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The International Bureau certifies that a copy of the patent application indicated
below has been available to the WIPO Digital Access Service since the date of
availability indicated, and that the patent application has been available to the
indicated Office(s) as of the date specified following the relevant Office code:

Document details:  Country/Office: US
Filing date: 10 Jan 2019 (10.01.2019)
Application number: 62790884

Date of availability of document: 25 Jan 2019 (25.01.2019)

The following Offices can retrieve this document by using the access code:
JP, GE, NZ, EA, BR, GB, CA, NO, IB, MA, FI, DK, US, AR, SE, KR,
IL, IN, AU, EP, ES, NL, EE, CN, CL
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THIS IS TO CERTIFY THAT ANNEXED HERETO IS A TRUE COPY FROM
THE RECORDS OF THE UNITED STATES PATENT AND TRADEMARK
OFFICE OF THOSE PAPERS OF THE BELOW IDENTIFIED PATENT

APPLICATION THAT MET THE REQUIREMENTS TO BE GRANTED A
FILING DATE UNDER 35 USC 111.

APPLICATION NUMBER: 62/790,884
FILING DATE: January 10, 2019

THE COUNTRY CODE AND NUMBER OF YOUR PRIORITY
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Doc Code: PAL
PTO/AIAS2A (07-13)

Document Description: Power of Altorney Approved for use through 11/3G12G14. OMB 0851-0081
U.3. Patert and Trademark O U.38.DE TMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required 1o 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 forn is to be submitted with the Power of Attormey by Applicant form (PTO/AIANS2B) to identify the application to which the
Power of Attorney is directad, 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 naither form PTO/AIA/BZA nor form PTO/AIAB2B identifies the application to which the Power of Atfornsy is
directed, the Power of Attorney will not be recognized in the application.

Application Number (not yet assigned)

Filing Date (concurrently herewith)

First Named Inventor Kazunari Yokomakura

Title SYNCHRONIZATION FOR VZ2X COMMUNICATION

Art Unit

Examiner Name

Attorney Docket Number | SLAZ888P

SIGNATURE of Applicant or Patent Practitioner
Signature fWesley L. Austin/ Pate optoneh 1 (01/10/2019

Name Wesley L. Austin iegiitfatim 42273
umper

Title (if Applicantis a
juristic entity)

Applicant Name (if Applicant is a juristic entity)

NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4{d} for signhature requirements and cerifications, if
more than one applicant, use mulliple forms.

“Total of 3 forms are submitted.

This collection of information is required by 37 CFR 1.131, 1.32, and 1.33. The information is required to obiain or retain a benefit by
the public which is to file (and by the USPTO {o process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR
1.11 and 1.14. This collection is estimaled to take 3 minutes o complete, including gathering, preparing, and submitling the completad
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you reqguire
0 complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Cfficer, 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-FT0-9198 and sefect option 2.



Doc Code: PA..

L PTO/AIA/82B (07-13)
Document Description: Power of Attorney Approved for se through 01/31/2018, OMB 06510035

U.8. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1985, no persons are required to respond to a collection of Information unless It displays a valid OMB control number

POWER OF ATTORNEY BY APPLICANT

! hereby revoke all previous powers of attorney given in the application identified in either the attached transmittal letter or
the boxes below.

Application Number Filing Date

{Note: The boxes above may be left blank if information is provided on form PTO/AIA/82A.)

| hereby appoint the Patent Practitioner(s) associated with the following Customer Number as my/our attorney(s) or agent(s), and

to transact all business in the United States Patent and Trademark Office connected therewith for the application referenced in
the attached transmittal letter (form PTO/AIA/82A) or identified above:

OR 50735

I:I | hereby appoint Practitioner(s) named in the attached list (form PTO/AIA/82C) as my/our attorney(s) or agent(s), and to transact
all business In the United States Patent and Trademark Office connected therewith for the patent application referenced in the
attached transmittal letter (form PTO/AIA/82A) or identified above. (Note: Complete form PTO/AIA/82C.)

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

The address associated with the above-mentioned Customer Number
OR

D The address associated with Customer Number: 7 ‘
OR

I:I Firm or
Individual Name

Address

City | state | [ Zip
Country
Telephone | Email |

| am the Applicant (if the Applicant Is a juristic entity, list the Applicant name in the box):

Sharp Laboratories of America, Inc.

I:[ Inventor or Joint Inventor (title not required below)

I:l Legal Representative of a Deceased or Legally Incapacitated Inventor (title not required below)

Assignee or Person to Whom the Inventor is Under an Obligation to Assign (provide signer’s title if applicant is a juristic entity)

[_—_I Person Who Otherwise Shows Sufficient Proprietary Interest (e.g., a petition under 37 CFR 1.46(b)(2) was granted in the
application or is concurrently being filed with this document) (provide signer’s title if applicant is a juristic entity)

SIGNATURE of Applicant for Patent
The undersigned (whose title is supplied below) is authorized to act on behalf of the applicant (e.g., where the applicant is a juristic entity).

Signature /David C. Ripma/ | Date (Optional) I
Name David C, Ripma
Title V. P. and Patent Counsel of MiiCs [P, Inc. a subsidiary of SBPJ Co., Ltd. and Sharp Corporation

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

Total of 3 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. Cenfidentiality 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 complsted 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.
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Doc Ceode: PA..

Document Description: Power of Attorney R (07-13)

Approved for use through 01/31/2018. OMB 0651-0035

U.8. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Redustion Act of 1985, no persons are required to respond to a collection of infarmation unless it displays a valid OMB control nuraber

POWER OF ATTORNEY BY APPLICANT

| hereby revoke all previous powers of attorney given in the application identified in either the attached transmittal letter or
the boxes below.

Application Number Filing Date

(Note: The boxes above may be left blank if information is provided on form PTO/AIA/82A,)

A

| hereby appoint the Patent Practitioner(s) associated with the following Customer Number as my/our attorney(s) or agent(s), and

to transact all business in the United States Patent and Trademark Office connected therewith for the application referenced in
the attached transmittal letter (form PTO/AIA/B2A) or identified above:

o SOT38

I'hereby appoint Practitioner(s) hamed in the attached list (form PTO/AIA/B2C) as myfour attorney(s) or agent(s), and to transact
all business Ih the United States Patent and Trademark Office connected therewith for the patent application referenced in the
attached transmittal letter (form PTOJ/AIA/B2A) or identified above. (Note: Complete form PTO/AIA/82C.)

)

[]

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

The address associated with the above-mentioned Customer Number
OR
The address associated with Customer Number:
OR

Firm or
Individual Name

Ll O

Address
City
Country

| State | Zip

Telephone | Email I

| am the Applicant (ifthe Applicant is a juristic entity, list the Applicant name in the box):;

FG Innovation Company Limited

[:] Inventor or Joint Inventor (title hot required below)

[] Legal Representative of a Deceased or Legally Incapaditated Inventor (title not required below)

Assignee or Person to Whom the Inventor is Under an Obligation to Assign (provide signer's title if applicant is a juristic entity)

Person Who Otherwise Shows Sufficient Proprietary Interest (e.g., a petition under 37 CFR 1.46(b)(2) was granted in the
application or is concurrently being filed with this document) (provide signer's title if applicant is a juristic entity)

SIGNATURE of Applicant for Patent
The undersigned (whose title Is supplled below) is authorized to act on behalf of the applicant (e.g., where the applicant is a juristic entity).

Signature b Mad 7oy | Date (Optional) |
Name CHE-MNG ooy ¢ 7 TN
Title CEO
NOTE: Signature - This form must be signed by the applicant In accordance with 37 CFR 1.33. See 37 CFR 1.4 for signature requirements
and certifications, if more than one applicant, use multiple forms,
Total of 3 forms are submitted,
"-rhis collection of information is required by 37 CFR 1,131, 1.32, and 1.33. The information is required {o abtain or retain a benefit by the public which is to file (and by the

USPTO to process) an application, Confidentiality s governed by 35 U,8.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 tpon the individual sase. Any comments on the amount
of time you require to cotnplete 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: Gommissioner
for Patents, P.O, Box 1450, Alexandita, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTO-8199 and select aption 2.



PTO/AIA/14 (02-18)
Approved for use through 11/30/2020. OMB 0651-0032
U.S. Patent and Trademark Cffice; U.S. DEPARTMENT OF COMMERCE

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

Attorney Docket Number | SLA3888FP

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | SYNCHRONIZATION FOR V2X COMMUNICATION

The application data sheet is part of the provisional or nonprovisional application for which it is being submitted. The following form contains the
bibliographic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.786.

This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the
document may be printed and included in a paper filed application.

Secrecy Order 37 CFR 5.2:

] Portions or all of the application associated with this Application Data Sheet may fall under a Secrecy Order pursuant to
37 CFR 5.2 (Paper filers only. Applications that fall under Secrecy Order may not be filed electronically.)

Inventor Information:

Remove
Inventor |1

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
| El Kazunari Yokomakura | El
Residence Information (Select One) e US Residency Non US Residency Active US Military Service

City | fvancouver State/Province lNA Country of Residencd | S

Mailing Address of Inventor:

Address 1 3100 SE 168th Ave, Apt 334

Address 2

City \ancouver State/Province | |WA

Postal Code | |es6s3 Countryi ‘ |US

Inventor 2

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
| El lohn r\llichael Kowalski | El
Residence Information (Select One) (@ US Residency Non US Residency Active US Military Service

City | vancouver State/Province lNA Country of Residencd | S

Mailing Address of Inventor:

Address 1 19116 NE 29th Drive

Address 2

City \ancouver State/Province | IWA

Postal Code | |98684 Countryi ‘ |US

Inventor 3

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
| El Il'atsushi | lt\iba | El
Residence Information (Select One) (8) US Residency Non US Residency Active US Military Service

EFS Web 2.2.13



PTO/AIAI14 (02-18)

Approved for use through 11/30/2020. OMB 0651-0032

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

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

Attorney Docket Number | SLA3888P

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | SYNCHRONIZATION FOR V2X COMMUNICATION

City | Mancouver State/Province | WA Country of Residencd | PS

Mailing Address of Inventor:

Address 1 500 SE 177th Ave.

Address 2 Apt. K109

City W ancouver State/Province | |WA
Postal Code | |98683 Countryi ‘ |US

All Inventors Must Be Listed - Additional Inventor Information blocks may be

generated within this form by selecting the Add button. Add

Correspondence Information:

Enter either Customer Number or complete the Correspondence Information section below.
For further information see 37 CFR 1.33(a).

[ ] An Address is being provided for the correspondence Information of this application.

Customer Number h0735

Email Address uspto@austin-rapp.com | AddEmail | [Remove Email

Application Information:

Title of the Invention SYNCHRONIZATION FOR V2X COMMUNICATION

Attorney Docket Number| [SLA3888P Small Entity Status Claimed [ ]

Application Type Provisional -
Subject Matter Utility -
Total Number of Drawing Sheets (if any) 19 Suggested Figure for Publication (if any) | |1

Filing By Reference:

Only complete this section when filing an application by reference under 35 U.S.C. 111(c) and 37 CFR 1.57{a). Do not complete this section if
application papers including a specification and any drawings are being filed. Any domestic benefit or foreign priority information must be
provided in the appropriate section(s) below (i.e., "Domestic Benefit/National Stage Information” and “Foreign Priority Information”).

For the purposes of afiling date under 37 CFR 1.53(b), the description and any drawings of the present application are replaced by this
reference to the previously filed application, subject to conditions and requirements of 37 CFR 1.57(a). .
]
Application number of the previously Filing date (YYYY-MM-DD) Intellectual Property Authority or Country
filed application

Publication Information:
[] Request Early Publication (Fee required at time of Request 37 CFR 1.219)

Request Not to Publish. | hereby request that the attached application not be published under

35 U.S.C. 122(b}) and certify that the invention disclosed in the attached application has not and will not be the
subject of an application filed in another country, or under a multilateral international agreement, that requires
publication at eighteen months after filing.

EFS Web 2.2.13



PTO/AIAI14 (02-18)

Approved for use through 11/30/2020. OMB 0651-0032

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

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

Attorney Docket Number | SLA3888P

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | SYNCHRONIZATION FOR V2X COMMUNICATION

Representative Information:

Representative information should be provided for all practitioners having a power of attorney in the application. Providing
this information in the Application Data Sheet does not constitute a power of attorney in the application {see 37 CFR 1.32).

Either enter Customer Number or complete the Representative Name section below. If both sections are completed the customer
Number will be used for the Representative Information during processing.

Please Select One: ® Customer Number US Patent Practitioner () Limited Recognition (37 CFR 11.9)
Customer Number h0735

Domestic Benefit/National Stage Information:

This section allows for the applicant to either claim benefit under 35 U.S.C. 119(e), 120, 121, 365(c), or 386(c) or indicate
National Stage entry from a PCT application. Providing benefit claim information in the Application Data Sheet constitutes
the specific reference required by 35 U.S.C. 119{e) or 120, and 37 CFR 1.78.

When referring to the current application, please leave the “Application Number” field blank.

Prior Application Status v Remove
Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)

-

Additional Domestic Benefit/National Stage Data may be generated within this form A
by selecting the Add button.

Foreign Priority Information:

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet
conslitutes the claim for priority as required by 35 U.S.C. 119(b) and 37 CFR 1.55. When priority is claimed to a foreign application
that is eligible for retrieval under the priority document exchange program (F’DX)I the information will be used by the Office to
automatically attempt retrieval pursuant to 37 CFR 1.55(i){(1) and {2). Under the PDX program, applicant bears the ultimate
responsibility for ensuring that a copy of the foreign application is received by the Office from the participating foreign intellectual
property office, or a certified copy of the foreign priority application is filed, within the time period specified in 37 CFR 1.55(g)(1).

