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

P.0.Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
16/626,279 11/23/2021 11184130 SEC920170067-US-PCT 1559
61755 7590 11/03/2021

Kunzler Bean & Adamson - Lenovo
50 W. Broadway

10th Floor

Salt Lake City, UT 84101

ISSUE NOTIFICATION

The projected patent number and issue date are specified above.

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

The Patent Term Adjustment is 66 day(s). Any patent to issue from the above-identified application will include
an indication of the adjustment on the front page.

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

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

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

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

Motorola Mobility LL.C, Chicago, I1;

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location
for business investment, innovation, and commercialization of new technologies. The USA offers tremendous
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation
works to encourage and facilitate business investment. To learn more about why the USA is the best country in
the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov.
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PART B - FEE(S) TRANSMITTAL
Complete and send this form, together with applicable fee(s), by mail or fax, or via EFS-Web.

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

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

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

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

61755 7590 07/23/2021 Certificate of Mailing or Transmission

Kunzler Bean & Adamson - Lenovo I hereby certify that this Fee(s) Transmittal is being deposited with the United
States Postal Service with sufficient postage for first class mail in an envelope
50 W. Broadway addressed to the Mail Stop ISSUE FEE address above, or being transmitted to
10th Floor the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below.
Salt Lake City, UT 84101 Brian C. Kunzler (Typed or printed name)
/Brian C. Kunzler/ (Signature)
October 22, 2021 (Date)
| APPLICATION NO. | FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. |

16/626,279 12/23/2019 Hongmei Liu SEC920170067-US-PCT 1559

TITLE OF INVENTION: DEMODULATION REFERENCE SIGNAL CONFIGURATION

| APPLN. TYPE | ENTITY STATUS | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE | TOTAL FEE(S) DUE | DATE DUE |
nonprovisional UNDISCOUNTED $1200 $0.00 $0.00 $1200 10/25/2021
| EXAMINER | ART UNIT | CLASS-SUBCLASS |
ABELSON, RONALD B 2476 370-329000
1. Change of correspondence address or indication of "Fee Address” (37 2. For printing on the patent front page, list
CFR 1.363). (1) The names of up to 3 registered patent attorneys

or agents OR, alternatively, 1_Kunzler Bean & Adamson

(2) The name of a single firm (having as a member a
registered attorney or agent) and the names of up to 2

- e N . L 2 registered patent attorneys or agents. If no name is
Fee Address" indication (or "Fee Address" Indication form PTO/ listed, no name will be printed.

SB/47; Rev 03-09 or more recent) attached. Use of a Customer
Number is required.

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

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

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document must have been previously
recorded, or filed for recordation, as set forth in 37 CFR 3.11 and 37 CFR 3.81(a). Completion of this form is NOT a substitute for filing an assignment.

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

Motorola Mobility LLC Chicago, lllinois

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

4a. Fees submitted: Xl1ssue Fee [Jpublication Fee (if required) [_JAdvance Order - # of Copies
4b. Method of Payment: (Please first reapply any previously paid fee shown above)

(] Electronic Payment via EFS-Web (] Enclosed check (L] Non-electronic payment by credit card (Attach form PTO-2038)
X The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any overpayment to Deposit Account No. 603563

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

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

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

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

M| Applicant changing to regular undiscounted fee status.

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications.
Authorized Signature _/Brian C. Kunzler/ pae October 22, 2021

Typed or printed name _ Brian C. Kunzler Registration No. 38,927
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Electronic Patent Application Fee Transmittal

Application Number:

16626279

Filing Date:

23-Dec-2019

Title of Invention:

DEMODULATION REFERENCE SIGNAL CONFIGURATION

First Named Inventor/Applicant Name:

Hongmei Liu

Filer:

Brian C. Kunzler/Heather Babb

Attorney Docket Number:

SEC920170067-US-PCT

Filed as Large Entity

Filing Fees for U.S. National Stage under 35 USC 371

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

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

UTILITY APPL ISSUE FEE 1501 1 1200 1200

Ericsson Ex. 1002, p. 3 of 229
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Description Fee Code Quantity Amount Sull)j-s'l'g(tsa\)l in
Extension-of-Time:
Miscellaneous:
Total in USD ($) 1200
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Electronic Acknowledgement Receipt

EFS ID: 44105895
Application Number: 16626279
International Application Number:
Confirmation Number: 1559

Title of Invention:

DEMODULATION REFERENCE SIGNAL CONFIGURATION

First Named Inventor/Applicant Name:

Hongmei Liu

Customer Number:

61755

Filer:

Brian C. Kunzler/Heather Babb

Filer Authorized By:

Brian C. Kunzler

Attorney Docket Number:

SEC920170067-US-PCT

Receipt Date: 22-0CT-2021
Filing Date: 23-DEC-2019
Time Stamp: 19:48:40

Application Type:

U.S. National Stage under 35 USC 371

Payment information:

Submitted with Payment yes

Payment Type DA

Payment was successfully received in RAM $1200

RAM confirmation Number E20210LJ49412840
Deposit Account 603563
Authorized User Heather Babb

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

37 CFR 1.20 {Post Issuance fees)

Ericsson Ex. 1002, p. 5 of P29
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File Listing:

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

193569

1 Issue Fee Payment (PTO-85B) IssueFegggz;?S;lthtcaTl_sclefC9201 / no 1

2719d4aa9798bb 1bfd 19e06c3600d8c9636|
6426a

Warnings:
Information:
38062
2 Fee Worksheet (SB06) fee-info.pdf no 2
abc55ae2aalbch8de75044f8a8f98103363:

Warnings:

Information:

Total Files Size (in bytes): 231631

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

New Applications Under 35 U.S.C. 111

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

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

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

New International Application Filed with the USPTO as a Receiving Office

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

Ericsson Ex. 1002, p. 6 of 229
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.UsSpto.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

| EXAMINER |
61755 7590 07/23/2021
Kunzler Bean & Adamson - Lenovo ABELSON, RONALD B
50 W. Broadway
10th Floor | ART UNIT PAPER NUMBER |
Salt Lake City, UT 84101 2476
DATE MAILED: 07/23/2021
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
16/626,279 12/23/2019 Hongmei Liu SEC920170067-US-PCT 1559

TITLE OF INVENTION: DEMODULATION REFERENCE SIGNAL CONFIGURATION

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE

nonprovisional UNDISCOUNTED $1200 $0.00 $0.00 $1200 10/25/2021

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

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

HOW TO REPLY TO THIS NOTICE:

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

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

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

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

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

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

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

www.uspto.gov/PatentMaintenanceFees.

Page 1 of 3 .
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PART B - FEE(S) TRANSMITTAL
Complete and send this form, together with applicable fee(s), by mail or fax, or via EFS-Web.

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

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

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

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

61755 7590 07/23/2021 Certificate of Mailing or Transmission
Kunzler Bean & Adamson - Lenovo I hereby certify that this Fee(s) Transmittal is being deposited with the United
States Postal Service with sufficient postage for first class mail in an envelope
50 W. Broadwa addressed to the Mail Stop ISSUE FEE address above, or being transmitted to
P g

10th Floor the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below.
Salt Lake City, UT 84101 (Typed or printed name)
(Signature)
(Date)
| APPLICATION NO. | FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. |

16/626,279 12/23/2019 Hongmei Liu SEC920170067-US-PCT 1559

TITLE OF INVENTION: DEMODULATION REFERENCE SIGNAL CONFIGURATION

| APPLN. TYPE | ENTITY STATUS | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE | TOTAL FEE(S) DUE | DATE DUE |
nonprovisional UNDISCOUNTED $1200 $0.00 $0.00 $1200 10/25/2021
| EXAMINER | ART UNIT | CLASS-SUBCLASS |
ABELSON, RONALD B 2476 370-329000
1. Change of correspondence address or indication of "Fee Address” (37 2. For printing on the patent front page, list
CFR 1.363). (1) The names of up to 3 registered patent attorneys
or agents OR, alternatively, 1

M| Change of correspondence address (or Change of Correspondence

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

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

(] "Fee Address” indication (or "Fee Address" Indication form PTO/
SB/47; Rev 03-09 or more recent) attached. Use of a Customer
Number is required.

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

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document must have been previously
recorded, or filed for recordation, as set forth in 37 CFR 3.11 and 37 CFR 3.81(a). Completion of this form is NOT a substitute for filing an assignment.

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

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

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

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

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

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

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

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

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

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

M| Applicant changing to regular undiscounted fee status.

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

Authorized Signature Date

Typed or printed name Registration No.

Page 2 of 3 , Ericsson Ex. 1002, p. 8 of 229
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.UsSpto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NO. |
16/626,279 12/23/2019 Hongmei Liu SEC920170067-US-PCT 1559
| EXAMINER |
61755 7590 07/23/2021
Kunzler Bean & Adamson - Lenovo ABELSON, RONALD B
50 W. Broadway
10th Floor | ART UNIT PAPER NUMBER |
Salt Lake City, UT 84101 2476

DATE MAILED: 07/23/2021

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

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

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

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

Page 3 of 3 .
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OMB Clearance and PRA Burden Statement for PTOL-85 Part B

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

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

Privacy Act Statement

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

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

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

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

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

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

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

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

7. Arecord from this system of records may be disclosed, as a routine use, to the Administrator, General Services,
or his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility
to recommend improvements in records management practices and programs, under authority of 44 U.S.C.
2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection
of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall
not be used to make determinations about individuals.
8. Arecord from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed
in an application which became abandoned or in which the proceedings were terminated and which application
is referenced by either a published application, an application open to public inspection or an issued patent.
9. A record from this system of records may be disclosed, as a routine use, to a Federal, @iges’s%p d‘qgl%\] p- 10 0229
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or reglﬁﬂfgﬁ?n v. Motorola



Application No. Applicant(s)
) o 16/626,279 Liu et al.
Notice of Allowability Examiner ArtUnit | AIA (FITF) Status
RONALD B ABELSON 2476 Yes

-- The MAILING DATE of this communication appears on the cover sheet with the corresponderice address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1.} This communication is responsive to 7/16/21.
[J A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on .

2.[J An election was made by the applicant in response to a restriction requirement set forth during the interview on ; the
restriction requirement and election have been incorporated into this action.

3. The allowed claim(s) is/are See Continuation Sheet . As a result of the allowed claim(s), you may be eligible to benefit from the
Patent Prosecution Highway program at a participating intellectual property office for the corresponding application. For more

information, please see http://www._uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to
PPHfeedback@uspto.gov.

4 M Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:
a) MIAIl by (J Some  *c) (J None of the:
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CERTIFICATE OF TRANSMISSION
I hereby certify that this correspondence is being transmitted by either submission using the EFS WEB submission system, fax to
the U.S. Patent and Trademark office to fax number 571-273-8300, or is being deposited with the United States Postal Service as
first class mail in an envelope addressed to; Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450 to on
July 16, 2021.

/Michael L. Bartholomew/
Attorney for Applicant

Docket No. SEC920170067-US-PCT_(1425.2.234)

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
Inventor(s): Hongmei Liu et al.

Serial No.: 16/626,279

Group Art
Filed: December 23, 2019 Unit: 2476
For: DEMODULATION REFERENCE SIGNAL
CONFIGURATION
Examiner: Ronald B. Abelson

AMENDMENT AND RESPONSE TO OFFICE ACTION

Mail Stop Amendment
Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450
Dear Examiner:
In response to the Office Action mailed on April 30, 2021 [hereinafter “Office Action™],

Applicant respectfully requests the reconsideration of the present application in view of the

following amendments and remarks.
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Amendments to the Claims:

Please amend the claims as indicated.

1. (Currently Amended) An apparatus comprising:

a processor that determines a demodulation reference signal configuration for a

physical downlink shared channel carrying [[a]] remaining minimum system

information ehannel-demeodulationreferencesignal-econfiguratton, wherein

the demodulation reference signal configuration comprises a first

configuration, a second configuration, a mapping order, a frequency domain

density. a time domain subframe level density. a time domain symbol level

density, or some combination thereof’; and

areceiver that receives the demodulation reference signal based on the demodulation

reference signal configuration.

2. (Original) The apparatus of claim 1, wherein the remaining minimum system information

channel is a remaining minimum system information downlink channel.

3. (Original) The apparatus of claim 1, wherein the remaining minimum system information

channel is a remaining minimum system information physical downlink shared channel.

4. (Original) The apparatus of claim 1, wherein the remaining minimum system information
channel demodulation reference signal configuration comprises a first configuration, a
second configuration, a mapping order, a frequency domain density, a time domain
subframe level density, a time domain symbol level density, or some combination

thereof.

5. (Original) The apparatus of claim 1, wherein the remaining minimum system information

channel demodulation reference signal configuration is predefined.

-
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10.

11.

(Original) The apparatus of claim 1, wherein the remaining minimum system information
channel demodulation reference signal configuration is indicated by a control resource set

configuration.

(Original) The apparatus of claim 1, wherein the remaining minimum system information
channel demodulation reference signal configuration is indicated by downlink control

information.

(Currently Amended) A method comprising:

determining a demodulation reference signal configuration for a physical downlink

shared channel carrying [[a]] remaining minimum system information

channel —demodulation—reference—signal—econfiguration, wherein the

demodulation reference signal configuration comprises a first configuration,

a second configuration, a mapping order, a frequency domain density. a time

domain subframe level density. a time domain symbol level density. or some

combination thereof; and

receiving the demodulation reference signal based on the demodulation reference

signal configuration.

(Canceled)
(Canceled)

(Original) The method of claim 8, wherein the remaining minimum system information
channel demodulation reference signal configuration comprises a first configuration, a
second configuration, a mapping order, a frequency domain density, a time domain
subframe level density, a time domain symbol level density, or some combination

thereof.
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12.

13.

14.

15.

16.

17.

18.

(Canceled)
(Canceled)

(Original) The method of claim 8, wherein the remaining minimum system information
channel demodulation reference signal configuration is indicated by downlink control

information.

(Currently Amended) An apparatus comprising:

a processor that determines a demodulation reference signal configuration for a

physical downlink shared channel carrying [[a]] remaining minimum system

information ehannel-demodulationreferencesignal-confieuration, wherein

the demodulation reference signal configuration comprises a first

configuration, a second configuration, a mapping order, a frequency domain

density. a time domain subframe level density. a time domain symbol level

density, or some combination thereof’; and

a transmitter that transmits the demodulation reference signal based on the

demodulation reference signal configuration.

(Original) The apparatus of claim 15, wherein the remaining minimum system

information channel is a remaining minimum system information downlink channel.

(Original) The apparatus of claim 15, wherein the remaining minimum system
information channel is a remaining minimum system information physical downlink

shared channel.

(Original) The apparatus of claim 15, wherein the remaining minimum system
information channel demodulation reference signal configuration comprises a first

configuration, a second configuration, a mapping order, a frequency domain density, a

-
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19.

20.

21.

22.

23.

24.

time domain subframe level density, a time domain symbol level density, or some

combination thereof.

(Original) The apparatus of claim 15, wherein the remaining minimum system

information channel demodulation reference signal configuration is predefined.

(Original) The apparatus of claim 15, wherein the remaining minimum system
information channel demodulation reference signal configuration is indicated by a control

resource set configuration.

(Original) The apparatus of claim 15, wherein the remaining minimum system
information channel demodulation reference signal configuration is indicated by

downlink control information.

(Currently Amended) A method comprising:

determining a demodulation reference signal configuration for a physical downlink

shared channel carrying [[a]] remaining minimum system information

channel —demodulation—reference—signal—econfiguration, wherein the

demodulation reference signal configuration comprises a first configuration,

a second configuration, a mapping order, a frequency domain density. a time

domain subframe level density. a time domain symbol level density. or some

combination thereof; and

transmitting the demodulation reference signal based on the demodulation reference

signal configuration.

(Canceled)

(Canceled)
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25.

26.

27.

28.

(Original) The method of claim 22, wherein the remaining minimum system information
channel demodulation reference signal configuration comprises a first configuration, a
second configuration, a mapping order, a frequency domain density, a time domain
subframe level density, a time domain symbol level density, or some combination

thereof.
(Canceled)

(Canceled)

(Original) The method of claim 22, wherein the remaining minimum system information
channel demodulation reference signal configuration is indicated by downlink control

information.
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Interview Summary

Applicant thanks the Examiner for participation in a telephonic interview with Michael
Bartholomew (Reg. No. 60,225) on July 15, 2021. In the interview, the claims of the present
patent application were generally discussed in relation to the cited references. No specific

agreement was reached by the parties.
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REMARKS

The Office Action rejected Claims 1, 5, 6, 8, 12, 13, 15, 19, 20, 22, 26, and 27 under 35
U.S.C. § 102 as being anticipated by Sun (U.S. Patent Publication No. 2018/0206247). The
Office Action rejected Claims 1-5, 8-12, 15-19, and 22-26 under 35 U.S.C. § 102 as being
anticipated by Abedini (U.S. Patent Publication No. 2018/0302870). The Office Action rejected
Claims 1, 5-8, 12-15, 19-22, and 26-28 under 35 U.S.C. § 102 as being anticipated by Lee (U.S.
Patent Publication No. 2018/0324843). The Office Action rejected Claims 1-3, 5, 8-10, 12, 15-
17,19, 22-24, and 26 under 35 U.S.C. § 102 as being anticipated by Park (U.S. Patent
Publication No. 2018/0324732).

For the Examiner’s convenience and reference, Applicant’s remarks are presented in
substantially the same order in which the corresponding issues were raised in the Office Action.
Please note that the following remarks are not intended to be an exhaustive enumeration of the
distinctions between any cited references and the claimed invention. Rather, the distinctions
identified and discussed below are presented solely by way of example to illustrate some of the

differences between the claimed invention and the cited references.

Response to Rejections of Claims under 35 U.S.C. § 102
The Office Action rejected Claims 1, 5, 6, 8, 12, 13, 15, 19, 20, 22, 26, and 27 under 35

U.S.C. § 102 as being anticipated by Sun. The Office Action rejected Claims 1-5, 8-12, 15-19,
and 22-26 under 35 U.S.C. § 102 as being anticipated by Abedini. The Office Action rejected
Claims 1, 5-8, 12-15, 19-22, and 26-28 under 35 U.S.C. § 102 as being anticipated by Lee. The

Office Action rejected Claims 1-3, 5, 8-10, 12, 15-17, 19, 22-24, and 26 under 35 U.S.C. § 102
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as being anticipated by Park. Applicant respectfully disagrees. Moreover, Applicant has
amended Claims 1, 8, 15, and 22 as set forth above, making these rejections moot.

Accordingly, Applicant respectfully asserts that all claims are in condition for allowance.
Therefore, Applicant respectfully requests withdrawal of the present rejection and allowance of

all pending claims.

Conclusion

As aresult of the presented remarks, Applicant asserts that the application is in condition
for prompt allowance. Should additional information be required regarding the traversal of the
rejections of the claims enumerated above, the Examiner is respectfully asked to notify Applicant
of such need. If any impediments to the prompt allowance of the claims can be resolved by a
telephone conversation, the Examiner is respectfully requested to contact the undersigned.

Respectfully submitted,

_/Michael L. Bartholomew/

Michael L. Bartholomew
Reg. No. 60,225
Attorney for Applicant

Date:_July 16, 2021
50 West Broadway, 10™ Floor

Salt Lake City, UT 84101
Telephone (801) 994-4646
Fax (801) 531-1929
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UNITED STATES PATENT AND TRADEMARK OFFICE

USPTO Automated Interview Request (AIR)

Jul 2 2021

This paper requesting to schedule and/or conduct an interview is appropriate because:

This submission is requested to be accepted as an authorization for this
interview to communicate via the internet. Recognizing that Internet
communications are not secure, I hereby authorize the USPTO to communicate with
the undersigned concerning scheduling of the interview wvia video conference,
instant messaging, or electronic mail, and to conduct the interview in accordance
with office practice including video conferencing.

Name (s) =
Michael Bartholomew

S—signature:
/Michael Bartholomew/

Registration Number:
60225

U.S. Application Number:
16626279

Confirmation Number:
1559

E-mail Address:
mbartholomew@kba.law

Phone Number:
+1 13852305310

Proposed Time of Interview:
7-9-2021 2:00 PM ET

Prefered Interview Type:
Telephonic

I am the applicant or applicant's representative for this application.

Topic for Discussion:

) UNITED STATES
PATENT AND TRADEMARK OFFICE
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1) Responsive to communication(s) filed on 12/24/19, 12/23/19.
03 A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filedon
2a)(] This action is FINAL. 2b) ¥ This action is non-final.

3)(J An election was made by the applicant in response to a restriction requirement set forth during the interview
on ____;therestriction requirement and election have been incorporated into this action.

4)[0) Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under £x parre Quayte, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims*
5) Claim(s) 1-28 is/are pending in the application.

5a) Of the above claim(s) _____is/are withdrawn from consideration.
6) (J Claim(s) ____is/are allowed.
7) Claim(s) 1-28 is/are rejected.
8) [ Claim(s) ____is/are objected to.
9) J Claim(s) are subject to restriction and/or election requirement
* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a

participating intellectual property office for the corresponding application. For more information, please see
http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.

Application Papers
10)(0 The specification is objected to by the Examiner.
11)[@ The drawing(s) filed on 12/23/19 is/are: a)@ accepted or b)(J objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).

Priority under 35 U.S.C. § 119

12)[¥) Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:

a)v All b)(J Some**  ¢)(J None of the:
1. Certified copies of the priority documents have been received.
2.(J Certified copies of the priority documents have been received in Application No.

3.00 Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).

** See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)

1) Notice of References Cited (PTO-892) 3) [ Interview Summary (PTO-413)
. . Paper No(s)/Mail Date

2) Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b) 4) (] Other:

Paper No(s)/Mail Date 12/24/19, 12/23/19,

U.S. Patent and Trademark Office
PTOL-326 (Rev. 11-13) Office Action Summary Part of Paper No./Mail Date 20210331
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Application/Control Number: 16/626,279 Page 2
Art Unit: 2476

Notice of Pre-AIA or AITA Status
1. The present application, filed on or after March 16, 2013,
is being examined under the first inventor to file provisions of

the AIA.

Claim Rejections - 35 USC § 102
2. The following is a quotation of the appropriate paragraphs
of 35 U.S.C. 102 that form the basis for the rejections under

this section made in this Office action:
A person shall be entitled to a patent unless -

(a) (2) the claimed invention was described in a patent issued under
section 151, or in an application for patent published or deemed
published under section 122(b), in which the patent or application,
as the case may be, names another inventor and was effectively filed
before the effective filing date of the claimed invention.

3. Claim(s) 1, 5, 6, 8, 12, 13, 15, 19, 20, 22, 26, 27 is/are
rejected under 35 U.S.C. 102 (a) (2) as being anticipated by Sun

Us 20180206247.

Regarding claims 1, 8, 15, and 22, Sun teaches a processor
that determines a remaining minimum system information channel
demodulation reference signal configuration;

and a receiver that receives the demodulation reference
signal based on the demodulation reference signal configuration

([00401).
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Art Unit: 2476

Regarding claims 5, 12, 19, 26, the remaining minimum
system information channel demodulation reference signal

configuration is predefined ([0040]).

Regarding claim 6, 13, 20, 27, the remaining minimum system
information channel demodulation reference signal configuration
is indicated by a control resource set configuration (corset,

[0040]) .

4, Claim(s) 1-5 8-12, 15-19, 22-26 is/are rejected under 35

U.S.C. 102(a) (2) as being anticipated by ABEDINI US

20180302870.

Regarding claims 1, 8, 15, and 22, ABEDINI teaches a

processor that determines a remaining minimum system information
channel demodulation reference signal configuration;

and a receiver that receives the demodulation reference
signal based on the demodulation reference signal configuration

([00920, 00921).

Regarding claims 2, 9, 16, 23, the remaining minimum system
information channel is a remaining minimum system information

downlink channel ([0090, 009271).
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Art Unit: 2476

Regarding claims 3, 10, 17, 24, the remaining minimum
system information channel is a remaining minimum system

information physical downlink shared channel ([0090, 0092]).

Regarding claims 4, 11, 18, and 25, the remaining minimum
system information channel demodulation reference signal
configuration comprises a first configuration, a
second configuration, a mapping order, a frequency domain
density, a time domain subframe level density, a time domain

symbol level density, or some combination thereof (fig. 10).

Regarding claims 5, 12, 19, 26, the remaining minimum
system information channel demodulation reference signal

configuration is predefined ([0090, 0092]).

5. Claim(s) 1-3, 5, 8-10, 12, 15-17, 19, 22-24, 26, is/are
rejected under 35 U.S.C. 102(a) (2) as being anticipated by Park

20180324732.

Regarding claims 1, 8, 15, and 22, Park teaches a processor
that determines a remaining minimum system information channel

demodulation reference signal configuration;
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and a receiver that receives the demodulation reference
signal based on the demodulation reference signal configuration

([oos1n).

Regarding claims 2, 9, 16, 23, the remaining minimum system
information channel is a remaining minimum system information

downlink channel ([00817).

Regarding claims 3, 10, 17, 24, the remaining minimum
system information channel is a remaining minimum system

information physical downlink shared channel ([0081]).

Regarding claims 5, 12, 19, and 26, the remaining minimum
system information channel demodulation reference signal

configuration is predefined ([0081]).

6. Claim(s) 1, 5-8, 12-15, 19-22, 26-28 is/are rejected under

35 U.S.C. 102(a) (2) as being anticipated by Lee 20180324843.

Regarding claims 1, 8, 15, and 22, Lee teaches a processor
that determines a remaining minimum system information channel

demodulation reference signal configuration;
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and a receiver that receives the demodulation reference
signal based on the demodulation reference signal configuration

([0093, 0139, 0143, 0209, 0239, 0275, 0340]).

Regarding claims 5, 12, 19, 26, the remaining minimum
system information channel demodulation reference signal
configuration is predefined ([0093, 0139, 0143, 0209, 0239,

0275, 03401]).

Regarding claim 6, 13, 20, 27, the remaining minimum system
information channel demodulation reference signal configuration
is indicated by a control resource set configuration (corset,

[0093, 0239]).

Regarding claim 7, 14, 21, 28, the remaining minimum system
information channel demodulation reference signal configuration
is indicated by downlink control information (RMSI, DCI,

[0008]) .

Conclusion
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7. Any inguiry concerning this communication or earlier
communications from the examiner should be directed to RONALD B
ABELSON whose telephone number is (571)272-3165. The examiner
can normally be reached on M-F 8:00-4:30.

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

If attempts to reach the examiner by telephone are
unsuccessful, the examiner’s supervisor, Ayaz Sheikh can be
reached on 571-272-3795. The fax phone number for the
organization where this application or proceeding is assigned is
571-273-8300.

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

you would like assistance from a USPTO Customer Service
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Representative or access to the automated information system,

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

/RONALD B ABELSON/
Primary Examiner, Art Unit 2476
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Filing Date P019-12-23
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( Not for submission under 37 CFR 1.9%)
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Art Unit

Examiner Name

Aftorney Docket Number SEC920170067-US-PCT
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Art Unit

Examiner Name

Aftorney Docket Number SEC920170067-US-PCT

1 FUROPEAN PATENT OFFICE, "The Extended European Search Report”, November 30, 2020, pages 1-15

5 HUAWEI, HISILICON, "Discussion on beam management aspects for UL MIMO", 3GPP TSG RAN WG1 NR Ad Hoc
Meeting R1-1700043, 16th-20th January, 2017, pages 14

3 VTE, "NR-PBCH contents™, 3GPP TSG RAN WG1 NR Ad-Hoc#2 R1-1709888, 27th - 30th June 2017, pages 1-7

4 CATT, "RMSI Delivery”, 3GPP TSG RAN WG1 NR Ad-Hoc#2 R1-1710029, 27th - 30th June 2017, pages 1-3

FRICSSON, "The QCL framework in NR", 3GPP TSG-RAN WG1 #89ah-NR R1-1711051, 27th - 30th June 2017,
pbages 1-6

FRICSSON, "NR-PBCH Content and payload size", 3GPP TSG RAN WG1 NR Ad-Hoc#2 R1-1711374, 27th - 30th
June 20117, pages 1-5

If you wish to add additional non-patent literature document citation information please click the Add button| Add
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Application Number 16626279

Filing Date 2019-12-23

INFORMATION DISCLOSURE
STATEMENT BY APPLICANT

First Named Inventor | Hongmei Liu

. Art Unit
( Not for submission under 37 CFR 1.9%)

Examiner Name

Aftorney Docket Number SEC920170067-US-PCT

CERTIFICATION STATEMENT

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection({s):

That each item of information contained in the information disclosure statement was first cited in any communication
X from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the
information disclosure statement. See 37 CFR 1.97(e)(1).

OR

That no item of information contained in the information disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to

[ ] any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure
statement. See 37 CFR 1.97(e){(2).

See attached certification statement.
The fee set forth in 37 CFR 1.17 (p) has been submitted herewith.

A certification statement is not submitted herewith.

SIGNATURE
A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the
form of the signature.

Signature {Brian C. Kunzler/ Date (YYYY-MM-DD) 2020-12-14
Name/Print Brian C. Kunzler Registration Number 38527

This collection of information is required by 37 CFR 1.97 and 1.98. 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.5.C. 122 and 37 CFR
1.14. This collection is estimated to take 1 hour 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.

EFS Web 2.1.17 Ericsson Ex. 1002, p. 47 of 229
ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /R.B.A/ LCricssonv.Motorola




Privacy Act Statement

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

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

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act
(5 U.5.C. 552) and the Privacy Act (5 U.5.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 record s.

