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04/30/2019 
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FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

Mahmoud 
Taherzadeh Boroujeni IDC-2019P01003US 
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30 SOUTH 17TH STREET -1 STH FLOOR 
PHILADELPHIA, PA 19103 
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Date Mailed: 04/25/2022 

NOTICE REGARDING CHANGE OF POWER OF ATTORNEY 

This is in response to the Power of Attorney filed 04/21/2022. 

• The Power of Attorney to you in this application has been revoked by the applicant. Future correspondence 
will be mailed to the new address of record(37 CFR 1.33). 

/dtdinh/ 

Questions about the contents of this notice and the 
requirements it sets forth should be directed to the Office 

of Data Management, Application Assistance Unit, at 
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101. 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NUMBER FILING OR 3 71 (C) DATE 

62/841,021 04/30/2019 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

FIRST NAMED APPLICANT 

Mahmoud 
Taherzadeh Boroujeni 

ATTY. DOCKET NO./TITLE 

172598 
lnterdigital/FlasterGreenberg PC 
1717 Arch Street 

2019P01003 US 
CONFIRMATION NO. 2417 

POA ACCEPTANCE LETTER 

11111111111111111 lllll ll]~!l]!~l!~l!~Hl!IUHII 111111111111111 IIII IIII 
Suite 3300 
Philadelphia, PA 19103 

Date Mailed: 04/25/2022 

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY 

This is in response to the Power of Attorney filed 04/21/2022. 

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the 
above address as provided by 37 CFR 1.33. 

/dtdinh/ 

Questions about the contents of this notice and the 
requirements it sets forth should be directed to the Office 

of Data Management, Application Assistance Unit, at 
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101. 
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DocuSign Envelope ID: C758E91 F-0974-453C-9166-FCD289429596 

[ 

_...,._, _...,....,.,_,. I 1••• 

Document Description: Power of Attorney 
PTO/AIA/82B (07-13) 

Approved for use through 11/30/2014. 0MB 0651-0051 
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid 0MB control number 

POWER OF ATTORNEY BY APPLICANT 

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

I Appl;cat;on Number I Fmng Date 

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

[Z] I 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: I 
OR 172598 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: 

[Z] The address associated with the above-mentioned Customer Number 

OR 

□ The address associated with Customer Number: I 
I 

OR 
Firm or 
Individual Name 

Address 

City I State I I Zip I 
Country 

Telephone I Email I 
I am the Applicant (if the Applicant is a juristic entity, list the Applicant name in the box): 

I 10AC Holdings, Inc. 

□ Inventor or Joint Inventor (title not required below) 

□ Legal Representative of a Deceased or Legally Incapacitated Inventor (title not required below) 

0 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 
~ ,.n. ·""i.g hu• 

The undersigned (whose title is suppli~ t/elow) ~ authorized to act on behalf of the applicant (e.g., where the applicant is a juristic entity). 

Signature I 
! ,_____ / 

I I Date (Optional) I 1/L.L./L.UL.U l I 
~ ~ ... 

Name Christos A. loannidi 

Title Senior Patent Executive 

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. 

0Total of 1 forms are submitted. 
This collection of information is required by 37 CFR 1.131, 1.32, and 1.33. The information is required to obtain or retain a benefit by the public which is to file (and by the 
USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 3 minutes to complete, 
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount 
of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. 
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner 
for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, ca/11-800-PTO-9199 and select option 2. 

I 

l 
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Electronic Acknowledgement Receipt 

EFSID: 45531099 

Application Number: 62841021 

International Application Number: 

Confirmation Number: 2417 

Title of Invention: 
METHODS AND APPARATUS FOR UL MULTIPLEXING AND PRIORITIZATION IN 
NR 

First Named Inventor/Applicant Name: Mahmoud Taherzadeh Boroujeni 

Customer Number: 24374 

Filer: Joseph R. Klinicki/Jeanne Valentino 

Filer Authorized By: Joseph R. Klinicki 

Attorney Docket Number: IDC-2019P01003US 

Receipt Date: 21-APR-2022 

Filing Date: 30-APR-2019 

Time Stamp: 15:54:28 

Application Type: Provisional 

Payment information: 

Submitted with Payment I no 

File Listing: 

Document 
Document Description File Name 

File Size(Bytes}/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

328282 

1 Power of Attorney 
2019P01003_US_POA_ Transmi 

no 1 
ttal.pdf 

9d6e0a585e 1 d9d1c3cf6186d7974069a8b1 
23399 

Warnings: 
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Information: 

135020 

2 Power of Attorney 
2019P01003_US_POA_execute 

no 1 
d.pdf 

d 53 72e4 75 fOcd 182383 06d 09892bf3 7 c483 
c8b0f 

Warnings: 

Information: 

Total Files Size (in bytes) 463302 

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

New AQQlications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 
National Stage of an International AQQlication under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 
New International AQQlication Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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Doc Code: PA.. 
Document Description: Power of Attorney PTO/AIA/82A (07-13) 

Approved for use through 03/31/2021. 0MB 0651-0035 
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid 0MB control number. 

TRANSMITTAL FOR POWER OF ATTORNEY TO ONE OR MORE 
REGISTERED PRACTITIONERS 

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

Application Number 62/841,021 
Filing Date April 30, 2019 

First Named Inventor 
Mahmoud Taherzadeh Boroujeni 

Title METHODS AND APPARATUS FOR UL MULTIPLEXING AND 
PRIORITIZATION IN N R 

Art Unit Not Applicable 
Examiner Name Not Applicable 
Attorney Docket Number 2019P01003 US 

SIGNATURE of Applicant or Patent Practitioner 

Signature /Joseph R. Klinicki/ Date (Optional) 

Name Joseph R. Klinicki Registration 68505 
Number 

Title (if Applicant is a Patent Practitioner 
juristic entity) 

Applicant Name (if Applicant is a juristic entity) IDAC HOLDINGS, INC. 
NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4(d) for signature requirements and certifications. If 
more than one applicant, use multiple forms. 

lvl *Total of 1 forms are submitted. 

This collection of information is required by 37 CFR 1.131, 1.32, and 1.33. The information is required to obtain or retain a benefit by 
the public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 
1.11 and 1.14. This collection is estimated to take 3 minutes to complete, including gathering, preparing, and submitting the completed 
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require 
to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and 
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR 
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

ff you need assistance in completing the form, ca/11-800-PTO-9199 and select option 2. 

6



UNITED STATES PATENT AND TRADEMARK OFFICE 
Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

APPLICATION 
NUMBER 

FILING or 
37l(c)DATE 

GRPART 

UNIT FIL FEE REC'D ATTY.DOCKET.NO TOT CLAIMS IND CLAIMS 

62/841,021 04/30/2019 280 IDC-14756US01 

24374 
CONFIRMATION NO. 2417 

FILING RECEIPT 
VOLPE AND KOENIG, P.C. 
DEPT.ICC 1111111111111111111111 m~mll!UUll~~l 11111111111111111111111 

30 SOUTH 17TH STREET -1 STH FLOOR 
PHILADELPHIA, PA 19103 

Date Mailed: 05/09/2019 

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

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

lnventor(s) 

Applicant( s) 

Mahmoud Taherzadeh Boroujeni, San Diego, CA; 
Oghenekome Oteri, San Diego, CA; 
Shahrokh Nayeb Nazar, San Diego, CA; 

IDAC HOLDINGS, INC., Wilmington, DE 

Power of Attorney: The patent practitioners associated with Customer Number 2437 4 

Permission to Access Application via Priority Document Exchange: Yes 

Permission to Access Search Results: Yes 

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

If Required, Foreign Filing License Granted: 05/08/2019 

The country code and number of your priority application, to be used for filing abroad under the Paris Convention, 
is US 62/841,021 
Projected Publication Date: None, application is not eligible for pre-grant publication 

Non-Publication Request: No 

Early Publication Request: No 
page 1 of 3 
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Title 

METHODS AND APPARATUS FOR UL MULTIPLEXING AND PRIORITIZATION IN NR 

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition Applications: No 

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES 

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

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

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

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

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

GRANTED 

LICENSE FOR FOREIGN FILING UNDER 

Title 35, United States Code, Section 184 

Title 37, Code of Federal Regulations, 5.11 & 5.15 

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

page 2 of 3 
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license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The 
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under 
37 CFR 5.13 or 5.14. 

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

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

NOT GRANTED 

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

Select USA 

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

page 3 of 3 
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DocCode - SCORE 

SCORE Placeholder Sheet for IFW Content 

Application Number: 62841021 Document Date: 04/30/2019 

The presence of this form in the IFW record indicates that the following document type was received 
in electronic format on the date identified above. This content is stored in the SCORE database. 

Since this was an electronic submission, there is no physical artifact folder, no artifact folder is 
recorded in PALM, and no paper documents or physical media exist. The TIFF images in the IFW 
record were created from the original documents that are stored in SCORE. 

• Drawing 

At the time of document entry (noted above): 
• USPTO employees may access SCORE content via DAV or via the SCORE web page. 
• External customers may access SCORE content via PAIR using the Supplemental Content 

tab. 

Form Revision Date: March 1, 2019 
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Doc Code: PA.. 
Document Description: Power of Attorney PTO/AIA/82A (07-13) 

Approved for use through 03/31/2021. 0MB 0651-0035 
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid 0MB control number. 

TRANSMITTAL FOR POWER OF ATTORNEY TO ONE OR MORE 
REGISTERED PRACTITIONERS 

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

Application Number Not yet known 

Filing Date April 30, 2019 

First Named Inventor Mahmoud Taherzadeh Boroujeni et al. 

Title METHODS AND APPARATUS FOR UL MULTIPLEXING AND 
PRIORITIZATION IN NR 

Art Unit N/A 

Examiner Name N/A 
Attorney Docket Number IDC-14756US01 

SIGNATURE of Applicant or Patent Practitioner 

Signature /Wesley T. McMichael/ Date (Optional) April 30, 2019 
Name Wesley T. McMichael Registration 56982 

Number 

Title (if Applicant is a 
juristic entity) 

Applicant Name (if Applicant is a juristic entity) IDAC HOLDINGS, INC. 
NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4(d) for signature requirements and certifications. If 
more than one applicant, use multiple forms. 

lvl *Total of 1 forms are submitted. 

This collection of information is required by 37 CFR 1.131, 1.32, and 1.33. The information is required to obtain or retain a benefit by 
the public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 
1.11 and 1.14. This collection is estimated to take 3 minutes to complete, including gathering, preparing, and submitting the completed 
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require 
to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and 
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR 
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

ff you need assistance in completing the form, ca/11-800-PTO-9199 and select option 2. 
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Doc Code: PA .. 
Document Description: Power of Attorney 

PTOl.<\IN828 (07-13) 
Approved for use througfl 01/31/2018, 0MB 0651-0035 

U,S. Patent and TrarJemark Office: U,S. DEPARTMENT OF COMMSRCE 
Under the Paperwork Heduction Act of 1995, no persons are required lo respond to a collection of information unless it displays a valid OMS control number 

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

I Application Number I filing Date 

I 
(Note: The boxes above may be left blank if information is provided on form PT0/AIN82A.) 

[Z] I hereby appoint the Patent Practitioner(s) associated with the following Customer Number as my/our attorney(s) or agent(s), and 
to transact an business in the United States Patent and Trademark Office connected therewith for the application referenced in 
the attached transmittal letter (form PT0/AIN82A) or identified above: [ccc~c-cc -~--~~ 

I OR 24374 

□ I hereby appoint Practitioner(s) named in the attached list (form PT0/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 PT0/AIA/82A) or identified above. (Note: Complete form PT0/AIA/82C.) 

