the sCellToAddModList, the UE may perform SCell additions or modification.

[0051] In LTE Release-10 and Release-11 CA, a PUCCH is only transmitted on the PCell
(PSCell) to an eNB. In LTE-Release 12 and earlier, a UE may transmit PUCCH information
on one cell (PCell or PSCell) to a given eNB.

[0052]  As the number of CA capable UEs and also the number of aggregated carriers
increase, the number of PUCCHs and also the PUCCH payload size may increase.
Accommodating the PUCCH transmissions on the PCell may lead to a high PUCCH load on
the PCell. A PUCCH on an SCell may be introduced to offload the PUCCH resource from
the PCell. More than one PUCCH may be configured for example, a PUCCH on a PCell and
another PUCCH on an SCell. In the example embodiments, one, two or more cells may be
configured with PUCCH resources for transmitting CSIVTACK/NACK to a base station. Cells
may be grouped into multiple PUCCH groups, and one or more cell within a group may be
configured with a PUCCH. In an example configuration, one SCell may belong to one
PUCCH group. SCells with a configured PUCCH transmitted to a base station may be called
a PUCCH SCell, and a cell group with a common PUCCH resource transmitted to the same
base station may be called a PUCCH group.

[0053] In anexample embodiment, a MAC entity may have a configurable timer
timeAlignmentTimer per TAG. The timeAlignmentTimer may be used to control how long
the MAC entity considers the Serving Cells belonging to the associated TAG to be uplink
time aligned. The MAC entity may, when a Timing Advance Command MAC control
element is received, apply the Timing Advance Command for the indicated TAG; start or
restart the timeAlignmentTimer associated with the indicated TAG. The MAC entity may,
when a Timing Advance Command is received in a Random Access Response message for a
serving cell belonging to a TAG and/orif the Random Access Preamble was not selected by
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the MAC entity, apply the Timing Advance Command for this TAG and start or restart the
timeAlignmentTimer associated with this TAG. Otherwise, if the timeAlignmentTimer
associated with this TAG is not running, the Timing Advance Command for this TAG may be
applied and the timeAlignmentTimer associated with this TAG started. When the contention
resolution is considered not successful, a timeAlignmentTimer associated with this TAG may
be stopped. Otherwise, the MAC entity may ignore the received Timing Advance Command.

[0054] Inexample embodiments, a timer is running once it is started, until it is stopped or
until it expires; otherwise it may not be running. A timer can be started if it is not running or
restarted if it is running. For example, a timer may be started or restarted from its initial value.

[0055] Example embodiments of the invention may enable operation of multi-carrier
communications. Other example embodiments may comprise a non-transitory tangible
computer readable media comprising instructions executable by one or more processors to
cause operation of multi-carrier communications. Yet other example embodiments may
comprise an article of manufacture that comprises a non-transitory tangible computer readable
machine-accessible medium having instructions encoded thereon for enabling programmable
hardware to cause a device (e.g. wireless communicator, UE, base station, etc.) to enable
operation of multi-carrier communications. The device may include processors, memory,
interfaces, and/or the like. Other example embodiments may comprise communication
networks comprising devices such as base stations, wireless devices (or user equipment: UE),
servers, switches, antennas, and/or the like.

LOOS6] /I i Tight Interworking

[0057] FIG. 11A, FIG. 11B, FIG. 11C, FIG. 11D, FIG. 11E, and FIG. 11F are example
diagrams for architectures of tight interworking between 5G RAN and LTE RAN as per an
aspect of an embodiment of the present invention. The tight interworking may enable a
multiple RX/TX UE in RRC_CONNECTED to be configured to utilize radio resources
provided by two schedulers located in two base stations (e.g. (¢)LTE eNB and gNB)
connected via a non-ideal or ideal backhaul over the Xx interface between LTE eNB and gNB
or the Xn interface between eLTE eNB and gNB. Base stations involved in tight interworking
for a certain UE may assume two different roles: a base station may either act as a master base
station or as a secondary base station. In tight interworking, a UE may be connected to one
master base station and one secondary base station. Mechanisms implemented in tight
interworking may be extended to cover more than two base stations.

[0058] In FIG. 11A and FIG. 11B, a master base station may be an LTE eNB, which may be
connected to EPC nodes (e.g. to an MME via the S1-C interface and to an S-GW via the S1-U
interface), and a secondary base station may be a gNB, which may be a non-standalone node
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having a control plane connection via an Xx-C interface to an LTE eNB. In the tight
interworking architecture of FIG. 11A, a user plane for a gNB may be connected to an S-GW
through an LTE eNB via an Xx-U interface between LTE eNB and gNB and an S1-U
interface between LTE eNB and S-GW. In the architecture of FIG. 11B, a user plane for a
gNB may be connected directly to an S-GW via an S1-U interface between gNB and S-GW.

[0059] In FIG. 11C and FIG. 11D, a master base station may be a gNB, which may be
connected to NGC nodes (e.g. to a control plane core node via the NG-C interface and to a
user plane core node via the NG-U interface), and a secondary base station may be an eLTE
eNB, which may be a non-standalone node having a control plane connection via an Xn-C
interface to a gNB. In the tight interworking architecture of FIG. 11C, a user plane for an
eLTE eNB may be connected to a user plane core node through a gNB via an Xn-U interface
between eLTE eNB and gNB and an NG-U interface between gNB and user plane core node.
In the architecture of FIG. 11D, a user plane for an eLTE eNB may be connected directly to a
user plane core node via an NG-U interface between eLTE eNB and user plane core node.

[0060] In FIG. 11E and FIG. 11F, a master base station may be an eLTE eNB, which may be
connected to NGC nodes (e.g. to a control plane core node via the NG-C interface and to a
user plane core node via the NG-U interface), and a secondary base station may be a gNB,
which may be a non-standalone node having a control plane connection via an Xn-C interface
to an eLTE eNB. In the tight interworking architecture of FIG. 11E, a user plane for a gNB
may be connected to a user plane core node through an eLTE eNB via an Xn-U interface
between eLTE eNB and gNB and an NG-U interface between eLTE eNB and user plane core
node. In the architecture of FIG. 11F, a user plane for a gNB may be connected directly to a
user plane core node via an NG-U interface between gNB and user plane core node.

[0061] FIG. 12A, FIG. 12B, and FIG. 12C are example diagrams for radio protocol
structures of tight interworking bearers as per an aspect of an embodiment of the present
invention. In FIG. 12A, an LTE eNB may be a master base station, and a gNB may be a
secondary base station. In FIG. 12B, a gNB may be a master base station, and an eLTE eNB
may be a secondary base station. In FIG. 12C, an eLTE eNB may be a master base station,
and a gNB may be a secondary base station. In 5G network, the radio protocol architecture
that a particular bearer uses may depend on how the bearer is setup. Three alternatives may
exist, an MCG bearer, an SCG bearer, and a split bearer as shown in FIG. 12A, FIG. 12B, and
FIG. 12C. NR RRC may be located in master base station, and SRBs may be configured as an
MCG bearer type and may use the radio resources of the master base station. Tight

interworking may also be described as having at least one bearer configured to use radio
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resources provided by the secondary base station. Tight interworking may or may not be
configured/implemented in example embodiments of the invention.

[0062] In the case of tight interworking, the UE may be configured with two MAC entities:
one MAC entity for master base station, and one MAC entity for secondary base station. In
tight interworking, the configured set of serving cells for a UE may comprise of two subsets:
the Master Cell Group (MCG) containing the serving cells of the master base station, and the
Secondary Cell Group (SCG) containing the serving cells of the secondary base station. For a
SCG, one or more of the following may be applied: at least one cell in the SCG has a
configured UL CC and one of them, named PSCell (or PCell of SCG, or sometimes called
PCell), is configured with PUCCH resources; when the SCG is configured, there may be at
least one SCG bearer or one split bearer; upon detection of a physical layer problem or a
random access problem on a PSCell, or the maximum number of (NR) RLC retransmissions
has been reached associated with the SCG, or upon detection of an access problem on a
PSCell during a SCG addition or a SCG change: a RRC connection re-establishment
procedure may not be triggered, UL transmissions towards cells of the SCG are stopped, a
master base station may be informed by the UE of a SCG failure type, for split bearer, the DL
data transfer over the master base station is maintained; the RLC AM bearer may be
configured for the split bearer; like PCell, PSCell may not be de-activated; PSCell may be
changed with a SCG change (e.g. with security key change and a RACH procedure); and/or
neither a direct bearer type change between a Split bearer and a SCG bearer nor simultaneous
configuration of a SCG and a Split bearer are supported.

[0063] Withrespect to the interaction between a master base station and a secondary base
station, one or more of the following principles may be applied: the master base station may
maintain the RRM measurement configuration of the UE and may, (e.g, based on received
measurement reports, traffic conditions, or bearer types), decide to ask a secondary base
station to provide additional resources (serving cells) for a UE; upon receiving a request from
the master base station, a secondary base station may create a container that may result in the
configuration of additional serving cells for the UE (or decide that it has no resource available
to do so); for UE capability coordination, the master base station may provide (part of) the AS
configuration and the UE capabilities to the secondary base station; the master base station
and the secondary base station may exchange information about a UE configuration by
employing of RRC containers (inter-node messages) carried in Xn or Xx messages; the
secondary base station may initiate a reconfiguration of its existing serving cells (e.g.,
PUCCH towards the secondary base station); the secondary base station may decide which
cell is the PSCell within the SCG; the master base station may not change the content of the
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RRC configuration provided by the secondary base station; in the case of a SCG addition and
a SCG SCell addition, the master base station may provide the latest measurement results for
the SCG cell(s); both a master base station and a secondary base station may know the SFN
and subframe offset of each other by OAM, (e.g., for the purpose of DRX alignment and
identification of a measurement gap). In an example, when adding a new SCG SCell,
dedicated RRC signaling may be used for sending required system information of the cell as
for CA, except for the SFN acquired from a MIB of the PSCell of a SCG.

Loooe41 /1NN Fanctional split

[0065] FIG. 13A and FIG.13B are example diagrams for gNB deployment scenarios as per
an aspect of an embodiment of the present invention. In the non-centralized deployment
scenario in FIG. 13A, the full protocol stack (e.g. NR RRC, NR PDCP, NR RLC, NR MAC,
and NR PHY) may be supported at one node. In the centralized deployment scenario in FIG.
13B, upper layers of gNB may be located in a Central Unit (CU), and lower layers of gNB
may be located in Distributed Units (DU). The CU-DU interface (e.g. Fs interface) connecting
CU and DU may be ideal or non-ideal. Fs-C may provide a control plane connection over Fs
interface, and Fs-U may provide a user plane connection over Fs interface. In the centralized
deployment, different functional split options between CU and DUs may be possible by
locating different protocol layers (RAN functions) in CU and DU. The functional split may
support flexibility to move RAN functions between CU and DU depending on service
requirements and/or network environments. The functional split option may change during
operation after Fs interface setup procedure, or may change only in Fs setup procedure (i.e.
static during operation after Fs setup procedure).

[0066] FIG. 14 is an example diagram for different functional split option examples of the
centralized gNB deployment scenario as per an aspect of an embodiment of the present
invention. In the split option example 1, an NR RRC may be in CU, and NR PDCP, NR RLC,
NR MAC, NR PHY, and RF may be in DU. In the split option example 2, an NR RRC and
NR PDCP may be in CU, and NR RLC, NR MAC, NR PHY, and RF may be in DU. In the
split option example 3, an NR RRC, NR PDCP, and partial function of NR RLC may be in
CU, and the other partial function of NR RLC, NR MAC, NR PHY, and RF may be in DU. In
the split option example 4, an NR RRC, NR PDCP, and NR RLC may be in CU, and NR
MAC, NR PHY, and RF may be in DU. In the split option example 5, an NR RRC, NR
PDCP, NR RLC, and partial function of NR MAC may be in CU, and the other partial
function of NR MAC, NR PHY, and RF may be in DU. In the split option example 6, an NR
RRC, NR PDCP, NR RLC, and NR MAC may be in CU, and NR PHY and RF may be in
DU. In the split option example 7, an NR RRC, NR PDCP, NR RLC, NR MAC, and partial
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function of NR PHY may be in CU, and the other partial function of NR PHY and RF may be
in DU. In the split option example 8, an NR RRC, NR PDCP, NR RLC, NR MAC, and NR
PHY may be in CU, and RF may be in DU.

[0067]  The functional split may be configured per CU, per DU, per UE, per bearer, per slice,
or with other granularities. In per CU split, a CU may have a fixed split, and DUs may be
configured to match the split option of CU. In per DU split, each DU may be configured with
a different split, and a CU may provide different split options for different DUs. In per UE
split, a gNB (CU and DU) may provide different split options for different UEs. In per bearer
split, different split options may be utilized for different bearer types. In per slice splice,
different split options may be applied for different slices.

LOOG6S8] /11T T network slice

[0069] In an example embodiment, the new radio access network (new RAN) may support
different network slices, which may allow differentiated treatment customized to support
different service requirements with end to end scope. The new RAN may provide a
differentiated handling of traffic for different network slices that may be pre-configured, and
may allow a single RAN node to support multiple slices. The new RAN may support selection
of a RAN part for a given network slice, by one or more slice ID(s) or NSSAI(s) provided by
a UE or a NGC (e.g. NG CP). The slice ID(s) or NSSAI(s) may identify one or more of pre-
configured network slices in a PLMN. For initial attach, a UE may provide a slice ID and/or
an NSSAI, and a RAN node (e.g. gNB) may use the slice ID or the NSSAI for routing an
initial NAS signaling to an NGC control plane function (e.g. NG CP). If a UE does not
provide any slice ID or NSSAI a RAN node may send a NAS signaling to a default NGC
control plane function. For subsequent accesses, the UE may provide a temporary ID for a
slice identification, which may be assigned by the NGC control plane function, to enable a
RAN node to route the NAS message to a relevant NGC control plane function. The new
RAN may support resource isolation between slices. The RAN resource isolation may be
achieved by avoiding that shortage of shared resources in one slice breaks a service level
agreement for another slice.

KOO S i a v

[0071] The amount of data traffic carried over cellular networks is expected to increase for
many years to come. The number of users/devices is increasing and each user/device accesses
an increasing number and variety of services, e.g. video delivery, large files, images. This
requires not only high capacity in the network, but also provisioning very high data rates to
meet customers’ expectations on interactivity and responsiveness. More spectrum is therefore
needed for cellular operators to meet the increasing demand. Considering user expectations of
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high data rates along with seamless mobility, it is beneficial that more spectrum be made
available for deploying macro cells as well as small cells for cellular systems.

[0072]  Striving to meet the market demands, there has been increasing interest from
operators in deploying some complementary access utilizing unlicensed spectrum to meet the
traffic growth. This is exemplified by the large number of operator-deployed Wi-Fi networks
and the 3GPP standardization of LTE/WLAN interworking solutions. This interest indicates
that unlicensed spectrum, when present, can be an effective complement to licensed spectrum
for cellular operators to help addressing the traffic explosion in some scenarios, such as
hotspot areas. LAA offers an alternative for operators to make use of unlicensed spectrum
while managing one radio network, thus offering new possibilities for optimizing the
network’s efficiency.

[0073] In an example embodiment, Listen-before-talk (clear channel assessment) may be
implemented for transmission in an LAA cell. In a listen-before-talk (LBT) procedure,
equipment may apply a clear channel assessment (CCA) check before using the channel. For
example, the CCA utilizes at least energy detection to determine the presence or absence of
other signals on a channel in order to determine if a channel is occupied or clear, respectively.
For example, European and Japanese regulations mandate the usage of LBT in the unlicensed
bands. Apart from regulatory requirements, carrier sensing via LBT may be one way for fair
sharing of the unlicensed spectrum.

[0074] In an example embodiment, discontinuous transmission on an unlicensed carrier with
limited maximum transmission duration may be enabled. Some of these functions may be
supported by one or more signals to be transmitted from the beginning of a discontinuous
LAA downlink transmission. Channel reservation may be enabled by the transmission of
signals, by an LAA node, after gaining channel access via a successful LBT operation, so that
other nodes that receive the transmitted signal with energy above a certain threshold sense the
channel to be occupied. Functions that may need to be supported by one or more signals for
LAA operation with discontinuous downlink transmission may include one or more of the
following: detection of the LAA downlink transmission (including cell identification) by UEs;
time & frequency synchronization of UEs.

[0075] In an example embodiment, DL LAA design may employ subframe boundary
alignment according to LTE-A carrier aggregation timing relationships across serving cells
aggregated by CA. This may not imply that the eNB transmissions can start only at the
subframe boundary. LAA may support transmitting PDSCH when not all OFDM symbols are
available for transmission in a subframe according to LBT. Delivery of necessary control
information for the PDSCH may also be supported.
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[0076] LBT procedure may be employed for fair and friendly coexistence of LAA with other
operators and technologies operating in unlicensed spectrum. LBT procedures on a node
attempting to transmit on a carrier in unlicensed spectrum require the node to perform a clear
channel assessment to determine if the channel is free for use. An LBT procedure may
involve at least energy detection to determine if the channel is being used. For example,
regulatory requirements in some regions, e.g., in Europe, specify an energy detection
threshold such that if a node receives energy greater than this threshold, the node assumes that
the channel is not free. While nodes may follow such regulatory requirements, a node may
optionally use a lower threshold for energy detection than that specified by regulatory
requirements. In an example, LAA may employ a mechanism to adaptively change the energy
detection threshold, e.g., LAA may employ a mechanism to adaptively lower the energy
detection threshold from an upper bound. Adaptation mechanism may not preclude static or
semi-static setting of the threshold. In an example Category 4 LBT mechanism or other type
of LBT mechanisms may be implemented.

[0077]  Various example LBT mechanisms may be implemented. In an example, for some
signals, in some implementation scenarios, in some situations, and/or in some frequencies no
LBT procedure may performed by the transmitting entity. In an example, Category 2 (e.g.
LBT without random back-off) may be implemented. The duration of time that the channel is
sensed to be idle before the transmitting entity transmits may be deterministic. In an example,
Category 3 (e.g. LBT with random back-off with a contention window of fixed size) may be
implemented. The LBT procedure may have the following procedure as one of its
components. The transmitting entity may draw a random number N within a contention
window. The size of the contention window may be specified by the minimum and maximum
value of N. The size of the contention window may be fixed. The random number N may be
employed in the LBT procedure to determine the duration of time that the channel is sensed to
be idle before the transmitting entity transmits on the channel. In an example, Category 4
(e.g. LBT with random back-off with a contention window of variable size) may be
implemented. The transmitting entity may draw a random number N within a contention
window. The size of contention window may be specified by the minimum and maximum
value of N. The transmitting entity may vary the size of the contention window when drawing
the random number N. The random number N is used in the LBT procedure to determine the
duration of time that the channel is sensed to be idle before the transmitting entity transmits
on the channel.

[0078] LAA may employ uplink LBT at the UE. The UL LBT scheme may be different from
the DL LBT scheme (e.g. by using different LBT mechanisms or parameters) for example,
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since the LAA UL is based on scheduled access which affects a UE’s channel contention
opportunities. Other considerations motivating a different UL LBT scheme include, but are
not limited to, multiplexing of multiple UEs in a single subframe.