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

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

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for
the information in order to perform a contract. Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1874, as amended, pursuant to 5 U.S.C. 552a(m).

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

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.5.C. 181) and for review pursuant to the Atomic Energy Act (42 U.5.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or
his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.5.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.

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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First Named Inventor | Hongmei Liu
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CERTIFICATION STATEMENT

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection({s):

That each item of information contained in the information disclosure statement was first cited in any communication
from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the
information disclosure statement. See 37 CFR 1.97(e)(1).

OR

That no item of information contained in the information disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to

[ ] any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure
statement. See 37 CFR 1.97(e){(2).

See attached certification statement.
The fee set forth in 37 CFR 1.17 (p) has been submitted herewith.

X A certification statement is not submitted herewith.

SIGNATURE

A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the
form of the signature.

Signature {Brian C. Kunzler/ Date (YYYY-MM-DD) 2019-12-23
Name/Print Brian C. Kunzler Registration Number 38527

This collection of information is required by 37 CFR 1.97 and 1.98. 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.5.C. 122 and 37 CFR
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.
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Privacy Act Statement

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

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

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act
(5 U.5.C. 552) and the Privacy Act (5 U.5.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 record s.

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

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

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for
the information in order to perform a contract. Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1874, as amended, pursuant to 5 U.S.C. 552a(m).

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

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.5.C. 181) and for review pursuant to the Atomic Energy Act (42 U.5.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or
his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.5.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.

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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Filing Date 2019-12-23

INFORMATION DISCLOSURE
STATEMENT BY APPLICANT

First Named Inventor | Hongmei Liu

. Art Unit
( Not for submission under 37 CFR 1.9%)

Examiner Name

Aftorney Docket Number SEC920170067-US-PCT

CERTIFICATION STATEMENT

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection({s):

That each item of information contained in the information disclosure statement was first cited in any communication
X from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the
information disclosure statement. See 37 CFR 1.97(e)(1).

OR

That no item of information contained in the information disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to

[ ] any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure
statement. See 37 CFR 1.97(e){(2).

See attached certification statement.
The fee set forth in 37 CFR 1.17 (p) has been submitted herewith.

A certification statement is not submitted herewith.

SIGNATURE
A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the
form of the signature.

Signature {Brian C. Kunzler/ Date (YYYY-MM-DD) 2020-12-14
Name/Print Brian C. Kunzler Registration Number 38527

This collection of information is required by 37 CFR 1.97 and 1.98. 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.5.C. 122 and 37 CFR
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.
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Privacy Act Statement

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

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

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act
(5 U.5.C. 552) and the Privacy Act (5 U.5.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 record s.

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

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

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for
the information in order to perform a contract. Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1874, as amended, pursuant to 5 U.S.C. 552a(m).

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

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.5.C. 181) and for review pursuant to the Atomic Energy Act (42 U.5.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or
his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.5.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.

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

New Applications Under 35 U.S.C. 111

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

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

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

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810}, a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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United States Patent and Trademark Office
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16/626,279 12/23/2019 Hongmei Liu SEC920170067-US-PCT
CONFIRMATION NO. 1559
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Publication Date:04/16/2020

NOTICE OF PUBLICATION OF APPLICATION

The above-identified application will be electronically published as a patent application publication pursuant to 37
CFR 1.211, et seq. The patent application publication number and publication date are set forth above.

The publication may be accessed through the USPTO's publically available Searchable Databases via the
Internet at www.uspto.gov. The direct link to access the publication is currently http://www.uspto.gov/patft/.

The publication process established by the Office does not provide for mailing a copy of the publication to
applicant. A copy of the publication may be obtained from the Office upon payment of the appropriate fee set
forth in 37 CFR 1.19(a)(1). Orders for copies of patent application publications are handled by the USPTO's
Public Records Division. The Public Records Division can be reached by telephone at (571) 272-3150 or (800)
972-6382, by facsimile at (571) 273-3250, by mail addressed to the United States Patent and Trademark Office,
Public Records Division, Alexandria, VA 22313-1450 or via the Internet.

In addition, information on the status of the application, including the mailing date of Office actions and

the dates of receipt of correspondence filed in the Office, may also be accessed via the Internet through

the Patent Electronic Business Center at www.uspto.gov using the public side of the Patent Application
Information and Retrieval (PAIR) system. The direct link to access this status information is currently
https://portal.uspto.gov/pair/PublicPair. Prior to publication, such status information is confidential and may only
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Electronic Business Center at 1-866-217-9197.

Office of Data Managment, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101
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CLAIMS
1. An apparatus comprising:
a processor that determines a remaining minimum system information channel
demodulation reference signal configuration; and
5 a receiver that receives the demodulation reference signal based on the
demodulation reference signal configuration.
2. The apparatus of claim 1, wherein the remaining minimum system information channel is

a remaining minimum system information downlink channel.

3. The apparatus of claim 1, wherein the remaining minimum system information channel is
10 a remaining minimum system information physical downlink shared channel.
4. The apparatus of claim 1, wherein the remaining minimum system information channel

demodulation reference signal configuration comprises a first configuration, a second
configuration, a mapping order, a frequency domain density, a time domain subframe

level density, a time domain symbol level density, or some combination thereof.

15 5. The apparatus of claim 1, wherein the remaining minimum system information channel

demodulation reference signal configuration is predefined.

6. The apparatus of claim 1, wherein the remaining minimum system information channel
demodulation reference signal configuration is indicated by a control resource set

configuration.
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7. The apparatus of claim 1, wherein the remaining minimum system information channel

demodulation reference signal configuration is indicated by downlink control information.

8. A method comprising:
determining a remaining minimum system information channel demodulation
5 reference signal configuration; and
receiving the demodulation reference signal based on the demodulation reference

signal configuration.

9. The method of claim 8, wherein the remaining minimum system information channel is a

remaining minimum system information downlink channel.

10 10. The method of claim 8, wherein the remaining minimum system information channel is a

remaining minimum system information physical downlink shared channel.

11. The method of claim 8, wherein the remaining minimum system information channel
demodulation reference signal configuration comprises a first configuration, a second
configuration, a mapping order, a frequency domain density, a time domain subframe

15 level density, a time domain symbol level density, or some combination thereof.

12. The method of claim 8, wherein the remaining minimum system information channel

demodulation reference signal configuration is predefined.

13. The method of claim 8, wherein the remaining minimum system information channel
demodulation reference signal configuration is indicated by a control resource set

20 configuration.
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14. The method of claim 8, wherein the remaining minimum system information channel

demodulation reference signal configuration is indicated by downlink control information.

15. An apparatus comprising:
a processor that determines a remaining minimum system information channel
5 demodulation reference signal configuration; and
a transmitter that transmits the demodulation reference signal based on the

demodulation reference signal configuration.

16. The apparatus of claim 15, wherein the remaining minimum system information channel

is a remaining minimum system information downlink channel.

10 17 The apparatus of claim 15, wherein the remaining minimum system information channel

is a remaining minimum system information physical downlink shared channel.

18. The apparatus of claim 15, wherein the remaining minimum system information channel
demodulation reference signal configuration comprises a first configuration, a second
configuration, a mapping order, a frequency domain density, a time domain subframe

15 level density, a time domain symbol level density, or some combination thereof.

19. The apparatus of claim 15, wherein the remaining minimum system information channel

demodulation reference signal configuration is predefined.

20. The apparatus of claim 15, wherein the remaining minimum system information channel
demodulation reference signal configuration is indicated by a control resource set

20 configuration.

Ericsson Ex. 1002, p. 78 of 229
Ericsson v. Motorola



WO 2019/000177 PCT/CN2017/090033
20

21. The apparatus of claim 15, wherein the remaining minimum system information channel

demodulation reference signal configuration is indicated by downlink control information.

22. A method comprising:
determining a remaining minimum system information channel demodulation
5 reference signal configuration; and
transmitting the demodulation reference signal based on the demodulation

reference signal configuration.

23. The method of claim 22, wherein the remaining minimum system information channel is

a remaining minimum system information downlink channel.

10 24. The method of claim 22, wherein the remaining minimum system information channel is

a remaining minimum system information physical downlink shared channel.

25. The method of claim 22, wherein the remaining minimum system information channel
demodulation reference signal configuration comprises a first configuration, a second
configuration, a mapping order, a frequency domain density, a time domain subframe

15 level density, a time domain symbol level density, or some combination thereof.

26. The method of claim 22, wherein the remaining minimum system information channel

demodulation reference signal configuration is predefined.

27. The method of claim 22, wherein the remaining minimum system information channel
demodulation reference signal configuration is indicated by a control resource set

20 configuration.
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28. The method of claim 22, wherein the remaining minimum system information channel

demodulation reference signal configuration is indicated by downlink control information.
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DEMODULATION REFERENCE SIGNAL CONFIGURATION

FIELD

[0001] The subject matter disclosed herein relates generally to wireless communications

and more particularly relates to demodulation reference signal configuration.
BACKGROUND

[0002] The following abbreviations are herewith defined, at least some of which are
referred to within the following description: Third Generation Partnership Pioject (“3GPP>),
Positive-Acknowledgment (“ACK”), Binary Phase Shift Keying (“BPSK”), Clear Channel
Assessment (“CCA”), Cyclic Prefix (“CP”), Cyclical Redundancy Check (“CRC”), Channel
State Information (“CSI”), Common Search Space (“CSS”), Discrete Fourier Transform Spread
(“DFTS”), Downlink Control Information (“DCI”), Downlink (“DL”), Downlink Pilot Time Slot
(“DWPTS”), Enhanced Clear Channel Assessment (“eCCA”), Enhanced Mobile Broadband
(“eMBB”), Evolved Node B (“eNB”), European Telecommunications Standards Institute
(“ETSI”), Frame Based Equipment (“FBE”), Frequency Division Duplex (“FDD”), Frequency
Division Multiple Access (“FDMA”), Frequency Division Orthogonal Cover Code (“FD-OCC”),
Guard Period (“GP”), Hybrid Automatic Repeat Request (“HARQ”), Internet-of-Things (“IoT”),
Licensed Assisted Access (“LAA”), Load Based Equipment (“LBE”), Listen-Before-Talk
(“LBT”), Long Term Evolution (“LTE”), Multiple Access (“MA”), Modulation Coding Scheme
(“MCS”), Machine Type Communication (“MTC”), Multiple Input Multiple Output (“MIMO”),
Multi User Shared Access (“MUSA”), Narrowband (“NB”), Negative-Acknowledgment
(“NACK”) or (“NAK”), Next Generation Node B (“gNB*), Non-Orthogonal Multiple Access
(“NOMA”), Orthogonal Frequency Division Multiplexing (“OFDM”), Primary Cell (“PCell”),
Physical Broadcast Channel (“PBCH”), Physical Downlink Control Channel (“PDCCH”),
Physical Downlink Shared Channel (“PDSCH”), Pattern Division Multiple Access (“PDMA”),
Physical Hybrid ARQ Indicator Channel (“PHICH”), Physical Random Access Channel
(“PRACH”), Physical Resource Block (“PRB”), Physical Uplink Control Channel (“PUCCH”),
Physical Uplink Shared Channel (“PUSCH”), Quality of Service (“QoS”), Quadrature Phase
Shift Keying (“QPSK”), Radio Resource Control (“RRC”), Random Access Procedure
(“RACH”), Random Access Response (“RAR”), Radio Network Temporary Identifier (“RNTT”),
Reference Signal (“RS”), Remaining Minimum System Information (“RMSI”), Resource Spread
Multiple Access (“RSMA™), Round Trip Time (“RTT”), Receive (“RX”), Sparse Code Multiple
Access (“SCMA™), Scheduling Request (“SR”), Single Carrier Frequency Division Multiple
Access (“SC-FDMA”), Secondary Cell (“SCell”), Shared Channel (“SCH”), Signal-to-
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Interference-Plus-Noise Ratio (“SINR”), System Information Block (“SIB”), Synchronization
Signal (“SS™), Transport Block (“TB”), Transport Block Size (“TBS”), Time-Division Duplex
(“TDD”), Time Division Multiplex (“TDM”), Time Division Orthogonal Cover Code (“TD-
OCC”), Transmission Time Interval (“TTI”), Transmit (“TX"”), Uplink Control Information
(“UCI”), User Entity/Equipment (Mobile Terminal) (“UE”), Uplink (“UL”), Universal Mobile
Telecommunications System (“UMTS”), Uplink Pilot Time Slot (“UpPTS”), Ultra-reliability
and Low-latency Communications (“URLLC”), and Worldwide Interoperability for Microwave
Access (“WiMAX”). As used herein, “HARQ-ACK” may represent collectively the Positive
Acknowledge (“ACK™) and the Negative Acknowledge (“NACK”). ACK means that a TB is
correctly received while NACK (or NAK) means a TB is erroneously received.

[0003] In certain wireless communications networks, a PDSCH demodulation reference
signal (“DMRS”) may be used. In such networks, multiple different PDSCH DMRS
configurations may be available.

BRIEF SUMMARY

[0004] Apparatuses for demodulation reference signal configuration are disclosed.
Methods and systems also perform the functions of the apparatus. In one embodiment, the
apparatus includes a processor that determines a remaining minimum system information
channel demodulation reference signal configuration. In certain embodiments, the apparatus
includes a receiver that receives the demodulation reference signal based on the demodulation
reference signal configuration.

[0005] In one embodiment, the remaining minimum system information channel is a
remaining minimum system information downlink channel. In a further embodiment, the
remaining minimum system information channel is a remaining minimum system information
physical downlink shared channel. In certain embodiments, the remaining minimum system
information channel demodulation reference signal configuration includes a first configuration, a
second configuration, a mapping order, a frequency domain density, a time domain subframe
level density, a time domain symbol level density, or some combination thereof. In various
embodiments, the remaining minimum system information channel demodulation reference
signal configuration is predefined in a specification. In some embodiments, the remaining
minimum system information channel demodulation reference signal configuration is indicated
by a control resource set configuration. In one embodiment, the remaining minimum system
information channel demodulation reference signal configuration is indicated by downlink

control information.
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[0006] A method for demodulation reference signal configuration, in one embodiment,
includes determining a remaining minimum system information channel demodulation reference
signal configuration. In some embodiments, the method includes receiving the demodulation
reference signal based on the demodulation reference signal configuration.

[0007] In one embodiment, an apparatus for demodulation reference signal configuration
includes a processor that determines a remaining minimum system information channel
demodulation reference signal configuration. In some embodiments, the apparatus includes a
transmitter that transmits the demodulation reference signal based on the demodulation reference
signal configuration.

[0008] In one embodiment, the remaining minimum system information channel is a
remaining minimum system information downlink channel. In a further embodiment, the
remaining minimum system information channel is a remaining minimum system information
physical downlink shared channel. In certain embodiments, the remaining minimum system
information channel demodulation reference signal configuration includes a first configuration, a
second configuration, a mapping order, a frequency domain density, a time domain subframe
level density, a time domain symbol level density, or some combination thereof. In various
embodiments, the remaining minimum system information channel demodulation reference
signal configuration is predefined in a specification. In some embodiments, the remaining
minimum system information channel demodulation reference signal configuration is indicated
by a control resource set configuration. In one embodiment, the remaining minimum system
information channel demodulation reference signal configuration is indicated by downlink
control information.

[0009] A method for demodulation reference signal configuration, in one embodiment,
includes determining a remaining minimum system information channel demodulation reference
signal configuration. The method, in certain embodiments, includes transmitting the
demodulation reference signal based on the demodulation reference signal configuration.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] A more particular description of the embodiments briefly described above will be
rendered by reference to specific embodiments that are illustrated in the appended drawings.
Understanding that these drawings depict only some embodiments and are not therefore to be
considered to be limiting of scope, the embodiments will be described and explained with
additional specificity and detail through the use of the accompanying drawings, in which:

[0011] Figure 1 is a schematic block diagram illustrating one embodiment of a wireless

communication system for demodulation reference signal configuration;
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[0012] Figure 2 is a schematic block diagram illustrating one embodiment of an
apparatus that may be used for demodulation reference signal configuration;

[0013] Figure 3 is a schematic block diagram illustrating one embodiment of an
apparatus that may be used for demodulation reference signal configuration;

[0014] Figure 4 is a schematic flow chart diagram illustrating one embodiment of a
method for demodulation reference signal configuration; and

[0015] Figure 5 is a schematic flow chart diagram illustrating another embodiment of a
method for demodulation reference signal configuration.

DETAILED DESCRIPTION

[0016] As will be appreciated by one skilled in the art, aspects of the embodiments may
be embodied as a system, apparatus, method, or program product. Accordingly, embodiments
may take the form of an entirely hardware embodiment, an entirely software embodiment
(including firmware, resident software, micro-code, etc.) or an embodiment combining software
and hardware aspects that may all generally be referred to herein as a “circuit,” “module” or
“system.” Furthermore, embodiments may take the form of a program product embodied in one
or more computer readable storage devices storing machine readable code, computer readable
code, and/or program code, referred hereafter as code. The storage devices may be tangible,
non-transitory, and/or non-transmission. The storage devices may not embody signals. In a
certain embodiment, the storage devices only employ signals for accessing code.

[0017] Certain of the functional units described in this specification may be labeled as
modules, in order to more particularly emphasize their implementation independence. For
example, a module may be implemented as a hardware circuit comprising custom very-large-
scale integration (“VLSI”) circuits or gate arrays, off-the-shelf semiconductors such as logic
chips, transistors, or other discrete components. A module may also be implemented in
programmable hardware devices such as field programmable gate arrays, programmable array
logic, programmable logic devices or the like.

[0018] Modules may also be implemented in code and/or software for execution by
various types of processors. An identified module of code may, for instance, include one or
more physical or logical blocks of executable code which may, for instance, be organized as an
object, procedure, or function. Nevertheless, the executables of an identified module need not be
physically located together, but may include disparate instructions stored in different locations
which, when joined logically together, include the module and achieve the stated purpose for the

module.
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[0019] Indeed, a module of code may be a single instruction, or many instructions, and
may even be distributed over several different code segments, among different programs, and
across several memory devices. Similarly, operational data may be identified and illustrated
herein within modules, and may be embodied in any suitable form and organized within any
suitable type of data structure. The operational data may be collected as a single data set, or may
be distributed over different locations including over different computer readable storage devices.
Where a module or portions of a module are implemented in software, the software portions are
stored on one or more computer readable storage devices.

[0020] Any combination of one or more computer readable medium may be utilized. The
computer readable medium may be a computer readable storage medium. The computer readable
storage medium may be a storage device storing the code. The storage device may be, for
example, but not limited to, an electronic, magnetic, optical, electromagnetic, infrared,
holographic, micromechanical, or semiconductor system, apparatus, or device, or any suitable
combination of the foregoing.

[0021] More specific examples (a non-exhaustive list) of the storage device would
include the following: an electrical connection having one or more wires, a portable computer
diskette, a hard disk, a random access memory (“RAM”), a read-only memory (“ROM”), an
erasable programmable read-only memory (“EPROM” or Flash memory), a portable compact
disc read-only memory (“CD-ROM?”), an optical storage device, a magnetic storage device, or
any suitable combination of the foregoing. In the context of this document, a computer readable
storage medium may be any tangible medium that can contain, or store a program for use by or
in connection with an instruction execution system, apparatus, or device.

[0022] Code for carrying out operations for embodiments may be any number of lines
and may be written in any combination of one or more programming languages including an
object oriented programming language such as Python, Ruby, Java, Smalltalk, C++, or the like,
and conventional procedural programming languages, such as the "C" programming language, or
the like, and/or machine languages such as assembly languages. The code may execute entirely
on the user's computet, partly on the user's computer, as a stand-alone software package, partly
on the user's computer and partly on a remote computer or entirely on the remote computer or
server. In the latter scenario, the remote computer may be connected to the user's computer
through any type of network, including a local area network (“LAN”) or a wide area network
(“WAN™), or the connection may be made to an external computer (for example, through the

Internet using an Internet Service Provider).
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[0023] Reference throughout this specification to “one embodiment,” “an embodiment,”
or similar language means that a particular feature, structure, or characteristic described in
connection with the embodiment is included in at least one embodiment. Thus, appearances of
the phrases “in one embodiment,” “in an embodiment,” and similar language throughout this
specification may, but do not necessarily, all refer to the same embodiment, but mean “one or
more but not all embodiments” unless expressly specified otherwise. The terms “including,”
“comprising,” “having,” and variations thereof mean “including but not limited to,” unless
expressly specified otherwise. An enumerated listing of items does not imply that any or all of
the items are mutually exclusive, unless expressly specified otherwise. The terms “a,” “an,” and
“the” also refer to “one or more” unless expressly specified otherwise.

[0024] Furthermore, the described features, structures, or characteristics of the
embodiments may be combined in any suitable manner. In the following description, numerous
specific details are provided, such as examples of programming, software modules, user
selections, network transactions, database queries, database structures, hardware modules,
hardware circuits, hardware chips, etc., to provide a thorough understanding of embodiments.
One skilled in the relevant art will recognize, however, that embodiments may be practiced
without one or more of the specific details, or with other methods, components, materials, and so
forth. In other instances, well-known structures, materials, or operations are not shown or
described in detail to avoid obscuring aspects of an embodiment.

[0025] Aspects of the embodiments are described below with reference to schematic
flowchart diagrams and/or schematic block diagrams of methods, apparatuses, systems, and
program products according to embodiments. It will be understood that each block of the
schematic flowchart diagrams and/or schematic block diagrams, and combinations of blocks in
the schematic flowchart diagrams and/or schematic block diagrams, can be implemented by code.
The code may be provided to a processor of a general purpose computer, special purpose
computer, or other programmable data processing apparatus to produce a machine, such that the
instructions, which execute via the processor of the computer or other programmable data
processing apparatus, create means for implementing the functions/acts specified in the
schematic flowchart diagrams and/or schematic block diagrams block or blocks.

[0026] The code may also be stored in a storage device that can direct a computer, other
programmable data processing apparatus, or other devices to function in a particular manner,
such that the instructions stored in the storage device produce an article of manufacture including
instructions which implement the function/act specified in the schematic flowchart diagrams

and/or schematic block diagrams block or blocks.
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[0027] The code may also be loaded onto a computer, other programmable data
processing apparatus, or other devices to cause a series of operational steps to be performed on
the computer, other programmable apparatus or other devices to produce a computer
implemented process such that the code which execute on the computer or other programmable
apparatus provide processes for implementing the functions/acts specified in the flowchart and/or
block diagram block or blocks.

[0028] The schematic flowchart diagrams and/or schematic block diagrams in the Figures
illustrate the architecture, functionality, and operation of possible implementations of
apparatuses, systems, methods and program products according to various embodiments. In this
regard, each block in the schematic flowchart diagrams and/or schematic block diagrams may
represent a module, segment, or portion of code, which includes one or more executable
instructions of the code for implementing the specified logical function(s).

[0029] It should also be noted that, in some alternative implementations, the functions
noted in the block may occur out of the order noted in the Figures. For example, two blocks
shown in succession may, in fact, be executed substantially concurrently, or the blocks may
sometimes be executed in the reverse order, depending upon the functionality involved. Other
steps and methods may be conceived that are equivalent in function, logic, or effect to one or
more blocks, or portions thereof, of the illustrated Figures.

[0030] Although various arrow types and line types may be employed in the flowchart
and/or block diagrams, they are understood not to limit the scope of the corresponding
embodiments. Indeed, some arrows or other connectors may be used to indicate only the logical
flow of the depicted embodiment. For instance, an arrow may indicate a waiting or monitoring
périod of unspecified duration between enumerated steps of the depicted embodiment. It will
also be noted that each block of the block diagrams and/or flowchart diagrams, and combinations
of blocks in the block diagrams and/or flowchart diagrams, can be implemented by special
purpose hardware-based systems that perform the specified functions or acts, or combinations of
special purpose hardware and code.

[0031] The description of elements in each figure may refer to elements of proceeding
figures. Like numbers refer to like elements in all figures, including alternate embodiments of
like elements.

[0032] Figure 1 depicts an embodiment of a wireless communication system 100 for
demodulation reference signal configuration. In one embodiment, the wireless communication
system 100 includes remote units 102 and base units 104. Even though a specific number of

remote units 102 and base units 104 are depicted in Figure 1, one of skill in the art will recognize
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that any number of remote units 102 and base units 104 may be included in the wireless
communication system 100.

[0033] In one embodiment, the remote units 102 may include computing devices, such as
desktop computers, laptop computers, personal digital assistants (“PDAs”), tablet computers,
smart phones, smart televisions (e.g., televisions connected to the Internet), set-top boxes, game
consoles, security systems (including security cameras), vehicle on-board computers, network
devices (e.g., routers, switches, modems), or the like. In some embodiments, the remote units
102 include wearable devices, such as smart watches, fitness bands, optical head-mounted
displays, or the like. Moreover, the remote units 102 may be referred to as subscriber units,
mobiles, mobile stations, users, terminals, mobile terminals, fixed terminals, subscriber stations,
UE, user terminals, a device, or by other terminology used in the art. The remote units 102 may
communicate directly with one or more of the base units 104 via UL communication signals.

[0034] The base units 104 may be distributed over a geographic region. In certain
embodiments, a base unit 104 may also be referred to as an access point, an access terminal, a
base, a base station, a Node-B, an eNB, a gNB, a Home Node-B, a relay node, a device, or by
any other terminology used in the art. The base units 104 are generally part of a radio access
network that includes one or more controllers communicably coupled to one or more
corresponding base units 104, The radio access network is generally communicably coupled to
one or more core networks, which may be coupled to other networks, like the Internet and public
switched telephone networks, among other networks. These and other elements of radio access
and core networks are not illustrated but are well known generally by those having ordinary skill
in the art.

[0035] In one implementation, the wireless communication system 100 is compliant with
the 3GPP protocol, wherein the base unit 104 transmits using an OFDM modulation scheme on
the DL and the remote units 102 transmit on the UL using a SC-FDMA scheme or an OFDM
scheme. More generally, however, the wireless communication system 100 may implement
some other open or proprietary communication protocol, for example, WiMAX, among other
protocols. The present disclosure is not intended to be limited to the implementation of any
particular wireless communication system architecture or protocol.

[0036] The base units 104 may serve a number of remote units 102 within a serving area,
for example, a cell or a cell sector via a wireless communication link. The base units 104
transmit DL communication signals to serve the remote units 102 in the time, frequency, and/or

spatial domain.
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[0037] In one embodiment, a remote unit 102 may determine a remaining minimum
system information channel demodulation reference signal configuration. In some embodiments,
the remote unit 102 may receive the demodulation reference signal based on the demodulation
reference signal configuration. Accordingly, a remote unit 102 may be used for demodulation
reference signal configuration.

[0038] In certain embodiments, a base unit 104 may determine a remaining minimum
system information channel demodulation reference signal configuration. In various
embodiments, the base unit 104 may transmit the demodulation reference signal based on the
demodulation reference signal configuration. Accordingly, a base unit 104 may be used for
demodulation reference signal configuration.

[0039] Figure 2 depicts one embodiment of an apparatus 200 that may be used for
demodulation reference signal configuration. The apparatus 200 includes one embodiment of the
remote unit 102. Furthermore, the remote unit 102 may include a processor 202, a memory 204,
an input device 206, a display 208, a transmitter 210, and a receiver 212. In some embodiments,
the input device 206 and the display 208 are combined into a single device, such as a touchscreen.
In certain embodiments, the remote unit 102 may not include any input device 206 and/or display
208. In various embodiments, the remote unit 102 may include one or more of the processor 202,
the memory 204, the transmitter 210, and the receiver 212, and may not include the input device
206 and/or the display 208.

[0040] The processor 202, in one embodiment, may include any known controller
capable of executing computer-readable instructions and/or capable of performing logical
operations. For example, the processor 202 may be a microcontroller, a microprocessor, a
central processing unit (“CPU”), a graphics processing unit (“GPU”), an auxiliary processing
unit, a field programmable gate array (“FPGA™), or similar programmable controller. In some
embodiments, the processor 202 executes instructions stored in the memory 204 to perform the
methods and routines described herein. In various embodiments, the processor 202 may
determine an RMSI channel DMRS configuration. The processor 202 is communicatively
coupled to the memory 204, the input device 206, the display 208, the transmitter 210, and the
receiver 212.

[0041] The memory 204, in one embodiment, is a computer readable storage medium. In
some embodiments, the memory 204 includes volatile computer storage media. For example, the
memory 204 may include a RAM, including dynamic RAM (“DRAM?”), synchronous dynamic
RAM (“SDRAM?), and/or static RAM (“SRAM”). In some embodiments, the memory 204

includes non-volatile computer storage media. For example, the memory 204 may include a hard
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disk drive, a flash memory, or any other suitable non-volatile computer storage device. In some
embodiments, the memory 204 includes both volatile and non-volatile computer storage media.
In some embodiments, the memory 204 stores data relating to DMRS configurations. In some
embodiments, the memory 204 also stores program code and related data, such as an opefating
system or other controller algorithms operating on the remote unit 102.

[0042] The input device 206, in one embodiment, may include any known computer
input device including a touch panel, a button, a keyboard, a stylus, a micrdphone, or the like. In
some embodiments, the input device 206 may be integrated with the display 208, for example, as
a touchscreen or similar touch-sensitive display. In some embodiments, the input device 206
includes a touchscreen such that text may be input using a virtual keyboard displayed on the
touchscreen and/or by handwriting on the touchscreen. In some embodiments, the input device
206 includes two or more different devices, such as a keyboard and a touch panel.

