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PTO/AIAM4 (11-15)
Approved for use through 04/30/2017. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

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

. Attorney Docket Number | UT18-0378-US
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | CORESET AND SEARCH SPACE FOR BFR

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:

Inventor ‘1 Remove

Legal Name

Prefix| Given Name Middle Name Family Name Suffix

I | Feo [

Residence Information (Select One) US Residency ¢ Non US Residency Active US Military Service

City |Feou| |‘Country of Residence | ‘ﬁ% I
Mailing Address of Inventor:

Address 1 9, Yangjae-daero 11gil, Seocho-gu

Address 2

City | ISeouI I State/Province | ‘

Postal Code | |06772 | Countryi ‘ ‘KR

Inventor &

Legal Name

Prefix| Given Name Middle Name Family Name Suffix

| E' t(unjung | |{| | El

Residence Information (Select One) US Residency  (® Non US Residency Active US Military Service
City |Feou| ]|Country of Residence i kr I
Mailing Address of Inventor:

Address 1 9, Yangjae-daero 11gil, Seocho-gu

Address 2

City | Feoul I State/Province | I

Postal Code | |06772 | Countryi ‘ ‘KR

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

generated within this form by selecting the Add button.

Correspondence Information:
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Attorney Docket Number | UT18-0378-US

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | CORESET AND SEARCH SPACE FOR BFR

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 7487
Email Address nfo@kpatent.com [ AddEmail | [Remove Email]
Email Address uspto@kpatent.com | AddEmail | [Remove Email|

Application Information:

Title of the Invention [CORESET AND SEARCH SPACE FOR BFR

Attorney Docket Number| UT18-0378-US Small Entity Status Claimed [ ]

Application Type Provisional v
Subject Matter tility v
Total Number of Drawing Sheets (if any) 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 previously Filing date (YYYY-MM-DD) Intellectual Property Authority or Country -
filed application

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

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)

EFS Web 22.12
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. Attorney Docket Number | UT18-0378-US
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | CORESET AND SEARCH SPACE FOR BFR

Customer Number | F7487 I

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

Additional Domestic Benefit/National Stage Data may be generated within this form Add
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.S.C. 119(b) and 37 CFR 1.55. When priority is claimed to a foreign application
that is eligible for retrieval under the priority document exchange program (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, cr 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 AlA (First Inventor to File) Transition
Applications

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

contains, or contained at any time, a claim to a claimed invention that has an effective filing date on or after March
[] 18, 2013.

NOTE: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on or after March

16, 2013, will be examined under the first inventor to file provisions of the AlA.

EFS Web 22.12
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Attorney Docket Number | UT18-0378-US

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | CORESET AND SEARCH SPACE FOR BFR

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 Dccument 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 (EPO), the Japan Patent Office
(JPO), the Korean Intellectual Property Office (KIPO), the State Intellectual Property Office of the People’s Republic of
China (SIPO}, the World Intellectual Property Organization (WIPO), and any other foreign intellectual property office
participating with the USPTO in a bilateral or multilateral priority document exchange agreement in which a foreign
application claiming priority to the instant patent application is filed, access to: (1) the instant patent application-as-filed
and its related bibliographic data, (2) any foreign or domestic application to which priority or benefit is claimed by the
instant application and its related bibliographic data, and (3) the date of filing of this Authorization. See 37 CFR 1.14(h)
(1).

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

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

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

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

B. Applicant DOES NOT authorize the USPTO to transmit to the EPO any search results from the instant patent
[] application. If this box is checked, the USPTO will not be providing the EPO with search results from the instant
application.
NOTE: Once the application has published or is otherwise publicly available, the USPTO may provide access to the
application in accordance with 37 CFR 1.14.
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Attorney Docket Number | UT18-0378-US

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | CORESET AND SEARCH SPACE FOR BFR

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 inventers 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:

N

Name of the Deceased or Legally Incapacitated Inventor: ‘

If the Applicant is an Organization check here. ]

Prefix Given Name Middle Name Family Name Suffix

] | .

Mailing Address Information For Applicant:

Address 1

Address 2

City State/Province
Country | | Postal Code
Phone Number Fax Number
Email Address

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

Assignee Information including Non-Applicant Assignee Information:

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

EFS Web 22.12
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Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | CORESET AND SEARCH SPACE FOR BFR

Assignee (1

Complete this section if assignee information, including non-applicant assignee information, is desired to be included on the patent
application publication. An assignee-applicant identified in the "Applicant Information™ section will appear on the patent application
publication as an applicant. For an assignee-applicant, complete this section only if identification as an assignee is also desired on the
patent application publication.

If the Assignee or Non-Applicant Assignee is an Organization check here. ]
Prefix Given Name Middle Name Family Name Suffix

- I | ]

Mailing Address Information For Assignee including Non-Applicant Assignee:

Address 1

Address 2

City ‘ State/Province
Countryi ‘ I Postal Code
Phone Number Fax Number
Email Address

Additional Assignee or Non-Applicant Assignee Data may be generated within this form by

selecting the Add button. Add

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 sighed by a patent practitioner if one or more of the applicants is a juristic
entity (e.g., corporation or association). If the applicant is two or more joint inventors, this form must be signed by a
patent practitioner, all joint inventors who are the applicant, or one or more joint inventor-applicants who have been given
power of attorney (e.g., see 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 [JAndrew S. Park/ Date (YYYY-MM-DD)| p018-05-11
First Name )Andrew Last Name ‘ F’ark Registration Number 7841
Additional Signature may be generated within this form by selecting the Add button. Add

EFS Web 22.12
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o Attorney Docket Number
Application Data Sheet 37 CFR 1.76

UT18-0378-US

Application Number

Title of Invention | CORESET AND SEARCH SPACE FOR BFR

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 applicaticn. 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, 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 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 information sclicited 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  Theinformation 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 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. 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 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 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 informaticn 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.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 International Bureau of the World Intellectual Property Organization, pursuant to the Patent CooperationTreaty.

6.  Arecord in this system of records may be disclosed, as a routine use, to ancther federal agency for purposes of National Security review (35 U.S.C. 181)
and for review pursuant to the Atomic Energy Act (42 US5.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 or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

9. 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 violation of law or regulation.

EFS Web 2212
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Attorney Docket No. UT18-0378-US

Provisional Application
Title of Invention CORESET AND SEARCH SPACE FOR BFR

Related Technology Field| NR control channel

Related Specification New RAT

1. Summary of Invention

2. Background and Prior Arts in the Same Field of the Invention
< 3GPP LTE specification>
- TS36.211, TS36.212, TS36.213, TS36.214, TS36.331

As ever more communication devices demand ever greater communication capacity, a need is
emerging for better mobile broadband communications than provided by existing radio access
technologies. In addition, massive Machine Type Communications (MTC), which connects a
plurality of devices and things to provide various services at any time and place, is also among
the key issues to be considered in next-generation communications. Moreover, communication
system design is under discussion that takes into consideration the sensitivity of services/UEs
to reliability and latency. Likewise under discussion is the introduction of next-generation radio
access technology that takes into account enhanced mobile broadband communication, massive
MTC, URLLC (Ultra-Reliable and Low Latency Communication), and the like; in the present
invention, for convenience, this technology is called New RAT.

[Self-contained subframe structure]

In Sth-generation new RAT, a structure in which the control channel and data channel are
TDMed, as shown in FIG. 2-1 below, can be considered as one kind of frame structure for the
purpose of minimizing latency.

DL only or UL only

7 DL Control
% channel

- UL Control
channel

[ QU i
P

—_

> RUMMITNNN

RB index

1 2 3 4 5 6 7 8 9 10 11
Symbol index

One TTI >
FIG. 2-1. Data and control TDMed subframe structure

Samsung Exhibit 1008, Page 12 of 59



Attorney Docket No. UT18-0378-US

In FIG. 2-1, the hatched area represents the downlink control region, and the black area
represents the uplink control region. The unmarked region can be used for downlink data
transmission or for uplink data transmission. A characteristic of such a structure is that DL
transmission and UL transmission are performed in sequence within one subframe, so that DL
data can be sent, and UL ack/nack can also be received, within one subframe. As a result, when
a data transmission error occurs, the time taken to retransmit data is reduced; consequently, the
latency of the final data transmission can be minimized.

In such a data and control TDMed subframe structure, a time gap is needed for the process of
the base station and the UE switching from a transmitting mode to a receiving mode, or from
a receiving mode to a transmitting mode. To this end, at the time of switching from DL to UL,
some OFDM symbols in the subframe structure are set as guard periods (GP).