[0079] In an example, a DL transmission burst may be a continuous transmission from a DL
transmitting node with no transmission immediately before or after from the same node on the
same CC. An UL transmission burst from a UE perspective may be a continuous transmission
from a UE with no transmission immediately before or after from the same UE on the same
CC. In an example, UL transmission burst is defined from a UE perspective. In an example,
an UL transmission burst may be defined from an eNB perspective. In an example, in case of
an eNB operating DL+UL LAA over the same unlicensed carrier, DL transmission burst(s)
and UL transmission burst(s) on LAA may be scheduled in a TDM manner over the same
unlicensed carrier. For example, an instant in time may be part of a DL transmission burst or
an UL transmission burst.

[0080] In an example, a base station may configure a wireless device with uplink
transmission without grant. The resources for uplink transmission scheme without grant may
be semi-statically (re-)configured. In an example, the resource configuration may at least
comprise physical resources in time and frequency domain and RS parameters. The
configuration parameters may comprise at least modulation and coding scheme (MCS) and/or
redundancy version and/or a number of repetitions (K). In an example, a wireless device may
be configured with multiple K values. For an uplink transmission without grant, RS may be
transmitted with data. In an example, the same channel structure as grant-based transmission
may be employed for uplink transmission without grant. In an example, at least for CP-
OFDM, a common DMRS structure may be used for downlink and uplink. In an example, for
am uplink transmission with and/or without grant, K repetitions, including initial
transmission, with/without same RV and with/without same MCS for the same transport
block may be employed. In an example, frequency hopping may be employed between initial
transmission and a retransmission and/or between retransmissions. In an example, for uplink
transmission without grant, a UE may continue repetitions for a TB until either an
acknowledgement (ACK) is successfully received from a base station or the number of
repetitions for the TB reaches K. In an example, for a UE configured with K repetitions for a
TB transmission with and/or without grant, the UE may continue repetition for the TB until an
uplink grant is successfully received for a slot/mini-slot for the same TB and/or an
acknowledgement/indication of successful receiving of that TB from base station and/or the

number of repetitions for that TB reaches K. In an example, a UE may be identified based on
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or a UE ID may be based on RS sequence/configuration for the UE and/or radio resources
configured for uplink transmission.

[0081] In anexample, time and frequency resource for uplink transmission without grant
may be configured in a UE-specific manner. The network may configure the same
time/frequency resource and/or RS parameters to multiple UEs. The base station may avoid
collision with network implementation. The base station may identify a UE ID based on
physical layer parameters such as time/frequency resources and/or RS (e.g., DMRS)
resources/parameters. In an example, both DFT-S-OFDM and CP-OFDM may be supported
for uplink transmission without grant. In an example, uplink transmission without grant may
support one or more HARQ processes. HARQ process ID may be identified based on
resources used for uplink transmission without grant, e.g., time/frequency resources and/or
RS parameters for HARQ process ID identification for both transmission with and without
grant.

[0082] In an example, a wireless device may be configured with a plurality of parameters for
uplink data transmission without grant. In an example, a wireless device may be configured
with reference symbol, time and frequency resources in a UE-specific manner. The time and
frequency resources configured for a UE may or may not collide with those of another UE. In
an example, DFT-S-OFDM and CP-OFDM may be supported for uplink transmission without
grant. In an example, uplink transmission without grant may support a plurality of HARQ
processes. In an example, L1 signaling may be employed for activation/deactivation of uplink
transmission without grant. In an example, L1 signaling may be used for modification of
parameters configured by RRC. Example parameters may comprise time domain resource
allocation (e.g., for one transmission), frequency domain resource allocation (e.g., in terms of
RBs or RBGs), UE-specific DMRS configuration, MCS/TBS, etc. In an example, L1
signaling may be used for switching to grant-based re-transmission for the same TB. In an
example, the L1 signaling may be based on UE-specific DCI (e.g., uplink grant) or a group
common DCI. In an example, RRC (re-)configuration of a set of resource and parameters may
comprise transmission interval, physical resource such as time domain resource allocation
(e.g., for one transmission), frequency domain resource allocation, e.g., in terms of RBs or
RBG(s), UE-specific DMRS configuration, etc. In an example, a plurality of physical
resources may be configured in the transmission interval. In an example, one or more
repetitions of a same one or more TBs may be performed (e.g., during the transmission
interval) after an initial transmission. In an example, a repetition in the one or more
repetitions may be performed in the same resource employed for initial transmission. In an
example, a repetition in the one or more repetitions may be may be in a different resource
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than the initial transmission. The radio resources employed for initial transmission and
repetition may or may not be timely contiguous.

[0083] In an example, uplink transmission without grant, may be configured/activated with a
plurality of types. In an example first type, UL data transmission without grant may be
activated/deactivated based on RRC (re-)configuration without L1 signaling. In an example
second type, UL data transmission without grant may be based on both RRC configuration
and L1 signaling for activation/deactivation. In an example third type, UL data transmission
without grant may be based on RRC configuration and may allow L1 signaling to modify
some parameters configured by RRC. In an example, for first type UL data transmission
without grant, the RRC (re-) configuration may comprise periodicity and offset of a resource
with respect to SFN=0, time domain resource allocation, frequency domain resource
allocation, UE-specific DMRS configuration, MCS/TBS, number of repetitions K, power
control related parameters, HARQ related parameters, etc. In an example, for second type UL
transmission without grant, some of parameters, for example, periodicity and power control
related parameters, may be RRC configured. In an example, for second type UL transmission
without grant, the parameters not RRC configured and/or required to be updated, for example
an offset value with respect to a timing reference, time domain resource allocation, frequency
domain resource allocation, UE-specific DMRS configuration, and/or MCS/TBS, may be
indicated by L1 signaling. The number of repetitions K may be RRC configured and/or
indicated by L1 signaling.

[0084] In anexample, an uplink grant, a group-common DCI, and/or HARQ feedback
indication mechanism employed for an uplink transmission without grant may indicate an
ACK or NACK implicitly or explicitly to reduce a signaling overhead and thereby to fulfill
one or more service requirements (e.g., URLLC).

[0085] In an example, an uplink grant in response to an uplink transmission without grant
may indicate an ACK for the uplink transmission without grant. The uplink grant may be a
dynamic grant, e.g., for the same HARQ process as the uplink transmission without grant. In
an example, an uplink grant for a new data transmission may implicitly indicate an ACK for
an uplink transmission without grant. In an example, an uplink grant for the same TB initially
transmitted without grant may indicate NACK for an uplink transmission without grant.

[0086] In anexample, a group-common DCI may be employed to indicate one or more
HARQ feedbacks of one or more UEs for uplink transmission without grant. In an example,
the group common DCI may indicate ACK. In an example, the group common DCI may

indicate NACK. In an example, the group common DCI may indicate ACK and NACK.
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[0087] In an example, the wireless device may employ a timer to determine an implicit
and/or explicit HARQ feedback (ACK/NACK) corresponding to an uplink transmission
without grant. In an example, the timer value may be configured for the wireless device via
RRC. The wireless device may receive one or more RRC message indicating the timer value.
In an example, the wireless device may (re-) start the timer in response to an uplink
transmission without grant (e.g., one or more TBs corresponding to an uplink transmission
without grant). In an example, the wireless device may assume an ACK in response to the
timer expiring and not receiving a NACK after K repetitions. In an example, the wireless
device may assume a NACK in response to the timer expiring and not receiving an ACK. In
an example, the wireless device may assume a NACK corresponding to an uplink
transmission without grant in response to receiving a grant (e.g., dynamic grant) for
retransmission of the same one or more TBs in a first uplink transmission without grant (e.g.,
the same HARQ process and with NDI not toggled). In an example, the wireless device may
assume a NACK corresponding to an uplink transmission without grant in response to
receiving a grant (e.g., dynamic grant) for retransmission of the same one or more TB in a
first uplink transmission without grant in a period of time. In an example, the period of time
may be configured for the wireless device. The wireless device may receive an RRC message
indicating the period of time. In an example, the period of time may be pre-configured. In an
example, the period of time may be indicated and/or updated by L1 signaling.

[0088] In an example embodiment, a base station may configure a wireless device with one
or more RNTIs for uplink transmission without grant. In an example, the base station may
configure a RNIT for uplink transmission without grant per configuration, per service, per
type (e.g., the first, second, and/or third types) and/or per a wireless device.

[0089] In an example embodiment, a base station may configure a wireless device with a
first RNTI. The first RNTI may be a group-common RNTI. In an example, for indicating
HARQ feedback (e.g.. ACK/NACK) corresponding to one or more uplink transmissions (e.g.,
one or more TBs corresponding to one or more uplink transmission) without uplink grant
(e.g., for semi-persistent scheduling (SPS) and/or grant-free resource configuration) for one or
more wireless devices, the base station may transmit a downlink control information (DCI)
(e.g., a group common DCI) corresponding to the first RNTI. The DCI may be scrambled
based on the first RNTI. In an example, a wireless device may monitor a common search
space to detect the DCI corresponding to the first RNTI. In an example, the base station may
transmit/indicate NACK (e.g., using the DCI) corresponding to one or more TBs of the
wireless device and the wireless device may assume an ACK (e.g., implicit ACK) if no
NACK is received within a period of time. In an example, the base station may
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transmit/indicate an ACK (e.g., using the DCI) and the wireless device may assume a NACK
(e.g., implicit NACK) if no ACK is received within a period of time. The period for time may
be configured for the wireless device. In an example, the base station may transmit an RRC
message indicating the period of time. In an example, the period of time may be pre-
configured. In an example, the wireless device may transmit up to a first number of
repetitions of a same one or more TBs corresponding to an uplink transmission without grant.
The period of time may be or may not be based on the duration that the first number of
repetitions of the same one or more TBs corresponding to the uplink transmission is received.
The wireless device may monitor for the DCI at least for a portion of the period of time. The
wireless device may stop monitoring the DCI in response to receiving the ACK/NACK
corresponding to the uplink transmission without grant. In an example, the DCI may comprise
ACK/NACK for a plurality of UEs. The plurality of UEs may be configured with the same
first RNTT used for transmission of the DCI. In an example, the plurality of UEs configured
with the same first RNTI may monitor the search space and may detect the same DCI and
may identify HARQ feedback corresponding to their transmissions. In an example, the DCI
may comprise a plurality of HARQ feedbacks (e.g., corresponding to a plurality of TBs) for
the same wireless device. The mapping between a HARQ feedback and a corresponding UE
and/or a TB in a plurality of TBs transmitted by a UE may be based on a rule and/or
implicitly/explicitly indicated by the DCI.

[0090] Uplink demodulation reference signals (DMRS) may be used for channel estimation
and/or coherent demodulation of PUSCH and PUCCH. In an example, a base station may
configure a wireless device with DMRS configuration parameters. The wireless device may
receive one or more RRC messages. The one or more RRC messages may comprise a DMRS-
Config IE. The DMRS-Config IE may comprise DMRS configuration parameters. An
example, DMRS-Config IE may be as follows. Example embodiments may enhance the

DMRS-Config configuration and/or the DMRS-Config configuration parameters.

DMRS—-Config-rll ::= CHOICE {
release NULL,
setup SEQUENCE {
scramblingIdentity—-r1l1 INTEGER (0..503),
scramblingIdentity2-rll INTEGER (0..503)
}
}
DMRS-Config-v1310 ::= SEQUENCE {
dmrs—-tableAlt-rl13 ENUMERATED {true} OPTIONAL
—— Need OR
}
26
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In an example, parameters scramblingldentity and/or scramblingldentity2 may indicate a

parameter nPMRS:

. In an example, the parameter, dmrs-table Alt may indicate whether to use
an alternative table for DMRS upon PDSCH transmission.

[0091] Example embodiments of the disclosure may support an uplink (UL) transmission
without a UL grant, referred to as a grant-free (GF) UL transmission, for one or more service
types, e.g., URLLC. In an example, a gNB may allocate to a UE one or more GF UL radio
resources. The UE configured by the gNB to employ the GF UL radio resources may transmit
one or more data packets via the GF UL radio resources without a UL grant, which may result
in reducing the signaling overhead comparing with a GB UL transmission. Such a service
type that has strict requirements, for example in terms of latency and reliability such as
URLLC, may be a candidate for which a gNB may configure a UE with the GF UL
transmission. The UE configured with the GF UL radio resource may skip a UL transmission
on the GF UL radio resource if there is no data to transmit.

[0092] In example embodiments, the GF UL transmission may support multiple UEs to
access the same GF UL radio resources, may referred to as GF radio resource pool, in order to
achieve lower latency and lower signaling overhead than a GB UL transmission. A GF radio
resource pool may be defined as a subset of one or more radio resources {from a common
radio resource set (e.g. from all uplink shared channel radio resources). The GF radio resource
pool may be employed to allocate exclusive or partially overlapped one or more radio
resources for GF UL transmissions in a cell or to organize frequency/time reuse between
different cells or parts of a cell (e.g. cell-center and cell-edge).

[0093] In example embodiments, if a gNB configures multiple UEs with the same (or
partially overlapped) GF radio resource pool, there may be a collision between the GF UL
transmissions of two or more UEs. The gNB may configure one or more parameters to assign
a UE specific demodulation reference signal (DMRS) along with the GF radio resource pool
configuration in order to identify a UE ID. In an example, the one or more parameters may
indicate at least one of a root index of a set of Zadoff-Chu (ZC) sequences, a cyclic shift (CS)
index, a TDM/FDM pattern index, or an orthogonal cover code (OCC) sequences or index.

[0094] In example embodiments, for the UE ID identification, a gNB may employ one or
more preamble sequences that may be transmitted together with the PUSCH data. The one or
more preamble sequences may be designed to be reliable enough and to meet the detection
requirement of a service, e.g., URLLC. For UEs configured with a GF radio resource pool, a
preamble sequence may be uniquely allocated to a UE. A gNB may configure different GF
radio resources for different sets of UEs such that the preamble sequences may be reused in
different GF radio resources. To have reliable detection performance, the preamble sequences
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may be mutually orthogonal, e.g. orthogonality between ZC root sequences with different
cyclic shifts. In an example, a UE may transmit one or more preambles together with the data
block in the first step and receive a response in the second step. The data may be repeated K
times depending on a gNB configuration. The one or more preambles may not be repeated.
The response from a gNB may be a UL grant or a dedicated ACK/NACK transmitted in the
form of a downlink control information (DCI).

[0095] In anexample, a grant-free (GF) resource pool configuration may not be known to
UEs. It may be coordinated between different cells for interference coordination. If the GF
resource pools are known to UEs, those may be semi-statically configured by UE-specific
RRC signaling or non-UE-specific RRC signaling (e.g., via broadcasting a system
information block in LTE). The RRC signaling for GF radio resource configuration may
comprise one or more parameters indicating at least one of following: periodicity and offset of
a resource with respect to SFN=0, time domain resource allocation, frequency domain
resource allocation, UE-specific DMRS configuration, a modulation and coding scheme
(MCS), a transport block size (TBS), number of repetitions K, a hopping pattern, HARQ
related parameters, or power control related parameters. A UE may activate the GF UL
transmission configured by the RRC signaling in response to receiving the RRC signaling
without an additional signaling.

[0096] In an example, an L1 activation signaling may be employed with RRC signaling to
configure/activate a GF configuration. In an example, RRC signaling may configure one or
more parameters of GF UL transmission to the UE, and L1 activation signaling may activate,
or deactivate the configured GF UL transmission. L1 activation signaling may be used to
configure, adjust, modify, or update one or more parameters associated with GF UL
transmission.

[0097] The LI activation signaling may be transmitted via a PDCCH in the form of DCI,
e.g.. DCI employed for LTE UL semi-persistent scheduling (SPS). gNB may assign a radio
network temporary identifier (RNTI) for a UE along with GF configuration parameters in the
RRC signaling. With the assigned RNTI, UE may monitor the PDCCH to receive the L1
activation signaling masked by the RNTI.

[0098] In anexample, the RRC (re-)configuration of GF UL transmission without UL grant
may comprise at least one of following: Periodicity of a resource or Power control related
parameters. The L1 activation signaling may provide at least one of the following parameters
for the GF resource: Offset associated with the periodicity with respect to a timing reference,

time domain resource allocation, frequency domain resource allocation, UE-specific DMRS
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configuration, an MCS/TBS value, HARQ related parameters, number of repetitions K, or a
hopping pattern.

[0099] In an example, the MCS may be indicated by the UE within the grant-free data. In an
example, in order to avoid the blind decoding of MCS indication, the limited number of MCS
levels may be pre-configured by a gNB, e.g., K bits may be used to indicate MCS of grant-
free data, where K may be as small as possible. The number of REs used to transmit MCS
indication in a resource group may be semi-statically configured. In the GF operation, there
may be one common MCS predefined for all UEs. In this case, there may be a tradeoff
between a spectrum efficiency and decoding reliability, e.g., the spectrum efficiency may be
reduced if a low level of MCS is used, while the data transmission reliability gets higher. The
NR may predefine a mapping rule between multiple time/frequency resources for UL grant-
free transmission and MCSs. In an example, a UE may select an appropriate MCS according
to a DL measurement and associated time/frequency resources to transmit UL data. In this
way, UE may choose a MCS based on the channel status and increase the resource utilization.

[00100] In an example, when a UE configured with a GF UL transmission, the GF UL
transmission may be activated in different ways, via RRC signaling, via L1 activation
signaling, or combination thereof. The need for L1 activation signaling may depend on
service types, and the dynamic activation (e.g., activation via L.1 activation signaling) may not
be supported in the NR or may be configurable based on service and traffic considerations.

[00101] Inexample, it may be up to a gNB whether to configure a UE with or without L1
activation signaling, which may be determined based on, for example, traffic pattern, latency
requirements, and other possible aspects. With the L1 activation signaling, a UE may transmit
a data packet with the configured time frequency radio resource when the UE receives an L1
activation signaling from the gNB. If the L1 activation signaling is not configured, a UE may
start a UL transmission with the configured GF radio resource at any moment or in a certain
time interval (which may be configured by RRC signaling or pre-defined) once the
configuration is completed. For example, a UE may activate the GF UL transmission in
response to receiving the RRC signaling configuring the GF UL transmission.

[00102] In an example, the activation type (via RRC signaling or via L1 activation signaling)
may be pre-configured in NR.

[00103] In an example, RRC signaling, transmitted from a gNB to a UE to configure a UL
GF transmission, may comprise an indicator employed for indicating whether the activation
of the UL GF transmission needs an L1 activation signaling. If the indicator indicates a need
of L1 activation signaling, the UE may wait an L1 activation signaling and activate the
configured UL GF transmission in response to receiving the L1 activation signaling. When
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the L1 activation signaling is employed, the UE may transmit an acknowledgement in
response to receiving an L1 activation signaling to the gNB to inform of whether the UE
correctly receives it.

[00104] In an example, if the indicator indicates no need of L1 activation signaling, the UL
GF transmission may be activated in response to the RRC signaling configuring the GF UL
transmission. For the case of the activation of GF UL transmission without the L1 activation
signaling, the UE may not determine when to start the GF UL transmission. The gNB and UE
may predefine the start timing based on a time offset and the transmission time interval (TTI),
e.g., a subframe, slot, or mini-slot, where the UE receive the RRC signaling for the GF UL
transmission configuration, or the RRC configuration may comprise one or more parameters
indicating the start timing (in terms of a subframe, slot, or mini-slot).