Remove

Application Number Countryi Filing Date (YYYY-MM-DD) Access Code (if applicable)

Additional Foreign Priority Data may be generated within this form by selecting the
Add button. Add

EFS Web 2.2.13



PTO/AIA/14 (02-18)
Approved for use through 11/30/2020. OMB 0651-0032

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

. Attorney Docket Number | SLA3888P
Application Data Sheet 37 CFR 1.76 —
Application Number

Title of Invention | SYNCHRONIZATION FOR V2X COMMUNICATION

Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition
Applications

This application (1) claims priority to or the benefit of an application filed before March 16, 2013 and (2) also

contains, or contained at any time, a claim to a claimed invention that has an effective filing date on or after March
[] 16, 2013.

NOTE: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on or after March
16, 2013, will be examined under the first inventor to file provisions of the AlA.

EFS Web 2.2.13



PTO/AIAI14 (02-18)

Approved for use through 11/30/2020. OMB 0651-0032

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

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

. Attorney Docket Number | SLA3888P
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | SYNCHRONIZATION FOR V2X COMMUNICATION

Authorization or Opt-Out of Authorization to Permit Access:

When this Application Data Sheet is properly signhed and filed with the application, applicant has provided written
authority to permit a participating foreign intellectual property {IP) office access to the instant application-as-filed (see
paragraph A in subsection 1 below) and the European Patent Office (EPO) access to any search results from the instant
application (see paragraph B in subsection 1 below).

Should applicant choose not to provide an authorization identified in subsection 1 below, applicant must opt-out of the
authorization by checking the corresponding box A or B or bath in subsection 2 below.

NOTE: This section of the Application Data Sheet is ONLY reviewed and processed with the INITIAL filing of an
application. After the initial filing of an application, an Application Data Sheet cannot be used to provide or rescind
authorization for access by a foreign IP office(s). Instead, Form PTO/SB/39 or PTO/SB/69 must be used as appropriate.

1. Authorization to Permit Access by a Foreign Intellectual Property Office(s)

A. Priority Document Exchange (PDX) - Unless box A in subsection 2 (opt-out of authorization) is checked, the
undersigned hereby grants the USPTO authority to provide the European Patent Office (EPQ), the Japan Patent Office
(JPO), the Korean Intellectual Property Office (KIPQ), the State Intellectual Property Office of the People’s Republic of
China (SIPO), the World Intellectual Property Organization (WIPO), and any other foreign intellectual property office
participating with the USPTO in a bilateral or multilateral priority document exchange agreement in which a foreign
application claiming priority to the instant patent application is filed, access to: (1) the instant patent application-as-filed
and its related bibliographic data, (2) any foreign or domestic application to which priority or benefit is claimed by the
instant application and its related bibliographic data, and (3) the date of filing of this Authorization. See 37 CFR 1.14(h)

(1).

B. Search Results from U.S. Application to EPO - Unless box B in subsection 2 (opt-out of authorization) is checked,
the undersigned hereby grants the USPTO authority to provide the EPO access to the bibliographic data and search
results from the instant patent application when a European patent application claiming priority to the instant patent
application is filed. See 37 CFR 1.14(h)(2).

The applicant is reminded that the EPO’s Rule 141(1) EPC (European Patent Convention) requires applicants to submit a
copy of search results from the instant application without delay in a European patent application that claims priority to
the instant application.

2. Opt-Out of Authorizations to Permit Access by a Foreign Intellectual Property Office(s)

A. Applicant DOES NOT authorize the USPTO to permit a participating foreign |IP office access to the instant
[ ] application-as-filed. If this box is checked, the USPTO will not be providing a participating foreign IP office with
any documents and information identified in subsection 1A above.

B. Applicant DOES NOT authorize the USPTO to transmit to the EPO any search results from the instant patent
[ ] application. If this box is checked, the USPTO will not be providing the EPO with search results from the instant
application.
NOTE: Once the application has published or is otherwise publicly available, the USPTO may provide access to the
application in accordance with 37 CFR 1.14.

EFS Web 2.2.13



PTO/AIAI14 (02-18)

Approved for use through 11/30/2020. OMB 0651-0032

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

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

Attorney Docket Number | SLA3888P

Application Data Sheet 37 CFR 1.76 —
Application Number

Title of Invention | SYNCHRONIZATION FOR V2X COMMUNICATION

Applicant Information:

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 37 of CFR
to have an assignment recorded by the Office.

Applicant (1

If the applicant is the inventor {or the remaining joint inventor or inventors under 37 CFR 1.45), this section should not be completed.
The information to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR
1.43; or the name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46. If the applicant is an
applicant under 37 CFR 1.46 {(assignee, perscn to whom the inventor is obligated to assign, or person who otherwise shows sufficient
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should be

identified in this section.

® Assignee Legal Representative under 35 U.S.C. 117 Jeint Inventor

Person to whom the inventor is obligated to assign. Person who shows sufficient proprietary interest

If applicant is the legal representative, indicate the authority to file the patent application, the inventor is:

vI

Name of the Deceased or Legally Incapacitated Inventor:

If the Applicant is an Organization check here. X

Organization Name

BSharp Laboratories of America, Inc.

Mailing Address Information For Applicant:

Address 1 h750 NW Pacific Rim Boulevard

Address 2

City Camas State/Province WA
Country | IS Postal Code 08607
Phone Number Fax Number

Email Address

Additional Applicant Data may be generated within this form by selecting the Add button. Add

EFS Web 2.2.13



PTO/AIAI14 (02-18)

Approved for use through 11/30/2020. OMB 0651-0032

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

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

Attorney Docket Number | SLA3888P

Application Data Sheet 37 CFR 1.76 —
Application Number

Title of Invention | SYNCHRONIZATION FOR V2X COMMUNICATION

Applicant P

If the applicant is the inventor {or the remaining joint inventor or inventors under 37 CFR 1.45), this section should not be completed.
The information to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR
1.43; or the name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46. If the applicant is an
applicant under 37 CFR 1.46 {(assignee, perscn to whom the inventor is obligated to assign, or person who otherwise shows sufficient
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should be

identified in this section.

@ Assignee Legal Representative under 35 US.C. 117 Joint Inventor

Person to whom the inventor is obligated to assign. Person who shows sufficient proprietary interest

If applicant is the legal representative, indicate the authority to file the patent application, the inventor is:

'I

Name of the Deceased or Legally Incapacitated Inventor:

If the Applicant is an Organization check here. X

Organization Name FG Innovation Company Limited

Mailing Address Information For Applicant:

Address 1 Flat 2623, 26/F Tuen Mun Central Square

Address 2 22 Hoi Wing Road

City uen Mun, New Territories State/Province
Countryl HK Postal Code
Phone Number Fax Number
Email Address

Additional Applicant Data may be generated within this form by selecting the Add button. Add

Assignee Information including Non-Applicant Assignee Information:

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title
37 of CFR to have an assignment recorded by the Office.

Assignee (1

Complete this section if assignee information, including non-applicant assignee information, is desired to be included on the patent
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SYNCHRONIZATION FOR V2X COMMUNICATION

TECHNICAL FIELD

[0001] The present disclosure relates generally to communication systems. More
specifically, the present disclosure relates to synchronization signal and channel

configurations for vehicle-to-everything (V2X) communication.

BACKGROUND

[0002] Wireless communication devices have become smaller and more powerful in
order to meet consumer needs and to improve portability and convenience. Consumers
have become dependent upon wireless communication devices and have come to expect
reliable service, expanded areas of coverage and increased functionality. A wireless
communication system may provide communication for a number of wireless
communication devices, each of which may be serviced by a base station. A base station
may be a device that communicates with wireless communication devices.

[0003] As wireless communication devices have advanced, improvements in
communication capacity, speed, flexibility and/or efficiency have been sought. However,
improving communication capacity, speed, flexibility, and/or efficiency may present
certain problems.

[0004] For example, wireless communication devices may communicate with one or
more devices using a communication structure. However, the communication structure
used may only offer limited flexibility and/or efficiency. As illustrated by this discussion,
systems and methods that improve communication flexibility and/or efficiency may be

beneficial.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0005] Figure 1 is a block diagram illustrating one implementation of one or more
base stations (gNBs) and one or more user equipments (UEs) in which synchronization
for vehicle-to-everything (V2X) communication may be implemented,;

[0006] Figure 2 is an example illustrating V2X services;

[0007] Figure 3 illustrates an uplink-downlink timing relation;

[0008] Figure 4 is a block diagram illustrating one implementation of a UE;

[0009] Figure 5 is a diagram illustrating an example of a resource grid for the
downlink;

[0010] Figure 6 is a diagram illustrating one example of a resource grid for the
uplink;

[0011] Figure 7 shows examples of several numerologies;

[0012] Figure 8 shows examples of subframe structures for the numerologies that are

shown in Figure 7;

[0013] Figure 9 shows examples of slots and sub-slots;

[0014] Figure 10 shows examples of scheduling timelines;

[0015] Figure 11 shows examples of DL control channel monitoring regions;

[0016] Figure 12 shows examples of DL control channel which includes more than
one control channel elements;

[0017] Figure 13 shows examples of UL control channel structures;

[0018] Figure 14 is a block diagram illustrating one implementation of a gNB;

[0019] Figure 15 is a block diagram illustrating one implementation of a UE;

[0020] Figure 16 illustrates various components that may be utilized in a UE;

[0021] Figure 17 illustrates various components that may be utilized in a gNB;

[0022] Figure 18 is a block diagram illustrating one implementation of a UE in which
synchronization for V2X communication may be implemented; and

[0023] Figure 19 is a block diagram illustrating one implementation of a gNB in

which synchronization for V2X communication may be implemented.
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DETAILED DESCRIPTION

[0024] A user equipment (UE) is described. The UE includes higher layer circuitry
configured to receive information on a sidelink bandwidth part and a resource pool for
sidelink within the sidelink bandwidth part. The UE also includes transmitting circuitry
configured to transmit one or more blocks. Each block includes a primary sidelink
synchronization signal (PSSS), a secondary sidelink shared channel (SSSS), a physical
sidelink broadcast channel (PSBCH) and a demodulation reference signal (DMRS)
associated with the PSBCH within the resource pool. A sequence of the PSSS sequence is
generated by a synchronization source identity (ID) or a part of the synchronization
source ID. A sequence of the SSSS is generated by the synchronization source ID or a
part of the synchronization source ID. A sequence of the DMRS associated with the
PSBCH is initialized by a block index or part of the block index. The PSBCH includes
the block index or part of the block index.

[0025] A communication method of a UE is also described. The method includes
receiving information on a sidelink bandwidth part and a resource pool for sidelink
within the sidelink bandwidth part. The method also includes transmitting one or more
blocks. Each block includes a PSSS, an SSSS, a PSBCH and a DMRS associated with the
PSBCH within the resource pool. A sequence of the PSSS sequence is generated by a
synchronization source ID or a part of the synchronization source ID. A sequence of the
SSSS is generated by the synchronization source ID or a part of the synchronization
source ID. A sequence of the DMRS associated with the PSBCH is initialized by a block
index or part of the block index. The PSBCH includes the block index or part of the block
index.

[0026] The 3rd Generation Partnership Project, also referred to as “3GPP,” is a
collaboration agreement that aims to define globally applicable technical specifications
and technical reports for third and fourth generation wireless communication systems.
The 3GPP may define specifications for next generation mobile networks, systems and
devices.

[0027] 3GPP Long Term Evolution (LTE) is the name given to a project to improve

the Universal Mobile Telecommunications System (UMTS) mobile phone or device
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standard to cope with future requirements. In one aspect, UMTS has been modified to
provide support and specification for the Evolved Universal Terrestrial Radio Access (E-
UTRA) and Evolved Universal Terrestrial Radio Access Network (E-UTRAN).

[0028] At least some aspects of the systems and methods disclosed herein may be
described in relation to the 3GPP LTE, LTE-Advanced (LTE-A) and other standards
(e.g., 3GPP Releases 8, 9, 10, 11 and/or 12). However, the scope of the present disclosure
should not be limited in this regard. At least some aspects of the systems and methods
disclosed herein may be utilized in other types of wireless communication systems.
[0029] A wireless communication device may be an electronic device used to
communicate voice and/or data to a base station, which in turn may communicate with a
network of devices (e.g., public switched telephone network (PSTN), the Internet, etc.).
In describing systems and methods herein, a wireless communication device may
alternatively be referred to as a mobile station, a UE, an access terminal, a subscriber
station, a mobile terminal, a remote station, a user terminal, a terminal, a subscriber unit,
a mobile device, etc. Examples of wireless communication devices include cellular
phones, smart phones, personal digital assistants (PDAs), laptop computers, netbooks, e-
readers, wireless modems, etc. In 3GPP specifications, a wireless communication device
is typically referred to as a UE. However, as the scope of the present disclosure should
not be limited to the 3GPP standards, the terms “UE” and “wireless communication
device” may be used interchangeably herein to mean the more general term “wireless
communication device.” A UE may also be more generally referred to as a terminal
device.

[0030] In 3GPP specifications, a base station is typically referred to as a Node B, an
evolved Node B (eNB), a home enhanced or evolved Node B (HeNB) or some other
similar terminology. As the scope of the disclosure should not be limited to 3GPP
standards, the terms “base station,” “Node B,” “eNB,” “gNB” and/or “HeNB” may be
used interchangeably herein to mean the more general term “base station.” Furthermore,
the term “base station” may be used to denote an access point. An access point may be an
electronic device that provides access to a network (e.g., Local Area Network (LAN), the

Internet, etc.) for wireless communication devices. The term “communication device”
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may be used to denote both a wireless communication device and/or a base station. An
eNB may also be more generally referred to as a base station device.

[0031] It should be noted that as used herein, a *“cell” may be any communication
channel that is specified by standardization or regulatory bodies to be used for
International Mobile Telecommunications-Advanced (IMT-Advanced) and all of it or a
subset of it may be adopted by 3GPP as licensed bands (e.g., frequency bands) to be used
for communication between an eNB and a UE. It should also be noted that in E-UTRA
and E-UTRAN overall description, as used herein, a “cell” may be defined as
“combination of downlink and optionally uplink resources.” The linking between the
carrier frequency of the downlink resources and the carrier frequency of the uplink
resources may be indicated in the system information transmitted on the downlink
resources.