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

IZ] The address assodated with the above-mentioned Customer Number 

OR 

□ The address associated with Customer Number: r l OR 

□ 
Firm or 
Individual Name 

Address 

City I State I I Zip I 
Country 

Telephone I Email I 
I am the Applfcant (1f the Applicani is a juristic entity, list the Applicant name in the box): 

jlDAC 
------------------------------------------

Holdings, Inc . 
.... ------~~----,--~ 

□ Inventor or Joint Inventor (title not required below) 

□ Legal Representative of a Deceased or Legally Incapacitated Inventor (title not required below) 

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

□ Person Who 0theiwise Shows Sufficient Proprietary Interest (e.g., a petition under 37 CFR 1.46(b)(2) was granted in the 
application or is concurrently beinp filed with this document) (provide sis:iner's titfe if aoolicant is a juristic entity) 

SIGNATURE of Applicant for Patent 

__ ...2~.:.~!.:~:rnigned (whose title Is suppli}aj belo~) is authoriz~ to act on behalf of the applicant (e.g., where ihe app~?.~~~-is a ju1istic entity), 
\. ~ ~ l ~·~~-.!,~ ~ • • ~ Ii ' Signature ....... - ~ &.,.-·t"i ;_~ 3i ~~-: • · ---t--,~ ........... , ! Dale (Optional) I '1' l 

J;:~~-~ ~-=)$,,~•~-~-" ?£} $}~ 

Name Christos A. loannidi ... ~~· 

Title Senior Patent Executive 

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

OTotal of forms are submitted. 
·-· 1 his collection of Information Is requned by 37 CFR 1.131, 1.32, and 1.33. Ttie Infmma1ton Is required to obtain or retain a benefit by the public which :s to file (and by the 
USPTO to process} an application. Conlidentiality 1s goven1ed by 35 u.s.c. 122 and 37 CFR 1.11 and 1.14. This co!lecHon is estimate,j to take 3 minutes to complete, 
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual Cil$e. l1ny comments on the amount 
of time you requrre to complete this form and/or suggestions for reducing this burden, should be sent lo the Chief Information Officer, U.S. Patent and Trademark Office, U S. 
Department of Commerce, P.O. Sox 1450, Alexilndrlil, VA 22313-1450. DO NOT SEND FEE'S OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner 
for Pat1mts, P.O. Sox 1460, AleXMdria, VA 22313-1450, 

If you need assistance in completing the form, ca/11-800-PT0-9199 and select option 2. 

I 
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Electronic Patent Application Fee Transmittal 

Application Number: 

Filing Date: 

Title of Invention: 
METHODS AND APPARATUS FOR UL MULTIPLEXING AND PRIORITIZATION IN 
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ABSTRACT 

Methods and apparatus for uplink (UL) multiplexing and prioritization involving cancellation, interrupts, or 

preemption of PUCCH, eMBB UE, URLLC UE, PUSCH, and PRACH. Specifically methods are disclosed for 

performing PUCCH cancellation or modification. Methods are disclosed for eMBB UE cancellation and 

URLLC UE pre-emption with a cancelation/scheduling indication decoding failure. Methods are also disclosed 

for signaling of PUSCH cancellation. Methods are also disclosed for a selection procedure of power control 

and transmission parameters by the interrupting UE. Methods are also disclosed for performing PRACH 

cancellation or modification. 
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CLAIMS 

What is Claimed: 

1. A method for use in a wireless transmit/receive unit (WTRU), the method comprising: 

a scheduler providing an UL grant or configuration of PUCCH resources for ultra-reliable low-latency 

communications (URLLC) WTRU that overlap in time-frequency resources that are assigned for UL 

transmission by eMBB UEs. 

2. A method for use in a wireless communication system, the method comprising: performing eMBB UE 

cancellation and URLLC UE pre-emption wiht cancelation/scheduling indication decoding failure. 

3. A method for use in a a wireless transmit/receive unit (WTRU), the method comprising: 

receiving signaling related to PUSCH cancellation. 

4. A method for use in a wireless communication system, the method comprising: 

performing a selection procedure of power control and transmission parameters by an interrupting 

WTRU. 

5. A method for use in a wireless communication system, the method comprising: 

performing PRACH cancellation or modification in order to multiplex or prioritize UL transmissions from 

UEs in multiple modes. 

6. A wireless transmit/receive unit (WTRU) configured to perform at least part of the method of any one of 

the proceeding claims. 

7. The WTRU of claim 6 wherein the WTRU is configured for performing URLLC communications. 

8. The WTRU of claim 6 wherein the WTRU is configured for performing eMBB communications. 

9. A gNB configured to perform at least part of the methods of any of claims 1-6. 

10. A wireless communication system configured to perform at least part of the method of any one of 

claims 1-6. 

- 32 -
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METHODS AND APPARATUS FOR UL MULTIPLEXING AND PRIORITIZATION IN NR 

BACKGROUND 

[0001] In New Radio (NR) for 5G wireless systems, a new structure and design is adopted for the physical 

uplink shared channel (PUCCH) for transmitting uplink data, as well as its scheduling via the physical downlink 

control channel (PDCCH). 

SUMMARY 

[0002] Methods and apparatus for uplink (UL) multiplexing and prioritization involving cancellation, 

interrupts, or preemption of PUCCH, eMBB UE, URLLC UE, PUSCH, and PRACH. Specifcally methods are 

disclosed for performing PUCCH cancellation or modification. Methods are disclosed for eMBB UE 

cancellation and URLLC UE pre-emption with a cancelation/scheduling indication decoding failure. Methods 

are also disclosed for signaling of PUSCH cancellation. Methods are also disclosed for a selection procedure 

of power control and transmission parameters by the interrupting UE. Methods are also disclosed for 

performing PRACH cancellation or modification. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0003] A more detailed understanding may be had from the following description, given by way of example 

in conjunction with the accompanying drawings, wherein like reference numerals in the figures indicate like 

elements, and wherein: 

[0004] FIG. 1A is a system diagram illustrating an example communications system in which one or more 

disclosed embodiments may be implemented; 

[0005] FIG. 1 B is a system diagram illustrating an example wireless transmit/receive unit (WTRU) that may 

be used within the communications system illustrated in FIG. 1A according to an embodiment; 

[0006] FIG. 1 C is a system diagram illustrating an example radio access network (RAN) and an example 

core network (CN) that may be used within the communications system illustrated in FIG. 1A according to an 

embodiment; 
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[0007] FIG. 1 D is a system diagram illustrating a further example RAN and a further example CN that may 

be used within the communications system illustrated in FIG. 1A according to an embodiment; 

[0008] FIG. 2 is an example diagram of PUCCH resource identification based on UL cancellation indication. 

[0009] FIG. 3 is a flowchart of an WTRU Procedure for adaptation of PUCCH format and resources based 

on UL cancellation indication. 

[001 O] FIG. 4 is a diagram showing both an eMBBB and URLLC WTRU Frame structure. 

[0011] FIG. 5 is a flowchart showing procedures for an eMBB WTRU and URLLC WTRU. 

[0012] FIG. 6 is a flowchart showing an example of an eMBB WTRU procedure for adaptation of UL 

transmission with configured grant, in presence of an explicit indication of cancelled UL resources by GC-DCI. 

[0013] FIG. 7 is a flowchart showing an example of WTRU procedure to determine the set of cancelled 

resources, based on a combination of semi-static configuration and dynamic indication through GC-DCI. 

[0014] FIG. 8 is a flowchart showing an example of URLLC WTRU procedure for the selection "transmission 

mode" in grantless UL transmission. 

[0015] FIG. 9 is a diagram illustrating an example of grantless UL transmission by URLLC WTRU in 

"congested" and "uncongested" transmission modes, based on the presence of UL cancellation indication. 

[0016] FIG. 10 shows an example flow diagram of a WTRU procedure for adaptation of PRACH format and 

resources based on the dynamic UL cancellation indication. 

DETAILED DESCRIPTION 

[0017] FIG. 1A is a diagram illustrating an example communications system 100 in which one or more 

disclosed embodiments may be implemented. The communications system 100 may be a multiple access 

system that provides content, such as voice, data, video, messaging, broadcast, etc., to multiple wireless 

users. The communications system 100 may enable multiple wireless users to access such content through 

the sharing of system resources, including wireless bandwidth. For example, the communications systems 100 

may employ one or more channel access methods, such as code division multiple access (CDMA), time 

division multiple access (TOMA), frequency division multiple access (FDMA), orthogonal FDMA (OFDMA), 

single-carrier FDMA (SC-FDMA), zero-tail unique-word discrete Fourier transform Spread OFDM (ZT-UW­

DFT-S-OFDM), unique word OFDM (UW-OFDM), resource block-filtered OFDM, filter bank multicarrier 

(FBMC), and the like. 

- 2 -
5707686-1 

21



IDC-14756US01 

[0018] As shown in FIG. 1A, the communications system 100 may include wireless transmit/receive units 

(WTRUs) 102a, 102b, 102c, 102d, a radio access network (RAN) 104, a core network (CN) 106, a public 

switched telephone network (PSTN) 108, the Internet 110, and other networks 112, though it will be 

appreciated that the disclosed embodiments contemplate any number of WTRUs, base stations, networks, 

and/or network elements. Each of the WTRUs 102a, 102b, 102c, 102d may be any type of device configured to 

operate and/or communicate in a wireless environment. By way of example, the WTRUs 102a, 102b, 102c, 

102d, any of which may be referred to as a station (STA), may be configured to transmit and/or receive 

wireless signals and may include a user equipment (UE), a mobile station, a fixed or mobile subscriber unit, a 

subscription-based unit, a pager, a cellular telephone, a personal digital assistant (PDA), a smartphone, a 

laptop, a netbook, a personal computer, a wireless sensor, a hotspot or Mi-Fi device, an Internet of Things 

(loT) device, a watch or other wearable, a head-mounted display (HMO), a vehicle, a drone, a medical device 

and applications (e.g., remote surgery), an industrial device and applications (e.g., a robot and/or other 

wireless devices operating in an industrial and/or an automated processing chain contexts), a consumer 

electronics device, a device operating on commercial and/or industrial wireless networks, and the like. Any of 

the WTRUs 102a, 102b, 102c and 102d may be interchangeably referred to as a UE. 

[0019] The communications systems 100 may also include a base station 114a and/or a base station 114b. 

Each of the base stations 114a, 114b may be any type of device configured to wirelessly interface with at least 

one of the WTRUs 102a, 102b, 102c, 102d to facilitate access to one or more communication networks, such 

as the CN 106, the Internet 110, and/or the other networks 112. By way of example, the base stations 114a, 

114b may be a base transceiver station (BTS), a NodeB, an eNode B (eNB), a Home Node B, a Home eNode 

B, a next generation NodeB, such as a gNode B (gNB), a new radio (NR) NodeB, a site controller, an access 

point (AP), a wireless router, and the like. While the base stations 114a, 114b are each depicted as a single 

element, it will be appreciated that the base stations 114a, 114b may include any number of interconnected 

base stations and/or network elements. 

[0020] The base station 114a may be part of the RAN 104, which may also include other base stations 

and/or network elements (not shown), such as a base station controller (BSC), a radio network controller 

(RNC), relay nodes, and the like. The base station 114a and/or the base station 114b may be configured to 

transmit and/or receive wireless signals on one or more carrier frequencies, which may be referred to as a cell 

(not shown). These frequencies may be in licensed spectrum, unlicensed spectrum, or a combination of 

licensed and unlicensed spectrum. A cell may provide coverage for a wireless service to a specific 

geographical area that may be relatively fixed or that may change over time. The cell may further be divided 

- 3 -
5707686-1 

22



IDC-14756US01 

into cell sectors. For example, the cell associated with the base station 114a may be divided into three sectors. 

Thus, in one embodiment, the base station 114a may include three transceivers, i.e., one for each sector of the 

cell. In an embodiment, the base station 114a may employ multiple-input multiple output (MIMO) technology 

and may utilize multiple transceivers for each sector of the cell. For example, beamforming may be used to 

transmit and/or receive signals in desired spatial directions. 

[0021] The base stations 114a, 114b may communicate with one or more of the WTRUs 102a, 102b, 102c, 

102d over an air interface 116, which may be any suitable wireless communication link (e.g., radio frequency 

(RF), microwave, centimeter wave, micrometer wave, infrared (IR), ultraviolet (UV), visible light, etc.). The air 

interface 116 may be established using any suitable radio access technology (RAT). 

[0022] More specifically, as noted above, the communications system 100 may be a multiple access system 

and may employ one or more channel access schemes, such as CDMA, TOMA, FDMA, OFDMA, SC-FDMA, 

and the like. For example, the base station 114a in the RAN 104 and the WTRUs 102a, 102b, 102c may 

implement a radio technology such as Universal Mobile Telecommunications System (UMTS) Terrestrial Radio 

Access (UTRA), which may establish the air interface 116 using wideband CDMA (WCDMA). WCDMA may 

include communication protocols such as High-Speed Packet Access (HSPA) and/or Evolved HSPA (HSPA+). 

HSPA may include High-Speed Downlink (DL) Packet Access (HSDPA) and/or High-Speed Uplink (UL) Packet 

Access (HSUPA). 