[00105] In an example, RRC signaling may not comprise an indicator whether the activation
needs a L1 activation signaling. A UE may implicitly know whether the configured GF
transmission is activated by RRC signaling or L1 activation signaling based on a format of
RRC configuration for GF UL transmission. For example, for a GF UL transmission without
L1 activation signaling, the RRC signaling for configuring and activating the GF UL
transmission may comprise one or more parameters for the UL GF transmission. For a GF UL
transmission activated by the L1 activation signaling, a RRC signaling may comprise a
different number of parameters that may be less than a number of parameters in the RRC
signaling activating the GF UL transmission. In this case, the absence and/or presence of one
or more parameters (or the number of parameters) in the RRC signaling may be an implicit
indicator for a UE to identify whether to activate the GF UL transmission via RRC signaling
or via L1 activation signaling.

[00106] In an example, the L1 activation signaling may comprise one or more parameters
indicating at least one of GF configuration, e.g., start timing of GF UL transmission, GF time
and frequency radio resources, DMRS parameters, a modulation and coding scheme (MCS), a
transport block size (TBS), number of repetitions K, a hopping pattern, or power control
parameters. For example, a downlink control information (DCI) format used for the activation
of the GF UL transmission may comprise one or more fields indicating a MCS for the GF UL
transmission. In this case, the GF UL transmission requiring the L1 activation signaling may
be configured with a RRC signaling that may not comprise one or more parameters indicating
the MCS for the GF UL transmission. The MCS information may be carried by a L1 signaling
which activate the GF UL transmission. If a UE receives a RRC signaling comprising a MCS
for a GF UL transmission, the UE may activate the GF UL transmission in response to the
RRC signaling without waiting for a L1 signaling.
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[00107] In an example, if the service does not require high reliability and latency, the L1
activation signaling may be configured to control network resource load and utilization. For a
delay sensitive service, the additional activation signaling may cause additional delay and
may lead to potential service interruption or unavailability for the period of applying and
requesting the activation. In this case, a gNB may configure the UE with a GF UL
transmission such that the GF UL transmission is activated in response to the RRC signaling
comprising a GF radio resource configuration and transmission parameters.

[00108] In an example, there may be a case that the GF radio resource is over-allocated
which may result in the waste of radio resources with few UEs. In this case, L1 signalling
may be used to reconfigure the GF UL radio resource or one or more GF transmission
parameters. By allowing L1 signaling-based reconfiguration, UEs may periodically monitor
downlink control channel to detect the L1 signaling scrambled by a RNTI that may indicate
whether the configured GF radio resources or parameters are changed. This may increase the
power consumption of UE, and the periodicity to check the downlink control signaling may
need to be configurable. In an example, if a radio resource utilization is important, the
periodicity may be configured to be short like every 1 minute or every radio frame. If the
power consumption is important, the periodicity may be configured to be long like every 1
hour. The periodicity to check downlink control signaling may need to be allowed to be
separated from the periodicity of GF UL transmission, e.g., in order to shorten the latency. In
an example, the periodicity of GF radio resource may be less than 1 ms like 0.125 ms but the
periodicity to check downlink control signaling may be 1 minute or 1 hour.

[00109] In an example, for deactivating the activated GF operation, L1 deactivation
signaling may be used for all services in order to release resources as fast as possible.

[00110]  For the GF UL transmission, a gNB may support a K-repetition of the same
transport block (TB) transmission over the GF radio resource pool until one or more
conditions are met. The UE may continue the repetitions upto K times for the same TB until
one of the following conditions is met: If an UL grant (or HARQ ACK/NACK) is
successfully received from the gNB before the number of repetitions reaches K, the number
of repetitions for the TB reaches K, or other termination condition of repetition may apply.

[00111] In an example, the number of repetitions, K, may be a configurable parameter that
may be UE-specific, and/or cell-specific. A mini-slot or a symbol may be a unit of the K-
repetition. A gNB may configure the number of this repetition and the radio resource in
advance via one or more RRC messages. The gNB may transmit L1 activation signaling
comprising a parameter indicating the number of repetitions K. The gNB may assume a set of
initial transmission and the repetition as one amount of the transmission. The gNB may not be
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required to prepare the case of only initial transmission or only repetition. One may call the
set of initial transmission and its one or more repetitions as an extended TTI. The repetitions
may not be necessarily contiguous in time. If the repetitions are contiguous in time, it may
allow coherent combining. If the repetitions are not contiguous in time, it may allow time
diversity.

[00112] In an example, when the GF UL transmission of two UEs collides in the same GF
radio resource pool, a gNB may fail to detect both UEs’ data. When the two UEs retransmit
the data without UL grants, the two UEs may collide again. In such a case, hopping may to
solve the collision problem when radio resources are shared by multiple UEs. The hopping
may randomize the collision relationship between UEs within a certain time interval to avoid
persistent collision. It may bring a diversity gain on the frequency domain. A UE-specific
hopping pattern may be pre-configured or be indicated by RRC signaling or L1 activation
signaling. The UE-specific hopping pattern may be generated based on a known UE-specific
ID, e.g., UE-specific DMRS index and/or RNTI.

[00113] There may be many factors considered for the hopping pattern design, such as the
number of resource units (RUs), the max number of UEs sharing the same RU, the recently
used RU index, the recent hopping index or the current slot index, the information indicating
recently used sequence, hopping pattern, or hopping rule. The sequence described above may
be a DMRS, a spreading sequence, or a preamble sequence that may be UE-specific.

[00114] In an example, the repetitions parameter K may be configured by one or more RRC
messages, L1 activation signaling, or combination thereof. A UE configured with the
repetitions parameter K may transmit a transport block (TB) K times. The UE may transmit
the TB K times with the same redundancy version (RV) or transmit the TB K times with
different RVs between the repetition. For example, the RV determination for K repetitions
may comprise the initial transmission.

[00115] In an example, for the case that the GF UL transmission is activated by one or more
RRC messages, the RV determination may be fixed to a pre-defined single value or fixed to a
pre-defined RV pattern comprising a plurality of RVs. In an example, the RV determination
may be configured by the one or more RRC messages with a single value or a RV pattern
comprising a plurality of RVs.

[00116] In an example, for the case that the GF UL transmission is (fully or partially)
configured by one or more RRC messages and activated by an L1 activation signaling, the RV
determination may be fixed to a single value or fixed to a pre-defined RV pattern comprising
a plurality of RVs. For the case that the GF UL transmission is (fully or partially) configured
by one or more RRC messages and activated by L1 activation signaling, the RV
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determination may be configured by the one or more RRC messages with a single value or a
RV pattern comprising a plurality of RVs. For the case that the GF UL transmission is (fully
or partially) configured by one or more RRC messages and activated by L1 activation
signaling, the RV determination may be configured by the L1 activation signaling with a
single value or fixed to a RV pattern comprising a plurality of RVs.

[00117] In example embodiments, the gNB may support to switch between GF and GB UL
transmissions to balance resource utilization and delay/reliability requirements of associated
services. The GF UL transmission may be based on a semi-static resource configuration that
may be beneficial to reduce latency. Such a pre-defined resource configuration may be hard to
satisfy all potential services or packet sizes. The overhead may be large, and the packet size
for a service, such as URLLC, may be variable. If a UE’s data packet collides with other UE’s
packets in the GF UL transmission, a re-attempt to access GF radio resources may not achieve
the service requirements. In such cases, switching from GF to GB UL transmissions may be
beneficial.

[00118] Inexample embodiments, to support the switching between GF and GB UL
transmissions, the initial transmission on the pre-configured GF radio resources may include
UE identification (ID), for example, explicit UE ID information (e.g. C-RNTI) or implicit UE
information such as a DMRS cyclic shift (assuming use of ZC sequences) specific signature.
To inform a gNB of whether the UE has remaining data to transmit, the UE may include
buffer status reporting (BSR) with the initial data transmission. If a gNB successfully decodes
data transmitted by a UE and determines that the UE has remaining data to transmit (e.g. from
a BSR report), the gNB may switch a type of scheduling for UE from GF to GB UL
transmissions. If a gNB fails to decode data transmitted by the UE but successfully detects the
UE ID from the uniquely assigned sequence (e.g., preamble and/or DMRS), the gNB may
switch a type of scheduling for UE from GF to GB UL transmissions. The UL grant for
subsequent data transmissions may be with CRC scrambled by the UE’s RNTI (may be
determined either by explicit signaling in the initial transmission or implicitly by the DMRS
cyclic shift).

[00119] Inexample embodiments, one of the termination conditions for the K-repetitions
may be a reception of a DCI comprising a UL grant which schedules a UL (re)transmission
for the same TB. A gNB may assign dedicated resources for retransmission in order to ensure
the TB to be delivered within the latency budget. This behavior may be classified as
scheduling switching from GF to GB operation. In this case, a UE may need to link the

received grant with the transmitted TB in order to understand which TB to be retransmitted in
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case there are multiple ongoing transmission processes at the UE. For these purposes, the UE
and gNB may have the same notion of TB (and/or RV) counting.

[00120] In example embodiments, for the GF operation, the TB counting may not be
possible if a gNB may not detect one or more TBs due to collisions. In order to make an
association between a DCI with a TB, there may be one or more options. If there is no other
transmission process at the UE side, it may directly associate the DCI with a TB which is
being transmitted. If there are at least two different TBs, a UE may deduct that the DCI is for
a particular TB by applying an implicit linkage assuming only one TB is transmitted in one
transmission interval. In this case, if the interval between detected UE transmission and a
grant is fixed, it may unambiguously determine which TB may be retransmitted. If the timing
between a detected transmission and a retransmission grant is not preconfigured, an explicit
indication of the retransmitted TB may be carried by DCI. If a UE detects that a grant for one
TB overlaps with transmission of another ongoing TB, the UE may assume precedence of the
grant comparing to the grant-free retransmissions. If a grant is received for a new TB (e.g. for
aperiodic CSI reporting) and overlaps with the GF UL transmissions, the GF transmissions
may be dropped in the resources. Alternatively, a prioritization rule whether to transmit a
triggered report or GF data may be introduced depending on priority of the associated
services. For example, if URLLC services is assumed, then the CSI reporting may be dropped
in this example.

[00121] Anexample embodiment may employ a dedicated pre-assigned channel for early
termination. For example, the physical HARQ indicator channel (PHICH) defined in LTE
may be employed as an acknowledge indicator. In LTE, the PHICH for a UE may be
determined based on the physical resource block (PRB) and cyclic shift of the DMRS
corresponding to the UE’s PUSCH transmission. Similar design principle may be employed
for a GF UL transmission. The early termination based on PHICH-like channel may improve
the control channel capacity and system capacity. If a gNB has successfully received a TB,
the gNB may obtain the corresponding information about the transmission of the TB, such as
the UE ID, the resource employed for carrying this transmission, the DMRS employed for this
transmission. The physical resources may be shared among multiple UEs who may have their
own unique identifiers (e.g., DMRS) used in the GF radio resource pool. Therefore, even for
GF UL transmission, if the gNB has successfully received a TB, a unique PHICH may be
determined.

[00122] In example embodiments, using a sequence based signal may be used for early
termination of K-repetition. In this case, a sequence based signal may be transmitted via one
or more pre-assigned channels to inform the UE to terminate the repetition of transmission. In
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this case, the signal may be transmitted when a gNB successfully decodes a TB. The UE may
perform a simple signal detection for the presence or absence to decide whether to continue
the repetitions or not.

[00123] In example embodiments, a gNB may switch from GF to GB UL transmissions in
order to improve a GF radio resource shortage. In an example, one or more UEs whose delay
requirements are not strict (e.g., comparing with URLLC requirements) may employ the GF
radio resource to transmit a data packet. A gNB may measure a level of congestion of the GF
UL radio resource shared by a plurality of UEs based on statistics, e.g., resource utilization,
load, and/or a number of UE sharing the GF UL radio resource and set up a threshold policy
to dynamically balance load or resource utilization of the GF UL radio resource. If the
resource usage statistic of the GF UL radio resource exceeds the predefined threshold, it may
be beneficial to switch some UEs from the GF UL radio resource to the GB UL radio
resource, which may result in decreasing the resource collision.

[00124]  BWP start/////111111i111

[00125] In an example embodiment, a UE configured for operation in bandwidth parts
(BWPs) of a serving cell, may be configured by higher layers for the serving cell a set of
bandwidth parts (BWPs) for receptions by the UE (DL BWP set) or a set of BWPs for
transmissions by the UE (UL BWP set). In an example, for a DL BWP or UL BWP in a set of
DL BWPs or UL BWPs, respectively, the UE may be configured at least one of following for
the serving cell: a subcarrier spacing for DL and/or UL provided by higher layer parameter, a
cyclic prefix for DL and/or UL provided by higher layer parameter, a number of contiguous
PRBs for DL and/or UL provided by higher layer parameter, an offset of the first PRB for DL
and/or UL in the number of contiguous PRBs relative to the first PRB by higher layer, or O
control resource sets if the BWP is a DL BWP.

[00126] In an example embodiment, for each serving cell, higher layer signalling may

configure a UE with Q control resource sets. In an example, for control resource set g,

0<4<0 the configuration may comprise at least one of following: a first OFDM symbol
provided by one or more higher layer parameters, a number of consecutive OFDM symbols
provided by one or more higher layer parameters, a set of resource blocks provided by one or
more higher layer parameters, a CCE-to-REG mapping provided by one or more higher layer
parameters, a REG bundle size, in case of interleaved CCE-to-REG mapping, provided by one
or more higher layer parameters, or antenna port quasi-collocation provided by higher layer

parameter.
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[00127] In an example embodiment, a control resource set may comprise a set of CCEs
numbered from 0 to Veees =1 where Neces may be the number of CCEs in control resource
set g.
[00128] In an example embodiment, the sets of PDCCH candidates that a UE monitors may

be defined in terms of PDCCH UE-specific search spaces. A PDCCH UE-specific search

space at CCE aggregation level Lel.2,4.8} may be defined by a set of PDCCH candidates
for CCE aggregation level L. In an example, for a DCI format, a UE may be configured per

serving cell by one or more higher layer parameters a number of PDCCH candidates per CCE

aggregation level L.
[00129] In an example embodiment, in non-DRX mode operation, a UE may monitor one or

more PDCCH candidate in control resource set 1 according to a periodicity of Wencen. 4
symbols that may be configured by one or more higher layer parameters for control resource
set g.

[00130] In an example embodiment, if a UE is configured with higher layer parameter, e.g.,
cif-InSchedulingCell, the carrier indicator field value may correspond to cif-
InSchedulingCell.

[00131] In an example embodiment, for the serving cell on which a UE may monitor one or
more PDCCH candidate in a UE-specific search space, if the UE is not configured with a
carrier indicator field, the UE may monitor the one or more PDCCH candidates without
carrier indicator field. In an example, for the serving cell on which a UE may monitor one or
more PDCCH candidates in a UE-specific search space, if a UE is configured with a carrier

indicator field, the UE may monitor the one or more PDCCH candidates with carrier indicator
field.

[00132] In an example embodiment, a UE may not monitor one or more PDCCH candidates

on a secondary cell if the UE is configured to monitor one or more PDCCH candidates with
carrier indicator field corresponding to that secondary cell in another serving cell. For
example, for the serving cell on which the UE may monitor one or more PDCCH candidates,
the UE may monitor the one or more PDCCH candidates at least for the same serving cell.

[00133] In an example embodiment, a UE may receive PDCCH and PDSCH in a DL BWP
according to a configured subcarrier spacing and CP length for the DL BWP. A UE may
transmit PUCCH and PUSCH in an UL BWP according to a configured subcarrier spacing
and CP length for the UL BWP.

[00134] In an example embodiment, a UE may be configured, by one or more higher layer

parameters, a DL BWP from a configured DL BWP set for DL receptions. A UE may be
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configured by one or more higher layer parameters, an UL BWP from a configured UL BWP
set for UL transmissions. If a DL BWP index field is configured in a DCI format scheduling
PDSCH reception to a UE, the DL BWP index field value may indicate the DL BWP, from
the configured DL BWP set, for DL receptions. If an UL-BWP index field is configured in a
DCI format scheduling PUSCH transmission from a UE, the UL-BWP index field value may
indicate the UL BWP, from the configured UL BWP set, for UL transmissions.

[00135] In an example embodiment, for TDD, a UE may expect that the center frequency for
the DL BWP is same as the center frequency for the UL BWP.

[00136] In an example embodiment, a UE may not monitor PDCCH when the UE performs
measurements over a bandwidth that is not within the DL BWP for the UE.

[00137] BWP config - initial active BWP//////////

[00138] In an example embodiment, for an initial active DL BWP, UE may identify the
bandwidth and frequency of the initial active DL BWP in response to receiving the NR-
PBCH.

[00139] In an example embodiment, a bandwidth of an initial active DL BWP may be
confined within the UE minimum bandwidth for the given frequency band. For example, for
flexible for DL information scheduling, the bandwidth may be indicated in PBCH, and/or
some bandwidth candidates may be predefined. For example, x bits may be employed for
indication. This enables.

[00140] In an example embodiment, a frequency location of initial active DL BWP may be
derived from the bandwidth and SS block, e.g. center frequency of the initial active DL BWP.
For example, a SS block may have a frequency offset, as the edge of SS block PRB and data
PRB boundary may not be aligned. Predefining the frequency location of SS block and initial
active DL BWP may reduce the PBCH payload size, additional bits are not needed for
indication of frequency location of initial active DL BWP.

[00141] In an example, for the paired UL BWP, the bandwidth and frequency location may
be informed in RMSI.

[00142] In an example embodiment, for a UE, gNB may configure a set of BWPs by RRC.
The UE may transmit or receive in an active BWP from the configured BWPs in a given time
instance. For example, an activation/deactivation of DL bandwidth part by means of timer for
a UE to switch its active DL bandwidth part to a default DL bandwidth part may be
supported. In this case, when the timer at the UE side expires, e.g. the UE has not received
scheduling DCI for X ms, the UE may switch to the default DL BWP.

[00143] In an example, a new timer, e.g., BWPDeactivationTimer, may be defined to

deactivate the original BWP and switch to the default BWP. The BWPDeactivationTimer
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may be started when the original BWP is activated by the activation/deactivation DCI. If
PDCCH on the original BWP is received, a UE may restart the BWPDeactivationTimer
associated with the original BWP. For example, if the BWPDeactivationTimer expires, a UE
may deactivate the original BWP and switch to the default BWP, may stop the
BWPDeactivationTimer for the original BWP, and may (or may not) flush all HARQ buffers
associated with the original BWP.

[00144] BWP config - default BWP///////1/1///1/

[00145] In an example embodiment, gNB and UE may have different understanding of the
starting of the timer since the UE may miss scheduling grants. In an example, the UE may be
triggered to switch to the default BWP, but gNB may schedules the UE in the previous active
BWP. For example, in the case that the default BWP is nested within other BWPs, gNB may
restrict the location of the CORESET of BWP2 to be within BWP1 (e.g., the narrow band
BWPI1 may be the default BWP). Then the UE may receive CORESET and switch back to
BWP2 if it mistakenly switches to the default BWP.