[Analog beamforming]

In mmW, the wavelength is shortened so that a plurality of antennas can be installed in the
same region. Thus, in the 30 GHz band, where the wavelength is 1 cm, a total of 100 antenna
elements can be installed at intervals of 0.5 lambda (wavelength) on a 5-by-5-cm panel in a 2-
dimensional array. Accordingly, in mmW, a plurality of antenna elements are used to increase
beamforming (BF) gain so as to increase coverage or throughput.

In this case, if each antenna element has a TXRU (transceiver unit) to enable transmission
power and phase adjustment, then independent beamforming is possible for each frequency
resource. However, a problem with this is that it is not practical, in terms of cost, to install a
TXRU on all approximately 100 antenna elements. Therefore, a method is under consideration
in which a plurality of antenna elements are mapped to one TXRU and the direction of the
beam is adjusted by analog phase shift. Such an analog beamforming method has the drawback
that only one beam direction can be created in the entire band, so that frequency-selective
beaming is impossible.

By way of an intermediate mode between digital BF and analog BF, a hybrid BF can be
considered that has B TXRUs, where B is less than the number of antenna elements Q. In this
case, although there is variation depending on how the B TXRUs and the Q antenna elements
are connected, nonetheless the number of beam directions on which it is possible to transmit at
the same time is limited to B or less.

[CORESET and search space for NR PDCCH]

In NR, a control resource set (CORESET), a search space set, and the like, have been defined
for a control channel. A CORESET is a resource region for control channel
transmission/reception, similar to an EPDCCH set in LTE; a CORESET configuration includes
a CORESET ID, a DMRS scrambling sequence initialization parameter, CORESET resource
information (the frequency domain RB set and the time domain duration), a CCE-to-REG
mapping, a REG bundle size, a row size and cyclic shift value of an interleaver, TCI-related
information, and the like, which define the properties of the respective CORESET. A search
space set configuration provides information about the components and monitoring of the

search space set configuration—including: a CORESET ID that monitors the search space set;

whether CSS/USS is used; information about a DCI that must be monitored; aggregation levels;
a number of candidates per AL; a monitoring periodicity of the search space set; and
information related to a monitoring occasion within a slot;—and provides information about
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the components and monitoring of the search space set. Additionally, in NR, a maximum of
three CORESETs and ten search space sets can be configured for each BWP.

[Complexity for blind decoding and channel estimation]

Because different monitoring periodicities and offsets are set for each search space set of a
plurality of search space sets, there can be a significant increase in the number of candidates
that must be monitored in a particular slot (e.g., a slot in which monitoring occasions for a
plurality of search space sets overlap); this can significantly increase the complexity of blind
decoding for the UE. Accordingly, in NR, for each numerology, there are defined a maximum
number of BDs and a maximum channel estimation complexity (expressed as a number of
CCEs) that a UE can perform within a single slot. If the number of BDs and/or the number of
CCEs configured by the network in each slot exceeds the limit, then the UE can only perform
blind decoding for a particular candidate according to priority. For example, it can be assumed
that the number of BDs and the number of CCEs for the search space set(s) configured by the
CSS in each slot does not exceed the limit; in the case of a USS, the SS set having a lower
index has a higher priority, and whether to conduct BD on a candidate can be determined at the
SS set level.

3. Composition and Method of the Invention

In NR, beam-based transmission and reception operations are carried out, and if the reception
performance of the current serving beam becomes degraded, then a process of seeking a new
beam is performed via a process known as beam failure recovery (BFR). Because the BFR
process does not involve declaring a failure of the link between the network and the UE, it can
be assumed that the connection with the current serving cell will be maintained even during
the BFR process. In the BFR process, different beams are measured that are configured by the
network (a beam in this case can be expressed as a CSI-RS port or an SSB index or the like)
and the best beam for the UE can be selected. The UE carries out the BFR process by
performing a RACH procedure associated with a beam that has a good measurement result.

Proposed in the present invention are a CORESET & search space set configuration, and a
candidate mapping method for BD/CE complexity handling, that are needed in terms of control
channel processing when carrying out BFR. (In the present invention, a Transmission
Configuration Indication (hereinafter TCI) state can be configured for each CORESET of the
control channel and can be used as a parameter for determining the Rx beam of the UE.)

[CORESET and search space set for BFR]

In the BFR process, the CORESET and the search space are resources associated with the beam
that the UE selects as the best beam; during the process of carrying out the RACH procedure,
these resources can be used for the purpose of receiving necessary signaling from the network,
such as an RAR message or the like. Additionally, via the BFR CORESET, the UE can receive
a UL grant, a DL assignment, or the like until a new CORESET and search space are received
that reflect the changed beam information.

¢ Relation between BWP and BFR CORESET & SS set
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m In NR, a maximum of three CORESETs and ten search space sets can be set for each BWP;
in this case, each CORESET can have different CORESET properties (e.g., CCE-to-REG
mapping (with/without interleaving) and REG bundle size (2, 3, 6 REGs), WB/NB RS, ...),
and each search space set can have different monitoring occasions, ALs, and candidate
numbers, and the like; as a result, scheduling flexibility can be increased. In the case of a
BFR CORESET, because BFR is a process for finding a new beam owing to a degradation
of beam reception performance, irrespective of the scheduling flexibility of PDCCH
transmission and reception as mentioned above, it may be preferable not to apply the limit
that corresponds to the maximum number of CORESETs per BWP (i.e., three CORESETs
per BWP) to the BFR CORESET. In other words, for each BWP, the UE can be configured
with three CORESETs, excluding the BFR CORESET, and ten search space sets, excluding
the BFR search space set. (If a BFR CORESET reuses a conventional CORESET, and if
the conventional CORESET is configured for a purpose other than BFR, then this
CORESET can be counted in the number of CORESETs. This can be applied in the same
way to a search space set.)

m A method can be considered in which a BFR CORESET is set for each BWP, or in which
it is set for an initial BWP. (This includes: a case in which the BFR CORESET is set for
each BWP; a case in which the configuration is not followed and the BFR CORESET is
not set; and a case in which the BFR CORESET of the initial BWP is monitored.) Also, in
addition to the methods below, a conventionally configured CORESET and/or SS set can
be reused as a CORESET and/or SS set associated with the BFR, and some parameters of
this CORESET configuration and/or SS set configuration can be newly set. (For example,
in the case of a CORESET configuration parameter such as a TCI state, regardless of the
existing configuration, in a BFR CORESET, it can be assumed that the TCI and/or QCL,
etc., are defined by the best beam based on the UE's measurement, or by a RACH procedure
that the UE carried out during the BFR process.)

¢ Ifa BFR CORESET is set for each BWP, then:

* For a BWP in which the UE maintains transmission and reception with the current
network (i.e., an active BWP), a BFR CORESET can be permanently configured.
This can be implemented via a method wherein information about the BFR
CORESET is included in the BWP configuration, or the like; the monitoring
occasions of the corresponding CORESET can be determined by the timing of the
PRACH transmission owing to the BFR (e.g., every slot within the RAR monitoring
window, after the PRACH transmission slot index + 4).

* Because it may be preferable to recognize whether the connection with the serving
cell is maintained even if the BFR procedure is in progress, the UE can, in addition
to monitoring the BFR CORESET, carry out DCI monitoring according to the
previously configured CORESET and SS set configuration. For example, the BFR
CORESET may be defined so that only PDCCHs scrambled with C-RNTI are
monitored; in this case, it may be preferable to maintain monitoring for the existing
CORESET, because a case may occur in which information to which a unique RNTI
has been assigned, such as SFI, SI, paging, or the like, cannot be transmitted to the
UE. In this case, the actual candidate setting method whereby the UE performs
monitoring is as described in the next section.

¢ Ifa BFR CORESET is set in the initial BWP, then:
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* Inthe initial BWP, the CORESET (CORESET#0) configured according to the PBCH,
and the CORESET (CORESET#1) configured for the RACH procedure, can be set
as defaults; if CORESET#1 is not configured, then CORESET#0 can be reused for
CORESET#].

¢ If conventional DCI monitoring is carried out, then the UE may have to monitor for
different BWPs in the same slot in order to monitor for BFR and conventional DCI.

In this case, the following methods can be considered.

m  Option 1) Monitoring the BFR CORESET is regarded as a special case, so that
both DCI monitoring of BFR, and monitoring of the previously configured DCI,
can be carried out even if the active BWP and the initial BWP do not coincide.

m  Option 2) If a BWP, in which DCI monitoring for BFR is being carried out,
differs from the existing active BWP, then it is possible that DCI monitoring for
the existing active BWP is not performed. (This may include a method whereby
existing DCI monitoring is carried out only if the BWP in which DCI
monitoring for BFR is being conducted is the same as the existing active BWP.)

e If the BFR CORESET is set in the initial BWP, then the BFR CORESET can be
indicated using a method below.

m  Option 1) Reuse CORESET#0 or CORESET#1

¢ The BFR CORESET can be set to reuse an already-defined CORESET via
pre-definition, or via higher layer signaling in the network, or the like.