[0023] In an embodiment, the base station 114a and the WTRUs 102a, 102b, 102c may implement a radio 

technology such as Evolved UMTS Terrestrial Radio Access (E-UTRA), which may establish the air interface 

116 using Long Term Evolution (L TE) and/or L TE-Advanced (L TE-A) and/or L TE-Advanced Pro (L TE-A Pro). 

[0024] In an embodiment, the base station 114a and the WTRUs 102a, 102b, 102c may implement a radio 

technology such as NR Radio Access , which may establish the air interface 116 using NR. 

[0025] In an embodiment, the base station 114a and the WTRUs 102a, 102b, 102c may implement multiple 

radio access technologies. For example, the base station 114a and the WTRUs 102a, 102b, 102c may 

implement L TE radio access and NR radio access together, for instance using dual connectivity (DC) 

principles. Thus, the air interface utilized by WTRUs 102a, 102b, 102c may be characterized by multiple types 

of radio access technologies and/or transmissions sent to/from multiple types of base stations (e.g., an eNB 

and a gNB). 

[0026] In other embodiments, the base station 114a and the WTRUs 102a, 102b, 102c may implement radio 

technologies such as IEEE 802.11 (i.e., Wireless Fidelity (WiFi), IEEE 802.16 (i.e., Worldwide Interoperability 

for Microwave Access (WiMAX)), CDMA2000, CDMA2000 1X, CDMA2000 EV-DO, Interim Standard 2000 (IS-
- 4 -
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2000), Interim Standard 95 (IS-95), Interim Standard 856 (IS-856), Global System for Mobile communications 

(GSM), Enhanced Data rates for GSM Evolution (EDGE), GSM EDGE (GERAN), and the like. 

[0027] The base station 114b in FIG. 1A may be a wireless router, Home Node B, Home eNode B, or 

access point, for example, and may utilize any suitable RAT for facilitating wireless connectivity in a localized 

area, such as a place of business, a home, a vehicle, a campus, an industrial facility, an air corridor (e.g., for 

use by drones), a roadway, and the like. In one embodiment, the base station 114b and the WTRUs 102c, 

102d may implement a radio technology such as IEEE 802.11 to establish a wireless local area network 

(WLAN). In an embodiment, the base station 114b and the WTRUs 102c, 102d may implement a radio 

technology such as IEEE 802.15 to establish a wireless personal area network (WPAN). In yet another 

embodiment, the base station 114b and the WTRUs 102c, 102d may utilize a cellular-based RAT (e.g., 

WCDMA, CDMA2000, GSM, L TE, L TE-A, L TE-A Pro, NR etc.) to establish a picocell or femtocell. As shown in 

FIG. 1 A, the base station 114b may have a direct connection to the Internet 110. Thus, the base station 114b 

may not be required to access the Internet 110 via the CN 106. 

[0028] The RAN 104 may be in communication with the CN 106, which may be any type of network 

configured to provide voice, data, applications, and/or voice over internet protocol (VoIP) services to one or 

more of the WTRUs 102a, 102b, 102c, 102d. The data may have varying quality of service (QoS) 

requirements, such as differing throughput requirements, latency requirements, error tolerance requirements, 

reliability requirements, data throughput requirements, mobility requirements, and the like. The CN 106 may 

provide call control, billing services, mobile location-based services, pre-paid calling, Internet connectivity, 

video distribution, etc., and/or perform high-level security functions, such as user authentication. Although not 

shown in FIG. 1A, it will be appreciated that the RAN 104 and/or the CN 106 may be in direct or indirect 

communication with other RANs that employ the same RAT as the RAN 104 or a different RAT. For example, 

in addition to being connected to the RAN 104, which may be utilizing a NR radio technology, the CN 106 may 

also be in communication with another RAN (not shown) employing a GSM, UMTS, CDMA 2000, WiMAX, E­

UTRA, or WiFi radio technology. 

[0029] The CN 106 may also serve as a gateway for the WTRUs 102a, 102b, 102c, 102d to access the 

PSTN 108, the Internet 110, and/or the other networks 112. The PSTN 108 may include circuit-switched 

telephone networks that provide plain old telephone service (POTS). The Internet 110 may include a global 

system of interconnected computer networks and devices that use common communication protocols, such as 

the transmission control protocol (TCP), user datagram protocol (UDP) and/or the internet protocol (IP) in the 

TCP/IP internet protocol suite. The networks 112 may include wired and/or wireless communications networks 
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owned and/or operated by other service providers. For example, the networks 112 may include another CN 

connected to one or more RANs, which may employ the same RAT as the RAN 104 or a different RAT. 

[0030] Some or all of the WTRUs 102a, 102b, 102c, 102d in the communications system 100 may include 

multi-mode capabilities (e.g., the WTRUs 102a, 102b, 102c, 102d may include multiple transceivers for 

communicating with different wireless networks over different wireless links). For example, the WTRU 102c 

shown in FIG. 1A may be configured to communicate with the base station 114a, which may employ a cellular­

based radio technology, and with the base station 114b, which may employ an IEEE 802 radio technology. 

[0031] FIG. 1 B is a system diagram illustrating an example WTRU 102. As shown in FIG. 1 B, the WTRU 

102 may include a processor 118, a transceiver 120, a transmiUreceive element 122, a speaker/microphone 

124, a keypad 126, a display/touchpad 128, non-removable memory 130, removable memory 132, a power 

source 134, a global positioning system (GPS) chipset 136, and/or other peripherals 138, among others. It will 

be appreciated that the WTRU 102 may include any sub-combination of the foregoing elements while 

remaining consistent with an embodiment. 

[0032] The processor 118 may be a general purpose processor, a special purpose processor, a 

conventional processor, a digital signal processor (DSP), a plurality of microprocessors, one or more 

microprocessors in association with a DSP core, a controller, a microcontroller, Application Specific Integrated 

Circuits (ASICs), Field Programmable Gate Arrays (FPGAs), any other type of integrated circuit (IC), a state 

machine, and the like. The processor 118 may perform signal coding, data processing, power control, 

inpuUoutput processing, and/or any other functionality that enables the WTRU 102 to operate in a wireless 

environment. The processor 118 may be coupled to the transceiver 120, which may be coupled to the 

transmiUreceive element 122. While Fl G. 1 B depicts the processor 118 and the transceiver 120 as separate 

components, it will be appreciated that the processor 118 and the transceiver 120 may be integrated together 

in an electronic package or chip. 

[0033] The transmiUreceive element 122 may be configured to transmit signals to, or receive signals from, a 

base station (e.g., the base station 114a) over the air interface 116. For example, in one embodiment, the 

transmiUreceive element 122 may be an antenna configured to transmit and/or receive RF signals. In an 

embodiment, the transmiUreceive element 122 may be an emitter/detector configured to transmit and/or 

receive IR, UV, or visible light signals, for example. In yet another embodiment, the transmiUreceive element 

122 may be configured to transmit and/or receive both RF and light signals. It will be appreciated that the 

transmiUreceive element 122 may be configured to transmit and/or receive any combination of wireless signals. 
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[0034] Although the transmit/receive element 122 is depicted in FIG. 1 B as a single element, the WTRU 102 

may include any number of transmit/receive elements 122. More specifically, the WTRU 102 may employ 

MIMO technology. Thus, in one embodiment, the WTRU 102 may include two or more transmit/receive 

elements 122 (e.g., multiple antennas) for transmitting and receiving wireless signals over the air interface 116. 

[0035] The transceiver 120 may be configured to modulate the signals that are to be transmitted by the 

transmit/receive element 122 and to demodulate the signals that are received by the transmit/receive element 

122. As noted above, the WTRU 102 may have multi-mode capabilities. Thus, the transceiver 120 may include 

multiple transceivers for enabling the WTRU 102 to communicate via multiple RATs, such as NR and IEEE 

802.11, for example. 

[0036] The processor 118 of the WTRU 102 may be coupled to, and may receive user input data from, the 

speaker/microphone 124, the keypad 126, and/or the display/touchpad 128 (e.g., a liquid crystal display (LCD) 

display unit or organic light-emitting diode (OLEO) display unit). The processor 118 may also output user data 

to the speaker/microphone 124, the keypad 126, and/or the display/touchpad 128. In addition, the processor 

118 may access information from, and store data in, any type of suitable memory, such as the non-removable 

memory 130 and/or the removable memory 132. The non-removable memory 130 may include random-access 

memory (RAM), read-only memory (ROM), a hard disk, or any other type of memory storage device. The 

removable memory 132 may include a subscriber identity module (SIM) card, a memory stick, a secure digital 

(SD) memory card, and the like. In other embodiments, the processor 118 may access information from, and 

store data in, memory that is not physically located on the WTRU 102, such as on a server or a home 

computer (not shown). 

[0037] The processor 118 may receive power from the power source 134, and may be configured to 

distribute and/or control the power to the other components in the WTRU 102. The power source 134 may be 

any suitable device for powering the WTRU 102. For example, the power source 134 may include one or more 

dry cell batteries (e.g., nickel-cadmium (NiCd), nickel-zinc (NiZn), nickel metal hydride (NiMH), lithium-ion (Li­

ion), etc.), solar cells, fuel cells, and the like. 

[0038] The processor 118 may also be coupled to the GPS chipset 136, which may be configured to provide 

location information (e.g., longitude and latitude) regarding the current location of the WTRU 102. In addition 

to, or in lieu of, the information from the GPS chipset 136, the WTRU 102 may receive location information 

over the air interface 116 from a base station (e.g., base stations 114a, 114b) and/or determine its location 

based on the timing of the signals being received from two or more nearby base stations. It will be appreciated 
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that the WTRU 102 may acquire location information by way of any suitable location-determination method 

while remaining consistent with an embodiment. 

[0039] The processor 118 may further be coupled to other peripherals 138, which may include one or more 

software and/or hardware modules that provide additional features, functionality and/or wired or wireless 

connectivity. For example, the peripherals 138 may include an accelerometer, an e-compass, a satellite 

transceiver, a digital camera (for photographs and/or video), a universal serial bus (USB) port, a vibration 

device, a television transceiver, a hands free headset, a Bluetooth® module, a frequency modulated (FM) radio 

unit, a digital music player, a media player, a video game player module, an Internet browser, a Virtual Reality 

and/or Augmented Reality (VR/AR) device, an activity tracker, and the like. The peripherals 138 may include 

one or more sensors. The sensors may be one or more of a gyroscope, an accelerometer, a hall effect sensor, 

a magnetometer, an orientation sensor, a proximity sensor, a temperature sensor, a time sensor; a geolocation 

sensor, an altimeter, a light sensor, a touch sensor, a magnetometer, a barometer, a gesture sensor, a 

biometric sensor, a humidity sensor and the like. 

[0040] The WTRU 102 may include a full duplex radio for which transmission and reception of some or all of 

the signals (e.g., associated with particular subframes for both the UL (e.g., for transmission) and DL (e.g., for 

reception) may be concurrent and/or simultaneous. The full duplex radio may include an interference 

management unit to reduce and or substantially eliminate self-interference via either hardware (e.g., a choke) 

or signal processing via a processor (e.g., a separate processor (not shown) or via processor 118). In an 

embodiment, the WTRU 102 may include a half-duplex radio for which transmission and reception of some or 

all of the signals (e.g., associated with particular subframes for either the UL (e.g., for transmission) or the DL 

(e.g., for reception)). 

[0041] FIG. 1C is a system diagram illustrating the RAN 104 and the CN 106 according to an embodiment. 

As noted above, the RAN 104 may employ an E-UTRA radio technology to communicate with the WTRUs 

102a, 102b, 102c over the air interface 116. The RAN 104 may also be in communication with the CN 106. 

[0042] The RAN 104 may include eNode-Bs 160a, 160b, 160c, though it will be appreciated that the RAN 

104 may include any number of eNode-Bs while remaining consistent with an embodiment. The eNode-Bs 

160a, 160b, 160c may each include one or more transceivers for communicating with the WTRUs 102a, 102b, 

102c over the air interface 116. In one embodiment, the eNode-Bs 160a, 160b, 160c may implement MIMO 

technology. Thus, the eNode-B 160a, for example, may use multiple antennas to transmit wireless signals to, 

and/or receive wireless signals from, the WTRU 102a. 
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[0043] Each of the eNode-Bs 160a, 160b, 160c may be associated with a particular cell (not shown) and 

may be configured to handle radio resource management decisions, handover decisions, scheduling of users 

in the UL and/or DL, and the like. As shown in FIG. 1 C, the eNode-Bs 160a, 160b, 160c may communicate 

with one another over an X2 interface. 