[00146] In an example embodiment, for a case that the default BWP and the other BWPs are
not overlapped in frequency domain, it may not solve a miss switching problem by restricting
the location of the CORESET. For example, the gNB may maintain a timer for a UE. When
the timer expires, e.g. there is no data scheduling for the UE for Y ms, or gNB has not
received feedback from the UE for Y’ ms, the UE may switch to the default BWP to send
paging signal or re-schedule the UE in the default BWP.

[00147] In an example embodiment, gNB may not fix the default bandwidth part to be the
same as initial active bandwidth part it. Since the initial active DL BWP may be the SS block
bandwidth which is common to UEs in the cell, the traffic load may be very heavy if many
UEs fall back to such small bandwidth for data transmission. Configuring the UEs with
different default BWPs may help to balance the load in the system bandwidth.

[00148] In an example embodiment, on a Scell, there may be no initial active BWP since the
initial access is performed on the Pcell. For example, the initially activated DL BWP and/or
UL BWP when the Scell is activated may be configured or reconfigured by RRC signaling. In
an example, the default BWP of the Scell may also be configured or reconfigured by RRC
signaling. To strive for a unified design for both Pcell and Scell, the default BWP may be
configured or reconfigured by the RRC signalling, and the default BWP may be one of the
configured BWPs of the UE.

[00149]  In an example embodiment, gNB may configure UE-specific default DL BWP other
than initial active BWP after RRC connection, e.g., for the purpose of load balancing. The
default BWP may support other connected mode operations (besides operations supported by
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initial active BWP) for example fall back and connected mode paging. In this case, the default
BWP may comprise common search space, at least the search space needed for monitoring
the pre-emption indications. For example, for FDD, the default DL and UL BWPs may be
independently configured to the UE.

[00150] In an example, the initial active DL/UL BWP may be set as default DL/UL BWP. In
an example, a UE may return to default DL/UL BWP in some cases. For example, if a UE
does not receive control for a long time, the UE may fallback to default BWP.

[00151] In an example embodiment, gNB may configure UE with multiple BWPs. For
example, the multiple BWPs may share at least one CORESET including default BWP. For
example, CORESET for RMSI may be shared for all configured BWP. Without going back to
another BWP or default BWP, the UE may receive control information via the common
CORESET. To minimize the ambiguity of resource allocation, the common CORESET may
schedule data within only default BWP. For example, frequency region of default BWP may
belong to all the configured BWPs.

[00152] In an example embodiment, when the configured BWP is associated with a different
numerology from default BWP, a semi-static pattern of BWP switching to default BWP may
be considered. For example, to check RMSI at least periodically, switching to default BWP
may be considered. This may be necessary particularly when BWPs use different
numerologies.

[00153] In an example embodiment, in terms of reconfiguration of default BWP from initial
BWP, it may be considered for RRC connected UEs. For RRC IDLE UEs, default BWP may
be same as initial BWP (or, RRC IDLE UE may fallback to initial BWP regardless of default
BWP). If a UE performs measurement based on SS block, reconfiguration of default BWP
outside of initial BWP may become very inefficient due to frequent measurement gap. In this
sense, if default BWP is reconfigured to outside of initial BWP, the following conditions may
be satisfied: a UE is in CONNECTED mode, and a UE is not configured with SS block based
measurement for both serving cell and neighbor cells.

[00154] In an example embodiment, a DL BWP other than the initial active DL BWP may
be configured to a UE as the default DL BWP. The reconfiguring the default DL BWP may
be due to load balancing and/or different numerologies employed for active DL BWP and

initial active DL BWP.

[00155] In an example embodiment, a default BWP on Pcell may be an initial active DL
BWP for transmission of RMSI, comprising RMSI CORESET with CSS. The RMSI
CORESET may comprise USS. The initial active/default BWP may remain active BWP for
the user also after UE becomes RRC connected.
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[00156] BWP config - Association between UL BWP and DL BWP /////////111111]]

[00157] In an example embodiment, for a paired spectrum, downlink and uplink bandwidth
parts may be independently activated while, for an unpaired spectrum downlink and uplink
bandwidth parts are jointly activated. In case of bandwidth adaptation, where the bandwidth
of the active downlink BWP may be changed, there may, in case of an unpaired spectrum, be
a joint activation of a new downlink BWP and new uplink BWP. For example, a new DL/UL
BWP pair where the bandwidth of the uplink BWPs may be the same (e.g., no change of
uplink BWP).

[00158] In an example embodiment, there may be an association of DL BWP and UL BWP
in RRC configuration. For example, in case of TDD, a UE may not retune the center
frequency of channel BW between DL and UL. In this case, since the RF is shared between
DL and UL in TDD, a UE may not retune the RF BW for every alternating DL-to-UL and
UL-to-DL switching.

[00159] In an example embodiment, making an association between DL BWP and UL BWP
may allow that one activation/deactivation command may switch both DL and UL BWPs at
once. Otherwise, separate BWP switching commands may be necessary.

[00160] In an example embodiment, a DL BWP and a UL BWP may be configured to the
UE separately. Pairing of the DL BWP and the UL BWP may impose constrains on the
configured BWPs, e.g., the paired DL BWP and UL BWP may be activated simultaneously.
For example, gNB may indicate a DL BWP and a UL BWP to a UE for activation in a FDD
system. In an example, gNB may indicate a DL BWP and a UL BWP with the same center
frequency to a UE for activation in a TDD system. Since the activation/deactivation of the
BWP of the UE is instructed by gNB, no paring or association of the DL BWP and UL BWP
may be mandatory even for TDD system. It may be up to gNB implementation

[00161] In an example embodiment, the association between DL carrier and UL carrier
within a serving cell may be done by carrier association. For example, for TDD system, UE
may not be expected to retune the center frequency of channel BW between DL and UL. To
achieve it, an association between DL BWP and UL BWP may be needed. For example, a
way to associate them may be to group DL BWP configurations with same center frequency
as one set of DL BWPs and group UL BWP configurations with same center frequency as one
set of UL BWPs. The set of DL BWPs may be associated with the set of UL BWPs sharing
the same center frequency.

[00162] For an FDD serving cell, there may be no association between DL BWP and UL
BWP if the association between DL carrier and UL carrier within a serving cell may be done
by carrier association.
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[00163] BWP config — Number of BWPs///////1/1/1111]

[00164] In an example embodiment, UE may identify a BWP identity from DCI to simplify
the indication process. The total number of bits for BWP identity may depend on the number
of bits that may be employed within the scheduling DCI (or switching DCI) and the UE
minimum BW. The number of BWPs may be determined by the UE supported minimum BW
along with the network maximum BW. For instance, in a similar way, the maximum number
of BWP may be determined by the network maximum BW and the UE minimum BW. In an
example, if 400 MHz is the network maximum BW and 50 MHz is the UE minimum BW, 8
BWP may be configured to the UE which means that 3 bits may be needed within the DCI to
indicate the BWP. In an example, such a split of the network BW depending on the UE
minimum BW may be useful for creating one or more default BWPs from the network side by
distributing UEs across the entire network BW, e.g., load balancing purpose.

[00165] In an example embodiment, at least 2 DL and 2 UL BWP may be supported by a UE
for a BWP adaption. For example, the total number of BWP supported by a UE may be given
by 2 < Number of DL/UL BWP < floor (Network maximum BW/ UE minimum DL/UL BW).
For example, a maximum number of configured BWPs may be 4 for DL and UL respectively.
For example, a maximum number of configured BWPs for UL may be 2.

[00166] In an example embodiment, different sets of BWPs may be configured for different
DCI formats/scheduling types respectively. For example, some larger BWPs may be
configured for non-slot-based scheduling than that for slot-based scheduling. If different DCI
formats are defined for slot-based scheduling and non-slot-based scheduling, different BWPs
may be configured for different DCI formats. This may provide flexibility between different
scheduling types without increasing DCI overhead. The 2-bit bitfield may be employed to
indicate a BWP among the four for the DCI format. For example, 4 DL BWPs or [2 or 4] UL
BWPs may be configured for each DCI formats. Same or different BWPs may be configured
for different DCI formats.

[00167] In an example embodiment, a required maximum number of configured BWPs (may
be not comprising the initial BWP) may depend on the flexibility needed for a BWP
functionality. For example, in the minimal case of supporting bandlimited devices, it may be
sufficient to be able to configure one DL BWP and one UL BWP (or a single DL/UL BWP
pair in case of unpaired spectrum). For example, to support bandwidth adaptation, there may
be a need to configure (at least) two DL BWPs and a single uplink BWP for paired spectrum
(or two DL/UL BWP pairs for unpaired spectrum). For example, to support dynamic load-
balancing between different parts of the spectrum, there may be a need to configure one or
more DL (UL) BWPs that jointly cover different parts of the downlink (uplink) carrier. In an
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example, for dynamic load balancing, it may be sufficient with two bandwidth parts. In
addition to the two bandwidth parts, two additional bandwidth parts may be needed for
bandwidth adaptation. For example, a Maximum number of configured BWPs may be four
DL BWPs and two UL BWPs for a paired spectrum. For example, a Maximum number of
configured BWPs may be four DL/UL BWP pairs for an unpaired pectrum.

[00168] BWP configuration- CORESET////111111111]

[00169] In an example embodiment, UE may monitor for RMSI and broadcast OSI which
may be transmitted by the gNB within the common search space (CSS) on the PCell. In an
example, RACH response and paging control monitoring on the PCell may be transmitted
within the CSS. In an example, when a UE is allowed to be on an active BWP configured
with UE-specific search space (USSS or USS), the UE may not monitor the common search
space.

[00170] In an example, for a PCell, at least one of configured DL bandwidth parts may
comprise at least one CORESET with a CSS type. For example, to monitor RMSI and
broadcast OSI, UE may periodically switch to the BWP containing the CSS. In an example,
the UE may periodically switch to the BWP containing the CSS for RACH response and
paging control monitoring on the PCell.

[00171] In an example, if BWP switching to monitor the CSS happens {requently, it may
result in increasing overhead. In an example, the overhead due to the CSS monitoring may
depends on overlapping in frequency between any two BWPs. In an example, in a nested
BWP configuration where one BWP is a subset of another BWP, the same CORESET
configuration may be employed across the BWPs. In this case, unless reconfigured otherwise,
a default BWP may be the one containing the CSS, and another BWP may contain the CSS.
In an example, the BWPs may be partially overlapping. If the overlapping region is sufficient,
a CSS may be across a first BWP and a second BWP. In an example, two non-overlapping
BWP configurations may exist.

[00172] In an example embodiment, there may be one or more benefits of configuring the
same CORESET containing the CSS across BWPs. For example, RMSI and broadcast OSI
monitoring may be handled without necessitating BWP switching. In an example, RACH
response and paging control monitoring on the PCell may also be handled without switching.
For example, if CORESET configuration is the same across BWPs, robustness for BWP
switching may improve, because even if gNB and UE are out-of-sync as to which BWP is
currently active, the DL control channel may work. In an example, one or more constraints on
BWP configuration may not be too much, considering that BWP may be for power saving,
even the nested configuration may be very versatile for different applications.
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[00173] In an example embodiment, for the case where the BWP configurations are non-
overlapping in frequency, there may not be spec mandate for UE to monitor RMSI and
broadcast OSI in the CSS. It may be left to implementation to handle this case.

[00174] In an example embodiment, NR may support group-common search space (GCSS).
For example, the GCSS may be employed as an alternative to CSS for certain information. In
an example, gNB may configure GCSS within a BWP for a UE, and information such as
RACH response and paging control may be transmitted on GCSS. For exmaple, the UE may
monitor GCSS instead of switching to the BWP containing the CSS for such information.

[00175] In an example embodiment, for pre-emption indication and other group-based
commands on a serving cell, gNB may transmit the information on GCSS. UE may monitor
the GCSS for the information. For example, for SCell which may not have CSS.

[00176] In an example embodiment, NR may configure a CORESET without using a BWP.
For example, NR support to configure a CORESET based on a BWP to reduce signaling
overhead. In an example, a first CORESET for a UE during an initial access may be
configured based on its default BWP. In an example, a CORESET for monitoring PDCCH for
RAR and paging may be configured based on a DL BWP. In an example, the CORESET for
monitoring group common (GC)-PDCCH for SFI may be configured based on a DL BWP. In
an example, the CORESET for monitoring GC-DCI for pre-emption indication may be
configured based on a DL BWP. In an example, the BWP index may be indicated in the
CORESET configuration. In an example, the default BWP index may not be indicated in the
CORESET configuration.

[00177] In an example embodiment, the contention-based random access (CBRA) RACH
procedure may be supported via an initial active DL and UL BWPs since the UE identity is
unknown to the gNB. In an example, the contention-free random access (CFRA) RACH
procedure may be supported via the USS configured in an active DL BWP for the UE. For
example, in this case, an additional CSS for RACH purpose may not need to be configured
per BWP. For example, idle mode paging may be supported via an initial active DL BWP and
the connected mode paging may be supported via a default BWP. No additional
configurations for the BWP for paging purposes may not be needed for paging. For the case
of pre-emption, a configured BWP (on a serving cell) may have the CSS configured for
monitoring the pre-emption indications.

[00178] In an example embodiment, for a configured DL BWP, a group-common search
space may be associated with at least one CORESET configured for the same DL BWP. For
example, depending on the monitoring periodicity of different group-common control
information types, it may not be practical for the UE to autonomously switch to a default
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BWP where a group-common search space is available to monitor for such DCI. In this case,
if there is at least one CORESET configured on a DL BWP, it may be possible to configure a
group-common search space in the same CORESET.

[00179] BWP config-other ////111111111/1/

[00180] In an example embodiment, a center frequency of the activated DL BWP may not
be changed. In an example, the center frequency of the activated DL BWP may be changed.
For example, For TDD, if the center frequency of the activated DL BWP and deactivated DL
BWP is not aligned, the active UL BWP may be switched implicitly.

[00181] In an example embodiment, BWPs with different numerologies may be overlapped,
and rate matching for CSI-RS/SRS of another BWP in the overlapped region may be
employed to achieve dynamic resource allocation of different numerologies in FDM/TDM
fashion. In an example, for the CSI measurement within one BWP, if the CSI-RS/SRS is
collided with data/RS in another BWP, the collision region in another BWP may be rate
matched. For example, CSIinformation over the two BWPs may be known at a gNB side by
UE reporting. Dynamic resource allocation with different numerologies in a FDM manner
may be achieved by gNB scheduling.

[00182] In an example embodiment, PUCCH resources may be configured in a configured
UL BWP, in a default UL BWP and/or in both. For instance, if the PUCCH resources are
configured in the default UL BWP, UE may retune to the default UL BWP for transmitting an
SR. for example, the PUCCH resources are configured per BWP or a BWP other than the
default BWP, the UE may transmit an SR in the current active BWP without retuning.

[00183] In an example embodiment, if a configured SCell is activated for a UE, a DL BWP
may be associated with an UL BWP at least for the purpose of PUCCH transmission, and a
default DL BWP may be activated. If the UE is configured for UL transmission in same
serving cell, a default UL BWP may be activated.

[00184] In an example embodiment, at least one of configured DL BWPs comprises one
CORESET with common search space (CSS) at least in primary component carrier. The CSS
may be needed at least for RACH response (msg2) and pre-emption indication.

[00185] In an example, for the case of no periodic gap for RACH response monitoring on
Pcell, for Pcell, one of configured DL bandwidth parts may comprise one CORESET with the
CSS type for RMSI & OSI. For Pcell, a configured DL bandwidth part may comprise one
CORESET with the CSS type for RACH response & paging control for system information
update. For a serving cell, a configured DL bandwidth part may comprise one CORESET

with the CSS type for pre-emption indication and other group-based commands.
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[00186] In anexample, for the case of a presence of periodic gap for RACH response
monitoring on Pcell, for Pcell, one of configured DL bandwidth parts may comprise one
CORESET with CSS type for RMSI, OSI, RACH response & paging control for system
information update. For a serving cell. a configured DL bandwidth part may comprise one
CORESET with the CSS type for pre-emption indication and other group-based commands.

[00187] In an example embodiment, BWPs may be configured with respect to common
reference point (PRB 0) on a NW carrier. In an example, the BWPs may be configured using
TYPEI RA as a set of contiguous PRBs, with PRB granularity for the START and LENGTH,
and the minimum length may be determined by the minimum supported size of a CORESET.

[00188] In an example embodiment, a CSS may be configured on a non-initial BWP for
RAR and paging.

[00189] In an example embodiment, to monitor (group) common channel for RRC
CONNECTED UE, an initial DL BWP may comprise control channel for RMSI, OSI and
paging and UE switches BWP to monitor such channel. In an example, a configured DL BWP
may comprise control channel for Msg2. In an example, a configured DL BWP may comprise
control channel for SFI. In an example, a configured DL BWP may comprise pre-emption
indication and other group common indicators like power control.

[00190] Timer-based Activation/Deactivation //////////{/

[00191] In an example embodiment, a timer-based activation/deactivation BWP may be
supported. For example, a timer for activation/deactivation of DL BWP may reduce signalling
overhead and may enable UE power savings. The activation/deactivation of a DL BWP may
be based on an inactivity timer (referred to as a BWP inactive (or inactivity) timer). For
example, a UE may start and reset a timer upon reception of a DCI. When the UE is not
scheduled for the duration of the timer, the timer may expire. In this case, the UE may
activate/deactivate the appropriate BWP in response to the expiry of the timer. For example,
the UE may activate for example the Default BWP and may deactivate the source BWP.

[00192] For example, a BWP inactive timer may be beneficial for power saving for a UE
switching to a default BWP with smaller BW and fallback for a UE missing DCI based
activation/deactivation signaling to switch from one BWP to another BWP

[00193] In an example embodiment, triggering conditions of the BWP inactive timer may
follow the ones for the DRX timer in LTE. For example, an On-duration of the BWP inactive
timer may be configured and the timer may start when a UE-specific PDCCH is successfully
decoded indicating a new transmission during the On-duration. The timer may restart when a
UE-specific PDCCH is successfully decoded indicating a new transmission. The timer may
stop once the UE is scheduled to switch to the default DL BWP.

45

Ex. 1011
APPLE INC. / Page 67 of 123



17-1107P

[00194] In an example embodiment, for fallback, the BWP inactive timer may start once the
UE switches to a new DL BWP. The timer may restart when a UE-specific PDCCH is
successfully decoded, wherein the UE-specific PDCCH may be associated with a new
transmission, a retransmission or some other purpose, e.g., SPS activation/deactivation if
supported.

[00195] In an example embodiment, a UE may switch to a default BWP if the UE does not
receive any control/data from the network during a BWP inactive timer running. The timer
may be reset upon reception of any control/data. For example, the timer may be triggered
when UE receives a DCI to switch its active DL BWP from the default BWP to another. For
example, the timer may be reset when a UE receives a DCI to schedule PDSCH(s) in the
BWP other than the default BWP.