[0032] “Configured cells” are those cells of which the UE is aware and is allowed by
an eNB to transmit or receive information. “Configured cell(s)” may be serving cell(s).
The UE may receive system information and perform the required measurements on all
configured cells. “Configured cell(s)” for a radio connection may include a primary cell
and/or no, one, or more secondary cell(s). “Activated cells” are those configured cells on
which the UE is transmitting and receiving. That is, activated cells are those cells for
which the UE monitors the physical downlink control channel (PDCCH) and in the case
of a downlink transmission, those cells for which the UE decodes a physical downlink
shared channel (PDSCH). “Deactivated cells” are those configured cells that the UE is
not monitoring the transmission PDCCH. It should be noted that a “cell” may be
described in terms of differing dimensions. For example, a “cell” may have temporal,
spatial (e.g., geographical) and frequency characteristics.

[0033] Fifth generation (5G) cellular communications (also referred to as “New
Radio,” “New Radio Access Technology” or “NR” by 3GPP) envisions the use of
time/frequency/space resources to allow for enhanced mobile broadband (eMBB)
communication and ultra-reliable low-latency communication (URLLC) services, as well

as massive machine type communication (MMTC) like services. A new radio (NR) base
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station may be referred to as a gNB. A gNB may also be more generally referred to as a
base station device.

[0034] Various examples of the systems and methods disclosed herein are now
described with reference to the Figures, where like reference numbers may indicate
functionally similar elements. The systems and methods as generally described and
illustrated in the Figures herein could be arranged and designed in a wide variety of
different implementations. Thus, the following more detailed description of several
implementations, as represented in the Figures, is not intended to limit scope, as claimed,
but is merely representative of the systems and methods.

[0035] Figure 1 is a block diagram illustrating one implementation of one or more
base stations (gNBs) 160 and one or more user equipments (UEs) 102 in which
synchronization for vehicle-to-everything (V2X) communication may be implemented.
The one or more UEs 102 communicate with one or more gNBs 160 using one or more
antennas 122a-n. For example, a UE 102 transmits electromagnetic signals to the gNB
160 and receives electromagnetic signals from the gNB 160 using the one or more
antennas 122a-n. The gNB 160 communicates with the UE 102 using one or more
antennas 180a-n.

[0036] The UE 102 and the gNB 160 may use one or more channels 119, 121 to
communicate with each other. For example, a UE 102 may transmit information or data
to the gNB 160 using one or more uplink channels 121. Examples of uplink channels 121
include a PUCCH (Physical Uplink Control Channel) and a PUSCH (Physical Uplink
Shared Channel), PRACH (Physical Random Access Channel), etc. For example, uplink
channels 121 (e.g., PUSCH) may be used for transmitting UL data (i.e., Transport
Block(s), MAC PDU, and/or UL-SCH (Uplink-Shared Channel)).

[0037] Here, UL data may include URLLC data. The URLLC data may be UL-SCH
data. Here, URLLC-PUSCH (i.e., a different Physical Uplink Shared Channel from
PUSCH) may be defined for transmitting the URLLC data. For the sake of simple
description, the term “PUSCH” may mean any of (1) only PUSCH (e.g., regular PUSCH,
non-URLLC-PUSCH, etc.), (2) PUSCH or URLLC-PUSCH, (3) PUSCH and URLLC-
PUSCH, or (4) only URLLC-PUSCH (e.g., not regular PUSCH).
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[0038] Also, for example, uplink channels 121 may be used for transmitting Hybrid
Automatic Repeat Request-ACK (HARQ-ACK), Channel State Information (CSI), and/or
Scheduling Request (SR). The HARQ-ACK may include information indicating a
positive acknowledgment (ACK) or a negative acknowledgment (NACK) for DL data
(i.e., Transport Block(s), Medium Access Control Protocol Data Unit (MAC PDU),
and/or DL-SCH (Downlink-Shared Channel)).

[0039] The CSI may include information indicating a channel quality of downlink.
The SR may be used for requesting UL-SCH (Uplink-Shared Channel) resources for new
transmission and/or retransmission. Namely, the SR may be used for requesting UL
resources for transmitting UL data.

[0040] The one or more gNBs 160 may also transmit information or data to the one
or more UEs 102 using one or more downlink channels 119, for instance. Examples of
downlink channels 119 include a PDCCH, a PDSCH, etc. Other kinds of channels may
be used. The PDCCH may be used for transmitting Downlink Control Information (DCI).
[0041] Each of the one or more UEs 102 may include one or more transceivers 118,
one or more demodulators 114, one or more decoders 108, one or more encoders 150, one
or more modulators 154, a data buffer 104 and a UE operations module 124. For
example, one or more reception and/or transmission paths may be implemented in the UE
102. For convenience, only a single transceiver 118, decoder 108, demodulator 114,
encoder 150 and modulator 154 are illustrated in the UE 102, though multiple parallel
elements (e.g., transceivers 118, decoders 108, demodulators 114, encoders 150 and
modulators 154) may be implemented.

[0042] The transceiver 118 may include one or more receivers 120 and one or more
transmitters 158. The one or more receivers 120 may receive signals from the gNB 160
using one or more antennas 122a-n. For example, the receiver 120 may receive and
downconvert signals to produce one or more received signals 116. The one or more
received signals 116 may be provided to a demodulator 114. The one or more
transmitters 158 may transmit signals to the gNB 160 using one or more antennas 122a-n.
For example, the one or more transmitters 158 may upconvert and transmit one or more

modulated signals 156.
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[0043] The demodulator 114 may demodulate the one or more received signals 116 to
produce one or more demodulated signals 112. The one or more demodulated signals 112
may be provided to the decoder 108. The UE 102 may use the decoder 108 to decode
signals. The decoder 108 may produce decoded signals 110, which may include a UE-
decoded signal 106 (also referred to as a first UE-decoded signal 106). For example, the
first UE-decoded signal 106 may comprise received payload data, which may be stored in
a data buffer 104. Another signal included in the decoded signals 110 (also referred to as
a second UE-decoded signal 110) may comprise overhead data and/or control data. For
example, the second UE-decoded signal 110 may provide data that may be used by the
UE operations module 124 to perform one or more operations.

[0044] In general, the UE operations module 124 may enable the UE 102 to
communicate with the one or more gNBs 160. The UE operations module 124 may
include a UE scheduling module 126.

[0045] The UE scheduling module 126 may perform configurations for V2X
communication. 3GPP V2X services will be used to transport SAE J2735 Basic Safety
Message(s) (BSM). The BSM has two parts: part 1 contains the core data elements (e.g.,
vehicle size, position, speed, heading acceleration, brake system status), and is
transmitted approximately 10 times per second. Part 2 contains a variable set of data
elements drawn from many optional data elements, and is transmitted less frequently than
part 1. The BSM is expected to have a transmission range of ~1,000 meters, and is
tailored for localized broadcast required by V2V safety applications.

[0046] In Rel-14 LTE V2X (also known as LTE V2X), a basic set of requirements
for V2X service in TR 22.885 is supported, which are considered sufficient for basic road
safety service. An LTE V2X enabled vehicle (e.g., a vehicle configured with a UE 102
that supports V2X applications) can directly exchange status information via the PC5
interface. It should be noted that sidelink defines the procedures for realizing a single-hop
UE-UE communication, similar to Uplink and Downlink, which define the procedures for
UE-base station (BS) and BS-UE access, respectively. Along the same lines, PC5 was
introduced as the new direct UE interface, similar to the Uu (UE-BS/BS-UE) interface.

Thus, the PCS5 interface is also known as sidelink at the physical layer such as position,
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speed and heading, with other nearby vehicles, infrastructure nodes and/or pedestrians
that are also enabled with LTE V2X.

[0047] Rel-16 NR provides higher throughput, lower latency and higher reliability as
compared to LTE, via a combination of enchantments to protocol numerology, usage of
higher frequency bands (e.g., mm Wave Frequencies) and a selection of wider sub carrier
spacings (SCS) (e.g., 30kHz, 60kHz, 120kHz, and/or 240kHz, in addition to the 15kHz
used by LTE) to match the higher frequency bands, and process for beam management
(BM). Rel-16 NR is expected to provide an enhanced V2X service (also referred to as NR
V2X) that leverages the higher throughput, lower latency and higher reliability provided
by Rel-16 NR data transport services.

[0048] Therefore, it is desirable to enable a process in the NR V2X UE 102 that
configures the physical layer to transmit different transmission beams, with different
SCS, according to the available V2X frequency bands.

[0049] In NR, there are roughly two large frequency ranges specified in 3GPP. One is
below 6 GHz (also referred to as sub 6 GHz or FR1). The other is above 6GHz (also
referred to as millimeter wave or FR2). Depending on the frequency ranges, the
maximum bandwidth and subcarrier spacing varies. In FR1, the maximum bandwidth is
100 MHz and in the FR2 range the maximum bandwidth is 400 MHz. Some subcarrier
spacing (e.g., 15kHz and 30kHz) can be used only in FR1 and some subcarrier spacing
(e.g., 120kHz and 240kHz) can be used in FR2 only, and some subcarrier spacing (e.g.,
60kHz) can be used both in the FR1 and FR2 range.

[0050] The systems and methods described herein cover aspects for reference
configurations (RS) for V2X communication in FR1 and FR2. Enhancements to NR V2X
(e.g., 3GPP Rel-16 V2X, V2X service) for reference signal configurations of a physical
sidelink control channel (PSCCH) and/or a physical sidelink shared channel (PSSCH) are
described herein.

[0051] A demodulation reference signal may be configured by system information
block(s) (SIB(s)) or by dedicated radio resource control (RRC) message(s). In addition, a
UE 102 may be configured with one or multiple resource pools. A demodulation

reference signal configuration may be associated with each resource pool. Furthermore,
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NR supports two types of waveform: one waveform is CP-OFDM and the other
waveform is DFT-S-OFDM. Each resource pool may be associated with a type of
waveform. An example of V2X services is illustrated in Figure 2.

[0052] For a radio link between a base station (gNB) 160 and a first or second UE
102, the following physical channels may be used (downlink is a transmission direction
from gNB 160 to UE 102, and uplink is a transmission direction from UE 102 to gNB
160): physical broadcast channel (PBCH); physical downlink control channel (PDCCH);
physical downlink shared channel (PDSCH); physical uplink control channel (PUCCH);
and/or physical uplink shared channel (PUSCH).

[0053] A PBCH may be used for broadcasting essential system information. A PBCH
may include master information block (MIB) and some other information. A PDCCH
may be used for transmitting control information in the downlink and the PDCCH may
include downlink control information (DCI). A PDSCH may be used for transmitting
remaining minimum system information (RMSI), other system information (OSI),
paging, and downlink data (DL-SCH (downlink shared channel)). A PUCCH may be
used for transmitting uplink control information (UCI). A PUSCH may be used for
transmitting uplink data (UL-SCH (uplink shared channel) and the PUSCH may be used
for transmitting UCI.

[0054] For the radio link between a base station (gNB) 160 and a first or second UE
102, the following physical signals may be used: primary synchronization signal (PSS);
secondary synchronization signal (SSS); tracking reference signal (TRS); channel state
information reference signal (CSI-RS); demodulation reference signal (DMRS); phase
tracking reference signal (PTRS); and/or sounding reference signal (SRS).

[0055] A PSS and a SSS may be used for time/frequency synchronization and
determination/detection of a physical cell identity (PCID). The PSS, the SSS, and the
PBCH may be multiplexed as a SS/PBCH block, and one or more SS/PBCH blocks may
be transmitted in a serving cell. A TRS may be used for channel tracking at a UE side and
transmitted in the downlink, and the TRS may be one configuration of a CSI-RS
resource. A CSI-RS may be used for measuring channel state information (CSI) and

transmitted in the downlink and a CSI-RS includes non-zero power CSI-RS for channel
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measurement or interference measurement, zero-power CSI-RS (ZP CSI-RS) for
interference measurement. A DMRS may be used for demodulation of physical channels,
and the DMRS may be defined for each channel. A PTRS may be used for phase tracking
to compensate phase noise and transmitted with DMRS and PDSCH/PUSCH. The PTRS
may be configured in FR2. A SRS may be used for channel sounding in the uplink.
[0056] DCI may include scheduling information of a PDSCH or a PUSCH, the
timing of HARQ-ACK (hybrid automatic repeat request — acknowledgement) bit(s), and
modulation and coding schemes (MCS), DMRS port information, and so on. UCI may
include HARQ-ACK bits and CSI. CSI may include one or more of CQI (channel quality
indicator), PMI (precoding matrix indicator), RI (rank indicator), LI (layer indicator), and
CRI (CSI-RS index).

[0057] For support of V2X communication, the following physical channels may be
defined: physical sidelink broadcast channel (PSBCH); physical sidelink control channel
(PSCCH); physical sidelink feedback channel (PSFCH); and/or physical sidelink shared
channel (PSSCH).

[0058] PSBCH may be used for transmitting information on sidelink frame number,
and so on. PSCCH may be used for indicating sidelink control information (SCI), and
SCI may indicate resource allocation (scheduling) information of resource(s) for a
PSSCH, modulation and coding schemes, redundancy version(s). A transmitter of a first
UE 102 (e.g., UE-1) may transmit PSCCH to a receiver UE 102 (e.g., UE-2). PSFCH
may be used for HARQ-ACK transmission and/or CSI feedback (CSI reporting). CSI
may be defined as channel state information of PC5 interface. PSFCH may be transmitted
from a receiver UE 102 (e.g., UE-2) to a transmitter UE 102 (e.g., UE-1). PSFCH may be
transmitted from a receiver UE 102 (e.g., UE-2) to a base station (gNB) 160.