[0043] The display 208, in one embodiment, may include any known electronically
controllable display or display device. The display 208 may be designed to output visual,
audible, and/or haptic signals. In some embodiments, the display 208 includes an electronic
display capable of outputting visual data to a user. For example, the display 208 may include,
but is not limited to, an LCD display, an LED display, an OLED display, a projector, or similar
display device capable of outputting images, text, or the like to a user. As another, non-limiting,
example, the display 208 may include a wearable display such as a smart watch, smart glasses, a
heads-up display, or the like. Further, the display 208 may be a component of a smart phone, a
personal digital assistant, a television, a table computer, a notebook (laptop) computer, a
personal computer, a vehicle dashboard, or the like.

[0044] In certain embodiments, the display 208 includes one or more speakers for
producing sound. For example, the display 208 may produce an audible alert or notification (e.g.,
a beep or chime). In some embodiments, the display 208 includes one or more haptic devices for
producing vibrations, motion, or other haptic feedback. In some embodiments, all or portions of
the display 208 may be integrated with the input device 206. For example, the input device 206
and display 208 may form a touchscreen or similar touch-sensitive display. In other
embodiments, the display 208 may be located near the input device 206.

[0045] The transmitter 210 is used to provide UL communication signals to the base unit
104 and the receiver 212 is used to receive DL communication signals from the base unit 104. In
some embodiments, the receiver 212 may be used to receive a DMRS based on a DMRS
configuration. Although only one transmitter 210 and one receiver 212 are illustrated, the

remote unit 102 may have any suitable number of transmitters 210 and receivers 212. The
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transmitter 210 and the receiver 212 may be any suitable type of transmitters and receivers. In
one embodiment, the transmitter 210 and the receiver 212 may be part of a transceiver.

[0046] Figure 3 depicts one embodiment of an apparatus 300 that may be used for
demodulation reference signal configuration. The apparatus 300 includes one embodiment of the
base unit 104. Furthermore, the base unit 104 may include a processor 302, a memory 304, an
input device 306, a display 308, a transmitter 310, and a receiver 312. As may be appreciated,
the processor 302, the memory 304, the input device 306, the display 308, the transmitter 310,
and the receiver 312 may be substantially similar to the processor 202, the memory 204, the
input device 206, the display 208, the transmitter 210, and the receiver 212 of the remote unit
102, respectively.

[0047] In some embodiments, the processor 302 may determine an RMSI channel DMRS
configuration. In certain embodiments, the transmitter 310 may transmit the DRMS based on the
DMRS configuration. Although only one transmitter 310 and one receiver 312 are illustrated, the
base unit 104 may have any suitable number of transmitters 310 and receivers 312. The
transmitter 310 and the receiver 312 may be any suitable type of transmitters and receivers. In
one embodiment, the transmitter 310 and the receiver 312 may be part of a transceiver.

[0048] Various PDSCH DMRS embodiments may have a front-loaded DMRS. In a first
front loaded PDSCH DMRS embodiment, up to 8 ports may be supported. Such embodiments
may have an interleaved frequency division multiplexing (“IFDM”) based pattern with comb 2
and/or comb 4 with cyclic shifts (“CS™). In certain embodiments, the first front loaded PDSCH
DMRS configuration may have one OFDM symbol. The one OFDM symbol may, in various
configurations, be comb 2 plus 2 CS for up to 4 ports. In other embodiments, the one OFDM
symbol may be comb 4 plus 2 CS for up to 8 ports. In various embodiments, the first front
loaded PDSCH DMRS configuration may have two OFDM symbols. The two OFDM symbols
may, in some configurations, be selected from: comb 2 plus 2 CS plus TD-OCC of ({11} and {1
-1}) for up to 8 ports; comb 2 plus 4 CS plus TD-OCC ({1 1}) for up to 8 ports; and comb 4 plus
2 CS plus TD-OCC ({1 1}) for up to 8 ports.

[0049] In a second front loaded PDSCH DMRS embodiment, up to 12 ports may be
supported. Such embodiments may have an FD-OCC based pattern with adjacent REs in the
frequency domain. In certain embodiments, the second front loaded PDSCH DMRS
configuration may have one OFDM symbol. The one OFDM symbol may, in various
configurations, be selected from: 2 FD-OCC across adjacent REs in the frequency domain for up
to 6 ports; 2 FD-OCC across adjacent REs in the frequency domain for up to 4 ports; and 2 FD-

OCC across adjacent REs in the frequency domain for up to 2 ports. In various embodiments,
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the second front loaded PDSCH DMRS configuration may have two OFDM symbols. The two
OFDM symbols may, in some configurations, be selected from: 2 FD-OCC across adjacent REs
in the frequency domain plus TDM for up to 12 ports; and 2 FD-OCC across adjacent REs in the
frequency domain plus TD-OCC ({1 1} and {1 -1}) for up to 12 ports.

[0050] In some embodiments, system information may be divided into several parts:
master information block (“MIB”), RMSI, and other system information (“OSI”). In some
embodiments, MIB may be carried in PBCH together with an SS block in a beam sweeping
manner. In certain embodiments, RMSI may be carried by PDCCH+PDSCH. In one
embodiment, RMSI may include minimal system information that is not found in MIB and OSIL.
In various embodiments, PDCCH may be used to indicate the behavior of PDSCH, and the
PDCCH configuration may be transmitted in MIB. In one embodiment, OSI may be transmitted
by PDCCH+PDSCH. In some embodiments, PDSCH carrying RMSI may also be based on
DMRS for demodulation.

[0051] In some embodiments, a DMRS configuration may have multiple parameters. In
certain embodiments, the following DMRS parameters may be configured by transmission from
a base unit 104 to a remote unit 102: an indication of either the first or second front loaded
PDSCH DMRS embodiment (e.g., whether DMRS port frequency domain multiplexing is based
on FDM plus FD-OCC or CS plus comb); a frequency domain density (e.g., frequency domain
PRB level periodicity and/or offset); a time domain density (e.g., time domain subframe level
periodicity and/or offset and symbol level occupied symbols); and/or a DMRS port multiplexing
order (e.g., the order of FDM, FD-OCC, TDM, and/or TD-OCC or the order of CS, comb, TDM,
and/or TD-OCC).

[0052] In certain embodiments, before RMSI PDSCH DMRS is transmitted, a remote
unit 102 may get information about the RMSI PDSCH DMRS configuration from several ways:

[0053] In a first embodiment, the remote unit 102 may get information about the RMSI
PDSCH DMRS configuration by the RMSI PDSCH DMRS configuration being predefined in a
specification. In such embodiments, in response to the RMSI PDSCH DMRS configuration
being explicitly captured in a specification, each remote unit 102 may implement this
configuration under implementation. In such embodiments, the RMSI PDSCH DMRS
configuration may be robust and may not use signaling overhead.

[0054] In one embodiment, a predefined pattern may be based on FD-OCC plus FDM in
a frequency domain. In such an embodiment, the antenna ports of RMSI PDSCH DMRS may be
restricted to a value (e.g., 4). Furthermore, in such an embodiment, the mapping order may be

determined based on FDM, FD-OCC, and/or TD-OCC. In certain embodiments, regarding time
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domain symbols in a slot occupied by DMRS, a frontloaded symbol may occupy a single symbol,
such as symbol 2, and an additional symbol may be existent at symbol 10.

[0055] In another embodiment, a predefined pattern can be based on CS plus comb in a
frequency domain. In one embodiment, CS 2 plus comb 2 may be used. In another embodiment,
CS 1 plus comb 4 may be used. In various embodiments, the antenna ports of RMSI PDSCH
DMRS may be restricted to a value (e.g., 4). In certain embodiments, the mapping order may be
determined based on comb, CS, TDM, and/or TD-OCC. In some embodiments, regarding time
domain symbols in a slot occupied by DMRS, a frontloaded symbol may occupy a single symbol,
such as symbol 2, and an additional symbol may be existent at symbol 10.

[0056] In a second embodiment, the remote unit 102 may get information about the
RMSI PDSCH DMRS configuration implicitly by RMSI control resource set (“CORESET”)
configuration in MIB. In such configurations, MIB may be carried by PBCH, and PBCH may be
transmitted together with primary synchronization signals (“PSS”) and/or secondary
synchronization signals (“SSS™) to construct an SS block. Moreover, in such embodiments, SS
blocks may be transmitted in a beam sweeping manner to cover all the remote units 102 in a cell.
In certain embodiments, in response to a remote unit 102 being powered on, the remote unit 102
may search the SS block for time synchronization, frequency synchronization, cell identification,
radio resource management (“RRM”) measurement, and/or MIB content reception. In some
embodiments, MIB may include an RMSI CORESET configuration, which may indicate a time
and/or frequency resource for RMSI PDCCH decoding. In various embodiments, the RMSI
CORESET indication may facilitate a reduction in a remote unit 102 blind decoding effort and
may provide RMSI scheduling flexibility.

[0057] In one embodiment, to reduce signaling overhead, the RMSI CORESET
configuration may be used to indicate an RMSI PDSCH configuration. For example, if the
CORESET time and/or frequency position is corresponding to an upper frequency domain part,
then a set of DMRS configuration parameters may be deduced as following: in a frequency
domain, every PRB bears 4 DMRS antenna ports; in time domain, every slot containing RMSI
may have DMRS occupation; frequency domain multiplexing may be based on FDM plus FD-
OCC; time domain occupied symbols per slot may be symbol 2 and symbol 10; and/or mapping
order may be FDM followed by FD-OCC. As another example, if the CORESET time and/or
frequency position is corresponding to a lower frequency domain part, then another set of DMRS
configuration parameters may be deduced as following: in a frequency domain, every PRB bears
4 DMRS antenna ports; in a time domain, every slot containing RMSI may have DMRS

occupation; frequency domain multiplexing may be based on CS plus comb; CS may be 1; comb
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may be 4; time domain occupied symbols per slot may be symbol 2 and symbol 10; and/or
mapping order may be comb followed by CS.

[0058] By using the second embodiment, no additional overhead consumption may be
used.

[0059] In a third embodiment, the remote unit 102 may get information about the RMSI
PDSCH DMRS configuration by PDCCH scheduling the RMSI PDSCH. In some embodiments,
PDCCH may indicate selected DMRS antenna ports for PDSCH in a dynamic manner and other
DMRS parameters may be predefined in a specification. In certain embodiments, in addition to
the selected DMRS antenna ports, other parameters may be transmitted to a remote unit 102 for
demodulation. For example, the DMRS antenna port 4 may be indicated in PDCCH, meanwhile,
DCI may indicate that port multiplexing is based on FDM plus FD-OCC, and the mapping order
may be FDM followed by FD-OCC.

[0060] In a certain embodiment, additional bits in DCI may be used to indicate the
RMSI PDSCH DMRS configuration. In another embodiment, a field in the DCI may be reused
to indicated the RMSI PDSCH DMRS configuration. In such embodiments, the RMSI PDSCH
DMRS indication may be dynamic for a dynamic PDSCH DMRS configuration.

[0061] In other embodiments, a combination of the first embodiment, the second
embodiment, and/or the third embodiment described may be used. For example, multiple DMRS
parameter sets may be predefined in a specification, some limited DMRS parameter sets may be
restricted by a specific RMSI CORESET configuration, and/or a DMRS parameter set may be
indicated by DCI signaling. In another example, different DMRS parameters may be divided
into a non-configurable part, a semi-static configurable part, and/or dynamicaily configurable
part. In such an example, the non-configurable part may correspond to the first embodiment, the
semi-static configurable part may correspond to the second embodiment, and the dynamically
configurable part may correspond to the third embodiment. In various embodiments, a
frequency domain density and/or a time domain subframe level density may be categorized to be
defined by the first embodiment, selection of either the first or second front loaded PDSCH
DMRS embodiment and the mapping order may be categorized to be defined by the second
embodiment, and time domain symbol level DMRS occupation and DMRS ports may be
categorized to be defined by the third embodiment.

[0062] Figure 4 is a schematic flow chart diagram illustrating one embodiment of a
method 400 for demodulation reference signal configuration. In some embodiments, the method
400 is performed by an apparatus, such as the remote unit 102. In certain embodiments, the

method 400 may be performed by a processor executing program code, for example, a
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microcontroller, a microprocessor, a CPU, a GPU, an auxiliary processing unit, a FPGA, or the
like.

[0063] The method 400 may include determining 402 a remaining minimum system
information channel demodulation reference signal configuration. In some embodiments, the
method 400 includes receiving 404 the demodulation reference signal based on the demodulation
reference signal configuration.

[0064] In one embodiment, the remaining minimum system information channel is a
remaining minimum system information downlink channel. In a further embodiment, the
remaining minimum system information channel is a remaining minimum system information
physical downlink shared channel. In certain embodiments, the remaining minimum system
information channel demodulation reference signal configuration includes a first configuration, a
second configuration, a mapping order, a frequency domain density, a time domain subframe
level density, a time domain symbol level density, or some combination thereof. In various
embodiments, the remaining minimum system information channel demodulation reference
signal configuration is predefined in a specification. In some embodiments, the remaining
minimum system information channel demodulation reference signal configuration is indicated
by a control resource set configuration. In one embodiment, the remaining minimum system
information channel demodulation reference signal configuration is indicated by downlink
control information.

[0065] Figure 5 is a schematic flow chart diagram illustrating another embodiment of a
method 500 for demodulation reference signal configuration. In some embodiments, the method
500 is performed by an apparatus, such as the base unit 104. In certain embodiments, the method
500 may be performed by a processor executing program code, for example, a microcontroller, a
microprocessor, a CPU, a GPU, an auxiliary processing unit, a FPGA, or the like.

[0066] The method 500 may include determining 502 a remaining minimum system
information channel demodulation reference signal configuration. The method 500, in certain
embodiments, includes transmitting 504 the demodulation reference signal based on the
demodulation reference signal configuration.

[0067] In one embodiment, the remaining minimum system information channel is a
remaining minimum system information downlink channel. In a further embodiment, the
remaining minimum system information channel is a remaining minimum system information
physical downlink shared channel. In certain embodiments, the remaining minimum system
information channel demodulation reference signal configuration includes a first configuration, a

second configuration, a mapping order, a frequency domain density, a time domain subframe
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level density, a time domain symbol level density, or some combination thereof. In various
embodiments, the remaining minimum system information channel demodulation reference
signal configuration is predefined in a specification. In some embodiments, the remaining
minimum system information channel demodulation reference signal configuration is indicated
by a control resource set configuration. In one embodiment, the remaining minimum system
information channel demodulation reference signal configuration is indicated by downlink
control information.

[0068] Embodiments may be practiced in other specific forms. The described
embodiments are to be considered in all respects only as illustrative and not restrictive. The
scope of the invention is, therefore, indicated by the appended claims rather than by the
foregoing description. All changes which come within the meaning and range of equivalency of

the claims are to be embraced within their scope.
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FIG. 1

(57) Abstract: Apparatuses, methods, and systems are disclosed for demodulation reference signal configuration. One apparatus
(200) includes a processor (202) that determines (402) a remaining minimum system information channel demodulation reference
signal configuration. The apparatus (200) includes a receiver (212) that receives (404) the demodulation reference signal based on the
demodulation reference signal configuration.
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DEMODULATION REFERENCE SIGNAL CONFIGURATION

FIELD

[0001] The subject matter disclosed herein relates generally to wireless communications

and more particularly relates to demodulation reference signal configuration.
BACKGROUND

[0002] The following abbreviations are herewith defined, at least some of which are
referred to within the following description: Third Generation Partnership Pfoject (“3GPP»),
Positive-Acknowledgment (“ACK”), Binary Phase Shift Keying (“BPSK”), Clear Channel
Assessment (“CCA”), Cyclic Prefix (“CP”), Cyclical Redundancy Check (“CRC”), Channel
State Information (“CSI”), Common Search Space (“CSS”), Discrete Fourier Transform Spread
(“DFTS”), Downlink Control Information (“DCI”), Downlink (“DL”), Downlink Pilot Time Slot
(“DWPTS”), Enhanced Clear Channel Assessment (“eCCA”), Enhanced Mobile Broadband
(“eMBB”), Evolved Node B (“eNB”), European Telecommunications Standards Institute
(“ETSI”), Frame Based Equipment (“FBE”), Frequency Division Duplex (“FDD”), Frequency
Division Multiple Access (“FDMA”), Frequency Division Orthogonal Cover Code (“FD-OCC”),
Guard Period (“GP”), Hybrid Automatic Repeat Request (“HARQ”), Internet-of-Things (“IoT”),
Licensed Assisted Access (“LAA”), Load Based Equipment (“LLBE”), Listen-Before-Talk
(“LBT”), Long Term Evolution (“LTE”), Multiple Access (“MA”), Modulation Coding Scheme
(“MCS”), Machine Type Communication (“MTC”), Multiple Input Multiple Output (“MIMO”),
Multi User Shared Access (“MUSA”), Narrowband (“NB”), Negative-Acknowledgment
(“NACK”) or (“NAK”), Next Generation Node B (“gNB”), Non-Orthogonal Multiple Access
(“NOMA™), Orthogonal Frequency Division Multiplexing (“OFDM?”), Primary Cell (“PCell”),
Physical Broadcast Channel (“PBCH”), Physical Downlink Control Channel (“PDCCH”),
Physical Downlink Shared Channel (“PDSCH”), Pattern Division Multiple Access (“PDMA”),
Physical Hybrid ARQ Indicator Channel (“PHICH”), Physical Random Access Channel
(“PRACH”), Physical Resource Block (“PRB”), Physical Uplink Control Channel (“PUCCH”),
Physical Uplink Shared Channel (“PUSCH”), Quality of Service (“QoS”), Quadrature Phase
Shift Keying (“QPSK”), Radio Resource Control (“RRC”), Random Access Procedure
(“RACH”), Random Access Response (“RAR”), Radio Network Temporary Identifier (“RNTI”),
Reference Signal (“RS”), Remaining Minimum System Information (“RMSI”), Resource Spread
Multiple Access (“RSMA™), Round Trip Time (“RTT”), Receive (“RX”), Sparse Code Multiple
Access (“SCMA”), Scheduling Request (“SR”), Single Carrier Frequency Division Multiple
Access (“SC-FDMA”), Secondary Cell (“SCell”), Shared Channel (“SCH”), Signal-to-
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Interference-Plus-Noise Ratio (“SINR”), System Information Block (“SIB”), Synchronization
Signal (“SS”), Transport Block (“TB”), Transport Block Size (“TBS”), Time-Division Duplex
(“TDD”), Time Division Multiplex (“TDM”), Time Division Orthogonal Cover Code (“TD-
OCC”), Transmission Time Interval (“TTI”), Transmit (“TX”), Uplink Control Information
(“UCI”), User Entity/Equipment (Mobile Terminal) (“UE”), Uplink (“UL”), Universal Mobile
Telecommunications System (“UMTS”), Uplink Pilot Time Slot (“UpPTS”), Ultra-reliability
and Low-latency Communications (“URLLC”), and Worldwide Interoperability for Microwave
Access (“WiMAX™). As used herein, “HARQ-ACK” may represent collectively the Positive
Acknowledge (“ACK”) and the Negative Acknowledge (“NACK”). ACK means that a TB is
correctly received while NACK (or NAK) means a TB is erroneously received.

[0003] In certain wireless communications networks, a PDSCH demodulation reference
signal (“DMRS”) may be used. In such networks, multiple different PDSCH DMRS
configurations may be available.

BRIEF SUMMARY

[0004] Apparatuses for demodulation reference signal configuration are disclosed.
Methods and systems also perform the functions of the apparatus. In one embodiment, the
apparatus includes a processor that determines a remaining minimum system information
channel demodulation reference signal configuration. In certain embodiments, the apparatus
includes a receiver that receives the demodulation reference signal based on the demodulation
reference signal configuration.

[0005] In one embodiment, the remaining minimum system information channel is a
remaining minimum system information downlink channel. In a further embodiment, the
remaining minimum system information channel is a remaining minimum system information
physical downlink shared channel. In certain embodiments, the remaining minimum system
information channel demodulation reference signal configuration includes a first configuration, a
second configuration, a mapping order, a frequency domain density, a time domain subframe
level density, a time domain symbol level density, or some combination thereof. In various
embodiments, the remaining minimum system information channel demodulation reference
signal configuration is predefined in a specification. In some embodiments, the remaining
minimum system information channel demodulation reference signal configuration is indicated
by a control resource set configuration. In one embodiment, the remaining minimum system
information channel demodulation reference signal configuration is indicated by downlink

control information.
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[0006] A method for demodulation reference signal configuration, in one embodiment,
includes determining a remaining minimum system information channel demodulation reference
signal configuration. In some embodiments, the method includes receiving the demodulation
reference signal based on the demodulation reference signal configuration.

[0007] In one embodiment, an apparatus for demodulation reference signal configuration
includes a processor that determines a remaining minimum system information channel
demodulation reference signal configuration. In some embodiments, the apparatus includes a
transmitter that transmits the demodulation reference signal based on the demodulation reference
signal configuration.

[0008] In one embodiment, the remaining minimum system information channel is a
remaining minimum system information downlink channel. In a further embodiment, the
remaining minimum system information channel is a remaining minimum system information
physical downlink shared channel. In certain embodiments, the remaining minimum system
information channel demodulation reference signal configuration includes a first configuration, a
second configuration, a mapping order, a frequency domain density, a time domain subframe
level density, a time domain symbol level density, or some combination thereof. In various
embodiments, the remaining minimum system information channel demodulation reference
signal configuration is predefined in a specification. In some embodiments, the remaining
minimum system information channel demodulation reference signal configuration is indicated
by a control resource set configuration. In one embodiment, the remaining minimum system
information channel demodulation reference signal configuration is indicated by downlink
control information.

[0009] A method for demodulation reference signal configuration, in one embodiment,
includes determining a remaining minimum system information channel demodulation reference
signal configuration. —The method, in certain embodiments, includes transmitting the
demodulation reference signal based on the demodulation reference signal configuration.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] A more particular description of the embodiments briefly described above will be
rendered by reference to specific embodiments that are illustrated in the appended drawings.
Understanding that these drawings depict only some embodiments and are not therefore to be
considered to be limiting of scope, the embodiments will be described and explained with
additional specificity and detail through the use of the accompanying drawings, in which:

[0011] Figure 1 is a schematic block diagram illustrating one embodiment of a wireless

communication system for demodulation reference signal configuration;
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[0012] Figure 2 is a schematic block diagram illustrating one embodiment of an
apparatus that may be used for demodulation reference signal configuration;

[0013] Figure 3 is a schematic block diagram illustrating one embodiment of an
apparatus that may be used for demodulation reference signal configuration;

[0014] Figure 4 is a schematic flow chart diagram illustrating one embodiment of a
method for demodulation reference signal configuration; and

[0015] Figure 5 is a schematic flow chart diagram illustrating another embodiment of a
method for demodulation reference signal configuration.

DETAILED DESCRIPTION

[0016] As will be appreciated by one skilled in the art, aspects of the embodiments may
be embodied as a system, apparatus, method, or program product. Accordingly, embodiments
may take the form of an entirely hardware embodiment, an entirely software embodiment
(including firmware, resident software, micro-code, etc.) or an embodiment combining software
and hardware aspects that may all gencrally be referred to herein as a “circuit,” “module” or
“gystem.” Furthermore, embodiments may take the form of a program product embodied in one
or more computer readable storage devices storing machine readable code, computer readable
code, and/or program code, referred hereafter as code. The storage devices may be tangible,
non-transitory, and/or non-transmission. The storage devices may not embody signals. In a
certain embodiment, the storage devices only employ signals for accessing code.

[0017] Certain of the functional units described in this specification may be labeled as
modules, in order to more particularly emphasize their implementation independence. For
example, a module may be implemented as a hardware circuit comprising custom very-large-
scale integration (“VLSI”) circuits or gate arrays, off-the-shelf semiconductors such as logic
chips, transistors, or other discretc components. A module may also be implemented in
programmable hardware devices such as field programmable gate arrays, programmable array
logic, programmable logic devices or the like.

[0018] Modules may also be implemented in code and/or software for execution by
various types of processors. An identified module of code may, for instance, include one or
more physical or logical blocks of executable code which may, for instance, be organized as an
object, procedure, or function. Nevertheless, the executables of an identified module need not be
physically located together, but may include disparate instructions stored in different locations
which, when joined logically together, include the module and achieve the stated purpose for the

module.
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[0019] Indeed, a module of code may be a single instruction, or many instructions, and
may even be distributed over several different code segments, among different programs, and
across several memory devices. Similarly, operational data may be identified and illustrated
herein within modules, and may be embodied in any suitable form and organized within any
suitable type of data structure. The operational data may be collected as a single data set, or may
be distributed over different locations including over different computer readable storage devices.
Where a module or portions of a module are implemented in software, the software portions are
stored on one or more computer readable storage devices.

[0020] Any combination of one or more computer readable medium may be utilized. The
computer readable medium may be a computer readable storage medium. The computer readable
storage medium may be a storage device storing the code. The storage device may be, for
example, but not limited to, an electronic, magnetic, optical, electromagnetic, infrared,
holographic, micromechanical, or semiconductor system, apparatus, or device, or any suitable
combination of the foregoing.

[0021] More specific examples (a non-exhaustive list) of the storage device would
include the following: an electrical connection having one or more wires, a portable computer
diskette, a hard disk, a random access memory (“RAM”), a read-only memory (“ROM”), an
erasable programmable read-only memory (“EPROM” or Flash memory), a portable compact
disc read-only memory (“CD-ROM™), an optical storage device, a magnetic storage device, or
any suitable combination of the foregoing. In the context of this document, a computer readable
storage medium may be any tangible medium that can contain, or store a program for use by or
in connection with an instruction execution system, apparatus, or device.

[0022] Code for carrying out operations for embodiments may be any number of lines
and may be written in any combination of one or more programming languages including an
object oriented programming language such as Python, Ruby, Java, Smalltalk, C++, or the like,
and conventional procedural programming languages, such as the "C" programming language, or
the like, and/or machine languages such as assembly languages. The code may execute entirely
on the user's computer, partly on the user's computer, as a stand-alone software package, partly
on the user's computer and partly on a remote computer or entirely on the remote computer or
server. In the latter scenario, the remote computer may be connected to the user's computer
through any type of network, including a local area network (“LAN”) or a wide area network
(“WAN™), or the connection may be made to an external computer (for example, through the

Internet using an Internet Service Provider).
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[0023] Reference throughout this specification to “one embodiment,” “an embodiment,”
or similar language means that a particular feature, structure, or characteristic described in
connection with the embodiment is included in at least one embodiment. Thus, appearances of
the phrases “in one embodiment,” “in an embodiment,” and similar language throughout this
specification may, but do not necessarily, all refer to the same embodiment, but mean “one or
more but not all embodiments” unless expressly specified otherwise. The terms “including,”
“comprising,” “having,” and variations thereof mean “including but not limited to,” unless
expressly specified otherwise. An enumerated listing of items does not imply that any or all of
the items are mutually exclusive, unless expressly specified otherwise. The terms “a,” “an,” and
“the™ also refer to “one or more” unless expressly specified otherwise.

[0024] Furthermore, the described features, structures, or characteristics of the
embodiments may be combined in any suitable manner. In the following description, numerous
specific details are provided, such as examples of programming, software modules, user
selections, network transactions, database queries, database structures, hardware modules,
hardware circuits, hardware chips, etc., to provide a thorough understanding of embodiments.
One skilled in the relevant art will recognize, however, that embodiments may be practiced
without one or more of the specific details, or with other methods, components, materials, and so
forth. In other instances, well-known structures, materials, or operations are not shown or
described in detail to avoid obscuring aspects of an embodiment.

[0025] Aspects of the embodiments are described below with reference to schematic
flowchart diagrams and/or schematic block diagrams of methods, apparatuses, systems, and
program products according to embodiments. It will be understood that each block of the
schematic flowchart diagrams and/or schematic block diagrams, and combinations of blocks in
the schematic flowchart diagrams and/or schematic block diagrams, can be implemented by code.
The code may be provided to a processor of a general purpose computer, special purpose
computer, or other programmable data processing apparatus to produce a machine, such that the
instructions, which execute via the processor of the computer or other programmable data
processing apparatus, create means for implementing the functions/acts specified in the
schematic flowchart diagrams and/or schematic block diagrams block or blocks.

[0026] The code may also be stored in a storage device that can direct a computer, other
programmable data processing apparatus, or other devices to function in a particular manner,
such that the instructions stored in the storage device produce an article of manufacture including
instructions which implement the function/act specified in the schematic flowchart diagrams

and/or schematic block diagrams block or blocks.
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[0027] The code may also be loaded onto a computer, other programmable data
processing apparatus, or other devices to cause a series of operational steps to be performed on
the computer, other programmable apparatus or other devices to produce a computer
implemented process such that the code which execute on the computer or other programmable
apparatus provide processes for implementing the functions/acts specified in the flowchart and/or
block diagram block or blocks.

[0028] The schematic flowchart diagrams and/or schematic block diagrams in the Figures
illustrate the architecture, functionality, and operation of possible implementations of
apparatuses, systems, methods and program products according to various embodiments. In this
regard, each block in the schematic flowchart diagrams and/or schematic block diagrams may
represent a module, segment, or portion of code, which includes one or more executable
instructions of the code for implementing the specified logical function(s).

[0029] It should also be noted that, in some alternative implementations, the functions
noted in the block may occur out of the order noted in the Figures. For example, two blocks
shown in succession may, in fact, be executed substantially concurrently, or the blocks may
sometimes be executed in the reverse order, depending upon the functionality involved. Other
steps and methods may be conceived that are equivalent in function, logic, or effect to one or
more blocks, or portions thereof, of the illustrated Figures.