[00196] In an example embodiment, a DL BWP inactive timer may be defined separately
from a UL BWP inactive timer. For example, there may be some ways to set the timer, e.g.,
independent timer for DL BWP and UL BWP, or a joint timer for DL and UL BWP. In an
example, for the separate timers, assuming both DL BWP and UL BWP are activated, if there
is DL data and UL timer expires, UL BWP may not be deactivated since PUCCH
configuration may be affected. For example, for the uplink, if there is UL feedback signal
related to DL transmission, the timer may be reset (Or, UL timer may not be set if there is DL
data). On the other hand, if there is UL data and the DL timer expires, there may be no issue if
the DL BWP is deactivated since UL grant is transmitted in the default DL BWP.

[00197] In an example embodiment, a BWP inactivity-timer may enable the fall-back to
default BWP on Pcell and Scell.

[00198] In an example embodiment, a timer-based activation/deactivation of BWP may be
similar to a UE DRX timer. For example, there may not be a separate inactivity timer for
BWP activation/deactivation for the UE DRX timer. For example, one of the UE DRX
inactivity timer may trigger BWP activation/deactivation.

[00199] For example, there may be a separate inactivity timer for BWP
activation/deactivation for the UE DRX timer. For example, the DRX timers may be defined
in a MAC layer, and the BWP timer may be defined in a physical layer. In an example, If the
same DRX inactivity timer is employed for BWP activation/deactivation, UE may stay in a
wider BWP for as long as the inactivity timer is running, which may be a long time. For
example, the DRX inactivity timer may be set to a large value of 100~200 milliseconds for C-
DRX cycle of 320 milliseconds, larger than the ON duration (10 milliseconds). This may
imply that power saving due to narrower BWP may not be achievable. To realize potential of
UE power saving promised by BWP switching, a new timer may be defined and it may be
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configured to be smaller than the DRX inactivity timer. From the point of view of DRX
operation, BWP switching may allow UE to operate at different power levels during the
active state, effectively providing some more intermediate operating points between the ON
and OFF states.

[00200]  Guard period / measurement gap ////////////

[00201] In an example embodiment, with a DCI explicit activation/deactivation of BWP, a
UE and a gNB may not be synchronized with respect to which BWP is activated/deactivated.
The gNB scheduler may not have CSI information related to a target BWP for channel-
sensitive scheduling. The gNB may be limited to conservative scheduling for one or more
first several scheduling occasions. The gNB may rely on periodic or aperiodic CSI-RS and
associated CQI report to perform channel-sensitive scheduling. Relying on periodic or
aperiodic CSI-RS and associated CQI report may delay channel-sensitive scheduling and/or
lead to signaling overhead (e.g. in the case where we request aperiodic CQI). To mitigate a
delay in acquiring synchronization and channel state information, a UE may transmit an
acknowledgement upon receiving an activation/deactivation of BWP. For example, a CSI
report based on the provided CSI-RS resource may be transmitted after activation of a BWP
and is employed as acknowledgment of activation/deactivation.

[00202] In an example embodiment, a gNB may provide a sounding reference signal for a
target BWP after a UE tunes to a new bandwidth. In an example, the UE may report the CSI,
which is employed as an acknowledgement by the gNB to confirm that the UE receive an
explicit DCI command and activates/deactivates the appropriate BWPs. In an example, for the
case of an explicit activation/deactivation via DCI with data assignment, a first data
assignment may be carried out without a CSI for the target BWP

[00203] In an example embodiment, a guard period may be defined to take RF retuning and
the related operations into account. For example, a UE may neither transmit nor receive
signals in the guard period. A gNB may need to know the length of the guard period. For
example, the length of the guard period may be reported to the gNB as a UE capability. The
length of the guard period may be closely related on the numerologies of the BWPs and the
length of the slot. For example, the length of the guard period for RF retuning may be
reported as a UE capability. In an example, the UE may report the absolute time in ps. in an
example, the UE may report the guard period in symbols.

[00204] In an example embodiment, after the gNB knows the length of the guard period by
UE reporting, the gNB may want to keep the time domain position of guard period aligned
between the gNB and the UE. For example, the guard period for RF retuning may be
predefined for time pattern triggered BWP switching. In an example, for the BWP switching
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triggered by DCI and timer, the guard period for DCI and timer based BWP switching may be
an implementation issue. In an example, for BWP switching following some time pattern, the
position of the guard period may be defined. For example, if the UE is configured to switch
periodically to a default BWP for CSS monitoring, the guard period may not affect the
symbols carrying CSS.

[00205] In an example embodiment, a single DCI may switch the UE’s active BWP form
one to another (of the same link direction) within a given serving cell. A separate field may be
employed in the scheduling DCI to indicate the index of the BWP for activation, such that UE
may determine the current DL/UL BWP according to a detected DL/UL grant without
requiring any other control information. In case the BWP change does not happen during a
certain time duration, the multiple scheduling DCIs transmitted in this duration may comprise
the indication to the same BWP. During the transit time when potential ambiguity may
happen, gNB may send scheduling grants in the current BWP or together in the other BWPs
containing the same target BWP index, such that UE may obtain the target BWP index by
detecting the scheduling DCI in either one of the BWPs. The duplicated scheduling DCI may
be transmitted K times. When UE receive one of the K times transmissions, UE may switch to
the target BWP and start to receive or transmit (UL) in the target BWP according to the BWP
indication field.

[00206] In an example embodiment, switching between BWPs may not introduce large time
gaps when UE may not be able to receive due to re-tuning, neither after detecting short
inactivity (Case 1) or when data activity is reactivated (Case 2). For example, in Case 2, long
breaks of several slots may severely impact the TCP ramp up as UE may not be able to
transmit and receive during those slots, impacting obtained RTT and data rate. Case 1 may be
seen less problematic at first glance but similarly long break in reception may make UE out of
reach from network point of view reducing network interest to utilize short inactivity timer.

[00207] In an example, if BWP switching takes significant time, and UE requires new
reference symbols to update AGC, channel estimation etc, the system may have less
possibilities/motivation to utilize active BWP adaption in the UE. This may be achieved by
preferring configuration where BWP center frequency remains the same when switching
between BWPs.

[00208] In an example embodiment, a frequency location of UE RF bandwidth may be
indicated by gNB. For example, considering the UE RF bandwidth capability, the RF
bandwidth of the UE may be usually smaller than the carrier bandwidth. The supported RF
bandwidth for a UE is usually a set of discrete values (e.g., I0MHz, 20MHz, S0MHz and so
on), for energy saving purpose, the UE RF bandwidth may be determined as the minimum
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available bandwidth supporting the BWP bandwidth. But the granularity of BWP bandwidth
is PRB level, which is decoupled with UE RF bandwidth and more flexible. As a result, in
most cases the UE RF bandwidth is larger than the BWP bandwidth. The UE may receive the
signal outside the carrier bandwidth, especially if the configured BWP is configured near the
edge of the carrier bandwidth. In an example, the inter-system interference or the interference
from the adjacent cell outside the carrier bandwidth may impact the receiving performance of
the BWP. To keep the UE RF bandwidth in the carrier bandwidth, the frequency location of
the UE RF bandwidth may be indicated by gNB.

[00209] In an example embodiment, in terms of measurement gap configuration, the gap
duration may be determined based on the measurement duration and necessary retuning gap.
For example, different retuning gap may be needed depending on the cases. For example, if a
UE does not need to switch its center, the retuning may be small such as 20us. For the case
that the network may not know whether the UE needs to switch its center or not to perform
measurement, a UE may indicate the necessary retuning gap for a measurement configuration.

[00210] In an example embodiment, the necessary gap may depend on the current active
BWP which may be dynamically switched via switching mechanism. In this case, for
example, UEs may need to dynamically indicate the necessary gap.

[00211] In an example embodiment, the measurement gap may be implicitly created,
wherein the network may configure a certain gap (which may comprise the smallest retuning
latency, for example, the network may assume small retuning gap is necessary if both
measurement bandwidth and active BWP may be included within UE maximum RF capability
assuming center frequency of current active BWP is not changed). In this case, for example, if
a UE needs more gap than the configured, the UE may skip receiving or transmitting.

[00212] In an example embodiment, different measurement gap and retuning latency may be
assumed for RRM and CSIrespectively. For CSI measurement, if periodic CSI measurement
outside of active BWP is configured, a UE may need to perform its measurement periodically
per measurement configuration. For RRM, it may be up to UE implementation where to
perform the measurement as long as it satisfies the measurement requirements. In this case,
for example, the worst case retuning latency for a measurement may be employed. In an
example, as the retuning latency may be different between intra-band and inter-band retuning,
separate measurement gap configuration between intra-band and inter-band measurement may
be considered.

[00213]  CA and Scell////111111H1H11HTH

[00214] In an example embodiment, for a UE-specific serving cell, one or more DL BWPs
and one or more UL BWPs may be configured by dedicated RRC for a UE. For the case of
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PCell, this may be done as part of the RRC connection establishment procedure. For the
SCell, this may be done via RRC configuration which may indicate the SCell parameters.

[00215] In an example embodiment, when a UE receives SCell activation command, there
may be a default DL and/or UL BWP which may be activated since there may be at least one
DL and/or UL BWP which may be monitored by the UE depending on the properties of the
SCell (DL only or UL only or both). This BWP which may be activated upon receiving SCell
activation command, may be informed to the UE via the a RRC configuration which
configured the BWP on this serving cell.

[00216] Forexample, for SCell, RRC signalling for SCell configuration/reconfiguration may
be employed to indicate which DL BWP and/or which UL BWP may be activated when the
SCell activation command is received by the UE. The indicated BWP may be the initially
active DL/UL BWP on the SCell. Therefore, SCell activation command may activate DL
and/or UL BWP.

[00217] In an example embodiment, for a SCell, RRC signaling for the SCell
configuration/reconfiguration may be employed for indicating a default DL BWP on the SCell
which may be employed for fall back purposes. For example, the default DL BWP may be
same or different from the initially activated DL/UL BWP which is indicated to UE as part of
the SCell configuration. In an example, a default UL BWP may be configured to UE for the
case of transmitting PUCCH for SR (as an example), in case the PUCCH resources are not
configured in every BWP for the sake of SR.

[00218] In an example, a Scell may be for DL only. For the Scell for DL only, UE may keep
monitoring an initial DL BWP (initial active or default) until UE receives SCell deactivation
command.

[00219] In an example, a Scell may be for UL only. For the Scell for UL only, when UE
receives a grant, UE may transmit on the indicated UL BWP. In an example, the UE may not
maintain an active UL BWP if UE does not receive a grant. In an example, not mainlining the
active UL BWP due to no grant receive may not deactivate the SCell.

[00220] In an example, a Scell may be for UL and DL. For the Scell for UL and DL, a UE
may keep monitoring an initial DL BWP (initial active or default) until UE receives SCell
deactivation command and. The UL BWP may be employed when there is a relevant grant or
an SR transmission.

[00221] In an example, a BWP deactivation may not result in a SCell deactivation. For
example, when the UE receives the SCell deactivation command, the active DL and/or UL

BWPs may be considered deactivated.
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[00222] In an example embodiment, if the SCell has its associated UL and/or a UE is
expected to perform RACH procedure on SCell during activation, activation of UL BWP may
be needed. For example, at SCell activation, DL only (only active DL BWP) or DL/UL (both
DL/UL active BWP) may be configured. Regarding SUL band as a SCell, a UE may select
default UL BWP based on measurement or the network configures which one in its activation.

[00223] In an example embodiment, one or more BWPs are semi-statically configured via
UE-specific RRC signaling. In a CA system, if a UE maintains RRC connection with the
primary component carrier (CC), the BWP in secondary CC may be configured via RRC
signaling in the primary CC.

[00224]  In an example embodiment, one or more BWPs may be semi-statically configured
to a UE via RRC signaling in PCell. A DCI transmitted in SCell may indicate a BWP among
the one or more configured BWP, and grant detailed resource based on the indicated BWP.

[00225] In an example embodiment, for a cross-CC scheduling, a DCI transmitted in PCell
may indicate a BWP among the one or more configured BWPs, and grants detailed resource
based on the indicated BWP.

[00226] In an example embodiment, when a SCell is activated, a DL BWP may be initially
activated for configuring CORESET for monitoring the first PDCCH in Scell. The DL BWP
may serve as a default DL BWP in the SCell. In an example, since the UE performs initial
access via a SS block in PCell, the default DL BWP in SCell may not be derived from SS
block for initial access. The default DL BWP in Scell may be configured by RRC signaling in
the PCell.

[00227] In an example embodiment, when an Scell is activated, an indication indicating
which DL BWP and/or which UL BWP are active may be in RRC signalling for Scell
configuration/reconfiguration. For example, the RRC signalling for Scell
configuration/reconfiguration may be employed for indicating which DL BWP and/or which
UL BWP are initially activated when the Scell is activated.

[00228] In an example embodiment, when an Scell is activated, an indication indicating
which DL BWP and/or which UL BWP are active may be in Scell activation signaling. For
example, Scell activation signaling may be employed for indicating which DL BWP and/or
which UL BWP are initially activated when the Scell is activated.

[00229] In an example embodiment, for PCells and pSCells, an initial default bandwidth
parts for DL and UL (e.g., for RMSI reception and PRACH transmission) may be valid until
at least one bandwidth part is configured for the DL and UL via RRC UE-specific signaling,

respectively, at what time the initial default DL/UL bandwidth parts may become invalid and
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new default DL/UL bandwidth parts may take effect. In an example, for an Scell, the SCell
configuration may comprise default DL/UL bandwidth parts

[00230] In an example embodiment, an initial BWP on Pcell may be defined by MIB. In an
example, an initial BWP and default BWP may be separately configurable for the Scell. For
an Scell if the Scell is activated, an initial BWP may be the widest configured BWP of the
Scell. For example, after the traffic burst is served, and an inactivity timer expires, a UE may
retune to default BWP which may be the narrow BWP, for power savings, keeping the Scell
active and may be ready to be opened briskly when additional data burst arrives.

[00231] In an example embodiment, a BWP on Scell may be activated by means of cross-
cell scheduling DCI, if cross-cell scheduling is configured to a UE. In this case, the gNB may
activate a BWP on the Scell by indicating CIF and BWPI in the scheduling DCI.

[00232]  CSI/RRM/SRS/IHTTHTITTTIIT

[00233] In an example embodiment, UE and/or gNB may perform synchronization tracking
within an active DL BWP without SS block. For example, TRS along with DL BWP
configuration may be configured. For example, a DL BWP with SS block or TRS may be
configured as a reference for synchronization tracking, which may be similar to the design of
CSS monitoring when the BWP does not comprise a common CORESET.

[00234] In an example embodiment, SS-block based RRM measurements may be decoupled
with BWP framework. For example, measurement configurations for each RRM and CSI
feedback may be independently configured from bandwidth part configurations. CSI and SRS
measurements/transmissions may be performed within the BWP framework.

[00235] In an example embodiment, for a MCS assignment of the first one or more DL data
packets after active DL BWP switching, the network may assign robust MCS to a UE for the
first one or more DL data packets based on RRM measurement reporting. In an example, for a
MCS assignment of the first one or more DL data packets after active DL BWP switching, the
network may signal to a UE by active DL BWP switching DCI to trigger aperiodic CSI
measurement/reporting to speed up link adaptation convergence. For a UE, periodic CSI
measurement outside the active BWP in a serving cell may not supported. For a UE, RRM
measurement outside active BWP in a serving cell may be supported. For a UE, RRM
measurement outside configured BWPs in a serving cell may be supported.

[00236] In an example embodiment, the RRM measurements may be performed on a SSB
and/or CSI-RS. The RRM/RLM measurements may be independent of BWPs.

[00237] In an example embodiment, UE may not be configured with aperiodic CSI reports

for non-active DL BWPs. For example, the CSI measurement may be obtained after the BW
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opening and the wide-band CQI of the previous BWP may be employed as starting point for
the other BWP on the NW carrier.

[00238] In an example embodiment, UE may perform CSI measurements on the BWP
before scheduling. For example, before scheduling on a new BWP, the gNB may intend to
find the channel quality on the potential new BWPs before scheduling the user on that BWP.
In this case, the UE may switch to a different BWP and measure channel quality on the BWP
and then transmit the CSI report. There may be no scheduling needed for this case.

[00239]  RANI1#88//1111T11THTTHTITHT

[00240] In an example embodiment, resource allocation for data transmission for a UE not
capable of supporting the carrier bandwidth may be derived based on a two-step frequency-
domain assignment process. In an example, a first step may indicate a bandwidth part, and a
second step may indicate one or more PRBs within the bandwidth part.

[00241]  RANI#88b /111111111

[00242] In an example embodiment, One or multiple bandwidth part configurations for each
component carrier may be semi-statically signalled to a UE. A bandwidth part may comprise
a group of contiguous PRBs, wherein one or more reserved resources maybe be configured
within the bandwidth part. The bandwidth of a bandwidth part may be equal to or be smaller
than the maximal bandwidth capability supported by a UE. The bandwidth of a bandwidth
part may be at least as large as the SS block bandwidth. The bandwidth part may or may not
contain the SS block. A Configuration of a bandwidth part may comprise at lease one of
following properties: Numerology, Frequency location (e.g. center frequency), or Bandwidth
(e.g. number of PRBs).

[00243]  RANI#8S /1111111111

[00244] In an example embodiment, a bandwidth part may be associated with one or
more numerologies, wherein the one or more numerologies may comprise sub-carrier spacing,
CP type, or slot duration indication. In an example, an UE may expect at least one DL
bandwidth part and at least one UL bandwidth part being active among a set of configured
bandwidth parts for a given time instant. A UE may be assumed to receive/transmit within
active DL/UL bandwidth part(s) using the associated numerology, for example, at least
PDSCH and/or PDCCH for DL and PUCCH and/or PUSCH for UL, or combination thereof.

[00245] In an example, multiple bandwidth parts with same or different numerologies may
be active for a UE simultaneously. The active multiple bandwidth parts may not imply that it
is required for UE to support different numerologies at the same instance. The active DL/UL
bandwidth part may not span a frequency range larger than the DL/UL bandwidth capability
of the UE in a component carrier.

53

Ex. 1011
APPLE INC. / Page 75 of 123



17-1107P

[00246] In an example embodiment, NR may support single and multiple SS block
transmissions in wideband CC in the frequency domain. For example, for non-CA UE with a
smaller BW capability and potentially for CA UE, NR may support a measurement gap for
RRM measurement and potentially other purposes (e.g., path loss measurement for UL power
control) using SS block (if it is agreed that there is no SS block in the active BW part(s)). UE
may be informed of the presence/parameters of the SS block(s) and parameters necessary for
RRM measurement via at least one of following: RMSI, other system information, and/or
RRC signaling

[00247] In an example embodiment, a maximum bandwidth for CORESET for RMSI
scheduling and NR-PDSCH carrying RMSI may be equal to or smaller than a certain DL
bandwidth of NR that one or more UEs may support in a frequency range. For example, at
least for one RACH preamble format, the bandwidth may be equal to or smaller than a certain
UL bandwidth of NR that one or more UEs may support in a frequency range. There may be
other RACH preamble format with larger bandwidth than a certain bandwidth of NR that one
or more UEs may support.