[0044] The CN 106 shown in FIG. 1 C may include a mobility management entity (MME) 162, a serving 

gateway (SGW) 164, and a packet data network (PON) gateway (PGW) 166. While the foregoing elements are 

depicted as part of the CN 106, it will be appreciated that any of these elements may be owned and/or 

operated by an entity other than the CN operator. 

[0045] The MME 162 may be connected to each of the eNode-Bs 162a, 162b, 162c in the RAN 104 via an 

S1 interface and may serve as a control node. For example, the MME 162 may be responsible for 

authenticating users of the WTRUs 102a, 102b, 102c, bearer activation/deactivation, selecting a particular 

serving gateway during an initial attach of the WTRUs 102a, 102b, 102c, and the like. The MME 162 may 

provide a control plane function for switching between the RAN 104 and other RANs (not shown) that employ 

other radio technologies, such as GSM and/or WCDMA. 

[0046] The SGW 164 may be connected to each of the eNode Bs 160a, 160b, 160c in the RAN 104 via the 

S1 interface. The SGW 164 may generally route and forward user data packets to/from the WTRUs 102a, 

102b, 102c. The SGW 164 may perform other functions, such as anchoring user planes during inter-eNode B 

handovers, triggering paging when DL data is available for the WTRUs 102a, 102b, 102c, managing and 

storing contexts of the WTRUs 102a, 102b, 102c, and the like. 

[0047] The SGW 164 may be connected to the PGW 166, which may provide the WTRUs 102a, 102b, 102c 

with access to packet-switched networks, such as the Internet 110, to facilitate communications between the 

WTRUs 102a, 102b, 102c and IP-enabled devices. 

[0048] The CN 106 may facilitate communications with other networks. For example, the CN 106 may 

provide the WTRUs 102a, 102b, 102c with access to circuit-switched networks, such as the PSTN 108, to 

facilitate communications between the WTRUs 102a, 102b, 102c and traditional land-line communications 

devices. For example, the CN 106 may include, or may communicate with, an IP gateway (e.g., an IP 

multimedia subsystem (IMS) server) that serves as an interface between the CN 106 and the PSTN 108. In 

addition, the CN 106 may provide the WTRUs 102a, 102b, 102c with access to the other networks 112, which 

may include other wired and/or wireless networks that are owned and/or operated by other service providers. 
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[0049] Although the WTRU is described in FIGS. 1 A-10 as a wireless terminal, it is contemplated that in 

certain representative embodiments that such a terminal may use (e.g., temporarily or permanently) wired 

communication interfaces with the communication network. 

[0050] In representative embodiments, the other network 112 may be a WLAN. 

[0051] A WLAN in Infrastructure Basic Service Set (BSS) mode may have an Access Point (AP) for the BSS 

and one or more stations (STAs) associated with the AP. The AP may have access or an interface to a 

Distribution System (OS) or another type of wired/wireless network that carries traffic in to and/or out of the 

BSS. Traffic to STAs that originates from outside the BSS may arrive through the AP and may be delivered to 

the STAs. Traffic originating from STAs to destinations outside the BSS may be sent to the AP to be delivered 

to respective destinations. Traffic between STAs within the BSS may be sent through the AP, for example, 

where the source STA may send traffic to the AP and the AP may deliver the traffic to the destination ST A. The 

traffic between ST As within a BSS may be considered and/or referred to as peer-to-peer traffic. The peer-to­

peer traffic may be sent between (e.g., directly between) the source and destination STAs with a direct link 

setup (DLS). In certain representative embodiments, the DLS may use an 802.11 e DLS or an 802.11 z tunneled 

DLS (TDLS). A WLAN using an Independent BSS (IBSS) mode may not have an AP, and the STAs (e.g., all of 

the STAs) within or using the IBSS may communicate directly with each other. The IBSS mode of 

communication may sometimes be referred to herein as an "ad-hoc" mode of communication. 

[0052] When using the 802.11 ac infrastructure mode of operation or a similar mode of operations, the AP 

may transmit a beacon on a fixed channel, such as a primary channel. The primary channel may be a fixed 

width (e.g., 20 MHz wide bandwidth) or a dynamically set width. The primary channel may be the operating 

channel of the BSS and may be used by the STAs to establish a connection with the AP. In certain 

representative embodiments, Carrier Sense Multiple Access with Collision Avoidance (CSMNCA) may be 

implemented, for example in 802.11 systems. For CSMA/CA, the STAs (e.g., every STA), including the AP, 

may sense the primary channel. If the primary channel is sensed/detected and/or determined to be busy by a 

particular STA, the particular STA may back off. One STA (e.g., only one station) may transmit at any given 

time in a given BSS. 

[0053] High Throughput (HT) STAs may use a 40 MHz wide channel for communication, for example, via a 

combination of the primary 20 MHz channel with an adjacent or nonadjacent 20 MHz channel to form a 40 MHz 

wide channel. 

[0054] Very High Throughput (VHT) STAs may support 20MHz, 40 MHz, 80 MHz, and/or 160 MHz wide 

channels. The 40 MHz, and/or 80 MHz, channels may be formed by combining contiguous 20 MHz channels. A 
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160 MHz channel may be formed by combining 8 contiguous 20 MHz channels, or by combining two non­

contiguous 80 MHz channels, which may be referred to as an 80+80 configuration. For the 80+80 

configuration, the data, after channel encoding, may be passed through a segment parser that may divide the 

data into two streams. Inverse Fast Fourier Transform (IFFT) processing, and time domain processing, may be 

done on each stream separately. The streams may be mapped on to the two 80 MHz channels, and the data 

may be transmitted by a transmitting ST A. At the receiver of the receiving STA, the above described operation 

for the 80+80 configuration may be reversed, and the combined data may be sent to the Medium Access 

Control (MAC). 

[0055] Sub 1 GHz modes of operation are supported by 802.11 af and 802.11 ah. The channel operating 

bandwidths, and carriers, are reduced in 802.11 af and 802.11 ah relative to those used in 802.11 n, and 

802.11 ac. 802.11 af supports 5 MHz, 10 MHz, and 20 MHz bandwidths in the TV White Space (TVWS) 

spectrum, and 802.11ah supports 1 MHz, 2 MHz, 4 MHz, 8 MHz, and 16 MHz bandwidths using non-TVWS 

spectrum. According to a representative embodiment, 802.11 ah may support Meter Type Control/Machine­

Type Communications (MTC), such as MTC devices in a macro coverage area. MTC devices may have certain 

capabilities, for example, limited capabilities including support for (e.g., only support for) certain and/or limited 

bandwidths. The MTC devices may include a battery with a battery life above a threshold (e.g., to maintain a 

very long battery life). 

[0056] WLAN systems, which may support multiple channels, and channel bandwidths, such as 802.11 n, 

802.11 ac, 802.11 af, and 802.11 ah, include a channel which may be designated as the primary channel. The 

primary channel may have a bandwidth equal to the largest common operating bandwidth supported by all 

ST As in the BSS. The bandwidth of the primary channel may be set and/or limited by a STA, from among all 

STAs in operating in a BSS, which supports the smallest bandwidth operating mode. In the example of 

802.11ah, the primary channel may be 1 MHz wide for STAs (e.g., MTC type devices) that support (e.g., only 

support) a 1 MHz mode, even if the AP, and other STAs in the BSS support 2 MHz, 4 MHz, 8 MHz, 16 MHz, 

and/or other channel bandwidth operating modes. Carrier sensing and/or Network Allocation Vector (NAV) 

settings may depend on the status of the primary channel. If the primary channel is busy, for example, due to a 

STA (which supports only a 1 MHz operating mode) transmitting to the AP, all available frequency bands may 

be considered busy even though a majority of the available frequency bands remains idle. 

[0057] In the United States, the available frequency bands, which may be used by 802.11 ah, are from 902 

MHz to 928 MHz. In Korea, the available frequency bands are from 917.5 MHz to 923.5 MHz. In Japan, the 
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available frequency bands are from 916.5 MHz to 927.5 MHz. The total bandwidth available for 802.11 ah is 6 

MHz to 26 MHz depending on the country code. 

[0058] FIG. 1 D is a system diagram illustrating the RAN 104 and the CN 106 according to an embodiment. 

As noted above, the RAN 104 may employ an NR radio technology to communicate with the WTRUs 102a, 

102b, 102c over the air interface 116. The RAN 104 may also be in communication with the CN 106. 

[0059] The RAN 104 may include gNBs 180a, 180b, 180c, though it will be appreciated that the RAN 104 

may include any number of gNBs while remaining consistent with an embodiment. The gNBs 180a, 180b, 180c 

may each include one or more transceivers for communicating with the WTRUs 102a, 102b, 102c over the air 

interface 116. In one embodiment, the gNBs 180a, 180b, 180c may implement MIMO technology. For example, 

gNBs 180a, 108b may utilize beamforming to transmit signals to and/or receive signals from the gNBs 180a, 

180b, 180c. Thus, the gNB 180a, for example, may use multiple antennas to transmit wireless signals to, 

and/or receive wireless signals from, the WTRU 102a. In an embodiment, the gNBs 180a, 180b, 180c may 

implement carrier aggregation technology. For example, the gNB 180a may transmit multiple component 

carriers to the WTRU 102a (not shown). A subset of these component carriers may be on unlicensed spectrum 

while the remaining component carriers may be on licensed spectrum. In an embodiment, the gNBs 180a, 

180b, 180c may implement Coordinated Multi-Point (CoMP) technology. For example, WTRU 102a may 

receive coordinated transmissions from gNB 180a and gNB 180b (and/or gNB 180c). 

[0060] The WTRUs 102a, 102b, 102c may communicate with gNBs 180a, 180b, 180c using transmissions 

associated with a scalable numerology. For example, the OFDM symbol spacing and/or OFDM subcarrier 

spacing may vary for different transmissions, different cells, and/or different portions of the wireless 

transmission spectrum. The WTRUs 102a, 102b, 102c may communicate with gNBs 180a, 180b, 180c using 

subframe or transmission time intervals (TTls) of various or scalable lengths (e.g., containing a varying number 

of OFDM symbols and/or lasting varying lengths of absolute time). 

[0061] The gNBs 180a, 180b, 180c may be configured to communicate with the WTRUs 102a, 102b, 102c 

in a standalone configuration and/or a non-standalone configuration. In the standalone configuration, WTRUs 

102a, 102b, 102c may communicate with gNBs 180a, 180b, 180c without also accessing other RANs (e.g., 

such as eNode-Bs 160a, 160b, 160c). In the standalone configuration, WTRUs 102a, 102b, 102c may utilize 

one or more of gNBs 180a, 180b, 180c as a mobility anchor point. In the standalone configuration, WTRUs 

102a, 102b, 102c may communicate with gNBs 180a, 180b, 180c using signals in an unlicensed band. In a 

non-standalone configuration WTRUs 102a, 102b, 102c may communicate with/connect to gNBs 180a, 180b, 

180c while also communicating with/connecting to another RAN such as eNode-Bs 160a, 160b, 160c. For 
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example, WTRUs 102a, 102b, 102c may implement DC principles to communicate with one or more gNBs 

180a, 180b, 180c and one or more eNode-Bs 160a, 160b, 160c substantially simultaneously. In the non­

standalone configuration, eNode-Bs 160a, 160b, 160c may serve as a mobility anchor for WTRUs 102a, 102b, 

102c and gNBs 180a, 180b, 180c may provide additional coverage and/or throughput for servicing WTRUs 

102a, 102b, 102c. 

[0062] Each of the gNBs 180a, 180b, 180c may be associated with a particular cell (not shown) and may be 

configured to handle radio resource management decisions, handover decisions, scheduling of users in the UL 

and/or DL, support of network slicing, DC, interworking between NR and E-UTRA, routing of user plane data 

towards User Plane Function (UPF) 184a, 184b, routing of control plane information towards Access and 

Mobility Management Function (AMF) 182a, 182b and the like. As shown in FIG. 1 D, the gNBs 180a, 180b, 

180c may communicate with one another over an Xn interface. 

[0063] The CN 106 shown in FIG. 1 D may include at least one AMF 182a, 182b, at least one UPF 

184a, 184b, at least one Session Management Function (SMF) 183a, 183b, and possibly a Data Network (ON) 

185a, 185b. While the foregoing elements are depicted as part of the CN 106, it will be appreciated that any of 

these elements may be owned and/or operated by an entity other than the CN operator. 