[0059] For support of V2X communication, the following physical signals may be
defined: primary sidelink synchronization signal (PSSS); secondary sidelink
synchronization signal (SSSS); tracking reference signal (TRS); channel state
information reference signal (CSI-RS); demodulation reference signal (DMRS); phase
tracking reference signal (PTRS); and/or sounding reference signal (SRS). A PSSS and a

SSSS may be used for time/frequency synchronization and determination/detection of a
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synchronization source identity (ID), and the PSSS, the SSSS, and the PSBCH may be
multiplexed as a SSS/PSBCH block.

[0060] Sequences of PSSS and SSSS may be generated or initialized by an identity
(ID) of a UE 102 (e.g.. synchronization source UE). For example, the ID of a

synchronization source may be defined in
N}SDLE {0,335}, {0,504}, {0,1008}, or{0, 65535} . The ID set may include multiple
subsets of the IDs, and each ID may indicate types of a synchronization source. For
example, in the case of N ISDL €{0, N1}, this synchronization source is synchronized to an
E-UTRA or NR network (it may be represented by id net). In the case of

N fDLe {N1+1,N7} . this synchronization source is a LTE UE. In the case of
N }%4 e {N2 +1,N3}, this synchronization sourcc may bc an NR UE. As another cxample,

NfDL may also indicate a GNSS synchronized or a UE-autonomous synchronization

source (it may be represented by id_oon) (i.e., the synchronization source ID may be

derived from its own synchronization source (e.g., local clock, GPS, GNSS, and so on)).

N fDL may be defined as different numbers from physical cell IDs. For example, when a
physical cell ID is defined as N IDDL €{0,1008} . a synchronization source ID may be

defined N IDDL € {1009,1009+ N} where N is the total number of synchronization source

IDs

[0061] A synchronization source may be a source for V2X communication for UEs
102 synchronized to the synchronization source. As an example, a sequence of PSSS may
be generated by a Zadoff-chu sequence. Alternately, a sequence of PSSS may be
generated by an M sequence.

[0062] A PSBCH DMRS sequence may be initialized by one or a combination of the
following parameters: (1) a synchronization source ID NfDL; (2) an SSS/PSBCH block

index or part of a SSS/PSBCH block index.
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[0063] The PSBCH may contain one or a combination of the following parameters:
(1) an SSS/PSBCH block index or part of a SSS/PSBCH block index; (2) a Device-to-
Device (D2D) frame number; (3) CORESET(s) (control resource set(s)) for PSCCH or
SCI format(s); PSFCH resource(s); synchronization source is LTE and/or NR.

[0064] Part of the synchronization source ID means part of the bits representing a
SSS/PSBCH block index. For example, the potential number of SSS/PSBCH blocks is
64, and the number of bits required for representing a SSS/PSBCH block is 6. Within 6
bits, 3 MSB bits may be used for initialization of the PSBCH DMRS sequence and the
other 3 bits may be included in the PSBCH. The DMRS associated with the PSBCH
(PSBCH DMRS) may be used for demodulation of the PSBCH. The bandwidth of the
SSS/PSBCH block may be defined according to the bandwidth of SL BWP and/or the
numerologies (subcarrier spacing and/or CP length). For example, if the number of
subcarriers for each SSS/PSBCH block is 240, the bandwidth of the SSS/PSBCH block
may be 5 MHz (15 kHz subcarrier spacing), 10 MHz (30 kHz subcarrier spacing), 30
MHz (120 kHz subcarrier spacing), and so on.

[0065] As another example of a sequence of the PSBCH DMRS, the sequence r(n)

may be generated according to r(n) :L(I—ZC (2n))+j ! (1-2c(2n+1)) where c(i)

V2 V2
is the pseudo-random sequence. The pseudo-random sequence generator may be

initialized with

17 { 5sslot n n 31
Cinit = (2 (Nsymbns'tff +1+ 1)[2 NP + 1) +2 N3P +n SC,D) mod2°" where

[ is the OFDM symbol number within the slot, nél £ is the slot number within a frame,

and NIOD may be a function of NISDL and/or a SSSS/PSBCH block index.

Alternately or additionally, néu ¢ may be replaced by a SSSS/PSBCH block index.

ngcyp may be set to 0 in the case of PSBCH DMRS.

[0066] A transmitter (synchronization source) UE 102 (e.g., UE-1) may transmit one
or more SSSS/PSBCH blocks periodically. The potential SSSS/PSBCH resource(s)
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within a resource pool within a SL BWP may be indicated by system information block
from gNB 160. A transmitter UE 102 (e.g., UE-1) may transmit one or more
SSSS/PSBCH blocks within the potential SSSS/PSBCH resources indicated via a system
information block transmitted from gNB 160. If a synchronization source UE 102 is in
out-of-coverage from the NR or LTE network, the potential SSSS/PSBCH resource(s)
may be pre-configured.

[0067] In this disclosure, unless otherwise noted, the size of various fields in the time

domain is expressed in time units T, =1/(Afypqy - Nt ) where Afpay = 480- 10° Hz and

Nf=4096 . The constant =T,/T,=64 where Ty=1/(Afper Nf por) .

Afo =15-10° Hzand N pof =2048.

[0068] Multiple OFDM numerologies are supported as given by Table 1 where u

and the cyclic prefix for a bandwidth part are obtained from the higher-layer parameter

subcarrierSpacing and cyclicPrefix, respectively.

H Af =2 15 [kHz] Cyclic prefix
0 15 Normal
1 30 Normal
2 60 Normal, Extended
3 120 Normal
4 240 Normal
Table 1

[0069] Uplink-downlink timing relation and transition time between transmission and

reception, and reception to transmission are described herein. Downlink and uplink

transmissions may be organized into frames with T¢ = (Afax N¢ /1000)-T, =10 ms

duration, each including ten subframes of Ty =(Afax Nf /1000)- T, =1 ms duration.

The number of consecutive OFDM symbols per subframe may be
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subframe,p _ ,slot Nsubframe,u

symb =NeymbNslot . Each frame may be divided into two equally-sized

N

half-frames of five subframes each with half-frame 0 including subframes 0 — 4 and half-
frame 1 including subframes 5 — 9. There may be one set of frames in the uplink and one
set of frames in the downlink on a carrier. Figure 3 illustrates an uplink-downlink timing

relation. Table 2 illustrates the transition time between transmission and reception (

Ntx Rx) and the transition time between reception and transmission (Ngx 7x ) for

FR1 and FR2.
Transition Time FR1 FR2
NTX _RX 25600 13792
NRx T1Xx 25600 13792

Table 2

[0070] Uplink frame number i for transmission from the UE 102 may start
NTA = (NT A T NTA offset )TC before the start of the corresponding downlink [rame at
the UE 102. NTA offset 18 given by Table 2.

[0071] For subcarrier spacing configuration p , slots may be numbered

ngt E{O’W’N:ﬁframe,u —1] in increasing order within a subframe and

slot

nt G{O,...,meme’u—]} in increasing order within a frame. There are N
f symb

slot

2

consecutive OFDM symbols in a slot, where N:;(;Itlb depends on the cyclic prefix as

given by Tables 3 and 4, respectively. The start of slot ngl in a subframe is aligned in

time with the start of OFDM symbol ngl Nz;(;;b in the same subframe. Tables 3 depicts

the number of OFDM symbols per slot, slots per frame, and slots per subframe for
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normal cyclic prefix. Table 4 depicts the number of OFDM symbols per slot, slots per

frame, and slots per subframe for extended cyclic prefix.

slot frame,u subframe,
# symb Nolot N ot
0 14 10 1
1 14 20 2
2 14 40 4
3 14 80 8
4 14 160 16
Table 3
slot frame,u subframe. &
# Ny ymb Nelot N ot
2 12 40 4
Table 4

[0072] OFDM symbols in a slot can be classified as “downlink”, “flexible”, or
“uplink”. In a slot in a downlink frame, the UE 102 may assume that downlink
transmissions only occur in “downlink™ or “flexible” symbols. In a slot in an uplink
frame, the UE 102 may only transmit in “uplink” or “flexible” symbols.

[0073] A UE 102 not capable of full-duplex communication is not expected to

transmit in the uplink earlier than NRy_Tx7; after the end of the last received downlink
symbol in the same cell where NRy_Tx 1s given by Table 2. A UE 102 not capable of
full-duplex communication is not expected to receive in the downlink earlier than
N1x_.RxIc after the end of the last transmitted uplink symbol in the same cell where
NTx-Rx 1s given by Table 2.

[0074] An antenna port may be defined such that the channel over which a symbol on

the antenna port is conveyed can be inferred from the channel over which another symbol

on the same antenna port is conveyed. For DMRS associated with a PDSCH, the channel
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over which a PDSCH symbol on one antenna port is conveyed can be inferred from the
channel over which a DMRS symbol on the same antenna port is conveyed only if the
two symbols are within the same resource as the scheduled PDSCH, in the same slot, and
in the same Physical resource block group (PRG).

[0075] Two antenna ports are said to be quasi co-located if the large-scale properties
of the channel over which a symbol on one antenna port is conveyed can be inferred from
the channel over which a symbol on the other antenna port is conveyed. The large-scale
properties include one or more of delay spread, Doppler spread, Doppler shift, average

gain, average delay, and spatial Rx parameters.

size,u NRB

orid,x Vsc subcarriers
2

[0076] For each numerology and carrier, a resource grid of N

subframe,ul

and Nsymb OFDM symbols may be defined, starting at common resource block

N;ﬁlg’“ indicated by higher-layer signaling. There may be one set of resource grids per
transmission direction (uplink or downlink) with the subscript x set to DL and UL for
downlink and uplink, respectively. When there is no risk for confusion, the subscript x
may be dropped. There may be one resource grid for a given antenna port p, subcarrier

spacing configuration p, and transmission direction (downlink or uplink).

[0077] The carrier bandwidth N;gg"u for subcarrier spacing configuration ¢ may

be given by the higher-layer parameter carrierBandwidth in the SCS-SpecificCarrier IE.

The starting position N;?gt’ﬂ for subcarrier spacing configuration # may be given by

the higher-layer parameter offsetToCarrier in the SCS-SpecificCarrier 1E.

[0078] The frequency location of a subcarrier refers to the center frequency of that
subcarrier. For the downlink, the higher-layer parameter DirectCurrentLocation in the
SCS-SpecificCarrier IE may indicate the location of the transmitter DC subcarrier in the
downlink for each of the numerologies configured in the downlink. Values in the range 0
— 3299 represent the number of the DC subcarrier and the value 3300 indicates that the

DC subcarrier is located outside the resource grid.
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[0079] For the uplink, the higher-layer parameter DirectCurrentLocation in the
UplinkTxDirectCurrentBWP 1E may indicate the location of the transmitter DC
subcarrier in the uplink for each of the configured bandwidth parts, including whether the
DC subcarrier location is offset by 7.5 kHz relative to the center of the indicated
subcarrier or not. Values in the range 0 — 3299 represent the number of the DC subcarrier,
the value 3300 indicates that the DC subcarrier is located outside the resource grid, and
the value 3301 indicates that the position of the DC subcarrier in the uplink is
undetermined.

[0080] Each element in the resource grid for antenna port p and subcarrier spacing

configuration g is called a resource element and is uniquely identified by (k,l )p 1

where k is the index in the frequency domain and [ refers to the symbol position in the

time domain relative to some reference point. Resource element (k,l )p U corresponds to

a physical resource and the complex value agipl’u) . When there is no risk for confusion,

or no particular antenna port or subcarrier spacing is specified, the indices p and ¢ may

(p)

be dropped, resulting in ap | orag].

[0081] In the downlink, the OFDM access scheme with cyclic prefix (CP) may be
employed, which may be also referred to as CP-OFDM. A downlink radio frame may
include multiple pairs of downlink resource blocks (RBs), which is also referred to as
physical resource blocks (PRBs). The downlink RB pair is a unit for assigning downlink
radio resources, defined by a predetermined bandwidth (RB bandwidth) and a time slot.
The downlink RB pair may include two downlink RBs that are continuous in the time
domain. Additionally or alternatively, the downlink RB may include twelve sub-carriers
in [requency domain and seven (for normal CP) or six (for extended CP) OFDM symbols
in time domain. A region defined by one sub-carrier in frequency domain and one OFDM
symbol in time domain may be referred to as a resource element (RE) and may be
uniquely identified by the index pair (k,1), where k and 1 are indices in the frequency and

time domains, respectively.
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[0082] In the uplink, in addition to CP-OFDM, a Single-Carrier Frequency Division
Multiple Access (SC-FDMA) access scheme may be employed, which is also referred to
as Discrete Fourier Transform-Spreading OFDM (DFT-S-OFDM). An uplink radio frame
may include multiple pairs of uplink resource blocks. The uplink RB pair is a unit for
assigning uplink radio resources, defined by a predetermined bandwidth (RB bandwidth)
and a time slot. The uplink RB pair may include two uplink RBs that are continuous in
the time domain. The uplink RB may include twelve sub-carriers in frequency domain
and seven (for normal CP) or six (for extended CP) OFDM/DFT-S-OFDM symbols in
time domain. A region defined by one sub-carrier in the frequency domain and one
OFDM/DFT-S-OFDM symbol in the time domain may be referred to as a resource
element (RE) and may be uniquely identified by the index pair (k.l) in a slot, where k and
| are indices in the frequency and time domains respectively. CP-OFDM may be defined
as the case that transform precoding is not enabled / disabled. DFT-S-OFDM may be

defined as the case that transform precoding is enabled.

[0083] Point A is also described herein. A resource block is defined as NECB =12

consecutive subcarriers in the frequency domain. Point A serves as a common reference
point for rcsourcc block grids and may be obtaincd from the following. offsetToPointA
for a PCell downlink represents the frequency offset between point A and the lowest
subcarrier of the lowest resource block overlapping with the SS/PBCH block used by the
UE for initial cell selection, expressed in units of resource blocks assuming 15 kHz
subcarrier spacing for FR1 and 60 kHz subcarrier spacing for FR2.
absoluteFrequencyPointA for all other cases where absoluteFrequencyPointA represents
the frequency-location of point A expressed as in ARFCN.