[00248] In an example embodiment, CORESET for RMSI scheduling and NR-PDSCH for
RMSI may be confined within the BW of one NR-PBCH. In an example, CORESET for
RMSI scheduling is confined within the BW of one NR-PBCH and NR-PDSCH for RMSI
may not be confined within the BW of one NR-PBCH. In an example, CORESET for RMSI
scheduling and NR-PDSCH for RMSI may not be confined within the BW of one NR-PBCH.

[00249] In an example embodiment, there may be one active DL BWP for a given time
instant. For example, a configuration of a DL bandwidth part may comprise at least one
CORESET. PDSCH and corresponding PDCCH (PDCCH carrying scheduling assignment for
the PDSCH) may be transmitted within the same BWP if PDSCH transmission starts no later
than K symbols after the end of the PDCCH transmission. In case of PDSCH transmission
starting more than K symbols after the end of the corresponding PDCCH, PDCCH and
PDSCH may be transmitted in different BWPs. The value of K may depend on at least one of
following numerology or possibly reported UE retuning time. In an example, for the
indication of active DL/UL bandwidth part(s) to a UE, DCI (explicitly and/or implicitly),
MAC CE, Time pattern (e.g. DRX like) and/or combinations thereof may be considered.

[00250] In an example embodiment, NR may support switching between partial bands for
SRS transmissions in a CC. For example, when an UE is not capable of simultaneous
transmission in partial bands in a CC, RF retuning requirement for partial band switching may
be considered, wherein the partial band may indicate a bandwidth part.

[00251]  RANI#90 /11111
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[00252] In an example embodiment, Common PRB indexing may be employed at least for
DL BWP configuration in RRC connected state. For example, a reference point may be PRB
0, which may be common to one or more UEs sharing a wideband CC from network
perspective, regardless of whether they are NB, CA, or WB UEs. In an example, an offset
from PRB O to the lowest PRB of the SS block accessed by a UE may be configured by high
layer signaling, e.g., via RMSI and/or UE-specific signaling. In an example, a common PRB
indexing may be for maximum number of PRBs for a given numerology, wherein the
common PRB indexing may be for RS generation for UE-specific PDSCH and/or may be for
UL.

[00253] In an example embodiment, there may be an initial active DL/UL bandwidth part
pair to be valid for a UE until the UE is explicitly (re)configured with bandwidth part(s)
during or after RRC connection is established. For example, the initial active DL/UL
bandwidth part may be confined within the UE minimum bandwidth for the given frequency
band. NR may support activation/deactivation of DL and UL bandwidth part by explicit
indication at least in DCI. MAC CE based approach may be employed for the
activation/deactivation of DL and UL bandwidth part. In an example, NR may support an
activation/deactivation of DL bandwidth part by means of timer for a UE to switch its active
DL bandwidth part to a default DL bandwidth part. For example, a default DL bandwidth part
may be the initial active DL bandwidth part defined above. The default DL bandwidth part
may be reconfigured by the network.

[00254] In an example embodiment, when a UE performs measurement or transmit SRS
outside of its active BWP, it may be considered as a measurement gap. For example, during
the measurement gap, UE may not monitor CORESET.

[00255] In an example embodiment, a SRS transmission in an active UL BWP may employ
the same numerology as that configured for that BWP. For example, for LTE SRS sequences,
NR may support UE specific configured bandwidth based on tree-like SRS bandwidth sets
(e.g., analogues to LTE). Parameters employed for configuring bandwidth allocation, e.g.
whether or not CSRS and BSRS may be reused in a UE specific manner. For exmapel, for
LTE SRS sequences, NR may support to sound substantially all UL PRBs in a BWP.

[00256] In an example embodiment, a frequency-hopping for a PUCCH may occur within an
active UL BWP for the UE, wherein there may be multiple active BWPs, and the active BWP
may refer to BWP associated with the numerology of PUCCH

[00257]  RANI#90bis //1111T1HHTHTTTHTTT

[00258] In an example embodiment, for paired spectrum, gNB may configure DL and UL
BWPs separately and independently for a UE-specific serving cell for a UE. For example, for
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active BWP switching using at least scheduling DCI, a DCI for DL may be employed for DL
active BWP switching and a DCI for UL may be employed for UL active BWP switching. For
example, NR may support a single DCI switching DL and UL BWP jointly.

[00259] In an example, embodiment, for unpaired spectrum, gNB may jointly configure a
DL BWP and an UL BWP as a pair, with the restriction that the DL and UL BWPs of a
DL/UL BWP pair may share the same center frequency but may be of different bandwidths
for a UE-specific serving cell for a UE. For example, for active BWP switching using at least
scheduling DCI, a DCI for either DL or UL may be employed for active BWP switching from
one DL/UL BWP pair to another pair. This may apply to at least the case where both DL &
UL are activated to a UE in the corresponding unpaired spectrum. In an example, there may
not be a restriction on DL BWP and UL BWP pairing.

[00260] In an example embodiment, for a UE, a configured DL (or UL) BWP may overlap
in frequency domain with another configured DL (or UL) BWP in a serving cell.

[00261] In an example embodiment, for a serving cell, a maximal number of DL/UL BWP
configurations may be for paired spectrum, for example, 4 DL BWPs and 4 UL BWPs. In an
example, a maximal number of DL/UL BWP configurations may be for unpaired spectrum,
for example, 4 DL/UL BWP pairs. In an example, a maximal number of DL/UL BWP
configurations may be for SUL, for example, 4 UL BWPs.

[00262] In an example embodiment, for paired spectrum, NR may support a dedicated timer
for timer-based active DL BWP switching to the default DL BWP. For example, a UE may
start the timer when it switches its active DL BWP to a DL BWP other than the default DL
BWP. In an example, a UE may restart the timer to the initial value when it successfully
decodes a DCI to schedule PDSCH(s) in its active DL BWP. For example, a UE may switch
its active DL BWP to the default DL BWP when the timer expires.

[00263] In an example embodiment, for unpaired spectrum, NR may support a dedicated
timer for timer-based active DL/UL BWP pair switching to the default DL/UL BWP pair. For
example, a UE may start the timer when it switches its active DL/UL BWP pair to a DL/UL
BWP pair other than the default DL/UL BWP pair. For example, a UE may restart the timer
to the initial value when it successfully decodes a DCI to schedule PDSCH(s) in its active
DL/UL BWP pair. In an example, a UE may switch its active DL/UL BWP pair to the default
DL/UL BWP pair when the timer expires.

[00264] In an example embodiment, for an Scell, RRC signaling for Scell
configuration/reconfiguration may indicate a first active DL BWP and/or a first active UL
BWP when the Scell is activated. In an example, NR may support a Scell activation signaling
that doesn’t contain any information related to the first active DL/UL BWP. In an example,
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for an Scell, an active DL BWP and/or UL BWP may be deactivated when the Scell is
deactivated. In an example, the Scell may be deactivated by an Scell deactivation timer.

[00265] In an example embodiment, for an Scell, a UE may be configured with at least one
of following: a timer for timer-based active DL BWP (or DL/UL BWP pair) switching, and/or
a default DL BWP (or the default DL/UL BWP pair) which may be employed when the timer
is expired, wherein the default DL BWP may be different from the first active DL BWP.

[00266] In an example, for Pcell, a default DL BWP (or DL/UL BWP pair) may be
configured/reconfigured to a UE. In an example, if no default DL BWP is configured, the
default DL BWP may be an initial active DL BWP.

[00267] In an example embodiment, in a serving cell where PUCCH is configured, a
configured UL BWP may comprise PUCCH resources.

[00268] In an example embodiment, for a UE in Pcell, a common search space for at least
RACH procedure may be configured in one or more BWPs. For example, fora UE in a
serving cell, a common search space for group-common PDCCH (e.g. SFI, pre-emption
indication, etc.) may be configured in one or more BWPs

[00269] In an example embodiment, a DL (or UL) BWP may be configured to a UE by
resource allocation Type 1 with 1PRB granularity of starting frequency location and 1PRB
granularity of bandwidth size, wherein the granularity may notimply that a UE may adapt its
RF channel bandwidth accordingly.

[00270] In an example embodiment, for a UE, DCI format size itself may not be a part of
RRC configuration irrespective of BWP activation & deacviation in a serving cell. For
example, the DCI format size may depend on different operations and/or configurations (if
any) of different information fields in the DCI.

[00271] In an example embodiment, an initial active DL BWP may be defined as frequency
location and bandwidth of RMSI CORESET and numerology of RMSI., wherein PDSCH
delivering RMSI may be confined within the initial active DL BWP.

[00272] In an example embodiment, a UE may be configured with PRB bundling size(s) per
BWP.

[00273] In an example embodiment, NR may support configuring CSI-RS resource on BWP
with a transmission BW equal to or smaller than the BWP. For example, when the CSI-RS
BW is smaller than the BWP, NR may support at least the case that CSI-RS spans contiguous
RBs in the granularity of N RBs. When CSI-RS BW is smaller than the corresponding BWP,
it may be at least larger than X RBs, wherein value of X is predefined. For example, the value
of X may be the same or different for beam management and CSI acquisition. For example,
the value of X may or may not be numerology-dependent.
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[00274]  RANIV#AH2 //1111HTHITTITTTTTTN

[00275] In an example embodiment, for FDD, gNB may configure separate sets of
bandwidth part (BWP) configurations for DL & UL per component carrier. In an example, a
numerology of DL BWP configuration may be applied to at least PDCCH, PDSCH &
corresponding DMRS. A numerology of UL BWP configuration may be applied to at least
PUCCH, PUSCH & corresponding DMRS. In an example, for TDD, gNB may configure
separate sets of BWP configurations for DL & UL per component carrier. In an example, a
numerology of DL BWP configuration is applied to at least PDCCH, PDSCH &
corresponding DMRS. A numerology of UL BWP configuration is applied to at least
PUCCH, PUSCH & corresponding DMRS. For example, when different active DL and UL
BWPs are configured, UE may not retune the center frequency of channel BW between DL
and UL.

[00276]  RAN2/II

[00277] In an example, a plurality of scheduling request (SR) configurations may be
configured for a bandwidth part (BWP) of a cell for a wireless device. In an example, a
wireless device may use SR resources configured by a SR resource in the plurality of SR
configurations in a BWP to indicate to the base station the numerology/TTI/service type of a
logical channel (LCH) or logical channel group (LCQG) that triggered the SR. In an example,
the maximum number of SR configurations may be the maximum number of logical
channels/logical channel groups.

[00278] In an example, there may be at most one active DL BWP and at most one active UL
BWP at a given time for a serving cell. A BWP of a cell may be configured with a specific
numerology/TTI. In an example, a logical channel and/or logical channel group that triggers
SR transmission while the wireless device operates in one active BWP, the corresponding SR
may remain triggered in response to BWP switching.

[00279] In an example, the logical channel and/or logical channel group to SR configuration
mapping may be (re)configured in response to switching of the active BWP. In an example,
when the active BWP is switched, the RRC dedicated signalling may (re-)configure the
logical channel and/or logical channel group to SR configuration mapping on the new active
BWP.

[00280] In an example, mapping between the logical channel and/or logical channel group to
SR configuration may be configured when BWP is configured. RRC may pre-configure
mapping between logical channel and/or logical channel group to SR configurations for all

the configured BWPs. In response to the switching of the active BWP, the wireless device
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may employ the RRC configured mapping relationship for the new BWP. In an example,
when BWP is configured, RRC may configure the mapping between logical channel and SR
configurations for the BWP.

[00281] In an example, sr-ProhibitTimer and SR_COUNTER corresponding to a SR
configuration may continue and the value of the sr-ProhibitTimer and the value of the
SR_COUNTER may be their values before the BWP switching.

[00282] In an example, a plurality of logical channel/logical channel group to SR-
configuration mappings may be configured in a serving cell. A logical channel/logical
channel group may be configured to be mapped to at most one SR configuration per
Bandwidth Part. In an example, a logical channel/logical channel group configured to be
mapped onto multiple SR configurations in a serving cell may have one SR configuration
active at a time, e.g., that of the active BWP. In an example, a plurality of logical
channel/logical channel group to SR-configuration mappings may be supported in carrier
aggregation (CA). A logical channel/logical channel group may be configured to be mapped
to one (or more) SR configuration(s) in each of both PCell and PUCCH-SCell. In an example,
in CA, a logical channel/logical channel group configured to be mapped to one (or more) SR
configuration(s) in each of both PCell and PUCCH-SCell may have two active SR
configurations (one on PCell and one on PUCCH-SCell) at a time. In an example, The SR
resource which comes first may be used.

[00283] In an example, a base station may configure one SR resource per BWP for the same
logical channel/logical channel group. If a SR for one logical channel/logical channel group is
pending, it may be possible for UE to transmit SR with the SR configuration in another BWP
after BWP switching. In an example, the sr-ProhibitTimer and SR_COUNTER for the SR
corresponding to the logical channel/logical channel group may continue in response to BWP
swithing. In an example, when a SR for one logical channel/logical channel group is pending,
the UE may transmit the SR in another SR configuration corresponding to the logical
channel/logical channel group in another BWP after BWP switching.

[00284] In an example, if multiple SRs for logical channels/logical channel groups mapped
to different SR configurations are triggered, the UE may transmit one SR corresponding to the
highest priority logical channel/logical channel group. In an example, the UE may transmit
multiple SRs with different SR configurations. In an example, SRs triggered at the same time
(e.g., in the same NR-UNIT) by different logical channels/logical channel groups mapped to
different SR configurations may be merged into a single SR corresponding to the SR triggered

by the highest priority logical channel/logical channel group.
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[00285] Inanexample, when an SR of a first SR configuration is triggered by a first logical
channel/logical channel group while an SR procedure triggered by a lower priority logical
channel/logical channel group is on-going on another SR configuration, the later SR may be
allowed to trigger another SR procedure on its own SR configuration, independently of the
other on-going SR procedure. In an example, a UE may be allowed to send triggered SRs for
logical channels/logical channel groups mapped to different SR configurations independently.
In an example, UE may be allowed to send triggered SRs for LCHs corresponding to different
SR configurations independently.

[00286] In an example, dsr-TransMax may be independently configured per SR
configuration. In an example, SR_COUNTER may be maintained for each SR configuration
independently. In an example, a common SR_COUNTER may be maintained for all the SR
configurations per BWP.

[00287] In an example, PUCCH resources may be configured per BWP. The PUCCH
resources in the currently active BWP may be used for UCI transmission. In an example,
PUCCH resource may be configured per BWP. In an example, it may be necessary to use
PUCCH resources in a BWP not currently active for UCI transmission. In an example,
PUCCH resources may be configured in a default BWP and BWP switching may be
necessary for PUCCH transmission. In an example, a UE may be allowed to send SR1 in
BWPI1, even though BWP1 is no longer active. In an example, the network may reconfigure
(e.g., pre-configure) the SR resources so that both SR1 and SR2 may be supported in the
active BWP. In an example, an anchor BWP may be used for SR configuration. In an
example, the UE may send SR2 as “fallback™.

[00288] In an example, a logical channel/logical channel group mapped to a SR
configuration in an active BWP may also be mapped to the SR configuration in another BWP
to imply same or different information (e.g., numerology/TTI and priority).

[00289] In an example, a MAC entity can be configured with a plurality of SR
configurations within the same BWP. In an example, the plurality of the SR configurations
may be on the same BWP, on different BWPs, or on different carriers. In an example, the
numerology of the SR transmission may not be the same as the numerology that the logical
channel/logical channel group that triggered the SR is mapped to.

[00290] In an example, for a LCH mapped to multiple SR configurations, the PUCCH
resources for transmission of the SR may be on different BWPs or different carriers. In an
example, if multiple SRs are triggered, the selection of which configured SR configuration

within the active BWP to transmit one SR may be up to UE implementation.
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[00291] In an example, a single BWP can support multiple SR configurations. In an
example, multiple sr-ProhibitTimers (e.g., each for one SR configuration) may be running at
the same time. In an example, drs-TransMax may be independently configured per SR
configuration. In an example, SR_COUNTER may be maintained for each SR configuration
independently.

[00292] In an example, a single logical channel/logical channel group may be mapped to
zero or one SR configuration. In an example, PUCCH resource configuration may be
associated witha UL BWP. In an example, in CA, one logical channel may be mapped to
none or one SR configuration per BWP.

[00293] In an example, the bandwidth part (BWP) may consist of a group of contiguous
PRBs in the frequency domain. The parameters for each BWP configuration may include
numerology, frequency location, bandwidth size (e.g., in terms of PRBs), CORESET (e.g.,
required for each BWP configuration in case of single active DL bandwidth part for a given
time instant). In an example, one or multiple BWPs may be configured for each component
carrier when the UE is in RRC connected mode.

[00294] In an example, when a new BWP is activated, the configured downlink assignment
may be initialized (if not active) or re-initialized (if already active) using PDCCH.

[00295] In an example, for uplink SPS, the UE may have to initialize or re-initialize the
configured uplink grant when switching from one BWP to anther BWP. When a new BWP is
activated, the configured uplink grant may be initialized (if not active) or re-initialized (if
already active) using PDCCH.

[00296] In an example, for type 1 uplink data transmission without grant, there may be no
L1 signalling to initialize or re-initialize the configured grant. The UE may not assume the
type 1 configured uplink grant is active when the BWP is switched even if it’s already active
in the previous BWP. The type 1 configured uplink grant may be re-configured using RRC
dedicated signalling when the BWP is switched. In an example, when a new BWP is
activated, the type 1 configured uplink grant may be re-configured using dedicated RRC
signalling.

[00297] In an example, if SPS is configured on the resources of a BWP and that BWP is
subsequently deactivated, the SPS grants or assignments may not continue. In an example,
when a BWP is deactivated, all configured downlink assignments and configured uplink
grants using resources of this BWP may be cleared.

[00298] In an example, the MAC entity may clear the configured downlink assignment

or/and uplink grants upon receiving activation/deactivation of BWP.
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[00299] In an example, the unit of drx-RetransmissionTimer and drx-
ULRetransmissionTimer may be OFDM symbol corresponding to the numerology of the
active BWP.

[00300] In anexample, if a UE is monitoring an active DL BWP for a long time without
activity, the UE may move to default BWP for power saving. In an example, a BWP
inactivity timer may be introduced to switch active BWP to default BWP after a certain
inactive time.

[00301] In an example, autonomous switching to DL default BWP may consider both DL
BWP inactivity timer and/or DRX timers (e.g., HARQ RTT and DRX retransmission timers).
In an example, DL BWP inactivity timer may be configured per MAC entity.In an example, a
UE may be configured to monitor PDCCH in a default BWP at least when UE uses long DRX
cycle.

[00302] In an example, PHR may not be triggered due to the switching of BWP. In an
example, the support of multiple numerologies/BWPs may not impact PHR triggers. In an
example, PHR may be triggered upon BWP activation. In an example, a prohibit timer may
start upon PHR triggering due to BWP switching. PHR may not be triggered due to BWP
switching while the prohibit timer is running. In an example, PHR may be reported per
activated/deactivated BWP.