¢ If CORESET#O0 is reused as a BFR CORESET and a BFR procedure is
performed based on a CSI-RS port, then the network can signal the
relationship between: each CSI-RS port used in the BFR procedure, and the
SSB index associated with CORESET#0. (For example, the mapping
relationship between a CSI-RS port used in the BFR procedure and an SSB
index can be indicated via higher layer signaling or the like.)

m  Option 2) New CORESET for BFR

¢ The network can indicate to each UE the configuration of the BFR
CORESET that is present in the initial BWP; a broadcast signal or a UE-
dedicated signal can be used as the indication method.
In the case of a BFR CORESET/SS, the configuration may be optional. Accordingly, if the
BFR CORESETY/SS is not set in the active BWP, or if a BFR CFRA resource is not set, then
the terminal can carry out the following actions.

- Carry out beam recovery according to a CBRA resource. The RAR CORESET/SS
associated with the CBRA resource is assumed to be a BFR CORESET, from which a
response to the beam recovery is awaited.

- Await response to the beam recovery via the RAR CORESET/SS associated with the
CBRA resource.

- Return to the initial DL/UL BWP and use a CFRA/CBRA/RAR CORESET/SS resource.
Alternatively, this option can be applied only if there are no BFR CORESET/SS or
CFRA resources in the active DL/UL BWP.
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[BD and channel estimation complexity on BFR procedure]

In NR, because monitoring for a plurality of CORESETs and SS sets can be configured in the
same slot, the maximum number of BDs and channel estimations that can be performed in one
slot is defined in consideration of the complexity of the UE; in a slot that exceeds the maximum,
it is possible that some candidates will not be monitored. To straightforwardly monitor for the
BFR CORESET, it is proposed that a candidate that must be monitored should be set, as follows,
in the slot in which the BFR CORESET is monitored. (Currently, it is assumed that in a
conventional slot, BD and channel estimation for the CSS are carried out preferentially, and it
is assumed that each limit is not exceeded as a result of the CSS. Subsequently, candidate
selection (or mapping) is carried out at the SS set level for the USS; it is assumed that the lower
SS index has a higher priority for a plurality of USSs.)

e Priority of BFR SS set
m Monitoring for the BFR SS set can be designated as having the highest priority.

¢ In the BFR procedure, because the serving beam configuration and the like must be
done preferentially, candidates in an SS set related to BFR must be monitored.

¢ Accordingly, it can be assumed that a BFR-related SS (e.g., the response to a PRACH
transmitted by the UE during the BFR process, and the subsequent process) is set to
have the highest priority irrespective of the type of the BFR SS set (e.g., CSS/USS),
and that a candidate in the SS set does not exceed any limit.

m A BFR SS set can be monitored independently of the BD and CCE limits per slot.

¢ A BFR-related DCI might not necessarily have to complete decoding in the slot in
which it was received. Therefore, the previously configured DCI monitoring can
continue to be carried out in consideration of the BD and CCE limits for each slot,
and monitoring for the SFR SS set can be performed independently; in this case, it
can be assumed that the number of BDs and CCEs configured by the BFR SS set do
not exceed the respective limits.

* Assumptions about CSSs

m As mentioned above, in a conventional slot (i.e., a slot in which the BFR procedure is
not performed), it can be assumed that, in the configured CSSs, the maximum numbers
of BDs and CCE:s are not exceeded.

m However, if a BFR CORESET is being monitored, then the number of BDs/CCEs for
BFR monitoring is added; consequently, if the BDs/CCEs due to existing CSSs are also
taken into account, then BD/CCE overbooking can occur. Therefore, if a BFR SS set is
being monitored, then the following assumptions can be made. The below options can
be implemented individually or in combination. The below options apply only to a CSS;
it is possible that a USS according to a conventional configuration will not be monitored
during the BFR procedure. Alternatively, among the CSSs, a candidate to be monitored
can be selected according to the below options; subsequently, if there is still additional
capacity for BDs/CCEs, then a PDCCH mapping to SS sets can be performed for a USS.

¢ Option 1) It can be assumed that the CSSs already configured in the BFR slot do not
exceed the BD and CCE limits. (This can also mean that, even if the network
performs
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BD and channel estimation for a candidate related to BFR in the BFR slot, it
configures at least the number of BDs and CCEs for the already configured CSSs,
so that the limit is not exceeded.)

Option 2) If the number of BDs and CCEs in the already-configured CSSs exceeds
the limit owing to the number of BDs and CCEs due to the BFR SS set, then SS set
level dropping can be applied to the CSS(s). In this case, the priority among SS sets
can be determined according to an SS index (e.g., on the assumption that a low (or
high) SS index has a high priority), a DCI format (e.g., where priority is defined by
DCI format), or the like.

*  For example, if the respective BD and CCE limits defined in a slot are defined
as Xslot and Ysiot, and the respective numbers of BDs and CCEs configured in
the BFR SS set are defined as Xgsrr and YBrr, then the respective numbers of
BDs and CCEs allowed for the CSS(s) configured in that slot can be defined as
Xcss (= Xstot — XBrFR) and Ycss (= Ysiot — YBER). In this case, for the CSS set that
has the highest priority among the CSSs configured in the corresponding slot, if
the numbers of BDs and CCE:s are less than Xcss and Ycss, then blind decoding
of the corresponding CSS can be performed. Subsequently, the Xcss and Ycss
values can be updated, and the process can be repeated for the next-priority CSS,
until one of the two limits is exceeded. (BD is not performed on a CSS that
exceeds the limit.)

*  Option 2 can also include candidate dropping for a candidate level.

Option 3) Monitoring can be configured for a BFR SS set and one or a plurality of
CSS sets in a particular slot; if the number of BDs and/or CCEs due to the BFR SS
set, and the number of BDs and/or CCEs due to the CSS set(s), exceed the respective
limits, then it is possible that the CSS will not be monitored.

Option 4) Monitoring for the BFR CORESET/SS can be additionally included
among the UE's capabilities. In other words, for the BFR CORESET/SS, it can be
assumed that the terminal is able to perform additional channel estimation/BD in
excess of its existing capability, as per its configuration, and that this is not taken
into account in the channel estimation/BD limit. This can mean that the capabilities
for BFR CORESET and SS sets are defined separately, or that BFR-related
BD/channel estimation is assumed to always be performed independently of the
BD/channel estimation for a conventional DCI, and that limits for BD and channel
estimation apply to all CORESET/SS sets other than the BFR CORESET/SS set.

Option 5) In a slot in which the BFR CORESET is being monitored, it can be
indicated, via pre-definition, higher layer signaling, or the like, that from among the
candidates of the existing CORESET/SS set, only a candidate corresponding to a
particular RNTI should be monitored. For example, a slot in which a BFR CORESET
is being monitored can be defined so that, from among the already configured
CORESET/SS sets, only a PDCCH candidate related to an SFI is monitored.
(Additionally, in this case, if the BD/CCE limit is exceeded when monitoring for the
existing CORESET, then it is possible that the existing CORESET will not be
monitored.)

Option 6) In a slot in which a BFR CORESET must be monitored, it can be indicated
not to monitor for a CORESET other than the BFR CORESET, either by
predefinition or via higher layer signaling.
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[Rx beam priority]|

As set forth above, in NR, limits are defined on the number of BDs, CCEs, and the like with
respect to UE complexity, and if a limit is exceeded in a particular slot, then monitoring is
skipped for some of the candidates. Such a method can also be applied to an Rx beam that a
UE uses for a particular time resource.

In NR, a plurality of CORESETs can be monitored in the same slot; in this case, each of the
CORESETs can be overlapped in the time/frequency domain. In addition, a different QCL
assumption (i.e., configuring a TCI state for a PDCCH for each CORESET) can be applied for
each CORESET. This means that there can be a plurality of CORESETs that must be received
via different Rx beams in the same symbol; a UE that has one RF panel (i.e., a UE that can
receive only one Rx beam in a particular time resource) needs to select one of the plurality of
Rx beams. In the present invention, a method of setting an Rx beam is proposed for a situation
in which a plurality of Rx beams are required. (This can also be interpreted as configuring
priorities for a plurality of CORESETs that overlap in the time domain.) If an Rx beam that the
UE applies is determined by the method below, then the network can give priority to
transmitting in the CORESET associated with the Rx beam; or, if the CORESET uses an
unsuitable Rx beam, then the network can compensate for reception performance via the coding
rate or power boosting. The below options can be implemented individually or in combination.