[0064] The AMF 182a, 182b may be connected to one or more of the gNBs 180a, 180b, 180c in the RAN 

104 via an N2 interface and may serve as a control node. For example, the AMF 182a, 182b may be 

responsible for authenticating users of the WTRUs 102a, 102b, 102c, support for network slicing (e.g., handling 

of different protocol data unit (POU) sessions with different requirements), selecting a particular SMF 183a, 

183b, management of the registration area, termination of non-access stratum (NAS) signaling, mobility 

management, and the like. Network slicing may be used by the AMF 182a, 182b in order to customize CN 

support for WTRUs 102a, 102b, 102c based on the types of services being utilized WTRUs 102a, 102b, 102c. 

For example, different network slices may be established for different use cases such as services relying on 

ultra-reliable low latency (URLLC) access, services relying on enhanced massive mobile broadband (eMBB) 

access, services for MTC access, and the like. The AMF 182a, 182b may provide a control plane function for 

switching between the RAN 104 and other RANs (not shown) that employ other radio technologies, such as 

L TE, L TE-A, L TE-A Pro, and/or non-3GPP access technologies such as WiFi. 

[0065] The SMF 183a, 183b may be connected to an AMF 182a, 182b in the CN 106 via an N11 interface. 

The SMF 183a, 183b may also be connected to a UPF 184a, 184b in the CN 106 via an N4 interface. The SMF 

183a, 183b may select and control the UPF 184a, 184b and configure the routing of traffic through the UPF 

184a, 184b. The SMF 183a, 183b may perform other functions, such as managing and allocating WTRU IP 
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address, managing POU sessions, controlling policy enforcement and QoS, providing OL data notifications, 

and the like. A POU session type may be IP-based, non-IP based, Ethernet-based, and the like. 

[0066] The UPF 184a, 184b may be connected to one or more of the gNBs 180a, 180b, 180c in the RAN 

104 via an N3 interface, which may provide the WTRUs 102a, 102b, 102c with access to packet-switched 

networks, such as the Internet 110, to facilitate communications between the WTRUs 102a, 102b, 102c and IP­

enabled devices. The UPF 184, 184b may perform other functions, such as routing and forwarding packets, 

enforcing user plane policies, supporting multi-homed POU sessions, handling user plane QoS, buffering OL 

packets, providing mobility anchoring, and the like. 

[0067] The CN 106 may facilitate communications with other networks. For example, the CN 106 may 

include, or may communicate with, an IP gateway (e.g., an IP multimedia subsystem (IMS) server) that serves 

as an interface between the CN 106 and the PSTN 108. In addition, the CN 106 may provide the WTRUs 

102a, 102b, 102c with access to the other networks 112, which may include other wired and/or wireless 

networks that are owned and/or operated by other service providers. In one embodiment, the WTRUs 102a, 

102b, 102c may be connected to a local ON 185a, 185b through the UPF 184a, 184b via the N3 interface to 

the UPF 184a, 184b and an N6 interface between the UPF 184a, 184b and the ON 185a, 185b. 

[0068] In view of FIGs. 1A-10, and the corresponding description of Fl Gs. 1A-10, one or more, or all, of the 

functions described herein with regard to one or more of: WTRU 102a-d, Base Station 114a-b, eNode-B 160a­

c, MME 162, SGW 164, PGW 166, gNB 180a-c, AMF 182a-b, UPF 184a-b, SMF 183a-b, ON 185a-b, and/or 

any other device(s) described herein, may be performed by one or more emulation devices (not shown). The 

emulation devices may be one or more devices configured to emulate one or more, or all, of the functions 

described herein. For example, the emulation devices may be used to test other devices and/or to simulate 

network and/or WTRU functions. 

[0069] The emulation devices may be designed to implement one or more tests of other devices in a lab 

environment and/or in an operator network environment. For example, the one or more emulation devices may 

perform the one or more, or all, functions while being fully or partially implemented and/or deployed as part of a 

wired and/or wireless communication network in order to test other devices within the communication network. 

The one or more emulation devices may perform the one or more, or all, functions while being temporarily 

implemented/deployed as part of a wired and/or wireless communication network. The emulation device may 

be directly coupled to another device for purposes of testing and/or performing testing using over-the-air 

wireless communications. 
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[0070] The one or more emulation devices may perform the one or more, including all, functions while not 

being implemented/deployed as part of a wired and/or wireless communication network. For example, the 

emulation devices may be utilized in a testing scenario in a testing laboratory and/or a non-deployed (e.g., 

testing) wired and/or wireless communication network in order to implement testing of one or more 

components. The one or more emulation devices may be test equipment. Direct RF coupling and/or wireless 

communications via RF circuitry (e.g., which may include one or more antennas) may be used by the emulation 

devices to transmit and/or receive data. 

[0071] In NR, for data transmission, Transport Block (TB) is a unit of data transmission consisting of one or 

multiple CBs. Code Block (CB) is a part of data that is associated with one block of error correction code and 

one CRC. Code Block group (CBG) is a group of CBs that are associated with a single bit for ACK-NACK. One 

transport block may consist of multiple CBGs. The maximum of number CBGs per TB is configured by higher 

layer signaling. 

[0072] In NR and LTE, data transmission is generally scheduled dynamically by gNB using downlink control 

information (DCI) which is transmitted by PDCCH. 

[0073] The time domain assignment for PUSCH is scheduled by DCI as the following (where SLIV stands 

for "start and length indicator value".). 

[0074] -The starting symbol S relative to the start of the slot, and the number of consecutive symbols L 

counting from the symbol S allocated for the PUSCH are determined from the start and length indicator SLIV of 

the indexed row: 

if (L - l) :c:; 7 then 

SLIV = 14· (L-l) +S 

else 

SLIV = 14-(14-L + 1) +(14-1-S) 

where o < L :::: 14 - s 

[0075] In 5G NR, downlink preemption procedure is specified as the following. A set of serving cells by 

higher layer parameter INT-ConfigurationPerServingCell that includes a set of serving cell indexes provided by 

corresponding higher layer parameters servingCellld and a corresponding set of locations for fields in DCI 

format 2_ 1 by higher layer parameter positionlnDCI. An information payload size for DCI format 2_ 1 by higher 
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layer parameter dci-PayloadSize.An indication granularity for time-frequency resources by higher layer 

parameter timeFrequencySet. 

[0076] The content of the OCI carrying the "downlink preemption indication" indicates the frequency and the 

time of the preempted resources, including the corresponding symbols. 

[0077] In 5G NR, new enhancements are needed to improve the reliability of URLLC UL transmission. One 

of these enhancements is the option of cancelling eMBB UL data transmission, when a URLLC WTRU needs 

the resources. 

[0078] The new enhancements described herein, address five problems. 

[0079] Problem 1: In NR, PUCCH is used by the WTRU for transmission of critical feedback information 

(e.g., HARQ-Ack, SR, etc.) to gNB. In case the eMBB WTRU is configured with UL cancellation, the eMBB 

WTRU may need to cancel UL transmission including PUCCH on time-frequency resources which overlap with 

UL transmissions from URLLC UE. If the PUCCH is canceled the eMBB WTRU may not be able to transmit a 

SR to request an UL grant from gNB or the HARQ-Ack corresponding to a received POSCH. In the latter case, 

the gNB cannot assume that the eMBB WTRU has correctly detected the OL packet transmitted in the 

corresponding POSCH and therefore may need to retransmit the OL packet which results in system throughput 

loss. Accordingly, a mechanism is needed to make sure the eMBB WTRU which is configured with UL 

cancellation to be able to transmit essential feedbacks in UL. 

[0080] Problem 2: In inter-UE eMBB and URLLC multiplexing, the gNB may send a cancellation indication, 

e.g. an indication sent in a GC-POCCH, to the eMBB WTRU to cancel its transmission for a duration and send 

a scheduling indication, e.g. a OCI transmitted in a WTRU specific OCI, to the URLLC WTRU to use the 

cancelled resources. The success or failure of the WTRUs in decoding either the cancellation indication or the 

scheduling indication may impact the performance of the URLLC transmission. In the case that there is a 

failure to decode one or more of the indications (i.e., in either the decoding of the cancellation indication (by the 

eMBB WTRU) or the scheduling indication (by the URLLC WTRU)), methods are needed to enable recovery of 

the URLLC WTRU transmission especially in the case that the latency requirements are very stringent. 

[0081] Problem 3: Another problem is how to design an efficient cancellation procedure and how to signal it 

to eMBB users without using excessive control resources and with a good trade-off between the signaling 

overhead and the scheduling flexibility. 

[0082] Problem 4: Another problem is how to support inter-WTRU uplink multiplexing/prioritization, when the 

URLLC WTRU is using grantless UL transmission (or UL with configured grant). In this case, UL cancellation 
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indication may not be feasible at the beginning, because the gNB is not aware of the UL transmission from the 

URLLC WTRU until it detects it. 

[0083] Problem 5: Another problem is how to generalize UL multiplexing/prioritization for UL transmission 

other than PUSCH, for example PRACH and SRS. To apply UL multiplexing/prioritization to other channels, 

the main question is how to design efficient procedures that provide the added scheduling flexibility without 

excessive changes in the 5G NR specifications. 

[0084] In the following, a reference symbol is used to denote a symbol such as a complex number that is 

fixed and known and used as a pilot. Reference signal is used to denote the time domain signal that is 

generated after processing the reference symbols. For example, in OFDM, reference symbols are the complex 

numbers that are fed into the IDFT block while reference signal is the output of the IDFT block. In NR, a slot is 

a unit in the time grid that includes 14 OFDM symbols. Downlink control information (DCI) is a set of bits that 

are transmitted over a PDCCH for a user or a group of users. Resource element (RE) is one OFDM symbol on 

one subcarrier, and resource element group (REG) refers to a group of REs used as building blocks of control 

channel element (CCE) which assign resource elements to a user. Adjacent REGs in time or frequency that 

are grouped together and their associated precoder is the same are called REG bundles. 

[0085] NR-REG, NR-CCE, and NR-PDCCH refer to REG, CCE, and PDCCH for the new radio (NR) in 5G. 

WTRU and user are used interchangeably and refer to the same thing. Also, gNodeB and gNB refer to the 

same thing. A control resource set (CORESET) is a set of resource elements used for downlink control 

channel, configured by its frequency resources and its length in time (in terms of symbols) and the type of its 

REG bundles. A search space (or a set of search spaces) is a set of PDCCH candidates that are monitored by 

a WTRU or a group of WTRUs during blind detection of PDCCH. A Code Block (CB) is a part of data that is 

associated with one block of error correction code and one CRC. Code Block group (CBG) is a group of CBs 

that are associated with a single bit for ACK-NACK. Transport Block (TB) is a unit of data transmission 

consisting of one or multiple CBs. Start and length indicator value (SLIV) is a parameter that is used for time 

domain allocation of data transmission. 

[0086] The following describes methods for PUCCH cancellation which may be a solution to the problems 

described above. 

[0087] One approach to enhance the reliability of UL transmission for URLLC users is that the scheduler 

provides an UL grant or configure PUCCH resources for the URLLC UEs which overlap with the time­

frequency resources that are assigned for UL transmission by the eMBB UEs. 
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[0088] In one embodiment, the eMBB UEs may receive an indication to cancel UCI transmission on the 

configured or dynamically indicated PUCCH resources which entirely or partially overlap with the time­

frequency resources configured for UL transmission by the URLLC UEs. 

[0089] In another embodiment, the eMBB WTRUs which are subject to UL cancellation may be configured 

with two (or more) PUCCH resource sets for each range of UCI information bits Ouc1 payload (e.g., OuCI ::::: 2, 

2 <Due,::::: N 2 , N 2 < OuCI ::::: N 3 , N 3 < OuCI ::::: 1706 bits where N2 & N 3 are provided by higher layer), wherein 

a primary PUCCH resource set which can be used by the WTRU for UCI transmission during normal operation 

with no UL cancellation, and a secondary PUC CH resource set which can be used by the WTRU for UCI. 

[0090] In one method, if an eMBB WTRU detects an indication that the transmission from the WTRU 

should be cancelled on certain PRBs and in symbols, then the WTRU may determine whether the indicated UL 

resources subject to cancellation overlap with the primary PUCCH resource set. 