[00303] In an example, PDCP duplication may be in an activated state while the UE receives
the BWP deactivation command. In an example, when the BWP which the PDCP duplication
is operated on is deactivated, the PDCP duplication may not be deactivated, but the PDCP
entity may stop sending the data to the deactivated RLC buffer.

[00304] In an example, RRC signalling may configure one BWP to be activated when the
SCell is activated. Activation/deactivation MAC CE may be used to activate both the SCell
and the configured BWP. In an example, one HARQ entity can serve different BWP within
one carrier.

[00305] In an example, for a UE-specific serving cell, one or more DL BWPs and one or
more UL BWPs may be configured by dedicated RRC for a UE. In an example, a single
scheduling DCI may switch the UE’s active BWP from one to another. In an example, an
active DL BWP may be deactivated by means of timer for a UE to switch its active DL
bandwidth part to a default DL bandwidth part.

[00306] In an example, narrower BWP may be used for DL control monitoring and wider
BWP may be used for scheduled data. In an example, small data may be allowed in narrower
BWP without triggering BWP switching.

[00307]  RAN2#99 //111T1HTHTTHHTTHT
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[00308] In an example embodiment, for a UE with a RRC connected mode, RRC signalling
may support to configure one or more BWPs (both for DL BWP and UL BWP) for a serving
cell (PCell, PSCell). For example, RRC signalling may support to configure 0, 1 or more
BWPs (both for DL BWP and UL BWP) for a serving cell SCell (at least 1 DL BWP). In an
example, for a UE, the PCell, PSCell and each SCell may have a single associated SSB in
frequency. A cell defining SS block may be changed by synchronous reconfiguration for
PCell/PSCell and SCell release/add for the SCell. For example, a SS block frequency which
needs to be measured by the UE may be configured as individual measurement object (e.g.,
one measurement object corresponds to a single SS block frequency). the cell defining SS
block may be considered as the time reference of the serving cell, and for RRM serving cell
measurements based on SSB, for example, irrespective of which BWP is activated.

[00309] In an example, embodiment, one or more RRC timers and counters related to RLM
may not be reset when the active BWP is changed.

[00310] In an example embodiment, an SR configuration may comprise a collection of sets
of PUCCH resources across different BWPs and cells, wherein per cell, at any given time
there may be at most one usable PUCCH resource per LCH, and/or this may be applicable to
the case of one single LTE-like set of SR PUCCH resources being configured per LCH per
BWP, and one BWP being active at a time.

[00311] In an example embodiment, BWP switching and cell activation/deactivation may
not interfere with the operation of the counter and timer. For example, when a BWP is
deactivated, the UE may or may not stop using configured downlink assignments and/or
configured uplink grants using resources of the BWP. In an example, the UE may suspend the
configured grants of the or clear it. In an example, the UE may not suspend the configured
grants of the or may not clears it.

[00312] In an example embodiment, a new timer (BWP inactivity timer) may be employed
to switch active BWP to default BWP after a certain inactive time. The BWP inactivity timer
may be independent from the DRX timers.

[00313] In an example embodiment, on the BWP that is deactivated, UE may not transmit on
UL-SCH on the BWP. In an example, on the BWP that is deactivated, UE may not

[00314] In an example, on the BWP that is deactivated. UE may not monitor the PDCCH on
the BWP. In an example, on the BWP that is deactivated, UE may not transmit PUCCH on
the BWP. In an example, on the BWP that is deactivated, UE may not transmit on PRACH on
the BWP. In an example, on the BWP that is deactivated, UE may not flush HARQ buffers
when doing BWP switching.

[00315]  Group common DCI///111111T1
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[00316] Explicit Activation/Deactivation via DCI w/o scheduling ////////////

[00317] In an example embodiment, a DCI may explicitly indicate activation/deactivation of
BWP.

[00318] For example, a DCI without data assignment may comprise an indication to
activate/deactivate BWP. In an example, UE may receive a first indication via a first DCI to
activate/deactivate BWP. In order for the UE to start receiving data, a second DCI with a data
assignment may be transmitted by the gNB. A UE may receive the first DCI in a target
CORESET in a target BWP. In an example, until there is CSI feedback provided to a gNB,
the gNB scheduler may make conservative scheduling decisions.

[00319] In an example, a DCI without scheduling for active BWP switching may be
transmitted to measure the CSI before scheduling. It may be taken as an implementation issue
of DCI with scheduling, for example, the resource allocation field may be set to zero, which
means no data may be scheduled. Other fields in this DCI may comprise one or more
CSI/SRS request fields.

[00320] In an example embodiment, support for a single scheduling DCI to trigger active
BWP switching may be motivated by dynamic BWP adaptation for UE power saving during
active state (which may comprise ON duration and when inactivity timer is running when C-
DRX is configured). For example, with a C-DRX enabled, a UE may consume significant
amount of power monitoring PDCCH without decoding any grant. To reduce the power
consumption during PDCCH monitoring, two BWPs may be configured: a narrower BWP for
PDCCH monitoring, and a wider BWP for scheduled data. In such a case, the UE may switch
back-and-forth between the narrower BWP and the wider BWP, depending on the burstiness
of the traffic. For example, the UE may be revisiting a BWP that it has dwelled on previously.
For this case, combining a BWP switching indication and a scheduling grant may result in
low latency and reduced signalling overhead for BWP switching.

[00321] In an example embodiment, a SCell activation and deactivation may trigger the
corresponding action for its configured BWP. In an example, a SCell activation and
deactivation may not trigger the corresponding action for its configured BWP.

[00322] In an example embodiment, a dedicated BWP activation/deactivation DCI may
impact a DCI format. For example, a scheduling DCI with a dummy grant may be employed.
the dummy grant may be constructed by invalidating one or some of the fields, for example,
the resource allocation field. In an example, it may be feasible to leverage a fallback
scheduling DCI format (which contains a smaller payload) to improve the robustness for
BWP DCI signalling, without incurring extra work on introducing a new DCI format.

[00323] Explicit Activation/Deactivation via DCI w/ scheduling //////////l/
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[00324] In an example embodiment, a DCI with data assignment may comprise an indication
to activate/deactivate BWP along with a data assignment. For example, a UE may receive a
combined data allocation and BWP activation/deactivation message. For example, a DCI
format may comprise a field to indicate BWP activation/deactivation along with a field
indicating UL/DL grant. In this case, the UE may start receiving data with a single DCI. In
this case, the DCI may need indicate one or more target resources of a target BWP. A gNB
scheduler may have little knowledge of the CSI in the target BW and may have to make
conservative scheduling decisions.

[00325] In an example embodiment, for the DCI with data assignment, the DCI may be
transmitted on a current active BWP and scheduling information may be for a new BWP. For
example, there may be a single active BWP. There may be one DCI in a slot for scheduling
the current BWP or scheduling another BWP. The same CORESET may be employed for the
DCI scheduling the current BWP and the DCI scheduling another BWP. For example, to
reduce the number of blind decoding, the DCI payload size for the DCI scheduling current
BWP and the scheduling DCI for BWP switching may be the same.

[00326] In an example embodiment, to support the scheduling DCI for BWP switching, a
BWP group may be configured by gNB, in which a numerology in one group may be the
same. In an example, the BWP switching for the BWP group may be configured, in which
BIF may be present in the CORESETSs for one or more BWPs in the group. For example,
scheduling DCI for BWP switching may be configured per BWP group, in which an active
BWP in the group may be switched to any other BWP in the group.

[00327] In an example, embodiment, a DCI comprising scheduling assignment/grant may
not comprise active-BWP indicator. For a paired spectrum, a scheduling DCI may switch UEs
active BWP for the transmission direction that the scheduling is valid for. For an unpaired
spectrum, a scheduling DCI may switch the UEs active DL/UL BWP pair regardless of the
transmission direction that the scheduling is valid for. There may be a possibility for
downlink scheduling assignment/grant with “zero™ assignment, in practice allowing for
switch of active BWP without scheduling downlink or uplink transmission

[00328]  DCI format////1111111H11H1HT111

[00329] In an example embodiment, for multiple DCI formats with the same DCI size of a
same RNTI, a respective DCI format may comprise an explicit identifier to distinguish them.
For example, a same DCI size may come from a few (but not a large number of) zero-padding
bits at least in UE-specific search space.

[00330] In an example embodiment, when there is a BWP switching, a DCI in the current
BWP may need to indicate resource allocation in the next BWP that the UE is expected to
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switch. For example, the resource allocation may be based on the UE-specific PRB indexing,
which may be per BWP. A range of the PRB indices may change as the BWP changes. In an
example, the DCI to be transmitted in current BWP may be based on the PRB indexing for the
current BWP. The DCI may need to indicate the RA in the new BWP, which may arouse a
conflict. To resolve the conflict without significantly increasing UEs blind detection
overhead, the DCI size and bit fields may not change per BWP for a given DCI type.

[00331] In an example embodiment, as the range of the PRB indices may change as the
BWP changes, one or more employed bits among the total bit field for RA may be dependent
on the employed BWP. For example, UE may employ the indicated BWP ID that the resource
allocation is intended to identify the resource allocation bit field.

[00332] In an example embodiment, a DCI size of the BWP may consider two cases. One
case may be a normal DCI detection without BWP retuning, and the other case may be a DCI
detection during the BWP retuning.

[00333] For example, in some cases, a DCI format may be independent of the BW of the
active DL/UL BWP (which may be called as fallback DCI). In an example, at least one of
DCI formats for DL may be configured to have the same size to a UE for one or more
configured DL BWPs of a serving cell. In an example, at least one of the DCI formats for UL
may be configured to have the same size to a UE for one or more configured UL BWPs of a
serving cell. In an example embodiment, a BWP-dependent DCI format may be monitored at
the same time (which may be called as normal DCI) for both active DL BWP and active UL
BWP. For example, UE may be configured to monitor both DCI formats at the same time.
During the BWP activation/deactivation, gNB may assign the fallback DCI format to avoid
ambiguity during the transition period.

[00334] In an example embodiment, if a UE is configured with multiple DL or UL BWPs in
a serving cell, an inactive DL/UL BWP may be activated by a DCI scheduling a DL
assignment or UL grant respectively in this BWP. As the UE is monitoring the PDCCH on the
currently active DL BWP, the DCI may comprise an indication to a target BWP that the UE
may switch to for PDSCH reception or UL transmission. A BWP indication may be inserted
in the UE-specific DCI format for this purpose. The bit width of this field may depend on
either the maximum possible or presently configured number of DL/UL BWPs. Similar to
CIF, it may be simpler to set the BWP indication field to a fixed size based on the maximum
number of configured BWPs.

[00335] In an example, a DCI format size may match the BW of the BWP in which the
PDCCH is received. To avoid an increase in the number of blind decodes, the UE may
identify the RA field based on the scheduled BWP. For example, for a transition from a small
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BWP to a larger BWP, the UE may identify the RA field as being the LSBs of the required
RA field for scheduling the larger BWP.

[00336] In an example embodiment, a same DCI size for scheduling different BWPs may be
defied by keeping a same size of resource allocation field for one or more configured BWPs.
For example, gNB may not be aware of whether UE switches BWPs if gNB does not receive
at least one response from the UE (e.g., gNB may be aware of if UE switches BWPs based on
a reception of ACK/NACK from the UE). In an example, to avoid such a mismatch between
gNB and UE, NR may define fallback mechanism. For example, if there is no response from
the UE, gNB may transmit the scheduling DCI for previous BWPs and that for newly
activated BWP since the UE may receive the DCI on either BWP. When the gNB receives a
response from the UE, the gNB may confirm that the active BWP switching is completed. In
an example, if a same DCI size for scheduling different BWPs is considered and COREST
configuration is also the same for different BWPs, gNB may not transmit multiple DClIs.

[00337] In an example embodiment, DCI format(s) may be configured user-specifically per
cell, e.g., not per BWP. For example, after the UE syncs to the new BWP, the UE may start to
monitor pre-configured search-space on the CORESET. If the DCI formats may be
configured per cell to keep the number of DCI formats, the corresponding header size in DCI
may be small.

[00338] In an example embodiment, a size of DCI format in different BWPs may vary and
may change at least due to different size of RA bitmap on different BWPs. For example, the
size of DCI format configured in a cell for a UE may be dependent on BWP it schedules.

[00339] In an example embodiment, the monitored DCI format size on a search-space of a
CORESET may be configurable with the sufficiently fine granularity (the granularity may be
predefined). For example, the monitored DCI format size with sufficient granularity may be
beneficial when a gNB may have the possibility to set freely the monitoring DCI format size
on a search-spaces of a CORESET, such that it may accommodate the largest actual DCI
format size variant among one or more BWPs configured in a serving cell.

[00340]  Group-common DCI for BWP switching //////111111111111111111111

[00341] In an example embodiment, the UE-specific DCI may result in a signaling overhead,
for example, due to the fact that gNB may need to coordinate scheduling of a plurality of
DClIs for switching one or more BWPs for a plurality of UEs. In an example, the coordinating
a plurality of DCIs may result in complicate processing at the gNB side and/or a delay to
schedule the plurality of DClIs for the plurality of UE. For example, for a case that there are a
plurality of UEs with a same first active DL/UL BWP, if an active DL/UL BWP is switched
from the same first active DL/UL BWP to a second DL/UL BWP for the plurality of UEs, a
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UE-specific DCI for such switching may be inefficient for example, in a sense that a gNB
transmits one or more DCIs to the plurality of UEs with duplicated (or almost same)
information. The UE-specific DCI may increase signaling overhead and/or may decrease
spectral efficiency.

[00342] In an example embodiment, a gNB may employ a group-common DCI to indicate
activation/deactivation and/or switching of an active DL/UL BWP and/or a default DL/UL
BWP for one or more UEs. For example, the group-common DCI may reduce signaling
overhead and/or may increase a spectral efficiency. For example, a set of DL/UL BWPs that a
UE may tune/move/stay in a cell may not be a UE-specific. The set of BWPs may be a cell-
specific and/or may be at least common for a plurality of UEs. For example, one or more UEs
may switch a DL (or UL) BWP within a same set of BWPs in a cell. In an example, a gNB
informs a plurality of UEs having a same set of BWPs of activating, deactivating, selecting,
and/or switching a DL (or UL) BWP via a group-common DCI.

[00343] In an example, the group-common DCI may comprise one or more fields indicating
at least one of following: an indication indicating whether the group-common DCI is for an
activation or deactivation of a DL BWP, a target active DL BWP (e.g., a new active DL
BWP), a source active DL BWP (e.g., a current active DL BWP), a target default DL BWP
(e.g., a new default DL BWP), a source default DL BWP (e.g., a current default DL BWP), at
least one DL assignment associated with the target active BWP, or at least one UL grant
associated with the target active BWP.

[00344] In an example, the group-common DCI may comprise one or more fields indicating
at least one of following: an indication indicating whether the group-common DCI is for an
activation or deactivation of a UL BWP, a target active UL BWP (e.g., a new active UL
BWP), a source active UL BWP (e.g., a current active UL BWP), a target default UL BWP
(e.g., anew default UL BWP), a source default UL BWP (e.g., a current default UL BWP), at
least one UL assignment associated with the target active BWP, or at least one UL grant
associated with the target active BWP.

[00345] In an example embodiment, the group-common DCI may be scrambled by a RNTI,
wherein the RNTI may allocated/assigned/transmitted via at least one UE-specific RRC
signaling/message. For example, gNB may transmit, to a UE, the at least one UE-specific
RRC signaling/message that may comprise the RNTI. The RNTI may be shared by a plurality
of UEs.

[00346] In an example embodiment, a size of the group-common DCI may be fixed and/or
semi-statistically updated via at least one RRC signaling/message to reduce processing
complexity for DCI decoding at the UE side. The at least one RRC signaling/message may be
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UE-specific. In an example, if a size of a group-common DCI is not informed/known to a UE,
the UE may search the group-common DCI from a common search space in a PDCCH with a
plurality of possible sizes (e.g., brute force searching). The size predetermined and/or
informed to the UE before detecting the group-common DCI may alleviate processing
overhead for detecting and/or decoding the group-common DCI at a UE side. The size of the
group-common DCI may be predetermined and/or informed to a UE before the UE receives
the group-common. In an example, the size of the group-common DCI may be configured
with a UE via L1 signaling (e.g., via DCI) before the UE starts to monitor a PDCCH (e.g.,
CORESET in a current active DL BWP) for the group-common DCI. In an example, the size
of the group-common DCI may be updated via L1 signaling (e.g., via DCI) before the UE
starts to monitor a PDCCH (e.g., CORESET in a current active DL BWP) for the group-
common DCI. In an example, a group-common DCI may comprise one or more dummy fields
(e.g., zero padding) to keep (or to adjust) a size of a group-common DCI.

[00347] In an example, a format of the group-common DCI may be fixed and/or semi-
statistically updated via at least one RRC signaling/message. In an example, the group-
common DCI, whose size is fixed and/or semi-statistically configured may comprise an
indicator/identifier, wherein a UE may identify a format of the group-common DCI based on
the indicator/identifier.

[00348] In an example, a group-common DCI may comprise one or more dummy fields
(e.g., zero padding).

[00349] Index-based group common DCI 1////1//11111111111111

[00350] In an example embodiment, a gNB may employ an index-based group-common DCI
to indicate activation/deactivation and/or switching of an active DL, UL, or DL/UL pair BWP
and/or a default DL, UL, or DL/UL pair BWP for one or more UEs. For example, the index-
based group-common DCI may comprise at least one field indicating a target BWP and one or
more indicators, wherein one of the one or more indictors may be associated with one of the
one or more UEs and may indicate whether the target BWP is a new active BWP for the one
of the one or more UEs. For example, the target BWP may be indicated in the at least one
field as an index of a new active DL (UL, or DL/UL pair) BWP. For example, one or more
indices of DL (UL, or DL/UL pair) BWPs may be informed/configured via at least one RRC
signaling/message that may be UE-specific and/or cell-specific, e.g., via broadcasting system
information such as RMSI. For example, the index may be one of the one or more indices. For
example, a UE may identify, based on an index, its associated indicator from the one or more
indicators. For example, the gNB may configure the UE with the index via at least one RRC
message/signaling. For example, the index may indicate which indicator is associated with the
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UE, e.g., a position (or location) of the associated indicator, among the one or more
indicators. For example, if a UE is configured with index k, the k-th indicator of the one or
more indicators may be associated with the UE. In an example, the indicator may indicate
whether the target BWP, indicated in the at least one field, is applied to a UE associated with
the indicator. For example, the indicator may be 1 bit. For example, one value (e.g., a value of
1) in the indicator may indicate that the UE switches an active BWP to the target BWP (or
(re)selects the target BWP as an active BWP), and another value (e.g., a value of O0) may
indicate that the target BWP is not applied to the UE.

[00351] FIG.15 is example diagrams illustrating an example index-based group common
DCI as per an aspect of an embodiment of the present invention. In FIG. 15, a UE may
receive at least one RRC signal/message comprising at least one of a first RNTI, a first index,
or one or more identifiers associated with one or more BWPs configured in a cell. For
example, an active and/or default DL, UL, or DL/UL pair BWP may be one of the one or
more BWPs. The UE may receive an index-based group common DCI scrambled by the first
RNTI. A size of the index-based group common DCI may be fixed and/or
informed/determined via at least one RRC signal/message. The index-based group common
DCI may comprise one or more dummy fields/variables/bits (e.g., zero padding) that may be
employed by a gNB to match a size of the index-based group common DCI. The index-based
group common DCI may comprise one of the one or more identifiers and one or more
indicators. The UE may identify its associated indicator based on the first index and may
determine, based on a value of the its associated indicator, whether to switch an active BWP
to a target BWP associated with the one of the one or more identifiers.