Option 1) Measurement-based priority

The UE can configure Rx beams in the corresponding time resource based on outcomes of
measurement and reporting. For example, if three CORESETs overlap in one symbol and the
QCL assumptions of the CORESETs differ, then the Rx beam in the symbol can be configured
based on the best measurement result from among the measurement results associated with the
respective CORESET. By way of example, the Rx beam associated with the CORESET that
has the highest value among the RSRPs measured in each CORESET can be applied to the
symbol. (Option 1 can be determined based on a value currently measured by the UE, or it can
be determined based on the most recently reported measurement result.)

Option 2) CORESET/SS set index-based priority

The Rx beam to be applied to the resource can be determined by assigning a priority to a
CORESET index or an SS set index. For example, the UE can set the Rx beam based on the
TCI state of the CORESET that has the lowest (or highest) CORESET index (or the CORESET
associated with the lowest SS index).

Option 3) Message-based priority

The UE can set the Rx beam based on the priority of the message that it must monitor in each
CORESET (e.g., DCI format, RNTI, BFR, or the like). For example, an Rx beam of a
CORESET that is monitored for a DCI related to SFI, pre-emption, or the like, can have a
higher priority than an Rx beam of a CORESET that is monitored for non-fallback DCI. By
way of a further example, an Rx beam of a CORESET that is monitored for information
required in order to maintain UE communication, such as RACH/SI update/paging or the like,
can be set to a higher priority.

Additionally, as proposed above, regardless of CORESET priority within the slot in which
monitoring must be performed, the highest priority can always be assigned for a CORESET
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related to beam failure recovery (or beam management).
Option 4) Priority according to time order of monitoring occasions

A UE can apply an Rx beam that is associated with the beam of an SS that comes first in the
SS monitoring order of each CORESET in a slot. In other words, the priority of each CORESET
can be determined based on the starting symbol index of the CORESET. If the same CORESET
is associated with a plurality of SS sets and has the same starting symbol, then the Rx beam
can be determined based on the priority of an SS set index or the like.

Option 5) A priority of a CORESET is determined based on a number of SS sets associated
with the CORESET.

As mentioned above, in NR, three CORESETs and ten search space sets can be configured for
each BWP; this means that a plurality of search space sets can be associated with one
CORESET. Option 5 refers to a method in which a plurality of search space sets, associated
with a plurality of CORESETs in a particular slot, must be monitored; if the TCI state of each
CORESET is different, then the CORESET that has a larger number of associated search space
sets is given a higher priority. (In this case, the number of associated search space sets can be
limited to the search space sets for which monitoring is performed in the relevant slot.)

Above, a proposal has been made for setting an Rx beam based on a TCI state in a situation in
which CORESETs having different TCI states are configured to overlap in a particular time
resource. The present invention additionally proposes a method for configuring an Rx beam
for each region in a situation in which, within one CORESET, a time resource exists that
overlaps with other CORESETs, and a time resource exists in which only the relevant
CORESET exists. [FIG. 3-1] shows an example of a case in which two different CORESETs
configured with different TCI states partially overlap in the time domain. As can be seen from
the drawing, if monitoring is performed for each CORESET, then the Rx beams that the UE
must apply are different; and, if two CORESETs overlap, then the Rx beam that the UE must
apply (or the TCI state that the UE must assume) can be determined according to the priority
rule proposed above. For example, if the priority of CORESET#2 in the drawing is high, then
the UE can apply Rx beam#1 in the region in which there is an overlap. However, in this case,
which Rx beam to use for receiving in symbol#2 of CORESET#3 must be determined. For this
purpose, the present invention proposes the below options, which can be implemented
individually or in combination.

—» f

Symbol#0
- GORESET#2 (S5 -s6t#4.5)- > Rx-beam -1 OVer sbped
Symbol#1 between
oo - CORESET#3 (SS sot#8)->-Rx-beam#2 ] s ¥ CORESETs
Symbol#2 with different
TCI
twv
[FIG. 3-1]

Additionally, the options below can be carried out for each set of CORESETs for each slot.
For example, each set can consist of CORESETs that partially or fully overlap in the time
domain; all CORESETs that are present in one slot can form a set.

Option 1) Rx beam configuration-based on priority for each time resource

The Rx beam in each time resource (e.g., OFDM symbol) can be set based on the TCI state of
the CORESET that has the highest priority in that time resource.

10
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In this case, a situation can arise in which the same precoding cannot be assumed between
adjacent symbols, owing to different Rx beams in the same CORESET; it can be assumed
that time-domain REG bundling is not applied in that CORESET. Alternatively, it can be
assumed that time domain bundling is applied only in time resources that use the same Rx
beam.

Option 2) Applying the Rx beam—of the CORESET that has the highest priority among the
overlapped CORESETs—to a plurality of CORESETs that include the overlap region.

In Option 2, the Rx beam can be set for all overlapped CORESETs based on the TCI state of
the CORESET that has the highest priority among the CORESETs that include the same time
resource. This also means that for CORESETs that do not overlap in the time domain (e.g. at
the symbol level), the Rx beam is set based on the TCI state of each CORESET.

Option 3) If a plurality of CORESETs with different TCI states are present in one slot, then
the TCI state of the CORESET that is determined to have the highest priority, according to the
above-proposed priority rule, can be applied to the entire slot. This can mean that if different
CORESETs that have been configured with different TCI states are monitored in the same slot,
then a CORESET that has a low priority can change the Rx beam (i.e., assuming a TCI state
that differs from the configuration), but only for that slot.

Option 4) The UE can assume that when CORESETs, which have been configured with
different TCI states, partially or fully overlap in the time domain, monitoring should be
performed only for candidates of SS sets in the highest-priority CORESET. In addition,
depending on the configuration, this can include monitoring a CORESET that does not overlap
in the time domain. Alternatively, in the case of CORESETs that overlap in the slot, and for
which different Rx beams must be assumed, this can be interpreted as only the CORESET with
the highest priority in the entire slot being monitored.

Option 4 can include a case in which a BFR CORESET/SS set must be monitored; and, if the
TCI state of the BFR CORESET is different from that of the existing CORESETs (i.e., those
CORESETS/SS sets that were configured to perform monitoring prior to the BFR), then only
the BFR CORESET is monitored in the slot. (This can also include a case in which the existing
CORESET and BFR CORESET are monitored in the same slot, a CORESET is present among
the existing CORESETs that uses the same Rx beam as the BFR CORESET, and that
CORESET is monitored.)

11
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<Added 2018-05-11>

® QCL assumption of a CORESET without tci-StatesPDCCH
According to a current RRC specification (e, TS538.331), an information element

“ControlResourceSet” is provided for each CORESET, and a parameter “tci-StatesPDCCH" in the |E
can be configured for providing QCL relationships between the DL RS/SSB and the CORESET.
However, the “tci-StatesPDCCH"” is optional parameter. It means that the parameter may not be
configured for some CORESETs. So, a default QCL assumption should be needed to determine Rx
beam for PDCCH reception in the TCl-less CORESET. For a default QCL assumption, we propose
that, for a CORESET which doesn't include "tci-StatesPDCCH", a UE assumes that a QCL from
latest RACH procedure is applied to the CORESET.

In the case of BFR-CORESET (for beam failure recovery procedure), according to the previous
agreement from the email discussion in MIMO session, a UE assumes that the dedicated CORESET
is spatial QCl'ed with DL RS of the UE-identified candidate beam in the beam failure recovery
request. From the PDCCH perspective, this agreement can be interpreted as follows; implicit
spatial QCL update (regardless of CORESET configuration) via beam recovery procedure and/or
beam management procedure is assumed for a BFR-CORESET.

Other than BFR-CORESET, it needs to clarify which CORESET(s) would not be associated with TCI
states. At least, we consider that CORESET #0 (by PBCH) and #1 (by RMSI) would not be associated
with TCl states. For other CORESETs, generally for USS operation, it is desirable to configure TCI
states.

Some clarification whether this RACH procedure can include contention-free as well is necessary.
In our view, contention-free may be based on CSI-RS without associated SSB and QCL associated
with the CSI-RS may not be stable for CORESET#0 and/or #1. So, at least for CORESET#0 and/or

#1, it is safer to change QCL information based on the recent contention-based RACH procedure.

According to the above content, a QCL assumption derived from the most recently performed RACH procedure
can be applied to a CORESET for which tci-StatesPDCCH is not configured. In the present invention, a somewhat
more specific method of deriving a QCL assumption is also proposed. Below, "contention-based RACH" can
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refer to a situation in which a RACH procedure is performed on a resource associated with
the best SSB (based on the measurement result) based on SSB, and "contention-free RACH
procedure" can refer to carrying out a RACH procedure on a resource associated with a CSI-
RS port (or SSB), or the like, according to gNB signaling.