[0030] Although various arrow types and line types may be employed in the flowchart
and/or block diagrams, they are understood not to limit the scope of the corresponding
embodiments. Indeed, some arrows or other connectors may be used to indicate only the logical
flow of the depicted embodiment. For instance, an arrow may indicate a waiting or monitoring
period of unspecified duration between enumerated steps of the depicted embodiment. It will
also be noted that each block of the block diagrams and/or flowchart diagrams, and combinations
of blocks in the block diagrams and/or flowchart diagrams, can be implemented by special
purpose hardware-based systems that perform the specified functions or acts, or combinations of
special purpose hardware and code.

[0031] The description of elements in each figure may refer to elements of proceeding
figures. Like numbers refer to like elements in all figures, including alternate embodiments of
like elements.

[0032] Figure 1 depicts an embodiment of a wireless communication system 100 for
demodulation reference signal configuration. In one embodiment, the wireless communication
system 100 includes remote units 102 and base units 104. Even though a specific number of

remote units 102 and base units 104 are depicted in Figure 1, one of skill in the art will recognize
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that any number of remote units 102 and base units 104 may be included in the wireless
communication system 100.

[0033] In one embodiment, the remote units 102 may include computing devices, such as
desktop computers, laptop computers, personal digital assistants (“PDAs”), tablet computers,
smart phones, smart televisions (e.g., televisions connected to the Internet), set-top boxes, game
consoles, security systems (including security cameras), vehicle on-board computers, network
devices (e.g., routers, switches, modems), or the like. In some embodiments, the remote units
102 include wearable devices, such as smart watches, fitness bands, optical head-mounted
displays, or the like. Moreover, the remote units 102 may be referred to as subscriber units,
mobiles, mobile stations, users, terminals, mobile terminals, fixed terminals, subscriber stations,
UE, user terminals, a device, or by other terminology used in the art. The remote units 102 may
communicate directly with one or more of the base units 104 via UL communication signals.

[0034] The base units 104 may be distributed over a geographic region. In certain
embodiments, a base unit 104 may also be referred to as an access point, an access terminal, a
base, a base station, a Node-B, an eNB, a gNB, a Home Node-B, a relay node, a device, or by
any other terminology used in the art. The base units 104 are generally part of a radio access
network that includes one or more controllers communicably coupled to one or more
corresponding base units 104. The radio access network is generally communicably coupled to
one or more core networks, which may be coupled to other networks, like the Internet and public
switched telephone networks, among other networks. These and other elements of radio access
and core networks are not illustrated but are well known generally by those having ordinary skill
in the art.

[0035] In one implementation, the wireless communication system 100 is compliant with
the 3GPP protocol, wherein the base unit 104 transmits using an OFDM modulation scheme on
the DL and the remote units 102 transmit on the UL using a SC-FDMA scheme or an OFDM
scheme. More generally, however, the wireless communication system 100 may implement
some other open or proprietary communication protocol, for example, WiMAX, among other
protocols. The present disclosure is not intended to be limited to the implementation of any
particular wireless communication system architecture or protocol.

[0036] The base units 104 may serve a number of remote units 102 within a serving area,
for example, a cell or a cell sector via a wireless communication link. The base units 104
transmit DL. communication signals to serve the remote units 102 in the time, frequency, and/or

spatial domain.
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[0037] In one embodiment, a remote unit 102 may determine a remaining minimum
system information channel demodulation reference signal configuration. In some embodiments,
the remote unit 102 may receive the demodulation reference signal based on the demodulation
reference signal configuration. Accordingly, a remote unit 102 may be used for demodulation
reference signal configuration.

[0038] In certain embodiments, a base unit 104 may determine a remaining minimum
system information channel demodulation reference signal configuration. In various
embodiments, the base unit 104 may transmit the demodulation reference signal based on the
demodulation reference signal configuration. Accordingly, a base unit 104 may be used for
demodulation reference signal configuration.

[0039] Figure 2 depicts one embodiment of an apparatus 200 that may be used for
demodulation reference signal configuration. The apparatus 200 includes one embodiment of the
remote unit 102. Furthermore, the remote unit 102 may include a processor 202, a memory 204,
an input device 206, a display 208, a transmitter 210, and a receiver 212. In some embodiments,
the input device 206 and the display 208 are combined into a single device, such as a touchscreen.
In certain embodiments, the remote unit 102 may not include any input device 206 and/or display
208. In various embodiments, the remote unit 102 may include one or more of the processor 202,
the memory 204, the transmitter 210, and the receiver 212, and may not include the input device
206 and/or the display 208.

[0040] The processor 202, in one embodiment, may include any known controller
capable of executing computer-readable instructions and/or capable of performing logical
operations. For example, the processor 202 may be a microcontroller, a microprocessor, a
central processing unit (“CPU”), a graphics processing unit (“GPU”), an auxiliary processing
unit, a field programmable gate array (“FPGA”™), or similar programmable controller. In some
embodiments, the processor 202 executes instructions stored in the memory 204 to perform the
methods and routines described herein. In various embodiments, the processor 202 may
determine an RMSI channel DMRS configuration. The processor 202 is communicatively
coupled to the memory 204, the input device 206, the display 208, the transmitter 210, and the
receiver 212.

[0041] The memory 204, in one embodiment, is a computer readable storage medium. In
some embodiments, the memory 204 includes volatile computer storage media. For example, the
memory 204 may include a RAM, including dynamic RAM (“DRAM?”), synchronous dynamic
RAM (“SDRAM?”), and/or static RAM (“SRAM”). In some embodiments, the memory 204

includes non-volatile computer storage media. For example, the memory 204 may include a hard
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disk drive, a flash memory, or any other suitable non-volatile computer storage device. In some
embodiments, the memory 204 includes both volatile and non-volatile computer storage media.
In some embodiments, the memory 204 stores data relating to DMRS configurations. In some
embodiments, the memory 204 also stores program code and related data, such as an operating
system or other controller algorithms operating on the remote unit 102.

[0042] The input device 206, in one embodiment, may include any known computer
input device including a touch panel, a button, a keyboard, a stylus, a micréphone, or the like. In
some embodiments, the input device 206 may be integrated with the display 208, for example, as
a touchscreen or similar touch-sensitive display. In some embodiments, the input device 206
includes a touchscreen such that text may be input using a virtual keyboard displayed on the
touchscreen and/or by handwriting on the touchscreen. In some embodiments, the input device
206 includes two or more different devices, such as a keyboard and a touch panel.

[0043] The display 208, in one embodiment, may include any known electronically
controllable display or display device. The display 208 may be designed to output visual,
audible, and/or haptic signals. In some embodiments, the display 208 includes an electronic
display capable of outputting visual data to a user. For example, the display 208 may include,
but is not limited to, an LCD display, an LED display, an OLED display, a projector, or similar
display device capable of outputting images, text, or the like to a user. As another, non-limiting,
example, the display 208 may include a wearable display such as a smart watch, smart glasses, a
heads-up display, or the like. Further, the display 208 may be a component of a smart phone, a
personal digital assistant, a television, a table computer, a notebook (laptop) computer, a
personal computer, a vehicle dashboard, or the like.

[0044] In certain embodiments, the display 208 includes one or more speakers for
producing sound. For example, the display 208 may produce an audible alert or notification (e.g.,
a beep or chime). In some embodiments, the display 208 includes one or more haptic devices for
producing vibrations, motion, or other haptic feedback. In some embodiments, all or portions of
the display 208 may be integrated with the input device 206. For example, the input device 206
and display 208 may form a touchscreen or similar touch-sensitive display. In other
embodiments, the display 208 may be located near the input device 206.

[0045] The transmitter 210 is used to provide UL communication signals to the base unit
104 and the receiver 212 is used to receive DL communication signals from the base unit 104. In
some embodiments, the receiver 212 may be used to receive a DMRS based on a DMRS
configuration. Although only one transmitter 210 and one receiver 212 are illustrated, the

remote unit 102 may have any suitable number of transmitters 210 and receivers 212. The
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transmitter 210 and the receiver 212 may be any suitable type of transmitters and receivers. In
one embodiment, the transmitter 210 and the receiver 212 may be part of a transceiver.

[0046] Figure 3 depicts one embodiment of an apparatus 300 that may be used for
demodulation reference signal configuration. The apparatus 300 includes one embodiment of the
base unit 104. Furthermore, the base unit 104 may include a processor 302, a memory 304, an
input device 306, a display 308, a transmitter 310, and a receiver 312. As may be appreciated,
the processor 302, the memory 304, the input device 306, the display 308, the transmitter 310,
and the receiver 312 may be substantially similar to the processor 202, the memory 204, the
input device 206, the display 208, the transmitter 210, and the receiver 212 of the remote unit
102, respectively.

[0047] In some embodiments, the processor 302 may determine an RMSI channel DMRS
configuration. In certain embodiments, the transmitter 310 may transmit the DRMS based on the
DMRS configuration. Although only one transmitter 310 and one receiver 312 are illustrated, the
base unit 104 may have any suitable number of transmitters 310 and receivers 312. The
transmitter 310 and the receiver 312 may be any suitable type of transmitters and receivers. In
one embodiment, the transmitter 310 and the receiver 312 may be part of a transceiver.

[0048] Various PDSCH DMRS embodiments may have a front-loaded DMRS. In a first
front loaded PDSCH DMRS embodiment, up to 8 ports may be supported. Such embodiments
may have an interleaved frequency division multiplexing (“IFDM”) based pattern with comb 2
and/or comb 4 with cyclic shifts (“CS™). In certain embodiments, the first front loaded PDSCH
DMRS configuration may have one OFDM symbol. The one OFDM symbol may, in various
configurations, be comb 2 plus 2 CS for up to 4 ports. In other embodiments, the one OFDM
symbol may be comb 4 plus 2 CS for up to 8 ports. In various embodiments, the first front
loaded PDSCH DMRS configuration may have two OFDM symbols. The two OFDM symbols
may, in some configurations, be selected from: comb 2 plus 2 CS plus TD-OCC of ({1 1} and {1
-1}) for up to 8 ports; comb 2 plus 4 CS plus TD-OCC ({1 1}) for up to 8 ports; and comb 4 plus
2 CS plus TD-OCC ({1 1}) for up to 8 ports.

[0049] In a second front loaded PDSCH DMRS embodiment, up to 12 ports may be
supported. Such embodiments may have an FD-OCC based pattern with adjacent REs in the
frequency domain. In certain embodiments, the second front loaded PDSCH DMRS
configuration may have one OFDM symbol. The one OFDM symbol may, in various
configurations, be selected from: 2 FD-OCC across adjacent REs in the frequency domain for up
to 6 ports; 2 FD-OCC across adjacent REs in the frequency domain for up to 4 ports; and 2 FD-

OCC across adjacent REs in the frequency domain for up to 2 ports. In various embodiments,
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the second front loaded PDSCH DMRS configuration may have two OFDM symbols. The two
OFDM symbols may, in some configurations, be selected from: 2 FD-OCC across adjacent REs
in the frequency domain plus TDM for up to 12 ports; and 2 FD-OCC across adjacent REs in the
frequency domain plus TD-OCC ({1 1} and {1 -1}) for up to 12 ports.

[0050] In some embodiments, system information may be divided into several parts:
master information block (“MIB”), RMSI, and other system information (“OSI”). In some
embodiments, MIB may be carried in PBCH together with an SS block in a beam sweeping
manner. In certain embodiments, RMSI may be carried by PDCCH+PDSCH. In one
embodiment, RMSI may include minimal system information that is not found in MIB and OSL
In various embodiments, PDCCH may be used to indicate the behavior of PDSCH, and the
PDCCH configuration may be transmitted in MIB. In one embodiment, OSI may be transmitted
by PDCCH+PDSCH. In some embodiments, PDSCH carrying RMSI may also be based on
DMRS for demodulation.

[0051] In some embodiments, a DMRS configuration may have multiple parameters. In
certain embodiments, the following DMRS parameters may be configured by transmission from
a base unit 104 to a remote unit 102: an indication of either the first or second front loaded
PDSCH DMRS embodiment (e.g., whether DMRS port frequency domain multiplexing is based
on FDM plus FD-OCC or CS plus comb); a frequency domain density (e.g., frequency domain
PRB level periodicity and/or offset); a time domain density (e.g., time domain subframe level
periodicity and/or offset and symbol level occupied symbols); and/or a DMRS port multiplexing
order (e.g., the order of FDM, FD-OCC, TDM, and/or TD-OCC or the order of CS, comb, TDM,
and/or TD-OCC).

[0052] In certain embodiments, before RMSI PDSCH DMRS is transmitted, a remote
unit 102 may get information about the RMSI PDSCH DMRS configuration from several ways:

[0053] In a first embodiment, the remote unit 102 may get information about the RMSI
PDSCH DMRS configuration by the RMSI PDSCH DMRS configuration being predefined in a
specification. In such embodiments, in response to the RMSI PDSCH DMRS configuration
being explicitly captured in a specification, each remote unit 102 may implement this
configuration under implementation. In such embodiments, the RMSI PDSCH DMRS
configuration may be robust and may not use signaling overhead.

[0054] In one embodiment, a predefined pattern may be based on FD-OCC plus FDM in
a frequency domain. In such an embodiment, the antenna ports of RMSI PDSCH DMRS may be
restricted to a value (e.g., 4). Furthermore, in such an embodiment, the mapping order may be
determined based on FDM, FD-OCC, and/or TD-OCC. In certain embodiments, regarding time
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domain symbols in a slot occupied by DMRS, a frontloaded symbol may occupy a single symbol,
such as symbol 2, and an additional symbol may be existent at symbol 10.

[0055] In another embodiment, a predefined pattern can be based on CS plus comb in a
frequency domain. In one embodiment, CS 2 plus comb 2 may be used. In another embodiment,
CS 1 plus comb 4 may be used. In various embodiments, the antenna ports of RMSI PDSCH
DMRS may be restricted to a value (e.g., 4). In certain embodiments, the mapping order may be
determined based on comb, CS, TDM, and/or TD-OCC. In some embodiments, regarding time
domain symbols in a slot occupied by DMRS, a frontloaded symbol may occupy a single symbol,
such as symbol 2, and an additional symbol may be existent at symbol 10.

[0056] In a second embodiment, the remote unit 102 may get information about the
RMSI PDSCH DMRS configuration implicitly by RMSI control resource set (“CORESET”)
configuration in MIB. In such configurations, MIB may be carried by PBCH, and PBCH may be
transmitted together with primary synchronization signals (“PSS”) and/or secondary
synchronization signals (“SSS”) to construct an SS block. Moreover, in such embodiments, SS
blocks may be transmitted in a beam sweeping manner to cover all the remote units 102 in a cell.
In certain embodiments, in response to a remote unit 102 being powered on, the remote unit 102
may search the SS block for time synchronization, frequency synchronization, cell identification,
radio resource management (“RRM™) measurement, and/or MIB content reception. In some
embodiments, MIB may include an RMSI CORESET configuration, which may indicate a time
and/or frequency resource for RMSI PDCCH decoding. In various embodiments, the RMSI
CORESET indication may facilitate a reduction in a remote unit 102 blind decoding effort and
may provide RMSI scheduling flexibility.

[0057] In one embodiment, to reduce signaling overhead, the RMSI CORESET
configuration may be used to indicate an RMSI PDSCH configuration. For example, if the
CORESET time and/or frequency position is corresponding to an upper frequency domain part,
then a set of DMRS configuration parameters may be deduced as following: in a frequency
domain, every PRB bears 4 DMRS antenna ports; in time domain, every slot containing RMSI
may have DMRS occupation; frequency domain multiplexing may be based on FDM plus FD-
OCC; time domain occupied symbols per slot may be symbol 2 and symbol 10; and/or mapping
order may be FDM followed by FD-OCC. As another example, if the CORESET time and/or
frequency position is corresponding to a lower frequency domain part, then another set of DMRS
configuration parameters may be deduced as following: in a frequency domain, every PRB bears
4 DMRS antenna ports; in a time domain, every slot containing RMSI may have DMRS

occupation; frequency domain multiplexing may be based on CS plus comb; CS may be 1; comb
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may be 4; time domain occupied symbols per slot may be symbol 2 and symbol 10; and/or
mapping order may be comb followed by CS.

[0058] By using the second embodiment, no additional overhead consumption may be
used.

[0059] In a third embodiment, the remote unit 102 may get information about the RMSI
PDSCH DMRS configuration by PDCCH scheduling the RMSI PDSCH. In some embodiments,
PDCCH may indicate selected DMRS antenna ports for PDSCH in a dynamic manner and other
DMRS parameters may be predefined in a specification. In certain embodiments, in addition to
the selected DMRS antenna ports, other parameters may be transmitted to a remote unit 102 for
demodulation. For example, the DMRS antenna port 4 may be indicated in PDCCH, meanwhile,
DCI may indicate that port multiplexing is based on FDM plus FD-OCC, and the mapping order
may be FDM followed by FD-OCC.

[0060] In a certain embodiment, additional bits in DCI may be used to indicate the
RMSI PDSCH DMRS configuration. In another embodiment, a field in the DCI may be reused
to indicated the RMSI PDSCH DMRS configuration. In such embodiments, the RMSI PDSCH
DMRS indication may be dynamic for a dynamic PDSCH DMRS configuration.

[0061] In other embodiments, a combination of the first embodiment, the second
embodiment, and/or the third embodiment described may be used. For example, multiple DMRS
parameter sets may be predefined in a specification, some limited DMRS parameter sets may be
restricted by a specific RMSI CORESET configuration, and/or a DMRS parameter set may be
indicated by DCI signaling. In another example, different DMRS parameters may be divided
into a non-configurable part, a semi-static configurable part, and/or dynamically configurable
part. In such an example, the non-configurable part may correspond to the first embodiment, the
semi-static configurable part may correspond to the second embodiment, and the dynamically
configurable part may correspond to the third embodiment. In various embodiments, a
frequency domain density and/or a time domain subframe level density may be categorized to be
defined by the first embodiment, selection of either the first or second front loaded PDSCH
DMRS embodiment and the mapping order may be categorized to be defined by the second
embodiment, and time domain symbol level DMRS occupation and DMRS ports may be
categorized to be defined by the third embodiment.

[0062] Figure 4 is a schematic flow chart diagram illustrating one embodiment of a
method 400 for demodulation reference signal configuration. In some embodiments, the method
400 is performed by an apparatus, such as the remote unit 102. In certain embodiments, the

method 400 may be performed by a processor executing program code, for example, a
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microcontroller, a microprocessor, a CPU, a GPU, an auxiliary processing unit, a FPGA, or the
like.

[0063] The method 400 may include determining 402 a remaining minimum system
information channel demodulation reference signal configuration. In some embodiments, the
method 400 includes receiving 404 the demodulation reference signal based on the demodulation
reference signal configuration.

[0064] In one embodiment, the remaining minimum system information channel is a
remaining minimum system information downlink channel. In a further embodiment, the
remaining minimum system information channel is a remaining minimum system information
physical downlink shared channel. In certain embodiments, the remaining minimum system
information channel demodulation reference signal configuration includes a first configuration, a
second configuration, a mapping order, a frequency domain density, a time domain subframe
level density, a time domain symbol level density, or some combination thereof. In various
embodiments, the remaining minimum system information channel demodulation reference
signal configuration is predefined in a specification. In some embodiments, the remaining
minimum system information channel demodulation reference signal configuration is indicated
by a control resource set configuration. In one embodiment, the remaining minimum system
information channel demodulation reference signal configuration is indicated by downlink
control information.

[0065] Figure 5 is a schematic flow chart diagram illustrating another embodiment of a
method 500 for demodulation reference signal configuration. In some embodiments, the method
500 is performed by an apparatus, such as the base unit 104. In certain embodiments, the method
500 may be performed by a processor executing program code, for example, a microcontroller, a
microprocessor, a CPU, a GPU, an auxiliary processing unit, a FPGA, or the like.

[0066] The method 500 may include determining 502 a remaining minimum system
information channel demodulation reference signal configuration. The method 500, in certain
embodiments, includes transmitting 504 the demodulation reference signal based on the
demodulation reference signal configuration.

[0067] In one embodiment, the remaining minimum system information channel is a
remaining minimum system information downlink channel. In a further embodiment, the
remaining minimum system information channel is a remaining minimum system information
physical downlink shared channel. In certain embodiments, the remaining minimum system
information channel demodulation reference signal configuration includes a first configuration, a

second configuration, a mapping order, a frequency domain density, a time domain subframe
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level density, a time domain symbol level density, or some combination thereof. In various
embodiments, the remaining minimum system information channel demodulation reference
signal configuration is predefined in a specification. In some embodiments, the remaining
minimum system information channel demodulation reference signal configuration is indicated
by a control resource set configuration. In one embodiment, the remaining minimum system
information channel demodulation reference signal configuration is indicated by downlink
control information.

[0068] Embodiments may be practiced in other specific forms. The described
embodiments are to be considered in all respects only as illustrative and not restrictive. The
scope of the invention is, therefore, indicated by the appehded claims rather than by the
foregoing description. All changes which come within the meaning and range of equivalency of

the claims are to be embraced within their scope.
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CLAIMS
1. An apparatus comprising:
a processor that determines a remaining minimum system information channel
demodulation reference signal configuration; and
5 a receiver that receives the demodulation reference signal based on the
demodulation reference signal configuration.
2. The apparatus of claim 1, wherein the remaining minimum system information channel is

a remaining minimum system information downlink channel.

3. The apparatus of claim 1, wherein the remaining minimum system information channel is
10 a remaining minimum system information physical downlink shared channel.
4. The apparatus of claim 1, wherein the remaining minimum system information channel

demodulation reference signal configuration comprises a first configuration, a second
configuration, a mapping order, a frequency domain density, a time domain subframe

level density, a time domain symbol level density, or some combination thereof.

15 5. The apparatus of claim 1, wherein the remaining minimum system information channel

demodulation reference signal configuration is predefined.

6. The apparatus of claim 1, wherein the remaining minimum system information channel
demodulation reference signal configuration is indicated by a control resource set

configuration.
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7. The apparatus of claim 1, wherein the remaining minimum system information channel

demodulation reference signal configuration is indicated by downlink control information.

8. A method comprising:
determining a remaining minimum system information channel demodulation
5 reference signal configuration; and
receiving the demodulation reference signal based on the demodulation reference

signal configuration.

9. The method of claim 8, wherein the remaining minimum system information channel is a

remaining minimum system information downlink channel.

10 10. The method of claim 8, wherein the remaining minimum system information channel is a

remaining minimum system information physical downlink shared channel.

11. The method of claim 8, wherein the remaining minimum system information channel
demodulation reference signal configuration comprises a first configuration, a second
configuration, a mapping order, a frequency domain density, a time domain subframe

15 level density, a time domain symbol level density, or some combination thereof.

12. The method of claim 8, wherein the remaining minimum system information channel

demodulation reference signal configuration is predefined.

13. The method of claim 8, wherein the remaining minimum system information channel
demodulation reference signal configuration is indicated by a control resource set

20 configuration.

Ericsson Ex. 1002, p. 125 of 229
Ericsson v. Motorola



WO 2019/000177 19 PCT/CN2017/090033

14. The method of claim 8, wherein the remaining minimum system information channel

demodulation reference signal configuration is indicated by downlink control information.

15. An apparatus comprising:
a processor that determines a remaining minimum system information channel
5 demodulation reference signal configuration; and
a transmitter that transmits the demodulation reference signal based on the

demodulation reference signal configuration.

16. The apparatus of claim 15, wherein the remaining minimum system information channel

is a remaining minimum system information downlink channel.

10 17 The apparatus of claim 15, wherein the remaining minimum system information channel

is a remaining minimum system information physical downlink shared channel.

18. The apparatus of claim 15, wherein the remaining minimum system information channel
demodulation reference signal configuration comprises a first configuration, a second
configuration, a mapping order, a frequency domain density, a time domain subframe

15 level density, a time domain symbol level density, or some combination thereof.

19. The apparatus of claim 15, wherein the remaining minimum system information channel

demodulation reference signal configuration is predefined.

20. The apparatus of claim 15, wherein the remaining minimum system information channel
demodulation reference signal configuration is indicated by a control resource sct

20 configuration.
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21. The apparatus of claim 15, wherein the remaining minimum system information channel

demodulation reference signal configuration is indicated by downlink control information.

22. A method comprising:
determining a remaining minimum system information channel demodulation
5 reference signal configuration; and
transmitting the demodulation reference signal based on the demodulation

reference signal configuration.

23. The method of claim 22, wherein the remaining minimum system information channel is

a remaining minimum system information downlink channel.

10 24 The method of claim 22, wherein the remaining minimum system information channel is

a remaining minimum system information physical downlink shared channel.

25. The method of claim 22, wherein the remaining minimum system information channel
demodulation reference signal configuration comprises a first configuration, a second
configuration, a mapping order, a frequency domain density, a time domain subframe

15 level density, a time domain symbol level density, or some combination thereof.

26. The method of claim 22, wherein the remaining minimum system information channel

demodulation reference signal configuration is predefined.

27. The method of claim 22, wherein the remaining minimum system information channel
demodulation reference signal configuration is indicated by a control resource set

20 configuration.
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28. The method of claim 22, wherein the remaining minimum system information channel

demodulation reference signal configuration is indicated by downlink control information.
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channel (PUSCH). The reject message may be received during the random access procedure a random access response or an ac -
knowledge message for the message 3.

Ericsson Ex. 1002, p. 140 of 229
Ericsson v. Motorola



WO 2016/048044 PCT/KR2015/010034

Description
Title of Invention: METHOD AND APPARATUS FOR

PERFORMING INITIAL ACCESS PROCEDURE FOR LOW

COST USER EQUIPMENT IN WIRELESS COMMUNICATION

[1]

[2]

[3]

[4]

[5]

SYSTEM
Technical Field

The present invention relates to wireless communications, and more particularly, to a
method and apparatus for performing an initial access procedure to handle a low cost
user equipment (UE) in a wireless communication system.

Background Art

3rd generation partnership project (3GPP) long-term evolution (LTE) is a technology
for enabling high-speed packet communications. Many schemes have been proposed
for the LTE objective including those that aim to reduce user and provider costs,
improve service quality, and expand and improve coverage and system capacity. The
3GPP LTE requires reduced cost per bit, increased service availability, flexible use of
a frequency band, a simple structure, an open interface, and adequate power con-
sumption of a terminal as an upper-level requirement.

In the future versions of the LTE-A, it has been considered to configure low-
cost/low-end (or, low-complexity) user equipments (UEs) focusing on the dala com-
munication, such as meter reading, water level measurement, use of security camera,
vending machine inventory report, etc. For convenience, these UEs may be called
machine type communication (MTC) UEs. Since MTC UEs have small amount of
transmission data and have occasional uplink data transmission/downlink data
reception, it is efficient to reduce the cost and battery consumption of the UE
according to a low data rate. Specifically, the cost and battery consumption of the UE
may be reduced by decreasing radio frequency (RF)/baseband complexity of the MTC
UE significantly by making the opcrating frequency bandwidth of the MTC UE
smaller.

When a MTC UEs are introduced, a new feature for an initial access process may be

required.
Disclosure of Invention
Technical Problem
The present invention provides a method and apparatus for performing an initial

access procedure to handle a low cost user equipment (UE) in a wireless commu-

nication systcm. The prescent invention discusscs how to crcatc/handle a UE with
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limited radio frequency (RF) capability to receive downlink data successfully serviced
by a wideband system bandwidth network. The present invention particularly focuses
on the initial access procedurc.
Solution to Problem
In an aspect, a method for performing, by a low cost user equipment (UE), an initial
access procedure in a wireless communication system is provided. The method
includes transmitting a list of capabilities to a network, and receiving a reject message
from the network when at least one of the capabilities is not supported by the network.
In another aspect, a low cost user equipment (UE) includes a memory, a transceiver,
and a processor coupled to the memory and the transceiver, and configured to control
the transceiver to transmit a list of capabilities to a network, and control the transceiver
receive a reject message from the network when at least one of the capabilities is not

supported by the network.
Advantageous Effects of Invention

Initial access procedure for a low cost UE can be performed elficiently.
Brief Description of Drawings

FIG. 1 shows a wireless communication system.

FIG. 2 shows structure of a radio frame of 3GPP LTE.

FIG. 3 shows a resource grid for one downlink slot.

FIG. 4 shows structure of a downlink subframe.

FIG. 5 shows structure of an uplink subframe.

FIG. 6 shows an overall procedure of initial access according to an embodiment of
the present invention.

FIG. 7 shows an example of frequency location of PRACHs according to an em-
bodiment of the present invention.

FIG. § shows an example of PRACH configurations for FDM/TDM among CE
levels according to an embodiment of the present invention.

FIG. 9 shows an example of a current RAR.

FIG. 10 shows an example a timing diagram according (o an embodiment ol the
present invention.

FIG. 11 shows an example of timing and narrow-band for transmission/reception for
an initial access procedure according to an embodiment of the present invention.

FIG. 12 shows an example of a method for performing an initial access procedure
according to an embodiment of the present invention.

FIG. 13 shows an cxamplc of cross-subframc scheduling and other timing in FDD
according to an embodiment of the present invention.