[00352] In anexample, a first UE may receive a first index-based group-common DCI,
wherein the first index-based group-common DCI may comprise a field indicating a first
target BWP and at least a first indicator associated with the first UE. The first UE may
identify the first indicator based on a first index configured via a UE-specific RRS
signaling/message. Depending on a value of the first indicator, the first UE may
switch/(re)select an active BWP to the first target BWP. The first UE may restart a first BWP
inactive timer associated with the active BWP in response to receiving the first index-based
group-common DCI. The first UE may restart the first BWP inactive timer associate with the
active BWP when the first target BWP is applied to the first UE.

[00353] In an example, a wireless device may receive, from a base station, at least one RRC
message comprising one or more parameters for indicating at least one of following: one or
more bandwidth parts (BWPs) for the cell; an indicator indicating one of the one or more
BWPs as a default BWP for the cell; an information element (IE) indicating a group-common
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downlink control information (DCI) size and/or format for the cell; an index of the wireless
device; or an RNTIL The wireless device may attempt a detection of a PDCCH with a group-
common DCI at least based on a size associated with the IE, wherein the group-common DCI
comprising at least one of following: an BWP identifier associated with one of the one or
more BWPs; or one or more indicators. The wireless device may determine whether to switch
a BWP to a first BWP associated the at least one BWP identifier, depending on a first
indicator associated with the wireless device, wherein a position of the first indicator is
identified at least based on the index of the wireless device. In an example, the group-
common DCI may be scrambled by at least the RNTI. In an example, the BWP may be one of
following: an active UL BWP; an active DL BWP; an active UL/DL pair BWP; a default UL
BWP; a default DL BWP; or a default UL/DL pair BWP.

[00354] Index-based group common DCI 2/////11111111111111T11

[00355] In an example embodiment, a gNB may employ a group-common DCI comprising
one or more BWP identifiers. For example, one of the one or more BWP identifiers may be
associated with a UE and may indicate a target BWP (e.g., a new default DL, UL, or DL/UL
pair BWP, or a new active DL, UL, or DL/UL pair BWP) for the UE. For example, one or
more indices of DL, UL, or DL/UL pair BWPs may be informed/configured via at least one
RRC signaling/message that may be UE-specific and/or cell-specific, e.g., via broadcasting
system information such as RMSI. The one of the one or more BWP identifiers may be one of
the one or more indices of DL (UL, or DL/UL pair) BWPs. In an example, a UE may identify,
based on an index, its associated BWP identifier from the one or more BWP identifiers. For
example, the gNB may configure the UE with the index via at least one RRC
message/signaling. For example, the index may indicate which BWP identifier is associated
with the UE, e.g., a position (or location) of the associated BWP identifier, among the one or
more BWP identifier. For example, if a UE is configured with index k, the k-th BWP
identifier of the one or more BWP identifier may be associated with the UE. For example, the
BWP identifier may be 1, 2, or 3 bits for a cell with 2, 4, or 8 BWP candidates, respectively.
For example, when the UE receives a group-common DCI comprising one or more BWP
identifiers, a BWP identifier associated with the UE may indicate a current active BWP. In
this case, the UE may reselect the current active BWP as an active BWP (e.g., may not to
switch a current active BWP). The UE may restart a BWP inactive timer if the current active
BWP is not a default BWP. The UE may not restart a BWP inactive timer if the current active
BWP is not a default BWP. For example, when the UE receives a group-common DCI
comprising one or more BWP identifiers, a BWP identifier associated with the UE may
indicate a first BWP different from a current active BWP. In this case, the UE may switch a
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current active BWP to the first BWP. The UE may restart a BWP inactive timer if the first
BWP is not a default BWP.

[00356] FIG.16 is example diagrams illustrating an example group common DCI comprising
one or more BWP identifiers as per an aspect of an embodiment of the present invention. In
FIG. 16, a UE may receive at least one RRC signal/message comprising at least one of a first
RNTI, a first index, or one or more identifiers associated with one or more BWPs configured
in a cell. For example, an active and/or default DL, UL, or DL/UL pair BWP may be one of
the one or more BWPs. The UE may receive a group common DCI comprising one or more
BWP identifiers, scrambled by the first RNTI. A size of the group common DCI may be fixed
and/or informed/determined via at least one DCI or RRC signal/message. The group common
DCI may comprise one or more dummy fields/variables/bits (e.g.. zero padding) that may be
employed by a gNB to match a size of the group common DCI. The group common DCI may
comprise one or more BWP identifiers indicating one or more target active or default (DL,
UL, or DL/UL pair) BWP for one or more UEs. The UE may identify its associated BWP
identifier based on the first index. The UE may determine whether to switch an active BWP to
a target BWP associated with the its associated BWP identifierif a current active BWP is
different from the target BWP.

[00357] In an example, a wireless device may receive, from a base station, at least one RRC
message comprising one or more parameters for indicating at least one of following: one or
more bandwidth parts (BWPs) for the cell; an BWP identifier indicating one of the one or
more BWPs as a default BWP for the cell; an information element (IE) indicating a
group-common downlink control information (DCI) size and/or format for the cell; an index
of the wireless device; or an RNTI. The wireless device may attempt, at least based on a size
associated with the IE, a detection of a PDCCH with a group-common DCI comprising one or
more BWP identifiers, wherein the wireless device may identify a first BWP identifier from
the one or more BWP identifiers at least based on the index of the wireless device. The
wireless device may switch a BWP to a first BWP indicated by the first BWP identifier if the
BWP is different from the first BWP. In an example, the group-common DCI may be
scrambled by at least the RNTI. In an example, the first BWP identifier may be associated
with one of the one or more BWPs. In an example, the BWP may be one of following: an
active UL BWP; an active DL BWP; an active UL/DL pair BWP; a default UL BWP; a
default DL BWP; or a default UL/DL pair BWP.

[00358]  Group common DCI 3////111111111HTHHHTTHT

[00359] In an example embodiment, a gNB may employ a group-common DCI to indicate
activation/deactivation and/or switching of an active DL, UL or DL/UL pair BWP and/or a
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default DL, UL or DL/UL pair BWP for one or more UEs. For example, the group-common
DCI may comprise at least one field indicating a target BWP and one or more UE identifiers,
wherein one of the one or more UE identifiers may be associated with one of the one or more
UEs. For example, the target BWP may be indicated in the at least one field as an index of a
new active DL, UL, or DL/UL pair BWP. For example, one or more indices of DL, UL, or
DL/UL pair BWPs may be informed/configured via at least one RRC signaling/message that
may be UE-specific and/or cell-specific, e.g., via broadcasting system information such as
RMSI. For example, the index may be one of the one or more indices. For example, a UE may
determine, based on a presence or an absence of an UE identifier associated with the UE in
the group-common DCI, if the target BWP indicated in the at least one field is applied to the
UE or not. For example, the gNB may configure the UE with the UE identifier via at least one
RRC message/signaling. For example, the UE identifier may be a C-RNTI
assigned/configured/allocated to the UE. For example, the UE identifier may be associated
with the C-RNTI, e.g., truncated C-RNTI. For example, the UE identifier may be separately
assigned/configured/allocated to the UE by the gNB via at least one UE-specific RRC
message/signal. For example, when the UE receives a group-common DCI comprising at least
one field indicating a target BWP and one or more UE identifiers, the target BWP may
indicate a current active BWP. In this case, if the group-common DCI comprises a UE
identifier associated with the UE, the UE may reselect the current active BWP as an active
BWP (e.g., may not to switch a current active BWP). The UE may restart a BWP inactive
timer if the current active BWP is not a default BWP. The UE may not restart a BWP inactive
timer if the current active BWP is not a default BWP. For example, when the UE receives a
group-common DCI comprising at least one field indicating a target BWP and one or more
UE identifiers, the target BWP may indicate a first BWP different from a current active BWP.
In this case, if the group-common DCI comprises a UE identifier associated with the UE, the
UE may switch a current active BWP to the first BWP. The UE may restart a BWP inactive
timer if the first BWP is not a default BWP. For example, when the UE receives a group-
common DCI comprising at least one field indicating a target BWP and one or more UE
identifiers that is not associated with the UE, the UE may ignore/abandon/discard the group-
common DCI.

[00360] FIG.17 is example diagrams illustrating an example group common DCI as per an
aspect of an embodiment of the present invention. In FIG. 17, a UE may receive at least one
RRC signal/message comprising at least one of a first RNTL a first UE identifier, or one or
more identifiers associated with one or more BWPs configured in a cell. For example, an
active and/or default DL, UL, or DL/UL pair BWP may be one of the one or more BWPs. The
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UE may receive a group common DCI scrambled by the first RNTI. A size of the group
common DCI may be fixed and/or informed/determined via at least one DCI or RRC
signal/message. The group common DCI may comprise one or more dummy
fields/variables/bits (e.g., zero padding) that may be employed by a gNB to match a size of
the group common DCI. The group common DCI may comprise at least one field indicating a
target BWP and one or more UE identifiers. The UE may switch (or (re)select) an active
BWP to (resp. as) the target BWP if the one or more UE identifiers comprise the first UE
identifier.

[00361]  Group common DCI &4////1/11111111111111]

[00362] In an example embodiment, a gNB may employ a group-common DCI to indicate
activation/deactivation and/or switching of an active DL, UL or DL/UL pair BWP and/or a
default DL, UL or DL/UL pair BWP for one or more UEs. For example, the group-common
DCI may comprise at least one BWP field, wherein the at least one BWP field comprise at
least one field indicating a target BWP and a UE identifier. For example, the UE may be
associated with one of the one or more UEs. For example, the target BWP may be indicated in
the at least one field as an index of a new active DL, UL, or DL/UL pair BWP. For example,
one or more indices of DL, UL, or DL/UL pair BWPs may be informed/configured via at least
one RRC signaling/message that may be UE-specific and/or cell-specific, e.g., via
broadcasting system information such as RMSI. For example, the index may be one of the
one or more indices. For example, a UE may determine, based on a presence or an absence of
an UE identifier associated with the UE in the group-common DCI, if the target BWP
indicated in the at least one field is applied to the UE or not. For example, the gNB may
configure the UE with the UE identifier via at least one RRC message/signaling. For example,
the UE identifier may be a C-RNTI assigned/configured/allocated to the UE. For example, the
UE identifier may be associated with the C-RNTI, e.g., truncated C-RNTI. For example, the
UE identifier may be separately assigned/configured/allocated to the UE by the gNB via at
least one UE-specific RRC message/signal. For example, when the UE receives a group-
common DCI comprising one or more BWP fields, the UE may attempt to detect at least one
BWP field from the one or more BWP fields based on a UE identifier associated with the UE.
For example, if a size of a BWP field may be fixed, the UE may identify the UE identifier
from the group-common DCI. If the group-common DCI does not comprise the UE identifier,
the UE may ignore/abandon/discard the group-common DCI. If the group-common DCI
comprises the UE identifier, the UE may switch an active BWP to a target BWP, wherein the
group-common DCI comprises at least one BWP filed comprising the UE identifier and the
target BWP. For example, the target BWP may indicate a current active BWP. In this case,
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the UE may reselect the current active BWP as an active BWP (e.g., may not to switch a
current active BWP). The UE may restart a BWP inactive timer if the current active BWP is
not a default BWP. The UE may not restart a BWP inactive timer if the current active BWP is
not a default BWP. If the group-common DCI comprises the UE identifier and a first target
BWP is different from a current active BWP, the UE may switch the current active BWP to
the first target BWP, wherein the group-common DCI comprises at least one BWP filed
comprising the UE identifier and the first target BWP. The UE may restart a BWP inactive
timer if the first target BWP is not a default BWP.

[00363] In an example, a wireless device may receive, from a base station, at least one RRC
message comprising grant-free configuration parameters for indicating at least one of
following: one or more bandwidth parts (BWPs); an indicator indicating one of the one or
more BWPs as a default BWP; an information element (IE) indicating a group-common
downlink control information (DCI) size and/or format; a first identifier of the wireless
device; or an RNTI. The wireless device may attempt a detection of a PDCCH with a group-
common DCI at least based on a size associated with the one of the at least one IE, wherein
the group-common DCI comprising at least one BWP identifier associated with one of the one
or more BWPs. The wireless device may determine, depending on a presence or an absence of
the first identifier in the group-common DCI, whether to switch a BWP to a first BWP
associated with the at least one BWP identifier. In an example, the group-common DCI may
be scrambled by at least the RNTI. In an example, the BWP may be one of following: an
active UL BWP; an active DL BWP; an active UL/DL pair BWP; a default UL BWP; a
default DL BWP; or a default UL/DL pair BWP.

[00364] FIG.18 is example diagrams illustrating an example group common DCI as per an
aspect of an embodiment of the present invention. In FIG. 18, a UE may receive at least one
RRC signal/message comprising at least one of a first RNTL a first UE identifier, or one or
more identifiers associated with one or more BWPs configured in a cell. For example, an
active and/or default DL, UL, or DL/UL pair BWP may be one of the one or more BWPs. The
UE may receive a group common DCI scrambled by the first RNTI. A size of the group
common DCI may be fixed and/or informed/determined via at least one DCI or RRC
signal/message. The group common DCI may comprise one or more dummy
fields/variables/bits (e.g., zero padding) that may be employed by a gNB to match a size of
the group common DCI. The group common DCI may comprise at least one BWP field that
may comprise a UE identifier and a BWP identifier that may indicates one of the one or more

BWPs for a first UE associated with the UE identifier. The UE may switch (or (re)select) an
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active BWP to (resp. as) the target BWP indicated by the BWP identifier if the first UE
associated with the UE identifier is matched (corresponding/the same to) the UE.

[00365] In this specification, “a” and “an” and similar phrases are to be interpreted as “at
least one” and “one or more.” In this specification, the term “may” is to be interpreted as
“may, for example.” In other words, the term “may” is indicative that the phrase following
the term “may” is an example of one of a multitude of suitable possibilities that may, or may
not, be employed to one or more of the various embodiments. If A and B are sets and every
element of A is also an element of B, A is called a subset of B. In this specification, only
non-empty sets and subsets are considered. For example, possible subsets of B = {celll,
cell2} are: {celll}, {cell2}, and {celll, cell2}.

[00366] In this specification, parameters (Information elements: IEs) may comprise one or
more objects, and each of those objects may comprise one or more other objects. For
example, if parameter (IE) N comprises parameter (IE) M, and parameter (IE) M comprises
parameter (IE) K, and parameter (IE) K comprises parameter (information element) J, then,
for example, N comprises K, and N comprises J. In an example embodiment, when one or
more messages comprise a plurality of parameters, it implies that a parameter in the plurality
of parameters is in at least one of the one or more messages, but does not have to be in each of
the one or more messages.

[00367] Many of the elements described in the disclosed embodiments may be implemented
as modules. A module is defined here as an isolatable element that performs a defined
function and has a defined interface to other elements. The modules described in this
disclosure may be implemented in hardware, software in combination with hardware,
firmware, wetware (i.e hardware with a biological element) or a combination thereof, all of
which are behaviorally equivalent. For example, modules may be implemented as a software
routine written in a computer language configured to be executed by a hardware machine
(such as C, C++, Fortran, Java, Basic, Matlab or the like) or a modeling/simulation program
such as Simulink, Stateflow, GNU Octave, or LabVIEWMathScript. Additionally, it may be
possible to implement modules using physical hardware that incorporates discrete or
programmable analog, digital and/or quantum hardware. Examples of programmable
hardware comprise: computers, microcontrollers, microprocessors, application-specific
integrated circuits (ASICs); field programmable gate arrays (FPGAs); and complex
programmable logic devices (CPLDs). Computers, microcontrollers and microprocessors are
programmed using languages such as assembly, C, C++ or the like. FPGAs, ASICs and
CPLDs are often programmed using hardware description languages (HDL) such as VHSIC
hardware description language (VHDL) or Verilog that configure connections between
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internal hardware modules with lesser functionality on a programmable device. Finally, it
needs to be emphasized that the above mentioned technologies are often used in combination
to achieve the result of a functional module.

[00368] The disclosure of this patent document incorporates material which is subject to
copyright protection. The copyright owner has no objection to the facsimile reproduction by
anyone of the patent document or the patent disclosure, as it appears in the Patent and
Trademark Office patent file or records, for the limited purposes required by law, but
otherwise reserves all copyright rights whatsoever.

[00369] While various embodiments have been described above, it should be understood that
they have been presented by way of example, and not limitation. It will be apparent to
persons skilled in the relevant art(s) that various changes in form and detail can be made
therein without departing from the spirit and scope. In fact, after reading the above
description, it will be apparent to one skilled in the relevant art(s) how to implement
alternative embodiments. Thus, the present embodiments should not be limited by any of the
above described exemplary embodiments. In particular, it should be noted that, for example
purposes, the above explanation has focused on the example(s) using FDD communication
systems. However, one skilled in the art will recognize that embodiments of the invention
may also be implemented in a system comprising one or more TDD cells (e.g. frame structure
2 and/or frame structure 3-licensed assisted access). The disclosed methods and systems may
be implemented in wireless or wireline systems. The features of various embodiments
presented in this invention may be combined. One or many features (method or system) of
one embodiment may be implemented in other embodiments. Only a limited number of
example combinations are shown to indicate to one skilled in the art the possibility of features
that may be combined in various embodiments to create enhanced transmission and reception
systems and methods.

[00370] In addition, it should be understood that any figures which highlight the
functionality and advantages, are presented for example purposes only. The disclosed
architecture is sufficiently flexible and configurable, such that it may be utilized in ways other
than that shown. For example, the actions listed in any flowchart may be re-ordered or only
optionally used in some embodiments.

[00371]  Further, the purpose of the Abstract of the Disclosure is to enable the U.S. Patent
and Trademark Office and the public generally, and especially the scientists, engineers and
practitioners in the art who are not familiar with patent or legal terms or phraseology, to

determine quickly from a cursory inspection the nature and essence of the technical disclosure
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of the application. The Abstract of the Disclosure is not intended to be limiting as to the
scope in any way.

[00372] Finally, it is the applicant's intent that only claims that include the express language
"means for" or "step for" be interpreted under 35 U.S.C. 112, paragraph 6. Claims that do not
expressly include the phrase "means for" or "step for" are not to be interpreted under 35

US.C. 112.
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FIG. 11E eLTE eNB connected to NGC
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FIG. 12A Radio protocol architecture for split bearer and SCG bearer. LTE eNB
connected to EPC with non-standalone gNB.
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FIG. 12B Radio protocol architecture for split bearer and SCG bearer. gNB

connected to NGC with non-standalone eLTE eNB.
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FIG. 12C Radio protocol architecture for split bearer and SCG bearer. eLTE eNB
connected to NGC with non-standalone gNB.
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