Because the contention-free RACH procedure is based on a network configuration, it can be
signaled independently of measurement; alternatively, the network can signal based on a
measurement report of the UE. In addition, in the case of a CSI-RS port, the association with
an SSB may or may not be signaled. In other words, in a contention-free RACH procedure,
a situation can arise in which it is not possible to ensure association with the SSB, reflection
of measurement results, and the like. This can operate as a factor that degrades performance
in operations of CORESET#0, #1, and the like where the CORESET and the search space
set can be configured in association with an SSB. For example, a situation can occur in which
the UE configures the Rx beam based on a faulty assumption about the Tx beam.

1. A QCL assumption, derived from the most recently performed RACH procedure,
regardless of the type of RACH procedure (i.e., contention-based/contention-free
RACH procedure), can be applied by the UE to a TCI-less CORESET.

2. The UE can apply only the result derived from the most recently performed
contention-based RACH procedure to the QCL assumption for the TClI-less
CORESET. In practice, this can mean that if the most recently performed RACH
procedure is of the contention-free type, then the result is ignored and a QCL
assumption derived from the most recently performed contention-based RACH
procedure is applied to the CORESET.

3. QCL assumptions of different RACH procedures can also be used for each
CORESET. For example, for CORESET#0 (and/or #1), a QCL assumption is applied
that is derived from the most recently performed contention-based RACH procedure;
for the remaining CORESETs, a QCL assumption can be derived from the most
recently performed RACH procedure, regardless of whether there is contention. By
way of a further example, for a CORESET for which a CSS is configured, a QCL
assumption is applied that is derived from the most recently performed contention-
based RACH procedure; for a CORESET for which a USS is configured, a QCL
assumption can be derived from the most recently performed RACH procedure,
regardless of whether there is contention. (In this case, a QCL assumption derived
from the most recently performed contention-based RACH procedure of a
CORESET for which both a CSS and a USS are configured can also be applied.)

4. Inthe methods proposed above, even for the contention-free RACH procedure, if the
associated SSB is indicated or the implicitly associated SSB is known, then the QCL
assumption derived from the contention-free RACH procedure can also be applied to
a TCI-less CORESET.

Additionally, in the present invention, for a TCI-less CORESET, it is proposed that the
network indicates to the UE, via higher layer signaling or the like, which RACH procedure
type the QCL assumption is derived from. This may also include a method of providing, to
the UE, SSB information associated with the CSI-RS port that was provided in the
contention-free RACH procedure.

* QCL assumption between overlapped CORESETs in time domain

According to previous agreements, each CORESET has own QCL assumption, and different
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CORESETs can be overlapped on time and/or frequency domain. It means that CORESETs with
different QCL assumptions can be overlapped on a same symbol. Because a UE determines an
Rx beam used for monitoring each CORESET by considering TCl state of each CORESET, if multiple
CORESETs with different QCL assumptions overlaps on time domain resources (e.g., OFDM
symbol), a UE should support multiple Rx beams or select one Rx beam (or TCI state) by a certain
selection rule. In current release, a UE which can use multiple Rx beams are not considered so
far, so we can consider following options for solving the problem;

Option 1) Monitoring skip of lower prioritized CORESET

The CORESET selection rule can be applied when CORESETs with different spatial QCLs are
overlapped on time resources, and a UE can skip monitoring candidates included in non-selected
CORESET. The priority of each CORESET can be determined by, for example, CORESET ID, the
number of SS sets associated with a CORESET, associated search space type, etc. This option is
simple, but PDCCH transmission/reception opportunity cannot be guaranteed in some resources.
Option 2) Representative spatial QCL for overlapped CORESETs

This option is to list overlapped CORESETs using the priority rule as in Option 1). Instead of
dropping lower priority CORESET(s), change of QCL state can be considered on lower priority
CORESET(s). In other words, we propose that same spatial QCL is assumed on overlapped
CORESETs, and the representative QCL can be selected by using CORESET priority as mentioned
in option 1. In other words, QCL assumption for overlapped CORESET(s}) follow the highest priority
COREST's QCL. This option can provide more PDCCH transmission/reception opportunity, but the
PDCCH performance of CORESET with lower priority may be decreased because of mismatch
between Tx beam and Rx beam.

Option 3) No overlap between CORESETs with different spatial QCLs

A UE can assume that the network doesn’t schedule overlapped CORESETs with different spatial
QCLs. However, it is not sure that the overlap can always be avoided by scheduling.

L Candidate mapping in Case 2
Search space of Case 1 and Case 2

In last meeting, it was agreed that the number of CCEs for channel estimation per slot of Case 2
is same with Case 1 (i.e, for both cases, {56, 56, 48, 32} CCEs for SCS {15kHz, 30kHz, 60kHz,
120kHz}). Regarding the agreement, it seems that either Case 1 or Case 2 can be configured to
a UE. In other words, it is ambiguous whether a UE can be configured to monitor Case 1 and
Case 2 SS sets in a slot. In our understanding, there is no reason to prohibit such configuration.
For example, common information can be transmitted on shared resources (i.e., slot based
scheduling) between eMBB and URLLC, and service-specific data can be transmitted by slot based
scheduling (for eMBB) and non-slot based scheduling (for URLLC). In this case, URLLC UEs can

receive both scheduling types, i.e., Case 1 and Case 2. In order to clarify previous agreements,

we propose as follows;

14
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Proposal 1: A UE can be configured to monitor both Case 1 and Case 2 search space sets,
and both SS sets can be monitored in a slot.

Proposal 2: For Rel.15 December 2017 version, maximum number of CCEs for channel
estimation per slot per UE per CC is {56, 56, 48, 32} CCEs for SCS {15kHz, 30kHz, 60kHz,

120kHz)} regardless of CORESET/SS configurations. > This can also be applied in the same |
way to a BD limit.

Candidate mapping in Case 2

Generally, the required number of BDs/CCEs of Case 2 is much larger than Case 1, if the configured
number of BDs/CCEs in a SS set configuration is almost same between Case 1 and 2. . In terms
of CCE counting for Case 2 search space set, it is necessary to multiply the required CCEs for
each monitoring occasion by the number of monitoring occasion in a slot. With this the necessary
CCEs/BDs increases proportionally with the number of monitoring occasion. Thus, if search space
set level channel estimation/BD budget handling is also used for Case 2, it may be possible that
the entire monitoring occasion of Case 2 is dropped particularly when the number of monitoring
occasion is high. This can have impact, for example, on URLLC support. To mitigate this impact,
we can consider further candidate selection on monitoring occasion basis (e.g., some monitoring
occasions are dropped). However, we don't have enough time to discuss this issue, so we propose
as follows;

Proposal 1: In Rel-15, SS set-level PDCCH mapping within a slot is used for BD/CE complexity
handling even for Case 2.

o BFR CORESET/SS set

The BFR CORESET and associated SS set are configured for beam failure recovery procedure. This
CORESET/SS set is activated by beam failure recovery procedure, and a UE is not expected to
monitor PDCCH candidates in the CORESET before beam failure recovery procedure (e.g., PRACH
transmission) and after new CORESET/SS set configuration(s) or TC! update. On the other hands,
it is not sure whether PDCCH monitoring in existing CORESETs (i.e, CORESETs which are
configured to monitor before BFR procedure) is performed during monitoring window of BFR
CORESET. In our view, as some common information (such as SFl, system information, paging ...)
may not be monitored in the BFR CORESET, it is desirable that a UE can monitor PDCCH
candidates in the existing CORESETs even during monitoring window of BFR CORESET.

Proposal 2: A UE may continue monitoring on other active CORESETs (than BFR-CORESET)
during BFR procedure.

It is expected that TCl state of a CORESET (if configured) will be updated only via explicit
configuration. Thus, during BFR procedure, the UE may monitor a CORESET with outdated TCI
state. When BFR-COREST and other CORESET(s) are monitored on the same time resource with
potentially different QCL/TCI information (and thus potentially lead different Rx beam), some

15
Samsung Exhibit 1008, Page 25 of 59



Attorney Docket No. UT18-0378-US

handling is necessary. A simple solution is that a UE can skip monitoring old CORESET, if BFR
CORESET overlaps with old CORESET in time domain. This is to prioritize BFR-CORESET in case of
collision.

Another issue is whether to count CCEs/BDs for BFR-SS under UE’s channel estimation/BD limit.
If it is not accounted, it may be that the total number of required CCEs can be much higher than
what UE can support during BFR, we propose to count CCEs/BDs of BFR-SS as well when
monitored. If this is assumed, some clarification is necessary. According to previous agreement,
CSS has a higher priority compared to USS for PDCCH mapping, and it is assumed that the
number of BDs/CCEs for CSSs doesn’t exceed each limit. But, in a slot configured to monitor BFR
CORESET, the number of BDs/CCEs for BFR CORESET should be considered to PDCCH mapping
rule. In order to solve this problem, BFR CORESET/SS set should have highest priority (regardless
of SS type) on PDCCH mapping rule, and existing PDCCH mapping rule can be applied to other
SS sets. If this is applied, unless it is ensured that the sum of CCEs of CSS and BFR-SS does not
exceed UE's limit, CSS(s) may need to be dropped when BFR-SS is monitored. Not to incur too
much configuration flexibility, we propose to drop CSS(s) based on SS set index when BFR-SS is
monitored.