FIG. 14 shows an example of a method for signaling usable DL subframes for a low
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cost UE according to an embodiment of the present invention.
FIG. 15 shows a wireless communication system to implement an embodiment of the

present invention.
Mode for the Invention

Techniques, apparatus and systems described herein may be used in various wireless
access technologies such as code division multiple access (CDMA), frequency division
multiple access (FDMA), time division multiple access (TDMA), orthogonal
frequency division multiple access (OFDMA), single carrier frequency division
multiple access (SC-FDMA), etc. The CDMA may be implemented with a radio
technology such as universal terrestrial radio access (UTRA) or CDMA2000. The
TDMA may be implemented with a radio technology such as global system for mobile
communications (GSM)/general packet radio service (GPRS)/enhanced data rates for
GSM evolution (EDGE). The OFDMA may be implemented with a radio technology
such as institute of electrical and electronics engineers (IEEE) 802.11 (Wi-Fi), IEEE
802.16 (WiMAX), IEEE 802-20, evolved-UTRA (E-UTRA) etc. The UTRA is a part
of a universal mobile telecommunication system (UMTS). 3rd generation partnership
project (3GPP) long term evolution (LTE) is a part of an evolved-UMTS (E-UMTS)
using the E-UTRA. The 3GPP LTE employs thc OFDMA in downlink (DL) and
employs the SC-FDMA in uplink (UL). LTE-advance (LTE-A) is an evolution of the
3GPP LTE. For clarity, this application focuses on the 3GPP LTE/LTE-A. However,
technical features of the present invention are not limited thereto.

FIG. 1 shows a wireless communication system. The wireless communication system
10 includes at least one evolved NodeB (eNB) 11. Respective eNBs 11 provide a com-
munication service to particular geographical areas 15a, 15b, and 15¢ (which are
generally called cells). Each cell may be divided into a plurality of areas (which are
called sectors). A user equipment (UE) 12 may be fixed or mobile and may be referred
to by other names such as mobile station (MS), mobile terminal (MT), user terminal
(UT), subscriber station (SS), wireless device, personal digital assistant (PDA),
wireless modem, handheld device. The eNB 11 generally refers to a fixed station that
communicates with the UE 12 and may be called by other names such as base station
(BS), base transceiver system (BTS), access point (AP), etc.

In general, a UE belongs to one cell, and the cell to which a UE belongs is called a
serving cell. An eNB providing a communication service to the serving cell is called a
serving eNB. The wireless communication system is a cellular system, so a different
cell adjacent to the serving cell exists. The different cell adjacent to the serving cell is
called a ncighbor ccll. An ¢NB providing a communication scrvice to the ncighbor cell

is called a neighbor eNB. The serving cell and the neighbor cell are relatively de-
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termined based on a UE.

This technique can be used for DL or UL. In general, DL refers to communication
from the eNB 11 to the UE 12, and UL refers to communication from the UE 12 to the
eNB 11. In DL, a transmitter may be part of the eNB 11 and a receiver may be part of
the UE 12. In UL, a transmitter may be part of the UE 12 and a receiver may be part of
the eNB 11.

The wireless communication system may be any one of a multiple-input multiple-
output (MIMO) system, a multiple-input single-output (MISO) system, a single-input
single-output (SISO) system, and a single-input multiple-output (SIMO) system. The
MIMO system uses a plurality of transmission antennas and a plurality of reception
antennas. The MISO system uses a plurality of transmission antennas and a single
reception antenna. The SISO system uses a single transmission antenna and a single
reception antenna. The SIMO system uses a single transmission antenna and a plurality
of reception antennas. Hereinafter, a transmission antenna refers to a physical or
logical antenna used for transmitting a signal or a stream, and a reception antenna
refers Lo a physical or logical antenna used [or receiving a signal or a stream.

FIG. 2 shows structure of a radio frame of 3GPP L TE. Referring to FIG. 2, a radio
frame includes 10 subframes. A subframe includes two slots in time domain. A time
for transmitting one subframe is defined as a transmission time interval (TTI). For
example, one subframe may have a length of 1ms, and one slot may have a length of
0.5ms. One slot includes a plurality of orthogonal frequency division multiplexing
(OFDM) symbols in time domain. Since the 3GPP LTE uscs thc OFDMA in the DL,
the OFDM symbol is for representing one symbol period. The OFDM symbols may be
called by other names depending on a multiple-access scheme. For example, when SC-
FDMA is in use as a UL multi-access scheme, the OFDM symbols may be called SC-
FDMA symbols. A resource block (RB) is a resource allocation unit, and includes a
plurality of contiguous subcarriers in one slot. The structure of the radio frame is
shown for exemplary purposes only. Thus, the number of subframes included in the
radio frame or the number of slots included in the subframe or the number of OFDM
symbols included in the slot may be modified in various manners.

The wireless communication system may be divided into a frequency division duplex
(FDD) scheme and a time division duplex (TDD) scheme. According to the FDD
scheme, UL transmission and DL transmission are made at different frequency bands.
According to the TDD scheme, UL transmission and DL transmission are made during
different periods of time at the same frequency band. A channel response of the TDD
scheme is substantially reciprocal. This means that a DL channel response and a UL
channel response are almost the same in a given frequency band. Thus, the TDD-based

wireless communication system is advantageous in that the DL channel response can
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be obtained from the UL channel response. In the TDD scheme, the entire frequency
band is time-divided for UL and DL transmissions, so a DL transmission by the eNB
and a UL transmission by the UE cannot be simultaneously performed. In a TDD
system in which a UL transmission and a DL transmission are discriminated in units of
subframes, the UL transmission and the DL transmission are performed in different
subframes.

FIG. 3 shows a resource grid for one downlink slot. Referring to FIG. 3, a DL slot
includes a plurality of OFDM symbols in time domain. It is described herein that one
DL slot includes 7 OFDM symbols, and one RB includes 12 subcarriers in frequency
domain as an example. However, the present invention is not limited thereto. Each
element on the resource grid is referred to as a resource element (RE). One RB
includes 12x7 resource elements. The number NP of RBs included in the DL slot
depends on a DL transmit bandwidth. The structure of a UL slot may be same as that
of the DL slot. The number of OFDM symbols and the number of subcarriers may vary
depending on the length of a CP, frequency spacing, etc. For example, in case of a
normal cyclic prelix (CP), the number of OFDM symbols is 7, and in case ol an
extended CP, the number of OFDM symbols is 6. One of 128, 256, 512, 1024, 1536,
and 2048 may be selectively used as the number of subcarriers in one OFDM symbol.

FIG. 4 shows structure of a downlink subframe. Referring to FIG. 4, a maximum of
three OFDM symbols located in a front portion of a first slot within a subframe
correspond to a control region to be assigned with a control channel. The remaining
OFDM symbols corrcspond to a data rcgion to be assigned with a physical downlink
shared chancel (PDSCH). Examples of DL control channels used in the 3GPP LTE
includes a physical control format indicator channel (PCFICH), a physical downlink
control channel (PDCCH), a physical hybrid automatic repeat request (HARQ)
indicator channel (PHICH), etc. The PCFICH is transmitted at a first OFDM symbol of
a subframe and carries information regarding the number of OFDM symbols used for
transmission of control channels within the subframe. The PHICH is a response of UL
transmission and carries a HARQ acknowledgment (ACK)/non-acknowledgment
(NACK) signal. Control information transmitted through the PDCCH is referred to as
downlink control information (DCI). The DCI includes UL or DL scheduling in-
formation or includes a UL transmit (TX) power control command for arbitrary UE
groups.

The PDCCH may carry a transport [ormat and a resource allocation of a downlink
shared channel (DL-SCH), resource allocation information of an uplink shared channel
(UL-SCH), paging information on a paging channel (PCH), system information on the
DL-SCH, a resource allocation of an upper-layer control message such as a random

access response transmitted on the PDSCH, a set of TX power control commands on
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individual UEs within an arbitrary UE group, a TX power control command, activation
of a voice over IP (VoIP), etc. A plurality of PDCCHs can be transmitted within a
control region. The UE can monitor the plurality of PDCCHs. The PDCCH is
transmitted on an aggregation of one or several consecutive control channel elements
(CCEs). The CCE is a logical allocation unit used to provide the PDCCH with a coding
rate based on a state of a radio channel. The CCE corresponds to a plurality of resource
element groups.

A format of the PDCCH and the number of bits of the available PDCCH are de-
termined according to a correlation between the number of CCEs and the coding rate
provided by the CCEs. The eNB determines a PDCCH format according to a DCI to be
transmitted to the UE, and attaches a cyclic redundancy check (CRC) to control in-
formation. The CRC is scrambled with a unique identifier (referred to as a radio
network temporary identifier (RNT1)) according to an owner or usage of the PDCCH.
If the PDCCH is for a specific UE, a unique identifier (e.g., cell-RNTI (C-RNTI)) of
the UE may be scrambled to the CRC. Alternatively, if the PDCCH is for a paging
message, a paging indicator identifier (e.g., paging-RNTI (P-RNTI)) may be scrambled
to the CRC. If the PDCCH is for system information (more specifically, a system in-
formation block (SIB) to be described below), a system information identifier and a
system information RNTI (SI-RNTI) may be scrambled to the CRC. To indicate a
random access response that is a response for transmission of a random access
preamble of the UE, a random access-RNTI (RA-RNTI) may be scrambled to the
CRC.

FIG. 5 shows structure of an uplink subframe. Referring to FIG. 5, a UL subframe
can be divided in a frequency domain into a control region and a data region. The
control region is allocated with a physical uplink control channel (PUCCH) for
carrying UL control information. The data region is allocated with a physical uplink
shared channel (PUSCH) for carrying user data. When indicated by a higher layer, the
UE may support a simultaneous transmission of the PUSCH and the PUCCH. The
PUCCH for one UE is allocated to an RB pair in a subframe. RBs belonging to the RB
pair occupy different subcarriers in respective two slots. This is called that the RB pair
allocated to the PUCCH is frequency-hopped in a slot boundary. This is said that the
pair of RBs allocated to the PUCCH is frequency-hopped at the slot boundary. The UE
can obtain a frequency diversity gain by transmitting UL control information through
dilferent subcarriers according (o time.

UL control information transmitted on the PUCCH may include a HARQ ACK/
NACK, a channel quality indicator (CQI) indicating the state of a DL channel, a
scheduling request (SR), and the like. The PUSCH is mapped to a UL-SCH, a transport
channel. UL data transmitted on the PUSCH may be a transport block, a data block for
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the UL-SCH transmitted during the TTI. The transport block may be user information.
Or, the UL data may be multiplexed data. The multiplexed data may be data obtained
by multiplexing the transport block for the UL-SCH and control information. For
example, control information multiplexed to data may include a CQl, a precoding
matrix indicator (PMI), an HARQ), a rank indicator (RI), or the like. Or the UL data
may include only control information.

In the current LTE specification, all UEs shall support maximum 20MHz system
bandwidth, which requires baseband processing capability to support 20MHz
bandwidth. To reduce hardware cost and battery power of the UE used for machine
type communication (MTC), reducing bandwidth is a very attractive option. To enable
narrow-band MTC UEs, the current LTE specification shall be changed to allow
narrow-band UE category. If the serving cell has small system bandwidth (smaller than
or equal to bandwidth that narrow-band UE can support), the UE can attach based on
the current LTE specification.

Hereinafter, a method for performing an initial access procedure to handle a MTC
UE according (o an embodiment of the present invention is described. Hereinalter, all
of a MTC UE, a low cost UE, a low end UE, a low complexity UE, a narrow{er) band
UE, a small(er) band UE, or a new category UE may be used mixed with each other.
Or, just UE may refer one of UEs described above. In the description below, a case
where system bandwidth of available cells is larger than bandwidth that new category
narrow-band UEs can support may be assumed. For the new category UE, it may be
assumcd that only onc narrow-band is dcfincd. In other words, all narrow-band UE
shall support the same narrow bandwidth smaller than 20MHz. It may be assumed that
the narrow bandwidth is larger than 1.4MHz (6 PRBs). However, the present invention
can be applied to narrower bandwidth less than 1.4MHz as well (e.g. 200kHz), without
loss of generality.

The followings may be assumed:

(1) Operating bandwidth of a UE may be known to the eNB. To inform operating
bandwidth, multiple approaches may be proposed. It may be assumed that that before
scheduling any PDSCH/PUSCH, the eNB knows the operating bandwidth of a UE. In
the description below, operating bandwidth in terms of the number of PRBs of a
narrow-band UE is given as NggP-©r. It may be assumed that operating bandwidth is
consistent for all narrow-band UEs within a cell. Also, UL transmission bandwidth of a
narrow-band UE may be the same as the DL operating bandwidth, i.e. NggP-°r. In
other words, UL (RF and) baseband can process only narrow-band as well.

(2) Operating bandwidth of a UE may be equal to or larger than 1.4MHz (or 6RB),
and thus, the UE is able to receive physical broadcast channel (PBCH)/primary syn-

chronization signal (PSS)/secondary synchronization signal (SSS) transmitted over
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center 6RB of system frequency band. Otherwise, a new signal similar to PBCH/
PSS/SSS may be transmitted to narrower bandwidth. Even with supporting 1.4MHz, it
may be expected that a new signal for PBCH/PSS/SSS are considered to support a low
cost UE. In this case, the new signal may be called MTC-PBCH, MTC-PSS and MTC-
SSS.

(3) The present invention may be applied two scenarios: (1) RF is capable of
receiving system bandwidth (e.g., 20MHz) but baseband is capable of processing only
narrow-band, (2) both RF and baseband can handle narrow bandwidth. If the first
scenario is used, frequency retuning delay is not considered. If the second scenario is
used, tuning delay to change frequency should be considered.

(4) This invention may assume that via RRC signaling (or other means) the UE is
notified the number of symbols used for legacy PDCCH (sent over system bandwidth)
after serving cell is established. At initial stage, upon receiving PBCH (i.e. discovering
system bandwidth), the narrow-band UE may configure the default value for the
number of symbols for legacy PDCCH to the maximum symbol counts based on
system bandwidth (e.g. three f[or NRBDL=100).

(5) The narrow-band UE may support only one LTE band and single radio access
technology (RAT). However, it is not precluded to consider inter-RAT handover case
for a low cost UE. Just for the simplicity, this invention may assume single-RAT
supporting UE.

(6) As the narrow-band UE cannot decode legacy PDCCH, another control channel
mechanism (such as enhanced PDCCH transmitted/multiplexed in PDSCH arca) may
be assumed for supporting narrow-band UEs.

It is assumed that the network may support larger than 1.4MHz system bandwidth
whereas a MTC UE may support only 1.4MHz system bandwidth. Here, the system
bandwidth from a UE perspective may be referred as RF bandwidth that a UE can
support. The initial access procedure according to an embodiment of the present
invention may need to be clarified as follows.

(1) How does the UE know that the network supports a MTC UE: Considering a
MTC UE may have different capabilities, it is also required to know which capabilities
are supported by the network. For example, whether the network supports half-duplex
FDD UEs or not may need to be informed. Earlier indication of network support on a
certain feature may be desirable to minimize the UE power consumption and the
latency of cell association. One approach is (o mandate a network to support all
possible low cost capabilities once it supports a low cost feature. For example, the
network may support half duplex (HD)-FDD, UL power reduction, reduced peak rate,
etc. Another approach, to allow network flexibility, is to allow the network signal a set

of capabilities that the network supports so that a UE can make early decision to
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continue cell association process or not.

Another approach is to allow a UE to transmit a list of capabilities along with
physical random access channel (PRACH) and/or PUSCH message 3, such that a
network may transmit a reject message at radon access response (RAR) and/or ACK
for message 3, if any of capability is not supported by the network. Additionally, the
network may indicate a set of capabilities/supportability of certain features via master
information block (MIB) and/or SIB. It may be represented as a bitmap where each bit
indicates whether a certain capability is supported or not. For example, coverage en-
hancement (CE) levels may be represented as a few capabilities such as CE level 5dB,
CE level 10dB, CE level 15dB as a separate capability, respectively.

(2) How does the network know that there may be MTC UEs before transmitting
MTC-SIB (or MTC-PBCH or MTC-synchronization signal (SS)): Since additional
system information to support MTC UEs may not be desirable if there is no MTC UE
around, some indication of presence of MTC UE may be desirable. To support this, a
MTC UE may be able to transmit a request if it knows that the network supports a
MTC UE (by maintaining history of cell association or by other external means)
without receiving any broadcast data for a while. This may be based on PRACH with a
pre-allocated dedicated preamble. If such a mechanism or other means are not used,
the network may transmit MTC-SIB with less frequency than SIBs for legacy UEs.
The transmission frequency of MTC-SIB may be predetermined based on system
frame number (SFN) information which is assumed that a MTC UE can read by
rcading lcgacy PBCH as long as it knows the center frequency.

Another approach is to adapt the frequency of SIB transmission by indicating the
frequency (or SI window) via MIB. If there are many MTC UEs, more frequent SIB
transmission may be used to minimize the latency. If there are not many MTC UEs
expected, less frequent SIB transmission may be considered. The change of SI window
or the frequency of SIB transmission may be indicated by SI update notification
similar to current mechanism to indicate SIB update (e.g. via paging) or by a new
mechanism. Or, to avoid potential confusion, the frequency of SIB may change in a
predictable way, e.g. minimum SI window, 2*minimum SI window, 4*minimum SI
window, etc. Based on knowledge that a UE may acquire based on MI1B, a UE may
expect SIB in a certain set of subframes.

(3) How does the network know a UE transmitted PRACH is a MTC UE: Since a
MTC UE cannot read PDCCH transmitted over the entire system bandwidth, the
network needs to know the capability of the UE before transmitting RAR. For this,
time division multiplexing (TDM) or frequency division multiplexing (FDM) of
PRACH may be considered such that the network can identify whether the UE is a

MTC UE or not. One example is to configure a separate set of PRACH resource for
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[52] (4) How does the UE know that the network is available for camp-on: Similar to
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current mechanism, SIB may be used for access barring. Another approach to handle
potential congestion or too many users at one time, further consideration to transmit a
reject message via RAR and/or ACK-NACK for message 3 may be considered. Some
fields in RAR may be set with a predetermined set of values to indicate "REJECT".
One example is to set MCS as "-1". For ACK-NACK, some resource may be reserved
to show "REJECT?. In terms of PHICH resource or enhanced PHICH (EPHICH)
resource, two resource may be reserved where one resource is used for ACK-NACK if
the network can accept the UE and the other resource is used for ACK-NACK if the
network cannot accept the UE. Similarly, SIB may carry the information of cell access
barring if the congestion occurs.

(5) How to compensate UL coverage if low power is used: First of all, assuming that
the transmission power reduction is a UE capability, the network may not know
whether there will be any UE requiring UL CE or not. From a UE perspective, it may
also not know whether UL CE is needed or not belore it measures relerence signal
received power (RSRP). Thus, when a UE detects a cell based on PSS/SSS, and or
cell-specific RS (CRS) and/or PBCH, a UE may measure RSRP. Based on the
difference between normal UE maximum power and its reduced power (e.g. 15dB
reduction), based on DL signal reception, the UE may estimate the needed UL CE. If
the UE determines that the UL CE is needed, it may search SIB information which
indicatcs resource pool (c.g. PRACH resource pool) which may be used for CE (maybce
separate resource pool for CE on both DL and UL and CE on UL, respectively). The
identified resource may be used to transmit repeated PRACH transmission. If there is
no resource identified, the UE may assume that the network may not support reduced
UL power. Thus, it may search a different cell. Alternatively, the network may assume
that all MTC UEs may need some UL CE depending on their location. Thus, the
PRACH configuration may indicate PRACH resource which may be used for PRACH
repletion as well. The number of repetitions may be determined based on the CE level
required which depends on RSRP and reduced UL power.

FIG. 6 shows an overall procedure of initial access according to an embodiment of
the present invention. In terms of transmission of signals, each step according to an
embodiment of the present is as follows.

(1) PSS/SSS detection (S100): Regarding PSS detection (S101), unless multiple
subband may be configured for supporting many MTC UEs in a wide-band system
bandwidth or the network may utilize a set of 1.4MHz carriers, it is assumed that a
MTC UE is able to read PSS shared with legacy UE regardless of system bandwidth.
Regarding SSS detection (S102), similar to PSS, the same SSS may be shared. If
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subband for a MTC UE (e.g. dedicated subband) is used, another SSS which indicates
the index of the dedicated subband may be transmitted. Since the UE needs to know
the system bandwidth to apply a subband, the information of dedicated subband may
be transmitted over S1B or PBCH instead of via SS

(2) RS detection/RSRP (S110): Based on RSRP, a UE may estimate the CE level
(e.g. for DL and UL, or for UL only) based on its capability of maximum power and
the geometry, etc. If a new RS pattern or some power boosting on RS is used for a
MTC UE (such as the increased density of CRS over 6 PRBs region), RSRP may be
measured over those RS REs only. One example is to prefix a set of subframes which
may be used for a MTC UE (regardless of multicast-broadcast single-frequency
network (MBSFN) configuration, or TDD DL/UL configuration). One example is to
set subframe #1 for DL in every radio frame used for a MTC UE in FDD and subframe
subframe #1 or #5 in TDD. To use special subframe #1 effectively, a MTC UE may
assume that the length of DwPTS is 11 (or 12) OFDM symbols in normal CP or 9 (or
10) OFDM symbols in extended CP. This means that a MTC UE may not be able to
utilize UL pilot time slot (UpPTS) due to the lack of switching, guard period. Thus, a
MTC UE may not be scheduled to transmit any UL in UpPTS (or not scheduled with
PRACH in that UpPTS). In other words, regardless of DL pilot time slot (DwWPTS)
configuration, a MTC UE may assume the shorted guard period and the network may
transmit DL data in the long DwPTS region.

Also, for the simplicity, a common design between HD-FDD and TDD may be also
considered. If that is considered, special subframe will be used for guard period to
switch from DL to UL. Also, from UL to DL, one DL subframe may be allowed as not
usable (same as HD-FDD). If this common design is used, HD-FDD may also operate
by configuring any TDD DL/UL configuration. DL may be used by guard period only.
So, for example, TDD DL/UL configuration 0 may not be supported. Also, TDD DL/
UL configuration 1 seems not efficient to be supported. For example, for configuration
2 (DSUDDDSUDD), it may be interpreted as DXUXDDXUXD. All HARQ-timing
and ACK-NACK multiplexing may follow TDD configuration 2. The similar
procedure may be applied to other TDD DL/UL configurations.

(3) PBCH detection for initial cell search (S120): Unless the network assures that a
MTC UE is associated with only center 6 PRBs and the resource allocation (RB as-
signment) is same as 1.4MHz system bandwidth regardless of actual system
bandwidth, the MTC UE may not need to know the system bandwidth. Otherwise, it
may need to acquire system information of the carrier. Also, SFN information is
needed. Thus, it is assumed that a MTC UE reads legacy PBCH. Legacy PBCH may
carry additional information or separate MTC-PBCH or MTC-SIB may be transmitted

to transmit any MTC related information such as the subband location, PRACH con-

Ericsson Ex. 1002, p. 151 of 229
Ericsson v. Motorola



12

WO 2016/048044 PCT/KR2015/010034
figurations.
[59] (4) RSRQ/RSRP for neighbor cell search (S130): Before determining which cell is

[60]

[61]

[62]

the best, the UE needs to know which cell supports a MTC UE or not. To determine
the network capability, additional SS may be used to just indicate whether it supports a
MTC UE or not. However, if the additional signal is not considered, a UE may have to
read up to SIB1 before making the cell selection. It is however, a burden on the MTC
UE. Thus, it is considerable to transmit a set of cell IDs support a MTC UE in prior. A
UE may perform RSRQ/RSRP measurement on neighbor cells only on those pre-
configured (or known by experience) cells that support low cost capabilities.

(5) SIB detection (S140): Due to its narrow band nature, it is not straightforward to
share SIB between legacy and MTC UEs. Furthermore, the content may be different.
Considering TDM or FDM multiplexing of PRACH, it is also desirable to transmit a
separate PRACH configuration for MTC UEs. Thus, in general, a MTC UE may search
a dedicated MTC-SIB. MTC-SIB may be transmitted in a predetermined subframe (for
example, every 1st subframe of every 10 radio frames for SIB-1). The essential in-
formaltion carried over SIB may include the location of MTC-dedicated subband (if it
may be different from the center 6 PRBs), and PRACH configuration.

Once the UE reads PBCH and thus knows the system bandwidth, SIB transmission
location may be changed based on pre-determined hopping pattern. Since a UE needs
to access narrow-band control channel as well, if control channel and data are
scheduled in the same subframe, it means that control channel frequency also changes
bascd on predetermined pattern. Alternatively, SIB may be transmitted without
PDCCH. In that case, PDSCH for SIB alone (or a new channel similar to PBCH to
carry SIB) may perform frequency hopping based on the predetermined pattern. For
example, a cell-specific pattern may be determined based on subframe index or radio
frame index and cell ID and random number generation. More specifically, if a set of
subband usable for MTC UEs are predetermined, the hopping pattern may determine a
subband index out of potential K subbands.

Since SIB may have multiple transmissions such as SIB-1 and SIB-2, etc., assigning
separate cell-specific hopping pattern may be a bit troublesome if there are multiple
cell broadcast data. For example, RAR may also perform hopping. Thus, for a cell
broadcast data, subframe-index or radio-frame-index based cell-common hopping may
be considered. Regardless of which SIB or cell broadcast data is transmitted, in a
subframe or radio (rame, [requency based on hopping pattern may be selected and used
for data transmission. If control signal and data is transmitted in the same subframe,
control signal may also hop based on the hopping pattern. Considering frequency
retuning delay to handle the different subband between cell-broadcast and unicast

PDSCH/control region, a predetermine frequency switching latency such as 200us may
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be fixed and a UE may use the first few symbols to handle the frequency switching
(e.g. legacy PDCCI region). If more gap is need, the last symbol from the previous
DL subframe may be used in addition to not listening on legacy PDCCH region
(mostly for CRS reading).

(6) PRACH transmission (S150): Similar to cell-broadcast data, a cell-common
PRACH hopping pattern may also be considered which may be determined based on
subframe or radio frame index. The hopping pattern itself may not address mul-
tiplexing issue among PRACHs of MTC UEs if a large number of MTC UEs is
accessing the cell. For that, similar to TDD PRACH configuration, FDM pattern may
also be considered. In this case, PRACH resource may be determined based on the
system bandwidth rather than 1.4MHz. Similar to legacy PRACH configuration, an
offset to transmit PRACH may be configured via SIB. By utilizing separate (e.g. TDM
or FDM) between MTC and legacy UEs, the network may determine the capability of
the sender of PRACH. When considering TDM, different propagation delay may be
considered. If a maximum propagation delay of the system is large, the gap between
two PRACH source in terms of sublrame used [or a MTC UE and a legacy UE may
have a sufficient gap (such that the overlap between two PRACH transmissions may
not occur). One example of such a gap may be 1 TTIL

Also, the scheduling with PUSCH may need to be considered as well. In other words,
when PUSCH hopping is used, the PRACH subband for a MTC UE may also hop to be
aligned with PUSCH hopping pattern (and thus minimize the collision with legacy UEs
UL transmission). Thus, configuration of PRACH hopping in terms of frcquency may
be further considered where the pattern may be determined based on PUSCH hopping
pattern. In that case, PRACH hopping pattern may be determined per UL subband
following PUSCH hopping pattern. Or, a new hopping pattern may be further
considered. To minimize the cell search efforts of a MTC UE, a network may signal a
list of frequencies/cells which support a MTC UE (or preconfigured).

(7) RAR (5160): Considering coexistence between a UE which requires UL CE and
UESs not requiring CE, the timing of RAR may become a bit challenging. One way to
mitigate this issue is to separately configure a PRACH resource pool for the number of
repetitions or the CE level. However, this requires multiple configurations of PRACH,
which requires heavy configuration. Thus, a new design of PRACH may also be
considered where PRACH bandwidth is reduced to the lower number of PRBs (such as
1 PRB) to allow more power concentrated on the PRB (i.e. power boosting). Another
approach is to allow potential UL relay via another MTC UE or a legacy UE to address
initial UL shortage. Another alternative approach is to use the worst repetition level if
a MTC UE requires any UL CE. Based on the assumption that the network and UE

may know the number of subframes used for a PRACH transmission, RAR timing may
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be determined based on the end of PRACH repetition. Similar to current timing, a UE
may wait to receive RAR at n+6th (assuming that n is the last PRACH repetition
transmission). Similar to current mechanism, a UE may wait RAR within a RAR
window where a different RAR window configuration for a MTC UE (also considering
CE level required) may be considered. Further, as described above, the RAR may
indicate rejection of the initial access procedure due to, €.g. congestion, capability, etc.

(8) PUSCH (message 3) (S170) and ACK for message 3 (S180): The message 3 may
include UE capabilities such as power reduction (class), bandwidth (BW) reduction,
etc. Based on the information carried over message 3, the network may determine
whether it can support the MTC UE or not, which may be signaled via ACK-NACK
for message 3. Transmitting UE capabilities may be limited to only initial access. For
PDCCH order based PRACH or other PRACH for SR, the message 3 may not contain
UE capabilities. PUSCH resource may be configured by RAR via resource allocation.
(E)PHICH resource may be determined by a hopping pattern used for cell broadcast
data. In other words, unless otherwise indicated, a UE may search (E)PHICH in cell
common.

However, to use this approach, (E)PHICH may need to carry for the entire system
bandwidth as FDM on UL subbands is possible. Thus, it may be assumed that cell
broadcast frequency may transmit (E)PHICH for message 3. Once a UE-dedicated
subband is configured via RAR or via RRC after RACH procedure, a UE may expect
(E) PHICH from that dedicated subbands afterwards. In other words, ACK-NACK for
message 3 may be transmitted via ccll broadcast region (or ccll-common frequency
subband), whereas other ACK-NACKSs for other ULs may be transmitted via UE-
dedicated subband (if configured). It is assumed that cell-common data may be
searched in those frequencies only. In that case, a set of subframes for cell-specific
search space (CSS) and UE-specific search space (USS) (or cell broadcast and unicast)
may be preconfigured or higher layer configured such that a UE may read one or the
other in a subframe. Alternatively, a UE may be higher layer indicated to read cell-
common subband to update, e.g. SIB, or read other broadcast messages.