[0091] If that is the case, the WTRU may refrain from UCI transmission on the PUCCH resource (i.e., 

PUCCH cancellation) which belongs to the primary PUCCH resource set, and then the WTRU may transmit 

UCI on the PUCCH resource which belongs to the secondary PUCCH resource set. Alternatively, the WTRU 

may multiplex UCI with data and transmit on a grant-based PUSCH resource,.Or, in case the WTRU doesn't 

have an UL grant, the WTRU may use a configured PUSCH resource (i.e., grant-free UL resource) which 

doesn't overlap with the indicated UL resources subject to cancellation for transmission of both data and UGI.In 

another embodiment, an eMBB WTRU which is configured for UL cancellation may determine a PUCCH format 

based on the overlap pattern between the PUCCH resources and the indicated PRBs and symbols over which 

the UL transmission to be cancelled by the UE. According to this method, the WTRU may do any of the 

following three actions. 

[0092] First, the WTRU may determine whether the indicated UL resources subject to cancellation overlap 

with the primary PUCCH format from a first set of PUCCH resources. Second, the WTRU may determine a 

secondary PUCCH format from a second set of PUCCH resources which doesn't overlap with the indicated UL 

resources subject to cancellation. Third, the WTRU may Transmit the UCI on the secondary PUCCH format 

from a secondary set of PUCCH resources.FIG. 2 is an example diagram of PUCCH resource identification 

based on UL cancellation indication with 14 symbols in the Slot domain and up to 4 subcarriers in the System 

BW domain. As shown in FIG. 2, the first symbol is allocated for a Long PUSCH format. The second and third 

symbols are allocated to a Short PUCCH format which may overlap with UL resources. The fourth and fifth 

symbols are also Short PUCCH formats where both the fourth and fifth symbols are allocated to the primary 

PUCCH format. The fifth symbol is also allocated to the secondary PUCCH format. 
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[0093] In one example shown in FIG. 2, the WTRU transmitting 1-2 UCI information bits may perform any of 

the following three actions. First, the WTRU may determine that the primary PUCCH format is PUCCH format 1 

over 4 symbols (i.e., Long PUCCH format). Second, the WTRU may determine that one or more symbols of the 

determined PUCCH format 1 overlaps with the indicated UL resources subject to cancellation (e.g., 2 symbols 

shown in FIG. 2). Third, the WTRU may use PUCCH format 0 over 1 symbol (i.e., Short PUCCH format) as a 

secondary PUCCH format for 1-2 bits UCI transmission. 

[0094] In another example, the WTRU transmitting 1-2 UCI information bits may perform any of the following 

four actions. First, the WTRU may determine that the primary PUCCH format is PUCCH format 1 and a first 

symbol for the PUCCH transmission provided by higher layer (e.g., parameter startingSymbollndex). Second, 

the WTRU may determine that one or more symbols of the determined PUCCH format 1 overlaps with the 

indicated UL resources subject to cancellation. Third, the WTRU may use a shortened PUCCH format 1 as a 

secondary PUCCH format with a different first symbol for the PUCCH transmission. Fourth, the WTRU may 

determin that the first symbol of the secondary PUCCH format is greater than first symbol of the primary 

PUCCH format. 

[0095] The WTRU which is configured with multiple sets of PUCCH resources may perform any of the 

following five actions. First, the WTRU may determine whether the indicated UL resources subject to 

cancellation overlap with the primary PUCCH format for a given PUCCH resource set. Second, the WTRU may 

sequentially examine each PUCCH resource set by incrementing the PUCCH resource set index (e.g., pucch­

ResourceSetld+1 where pucch-ResourceSetld is provided by higher layer). Also in the second action, 

alternatively, the WTRU may examine a pre-specified list of PUCCH resource sets. Third, the WTRU may 

determine a secondary PUCCH format in each PUCCH resource set which doesn't overlap with the indicated 

UL resources subject to cancellation. Fourth, the WTRU may transmit the UCI on the secondary PUCCH 

format from a secondary PUCCH resource set. Fifth, the WTRU may determine that the pucch-ResourceSetld 

of the secondary PUCCH format is greater than the pucch-ResourceSetld of the primary PUCCH format. 

[0096] The WTRU which is configured with a single PUCCH resource set comprising a list of PUCCH 

resource indexes (i.e., pucch-Resourceld) may perform any of the five actions. First, the WTRU may determine 

whether the indicated UL resources subject to cancellation overlap with the primary PUCCH format of the 

configured PUCCH resource set. Second, the WTRU may sequentially examine each PUCCH resource within 

the configured PUCCH resource set by incrementing the PUCCH resource index (e.g., pucch-Resourceld+1 

where pucch-Resourceld is provided by higher layer). Also concerning the second action, alternatively, the 

WTRU may examine a pre-specified list of PUCCH resources. Third, the WTRU may determine a secondary 
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PUCCH format within the configured PUCCH resource set which doesn't overlap with the indicated UL 

resources subject to cancellation. Fourth, the WTRU may transmit the UCI on the secondary PUCCH format 

from the configured PUCCH resource set. Fifth, the WTRU may determine that the pucch-Resourceld of the 

secondary PUCCH format is greater than the pucch-Resourceld of the primary PUCCH format. 

[0097] In one embodiment, if the WTRU configured with the dedicated PUCCH resource determines that the 

PUCCH resource overlap with the indicated UL resources subject to cancellation, the WTRU may use a 

PUCCH resource configured for transmission of HARQ-ACK information on PUCCH in an initial UL BWP. 

[0098] In another embodiment, if the WTRU is configured with UL cancellation as well as a supplementary 

(SUL), may transmit the UCI on the PUCCH resources configured on the SUL even if the WTRU is configured 

by higher layer to transmit the UCI on PUCCH resources on the primary/paired UL cell/carrier. 

[0099] In another embodiment, if the WTRU is configured with UL cancellation as well as multiple UL 

carriers/components, may transmit the UCI on the PUCCH resources of the secondary UL cell/carrier which 

may not be paired with the DL primary cell/carrier. 

[0100] FIG. 3 is a flowchart of an WTRU Procedure for adaptation of PUCCH format and resources based 

on UL cancellation indication. 

[0101] As shown in FIG. 3, an eMBB WTRU may receive a higher layer configuration including the set of 

PUCCH formats and the corresponding UL control resource sets. 

[0102] Then, the eMBB WTRU may receive GC-DCI indicating cancelled time-frequency UL resources. 

[0103] Following this, the eMBB WTRU may check if there is overlap with the resource set of the configured 

primary PUCCH format. 

[0104] If there is no overlap, the eMBB WTRU may transmit UCI using the configured primary PUCCH 

format on the corresponding UL control resource set. The procedure would end here. 

[0105] If there is overlap, the eMBB WTRU may determine the secondary PUCCH format and the 

corresponding UL control resource set. Then, the eMBB WTRU may transmit UCI using the determined 

PUCCH format on the corresponding UL control resource set. 

[0106] As such, FIG. 3 shows an exemplary procedure for the eMBB WTRU that is configured with multiple 

PUCCH formats with different corresponding UL resource sets. 

[0107] The following covers methods for eMBB WTRU cancellation and URLLC WTRU pre-emption with 

cancelation/scheduling indication decoding failure. 
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[0108] Four scenarios will be reviewed. The first scenario is for Cancellation Indication Decoding Failure and 

Scheduling Indication Decoding Success. The second scenario is for Cancellation Indication Decoding 

Success and Scheduling Indication Decoding Failure. The third scenario is for Cancellation Indication 

Decoding Failure and Scheduling Indication Decoding Failure. The fourth scenario is for Cancellation Indication 

Decoding Success and Scheduling Indication Decoding Success. 

[0109] The following covers the first scenario of Cancellation Indication Decoding Failure and Scheduling 

Indication Decoding Succes. 

[011 0] In this case, the eMBB WTRU continues to transmit while the URLLC WTRU also transmits in the 

resource assuming that the resource is clear. This may result in the failure of both the eMBB transmission and 

the URLLC transmission. 

[0111] To ensure that the UL transmission from the URLLC WTRU is reliably received at the gNB, the 

URLLC WTRU and/or eMBB WTRU may assist the gNB in identifying that the cancellation indication decoding 

has failed and the eMBB WTRU still continues to transmit in the URLLC transmission resource (UL 

cancellation has not been successful). The gNB may then take steps to rectify the situation. 

[0112] In one embodiment, for URLLC WTRU assisted cancellation success identification, the URLLC 

WTRU may be configured with Interference Measurement Resource(s) (IMR) or Zero Power Channel State 

Information Reference Symbol (ZP CSI-RS) resources where there is no transmission by the URLLC WTRU 

on these resources and data is rate matched around them. This allows the gNB to measure the 

energy/interference on these resources. The gNB may compare the power levels in the IMR resources with the 

power levels in the eMBB only resources and estimate if the eMBB WTRU successfully stopped transmitting, 

e.g. there is a drop in the power between the two resources, or if it failed to stop transmitting, e.g. there is no 

change in the power between the two resources. 

[0113] In another embodiment, the eMBB WTRU and URLLC WTRU may jointly assist the gNB in 

cancellation success identification. The URLLC may be configured with IMR resources or ZP CSI-RS 

resources where there is no transmission by the URLLC WTRU on these resources and data is rate matched 

around them. The eMBB WTRU may be configured with a specific sequence, e.g. Demodulation Reference 

Symbol (DMRS) or CSI-RS. The eMBB WTRU transmits this sequence on the same IMR resources of the 

URLLC WTRU whenever it detects a cancellation indication from the gNB. This allows the gNB to detect the 

sequence and validate that the cancellation has been successful i.e. if the eMBB WTRU successfully stopped 

transmitting, e.g. the sequence is detected, or if it failed to stop transmitting, e.g. the sequence is not detected. 
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[0114] This transmission of the sequence by the eMBB WTRU in the IMR resources of the URLLC WTRU 

serves two functions. 

[0115] The first function is to serve as an acknowledgement to the gNB on receipt of the cancellation 

indication. The gNB is able to identify the sequence and know that the eMBB WTRU has cancelled its 

transmission. 

[0116] The second function allows for the eMBB WTRU to resume transmission after the cancellation with 

no phase discontinuity between the original transmission and the resumed transmission. The sequence 

transmitted by the eMBB WTRU may assist the gNB in interpolating the channel estimate before and after 

cancellation. 

[0117] It should be noted that a dual solution would be the case where the eMBB WTRU is configured with 

IMR resources or a ZP CSI-RS while the URLLC WTRU transmits a sequence in this resource. As the eMBB 

WTRU is cancelled, and the URLLC WTRU RS is known at the gNB, successful reception/detection of the 

URLLC RS validates that the URLLC WTRU has successfully received its scheduling indication (the uplink 

grant). 

[0118] A figure illustrating the frame structure with the IMR and sequences with preemption is shown in FIG. 

4. 

[0119] FIG. 4 shows a diagram of an eMBBB and URLLC WTRU Frame structure. As shown in FIG. 4, in 

the top part of the diagram labelled eMBBB UE. An eMBBB WTRU may utilize preemption indication (Pl) to 

know whether such eMBBB WTRU should stop transmitting data shown by stop resource process. Resume 

resource process may then have eMBBB WTRU resume data transmission through any of the available 

resoumes(S1,S2,S3,orS4). 

[0120] As shown in the lower part of FIG. 4, labelled URLLC UE. A URRLC WTRU may work with system 

indicator (SI) and URRLC RS to monitor and decide whether any of the IMR resources URRLC WTRU has 

available to it needs to be involved with termination of data transmission or boosting power on interrupted 

resources during URRLC WTRU's preemption transmission. 

[0121] The eMBB WTRU may use the following procedure. This procedure may be split into six steps. 

[0122] In the first step. The WTRU may receive higher layer configuration on the identification sequence to 

transmit during cancelation. This may be WTRU specific or a sequence common to all WTRUs. 

[0123] In the second step. The WTRU may monitor for and receive a preemption indication (Pl). 
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[0124] In the third step. The WTRU may receive information specific to the eMBB WTRU 

sequence/resource. This information may be separate from the Pl (received on a dedicated DCI). The 

information may be transmitted with the Pl Uointly encoded and received in the same DCI). 

[0125] Additionally in the third step. The eMBB WTRU sequence configuration (e.g. resource) may be 

signaled explicitly in the Pl. The signal may be a configuration for the sequence (e.g. CSI-RS, DMRS) that 

may match the time-frequency pattern of one or more URLLC IMR resources for one or more URLLC UEs. The 

signal may be an index to a predefined table or an index to an RRC configuration table. 