[0084] Common resource blocks are numbered from 0 and upwards in the frequency

domain for subcarrier spacing configuration g . The center of subcarrier 0 of common

resource block 0 for subcarrier spacing configuration # may coincide with point A. The

relation between the common resource block number néfR B in the frequency domain and

resource elements (k,/) for subcarrier spacing configuration g may be given by
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néfRB =k/N 5]3 where k is defined relative to point A such that k=0 corresponds to

the subcarrier centered around point A.
[0085] Physical resource blocks may be defined within a bandwidth part and

numbered from O to N%i%{:lpj —1 where i is the number of the bandwidth part. The

relation between the physical resource block nprp in bandwidth part i and the common

T start size .
resource block nopp is given by ncrp =nprp +NBWP,1' where NBWP,i is the

common resource block where bandwidth part starts relative to common resource block
0.
[0086] Virtual resource blocks may be defined within a bandwidth part and numbered

from 0 to N%@P ; —1. In this case, i is the number of the bandwidth part.

[0087] A bandwidth part is a subset of contiguous common resource blocks for a

given numerology pi in bandwidth part i on a given carrier. The starting position

Ngg‘g’f and the number of resource blocks N]f?lé;PIt i in a bandwidth part may fulfil
start, L start, L start, L size,pl
Ngrid,x < NBWP,i < Ngﬂd,x + Ngrid,x and

start,pL size,u start,u . \start,p size,ll
Noridx <NBwp,i *NBwP,i < Norid x ¥ Norid x*

respectively.

[0088] A UE 102 can be configurced with up to four bandwidth parts in the downlink
with a single downlink bandwidth part being active at a given time. The UE 102 is not
expected to receive PDSCH, PDCCH, or CSI-RS (except for RRM) outside an active
bandwidth part.

[0089] A UE 102 can be configured with up to four bandwidth parts in the uplink
with a single uplink bandwidth part being active at a given time. If a UE 102 is
configured with a supplementary uplink, the UE 102 can in addition be configured with
up to four bandwidth parts in the supplementary uplink with a single supplementary
uplink bandwidth part being active at a given time. The UE 102 may not transmit PUSCH

or PUCCH outside an active bandwidth part. For an active cell, the UE 102 may not
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transmit SRS outside an active bandwidth part. Unless otherwise noted, the description in
this disclosure applies to each of the bandwidth parts.
[0090] Configuration of BWP is also described herein. A UE 102 configured for
operation in bandwidth parts (BWPs) of a serving cell, may be configured by higher
layers for the serving cell with a set of at most four bandwidth parts (BWPs) for
receptions by the UE (DL BWP set) in a DL bandwidth by parameter BWP-Downlink
and a set of at most four BWPs for transmissions by the UE (UL BWP set) in an UL
bandwidth by parameter BWP-Uplink.
[0091] If a UE 102 is not provided higher layer parameter initialDownlinkBWP, an
initial active DL BWP may be defined by a location and number of contiguous PRBs,
starting from a PRB with the lowest index and ending at a PRB with the highest index
among PRBs of a control resource set for TypeO-PDCCH common search space, and a
subcarrier spacing and a cyclic prefix for PDCCH reception in the control resource set for
TypeO-PDCCH common search space. Otherwise, the initial active DL BWP may be
provided by higher layer parameter initialDownlinkBWP. For operation on the primary
cell or on a secondary cell, a UE 102 may be provided an initial active UL BWP by
higher layer parameter initialuplinkBWP. 1f the UE 102 is configured with a
supplementary UL carrier, the UE 102 may be provided an initial UL BWP on the
supplementary UL carrier by higher layer parameter initialUplinkBWP in
supplementaryUplink.
[0092] If a UE 102 has a dedicated BWP configuration, the UE 102 may be provided
by higher layer parameter firstActiveDownlinkBWP-1d a first active DL BWP for
receptions and by higher layer parameter firstActiveUplinkBWP-1d a first active UL BWP
for transmissions on the primary cell.
[0093] For each DL BWP or UL BWP in a set of DL BWPs or UL BWPs,
respectively, the UE 102 may be provided the following parameters for the serving cell.
A subcarrier spacing may be provided by higher layer parameter subcarrierSpacing. A
cyclic prefix may be provided by higher layer parameter cyclicPrefix. A first PRB and a
number of contignous PRBs may be provided by higher layer parameter
Nsize

locationAndBandwidth that is interpreted as RIV, setting BWP =275, and the first
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PRB is a PRB offset relative to the PRB indicated by higher layer parameters
offsetToCarrier and subcarrierSpacing. An index in the set of DL BWPs or UL BWPs
may be provided by respective higher layer parameter bwp-Id. A set of BWP-common
and a set of BWP-dedicated parameters may be provided by higher layer parameters bwp-
Common and bwp-Dedicated.

[0094] For unpaired spectrum operation, a DL BWP from the set of configured DL
BWPs with an index provided by higher layer parameter bwp-Id may be linked with an
UL BWP from the set of configured UL BWPs with index provided by higher layer
parameter bwp-Id when the DL BWP index and the UL BWP index are same. For
unpaired spectrum operation, a UE 102 does not expect to receive a configuration where
the center frequency for a DL BWP is different than the center frequency for an UL BWP
when the bwp-1d of the DL BWP is same as the bwp-Id of the UL BWP.

[0095] For each DL BWP in a set of DL BWPs on the primary cell, a UE 102 may be
configured with control resource sets for every type of common search space and for UE-
specific search space. The UE 102 does not expect to be configured without a common
search space on the PCell, or on the PSCell, of the MCG in the active DL. BWP.

[0096] For each UL BWP in a set of UL BWPs of the PCell or of the PUCCH-SCell,
the UE 102 may be provided configured resource sets for PUCCH transmissions. A UE
102 may receive PDCCH and PDSCH in a DL BWP according to a configured subcarrier
spacing and CP length for the DL BWP. A UE 102 may transmit PUCCH and PUSCH in
an UL BWP according to a configured subcarrier spacing and CP length for the UL
BWP.

[0097] If a bandwidth part indicator field is configured in DCI format 1_1, the
bandwidth part indicator field value indicates the active DL BWP, from the configured
DL BWP set. If a bandwidth part indicator field is configured in DCI format 0_1, the
bandwidth part indicator field value indicates the active UL BWP, from the configured
UL BWP set.

[0098] If a bandwidth part indicator field is configured in DCI format 0_1 or DCI
format 1 1 and indicates an UL BWP or a DL BWP different from the active UL BWP or
DL BWP, respectively, the UE 102 may, for each information field in the received DCI
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format O_1 or DCI format 1_1 perform the following. If the size of the information field
is smaller than the one required for the DCI format 0_1 or DCI format 1_1 interpretation
for the UL BWP or DL BWP that is indicated by the bandwidth part indicator,
respectively, the UE 102 may prepend zeros to the information field until its size is the
one required for the interpretation of the information field for the UL BWP or DL BWP
prior to interpreting the DCI format 0_1 or DCI format 1_1 information fields,
respectively. If the size of the information field is larger than the one required for the DCI
format O_1 or DCI format 1_1 interpretation for the UL BWP or DL BWP that is
indicated by the bandwidth part indicator, respectively, the UE 102 may use a number of
least significant bits of DCI format O_1 or DCI format 1_1 equal to the one required for
the UL BWP or DL BWP indicated by a bandwidth part indicator prior to interpreting the
DCI format 0_1 or DCI format 1_1 information fields, respectively. The UE 102 may
also set the active UL BWP or DL BWP to the UL BWP or DL BWP indicated by the
bandwidth part indicator in the DCI format O_1 or DCI format 1_1, respectively.

[0099] A UE 102 does not expect to detect a DCI format 1_1 or a DCI format 0_1
indicating respectively an active DL BWP or an active UL BWP change with the
corresponding time domain resource assignment field providing a slot offset value for a
PDSCH reception or PUSCH transmission that is smaller than a value (delay) required by
the UE 102 for an active DL BWP change or UL BWP change.

[00100] If a UE 102 detects a DCI format 1_1 indicating an active DL BWP change
for a cell, the UE 102 is not required to receive or transmit in the cell during a time
duration from the end of the third symbol of a slot where the UE 102 receives the
PDCCH that includes the DCI format 1_1 in a scheduling cell until the beginning of a
slot indicated by the slot offset value of the time domain resource assignment field in the
DCI format 1 1.

[00101] If a UE 102 detects a DCI format 0_1 indicating an active UL BWP change
for a cell, the UE 102 is not required to receive or transmit in the cell during a time
duration from the end of the third symbol of a slot where the UE 102 receives the
PDCCH that includes the DCI format 0_1 in the scheduling cell until the beginning of a
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slot indicated by the slot offset value of the time domain resource assignment field in the
DCI format O 1.

[00102] A UE 102 may expect to detect a DCI format 0_1 indicating active UL BWP
change, or a DCI format 1_1 indicating active DL BWP change, only if a corresponding
PDCCH is received within the first 3 symbols of a slot.

[00103] For the primary cell, a UE 102 may be provided by higher layer parameter
defaultDownlinkBWP-1d with a default DL BWP among the configured DL BWPs. If a
UE 102 is not provided a default DL BWP by higher layer parameter
defaultDownlinkBWP-1d, the default DL BWP is the initial active DL BWP.

[00104] If a UE 102 is configured for a secondary cell with higher layer parameter
defaultDownlinkBWP-1d indicating a default DL BWP among the configured DL BWPs
and the UE 102 is configured with higher layer parameter bwp-InactivityTimer indicating
a timer value, the UE procedures on the secondary cell may be the same as on the
primary cell using the timer value for the secondary cell and the default DL BWP for the
secondary cell.

[00105] If a UE 102 is configured by higher layer parameter bwp-InactivityTimer with
a timer value for the primary cell and the timer is running, the UE 102 may increment the
timer every interval of 1 millisecond for frequency range 1 or every 0.5 milliseconds for
frequency range 2 if the restarting conditions are met during the interval.

[00106] If a UE 102 is configured by higher layer parameter bwp-InactivityTimer with
a timer value for a secondary cell and the timer is running, the UE 102 may increment the
timer every interval of 1 millisecond for frequency range 1 or every 0.5 milliseconds for
frequency range 2 if the restarting conditions are not met during the interval.

[00107] For a cell where a UE 102 changes an active DL BWP due to a BWP
inactivity timer expiration and for accommodating a delay in the active DL BWP change
or the active UL BWP change required by the UE 102, the UE 102 is not required to
receive or transmit in the cell during a time duration from the beginning of a subframe for
frequency range 1, or of half of a subframe for frequency range 2, that is immediately
after the BWP inactivity timer expires until the beginning of a slot where the UE 102 can

receive or transmit.
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[00108] If a UE 102 is configured by higher layer parameter firstActiveDownlinkBWP-
Id with a first active DL BWP and by higher layer parameter firstActiveUplinkBWP-1d a
first active UL BWP on a secondary cell or on a supplementary UL carrier, the UE 102
may use the indicated DL BWP and the indicated UL BWP as the respective first active
DL BWP on the secondary cell and the first active UL BWP on the secondary cell or the
supplementary UL carrier.

[00109] For paired spectrum operation, a UE 102 may not expect to transmit a
PUCCH with HARQ-ACK information on a PUCCH resource indicated by a DCI format
1_0 or a DCI format 1_1 if the UE 102 changes its active UL BWP on the PCell between
a time of a detection of the DCI format 1 O or the DCI format 1 1 and a time of a
corresponding PUCCH transmission with HARQ-ACK information. A UE 102 may not
expect to monitor PDCCH when the UE 102 performs RRM measurements over a
bandwidth that is not within the active DL BWP for the UE 102.

[00110] Transmissions in multiple cells may be aggregated. Unless otherwise noted,
the description in this specification applies to each of the serving cells.

[00111] Some examples of V2X services are described herein. PSSCH may be used
for transmitting sidelink shared channel (SL-SCH). SL-SCH may be the V2X data. As a
resource for V2X communication, a resource pool may be defined. A base station (gNB)
160 may transmit information on a configuration of one or more resource pools by
system information block(s) (SIB(s)) or dedicated radio resource control (RRC)
message(s). A UE 102 may select one resource pool and a resource within a resource
pool that is used for PSCCH and/or PSSCH. V2X service may be operated in uplink
band(s).

[00112] A resource pool may be defined by a set of slots, subframes, or OFDM
symbols, or groups of OFDM symbols. A transmitter UE 102 (e.g., UE-1) may select the
resources within the resource pool and the transmitter UE 102 may transmit a PSCCH
and PSSCH associated with PSCCH. Here, which resource is selected by the transmitter
UE 102, the gNB 160 may transmit information on a resource pool and the resource(s)
within the resource pool. This information may be indicated via DCI, SIB, or dedicated

RRC message. Alternately, the resource pool configuration may be preconfigured by
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each UE (e.g., UE-1 or UE-2). One or more resource pools for V2X transmission and one
or more resource pools for V2X reception may be separately indicated via SIB, dedicated
RRC message, or DCI.

[00113] Next, the resource pool configuration is explained. For each resource pool, the
following information may be associated with all or part of the following information
(e.g., resource pool information may include the following information elements to
associated with V2X parameters): BWP identity (BWP ID); waveform (CP-OFDM or
DFT-S-OFDM); DMRS type (e.g., DMRS type 1 and DMRS type 2 may be specified in
the Uu interface, and which type is used for PSCCH or PSSCH); additional DMRS
configuration; whether PT-RS is transmitted or not. In addition, PTRS density
configuration (e.g., a threshold of MCS to determine time domain density (e.g., all
OFDM symbols, every other OFDM symbol, and so on), and a threshold of the number
of scheduled PRBs to determine frequency domain density (e.g., one subcarrier per RB,
two subcarriers per RB, and so on)) may be associated with V2X parameters.

[00114] In addition, a configuration of a BWP may be used for parameters for V2X
services. For instance, the parameters such as numerologies (subcarrier spacing), CP
length, slot format (slot or mini-slot) are configured as parameters for the configured
BWP, and these parameters may be used for a resource pool for sidelink communication.
In other words, parameters for a BWP corresponding to the BWP ID associated with a
resource pool may be used for sidelink communication.