If a UE supports multimedia broadcast multicast services (MBMS), it may be
supported over 6 PRBs which will be configured properly by MBMS configuration
(and thus may need a new SIB to transmit MBMS related configuration/information).
If a UE needs to read PSS/SSS or PBCH, a UE may make autonomous gap. A UE may
skip reading a [irst few OFDM symbols before PSS/SSS and/or PBCH (o create
frequency tuning delay. Alternatively, a UE may be predetermined with a set of
subframes where CSS needs to be read.

Handling of frequency retuning delay according to an embodiment of the present

invention is described. In case of half-duplex FDD or TDD, switching frequency or
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subband may require a gap to allow frequency retuning as well as UL/DL or DL/UL
switching time. To minimize the gap, frequency switching may occur only in case of
UL/DL or DL/UL switching. To support it, a set of subframes may be preconfigured as
gap, which may not be used for DL or UL transmissions. This may be needed only
when a UE may use different subband for DL and UL. If the DL and UL is the same
subcarrier, the frequency retuning latency may not be necessary. So, to maximize the
resource utilization from a UE perspective, it is desirable to use the same subband at
least within a radio frame or within a set of predetermined period. The subband may be
switched to different subband, then it may be used until the subband is changed again.
If subband for USS and CSS (or unicast and cell broadcast) is different, a UE may
have to jump between subband for CSS and USS. Since it may depend on the UE
condition to read which subframes read for CSS, a UE may create autonomous gap by
not listening on DL or not transmitting UL whenever needed. Different from half-
duplex FDD, autonomous gap may be created either for DL or UL.

Different UE capabilities and network flexibility according to an embodiment of the
present invention is described. So [ar, it has been implicitly assumed that a MTC UE
supports limited bandwidth. However, depending on its capabilities and application
demands, there may be MTC UEs which may support wideband system bandwidth,
yet, may have limited UL power, etc. Thus, to handle such MTC UEs, a UE may
access the wideband system by reading PBCH/SIBs (designed to support legacy UEs),
and then, report its capabilities. However, for example, due to the limited UL power,
PRACH transmission from the UE may not be successful. In this casc, some al-
ternatives may be proposed as follows.

(1) Since such a UE associates with a cell supporting CE, this may assume that a UE
is normal UE or category O UE where only UL CE is needed. Uplink coverage related
PRACH configuration or information may be assumed to be transmitted via legacy
SIB.

(2) Since such a UE associates with a cell either supporting CE or low cost, this may
require that a UE should assume that the network, if support low cost, supports CE. In
this case, to read necessary system information, the UE may find MTC-
PBCH/MTC-SIB. If the network does not support reduced power, the UE may not be
able to connect to the network.

(3) Such a UE may search either one (one by assuming normal or category 0 UE with
CE or MTC UE (e.g. category X) with CE.

(4) Regardless of the access mechanism, if the network knows that a UE supports
wideband, the information may be used for scheduling. In terms of UE capability, the
following options may be considered.

- A UE supports only low bandwidth both from RF and baseband perspective

Ericsson Ex. 1002, p. 155 of 229
Ericsson v. Motorola



16

WO 2016/048044 PCT/KR2015/010034

[76]

[77]
[78]

[79]

[80]
[81]
[82]
[83]
[84]

[85]
[86]

[87]

- A UE supports low bandwidth only from baseband perspective (while RF can
support wide-band)

- A UE supports wideband for baseband and RF

In case of second or third, the network may be able to schedule a UE via wideband
PDCCH. In this case, a UE may not be required to implement MTC-PDCCH.
However, this may need to be known to the network before transmitting RAR. In
general, if the UE does not require RF bandwidth reduction, it may be treated same as
Rel-12 category O UEs. If a UE can access Rel-12 category O supporting network, it
may also signal category O (if a new UE category is defined for a MTC UE in Rel-13)
for fallback operation.

It MTC-PDCCH is introduced to support a MTC UE (which may support only
limited bandwidth), it is desirable to also reduce the size of MTC-PDCCH. Given a
low size of packet for a MTC UE in general, it is worthwhile to consider multiplex
MTC-PDCCH and MTC-PDSCH in a PRB. One example is to assign one PRB (or a
few PRBs) for MTC-PDCCH and the remaining REs not used for scheduling DCI for a
PDSCH or UL grant may be used for PDSCH. Since it may cause the reliability issue,
e.g. UL grant, a UE may not be able to detect UL grant and then rate matching is
corrupted. To avoid such a case, a network may indicate two fields "DL scheduling
presence” "UL scheduling presence" in a predetermined set of REs which indicates that
there is DL scheduling (and PDSCH) and UL grant in the subframe. Depending on it, a
UE may attempt to perform rate matching within a PRB.

Further, the UE may transmit a signal for at Icast onc of the following capabilitics.

- DL bandwidth reduction (if enabled, support only 1.4MHz or lower)

- UL bandwidth reduction (if enabled, support only 1.4MHz or lower)

- UL maximum transmission power (UE power class)

- Transmission mode (TM) reduction (which TMs are supported other than already
optional TMs such as TM10)

- Coverage enhancements

- Power reduction techniques (such as long discontinuous reception (DRX), power
saving mode, etc.)

When a UE supports support on wideband reception and thus it may be associated to
a network supporting category 0 UEs, it may signal the fallback UE category of
category 0. If there is no new UE category defined to support new cost saving features,
it is desirable (o differentiate the same calegory based on release. For example, il a UE
support category O with features up to Rel-12, it may signal Rel-12-Cat-0 and if the UE
supports category O capabilities with features up to Rel-13, it may signal Rel-13-Cat-0O.
When a UE supports both category 0, it may signal both Rel-12-Cat-0 and Rel-
13-Cat-0. Even if a new UE category is defined with UE complexity reduction capa-
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bilities including potentially lower peak data rate, the UE supporting category O may
signal Cat-0 as a fallback to previous release network. In case of connection with
mobility management entity (MME), the UE may signal its Rel-13 category as well as
Rel-12 category in case that MME may not be able to support Rel-13 network if it
supports Rel-12-Cat-0. The meaning of supporting category O may imply at least one
of the followings.

- Be able to read wideband signals such as PDCCH

- Be able to access 1.4MHz system bandwidth (support PDCCH-based control
channel and the associated SIB transmission, etc., as in legacy system)

- Transmission power reduction may not be used, or the reduced power is marginal
such as 3dB

- Peak data rate up to category O capability

- CE may not be needed (this may not be so relevant in terms of signaling aspects)

Furthermore, if a UE supports CE, at least one of the following features may be
mandated.

- Handling of new SIB (il it is a capability)

- Subband switching (dynamic frequency switching among subDLBW and/or
subULBW)

- Cross-subframe scheduling

- EPDCCH

- PDCCH-less PDSCH reception

- Relaxed UE mcasurcment/fecdbacks

From the network perspective, if all these are supported, there may be different UE
types as follows.

- TM reduction only

- BW reduction only

- BW reduction + TX power reduction only

- BW reduction + CE (where the CE requirement level is less than 15dB from both
DL and UL perspective)

- BW reduction + TX power reduction + CE (where the CE requirement level is less
than 15dB from the UL perspective)

- BW reduction + TX power reduction + CE (where the CE requirement level is less
than 15dB from the DL perspective, and higher from UL perspective)

The network may have the [lexibility to support any mode or any type shown above.
Furthermore, in terms of the CE level, further flexibility to support less than 15dB
from either DL or UL may be considered. The network may signal its capability
among those (potentially with CE level it supports - DL and UL separate signaling may
also be feasible) in SIB such that a UE can determine the network capability. When
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each mode is supported, the followings may be required to be supported from the
network for each mode in terms of initial access.

(1) Category O support: SIB-1 may indicate whether the network supports category O
UE. Unless other things are configured, a UE may assume that the network at least
support category O. For this, Rel-13 network which supports a low cost may support
category O specified in Rel-12. Other features may be treated as capability.

(2) BW reduction only: Since a UE needs to inform the network about reduced BW,
it is desirable to use different PRACH resource. Thus, separate PRACH configuration
or dedicated preambles may be used for MTC UEs. This may be indicated by the
network via PBCH (additional field) or new PBCH or via the detection of a new SIB
which is designed to support reduced bandwidth UEs.

(3) BW reduction + TX power reduction only: Since TX power reduction UE may
require certain repetition of the PRACH, it may require the signaling from the network
that the network supports repeated PRACH transmissions. If a UE does not require
PRACH repetition even with reduced power, it may behave as option 2 (BW reduction
only). Il a UE needs PRACH repetition, since the UE needs to inform the necessity ol
CE and the PRACH repetition, the network may configure a separate PRACH con-
figuration or resource from a BW reduction only UEs. This may be indicated by the
network via PBCH (additional field indicating support of UL CE) or new PBCH or via
the detection of a new SIB, which is designed to support reduced bandwidth UEs and
also includes additional PRACH configuration to support PRACH repetition (which
may bc scparatc configuration or dedicated prcambles). This UE may be associated
with the network which supports option 4 (5 or 6) if the CE is needed and the network
may not support option 2 but support option 4 (or 5 or 6).

(4) BW reduction + CE (where the CE requirement level is less than 15dB from both
DL and UL perspective): Since this UE requires repetition for both DL and UL, the
network may need to indicate the capability of the network to allow repetition in both
directions along with CE level. For this, separate PRACH (maybe separate from option
3) may be needed in terms of PRACII configuration or preambles. This may be
indicated by the network via PBCH (additional field indicating support of UL/DL CE)
or new PBCH or via the detection of a new S1B, which is designed to support reduced
bandwidth UEs and also includes additional PRACH configuration to support PRACH
repetition (which may be separate configuration or dedicated preambles). This UE may
be associated with the network which supports option 5 (or 6) il the CE is needed and
the network may not support option 4 but support option 5 (or 6).

(5) BW reduction + TX power reduction + CE (where the CE requirement level is
less than 15dB from the UL perspective): It is similar to option 4.

(6) BW reduction + TX power reduction + CE (where the CE requirement level is
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less than 15dB from the DL perspective, and higher from UL perspective): It is similar
to option 4. Between options 5 and 6, the maximum CE level supported by the network
for DL and UL (or separate) may be transmitted via SIB or RAR or other higher layer
signaling.

(7) CE only + category O: If a category O UE needs CE, it may require indication
from the network which supports CE for category 0. In addition to signal of sup-
portability on category 0, it may also need indication of supportability on CE and po-
tentially along with the maximum CE level that the network supports. Additional con-
figuration to enable CE such as the source for PRACH repetitions may be signaled.

(8) CE only: For a normal UE (other than category 0 or MTC UEs), the network may
support CE only. In this case, SIB may carry the supportability of CE as well as the
necessary configuration for CE operation. For a normal UE, a UE may signal the ca-
pability of supporting coverage enhancement.

For each option for each case, a UE may signal a set of capabilities/modes that the
UE supports via higher layer signaling.

Handling of low control signal and data, and accordingly, change of RB granularity
according to an embodiment of the present invention is described. In general, the size
of control signal and data for a MTC UE is very small. Thus, current frame structure
and/or RB allocation seems too much for a MTC UE. Thus, smaller granularity of RB
allocation may be considered. One example is to allocate 0.5 PRB (from legacy UE
perspective) as a MTC-PRB. Thus, in 1.4MHz system bandwidth, for a MTC UE, there
may bc totally 12 MTC-PRBs instcad of 6 MTC-PRBs. The scheduling granularity for
a MTC-UE which requires reduced bandwidth may be based on 6 subcarriers and 14
(or less than 14) OFDM symbols. Further, PRB granularity reduction in time domain
may also be considered. For example, scheduling may be separate for the first slot and
second slot.

In general, lower granularity for PRB mapping for a MTC UE may be considered.
This may be used for EPDCCH set configurations, PDCCH mapping, and data
scheduling. The same principle may be applied for UL scheduling as well. If this is
used, enhanced resource element group (EREG) mapping may need to be changed.
Also, transport block (TB) size determination may be changed where a simple rule
may be applied to (TB size for a MTC UE = TB size from the current specification *
0.5 (as only the half PRB is used for delivering PDSCH)) or (TB size for a MTC UE =
TB size [rom the current specilication * 0.25 (if one PRB is spilt to four MTC-PRBs
for a MTC UE)). The mapping of demodulation RS (DM-RS) may become a bit
challenging as well channel state information RS (CSI-RS) resource mapping. Thus,
for resource mapping, it may be assumed that the MTC UE follows legacy PRB
mapping. For DM-RS, a MTC UE may assume that at least two split MTC-PRB are
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used in case DM-RS is used. Thus, MTC-PRB may be usable better with EPDCCH
based on CRS rather than DM-RS.

Network assistance for handover for UEs requiring CE according to an embodiment
of the present invention is described. For a UE requiring CE, it is expected that all
channels including PBCH may be repeated to support CE. To minimize spectral ef-
ficiency degradation, cell broadcast channels such as PBCH may be likely to be
repeated intermittently rather than continuously. When a UE boots-up, since the in-
formation is not available from any cell, a UE may have to blindly search inter-
mittently retransmitted/repeated PBCHs for a cell. However, once a UE is associated
with a cell or camp on a cell, the network assistance to inform the rough location of in-
termittent PBCH transmission may be considered. Not only PBCH but also other
necessary information required to support UEs requiring CE, such as SIB, may be
transmitted with intermittent PBCH transmission. For example, if the network
transmits repeated PBCH once every 1 hour where intermittent SIB transmissions may
occur as well, initially, for a UE to search a cell by reading PBCH, it may take up to 1
hour as the UE does not know when the intermittent transmission would occur.

However, if a cell is associated or camp on any cell, it may acquire the rough timing
information, and then, the cell may transmit timing information of neighbor cells
where intermittent PBCH/SIB (and potentially other information as well) transmission
may occur to support UEs requiring CE. This may be signaled by SIB of the camp-on
or associated or serving cell. In other words, the rough information of time (potentially
frequency location as well) location of intermittent transmission of nccessary system
information and MIB of a neighbor cell (both inter and intra-frequency cells may be
considered for this assistance) may be indicated via one cell. Even though a cell may
not support CE, it may still transmit the information of neighbor cells which support
CE. Alternatively, it may be assumed that rough timing of intermittent transmission of
system information among neighbor cells is aligned. If a UE detects intermittent
transmission from one cell, it may be able to assume that neighbor cells also transmit
intermittent repetitions as well. In this case, indication from the serving cell on timing
for intermittent transmission may be sufficient.

More specifically, the timing information may include offset and interval where
offset may be determined based on SFN of the cell which transmits assistance in-
formation (e.g. camp-on cell or serving cell) and it may indicate the starting (rough
timing) timing of intermittent transmission. Interval is the period between (wo in-
termittent repetitions.

Also, this information at least signaled at hand-over from one cell to another cell may
assist the quick acquisition of system information.

Since the network maximum CE level may not be sufficient for a UE depending on
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its location and the required coverage level from a cell, it is also desirable to indicate
the maximum CE level that neighbor cells support via assistance information. For
example, a list of cells which supports MTC UE may be signaled along with the
maximum CE level that the cell supports. If the cell does not support CE, maximum
CE level may be set as OdB. In terms of measurement reports, a UE may determine the
list of cells which the UE may be associated with, and then report to only those cells.
For example, if signal to interference noise ratio (SINR) is -16dB from a cell (and thus,
CE of at least 10dB is needed from the cell) and the cell supports only 2dB en-
hancement, the UE may not report measurement result of the cell to the serving cell, as
it may not be feasible to be handed over to that cell. Another approach is to transmit
measurement results where the threshold may be lowered considering potential CE
gain and the network may determine the target cell for hand-over. In terms of
maximum CE level, the network may also set a RSRP threshold which the network can
support. If a UE cannot acquire RSRP higher than the threshold, the UE may assume
that the cell is barred for the access.

To conligure the assisted information, those information need to be exchanged via
backhaul signaling among cells.

RACH procedure according to an embodiment of the present invention is described.
When a UE transmits PRACH, it may select a resource which is uniquely assigned to
each CE level. To differentiate between a MTC UE with UL power reduction and a
MTC UE without UL power reduction, and also a MTC UE with a normal UE
supporting CE, somc resource scparatc may be neccssary. There may be possibly three
different types of UEs as follows.

(1) Type 1: A MTC UE (reduced bandwidth) with reduced UL power

(2) Type 2: A MTC UE (reduced bandwidth) without reduced UL power

(3) Type 3: A normal UE (not reduced bandwidth) without reduced UL power

In terms of RAR reception, type 1 and type UE may not be needed to be differ-
entiated. The capability of bandwidth may be signaled via message 3 for type 3,
different from type 1. In terms of differentiation between type 1 and type 2, which
defines possibly different number of repetitions, the following alternatives may be
considered.

- Repetition number may be defined per type 1 where type 2/3 are allowed to be
transmitted with only reduced number of repetitions. For example, for CE level 5dB,
repetition number for PRACH may be determined as 20 times where type 2/3 may
transmit with less number of repetition such as 10. In this case, the network may be
supposed to perform blind decoding.

- Type 1 and type 2/3 may be differentiated based on preamble where type 2/3 may

take smaller number of repetitions or take the same number of repetitions
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- Different resource for type 1 and type 2/3 may be defined.

- For another approach to handle multiplexing between different maximum UL
power, it may be restricted that a normal UE without UL power reduction may also use
the lower power assuming UL power reduction if multiplexing is allowed. In other
words, until a normal UE is attached to the network, it may behave as a MTC with UL
power reduction. This may be achieved via setting PEMax as the UL power reduction
such that a normal UE cannot use its configured maximum power. Another approach is
to simply restrict the normal UE from utilizing the configured maximum power.

Differentiation between type 2 and 3 may be further considered where type 2/3 may
be differentiated via different preamble or resources in terms of time/frequency.

Once the network receives PRACH repetition, it may determine the repetition level
required for RAR. In terms of RAR repetition number, there may two approaches as
follows.

(1) A UE may assume a constant repetition number which is determined based on
PRACH CE level. For example, it PRACH uses 5dB CE level, RAR may also be
transmitted using 5dB CE level.

(2) A UE cannot assume a constant repetition number. In this case, a UE may need to
blindly search the repetition numbers of RAR.

Regardless of which approach is used, resource pool where RAR is transmitted may
be defined at least before USS narrow-band is configured as follows.

(1) A set of separate resource pool may be defined per CE level: Either different
narrow-band and/or timec may be defined for different CE levcel. In this case, if the
second approach described above (repetition number is not fixed) is assumed, a UE
may need to blindly search the number of repetitions. Another approach is to restrict
the blind search candidates of repetition levels such that repetition number = K is
defined for the CE level that PRACH has used, then a UE needs to blindly search K/2
and 2*K. The network may always transmit to 2*K repetition level where the UE
reports the successful decoding repetition number in message 3 such that the network
can know the required repetition number for DL transmission. Furthermore, the
repetition number for message 3 may determine according to PRACH (coarse
granularity) or according to RAR. RAR may indicate the required number of rep-
etitions for message 3.

(2) A common resource pool may be used where the RAR is differentiated by
repetition number of RAR where repetition number corresponds (o the PRACH CE
level.

(3) A set of separate narrow-band may be defined per CE level where CE level is de-
termined by PRACH repetition level. The occasion of RAR in each narrow-band may

be further determined by M-PDCCH or narrow-band occasion configured either im-

Ericsson Ex. 1002, p. 162 of 229
Ericsson v. Motorola



23

WO 2016/048044 PCT/KR2015/010034

[142]

[143]

[144]

[145]
[1406]

[147]

[148]

[149]

[150]
[151]
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[153]

plicitly (derived from PRACH configuration) or explicitly.

(4) M-PDCCH may indicate the narrow-band where RAR PDSCH is scheduled. M-
PDCCH for this purpose may be scheduled via dedicated CSS narrow-band.

Once a UE is configured with C-RNTI and configured with USS narrow-band, RAR
may be transmitted from USS narrow-band instead of above mechanism.

For the case of normal coverage, resource pool of RAR may be determined as
follows.

- M-PDCCH may indicate the narrow-band where RAR PDSCH is scheduled.

- A dedicated narrow-band may be configured either by SIB or predefined, where
RAR occasion is configured or implicitly determined based on PRACH configuration.

- Center 6 PRBs may always be used for RAR transmission where RAR occasion
may be determined based on RAR occasion configuration or based on PRACH con-
figuration.

- Multiple CSS narrow-bands (NBs) may be configured.

- Different CSS NB may be monitored per purpose (e.g. different NB between
paging and RAR).

- Same NB may be used for CSS and USS when a UE is connected.

RAR windows size according to an embodiment of the present invention is
described. If RAR is multiplexed in a narrow-band, the maximum RAR window size
may be defined as (maximum repetition number of RAR * maximum number of
preamble). Starting subframe of RAR may be defined per ending subframe of PRACH
transmission or starting subframc of PRACH. For cxample, starting RAR subframec
may be (starting subframe + K' + 3), where K' is the number of PRACH repetition
number configured for a CE level. A UE may transmit less number of repetition than
K'if a UE does not have UL power reduction or some other reasons. In general, RAR
window size may be defined as (maximum number of repetition number of RAR *
maximum number of preamble) used in a narrow-band where the UE expects to
receive RAR. If a separate RAR narrow-band is defined per CE level, where maximum
number of repetition of RAR is different per CE level, different RAR window size may
be used. Within a RAR window, the possible starting subframe may be defined as one
of the following approaches.

(1) Per each maximum number of repetition: For example, if the same narrow-band
is shared among different CE levels or the UE is required to perform blind decoding on
all CE levels, possible starting subframe within a RAR window may be delined as
(S+L*M), where S is the starting subframe index of RAR window and L=0, 7, I, and M
is the maximum number of repetition number.

(2) If a UE is required to perform only one repetition number for RAR, (S+L*M")

may be starting subframes where M' is the number of repetition that the UE expects.
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PRACH resource according to an embodiment of the present invention is described.
Currently, frequency location of PRACH may be determined by npgpose®* which
defines the offset from the first PRB where the first PRB of PRACH resource can
reside. Now that, it is considered that a set of narrow-bands may be used in both DL
and UL. Thus, the location of PRACH transmission needs to be aligned with UL
narrow-bands. Thus, the offset may be used rather 6 PRBs unit than a PRB unit. For
example, Nxposet® may be 0, 1,...where the PRACH narrow-band is determined as
narrow band O or narrow band 1, and so on. In terms of frequency location of PRACH,
it may be determined as Equation 1 described below.

<Equation 1>

nl%é offset T L&TAJ > if fra mod2=0

Nll\]ﬂg — nﬁhﬁ offset — L%‘AJ , otherwise

In other words, frequency location of PRACHSs may be defined per narrow-band in
edge of system bandwidth excluding one or more narrow-bands in the edge (which are
used for legacy PUCCH or other transmissions). If different frequency location is
configurcd per CE lecvel, different fr4 value may be assigned per cach CE level. When
hopping is used, [r4a=0 may hop to the location of [zra=5 (and vice versa), and [ra=1
may hop to fra=4 (and vice versa). Or, offset may be used where fr, hops to {(frs +
offset) % total number of narrow-bands used for PRACH}.

FIG. 7 shows an example of frequency location of PRACHs according to an em-
bodiment of the present invention. FIG. 7 shows a case that nyg.g..2*=1 with hopping
pattern of mirroring. Referring to FIG. 7, NB_2, corresponding to fz,=0, hops to
NB_K-1, corresponding to fga=5.

It is generally desirable to transmit PRACHSs in consecutive subframes assuming that
PRACH resourcc is availablc in cvery subframe. Howcever, duc to possiblc collision
with legacy PRACH, sounding reference signal (SRS), TDD, etc., it is desirable to
configure a set of UL subframes usable for PRACH transmission. One approach is to
use legacy PRACH configuration which defines the available set of subframes usable
for PRACH where only starting subframe set is configured (a separate configuration is
feasible per CE level). However, this approach may reduce the gain from multi-
subframe channel estimation and also frequency hopping. Thus, another approach is to
create a PRACH resource configuration rather based on a unit of multiple subframes
where consecutive subframes may be used for PRACH transmission. For example,
instead of using density within 10ms, density per 100ms (or some other value) may be

used. For example, Table 1 shows an example of a [rame structure type 1 (i.e. FDD)
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[162]

random access configuration for preamble formats 0 according to an embodiment of

the present invention.

[Table 1]

PRACH Configura- [Preamble Format System frame Subframe number
tionIndex number

0 0 Even 0,1,2,3,4

1 0 Even 5,6,8,9,9

2 0 Even [0-9]

3 0 SFN%5=0 0,1,2,3,4

4 0 SFN%5=0 5,6,8,9,9

5 0 SEN%5=0 [0-9]

6 0 Any 0,1,2,3

Similar to TDD, PRACH resource may be defined as a function of density (in a
resource unit), where (fra, fra®, fraV, fra®) may be used to indicate PRACH resource.
fra may represent the narrow-band location (logical where physical location may
change per hopping pattern which is a cell-common pattern). fz,» may represent all
radio frames, first K radio frame, second K radio frame where K is pre-defined (e.g.
K=5). In other words, instead of PRACH configuration length is fixed to 20ms, it may
be extended o, e.g. 100ms. Furthermore, different configuration set may be used per
each CE level, where PRACH occasion may occur more often in low CE level
compared to high CE level. To change it, K may be configurable or fixed per CE level.
For example, in LC, K=1, in low CE level, K=2, and in high CE level, K=5. fx,V may
represent first half of subframes in each radio frame or second half subframes in each
radio frame configured by A ©@. fr2® may define a set of starting subframe which may
be defined a multiple of repetition number, and thus, different value may be configured
per CE level.

Table 2 and Table 3 show an example of a frame structure type 2 (i.e. TDD) random
access configuration for preamble formats O according to an embodiment of the present

invention.
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[163] [Table 2]

PRACH configura- |Preamble Format Density Per K*¥10  [Version rga
tionIndex msDga

0 0 0.5 0

1 0 0.5 1

2 0 0.5 2

3 0 1 0

[164] [Table 3]

PRACH con- CE level O CE level 1 CE level 2 CE level 3
figuration Index

0 (0,1,0,2) (1,1,0,1) (2,1,0,0) (3,1,0,2)

1 0.2,0,2) (L,2,0,1) (2,2,0,0) (3,2,0.2)

2 (0,1,1,2) (0,2,1,1) (1,1,1,0) (1,2,0,1)
3 (0,1,0,2) 0.2,0,1) (2,1,0,0) (3,2,0.2)

[165] Rcferring to Tablc 2 and Tablc 3, PRACH configuration index (0, 1) may bc uscd for
FDM among CE levels, and PRACH configuration index (2, 3) may be used for FDM/
TDM among CE levels. In other words, PRACH configurations for FDM/TDM may be
configured among CE levels.

[166] FIG. 8 shows an example of PRACH configurations for FDM/TDM among CE
levels according to an embodiment of the present invention. Referring to FIG. 8§,
PRACH configuration for FDM/TDM is configured per each CE level, e.g. CE level 1.

[167] RA-RANT according to an embodiment of the present invention is described.
Currently, RA-RNTI is defined by Equation 2.

[168] <Equation 2>

[169] RA-RNTI =1 + _id+10%(_id

[170] In Equation 2, t_id is the index of the first subframe of the specified PRACH (0< t_id

<10), and £_id is the index of the specified PRACH within that subframe, in ascending
order of frequency domain (0< f_id< 6). The MAC entity may stop monitoring for
RARC(s) after successful reception of a RAR containing random access preamble
identifiers that matches the transmitted random access preamble. However, considering
that different repetition number may be used between MTC UEs with or without UL
power reduction, instead of utilizing the first subframe, it may use the end subframe.
Or, dcpending on its type, t_id (a UE with UL power reduction) or t_id*2 (for a UE
without UL power reduction) may be used. In other words, RA-RNTI may be differ-
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[174]

[175]

[176]

entiated for different UE type. Furthermore, CE level that the UE used for PRACH
transmission may also be considered. In this case, RA-RNTI may be defined by
Equation 3.

<Equation 3>

RA-RNTI= 1 + t_id+10*f_id + CE_level

In Equation 3, t_id is the index of the end subframe of the specified PRACH. In other
words, CE level and/or end subframe and/or different number of repetitions used for
PRACH transmission may need to be accounted for RA-RNTI. Also, considering that
RAR may not be multiplexed, RA-RNTI may be different per preamble. Otherwise, a
UE may not stop monitoring RAR until it detects its corresponding RAR which
matches to the preamble index that the UE has transmitted.

RAR message transmission according to an embodiment of the present invention is
described. Assuming that RA-window has been extended, RAR may be transmitted per
UE in a control channel format. In this case, backoff may not be used to make the size
of RAR as same. RAR may be transmitted in a control channel. If RAR is transmitted
in a control channel [ormadt, it is desirable (o have the same size between RAR and
other control channel. Also, if control channel format is used for paging, it is further
desirable to have the same size between RAR and paging.

FIG. 9 shows an example of a current RAR. Referring to FIG. 9, currently RAR
includes R field, timing advance command field, UL grant field and temporary C-
RNTI field. However, UE ID used in paging has only 16 bits. To align the size
between two formats, it may be assumed that that UE 1Ds arc repcated three times.