[0126] Also in the third step. The eMBB WTRU sequence configuration may be signaled implicitly (e.g., by 

Pl, DCI, RNTI). The signal may also include the URLLC IMR resource for the URLLC WTRU to the eMBB 

WTRU. 

[0127] In the fourth step. The eMBB WTRU may stop data transmission during the cancellation resource. 

[0128] In the fifth step. The eMBB WTRU may transmit the identification sequence in the resources 

corresponding to the IMR resource of the URLLC UE. In the case that the IMR resource length is shorter than 

the length of the identification sequence, the eMBB WTRU may transmit a subset of the identification sequence 

e.g. a truncated or sampled value of the sequence, to the gNB. Also, in the case that the IMR resource length 

is longer than the length of the identification sequence, the eMBB WTRU may transmit a sequence of 

appropriate length derived from the identification sequence e.g. a cyclic extension, to the gNB. 

[0129] In the sixth step. The eMBB WTRU may stop transmission of its data or may resume transmission its 

data after the URLLC WTRU has stopped transmitting. It should be noted that if the eMBB WTRU resumes 

transmission. It may puncture the original transmission or it may shift the original transmission to avoid the 

outgoing resource. 

[0130] Still focusing on the Cancellation Indication Decoding Failure and Scheduling Indication Decoding 

Success scenario. The URLLC WTRU may use the following procedure split into four steps. 

[0131] In the first step. The WTRU may receive higher layer configuration on the IMR resources to use 

during preemption transmission. 

[0132] In the second step. The WTRU may receive scheduling and transmission information (the uplink 

grant). This information may be separate from the Pl (transmitted on a dedicated DCI). This information may be 

transmitted with the Pl Uointly encoded and transmitted in the same DCI). 

[0133] In the third step. The WTRU starts URLLC transmission in the assigned resource. The WTRU may 

rate match its data around the IMR resources during the cancellation period. 
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[0134] In the fourth step. The WTRU continues monitoring the Pl and or the scheduling indicator. This is 

necessary in the case that the gNB identifies the failure of the Pl and wants to terminate the transmission or 

e.g. boost the transmitted power on the interrupted resources. 

[0135] Procedures for the eMBB WTRU and URLLC WTRU are shown in FIG. 5. 

[0136] FIG. 5 is a flowchart showing procedures for the eMBB WTRU and URLLC WTRU described above. 

Starting with the left procedure labelled eMBB UE, the eMBB WTRU may receive higher layer configuration for 

identification sequences. Next, the eMBB WTRU may monitor and receive Pl. Then, the eMBB WTRU may 

then receive information specific to the eMBB WTRU sequence or resource. Next, the eMBB WTRU may stop 

normal transmission. After that, the eMBB WTRU may transmit identification sequence in resources 

corresponding to URRLC IMR. Then, the eMBB WTRU may continue monitoring during transmission in case 

Pl failed. What should be noted is that arrow indicates that the procedure may loop back depending on whether 

Pl failed. Lastly, the eMBB WTRU may resume transmission. 

[0137] Now, on FIG. 5, turning to the right procedure labelled URLLC UE. The URLLC WTRU may receive 

higher layer configuration for IMR resources. Next, the URLLC WTRU may receive scheduling and 

transmission information. Following that, the URLLC WTRU may start URLLC transmission. Next, the URLLC 

WTRU may continue monitoring during transmission in case Pl failed. Lastly, the URLLC WTRU may end 

transmission. 

[0138] In one embodiment, the URLLC WTRU may assume a higher probability of failure of the eMBB 

cancellation indication and modify its transmission to accommodate the possibility of interference e.g. by 

boosting its power or by transmitting with a lower MCS. The URLLC WTRU may be configured with multiple 

transmission parameter configurations (e.g. power levels, MCS etc.) and the scheduling DCI may indicate the 

appropriate configuration to use e.g. based on the capability of the interfering eMBB UE, or on the aggregation 

level or reliability with which the eMBB cancellation indication was sent. The solution combines the WTRU 

cancellation and Power methods in one scheme. 

[0139] One embodiment involves transmitting the eMBB WTRU cancellation indication at the same high 

reliability levels as the URLLC scheduling indication. This ensures that the probability of either of the 

indications failing is approximately the same. This may not be possible if the two WTRSs have different 

capabilities. 

[0140] The following addresses the Cancellation Indication Decoding Success and Scheduling Indication 

Decoding Failure scenario. 
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[0141] In the case of Cancellation Indication Decoding Success and Scheduling Indication Decoding Failure, 

the eMBB WTRU stops its transmission while the URLLC WTRU does not transmit in the cleared resource. 

This results in a wastage of the transmission resource. 

[0142] In this embodiment, the gNB is able to identify this scenario by the silence in the channel. 

Alternatively, the gNB may be able to identify the scenario by identifying a sequence e.g. an RS, transmitted by 

the eMBB WTRU in configured resources that overlap with IMR resources of the URLLC WTRU. 

[0143] In this embodiment, the gNB may (a) restart the entire procedure i.e. send new cancellation and 

scheduling indicators to the UEs or (b) send a new scheduling indicator the URLLC WTRU WTRU is there is 

still enough resource for it to receive the indicator, decode it and send its data to the gNB. 

[0144] The following addresses the Cancellation Indication Decoding Failure and Scheduling Indication 

Decoding Failure scenario. 

[0145] In this case of Cancellation Indication Decoding Failure and Scheduling Indication Decoding Failure, 

the eMBB WTRU continues its transmission while the URLLC WTRU does not transmit in the cleared resource. 

This results in failure of preemption. 

[0146] Note that in the case the eMBB WTRU is configured to transmit an identifying sequence in 

configured resources that overlap with IMR resources of the URLLC WTRU, the gNB is able to identify this 

scenario by the fact that there is no identifiable sequence from either the eMBB WTRU or the URLLC WTRU. 

[0147] The following addresses the Cancellation Indication Decoding Success and Scheduling Indication 

Decoding Success scenario. 

[0148] In the case of Cancellation Indication Decoding Success and Scheduling Indication Decoding 

Success, the eMBB WTRU is able to successfully decode the cancellation indication and the URLLC WTRU is 

able to successfully decode the scheduling indication, the eMBB WTRU stops transmission and allows the 

URLLC WTRU to transmit in the resource. The eMBB WTRU may or may not resume transmission on 

completion of the URLLC WTRU transmission. Note that the two indications may be sent separately or as one 

signal. 

[0149] The following addresses Behavior on Successful Reception of a Pl. 

[0150] In one embodiment concerning Behavior on Successful Reception of a Pl, the eMBB WTRU may 

continue to monitor the scheduling indication resources even if it has been scheduled, to allow it to stop a 

cancellation period and restart another cancellation period in the case that the gNB assigns a new resource 

e.g. based on preemption failure. This to enable the gNB recover from a failure scenario identifies that there 
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has been a failure in the preemption procedure. Any information received by a successfully received Pl may 

override the information received by a previously received Pl even if the information from the previously 

received Pl is still current. On identification of a failure the gNB may restart the preemption procedure 

immediately. 

[0151] In another embodiment, the URLLC WTRU may continue to monitor the scheduling indication 

resources even if it has been scheduled, to allow it to terminate a transmission and possibly restart another 

transmission in the case that the gNB assigns a new resource e.g. based on preemption failure. This to enable 

the gNB recover from a failure scenario identifies that there has been a failure in the preemption procedure. 

Any information received by a successfully received SI may override the information received by a previously 

received SI even if the information from the previously received SI is still current. On identification of a failure 

the gNB may restart the preemption procedure immediately. 

[0152] In another emobdiment, the eMBB WTRU may monitor for multiple Pis from the gNB. The multiple 

Pis may all point to the same cancelled resource to reduce the probability of eMBB Pl decoding failure. 

[0153] In another embodiment, the eMBB WTRU may monitor for multiple Pis from the gNB. Each Pl may 

point to a separate cancelled resource. The cancellation resources may be entirely orthogonal or may overlap 

to reduce the latency of the URLLC WTRU transmission on identification of a failed preemption procedure. 

[0154] The following covers an embodiment of methods for PUSCH cancellation indication by GC-DCI and 

the corresponding PUSCH adaptation. 

[0155] One embodiment for indication of PUSCH cancellation by group-common DCI is to explicitly indicate 

the cancelled/interrupted resources by the GC-DCI and have a procedure for the eMBB WTRU to determine 

the cancellation of its PUSCH or its adaptation based on the modified set of resources. 

[0156] As an example, for the case of UL transmission with configured grant, the eMBB WTRU may 

determine the active set of UL resources for UL configured grant based on a combination of Pool of UL 

configured resources configured by higher layer signaling. The eMBB WTRU may also determine that a 

dynamically indicated set of cancelled resources may be indicated explicitly by GC-PDCCH carrying GC-DCI. 

Lastly, the eMBB WTRU may also determine that a timer indicating the validity/expiration of the UL 

cancellation period the timer can be triggered by MAC CE or DCI carrying cancellation indication. 

[0157] An example of WTRU procedure for this method is shown in FIG. 6. 

[0158] FIG. 6 is a flowchart showing an of an eMBB WTRU procedure for adaptation of UL transmission 

with configured grant, in presence of explicit indication of cancelled UL resources by GC-DCI. As shown in 

- 26 -
5707686-1 

45



IDC-14756US01 

FIG. 6, an eMBB WTRU may receive higher layer configuration including the resource set for UL configured 

grant. Next, the eMBB WTRU may receive GC-DCI indicating cancelled UL resources. After that, through the 

decision diamond, the eMBB WTRU may check to see if there is overlap with the resource set for UL 

configured grant. If there is no overlap, the eMBB WTRU may transmit PUSCH with configured grant on the 

configured resource set, based on the procedure in NR. The procedure may end here. If there is overlap, the 

eMBB WTRU may determine the active resource set for PUSCH transmission with configured grant, based on 

the configured resource set and the cancelled UL resources indicated by GC-DCI. Lastly, if there is overlap, 

the eMBB WTRU may transmit PUSCH with configured grant by using the determined active resource set, 

instead of the configured resource set. 

[0159] In the method of UL cancellation indication by GC-DCI, a WTRU may be provided by a higher layer 

parameter "UplinkCancelation" and is configured with an specific radio network temporary identifier (RNTI), 

which may be called "CAN-RNTI", for monitoring GC-PDCCH conveying a GC-DCI indicating the UL 

cancelation. This GC-DCI may have its specific format dedicated to UL cancellation indication (e.g. DCI format 

2_ 4). This DCI format 2_ 4 is used for notifying the PRB(s) and OFDM symbol(s) where WTRU may assume no 

transmission is expected from the WTRU. 

[0160] Alternatively the WTRU may use INT-RNTI (which is used for monitoring downlink preemption) for 

also monitoring UL cancellation. In this case, the DCI format 2_ 1 defined in NR may be used to convey both 

downlink preemption and uplink cancelation indication. Besides, the WTRU may determine which part of the 

DCI format 2_ 1 is indicating downlink preemption indication or UL cancellation indication, explicitly based on 

some higher layer configuration (e.g., when the WTRU is simultaneously configured with both UL cancellation 

and DL preemption) and/or implicitly based on other parameters (e.g., the DCI payload size or based on an 

additional field in the DCI itself). In the above scenario, the following information is transmitted by the DCI 

format 2_ 1 with CRC scrambled by INT-RNTI: [Pre-emption indication 1, ... , Pre-emption indication N, UL 

Cancellation indication]. 

[0161] In the case of being configured for monitoring UL cancelation, the WTRU may be also configured 

with a set of serving cells by higher layer parameter CAN-ConfigurationPerSeNingCe/1 that includes a set of 

serving cell indexes provided by corresponding higher layer parameters seNingCe/1/d and a corresponding set 

of locations for fields in DCI format 2_3 by higher layer parameter positionlnDCI. Also, the payload size of the 

GC-DCI conveying the UL cancellation indication may be semi-statically configured for the UE. 