Proposal 3: If BFR CORESET overlaps with other CORESET(s) in time domain, a UE is not
required to monitor PDCCH candidates in other CORESET(s) at least in case QCL information
is different between BFR-CORESET and other CORESET(s).

Proposal 4: The BFR CORESET/SS set has highest priority (regardless of SS type) for PDCCH
candidate mapping rule when monitored. CSS(s) associated with other CORESET(s) may be
dropped based on SS set index when BFR SS is monitored.

16
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Domestic Benefit/National Stage Information:
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National Stage entry from a PCT application. Providing benefit claim information in the Application Data Sheet constitutes
the specific reference required by 35 U.5.C. 119{e) or 120, and 37 CFR 1.78.
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Foreign Priority Information:
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constitutes the claim for priority as required by 35 U.5.C. 119(b) and 37 CFR 1.55. When priority is claimed to a foreign application
that is eligible for retrieval under the priority document exchange program (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
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Applications
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Authorization or Opt-Out of Authorization to Permit Access:

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

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

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

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

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

(1).

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

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

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

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

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

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

Applicant (1

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

identified in this section.

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

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

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

vI

Name of the Deceased or Legally Incapacitated Inventor:

If the Applicant is an Organization check here. ]

Prefix Given Name Middle Name Family Name Suffix

Mailing Address Information For Applicant:

4

Address 1

Address 2

City State/Province
Countr;) Postal Code
Phone Number Fax Number
Email Address

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

Assignee Information including Non-Applicant Assignee Information:

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title
37 of CFR to have an assignment recorded by the Office.
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Signature:
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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 tc the requirements of the Act, please be advised that: (1) the general authority for the collection of this information
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The information cn 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 (5US.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.

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 informaticn 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.5.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 CooperaticnTreaty.

A record in this system of records may be disclosed, as a routine use, to ancther 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. 2604 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.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of the application pursuant to 35 U.S.C.
122(b) or issuance of a patent pursuant to 35 U.S.C. 151, Further, a record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use,
to the pubilic 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 applicaticn 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 enfercement agency, if the USPTO becomes
aware of a violaticn or potential viclation of law or regulation.
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Provisional Application

Title of Invention CORESET AND SEARCH SPACE FOR BFR

Related Technology Field| NR control channel

Related Specification New RAT

1. Summary of Invention

2. Background and Prior Arts in the Same Field of the Invention
< 3GPP LTE specification>
- TS36.211, TS36.212, TS36.213, TS36.214, TS36.331

N

oe @e sA 7|

=0 Hg 2 84 8¥eS a7stAH #ol M2t 71EQ| radio access
technology Ol H|SH &&E mobile broadband &410f Cist EaMO| CHFEln QUArCt =3t Ch=9|
=] & 28 H335H= massive MTC (Machine Type

i
2171 A AFEE2 HZESHY X OlCIALE CHSE AMH|
Communications) Al XtAICH SA0|AM D2HE Fo 0| & stLIo|C ®ot ofL|a} reliability
S latency Of AT MH|A/UE B st 4 A|A" CIRHQIO| =Oo|E|1 QUCt 0|2t Zo
enhanced mobile broadband communication, massive MTC, URLLC (Ultra-Reliable and Low Latency
Communication) €& 22{2t XML radio access technology 2] =Q/0| =2|5|1 of, & &

HolM= Hold 3T technology & New RAT O|2t1l B ECEH
[Self-contained subframe structure]

S5MICH new RATOIM latencyE %43} ot7| 2ot SXoz ofgf 13 2-11 22 XOf xfLt o
OlE| X{=20] TDME|E FZ7| frame structurel| SI7IX|EA DHE 2 QUC}

/p |:| DL only or UL only

7 DL Control
Z

channel

- UL Control
channel

Frequency

AT

RB index

<

1 2 3 4 5 6 7 8 9 10 11 12 13
___Symbol index

One TTH o

a3 2-1. Data and control TDMed subframe structure
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23 2-100M B Y2 downlink control BHS LIEILHD, AFA 282 yplink control ¥
AES UEHHCE EAIZL gl A9 downlink data &S 93l AFRE 45 U1, uplink data ™
S& Flol AH8E & UCL o8t pxo| EFE o JHO| subframe LHOIA DL &1 UL M
S8 =XH oz THE|O, subframe LHOIA DL dataZ E LD, UL ack/nackE HHe —’F UCH At
H2=2 GIOIH & o2 UMAI0| CIOJE| XHSWR| ZHel= AlZtES =07 E/H, O/ QIs) |
& Oole % ':a*°| IatencyE F ozl = QUct

O|2{g} Data and control TDMed subframe structure TLXO|A 7|X|=21 UEZ} Al BEOA 24l
22 Mz pE s FHMBENA AR Mzt 3 ™HE 28 time gapOl wasict o2
FI5H0] subframe TLZEOfA DLOIA] ULZ HEHElE= AES| Y2 OFDM symbolO| guard period(GP)
2 Jd3™EEH =

[Analog beamforming]

mmWO A& THEO| BOLMA S Ao Chollo] QL MX|7t 7bs3| XICEH = 30GHz CHY
M T2 1emZEM 5 by 5 cm2| paneldl 0.5 lambda(@}E) ZHA2Z 2-dimension HIY HEj=
T 1007H2| QtEIL}t element MX|7} Zhs3ICt, A2 2 mmWOIMS Chesiol QHELE element®
At83t0| beamforming(BF) 0|52 &0 HHE|X|E F7tAIZ|ALL throughput® £0[2 1 3hc},

Ol 220 2AEILL element W& HE mY U 4 Z=HO| 7HSSZE TXRU(transceiver unit)
ZHR| 3 F=a XY "2 Z Xl beamformingO| ZHs3HCH 12{Lt 10004 742] QHE|IL} element
50l TXRUE EX[3H7|0s 7HAX oM A=40| HoiX|= 2AE 2t =t a8oz st
Ol TXRUO| Ci<=7Ho| QHE|L} elementE mappingSti analog phase shifter2 beamo| gHsfe =
Hole 40| Agln QUCh O|2{T analog beamforming HAlS H [0 QUOJA Lo

beam &S TS = A0] Fhbs MEE peamingS SIS 4= Q= THHE Zter)

Digital BF2t analog BF2| 7t WEHZ Q2| QHEIL element=CH M2 7449l BIjo| TXRUS Z
= hybrid BFE 12{& = QUCL 0| Z20] B2 TXRU Q7H2| QHE|L} element®| ©1Z4 HrAlo)
[EPEHH KOl UXITH S0 &S 5= A= beam| W2 BI| O|3t2 oA =t

[CORESET and search space for NR PDCCH]

NROIM= control channel& I8l control resource set (CORESET), search space set 50| Ho|L|¥
C. CORESET2 LTES| EPDCCH setd} H|Z=8LH|, control channel transmission/reception® ¢t Xt
YAE 2|05, CORESET configuration0l= CORESET ID, DMRS scrambling sequence initialization
parameter, CORESET resource & (frequency domain RB set, time domain duration), CCE-to-REG
mapping, REG bundle size, interleaver2| row size I cyclic shift value, TCIZ¥ ®y So| ZTatg|of,
Zf CORESETS| £42 H oIt} Search space set configurationd| M= 8|S search space setOfl CH
¢t monitoringES $=#3slE= CORESET ID, CSS/USS Of= ol monitoringsliOF Sh= DCl M &,
aggregation levels, AL & candidate ==, 3l search space set®| monitoring periodicity 9 slotLH

3
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A2l monitoring occasion 2 FE S0| EFE0], 3T search space set?] T4 Gl
monitoring &8 BEE XNITICE FIHSE NROME 2 BWPHE A|Cf 37§2] CORESETI} 10

7H2| search space setO| configure® == RUCE.