Another approach is to use the same size between paging and other scheduling
transmitted via non-UE-specific search space where RAR may use different size. Since
it is necessary only for initial PRACH procedure or UE-initiated procedure
(PDCCH-order initiated procedure may utilize only control information to carry the
necessary information where RAR may be omitted, however, timing advance (TA(
may be necessary and UL grant may also be necessary), different handling between
two may be further considered. In general, UL grant may be fixed in initial procedure
and temporary C-RNTI may be missed in PDCCH-order initiated procedure. In other
words, UL grant may be preconfigured, or selected according to either PRACH or
RAR such that content of RAR may be reduced to be fit in the size of control channel.
One simple approach is to fix the narrow-band location of message 3 to reduce the
resource allocation [ield where the narrow-band used for PRACH transmission may be
used for message 3. However, PRACH subframes configured for potential PRACH
transmission in that narrow-band may not be used for message 3 transmission. Another
approach is to configure or prefix narrow-band or a set of narrow-bands which may be

used for message 3. Since message 3 may be transmitted over 1 PRB, instead of con-
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[182]

figuring multiple narrow-bands, one narrow-band may be configured for message
where PRB is selected by narrow-band index of PRACH transmission where
(narrow-band index % 6) is used for PRB index of message 3.

If a network configures starting subframe sets for a set of repetition levels including
maximum CE level that the network supports, RAR starting subframe may utilize
those starting subframe sets where the repetition number and/or candidates of
repetition number(s) may be derived from PRACH CE level. For example, when SIB
indicates that the starting subframe of control channel is every 100ms, the UE may
expect to receive RAR at the first starting subframe after the last transmission of RAR
transmission + 3 ms.

FIG. 10 shows an example a timing diagram according to an embodiment of the
present invention. Referring to FIG. 10, starting PRACH subframes are configured,
and from the starting PRACH subframe, RAR starting subframes may be configured
based on PRACH CE level.

Regarding message 3 transmission, similar to PRACH, the UE with and without UL
power reduction may take dillerent repetition level. Since the network may be able (o
differentiate between two UE types, message 3 repetition level may be confirmed by
the network via RAR.

Message 4 reception according to an embodiment of the present invention is
described. Message 4 may be transmitted in the same narrow-band where RAR has
been transmitted. Alternatively, message 4 may be transmitted in a different narrow-
band which is defined by temporary C-RNTI. The repcetition level of message 4 may be
defined by the repetition level of RAR. Alternatively, message 4 repetition level may
be blindly searched via searching multiple possible repetition levels. If a UE cannot
identify narrow-band for temporary C-RNTI, the same narrow-band where RAR has
been transmitted may be used. However, it may be good if the narrow-band may be
scheduled via RAR such that the UE can use the narrow-band for message 4 reception.
Nonetheless, a UE may use the default narrow-band which is defined by temporary C-
RNTT until it is configured to use a different narrow-band for control channel
monitoring. In the default narrow-band, the cell-common configured starting subframe
sets may be monitored for control channel reception.

FIG. 11 shows an example of timing and narrow-band for transmission/reception for
an initial access procedure according to an embodiment of the present invention.
Referring to FIG. 11, SIB is transmitted in NB_1, which is cell-common, and PRACH
is transmitted in NB_ 1. Further, RAR is transmitted in NB_2, which is at USS, and
message 3 is transmitted in NB_1. Finally, Message 4 is transmitted in NB_3, which is
configured as default USS.

In summary, this present invention proposes the followings:
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- Message 4/RAR may be transmitted or may start in a different set of subframe from
a set of starting subframes for control channel scheduling data with C-RNTT and/or the
repetition level configured to a UE for control channel repetition. More specifically,
the UE may monitor more repetition levels for message 4 and RAR or monitor
multiple repetition level(s) derived from PRACH repetition level.

- The narrow-band used for RAR may be either fixed or associated with PRACH
transmission. The narrow-band used for message may be either fixed or associated
with temporary C-RNTI.

- To allow transmission of RAR and paging in a control channel, size of RAR and
paging may be aligned with a scheduling DCI with possible zero padding.

- PRACH resource may be determined per narrow-band level rather than PRB level.

- Repetition number used by a UE without UL power reduction may be smaller than
by a UE with power reduction using the same CE level. In other words, CE level may
be defined by DL coverage. To differentiate between two UE types, separate preamble
may be used. Alternatively, separate resource may be configured for each UE type.

Further, for a UE (o be able to receive and transmit DL and UL channels, at least one
of the following configuration parameters may need to be configured to a UE either
implicitly or explicitly.

(1) Cell-common configurations

- Narrow-band configuration and frequency hopping patterns

- PRACH resource(s) & PRACH configuration

- RAR rcsource(s) & RAR configuration (if any)

- Paging resource(s) & paging occasion configuration

- Message 4 resources

- ACK/NACK resource for message 4

- CSS configuration (if any) including a set of starting subframes

- Power settings (such as PO_PUCCH)

- The set of subframes which may be used for MTC UEs (e.g., excluding MBSFN
subframes)

- Maximum CE level supported by the network

(2) UE-specific configurations

1) M-PDCCH related configuration

- Common to normal coverage and enhanced coverage: Narrow-band index (virtual
or physical) where M-PDCCH may be monitored, PRB set where M-PDCCH may be
mapped (default value may be considered for CE), M-PDCCH set (if multiple sets may
be configured), Localized or distributed (if both options are configurable)

- For enhanced coverage: Repetition level or CE level and its associated blind

decoding candidates, starting subframe set
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2) PUCCH related configuration

- Resource mapping related parameters

Coexistence of non-UE-specific SS and USS in the same narrow-band according to
an embodiment of the present invention is described. As mentioned above, there may
be a narrow-band where CSS is monitored for cell common data transmission. This
may be particularly useful in case of normal coverage without repetition. Once a UE is
configured with a narrow-band for USS, if the UE has to monitor different narrow-
band for CSS, it may require a type of TDM between USS and CSS, which may be in-
efficient due to frequency retuning, and also TDM separation. Thus, it is desirable to
consider monitoring CSS or non-UE-specific SS in the same narrow-band where a UE
monitors USS. In case of normal coverage, coexistence of two SSs may be easily
achievable by configuring one EPDCCH set for CSS and the other EPDCCH set for
USS. For CSS, aggregations levels may be restricted and different hashing function
may be used. In case of CE, coexistence between two SS may have different blind
decoding candidates which may also have different repetition levels. For example, if
reconfiguration is used to reconfigure CE level of M-PDCCH (ransmission, or if
paging is transmitted with non-fixed repetition level for non-UE-specific SS, a UE may
need to assume maximum repetition numbers or more candidates of repetition numbers
whereas the UE may need to monitor a limited number of repetition numbers for USS
(e.g. one configured repetition level). To minimize blind decoding overhead, TDM
between non-UE-specific SS and USS may be further considered in CE.

FIG. 12 shows an cxamplc of a mcthod for performing an initial access proccdurc
according to an embodiment of the present invention.

In step S200, the MTC UE transmits a list of capabilities to a network. The list of ca-
pabilities may be transmitted via a random access preamble on a PRACH or a message
3 on a PUSCH. The list of capabilities may include at least one of a power reduction, a
bandwidth reduction, or coverage enhancement. The MTC UE may support the
bandwidth reduction and the coverage enhancement.

In step S210, the MTC UE receives a reject message from the network when at least
one of the capabilities is not supported by the network. The reject message may be
received via a random access response or an acknowledge message for the message 3.
A specific field in the random access response may be set to a pre-determined value for
the reject message. A specific resource for the acknowledge message may be reserved
[or the reject message.

Further, the MTC UE may receive a set of capabilities from the network via a MIB or
a SIB. The set of capabilities may be represented as a bitmap in which each bit
indicates whether a specific capability is supported or not by the network. Further, the
MTC UE may receive a SIB for the MTC UE from the network before transmitting the
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list of capabilities. A location of the SIB may be changed based on a pre-determined
hopping pattern. The pre-determined hopping pattern may be a subframe index based
cell-common hopping or a radio frame index based cell-common hopping. The system
information for the MTC UE may be received in a pre-determined subframe. The
system information for the MTC UE may include at least one of a location of a
dedicated subband or a PRACH configuration.

[211] Signaling of usable downlink subframe for MTC UEs according to an embodiment of
the present invention. Due to cell common data transmission, MBSEN, etc., there are
subframes usable for DL repetition restricted. In other words, full subframes may not
be usable for DL transmission for MTC UEs, even though a UE can read all subframes
to acquire CRS. If CRS/DM-RS boosting may be used, a UE may not be expected to
read other subframes than configured DL subframes for MTC UEs. One example is to
configure MBSFN subframe like configuration where the indicated bits are assumed to
be usable by a MTC UE (or reversely assume those are not available). In this case, it
may be assumed that non-MBSFN subframes are usable by MTC UEs. Another
example is to conligure a bitmap of size 10 (per radio [rame) (o indicate which
subframes are usable for MTC UEs. If MBSFN subframe like configuration is used, re-
striction of UL subframes may not be easily doable. Another approach is to pre-
configure a set of subframes, and SIB may indicate the configuration used by the
network. For example, similar to PRACH resource, Table 4 shows the pre-
configuration of a set of subframes.

[212] [Tablc 4]

Available subframe configura- |System frame number Subframe number

tionIndex

0 Even 0,1, 2, 3, 4]

1 Even [5-9]

2 Even 10-9]

3 Even [0,1,4,5,9]

4 Any 0,1, 2, 3, 4]

5 Any [5-9]

6 Any [0-9]

7 Any [0,1,4,5,9]
[213] Even though this may restrict the flexibility of MBMS configuration, it may signal

both DL and UL. This may be configured in addition to MBSFN subframe like con-

figuration where a UE assume that only inter-sected subframes are usable for DL
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reception (for UL, this indication may be used in conjunction with DL/UL con-
figuration).

When this is configured and message 3 is transmitted to the subband where PRACH
is transmitted, the UE may skip subframes configured for potential PRACH
transmission from the repetition. Also, when this is configured, the number of
subframes in a radio frame may increase only based on this value.

FIG. 13 shows an example of cross-subframe scheduling and other timing in FDD
according to an embodiment of the present invention. FIG. 13 assumes that available
subframe configuration index 7 described above is used. Referring to FIG. 13, when
control channel transmission ends at subframe n, data transmission may occur at
subframe n+k, where k is the next available DL subframe counting 1 valid DL
subframe. For UL, similar to DL, only valid UL subframes are counted for the timing.
In case of TDD, if all UL subframes are available, TDD PUSCH timing may be reused.
Furthermore, a UE may be required to estimate the subframe where DL reception may
occur and required to change the narrow-band location before it needs to read data
channel. Thus, in case that a UE is scheduled in NB_2, the second transmission of
control channel may be received as the UE is required to switch its frequency before
data reception. In other words, the gap may always be created right before actual
transmission/reception, and in that way, the network may schedule/utilize more
narrow-band subframes. Furthermore, when more than one control channel is
transmitted consecutively, the UE may assume that narrow-band for data reception is
also in the samc narrow-band so that frcquency rctuning between two data reception is
not required. Otherwise, the UE may ignore the second or latter scheduling.

FIG. 14 shows an example of a method for signaling usable DL subframes for a low
cost UE according to an embodiment of the present invention.

In step S300, the low cost UE receives information on usable DL subframes for the
low cost UE from a network. The information on the usable DL subframes may
include a subframe configuration where indicated bits corresponds to the usable DL
subframes. The usable DL subframes may be non-MBSFN subframes. Or, the in-
formation on the usable DL subframes may include a bitmap which has a size of 10.
Or, the information on the usable DL subframes may include a pre-configuration of the
usable DL subframes. The information on the usable DL subframes may be received
via SIB. A number of subframes in a radio frame may increase according to the pre-
conliguration of the usable DL subframes.

In step S310, the low cost UE performs reception by using the usable DL subframe
from the network. The performing reception comprises receiving a control channel at a
first usable DL subframe, and receiving a data channel at a second usable DL

subframe, which is a next usable DL subframe of the first usable DL subframe. The
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next usable DL subframe may count one valid usable DL subframe.

FIG. 15 shows a wireless communication system to implement an embodiment of the
present invention.

An eNB 800 may include a processor 810, a memory 820 and a transceiver 830. The
processor 810 may be configured to implement proposed functions, procedures and/or
methods described in this description. Layers of the radio interface protocol may be
implemented in the processor 8§10. The memory 820 is operatively coupled with the
processor 810 and stores a variety of information to operate the processor §10. The
transceiver 830 is operatively coupled with the processor 810, and transmits and/or
receives a radio signal.

A MTC UE 900 may include a processor 910, a memory 920 and a transceiver 930.
The processor 910 may be configured to implement proposed functions, procedures
and/or methods described in this description. Layers of the radio interface protocol
may be implemented in the processor 910. The memory 920 is operatively coupled
with the processor 910 and stores a variety of information to operate the processor 910.
The transceiver 930 is operatively coupled with the processor 910, and transmits and/
or receives a radio signal.

The processors 810, 910 may include application-specific integrated circuit (ASIC),
other chipset, logic circuit and/or data processing device. The memories 820, 920 may
include read-only memory (ROM), random access memory (RAM), flash memory,
memory card, storage medium and/or other storage device. The transceivers 8§30, 930
may includec bascband circuitry to process radio frequency signals. When the cm-
bodiments are implemented in software, the techniques described herein can be im-
plemented with modules (e.g., procedures, functions, and so on) that perform the
functions described herein. The modules can be stored in memories 820, 920 and
executed by processors 810, 910. The memories 820, 920 can be implemented within
the processors 810, 910 or external to the processors 810, 910 in which case those can
be communicatively coupled to the processors 8§10, 910 via various means as is known
in the art.

In view of the exemplary systems described herein, methodologies that may be im-
plemented in accordance with the disclosed subject matter have been described with
reference to several flow diagrams. While for purposed of simplicity, the
methodologies are shown and described as a series of steps or blocks, it is to be un-
derstood and appreciated that the claimed subject matter is not limited by the order of
the steps or blocks, as some steps may occur in different orders or concurrently with
other steps from what is depicted and described herein. Moreover, one skilled in the art
would understand that the steps illustrated in the flow diagram are not exclusive and

other steps may be included or one or more of the steps in the example flow diagram
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may be deleted without affecting the scope and spirit of the present disclosure.
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[Claim 1]

[Claim 2]

[Claim 3]

[Claim 4]

[Claim 5]

[Claim 6]

[Claim 7]

[Claim 8]

[Claim 9]

[Claim 10]

[Claim 11]

[Claim 12]

[Claim 13]
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Claims
A method [or performing, by a low cost user equipment (UE), an initial
access procedure in a wireless communication system, the method
comprising:
transmitting a list of capabilities to a network; and
receiving a reject message from the network when at least one of the
capabilities is not supported by the network.
The method of claim 1, wherein the list of capabilities is transmitted via
a random access preamble on a physical random access channel
(PRACH) or a message 3 on a physical uplink shared channel
(PUSCH).
The method of claim 2, wherein the reject message is received via a
random access response or an acknowledge message for the message 3.
The method of claim 3, wherein a specific field in the random access
response is set to a pre-determined value for the reject message.
The method of claim 3, wherein a specific resource for the ac-
knowledge message is reserved for the reject message.
The method of claim 1, wherein the list of capabilities includes at least
one of a power reduction, a bandwidth reduction, or coverage en-
hancement.
The method of claim 6, wherein the low cost UE supports the
bandwidth reduction and the coverage enhancement.
The method of claim 1, further comprising receiving a set of capa-
bilities from the network via a master information block (MIB) or a
system information block (SIB).
The method of claim §, wherein the set of capabilities is represented as
a bitmap in which each bit indicates whether a specific capability is
supported or not by the network.
The method of claim 1, (urther comprising receiving a SIB [or the low
cost UE from the network before transmitting the list of capabilities.
The method of claim 10, wherein a location of the SIB is changed
based on a pre-determined hopping pattern.
The method of claim 11, wherein the pre-determined hopping pattern is
a subframe index based cell-common hopping or a radio frame index
bascd ccll-common hopping.
The method of claim 10, wherein the system information for the low

cost UE is received in a pre-determined subframe.
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[Claim 14] The method of claim 10, wherein the system information for the low
cost UE includes at least one of a location of a dedicated subband or a
PRACH configuration.

[Claim 15] A low cost user equipment (UE) comprising:
4 memorys;
a transceiver; and
a processor coupled to the memory and the transceiver, and configured
to:
control the transceiver to transmit a list of capabilities to a network; and
control the transceiver receive a reject message from the network when

at least one of the capabilities is not supported by the network.
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INTERNATIONAL SEARCHING AUTHORITY

Box No.I  Basis of the opinion

1. With regard to the language, this opinion has been established on the basis of:
the intemational application in the language in which it was filed.
{71 a translation of the international application into which is the language of a translation furnished for the
purposes of international search (Rules 12.3(a) and 23.1(b)).
2. 1 This opinion has been established taking into account the rectification of an obvious mistake authorized by
or notificd to this Authority under Rule 91(Rule 43bis.1(a))
3. [ with regard to any nucleotide and/or amino acid sequence disclosed in the international application ,this
opinion has been established on the basis of a sequence listing filed or furnished :
a. (means):
[J  on paper
[ inclcctronic form
b. (time):
[] in the international application as filed
[] together with the international application in clectronic form

1 subsequently to (s Authority for the purposes of search
4. [J 1 addition, in the case that more than one version or copy of a sequence listing has been filed or fumished, the
required statements that the information in the subsequent or additional copies is identical to that in the

application as filed or does not go beyond the application as filed, as appropriate, were furnished.

5. Additional comments:

Form PCT/ASA/237(Box No. I (Tuly 2009)

i

2/4

Ericsson Ex. 1002, p. 194 of 229

Ericsson v. Motorola



International application No.

WRITTEN OPINION OF THE PCT/CN2017/090033
INTERNATIONAL SEARCHING AUTHORITY

02A

Box No. V Reasoned statement under Rule 43bis.1(a)(i with regard to novelty, inventive step or industrial

applicability; citations and explanations supporting such statement

1. Statement:

Novelty (N) Claims 1-28 YES
Claims None NO

Inventive step (IS) Claims None YES
Cluims 1-28 NO

Industrial applicability (IA)  Claims 1-28 YES
Claimns Noue NO

2. Citations and explanations
D1: NR-PBCH and Delivery of Minimum SI, 3GPP TSG RAN WG1 AH_NR
Meeting R1-1700101, ZTE etc., 20.01.2017
D2: Basic access configuration acquisition principles for NR, 3GPP TSG-RAN WG2
#96 R2-168298, Ericsson, 18.11.2016
D1 discloses a method for delivering of minimum si and NR-PBCH (see sections 2,
3.1-3.2, 4.1-4.2): according to the agreements in RAN1 87 meeting, two alternatives
about the transmission of remaining minimum S| are shown below: Alt. 1: NR defines
the additional channel as secondary broadcast channel: Secondary broadcast
channel may be different design from NR-PBCH, e.g. payload size, resource
mapping, periodicity and etc. Alt.2: The remaining information is transmitted in
shared downlink channel similar to, e.g. NR-PDSCH. For Alt.2, remaining minimum
Sl is transmitted in shared downlink channel similar to, e.g. NR-PDSCH which is
scheduled via NR-PDCCH. For the design of demodulation reference signal of
NR-PBCH,  there are following two possible approaches. 1) The secondary
synchronization signal is used as demodulation reference signal of NR-PBCH. 2)
The additional DMRS is used as demodulation reference signal of NR-PBCH. In
order to improve the robustness of NR-PBCH, the above frequency domain shift can
be reused in the DMRS of NR-PBCH. Besides, time domain shift of PBCH DMRS
can also be introduced to further reduce the interference among NR-PBCH DMRSs
of adjacent cells and improve the performance of NR-PBCH.

D2 discloses basic access configuration acquisition principles for NR(see page 2
paragraphs 2-3): The SIBs’ transmission configuration data may include time and
frequency resources, Demodulation Reference Signals (DMRS), scrambling.
Together with the MIB the broadcast SIBs provide at least the minimum cgg tion
data (minimum system information) to allow the UE to perform initi
Claims 8, 22 differ from D1 in that receiving the DMRS ba
configuration. Said distinguishing feature is disclosed in D2. Th
are new in the sense of PCT 33(2) and lack an inventive step

Form PCT/ISA/237(Box No. V) (July 2009)
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WRITTEN OPINION OF THE PCT/CN2017/090033
INTERNATIONAL SEARCHING AUTHORITY

33(3).

The additional features of claims 9-10, 23-24 are disclosed in D1. The additional
features of claims 11-14, 25-28 are the customary designs for a person skilled in the
art, so claims 9-14, 23-28 are new in the sense of PCT 33(2) and lack an inventive
step in the sense of PCT 33(3)

Claims 1-7, 15-21 are apparatuses corresponding to claims 8-14 and 22-28
respectively. An apparatus comprising a processor and a receiver or a transmitter
performs the corresponding function is all customary means in the art. Therefore,
considering the similar reasoning applied to claims 8-14 and 22-28, claims 1-7 and
15-21 are new in the sense of PCT 33(2) and lack an inventive step in the sense of
PCT 33(3).

The subject matter of claims 1-28 meets the criteria of PCT 33(4) because it can be
used or made in industry.

13A

d
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INTERNATIONAL SEARCH REPORT
(PCT Article 18 and Rules 43 and 44)

Applicant’s or agent’s file reference FOR FURTHER see Form PCT/SA/220
PCT17068CN ACTION as well as, where applicable, item 5 below.
International application No. International filing date (Earliest)Priority date
PCT/CN2017/090033 (day/month/year) (day/month/year)
26 Jun. 2017 (26. 06. 2017)

Applicant
Motorola Mobility LLC

This international search report has been prepared by this International Searching Authority and is transmitted to
the applicant according to Article 18. A copy is being transmitted to the International Bureau.

This international search report consists of a total of 4 sheets.
[[] Ttisalso accompanicd by a copy of each prior art document cited in this report.

1. Basis of the report
a. With regard to the language, the international search was carried out on the basis of:
D4 the international application in the language in which it was filed
[] atranslation of the international application into , which is the language of a
translation furnished for the purposes of international search (Rules 12.3(a) and 23.1(b))
b.[:] This international search report has been established taking into account the rectification of an
obvious mistake authorized by or notified to this Authority under Rule 91 (Rule 43.6bis(a)).
o] With regard to any nucleotide and /or amine acid sequence disclosed in the international
application, see Box No. L.

2. [7] Certain claims were found unsearchable (see Box No. IT)
3. [] Unity of invention is lacking (sce Box No. TII)

4. Wilhregard (o the title,
the text is approved as submitted by the applicant.
[ the text has been established by this Authority to read as follows:

5. Withregard to the abstract,
DA the text is approved as submitted by the applicant.
[[] the text has been established, according to Rule 38 2(b), by this Authority as it appears in Box IV.
The applicant may, within one month from the date of mailing of this international search report, submit
comments to this Authority.
6. With regard to the drawings,

a. The figure of the drawings to be published with the abstract is Figure No.1
B4 as suggested by the applicant
[C]  as sclected by this Authority, because the applicant failed to suggest a figure
[] asselected by this Authority, because this figure better characterizes the invention
b. [] none of the figures is to be published with the abstract

Form PCT/ISA/210(first sheet)(July 2009)

e

1/1

Ericsson Ex. 1002, p. 197 of 229

Ericsson v. Motorola



International application No.

PCT/CN2017/090033
INTERNATIONAL SEARCH REPORT

A. CLASSIFICATION OF SUBJECT MATTER

HO4W 72/04(2009. 01) i
According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
IPC: HO4W

Documentation searched other than minimum documentation to the extent that such documents are included in
the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search
terms used) ‘

CNPAT ; CNKT; WPT; EPODOC; 3GPP: remaining minimum system information, DM-RS, DMRS,
configuration, nr—pbch, nr-pdsch '

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category Citation of document, with indication, where appropriate, of the relevant Relevant to claim
* passages No.
Y ZTE etc. NR-PBCH and Delivery of Minimum SI 3GPP TSG RAN | 1-28

WG1 AH_NR Meeting R1-1700101 20 Jan.2017(20.01.2017)
sections 2, 3.1-3.2, 4.1-4.2

Y Ericsson Basic access configuration acquisition principles for NR 1-28
3GPP TSG-RAN WG2 #96 R2-168298 18 Nov.2016(18.11.2016)
page 2 paragraphs 2-3

A WO 2016048044A 1 (LG ELECIRONICS INC.) 31 1-28
Mar.2016(31.03.2016) the whole document

[ IFurther documents are listed in the continuation of Box C. See patent family annex.
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INTERNATIONAL SEARCH REPORT

International application No.
PCT/CN2017/090033

* Special categories of cited documents:

“A”  document defining the general state of the art
which is not
considered to be of particular relevance

“E” earher application or patent but published on
or after the
international filing date

“L”  document which may throw doubts on priority
claim (S) or

which is cited to establish the publication datc
of another

citation or other special reason (as specified)

“O”  document referring to an oral disclosure, use,
exhibition or )
other means
“P”  document published prior to the international
filing date
but later than the priority date claimed

“T”  later docwment published afler the international
filing date

or priority date and not in conflict with the
application but

cited to understand the principle or theory
underlying the

invention

“X”  document of particular relevance; the claimed
invention

cannot he considered novel or cannot be considered
to involve

an inventive step when the document is taken
alone

“Y”  document of particular relevance; the claimed
invention

cannot be considered to involve an inventive
step when the

document is combined with one or more other
such

documents, such combination being obvious to
a person

skilled in the art

“&”document member of the same patent family

Date of the actual completion of the international
search
12 Fcb. 2018(12. 02. 2018)

Date of mailing of the international search report
27 Mar. 2018(27. 03, 2018)

Name and mailing address of the ISA/CN

STATE INTELLECTUAL PROPERTY OFFICE OF
THE P.R.CHINA

6, Xitucheng Rd., Jimen Bridge, Haidian District,
Beijing 100088, China

Facsimile No.(86-10)62019451

Authorized officer
ZHANG, Caixia

Telephone No.:  (86-10) 53961804

Form PCT/ISA /210 (3 sheet) (July 2009)
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INTERNATIONAL SEARCH REPORT
Information on patent family members

International application No.
PCT/CN2017/090033

Patent Documents referred

Publication Date Patent Family Publication Date

in the Report
WO2016048044A1 31.03.2016 US2017279646A1 28.09.2017
- US2017311355A1 26.10.2017
WO02016048045A1 31.03.2016

Form PCT/ISA/210(patent family annex)(July 2009)
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Electronic Patent Application Fee Transmittal

Application Number:

Filing Date:

Title of Invention: DEMODULATION REFERENCE SIGNAL CONFIGURATION
First Named Inventor/Applicant Name: Hongmei Liu

Filer: Brian C. Kunzler/Heather Babb

Attorney Docket Number: SEC920170067-US-PCT

Filed as Large Entity

Filing Fees for U.S. National Stage under 35 USC 371

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

NATIONAL STAGE FEE 1631 1 300 300
NATL STAGE SEARCH FEE - REPORT PROVIDED 1642 1 520 520
NATIONAL STAGE EXAM - ALL OTHER CASES 1633 1 760 760

Pages:

Claims:
INDEPENDENT CLAIMS IN EXCESS OF 3 1614 1 460 460

Miscellaneous-Filing:

Petition:

SPaY<TPay
TOSSOTH —TUY UTOT

nEx 1(\{\’)’ P- 201-6£D29

Ericsson v. Motorola



Description Fee Code Quantity Amount Sull)j-s'l'g(tsa\)l in
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:
Extension-of-Time:
Miscellaneous:
Total in USD ($) 2040
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Electronic Acknowledgement Receipt

EFS ID: 38129836
Application Number: 16626279
International Application Number: PCT/CN2017/090033
Confirmation Number: 1559

Title of Invention:

DEMODULATION REFERENCE SIGNAL CONFIGURATION

First Named Inventor/Applicant Name:

Hongmei Liu

Customer Number:

61755

Filer:

Brian C. Kunzler/Heather Babb

Filer Authorized By:

Brian C. Kunzler

Attorney Docket Number:

SEC920170067-US-PCT

Receipt Date: 23-DEC-2019
Filing Date:
Time Stamp: 19:43:16

Application Type:

U.S. National Stage under 35 USC 371

Payment information:

Submitted with Payment yes

Payment Type CARD

Payment was successfully received in RAM $2040

RAM confirmation Number E2019BMJ43592679

Deposit Account

Authorized User

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:
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File Listing:
Document .. . File Size(Bytes Multi Pages
Document Description File Name ( y i . . 9
Number Message Digest | Part/.zip| (ifappl.)
253330
1 Documents submitted with 371 PTO1390_SEC920170067-US- no 4
Ap pl |Cat|0n s PCT pdf 9bcd98eacfc880bdcbaz29162d9d7742473
8ca%6
Warnings:
Information:
1256307
2 Application Data Sheet ADS_SEC9201Z?067_US_PCT' no 9
p ec061a3basfa48817569938bd275e4af7204
e38e
Warnings:
Information:
908359
Declaration_SEC920170067-
3 Oath or Declaration filed e no 4
US_PCTpdf 889938c46abedb6becab75f83e6dc8e7445¢e
Warnings:
Information:
173518
4 Power of Attorney POA_SEC9201C7j?067—US—PCT. no 2
p 28d4123c4f3e75ef76e9e7e46b664a81002
Warnings:
Information:
1460302
5 Specification W02019000177A1.pdf no 30
8761d454c7903bb1b3085afeS0f705dfd92:
Warnings:
Information:
87857
PreliminaryAmendment_SMM9
6 20170067-US-PCT.pdf yes 6
) p eb9d4fc504f9c9fod966f1331b7b4edc2170)
10cc
Multipart Description/PDF files in .zip description
Document Description Start End
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Preliminary Amendment 1 1

Claims 2 5
Applicant Arguments/Remarks Made in an Amendment 6 6
Warnings:
Information:
612541
7 Information Disclosure Statement (IDS) IDS_SEC920170067-US-PCT.pdf o 4
Form (SB08)
86ca1658a%ae92f817e7e37f6ccc7e7762f 2q)
495
Warnings:

Information:

A U.S. Patent Number Citation or a U.S. Publication Number Citation is required in the Information Disclosure Statement (IDS) form for
autoloading of data into USPTO systems. You may remove the form to add the required data in order to correct the Informational Message if
you are citing U.S. References. If you chose not to include U.S. References, the image of the form will be processed and be made available
within the Image File Wrapper (IFW) system. However, no data will be extracted from this form. Any additional data such as Foreign Patent
Documents or Non Patent Literature will be manually reviewed and keyed into USPTO systems.