[00115] Here, each BWP for V2X may be configured as one UL BWP. When UL
BWP for V2X resource pool is not configured, one or more resource pools may be
configured in the initial UL BWP or other predefined BWP. Additionally or alternately,
the sidelink resource pool configuration may not be associated with a BWP ID. In this
case, the other rule such as the starting PRB and the range of PRB length for the resource
pool may be defined. In other words, for Uu interface, UL BWP is used for
communication between gNB and UE and predetermined and/or configured resource is
used for sidelink resource pool. A resource pool configuration may include a scheduling

method (e.g., dynamic scheduling of a PSSCH by using PSCCH scheduling (e.g.,
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resource via SCI or DCI) or semi-persistent scheduling of a PSSCH by using PDCCH or
PSCCH activation/deactivation).

[00116] A gNB-scheduled resource allocation scheme may be called transmission
mode 1 and a UE-autonomous resource selection scheme may be called transmission
mode 2. A sidelink resource pool may be defined by the PRB or subcarrier offset from
Point A, or by the common resource block index, or based on the first subcarrier position
of SS/PBCH block (the subcarrier with the lowest frequency of SS/PBCH block).

[00117] A BWP for sidelink transmission and/or reception may be defined as a
sidelink BWP (SL BWP). One or more resource pool(s) may be configured within the SL
BWP.

[00118] A waveform and DMRS type may be configured for both PSCCH and
PSSCH. The waveform and DMRS type may be separately configured for PSCCH and
PSSCH. Additionally or alternately, the waveform of a PSCCH may always be CP-
OFDM, and the configured/indicated waveform may be used for a PSSCH only.

[00119] Additionally or alternately, DCI may indicate all or part of the following
information to a transmitter UE 102 (e.g., UE-1) if the gNB 160 can control the
transmitter UE 102 (in-coverage case, for instance): BWP identity (BWP ID); waveform
(e.g., CP-OFDM or DFT-S-OFDM); DMRS type (e.g., DMRS type 1 and DMRS type 2
are specified in Uu interface, and which type is used for PSCCH or PSSCH); and/or the
number of OFDM symbols for DMRS.

[00120] For SCI in a PSCCH, all or part of the following information may be indicated
to a receiver UE 102 (e.g., UE-2): MCS; scheduled resource within a resource pool (e.g.,
this may be a time resource pattern); DMRS type (e.g., type 1 and type 2); the number of
OFDM symbols for DMRS type 1 or type 2; and/or waveform.

[00121] A time domain pattern may be defined as a bitmap (bO,bl, . .,bL) f by =1,

the time unit for sidelink scheduling within a resource pool may be used for PSSCH

transmission. On the other hand, if b) =0, the time unit for sidelink scheduling within a

resource pool may not be used for PSSCH transmission. Additionally or alternately, a

frequency domain pattern may be defined. In this case, each bit in a bitmap of the
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frequency domain pattern may be applied to each PRB or each group of PRBs including a
plurality of continuous/non-continuous PRBs.

[00122] The UE operations module 124 may provide information 148 to the one or
more receivers 120. For example, the UE operations module 124 may inform the
receiver(s) 120 when to receive retransmissions.

[00123] The UE operations module 124 may provide information 138 to the
demodulator 114. For example, the UE operations module 124 may inform the
demodulator 114 of a modulation pattern anticipated for transmissions from the gNB 160.
[00124] The UE operations module 124 may provide information 136 to the decoder
108. For example, the UE operations module 124 may inform the decoder 108 of an
anticipated encoding for transmissions from the gNB 160.

[00125] The UE operations module 124 may provide information 142 to the encoder
150. The information 142 may include data to be encoded and/or instructions for
encoding. For example, the UE operations module 124 may instruct the encoder 150 to
encode transmission data 146 and/or other information 142. The other information 142
may include PDSCH HARQ-ACK information.

[00126] The encoder 150 may encode transmission data 146 and/or other information
142 provided by the UE operations module 124. For example, encoding the data 146
and/or other information 142 may involve error detection and/or correction coding,
mapping data to space, time and/or frequency resources for transmission, multiplexing,
etc. The encoder 150 may provide encoded data 152 to the modulator 154.

[00127] The UE operations module 124 may provide information 144 to the modulator
154. For example, the UE operations module 124 may inform the modulator 154 of a
modulation type (e.g., constellation mapping) to be used for transmissions to the gNB
160. The modulator 154 may modulate the encoded data 152 to provide one or more
modulated signals 156 to the one or more transmitters 158.

[00128] The UE operations module 124 may provide information 140 to the one or
more transmitters 158. This information 140 may include instructions for the one or more
transmitters 158. For example, the UE operations module 124 may instruct the one or

more transmitters 158 when to transmit a signal to the gNB 160. For instance, the one or
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more transmitters 158 may transmit during a UL subframe. The one or more transmitters
158 may upconvert and transmit the modulated signal(s) 156 to one or more gNBs 160.
[00129] Each of the one or more gNBs 160 may include one or more transceivers 176,
one or more demodulators 172, one or more decoders 166, one or more encoders 109, one
or more modulators 113, a data buffer 162 and a gNB operations module 182. For
example, one or more reception and/or transmission paths may be implemented in a gNB
160. For convenience, only a single transceiver 176, decoder 166, demodulator 172,
encoder 109 and modulator 113 are illustrated in the gNB 160, though multiple parallel
elements (e.g., transceivers 176, decoders 166, demodulators 172, encoders 109 and
modulators 113) may be implemented.

[00130] The transceiver 176 may include one or more receivers 178 and one or more
transmitters 117. The one or more receivers 178 may receive signals from the UE 102
using one or more antennas 180a-n. For example, the receiver 178 may receive and
downconvert signals to produce one or more received signals 174. The one or more
received signals 174 may be provided to a demodulator 172. The one or more
transmitters 117 may transmit signals to the UE 102 using one or more antennas 180a-n.
For example, the one or more transmitters 117 may upconvert and transmit one or more
modulated signals 115.

[00131] The demodulator 172 may demodulate the one or more received signals 174 to
produce one or more demodulated signals 170. The one or more demodulated signals 170
may be provided to the decoder 166. The gNB 160 may use the decoder 166 to decode
signals. The decoder 166 may produce one or more decoded signals 164, 168. For
example, a first eNB-decoded signal 164 may comprise received payload data, which
may be stored in a data buffer 162. A second eNB-decoded signal 168 may comprise
overhead data and/or control data. For example, the second eNB-decoded signal 168 may
provide data (e.g., PDSCH HARQ-ACK information) that may be used by the gNB
operations module 182 to perform one or more operations.

[00132] In general, the gNB operations module 182 may enable the gNB 160 to

communicate with the one or more UEs 102. The gNB operations module 182 may
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include a gNB scheduling module 194. The gNB scheduling module 194 may perform
operations for configurations for V2X communication as described herein.

[00133] The gNB operations module 182 may provide information 188 to the
demodulator 172. For example, the gNB operations module 182 may inform the
demodulator 172 of a modulation pattern anticipated for transmissions from the UE(s)
102.

[00134] The gNB operations module 182 may provide information 186 to the decoder
166. For example, the gNB operations module 182 may inform the decoder 166 of an
anticipated encoding for transmissions from the UE(s) 102.

[00135] The gNB operations module 182 may provide information 101 to the encoder
109. The information 101 may include data to be encoded and/or instructions for
encoding. For example, the gNB operations module 182 may instruct the encoder 109 to
encode information 101, including transmission data 103.

[00136] The encoder 109 may encode transmission data 105 and/or other information
included in the information 101 provided by the gNB operations module 182. For
example, encoding the data 105 and/or other information included in the information 101
may involve error detection and/or correction coding, mapping data to space, time and/or
frequency resources for transmission, multiplexing, etc. The encoder 109 may provide
encoded data 111 to the modulator 113. The transmission data 105 may include network
data to be relayed to the UE 102.

[00137] The gNB operations module 182 may provide information 103 to the
modulator 113. This information 103 may include instructions for the modulator 113. For
example, the gNB operations module 182 may inform the modulator 113 of a modulation
type (e.g., constellation mapping) to be used for transmissions to the UE(s) 102. The
modulator 113 may modulate the encoded data 111 to provide one or more modulated
signals 115 to the one or more transmitters 117.

[00138] The gNB operations module 182 may provide information 192 to the one or
more transmitters 117. This information 192 may include instructions for the one or more
transmitters 117. For example, the gNB operations module 182 may instruct the one or

more transmitters 117 when to (or when not to) transmit a signal to the UE(s) 102. The
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one or more transmitters 117 may upconvert and transmit the modulated signal(s) 115 to
one or more UEs 102.

[00139] It should be noted that a DL subframe may be transmitted from the gNB 160
to one or more UEs 102 and that a UL subframe may be transmitted from one or more
UEs 102 to the gNB 160. Furthermore, both the gNB 160 and the one or more UEs 102
may transmit data in a standard special subframe.

[00140] It should also be noted that one or more of the elements or parts thereof
included in the eNB(s) 160 and UE(s) 102 may be implemented in hardware. For
example, one or more of these elements or parts thereof may be implemented as a chip,
circuitry or hardware components, etc. It should also be noted that one or more of the
functions or methods described herein may be implemented in and/or performed using
hardware. For example, one or more of the methods described herein may be
implemented in and/or realized using a chipset, an application-specific integrated circuit
(ASIC), a large-scale integrated circuit (LSI) or integrated circuit, etc.

[00141] URLLC may coexist with other services (e.g., eMBB). Due to the latency
requirement, URLLC may have a highest priority in some approaches. Some examples of
URLLC coexistence with other services are given herein (e.g., in one or more of the
following Figure descriptions).

[00142] Figure 2 is an example illustrating V2X services. A first UE 202a (referred to
as a transmitter UE or UE-1) transmits the V2X data to a second UE 202b (referred to as
receiver UE or UE-2). A base station (gNB) 260 transmits the UE data or control
signal(s) to the first UE 202a and/or the second UE 202b. L1 is a radio link between gNB
260 and the first UE 202a (L1 may be called Uu interface), and L2 is a radio link between
the first UE 202a and the second UE 202b (L2 may be called PC5 interface).

[00143] Figure 3 illustrates an uplink-downlink timing relation. Uplink frame number i

303 for transmission from a UE 102 may start N =(NT A +NT A,OffSCt)TC before

the start of the corresponding downlink frame i 301 at the UE 102. NTA offset 1s given

by Table 2.
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[00144] Figure 4 is a block diagram illustrating one implementation of a UE 402. The
UE 402 may be implemented in accordance with a transmitter UE 102 or a receiver UE
102 as described in connection with Figure 1.

[00145] Higher layer circuitry 423 may receive a higher layer message (e.g., SIB,
dedicated RRC) from a gNB 160 or uses a preconfigured configuration by the UE 402.
Transmission circuitry 451 may generate a PSCCH and a PSSCH for transmission,
HARQ-ACK bit, and/or retransmission signal(s). Reception circuitry 443 may receive a
PSCCH, a PSSCH, HARQ-ACK bit, and/or retransmission signal(s). A digital-to-analog
converter (D/A) 401 may convert a digital signal to an analog signal, amplify the analog
signal, and transmission antenna 431la may transmit the PSCCH and/or PSSCH.
Reception antenna 431b may receive the transmitted signals. An analog-to-digital
converter (A/D) 403 may apply AGC (automatic gain controller) values, amplify the
received signals, and convert an analog signal to a digital signal. Transmission antenna
431b may transmit the PSCCH and/or PSSCH.

[00146] Figure 5 is a diagram illustrating one example of a resource grid for the
downlink. The resource grid illustrated in Figure 5 may be utilized in some
implementations of the systems and methods disclosed herein. More detail regarding the
resource grid is given in connection with Figure 1.

[00147] In Figure 5, one downlink subframe 569 may include two downlink slots 583.

NDLRB is downlink bandwidth configuration of the serving cell, expressed in multiples
RB RB . .. .
of N~ “g¢, where N gc is a resource block 589 size in the frequency domain expressed

as a number of subcarriers, and NDLsymb is the number of OFDM symbols 587 in a

downlink slot 583. A resource block 589 may include a number of resource elements
(RE) 591.

[00148] For a PCell, NDLRB is broadcast as a part of system information. For an

SCell (including an Licensed Assisted Access (LAA) SCell), NDLRB is configured by a
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RRC message dedicated to a UE 102. For PDSCH mapping, the available RE 591 may be
the RE 591 whose index | fulfils 121data start and/or ldata end21 in a subframe.

[00149] In the downlink, the OFDM access scheme with cyclic prefix (CP) may be
employed, which may be also referred to as CP-OFDM. In the downlink, PDCCH,
enhanced PDCCH (EPDCCH), PDSCH and the like may be transmitted. A downlink
radio frame may include multiple pairs of downlink resource blocks (RBs) which is also
referred to as physical resource blocks (PRBs). The downlink RB pair is a unit for
assigning downlink radio resources, defined by a predetermined bandwidth (RB
bandwidth) and a time slot. The downlink RB pair includes two downlink RBs that are
continuous in the time domain.

[00150] The downlink RB includes twelve sub-carriers in frequency domain. The
downlink slot includes fourteen (for normal CP) or twelve (for extended CP) OFDM
symbols in time domain. A region defined by one sub-carrier in frequency domain and
one OFDM symbol in time domain is referred to as a resource element (RE) and is
uniquely identified by the index pair (k/) in a slot, where k and [ are indices in the
frequency and time domains, respectively. While downlink subframes in one component
carrier (CC) are discussed herein, downlink subframes are defined for each CC and
downlink subframes are substantially in synchronization with each other among CCs.
[00151] Figure 6 is a diagram illustrating one example of a resource grid for the
uplink. The resource grid illustrated in Figure 6 may be utilized in some implementations
of the systems and methods disclosed herein. More detail regarding the resource grid is
given in connection with Figure 1.