[0162] The GC-DCI for UL cancellation indication may carry a bitfield which can be mapped to the UL 

cancelled resources explicitly indicating the frequency and time of the cancelled resources in RBs and OFDM 
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symbols. The granularity for time-frequency resources may be semi-statically configured by higher layer. This 

configuration may be the same or different from configuration of parameter granularity for time-frequency 

resources for downlink preemption indication. In one example, the granularity for time-frequency resources 

may be configured by higher layer parameter timeFrequencySet, which is also used downlink preemption 

indication. In one example, the bits of the UL cancellation indication may be grouped to several groups of the 

same size, and each group of bits corresponds to a subset of frequency bandwidth (i.e. a subset of PRBs of 

the bandwidth part) or a symbol or a subset of symbols in the monitoring period or a combination of the 

frequency and time subsets. In this case, the bits of each group may indicate cancellation in that time­

frequency subset of resources. 

[0163] Another method for indicating the cancelled resources through GC-DCI is to convey information 

about the cancelled resources in GC-DCI, such that together with the configuration, it can determine the set of 

cancelled UL resources (as shown in FIG. 7). As an example, a bit field in GC-DCI may indicate a subset of 

frequency resources (among the configured resources) that is corresponding to the cancellation. In this 

method, the frequency resources of the cancelled UL transmission are indicated relative to the configured 

seUpool of resources for the configured UL grant, instead of being explicitly indicated (or being indicated 

relative to the corresponding bandwidth part). 

[0164] Another issue in PUSCH cancellation indication is how to support resumption of PUSCH 

transmission after cancellation. One solution to support PUSCH cancellation with the possibility of automatic 

resumption by the WTRU is to indicate the resources for the resumed UL transmission by signaling the time 

shift (e.g., in terms of slots/mini-slots/symbols/monitoring periods) to be applied to the original grant. This time 

shift may be included in the cancellation indication as part of the DCI or may be implicitly obtained from other 

parts of the cancellation indication (e.g. time resources corresponding to the cancellation). 

[0165] FIG. 7 is a flowchart showing an example of WTRU procedure to determine the set of cancelled 

resources, based on combination of semi-static configuration and dynamic indication through GC-DCI. 

[0166] As shown in FIG. 7, a WTRU may receive higher layer configuration including resource set for UL 

configured grant. After that, the WTRU may receive GC-DCI indicating additional information about the 

cancelled UL resources. Next, the WTRU may determine the cancelled UL resources, based on the configured 

resource set and that the additional information about the cancelled UL resources. Following this, the WTRU 

may determine the active resource set for PUSCH transmission with configured grant, by removing the 

cancelled UL resources. Lastly, the WTRU may transmit PUSCH with configured grant by using the 

determined active resource set, instead of the configured resource set. 
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[0167] The following covers methods for autonomous hybrid power control and UL cancellation by UE. 

[0168] For the case of grantless uplink transmission by a URLLC WTRU (i.e., Configured Grant), sending a 

cancellation indication from the gNB at the beginning of the transmission is not practical as the gNB has to 

know whether a URLLC WTRU is about to use the resource. One solution to support inter-WTRU UL 

multiplexing between URLLC and eMBB UEs in this case is to use power control and/or different MCS and/or 

transmission modes for the UL periods and/or slots where UL cancellation indication is not feasible (e.g., initial 

transmission). The gNB may send an UL cancellation signal at a later time during the transmission. 

[0169] In one embodiment of this method, the URLLC WTRU may be configured with two or multiple UL 

transmission modes for the grantless UL transmission of PUSCH, e.g., "congested mode" or "uncongested 

mode." With each mode corresponding to a set of power control parameters and/or modulation and coding 

scheme (MCS) and/or other transmission-related parameters. The selection of "congested mode" and 

"uncongested mode" transmission by the URLLC WTRU may be done based on the absence or presence of 

the UL cancellation indication, respectively. As an example, in absence of UL cancellation, the URLLC WTRU 

starts transmission with the transmission parameters corresponding to the "congested mode" (which may 

include transmitting with higher power level and/or lower rate). In the consecutive slots/mini-slots and/or UL 

periods, if the URLLC WTRU receives UL scheduling from the gNB, it switches to grant-based UL transmission 

with parameters based on the scheduling information. Otherwise, if the URLLC WTRU does not receive its UE­

specific DCI for UL transmission but it detects an UL cancellation indication in GC-DCI, it continues grantless 

UL transmission, but using the parameters corresponding to the "uncongested transmission" mode (see FIG. 

8). 

[0170] FIG. 8 is a flowchart showing an example of URLLC WTRU procedure for the selection "transmission 

mode" in grantless UL transmission. As shown in FIG. 8, the URLLC WTRU may receive higher layer 

configuration including the resource set for UL configured grant and parameters of the two transmission modes 

("congested" and "uncongested"). Next, the URLLC WTRU may monitor GC-DCI indicating cancelled UL 

resources. After that, the URLLC WTRU may determine whether UL cancellation for the next slot or min-slot or 

UL period. If there was no cancellation, the URLLC WTRU may transmit PUSCH on the configured resources 

with transmit parameters (e.g., power control parameters and MCS) corresponding to the "congested 

transmission mode." If there was a cancellation, the URLLC WTRU may transmit PUSCH on the configured 

resources with transmit parameters (e.g., power control parameters and MCS) corresponding to the 

"uncongested transmission mode." 
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[0171] In this method, the URLLC WTRU may start a new UL grantless transmission with "uncongested 

mode" transmission, as long as the previously monitored UL cancellation is still valid. For example, the URLLC 

WTRU may start grantless uplink transmission in slot O and receive the UL cancellation indication in slot 1 

(indicating UL cancellation for 4 slots) and finishes the transmission of that UL data in slot 1. In this case, the 

URLLC WTRU may begin another grantless UL transmission with "uncongested transmission mode" 

parameters in slot 2 or slot 3 or slot 4 (see FIG. 9). 

[0172] FIG. 9 is a diagram of an example of a grantless UL transmission by URLLC WTRU in "congested" 

and "uncongested" transmission modes, based on the presence of UL cancellation indication. 

[0173] As shown in FIG. 9, this transmission example is made up of four colored blocks. The first colored 

block represents slot O which is where a URLLC WTRU may start grantless uplink transmission. The second 

colored block represents slot 1 which is a UL cancellation request. The next three colored blocks represent 

slots 2-4, respectively. Slots 2-4 represent grantless transmissions by URLLC WTRU in "uncongested 

transition mode." 

[017 4] The following covers methods for PRACH cancellation or modification. 

[0175] One approach to enhance reliability of UL transmission for URLLC users is to allow those users to 

transmit on the resources that are assigned for eMBB UEs to transmit PRACH. In this case, there should be 

some procedure to avoid PRACH transmission by eMBB UEs on the occupied resources. 

[0176] One embodiment involves informing the eMBB UEs to modify or adapt their PRACH transmission to 

avoid collision with the interrupting URLLC transmission. In this method, the eMBB WTRU may be configured 

with multiple PRACH formats with different corresponding resource sets. As an example, an eMBB WTRU may 

be configured with two PRACH formats of F1 and F2 (where F2 may have a shorter length), and in the case of 

resource collision for the PRACH resources corresponding to format F1 (based on the received UL cancellation 

indication), the WTRU may determine that it should use F2 (as shown in FIG. 10) This configuration may be 

done using SIB2 or another higher layer signaling. In another example, instead of being configured with 

PRACH format of F2, the eMBB WTRU may switch to the default PRACH format of Format 0, if the resources 

corresponding to the configured formant F1 overlap with the cancelled UL resources. 

[0177] FIG. 10 is a flowchart showing an WTRU procedure for adaptation of PRACH format and resources 

based on the dynamic UL cancellation indication. As shown in FIG. 10, the WTRU may receive configuration 

of the set of PRACH formats F1 and F2 and the corresponding PRACH resources in SIB2. After that, the 

WTRU may receive GC-DCI indicating cancelled UL resources. Next, there may be overlap with the PRACH 

resources corresponding to PRACH format F1. If there is no overlap, the WTRU may transmit PRACH with 
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format F1, on the corresponding PRACH resources. If there is overlap, the WTRU may transmit PRACH using 

format F2 on the corresponding PRACH resources. 

[0178] In one example, the PRACH resources for format F2 or the default Format O may be a configured as 

a fixed subset of PRACH resources assigned for format F1. In another example, the resources for format F2 or 

the default Format O may be determined by the UE, based on the PRACH resources configured for format F1, 

and the cancelled uplink resources indicated by UL cancelation indication. For example, the WTRU may be 

configured by PRACH format 1 which is associated with time resources of length 3 ms. Inside each PRACH 

resource of length 3 ms there are 3 possible time resource for PRACH format O which has time resource of 

length 1 ms. If the WTRU receives the UL cancellation indication and observes overlap with its own configured 

PRACH resources (associated with format 1), it switchs to PRACH with the default format 0, and selects the 

first, second or third milisecond of its configured PRACH resource as its effective PRACH resource with format 

0, based on the first one that does not overlap with the cancelled UL resources. 

[0179] Although features and elements are described above in particular combinations, one of ordinary skill 

in the art will appreciate that each feature or element can be used alone or in any combination with the other 

features and elements. In addition, the methods described herein may be implemented in a computer 

program, software, or firmware incorporated in a computer-readable medium for execution by a computer or 

processor. Examples of computer-readable media include electronic signals (transmitted over wired or 

wireless connections) and computer-readable storage media. Examples of computer-readable storage media 

include, but are not limited to, a read only memory (ROM), a random access memory (RAM), a register, cache 

memory, semiconductor memory devices, magnetic media such as internal hard disks and removable disks, 

magneto-optical media, and optical media such as CD-ROM disks, and digital versatile disks (DVDs). A 

processor in association with software may be used to implement a radio frequency transceiver for use in a 

WTRU, UE, terminal, base station, RNC, or any host computer. 
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U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Attorney Docket Number IDC-14756US01 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention METHODS AND APPARATUS FOR UL MULTIPLEXING AND PRIORITIZATION IN NR 

Assignee 11 

Complete this section if assignee information, including non-applicant assignee information, is desired to be included on the patent 
application publication. An assignee-applicant identified in the "Applicant Information" section will appear on the patent application 
publication as an applicant. For an assignee-applicant, complete this section only if identification as an assignee is also desired on the 
patent application publication. 

I Remove I 
If the Assignee or Non-Applicant Assignee is an Organization check here. □ 
Prefix Given Name Middle Name Family Name Suffix 

I B I I I I B 
Mailing Address Information For Assignee including Non-Applicant Assignee: 

Address 1 

Address 2 

City 11 State/Province 

Countryi 11 Postal Code 

Phone Number Fax Number 

Email Address 

Additional Assignee or Non-Applicant Assignee Data may be generated within this form by 
selecting the Add button. I Add I 

Signature: Remove 

NOTE: This Application Data Sheet must be signed in accordance with 37 CFR 1.33(b ). However, if this Application 
Data Sheet is submitted with the INITIAL filing of the application and either box A or B is not checked in 
subsection 2 of the "Authorization or Opt-Out of Authorization to Permit Access" section, then this form must 
also be signed in accordance with 37 CFR 1.14(c). 

This Application Data Sheet must be signed by a patent practitioner if one or more of the applicants is a juristic 
entity (e.g., corporation or association). If the applicant is two or more joint inventors, this form must be signed by a 
patent practitioner, all joint inventors who are the applicant, or one or more joint inventor-applicants who have been given 
power of attorney (e.g., see US PTO Form PTO/AIA/81) on behalf of all joint inventor-applicants. 

See 37 CFR 1.4(d) for the manner of making signatures and certifications. 

Signature VWesley T. McMichael/ Date (YYYY-MM-DD) 12019-04-30 

First Name r'esley T. I Last Name I ~cMichael Registration Number ~6982 

Additional Signature may be generated within this form by selecting the Add button. I Add I 
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Approved for use through 11/30/2020. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Attorney Docket Number IDC-14756US01 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention METHODS AND APPARATUS FOR UL MULTIPLEXING AND PRIORITIZATION IN NR 

This collection of information is required by 37 CFR 1. 76. The information is required to obtain or retain a benefit by the public which 
is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This 
collection is estimated to take 23 minutes to complete, including gathering, preparing, and submitting the completed application data 
sheet form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of lime you require to 
complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and 
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR 
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 
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Privacy Act Statement 

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

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

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

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

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

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

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

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

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or his/her designee, during an 
inspection of records conducted by GSA as part of that agency's responsibility to recommend improvements in records management practices and 
programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of 
records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make determinations about 
individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of the application pursuant to 35 U.S.C. 
122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1. 14, as a routine use, 
to the public if the record was filed in an application which became abandoned or in which the proceedings were terminated and which application is 
referenced by either a published application, an application open to public inspections or an issued patent. 

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