2368980

8 Foreign Reference W02016048044.pdf no 52

145d96b55688bc85c181e196a%a45da508¢]
9791c

Warnings:

Information:

530862

9 Non Patent Literature ISR-WrittenOpinion.pdf no 9

3d2862d6e3dbc4b2ac0224e7db96367c6f0)
56224

Warnings:

Information:

152243

10 Non Patent Literature BasicAccess.pdf no 2

1471f6638e78cfdae553bdafAd40dc0b7345)
5904

Warnings:

Information:

214884

11 Non Patent Literature NP-PBCH.pdf no 8

625aa7d3b828128cddc81ecc50731fccl 14
Scle

Warnings:

Information:
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36948

12 Fee Worksheet (SB06) fee-info.pdf no 2

ffc7aSee3e4fe733e8f7ecedeb7c54ec7504]
47a

Warnings:

Information:

Total Files Size (in bytes): 8056131

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

New Applications Under 35 U.S.C. 111

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

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

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

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810}, a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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PTO-1390 (01-18)

Approved for use through 8/31/2019. OMB 0651-0021

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

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

TRANSMITTAL LETTER TO THE UNITED STATES | SEacontoo0sr Us.PCT
DESIGNATED/ELECTED OFFICE (DO/EO/US) U.S. Application No. (if known, see 37 CFR 1.5)
CONCERNING A SUBMISSION UNDER 35 U.S.C. 371
International Application No. International Filing Date Priority Date Claimed
PCT/CN2017/090033 2017-06-26 2017-06-26

Title of Invention

DEMODULATION REFERENCE SIGNAL CONFIGURATION
First Named Inventor

Hongmei Liu

Applicant herewith submits to the United States Designated/Elected Office (DO/EO/US) the following items and other information.

1. |E| This is an express request to begin national examination procedures (35 U.S.C. 371(f)). NOTE: The express request under
35 U.S.C. 371(f) will not be effective unless the requirements under 35 U.S.C. 371(c)(1), (2), and (4) for payment of the basic
national fee, copy of the International Application and English translation thereof (if required), and the oath or declaration of the
inventor(s) have been received.

2. |E| A copy of the International Application (35 U.S.C. 371(c)(2)) is attached hereto (not required if the Intemational Application was
previously communicated by the International Bureau or was filed in the United States Receiving Office (RO/US)).

3. An English language translation of the International Application (35 U.S.C. 371(c)(2))
a. |:| is attached hereto.

. IEI has been previously submitted under 35 U.S.C. 154(d)(4).

4. An oath or declaration of the inventor(s) (35 U.S.C. 371(c)(4))
a. |E| is attached.
b. |:| was previously filed in the international phase under PCT Rule 4.17(iv).

=2

Items 5 to 8 below concern amendments made in the international phase.
PCT Atticle 19 and 34 amendments

5. D Amendments to the claims under PCT Article 19 are attached (not required if communicated by the International Bureau)
(35 U.S.C. 371(c)(3)).
6. |:| English translation of the PCT Article 19 amendment is attached (35 U.S.C. 371(c)(3)).

7. |:| English translation of annexes (Article 19 and/or 34 amendments only) of the International Preliminary Examination Report is
attached (35 U.S.C. 371(c)(5)).

Cancellation of amendments made in the international phase

8a. |:| Do not enter the amendment made in the international phase under PCT Article 19.
8b. |:| Do not enter the amendment made in the international phase under PCT Article 34.

NOTE: A proper amendment made in English under Article 19 or 34 will be entered in the U.S. national phase application absent a clear
instruction from applicant not to enter the amendment(s).

The following items 9 to 17 concern a document(s) or information included.

9. |E| An Information Disclosure Statement under 37 CFR 1.97 and 1.98.

10. |E| A preliminary amendment.

11. [m] An Application Data Sheet under 37 CFR 1.76.

12. |:| A substitute specification. NOTE: A substitute specification cannot include claims. See 37 CFR 1.125(b).

13. |E| A power of attorney and/or change of address letter.

14. |:| A computer-readable form of the sequence listing in accordance with PCT Rule 13fer.3 and 37 CFR 1.821-1.825 (not required if
sequence listing in text format was indicated on the PCT Request as part of the International Application and the sequence listing
was published as part of the international application).

15. I:l Assignment papers (cover sheet and document(s)). Name of Assignee:

16. [ ] 37 CFR 3.73(c) Statement (when there is an Assignee).

This collection of information is required by 37 CFR 1.414 and 1.491-1.492. 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 15
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: Mail Stop PCT, Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
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PTO-1390 (01-18)

Approved for use through 8/31/2019. OMB 0651-0021
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

U.S. APPLN. No. (if known — see 37 CFR 1.5) INTERNATIONAL APPLICATION No. ATTORNEY DOCKET No.
PCT/CN2017/090033 SEC920170067-US-PCT
17. |:| Other items or information:
The following fees have been submitted. CALCULATIONS
18. [m] Basic national fee (37 CFR 1.492(2)) .............o.ovivi oo $300 | $.300
19. |E| Examination fee (37 CFR 1.492(c))
. If the written opinion prepared by ISA/US or the international preliminary examination report $ 760
prepared by IPEA/US indicates all claims satisfy provisions of PCT Article 33(1)-(4).............. $0
o Allothersituations ................coooo it e e e $T60
20. |E| Search fee (37 CFR 1.492(b))
. If the written opinion prepared by ISA/US or the international preliminary examination report 520
prepared by IPEA/US indicates all claims satisfy provisions of PCT Article 33(1)-(4).............. $0
. Search fee (37 CFR 1.445(a)(2)) has been paid on the international application to the USPTO as $
an International Searching Authority ................... ... ....$140
. International Search Report prepared by an ISA other than the US and provided to the Office or
previously communicated tothe USbythe IB...................o e $520
o Allother situations ................coooii it e e e e $660
TOTAL OF 18,19,and 20 = | $1580
|:| Additional fee for specification and drawings filed in paper over 100 sheets (excluding sequence listing
in compliance with 37 CFR 1.821(c) or (e) in an electronic medium or computer program listing in an
electronic medium) (37 CFR 1.492(j)).
Fee for each additional 50 sheets of paper or fraction thereof .............................................. $400
Number of each additional 50 or fraction
Total Sheets | Extra Sheets thereof (round up to a whole number) RATE
-100 = /50 = x $400 $
Surcharge for furnishing any of the search fee, examination fee, or the oath or declaration after the date of $
commencement of the national stage (37 CFR 1.492(h)).................ciiii i ... 8140
CLAIMS NUMBER FILED NUMBER EXTRA RATE
Total claims 20 -20= 0 x $100 $
Independent claims |4 -3= 1 x $460 $ 460
MULTIPLE DEPENDENT CLAIM(S) (if applicable) +$820 $
Fee for submission of Sequence Listing text file of 300 MB to 800 MB (37 CFR 1.21(0)(1))........c..c...... $1,000 $
Fee for submission of Sequence Listing text file of more than 800 MB (37 CFR 1.21(0)(2))...................$10,000 | $
Processing fee for furnishing the English translation later than 30 months from the earliest claimed priority date $
TOTAL OF ABOVE CALCULATIONS = | $ 2040
|:| Applicant asserts small entity status. See 37 CFR 1.27. Fees above are reduced by %.
I:' Applicant certifies micro entity status. See 37 CFR 1.29. Fees above are reduced by %.
Applicant must attach form PTO/SB/15A or B or equivalent.
TOTAL NATIONAL FEE = | 2040
Fee for recording the enclosed assignment (37 CFR 1.21(h)). The assignment must be accompanied by an $
appropriate cover sheet (37 CFR 3.28, 3.31).............coii i i $50.00 per property  +
TOTAL FEES ENCLOSED = | $ 2040
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PTO-1390 (01-18)

Approved for use through 8/31/2019. OMB 0651-0021

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

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

a. D A check in the amount of § to cover the above fees is enclosed.

b. |:| Please charge my Deposit Account No. in the amount of § to cover the above fees.

C. D The Director is hereby authorized to charge additional fees which may be required, or credit any overpayment, to Deposit Account
No. as follows:

i. |:| any required fee.

i I:' any required fee except for excess claims fees required under 37 CFR 1.492(d) and (e) and multiple dependent claim fee
required under 37 CFR 1.492(f).
d. |E| Fees are to be charged to a credit card. WARNING: Information on this form may become public. Credit card information should not
be included on this form. Provide credit card information and authorization on PTO-2038. The PTO-2038 should only be mailed or
faxed to the USPTO. However, when paying the basic national fee, the PTO-2038 may NOT be faxed to the USPTO.

ADVISORY: If filing by EFS-Web, do NOT attach the PTO-2038 form as a PDF along with your EFS-Web submission. Please be
advised that this is not recommended and by doing so your credit card information may be displayed via PAIR. To protect your
information, it is recommended to pay fees online by using the electronic payment method.

NOTE: Where an appropriate time limit under 37 CFR 1.495 has not been met, a petition to revive (37 CFR 1.137(a) or (b))} must be
filed and granted to restore the International Application to pending status.

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

I:' This application (1) claims priority to or the benefit of an application filed before March 16, 2013, and (2) also contains, or contained at
any time, a claim to a claimed invention that has an effective filing date on or after March 16, 2013.
NOTE 1: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on or after March 16, 2013, will be
examined under the first inventor to file provisions of the AlA.

NOTE 2: A U.S. national stage application may not claim priority to the international application of which it is the national phase. The filing
date of a U.S. national stage application is the international filing date. See 35 U.S.C. 363.

Correspondence Address

61755

|E| The address associated with Customer Number: OR |:| Correspondence address below

Name

Address

City State Zip Code

Country Telephone

Email

sgnature | /Brign G. Kunzler/ pate [2()19-12-23

Name

(Print/Type) Brian C. Kunzler x?;?:g%m') 38527

[Page 3 of 3]

Ericsson Ex. 1002, p. 209 of 229
Ericsson v. Motorola



Privacy Act Statement

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

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

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

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

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

9. Arrecord 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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Approved for use through 11/30/2020. OMB 0651-0032
U.S. Patent and Trademark Cffice; U.S. DEPARTMENT OF COMMERCE

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

) ) Attorney Docket Number | SEC920170067-US-PCT
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | DEMODULATION REFERENCE SIGNAL CONFIGURATION

The application data sheet is part of the provisional or nonprovisional application for which it is being submitted. The following form contains the
bibliographic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76.

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

Secrecy Order 37 CFR 5.2:

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

Inventor Information:

Remove
Inventor [1

Legal Name

Prefix| Given Name Middle Name Family Name Suffix

[+ Hongmei |iu [+
Residence Information (Select One) US Residency e Non US Residency Active US Military Service

city |Beijing ||country of Residence | EN |

Mailing Address of Inventor:

Address 1 Room 103, Unit 4, Building 16,Long Bo Yuan area 2

Address 2 Changpin district

City | Beijing State/Province | |
Postal Code 100096 Countryi | |CN

Inventor 2

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
~| Ehenxi Vhu v
Resﬁience Information (Select One) US Residency (8 Non US Residency Active US Military Service -
City  |Beijing ||Country of Residence | EN |

Mailing Address of Inventor:

Address 1 2, Building B, No.6 Shang Di West Road

Address 2 Haidian District

City Beijing State/Province | |

Postal Code 100085 Countryi | [N

Inventor 3
Legal Name

Ericsson Ex. 1002, p. 211 of 229
EFS Web 2.2.13 Ericsson v. Motorola



PTO/AIA/M4 (02-18)

Approved for use through 11/30/2020. OMB 0651-0032
U.S. Patent and Trademark Cffice; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Application Data Sheet 37 CFR 1.76

Attorney Docket Number

SEC920170067-US-PCT

Application Number

Title of Invention

DEMODULATION REFERENCE SIGNAL CONFIGURATION

Prefix| Given Name Middle Name Family Name Suffix
<] Ehennian BSun |
Residence Information (Select One) US Residency  (8) Non US Residency Active US Military Service

City |Beijing || Country of Residence i EN |
Mailing Address of Inventor:

Address 1 iu Ju Yuan 21-2208, Bei Yuan Jia Yuan

Address 2 Chaoyang district

City | Beijing State/Province | |

Postal Code 100012 Countryi | [ON

Inventor 4

Legal Name

Prefix| Given Name Middle Name Family Name Suffix

| L]

Haiming

INang

Residence Information (Select One)

US Residency @ Non US Residency

Active US Military Service

City

Beijing

||Country of Residence |

[

Mailing Address of Inventor:

Address 1 Room 201, Unit8, Building 2, Yang Guang Li Jing, H

Address 2 Xi Cheng District

City Beijing State/Province | |
Postal Code 100011 Countryi | N

All Inventors Must Be Listed - Additional Inventor Information blocks may be
generated within this form by selecting the Add button.

Correspondence Information:

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

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

Customer Number

51755

Email Address

docket@kba law

| AddEmail |

|Remove Email
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Attorney Docket Number | SEC920170067-US-PCT

Application Data Sheet 37 CFR 1.76 —
Application Number

Title of Invention DEMODULATION REFERENCE SIGNAL CONFIGURATION

Application Information:

Title of the Invention DEMODULATION REFERENCE SIGNAL CONFIGURATION

Attorney Docket Number| SEC820170067-US-PCT Small Entity Status Claimed [ |

Application Type Nonprovisional -
Subject Matter tility -
Total Number of Drawing Sheets (if any) 5 Suggested Figure for Publication (if any)

Filing By Reference:

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

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

filed application

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

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

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

Representative Information:

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

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

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

Customer Number 61755
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. Attorney Docket Number | SEC920170067-US-PCT
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention DEMODULATION REFERENCE SIGNAL CONFIGURATION

Domestic Benefit/National Stage Information:

This section allows for the applicant to either claim benefit under 35 U.S.C. 119(e), 120, 121, 365(c), or 386(c) or indicate

National Stage entry from a PCT application. Providing benefit claim information in the Application Data Sheet constitutes
the specific reference required by 35 U.S.C. 119(e) or 120, and 37 CFR 1.78.

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

Prior Application Status | Pending v Remove
Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
B 371 of international +| PCT/CN2017/090033 P019-06-26
Additional Domestic Benefit/National Stage Data may be generated within this form
by selecting the Add button.

Foreign Priority Information:

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet
constitutes the claim for priority as required by 35 U.8.C. 119(b) and 37 CFR 1.55. When pricrity is claimed to a foreign application
that is eligible for retrieval under the priority document exchange program (PDX)I the information will be used by the Office to
automatically attempt retrieval pursuant to 37 CFR 1.55(i)(1) and (2). Under the PDX program, applicant bears the ultimate
responsibility for ensuring that a copy of the foreign application is received by the Office from the participating foreign intellectual
property office, or a certified copy of the foreign priority application is filed, within the time period specified in 37 CFR 1.55(g)(1).

Remove

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

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

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

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

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

NOTE: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on or after March

16, 2013, will be examined under the first inventor to file provisions of the AlA.
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. Attorney Docket Number | SEC920170067-US-PCT
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention DEMODULATION REFERENCE SIGNAL CONFIGURATION

Authorization or Opt-Out of Authorization to Permit Access:

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

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

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

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

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

(1).

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

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

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

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

B. Applicant DOES NOT authorize the USPTO to transmit to the EPO any search results from the instant patent
[ ] application. If this box is checked, the USPTO will not be providing the EPO with search results from the instant
application.
NOTE: Once the application has published or is otherwise publicly available, the USPTO may provide access to the
application in accordance with 37 CFR 1.14.
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Attorney Docket Number | SEC920170067-US-PCT

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention DEMODULATION REFERENCE SIGNAL CONFIGURATION

Applicant Information:

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

Applicant {1

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

identified in this section.

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

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

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

vI

Name of the Deceased or Legally Incapacitated Inventor:

If the Applicant is an Organization check here. X

Organization Name I\Ilotorola Mobility LLC

Mailing Address Information For Applicant:

Address 1 D22 West Merchandise Mart Plaza, Suite 1800

Address 2

City Chicago State/Province IL
Country | s Postal Code 60654
Phone Number Fax Number

Email Address

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

Assignee Information including Non-Applicant Assignee Information:

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title
37 of CFR to have an assighment recorded by the Office.
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Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention DEMODULATION REFERENCE SIGNAL CONFIGURATION

Assignee 1

Complete this section if assighee 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 assighee-applicant, complete this section only if identification as an assignee is also desired on the
patent application publication.

If the Assignee or Non-Applicant Assignee is an Organization check here. []

Prefix Given Name Middle Name Family Name Suffix
Mailing Address Information For Assignee including Non-Applicant Assignee:

Address 1

Address 2

City State/Province

Countryi Postal Code

Phone Number Fax Number

Email Address

Additional Assignee or Non-Applicant Assignee Data may be generated within this form by 2

selecting the Add button.

Signature:

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 mare joint inventor-applicants who have been given
power of attorney (e.g., see USPTO 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 |/Brian C. Kunzler/ Date (YYYY-MM-DD)| [2019-12-23
First Name | Brian C. Last Name | Kunzler Registration Number | [38527
Additional Signature may be generated within this form by selecting the Add button. Add
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Attorney Docket Number
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Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention DEMODULATION REFERENCE SIGNAL CONFIGURATION

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 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, Alexandna, 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 tc 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.5.C. 2(b)(2); (2} furnishing of the informaticn 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 informaticn, 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 youin this form will be subject to the following routine uses:

1 Theinformation con this form will be treated confidentially to the extent allowed under the Freedom of Information Act (5 U.5.C. 552) and the Privacy
Act (5 US.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 Arecord 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 tc the subject matter of the record.

4,  Arecord 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
acontract. Recipients of information shall be required to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.5.C.
552a(m).

5. Arecord 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 Internaticnal Bureau of the World Intellectual Property Crganization, pursuant to the Patent CooperationTreaty.

6.  Arecord in this system of records may be disclosed, as a routine use, to another federal agency for purposes of National Security review (35 U.5.C. 181)
and for review pursuant to the Atomic Energy Act (42 U 5.C. 218(c)).

7. Arecord from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or his/her designee, during an
inspection of records conducted by GSA as part of that agency's responsibility to recommend improvements in records management practices and
programs, under authority of 44 U.5.C. 2904 and 2906. Such disclosure shall be made in accordance with the G5A regulations governing inspection of
records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make determinations about
individuals.

8.  Arecord from this system of records may be disclosed, as a routine use, to the public after either publication of the application pursuant to 35 U.S.C.
122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use,
to the public if the record was filed in an application which became abandoned cr 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. Arecord 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 viclation of law or regulation.
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DECLARAT!ON {37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET {37 CFR 1.78)

| Titeor | DEMODULATION REFEREN CE SIGNAL CONFIGURATION

{ nvention

As"lhe\' tislow named ventor, | hereby déclare that

This decldration @ . _— -
ST S B The attachied application, ar
s diracted 101 L ¢ application,

{ | Upiled States application or PCT internationat application number

fledon ; .

The above-iderntified spplication was made or authiorized o be made by me.

| helievs that | am the ofginal Inventor or an ariginal joiat Inventor of a dlaimed invention in the application:

[ fareby acknowledge that any willke fulve slatement made iithis deciaration is'punishatie under 18 US.C. 19m
by finearimprissomant of not mors thas five {8) years. or both,

WARNING:

Petitioneriapplicant is coutioned 1o avoid submitling personal information in decuments fled i a patent spplication that may.
contribute td identity thefl. Personal infarmaton such as soctal security numbers, bank atcotnt numbers, or credit card numbers
{other than a check or cradit card authorization form P TO-2038 submitted for paymsni purpases}is never required by the USFTO
10 suppont a pelilion or'an spplicaion: I this type of personal infarmalion is inelied it documants submitted to the USPTO,
petiionarsizpplicanis should consider sedagting such personal information from the documents befors submiting them (o the
LSPTO, Petitinnecappticant fo advised that e recard ol a patent applicativnds availabie o the pubilic ahter pum;canan of the
application funleas a nans pub";atmﬂ request in compliance with 37 CFR 1.213(a) fs made in the application) orissuance ol a
patent. Funtisrmore, the record o sn abandtned appiicatian gy also e mvailable {o the public if the. applicetion s
soferanced in.a published application or an lssued patent {see 37 CFR 1.14), Cheeks and credit cand suthorization fores
PTQ-2638 submitted 1o payment purpeses are.not retaingd Inthe application fle and therafors gre not. publicly available:

LEGAL NAME OF INVENTOR.
levintor: Hongmei Liw Date {Oplishaly;_ JN‘? . 1;

Signature: i*‘l‘mgh&jl b-"‘ .
¥

Note: An spplisation dats sheet (PTOISEMA gr entiivalent}including raming ths soling invendive entity. must accompany his form or must have
bese previously flad. Usean dddﬂnonal PTOMISEY form for gach a«j&umdt nvenior ’ o
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By i LGP TO by processtan spnieation. Cardidestiality ta grvermgs IEEG T s ST CERU T U U Tris collertion v aslimatid to Like:$ mintte in
Somphetn, inciding gatherng, propating, and submiing the compie g form e SR TO Time vilf vary depanding upon the indivdust case: Sny
comments o the aropount ol lime yn:’u revue o complels iy foem'g cestions for reduning Hits burdsn, <h:>u1ﬁ be et o the el ln?mm.»t o Ciffoei G
Pajentand Trademark Difoe: M8 Depadment of Gommeres 8.0 Bﬂx 1350, Alnxandris, VA 283131450, DD NOQT SEND FEES DR COMPLETED FORMY TG
THIRADURESS. SERD TO! Ccmrmssmner for Patents, P.O. Box 1450, Alexandria, VA 223134 ‘350

Fyou nsed Ssistanes i compleriag e o, el FEROTOSIGYE dnd ssivet gpinn 2

@d a«: fi
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DECLARATION {37 CFR1.83) FOR UT!L!TY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET (37 GFR 1.76)

Titeof | DEMODULATION REFERENCE SIGNAL CONFIGURATION

Invesnition

Ag e helow named inventor, L hsrehy dedlare that;

This taci;af*ahar* & "
s Qitactad the [j The attached application, or

LM Unitedd Slates application or PCT internalional application number

filed-on

Tha above-adentified spplication was made orattborized tobe mads by ms.

Hove that | any the ofiginatinvestar srap-oriinal joint nventorof a elaimetd invention i the application.

| h&rehy acknowisdae thalany wilhul fafse statermant made in fis dediaration is purishable under 18 U18IC. 1001
by fine primpdsonresnt af not more than five (§) years, arboth:

WARNING:

j Pe‘iit_ﬁ@ner!appﬁcam':_i;% saytioned to.avpid submitting personal information in doguments filed in 2 patent spplication that may
contiibute fo identity thelt, Personal information such as social Secutily numbers, bank account numbers, or sredit sard nunibers
{amu than g.checkor cradit care authonzation form PTO-7028 submitied for payment purpeses)is never required’ by the USPTQ
te support a peliion or an appheation. 18 this type of personal information is included in documents sumitied to the LISETQ,
petitionersfapplicants should consider redasting such personal information fmm the documents before submitting them W ihe
USPTO. Petitionerappliicant is advized thal the record of 8 patent sppiication is avaltabls 0 the public after publication of the
application {uniess g non-publication regquestin compiiance with 37 CFR 1.213(a} Is made in the applicgtion}or issuance of @
patent. Purthennors, the record fronvan abandoned application may also be available ko the pubiic if the dpplication s
rafarenced in gpubdishes applicatics o an fsseed patent {see 37 CFR 3,14} Ghecks and cradit card guthorization forms
FTOR038 submitted-for payment purposes are not relaned inthe application fle and therelore are not pulilicly avalinble.

LEGAL RAMEQF INVENTOR:

{nveaiorn Zhennfan Sun . Date {Gptional) ;

Signature: m;l;‘l%'ﬁiﬂ <g\L$'\

AT ABaR S ¢ serguees B Ghai
322 and 37 OFR A and 114, Thb La\k‘ck““ is« t
farm 6 e UBPTO Time wilt vary depending upah m‘mw» c.-ﬁe Am
SOt raresions Tor redusing dus burden, should be Sent o th& Chief Information Officer 13
e g Yradessans LS Ue*gdfimemn* i,nmmmms( P T &Lz HS{‘ Al wifa WA EEITR 1450, DO NOT SEND FEES ORGOMPLETED PORMS TO
THIS ADORESS: SEND TO! Commissioner for Patents, PO; Box 1458, Alexandria, VA 22313<1450.
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Amendments to the Claims

Please make the following amendments to the Claims:

f—

(Original) An apparatus comprising:

a processor that determines a remaining minimum system information channel
demodulation reference signal configuration; and
a receiver that receives the demodulation reference signal based on the

demodulation reference signal configuration.

2. (Original) The apparatus of claim 1, wherein the remaining minimum system information

channel is a remaining minimum system information downlink channel.

3. (Original) The apparatus of claim 1, wherein the remaining minimum system information

channel is a remaining minimum system information physical downlink shared channel.

4. (Original) The apparatus of claim 1, wherein the remaining minimum system information
channel demodulation reference signal configuration comprises a first configuration, a
second configuration, a mapping order, a frequency domain density, a time domain
subframe level density, a time domain symbol level density, or some combination

thereof.

5. (Original) The apparatus of claim 1, wherein the remaining minimum system information

channel demodulation reference signal configuration is predefined.

6. (Original) The apparatus of claim 1, wherein the remaining minimum system information
channel demodulation reference signal configuration is indicated by a control resource set

configuration.
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10.

11.

12.

13.

14.

15.

(Original) The apparatus of claim 1, wherein the remaining minimum system information
channel demodulation reference signal configuration is indicated by downlink control

information.
(Original) A method comprising:
determining a remaining minimum system information channel demodulation
reference signal configuration; and
receiving the demodulation reference signal based on the demodulation reference

signal configuration.

(Canceled)
(Canceled)

(Original) The method of claim 8, wherein the remaining minimum system information
channel demodulation reference signal configuration comprises a first configuration, a
second configuration, a mapping order, a frequency domain density, a time domain
subframe level density, a time domain symbol level density, or some combination

thereof.
(Canceled)
(Canceled)

(Original) The method of claim 8, wherein the remaining minimum system information
channel demodulation reference signal configuration is indicated by downlink control

information.

(Original) An apparatus comprising:
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16.

17.

18.

19.

20.

21.

a processor that determines a remaining minimum system information channel
demodulation reference signal configuration; and
a transmitter that transmits the demodulation reference signal based on the

demodulation reference signal configuration.

(Original) The apparatus of claim 15, wherein the remaining minimum system

information channel is a remaining minimum system information downlink channel.

(Original) The apparatus of claim 15, wherein the remaining minimum system
information channel is a remaining minimum system information physical downlink

shared channel.

(Original) The apparatus of claim 15, wherein the remaining minimum system
information channel demodulation reference signal configuration comprises a first
configuration, a second configuration, a mapping order, a frequency domain density, a
time domain subframe level density, a time domain symbol level density, or some

combination thereof.

(Original) The apparatus of claim 15, wherein the remaining minimum system

information channel demodulation reference signal configuration is predefined.

(Original) The apparatus of claim 15, wherein the remaining minimum system
information channel demodulation reference signal configuration is indicated by a control

resource set configuration.

(Original) The apparatus of claim 15, wherein the remaining minimum system
information channel demodulation reference signal configuration is indicated by

downlink control information.
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22.

23.

24.

25.

26.

27.

28.

(Original) A method comprising:

determining a remaining minimum system information channel demodulation
reference signal configuration; and
transmitting the demodulation reference signal based on the demodulation

reference signal configuration.

(Canceled)
(Canceled)

(Original) The method of claim 22, wherein the remaining minimum system information
channel demodulation reference signal configuration comprises a first configuration, a
second configuration, a mapping order, a frequency domain density, a time domain
subframe level density, a time domain symbol level density, or some combination

thereof.
(Canceled)

(Canceled)

(Original) The method of claim 22, wherein the remaining minimum system information
channel demodulation reference signal configuration is indicated by downlink control

information.
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REMARKS

By this paper, Applicant cancels Claims 9, 10, 12, 13, 23, 24, 26, and 27. Accordingly,
Claims 1-8, 11, 14-22, 25, and 28 are now remain pending. Should additional information be
required, the Examiner is respectfully asked to notify the Applicant of such need. If any
impediments to the prompt allowance of the claims can be resolved by a telephone conversation,

the Examiner is respectfully requested to contact the undersigned.

Respectfully submitted,

Date: December 23. 2019 /Michael L. Bartholomew/
Kunzler Bean & Adamson Michael L. Bartholomew

50 W. Broadway, 10™ Floor Reg. No. 60,225

Salt Lake City, Utah 84101 Attorney for Applicant

Telephone: 801/994-4646
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