[Complexity for blind decoding and channel estimation]

Cta=2| search space set0] CHSIO] M2 CHE monitoring periodicity X offset 50| 8™ E[7| W&
o, §3& slot (& &0, Ct==2| search space set®l tHE monitoring occasion0] SEE&|+&= slot)0f|
A= monitoring2 +=¥8HO0F 3t+= candidate?| =7t 3A 71 5= Y20, O|= blind decoding
O thet UES| complexityE 3AH H7HAZE == UCH w2t NROIAME StLES) slotfOl A UEZF =
Wt = A= Z[0f BD 5= X A[CH channel estimation complexity (O]= CCE =2 EHEICL)E Z
numerology @2 Fo|5t1 QUL UEE 2 slotOllM networkOll 2|8l configure® BD £ d2|i1/=

2 CCESl =7t limit2 e AL, priority0ll 2|8l §3 candidatesOfl CHTH blind decodingRtS

-

2
CCESE limite ZISIX| Schn 7hEE 4+ o0, ussel B, We indexl SS seto] high
g

priorityE 411, SS set level2 candidateOl CHEF BD O{ &7t ZEE 4 QUCL

3. Composition and Method of the Invention

NROJM = beam 7[Hto] &=41 SXI0] ¥ a0, WA serving beam?| =4l M50| X3tE AL,
beam failure recovery (BFR)O|2t= IHE Sl MEER beam= 3£ EES $=8d}A ECH BFRE
networkit UEZFQ| linkOil CHSt failureE MQstE= 1HHO| OtL|2 2, BFR WS $dsiH2t: H
X serving celltQ] connection2 |{X|E|1 YCtD 7HEE £= Aot BFR ™AL networkO
2|8l configure® A2 CHE beam (O [l beam CSI-RS2| port E2 SSB index S22 HEE
= ACh)oll tist measurementES +=¥st1, SiY UEOAH best beam2 AMEIE 4= QICt UEE
measurement Z7} 2 beamOf 3104, 8T beamit HAHEl RACH procedure® £=8dt= b
Ale=z BFR IS TI@stA ECt

= ZBOME control channel processing ZEOIM BFR =% Al 2%t CORESET & search space
set configuration 3 BD/CE complexity handling® £|% candidate mapping 2#2 X QtsiCt (=
ZHOA Transmission Configuration Indication (018} TCl) state'= control channel®| CORESETH 2

configureg == A2 M, UES| Rx beamE ZMS}7| I3t parameter2 AFRE %= QULC}H)

[CORESET and search space set for BFR]

BFR YOl CORESET U search spacet= UEZ| best beam@2 ME3t peamOf GIAE XYoo=
RACH procedureE +ddt= I’H0|A RAR message S network2ZHE{ Q3 signaling® %=
UB7] fSt 822 ME8E # UL FINo= HAE beam MEE HIYBH A2 CORESET
A search space® #F27| ™K UEE BFR CORESETE S8l UL grant, DL assignmentSg =4

2 & ck

® Relation between BWP and BFR CORESET & SS set
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NROIAM &= 2 BWPE =2 Z|CH 3702 CORESET, 107H2| search space set0] ™™ % Qo
O, O M ZtZto] CORESET2 A2 CH2 CORESET S4(eg, CCE-to-REG mapping
(with/without interleaving), REG bundle size (2,3,6 REGs), WB/NB RS, ...), 2t2t9| search
space set2 AME LCHE monitoring occasion, AL, candidate 3= 52 JIXEZ 3}0f
scheduling flexibilityE S7IA|Z = UC} BFR CORESETS| &2, QoA o123t PDCCH
S412 scheduling flexibility@t 2H4210] beam =41 M5 XN3I2 Q8 MEL beam
H7| 9ieh aPgolm2 BWPH Z|CH CORESETSl #0f siEét= Iimit(S, BWPE 3749
CORESET)2 BFR CORESETO| X&3}X| 9t Z0| HIBEISH 4~ QIC} ChA| UsHA, UEE
BWPEZ BFR CORESETE 2|3 37H2| CORESET, BFR search space set2 X 2|3t 10712
search space set& configure && == QICt (BFR CORESETO| Yt CORESETE reusedt=
B2, g Lt CORESETO| BFRO| Ot =2 configure® ZR0= CORESET W42
count & == AL} Ol search space setOlE SYSIH HEE = QIrC})

BFR CORESETZ2 BWPEZ HHE|7{LY, initial BWPO| HEsHE @Alg maet 2= Qo (0]
BWPEZ BFR CORESETO| & E AL, Y configuration2 W21, &N £
<, initial BWP2| BFR CORESETS monitoringdl= ZSE ZEsict) =718 o2 ofafe)
F® 210 7IFE configure® CORESET 12|1/Z2 SS set2 BFRO| YS! CORESET 1
| 21/Z2 SSset2 2 reuse® = UM, 0| AL, CORESET configuration 1E|1/ZL sS
set configuration®| @& parametere= MESH HYE £ UCL (G2 S0, CORESET
configuration & TCI state?t 22 parameter®| Z<L, 7|E2| configuration®t AR 0|
BFR CORESETUIM = UE2| measurement Z1t best beam =& BFR D}HOAM UEZ} XI3H

¢t RACH procedured] 2|8l TCI 12|1/=2 QCL 50| ™o|Elcty 7p™3H £ QICh)
¢ BFR CORESETO| BWPHZE HEE &=,
® UEt ¥ networke| &£A8 K{XISHE BWP(E, active BWP)O= BFR
CORESETO| && configure® = QUCt. Ol&= BWP configurationlh0f BFR
CORESETO|| CHgt HEHE ZFAI7|= U S2 S3 7o 4 o, sig
CORESET2| monitoring occasionst= BFRE QI8F PRACH M& A|HO| o3 AN
(e.9. PRACH & slotindex + 4 O|& RAR monitoring windowlH2| Of slot)= =
UCH
® BFR procedureZt TIYEIC2tE serving cell?t2| connection X&) QUCtn
PIAoh= Z40] HIg A" + A5 F, UEE BFR CORESETO|| CH3F monitoring
BF OfL|2} O|F 0l configure®l CORESET & SS set configuration0 2t DCI
monitoringg ¥ £ QACL OE E0, BFR CORESETO|A{= C-RNTIE

scrambling® PDCCHZHE monitoringdt=2 Ho|E 4= on, o] ZL SF, s,

0¥ rir

o8

u

mo rr

-

paging 2 117 RNTIE FO|22 FEE UEMH FYT £ Q= A7t 2y
2 5 A7l W20, 7|F CORESETH CHE monitoring® R X|SH= Z40] HEEHZ]
g &= UCL O] Ul UEZt monitoring® $=3dt= AN candidate MAEEHL [}
2 sectiondM 7|&=3E 2 ict

€ BFR CORESETO| initial BWPOjl MH = &<,
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® |Initial BWPOll= 7|2X 22 PBCHO| 2|8l configure®! CORESET (CORESET#0)2t
RACH procedureE& 23l configure®l CORESET (CORESET#1)0| M= 4= Qon,
CORESET#10| configurek|X] 22 Z P, CORESET#0E CORESET#1 2L reuse
g = ALk
® 7= DCl monitoring0| +=¥E Z<L, UEE BFRI} 7|E DCIE monitoringdt?]
8l S slotoflA MZ CHE BWPOI CH$t monitoring® $¥3sioF & 4= QUcCt O]
4%, otafel wHE0| e = QUCt
B Option 1) BFR CORESETOl| CHSF monitoring2 special case2 ZFFESHY, active
BWPS} initial BWPZt YX|SHX| Qg ZL0|=, BFRO| CH$H DCI monitoringdt
7|E configure® DCIO| CHE monitoring® 25 8T 5= UL}
®m  Option 2) BFRO CHTF DCI monitoring® $3dl= BWPRL 7|= active BWP
7t CHE E%, 7I& active BWPO CH$FH DCI monitoring2 33X %S =+
UL, (Ol= BFROIl CHF DCI monitoring® =¥ 3t= BWPZF 7|& active BWP
oF &2 40T, 7|FE DCl monitoring® $8dt= WAlg Tt 2~ 9lct)
® BFR CORESETO| initial BWPO| HHFE Z<e, Ct3o| wAg 08310 BFR
CORESETE indicate® == QUC}
B Option 1) Reuse CORESET#0 or CORESET#1
& AT FeolE Sdll, B2 networkO| higher layer signalingS2 S8 BFR
CORESETO| 7| Z0l H2|E CORESETZ reusedt=2 MEE 4 QUCt,
¢ CORESET#0E BFR CORESET2E reusedtll, BFR procedure?t CSI-RS
portE Z|Hto 2 =3WEH AL networke BFR proceduredi AlE&|&= 2t
CSI-RS port2t CORESET#00| A El SSB index2t2| ZAHE signaling®t
+ ULt (GIE =01, BFR procedure®f AF&%H CSI-RS port@} SSB indexZt
2| mapping #AE higher layer signaling 52 53}0 indicate® %
RACEH)
B Option 2) New CORESET for BFR
& Network2 2t UEO|A initial BWPLHO| ZX{5}= BFR CORESETO| CH3t
configuration& indicate® = RU2M, indication HWHS broadcast
signal =& UE-dedicated signal@ A& = UL}
BFR CORESET/SS2| &2 configuration O| optional & %= QUC} [}2}A BFR CORESET/SS7} 8l &
active BWPLHOIl HEEIX] 342 HL, 52 BFR CFRA X}20| MYE|X| e Z, otge g =
2 ¥ = ALk
- CBRA XHAZS M2} beam recovery & ¥THCL 8iE CBRAXIRIO| YA E RAR CORESET/SS
£ BFR-CORESET2E 7}°g3t1 0|0 M beam recovery Off CHEH response® 7|CHstCt.
- CBRAXFRO| A= RAR CORESET/SSE 53l beam recovery Ol Cit response= 7|CHSILCY.