[00152] In Figure 6, one uplink subframe 669 may include two uplink slots 683.

NULRB is uplink bandwidth configuration of the serving cell, expressed in multiples of

NRBSC, where NRBSC is a resource block 689 size in the frequency domain expressed as

a number of subcarriers, and NULSymb is the number of SC-FDMA symbols 693 in an

uplink slot 683. A resource block 689 may include a number of resource elements (RE)

691.
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[00153] For a PCell, NULRB is broadcast as a part of system information. For an

SCell (including an LAA SCell), NULRB is configured by a RRC message dedicated to a

UE 102.

[00154] In the uplink, in addition to CP-OFDM, a Single-Carrier Frequency Division
Multiple Access (SC-FDMA) access scheme may be employed, which is also referred to
as Discrete Fourier Transform-Spreading OFDM (DFT-S-OFDM). In the uplink,
PUCCH, PUSCH, PRACH and the like may be transmitted. An uplink radio frame may
include multiple pairs of uplink resource blocks. The uplink RB pair is a unit for
assigning uplink radio resources, defined by a predetermined bandwidth (RB bandwidth)
and a time slot. The uplink RB pair includes two uplink RBs that are continuous in the
time domain.

[00155] The uplink RB may include twelve sub-carriers in frequency domain. The
uplink slot includes fourteen (for normal CP) or twelve (for extended CP) OFDM/DFT-S-
OFDM symbols in time domain. A region defined by one sub-carrier in the frequency
domain and one OFDM/DFT-S-OFDM symbol in the time domain is referred to as a RE
and is uniquely identified by the index pair (k,/) in a slot, where k and / are indices in the
frequency and time domains respectively. While uplink subframes in one component
carrier (CC) are discussed herein, uplink subframes are defined for each CC.

[00156] Figure 7 shows examples of several numerologies 701. The numerology #1
701a may be a basic numerology (e.g., a reference numerology). For example, a RE 795a
of the basic numerology 701a may be defined with subcarrier spacing 705a of 15 kHz in
frequency domain and 2048Ts + CP length (e.g., 160Ts or 144Ts) in time domain (i.e.,
symbol length #1 703a), where Ts denotes a baseband sampling time unit defined as

1/(15000%2048) seconds. For the i-th numerology, the subcarrier spacing 705 may be

equal to 15#2" and the effective OFDM symbol length 2048%27%Ts. It may cause the

symbol length is 2048*27 *Ts + CP length (e.g., 160*2™ *Ts or 144*27 *Ts). In other

words, the subcarrier spacing of the i+1-th numerology is a double of the one for the i-th

numerology, and the symbol length of the i+1-th numerology is a half of the one for the i-
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th numerology. Figure 7 shows four numerologies, but the system may support another
number of numerologies. Furthermore, the system does not have to support all of the 0-th
to the I-th numerologies, i=0, 1, ..., .

[00157] For example, the first UL transmission on the first SPS resource as above
mentioned may be performed only on the numerology #1 (e.g., a subcarrier spacing of 15
kHz). Here, the UE 102 may acquire (detect) the numerology #1 based on a
synchronization signal. Also, the UE 102 may receive a dedicated RRC signal including
information (e.g., a handover command) configuring the numerology #1. The dedicated
RRC signal may be a UE-specific signal. Here, the first UL transmission on the first SPS
resource may be performed on the numerology #1, the numerology #2 (a subcarrier
spacing of 30 kHz), and/or the numerology #3 (a subcarrier spacing of 60 kHz).

[00158] Also, the second UL transmission on the second SPS resource as above
mentioned may be performed only on the numerology #3. Here, for example, the UE 102
may receive System Information (e.g., Master Information Block (MIB) and/or System
Information Block (SIB)) including information configuring the numerology #2 and/or
the numerology #3.

[00159] Also, the UE 102 may receive the dedicated RRC signal including information
(e.g., the handover command) configuring the numerology #2 and/or the numerology #3.
The System Information (e.g., MIB) may be transmitted on BCH (Broadcast Channel)
and/or the dedicated RRC signal. The System Information (e.g., SIB) may contain
information relevant when evaluating if a UE 102 is allowed to access a cell and/or
defines the scheduling of other system information. The System Information (SIB) may
contain radio resource configuration information that is common for multiple UEs 102.
Namely, the dedicated RRC signal may include each of multiple numerology
configurations (the first numerology, the second numerology, and/or the third
numerology) for each of UL transmissions (e.g.. each of UL-SCH transmissions, each of
PUSCH transmissions). Also, the dedicated RRC signal may include each of multiple
numerology configurations (the first numerology, the second numerology, and/or the

third numerology) for each of DL transmissions (each of PDCCH transmissions).
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[00160] Figure 8 shows examples of subframe structures for the numerologies 801 that
are shown in Figure 7. Given that a slot 883 includes NDLSymb (or NULSymb) =7

symbols, the slot length of the i+1-th numerology 801 is a half of the one for the i-th
numerology 801, and eventually the number of slots 883 in a subframe (i.e., 1 ms)
becomes double. It may be noted that a radio frame may include 10 subframes, and the
radio frame length may be equal to 10 ms.

[00161] Figure 9 shows examples of slots 983 and sub-slots 907. If a sub-slot 907 is
not configured by higher layer, the UE 102 and the eNB/gNB 160 may only use a slot
983 as a scheduling unit. More specifically, a given transport block may be allocated to a
slot 983. If the sub-slot 907 is configured by higher layer, the UE 102 and the eNB/gNB
160 may use the sub-slot 907 as well as the slot 983. The sub-slot 907 may include one or
more OFDM symbols. The maximum number of OFDM symbols that constitute the sub-

slot 907 may be NDLsymb—l (or NULsymb—l).

[00162] The sub-slot length may be configured by higher layer signaling.
Alternatively, the sub-slot length may be indicated by a physical layer control channel
(e.g., by DCI format).

[00163] The sub-slot 907 may start at any symbol within a slot 983 unless it collides
with a control channel. There could be restrictions of mini-slot length based on

restrictions on starting position. For example, the sub-slot 907 with the length of
NDLSymb—l (or NULSymb—l) may start at the second symbol in a slot 983. The starting

position of a sub-slot 907 may be indicated by a physical layer control channel (e.g., by
DCI format). Alternatively, the starting position of a sub-slot 907 may be derived from
information (e.g., search space index, blind decoding candidate index, frequency and/or
time resource indices, PRB index, a control channel element index, control channel
element aggregation level, an antenna port index, etc.) of the physical layer control
channel which schedules the data in the concerned sub-slot 907. Here, slot may be called
“PDSCH type A”, “PUSCH type A", or “PSSCH type A”. mini-slot may be called
“PDSCH type B”, “PUSCH type B”, or “PSSCH type B”. This may be defined as the
position of DMRS in the time domain. For example, DMRS of PSSCH type A is mapped
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to 3 or 4" OFDM symbol in a slot, and DMRS of PSSCH typc B is mapped to the first

OFDM symbol of the scheduled OFDM symbol(s).

[00164] In cases when the sub-slot 907 is configured, a given transport block may be
allocated to either a slot 983, a sub-slot 907, aggregated sub-slots 907 or aggregated sub-
slot(s) 907 and slot 983. This unit may also be a unit for HARQ-ACK bit generation.
[00165] Figure 10 shows examples of scheduling timelines 1009. For a normal DL
scheduling timeline 1009a, DL control channels are mapped the initial part of a slot
1083a. The DL control channels 1011 schedule DL shared channels 1013a in the same
slot 1083a. HARQ-ACKSs for the DL shared channels 1013a (i.e., HARQ-ACKSs each of
which indicates whether or not transport block in each DL shared channel 1013a is
detected successfully) are reported via UL control channels 1015a in a later slot 1083b. In
this instance, a given slot 1083 may contain either one of DL transmission and UL
transmission.

[00166] For a normal UL scheduling timeline 1009b, DL control channels 1011b are
mapped the initial part of a slot 1083c. The DL control channels 1011b schedule UL
shared channels 1017a in a later slot 1083d. For these cases, the association timing (time
shift) between the DL slot 1083c and the UL slot 1083d may be fixed or configured by
higher layer signaling. Alternatively, it may be indicated by a physical layer control
channel (e.g., the DL assignment DCI format, the UL grant DCI format, or another DCI
format such as UE-common signaling DCI format which may be monitored in common
search space).

[00167] For a self-contained base DL scheduling timeline 1009c, DL control channels
1011c are mapped to the initial part of a slot 1083e. The DL control channels 1011c
schedule DL shared channels 1013b in the same slot 1083e. HARQ-ACKSs for the DL
shared channels 1013b are reported in UL control channels 1015b, which are mapped at
the ending part of the slot 1083e.

[00168] For a self-contained base UL scheduling timeline 1009d, DL control channels
1011d are mapped to the initial part of a slot 1083f. The DL control channels 1011d
schedule UL shared channels 1017b in the same slot 1083f. For these cases, the slot
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1083f may contain DL and UL portions, and there may be a guard period between the DL
and UL transmissions.

[00169] The use of a self-contained slot may be upon a configuration of self-contained
slot. Alternatively, the use of a self-contained slot may be upon a configuration of the
sub-slot. Yet alternatively, the use of a self-contained slot may be upon a configuration of
shortened physical channel (e.g., PDSCH, PUSCH, PUCCH, etc.).

[00170] Figure 11 shows examples of DL control channel monitoring regions. In a
first example (a), a physical resource block (PRB) 1189a is shown with a symbol length
1101a and frequency 1109a. In a second example (a), a physical resource block (PRB)
1189b is shown with a symbol length 1101b and frequency 1109b. In an implementation,
the bandwidth of the PRB 1189a.b.

[00171] In the examples of Figure 11, one or more sets of PRB(s) 1189 may be
configured for DL control channel monitoring. In other words, a control resource set
1107a,b is, in the frequency domain, a set of PRBs 1189a,b within which the UE 102
attempts to blindly decode downlink control information, where the PRBs 1189a,b may
or may not be frequency contiguous. A UE 102 may have one or more control resource
sets 1107a,b, and one DCI message may be located within one control resource set
1107a,b. In the frequency-domain, a PRB 1189 is the resource unit size (which may or
may not include Demodulation reference signals (DM-RS)) for a control channel
1103a,b. A DL shared channel 1105a,b may start at a later OFDM symbol than the one(s)
which carries the detected DL control channel 1103a,b. Alternatively, the DL shared
channel 1105a,b may start at (or earlier than) an OFDM symbol than the last OFDM
symbol which carries the detected DL control channel 1103a,b. In other words, dynamic
reuse of at least part of resources in the control resource sets 1107a,b for data for the
same or a different UE 102, at least in the frequency domain may be supported.

[00172] Figure 12 shows examples of a DL control channel 1203a,b which includes
more than one control channel elements. In a first example (a), a physical resource block
(PRB) 1289a is shown with a symbol length 1201a and frequency 1209a. In a second
example (a), a physical resource block (PRB) 1289b is shown with a symbol length
1201b and frequency 1209b.
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[00173] When the control resource set 1207a,b spans multiple OFDM symbols, a
control channel candidate may be mapped to multiple OFDM symbols or may be mapped
to a single OFDM symbol. One DL control channel element 1203a,b may be mapped on
REs defined by a single PRB 1289a.,b and a single OFDM symbol. If more than one DL
control channel elements 1203a,b are used for a single DL control channel transmission,
DL control channel element aggregation 1211a,b may be performed.

[00174] The number of aggregated DL control channel elements 1203a,b is referred to
as DL control channel element aggregation level. The DL control channel element
aggregation level may be 1 or 2 to the power of an integer. The gNB 160 may inform a
UE 102 of which control channel candidates are mapped to each subset of OFDM
symbols in the control resource set 1207a,b. If one DL control channel 1203a,b is
mapped to a single OFDM symbol and does not span multiple OFDM symbols, the DL
control channel element aggregation is performed within an OFDM symbol, namely
multiple DL control channel elements 1203a,b within an OFDM symbol are aggregated.
Otherwise, DL control channel elements 1203a,b in different OFDM symbols can be
aggregated.

[00175] Figure 13 shows examples of UL control channel structures. In the examples
of Figure 13, physical resource blocks (PRBs) 1389 are shown with a symbol length 1301
and frequency 1309.

[00176] In a first example (a), the UL control channel 1313a may be mapped on REs
which are defined by a PRB 1389 and a slot in frequency and time domains, respectively.
This UL control channel 1313a may be referred to as a long format (or just the 1st
format).

[00177] In the second example (b) and third example (c), UL control channels 1313b,c
may be mapped on REs on a limited OFDM symbols in time domain. This may be
referred to as a short format (or just the 2nd format). The UL control channels 1313b,c
with a short format may be mapped on REs within a single PRB 1389. Alternatively, the
UL control channels 1313b,c with a short format may be mapped on REs within multiple

PRBs 1389. For example, interlaced mapping may be applied, namely the UL control
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channel 1313b,c may be mapped to every N PRBs (e.g., 5 or 10) within a system
bandwidth.

[00178] Figure 14 is a block diagram illustrating one implementation of a gNB 1460.
The gNB 1460 may include a higher layer processor 1423, a DL transmitter 1425, a UL
receiver 1433, and one or more antenna 1431. The DL transmitter 1425 may include a
PDCCH transmitter 1427 and a PDSCH transmitter 1429. The UL receiver 1433 may
include a PUCCH receiver 1435 and a PUSCH receiver 1437.

[00179] The higher layer processor 1423 may manage physical layer’s behaviors (the
DL transmitter’s and the UL receiver’s behaviors) and provide higher layer parameters to
the physical layer. The higher layer processor 1423 may obtain transport blocks from the
physical layer. The higher layer processor 1423 may send/acquire higher layer messages
such as an RRC message and MAC message to/from a UE’s higher layer. The higher
layer processor 1423 may provide the PDSCH transmitter transport blocks and provide
the PDCCH transmitter transmission parameters related to the transport blocks.

[00180] The DL transmitter 1425 may multiplex downlink physical channels and
downlink physical signals (including reservation signal) and transmit them via
transmission antennas 1431. The UL receiver 1433 may receive multiplexed uplink
physical channels and uplink physical signals via receiving antennas 1431 and de-
multiplex them. The PUCCH receiver 1435 may provide the higher layer processor 1423
UCIL The PUSCH receiver 1437 may provide the higher layer processor 1423 received
transport blocks.

[00181] Figure 15 is a block diagram illustrating one implementation of a UE 1502.
The UE 1502 may include a higher layer processor 1523, a UL transmitter 1551, a DL
receiver 1543, and one or more antenna 1531. The UL transmitter 1551 may include a
PUCCH transmitter 1553 and a PUSCH transmitter 1555. The DL receiver 1543 may
include a PDCCH receiver 1545 and a PDSCH receiver 1547.

[00182] The higher layer processor 1523 may manage physical layer’s behaviors (the
UL transmitter’s and the DL receiver’s behaviors) and provide higher layer parameters to
the physical layer. The higher layer processor 1523 may obtain transport blocks from the
physical layer. The higher layer processor 1523 may send/acquire higher layer messages
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such as an RRC message and MAC message to/from a UE’s higher layer. The higher
layer processor 1523 may provide the PUSCH transmitter transport blocks and provide
the PUCCH transmitter 1553 UCL

[00183] The DL receiver 1543 may receive multiplexed downlink physical channels
and downlink physical signals via receiving antennas 1531 and de-multiplex them. The
PDCCH receiver 1545 may provide the higher layer processor 1523 DCI. The PDSCH
receiver 1547 may provide the higher layer processor 1523 received transport blocks.
[00184] It should be noted that names of physical channels described herein are
examples. The other names such as “NRPDCCH, NRPDSCH, NRPUCCH and
NRPUSCH”, “new Generation-(G)PDCCH, GPDSCH, GPUCCH and GPUSCH” or the
like can be used.

[00185] Figure 16 illustrates various components that may be utilized in a UE 1602.
The UE 1602 described in connection with Figure 16 may be implemented in accordance
with the UE 102 described in connection with Figure 1. The UE 1602 includes a
processor 1603 that controls operation of the UE 1602. The processor 1603 may also be
referred to as a central processing unit (CPU). Memory 1605, which may include read-
only memory (ROM), random access memory (RAM), a combination of the two or any
type of device that may store information, provides instructions 1607a and data 1609a to
the processor 1603. A portion of the memory 1605 may also include non-volatile
random-access memory (NVRAM). Instructions 1607b and data 1609b may also reside in
the processor 1603. Instructions 1607b and/or data 1609b loaded into the processor 1603
may also include instructions 1607a and/or data 1609a from memory 1605 that were
loaded for execution or processing by the processor 1603. The instructions 1607b may be
executed by the processor 1603 to implement the methods described above.

[00186] The UE 1602 may also include a housing that contains one or more
transmitters 1658 and one or more receivers 1620 to allow transmission and reception of
data. The transmitter(s) 1658 and receiver(s) 1620 may be combined into one or more
transceivers 1618. One or more antennas 1622a-n are attached to the housing and

electrically coupled to the transceiver 1618.
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[00187] The various components of the UE 1602 are coupled together by a bus system
1611, which may include a power bus, a control signal bus and a status signal bus, in
addition to a data bus. However, for the sake of clarity, the various buses are illustrated in
Figure 16 as the bus system 1611. The UE 1602 may also include a digital signal
processor (DSP) 1613 for use in processing signals. The UE 1602 may also include a
communications interface 1615 that provides user access to the functions of the UE 1602.
The UE 1602 illustrated in Figure 16 is a functional block diagram rather than a listing of
specific components.

[00188] Figure 17 illustrates various components that may be utilized in a gNB 1760.
The gNB 1760 described in connection with Figure 17 may be implemented in
accordance with the gNB 160 described in connection with Figure 1. The gNB 1760
includes a processor 1703 that controls operation of the gNB 1760. The processor 1703
may also be referred to as a central processing unit (CPU). Memory 1705, which may
include read-only memory (ROM), random access memory (RAM), a combination of the
two or any type of device that may store information, provides instructions 1707a and
data 1709a to the processor 1703. A portion of the memory 1705 may also include non-
volatile random-access memory (NVRAM). Instructions 1707b and data 1709b may also
reside in the processor 1703. Instructions 1707b and/or data 1709b loaded into the
processor 1703 may also include instructions 1707a and/or data 1709a from memory
1705 that were loaded for execution or processing by the processor 1703. The
instructions 1707b may be executed by the processor 1703 to implement the methods
described above.

[00189] The gNB 1760 may also include a housing that contains one or more
transmitters 1717 and one or more receivers 1778 to allow transmission and reception of
data. The transmitter(s) 1717 and receiver(s) 1778 may be combined into one or more
transceivers 1776. One or more antennas 1780a-n are attached to the housing and
electrically coupled to the transceiver 1776.

[00190] The various components of the gNB 1760 are coupled together by a bus
system 1711, which may include a power bus, a control signal bus and a status signal bus,

in addition to a data bus. However, for the sake of clarity, the various buses are illustrated
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in Figure 17 as the bus system 1711. The gNB 1760 may also include a digital signal
processor (DSP) 1713 for use in processing signals. The gNB 1760 may also include a
communications interface 1715 that provides user access to the functions of the gNB
1760. The gNB 1760 illustrated in Figure 17 is a functional block diagram rather than a
listing of specific components.

[00191] Figure 18 is a block diagram illustrating one implementation of a UE 1802 in
which synchronization for V2X communication may be implemented. The UE 1802
includes transmit means 1858, receive means 1820 and control means 1824. The transmit
means 1858, receive means 1820 and control means 1824 may be configured to perform
one or more of the functions described in connection with Figure 1 above. Figure 16
above illustrates one example of a concrete apparatus structure of Figure 18. Other
various structures may be implemented to realize one or more of the functions of Figure
1. For example, a DSP may be realized by software.

[00192] Figure 19 is a block diagram illustrating one implementation of a gNB 1960 in
which synchronization for V2X communication may be implemented. The gNB 1960
includes transmit means 1923, receive means 1978 and control means 1982. The transmit
means 1923, receive means 1978 and control means 1982 may be configured to perform
one or more of the functions described in connection with Figure 1 above. Figure 17
above illustrates one example of a concrete apparatus structure of Figure 19. Other
various structures may be implemented to realize one or more of the functions of Figure
1. For example, a DSP may be realized by software.

[00193] The term “computer-readable medium” refers to any available medium that
can be accessed by a computer or a processor. The term “computer-readable medium,” as
used herein, may denote a computer- and/or processor-readable medium that is non-
transitory and tangible. By way of example, and not limitation, a computer-readable or
processor-readable medium may comprise RAM, ROM, EEPROM, CD-ROM or other
optical disk storage, magnetic disk storage or other magnetic storage devices, or any
other medium that can be used to carry or store desired program code in the form of
instructions or data structures and that can be accessed by a computer or processor. Disk

and disc, as used herein, includes compact disc (CD), laser disc, optical disc, digital
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versatile disc (DVD), floppy disk and Blu-ray® disc where disks usually reproduce data
magnetically, while discs reproduce data optically with lasers.

[00194] Tt should be noted that one or more of the methods described herein may be
implemented in and/or performed using hardware. For example, one or more of the
methods described herein may be implemented in and/or realized using a chipset, an
application-specific integrated circuit (ASIC), a large-scale integrated circuit (LSI) or
integrated circuit, etc.

[00195] Each of the methods disclosed herein comprises one or more steps or actions
for achieving the described method. The method steps and/or actions may be
interchanged with one another and/or combined into a single step without departing from
the scope of the claims. In other words, unless a specific order of steps or actions is
required for proper operation of the method that is being described, the order and/or use
of specific steps and/or actions may be modified without departing from the scope of the
claims.

[00196] It is to be understood that the claims are not limited to the precise
configuration and components illustrated above. Various modifications, changes and
variations may be made in the arrangement, operation and details of the systems,
methods, and apparatus described herein without departing from the scope of the claims.
[00197] A program running on the gNB 160 or the UE 102 according to the described
systems and methods is a program (a program for causing a computer to operate) that
controls a CPU and the like in such a manner as to realize the function according to the
described systems and methods. Then, the information that is handled in these
apparatuses is temporarily stored in a RAM while being processed. Thereafter, the
information is stored in various ROMs or HDDs, and whenever necessary, is read by the
CPU to be modified or written. As a recording medium on which the program is stored,
among a semiconductor (for example, a ROM, a nonvolatile memory card, and the like),
an optical storage medium (for example, a DVD, a MO, a MD, a CD, a BD, and the like),
a magnetic storage medium (for example, a magnetic tape, a flexible disk, and the like),
and the like, any one may be possible. Furthermore, in some cases, the function according

to the described systems and methods described above is realized by running the loaded
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program, and in addition, the function according to the described systems and methods is
realized in conjunction with an operating system or other application programs, based on
an instruction from the program.

[00198] Furthermore, in a case where the programs are available on the market, the
program stored on a portable recording medium can be distributed or the program can be
transmitted to a server computer that connects through a network such as the Internet. In
this case, a storage device in the server computer also is included. Furthermore, some or
all of the gNB 160 and the UE 102 according to the systems and methods described
above may be realized as an LSI that is a typical integrated circuit. Each functional block
of the gNB 160 and the UE 102 may be individually built into a chip, and some or all
functional blocks may be integrated into a chip. Furthermore, a technique of the
integrated circuit is not limited to the LSI, and an integrated circuit for the functional
block may be realized with a dedicated circuit or a general-purpose processor.
Furthermore, if with advances in a semiconductor technology, a technology of an
integrated circuit that substitutes for the LSI appears, it is also possible to use an
integrated circuit to which the technology applies.

[00199] Moreover, each functional block or various features of the base station device
and the terminal device used in each of the aforementioned implementations may be
implemented or executed by a circuitry, which is typically an integrated circuit or a
plurality of integrated circuits. The circuitry designed to execute the functions described
in the present specification may comprise a general-purpose processor, a digital signal
processor (DSP), an application specific or general application integrated circuit (ASIC),
a field programmable gate array (FPGA), or other programmable logic devices, discrete
gates or transistor logic, or a discrete hardware component, or a combination thereof. The
general-purpose processor may be a microprocessor, or alternatively, the processor may
be a conventional processor, a controller, a microcontroller or a state machine. The
general-purpose processor or each circuit described above may be configured by a digital
circuit or may be configured by an analogue circuit. Further, when a technology of

making into an integrated circuit superseding integrated circuits at the present time
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appears due to advancement of a semiconductor technology, the integrated circuit by this
technology is also able to be used.

[00200] As used herein, the term “and/or” should be interpreted to mean one or more
items. For example, the phrase “A, B and/or C” should be interpreted to mean any of:
only A, only B, only C, A and B (but not C), B and C (but not A), A and C (but not B), or
all of A, B, and C. As used herein, the phrase “at least one of”” should be interpreted to
mean one or more items. For example, the phrase “at least one of A, B and C” or the
phrase “at least one of A, B or C” should be interpreted to mean any of: only A, only B,
only C, A and B (but not C), B and C (but not A), A and C (but not B), or all of A, B, and
C. As used herein, the phrase “one or more of” should be interpreted to mean one or more
items. For example, the phrase “one or more of A, B and C” or the phrase “one or more
of A, B or C” should be interpreted to mean any of: only A, only B, only C, A and B (but
not C), B and C (but not A), A and C (but not B), or all of A, B, and C.

[00201] What is claimed is:
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CLAIMS

A user equipment (UE), comprising:

higher layer circuitry configured to receive information on a sidelink bandwidth
part and a resource pool for sidelink within the sidelink bandwidth part;
and

transmitting circuitry configured to transmit one or more blocks, each block
comprising a primary sidelink synchronization signal (PSSS), a secondary
sidelink shared channel (SSSS), a physical sidelink broadcast channel
(PSBCH) and a demodulation reference signal (DMRS) associated with
the PSBCH within the resource pool, wherein

a sequence of the PSSS sequence is generated by a synchronization source
identity (ID) or a part of the synchronization source ID,

a sequence of the SSSS is generated by the synchronization source ID or a part of
the synchronization source ID,

a sequence ol the DMRS associated with the PSBCH is initialized by a block
index or part of the block index, and

the PSBCH includes the block index or part of the block index.

A communication method of a user equipment (UE) comprising:

receiving information on a sidelink bandwidth part and a resource pool for
sidelink within the sidelink bandwidth part; and

transmitting one or more blocks, each block comprising a primary sidelink
synchronization signal (PSSS), a secondary sidelink shared channel
(SSSS), a physical sidelink broadcast channel (PSBCH) and a
demodulation reference signal (DMRS) associated with the PSBCH within
the resource pool, wherein

a sequence of the PSSS sequence is generated by a synchronization source

identity (ID) or a part of the synchronization source ID,
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a sequence of the SSSS is generated by the synchronization source ID or a part of
the synchronization source ID,

a sequence of the DMRS associated with the PSBCH is initialized by a block
index or part of the block index, and

the PSBCH includes the block index or part of the block index.
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ABSTRACT

A user equipment (UE) is described. Higher layer circuitry is configured to
receive information on a sidelink bandwidth part and a resource pool for sidelink within
the sidelink bandwidth part. Transmitting circuitry is configured to transmit one or more
blocks. Each block includes a primary sidelink synchronization signal (PSSS), a
secondary sidelink shared channel (SSSS), a physical sidelink broadcast channel
(PSBCH) and a demodulation reference signal (DMRS) associated with the PSBCH
within the resource pool. A sequence of the PSSS sequence is generated by a
synchronization source identity (ID) or a part of the synchronization source ID. A
sequence of the SSSS is generated by the synchronization source ID or a part of the
synchronization source ID. A sequence of the DMRS associated with the PSBCH is
initialized by a block index or part of the block index. The PSBCH includes the block

index or part of the block index.
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