- Initial DL/UL BWPZ Z=0}7} CFRA/CBRA/RAR CORESET/SSAIS O|83ICH ZL 0] ML
i active DL/UL BWPLHOll BFR CORESET/SS E& CFRA AIRI0| Q& Ao HEs =~

ALt
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[BD and channel estimation complexity on BFR procedure]

NRO|A{= Ct=2| CORESETZ SS setOl CHEF monitoring® &Y slotdll A™E 4= AU7| 20|, UE
O complexity® 12{50] BHLEQ| slotlHoll A =T 4= = BDRt channel estimation| *|CHZt
= o5t siE max &S EWMSLE slotolME YR candidateOfl CHEF monitoringe $=85}X|
= T ACh BFR CORESETO| Ci3t monitoring2 HES| +=s17| 2I3l, BFR CORESETOI CHEH
monitoringS TH= slotOl A= Of2f2F 20| monitoringdlOF Sl candidate® &Y ZHE2 X
QISICL (HXf LA QI slot0f| A= CSSO| Ci$ BD U channel estimation® ME o2 4=3lg|q,
css2 gt Zb limitel Z3h= fUICtD JHEBICE O|F USSO| CHSLO! SS set level2| candidate
selection (52 mapping)0l +=J&|0{, Ct==2| USSO|| Ci3}0] lower SS index?t higher priorityS 2t
=0 7Rt

® Priority of BFR SS set

el

M BFR SS setO] CiE monitoringg Z[2M =22 X|HE 5 ACt
€ BFR procedured| M= serving beam 8% 50| SMH o= 4E|0{OF S22, BFRO]|
2 E SS setO] &3 candidate®| monitoringe HHEA| $=3WE|0{OF $HC},

d
¢ M=t BFRO| ZHEE SS set (GIE £01, BFR 2EO|M UEZL S48t PRACHO| Cigt
)2 siT BFR SS set2| type (e.g., CSS/USS)Ol ZAH Q0| Fpat
=2 priorityE AESHL, ST SS set0] &3t candidateOfl 2I$F limit XIH= QUCID
7HEg = ULk
B BFR SS setOf] 0¥t monitoring2 slote BD % CCE limitlt ¥&2 =3 4= QUCt
& BFREA DCl= BHEA] =413 slotOlA decoding® RtZsjofDt 8=
UCE mEkA, ZIE0 configureEl DCI monitoring2 slot® BD U CCE li
O] A& +&Bt1, SFR SS set0f CHP monitoring® SEHLE +8Y
I, BFR SS setOll 2|3 configure® BD W CCE £+ limit@ XsIK| L=Ctn JHH

& & Uk,

response H O[F
A

® (CSSsOf| CH®t assumption
B 20N AGRZO|, LEHEQl slot (F, BFR procedure® %=
configure®l CSSs= max. BD W CCE =8 Z=1olX| ¥SeS 714 .
m  SIX|2H BFR CORESETZ monitoring® &< BFR monitoring2 9|3+ BD/CCE =7t CJs{X|
7| W20 7|& CSssofl Q¥ BD/CCEMMK| n2{® #L BD/CCE limit® Xnist= AL}
2dg = UCH mEtA BFR SS set2 monitoringdt= slotOll A= Ch2a} ZHo| 7pEE 2
RUCE. Otelf optionS2 HHEQ2 22 xES S THE £ QUL of2f SMES ¢SSOl
o B 831, 7IE configurationO 2|8t USSE BFR procedure & monitoringdtk| %<
&= QUL B2 of2ff option0l 2|3 CSS & monitoring® $=#g candidateS MA3stD,
F0l&= BD/CCEO| CH3h OfR7F UAS B2, USSOl CH3}G! PDCCH mapping to SS sets2
e == Arh
Option 1) BFR slotOiAl= 7| EOf configure®l CSSs= BD W CCE limit& X1tstX| @
=0 7F8" 4= AL (Ol networkO| BFR slotOf|A] BFRO| A El candidatedi Cf

0%
Ot

A BE slodME

& Ut

ro g

S Hr

¢
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gt BD ¥ channel estimation2 $#stEatE, A28 7|=0) configure® CSSsOf| Cj
BD % CCE =& limitS ZISHX| RKEE configureBtg 2|0|E 25 QC})

Option 2) BFR SS setO 2|3t BD X CCES=0l 2[8 7|Z0f| configureE! CSSsOA{2]
BD 3! CCE =7 IimitS X=It8 AL, CSSs)0l CHSHY SS set level droppings A&

2 5 RACL O] W, SS setZt priority= SS index (& S0|, ¥ E=2) SS index?t =

Ir

=) SO0l olsto A™-E £ ULCH

® OIE S0, 5tLO| slotltHollM HOEl BD U CCE limit® Xy Yuu:Ol2H XO|5tT,
BFR SS setOll configure® BD % CCE #7F Xgr, YerkOl2F & O, SHE sloto
configure® CSS(s)0ff 5|8 % BD U CCE &= Xess (=Xsior = Xarr)r Yess (=Ysiot - Yaer)
ot & % CH o] W i E sloto configure®! CSS & 7H& priority?t & CSS
set®l BD W CCE 7t Xess, Yoss2LF ZH2 AL 8T ¢SSO s blind
decoding2 =¥ 5 ACE O|F X, Yess U2 updatek] D, diE DS Cre
priority2| CSSOf| CHSLO] &= 7§ limit & SILIELE XD}t HOX| Hi=S
= AL (limit€ =348 CSSO| CHSE BD= $83}X| Q=C})

® Candidate level2 candidate dropping= option 2)0i Z3t=l £ QIC}.

Option 3) 53 slotOllA BFR SS setill 3fL} 2 LCt4=9| €SS setOf Ciit monitoring
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<2018-05-11 F7}>

® QCL assumption of a CORESET without tci-StatesPDCCH

According to a current RRC specification (i.e, TS38.331), an information element
“ControlResourceSet” is provided for each CORESET, and a parameter “tci-StatesPDCCH" in the IE
can be configured for providing QCL relationships between the DL RS/SSB and the CORESET.
However, the "tci-StatesPDCCH" is optional parameter. It means that the parameter may not be

configured for some CORESETs. So, a default QCL assumption should be needed to determine Rx
beam for PDCCH reception in the TCl-less CORESET. For a default QCL assumption, we propose
that, for a CORESET which doesn’t include “tci-StatesPDCCH", a UE assumes that a QCL from
latest RACH procedure is applied to the CORESET.

In the case of BFR-CORESET (for beam failure recovery procedure), according to the previous
agreement from the email discussion in MIMO session, a UE assumes that the dedicated CORESET
is spatial QClLed with DL RS of the UE-identified candidate beam in the beam failure recovery
request. From the PDCCH perspective, this agreement can be interpreted as follows; implicit
spatial QCL update (regardiess of CORESET configuration) via beam recovery procedure and/or
beam management procedure is assumed for a BFR-CORESET.

Other than BFR-CORESET, it needs to clarify which CORESET(s) would not be associated with TCI
states. At least, we consider that CORESET #0 (by PBCH) and #1 (by RMSI) would not be associated
with TCI states. For other CORESETs, generally for USS operation, it is desirable to configure TCI
states.

Some clarification whether this RACH procedure can include contention-free as well is necessary.
In our view, contention-free may be based on CSI-RS without associated SSB and QCL associated
with the CSI-RS may not be stable for CORESET#0 and/or #1. So, at least for CORESET#0 and/or
#1, it is safer to change QCL information based on the recent contention-based RACH procedure.

F2| LHBO WEH tci-StatesPDCCH?} configure=lX| %S CORESETS 7HEF %20 233}
RACH procedureZ8El =&%H QCL assumption2 H2E £ QUL 2 LHYME = o 7K
o

=
M2 =2 QCL assumption2 E=&st= g2 =712 F|QHSHCH OF2JOfl A contention based RACH
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(O] Ul CsSeF USS7t 2% configure® CORESETO| 7}&b %|20f 2888l contention based
RACH procedure2F7H =E%H QCL assumption=2 HEY $& QUCt)
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FHHo2 B S| M TCl-less CORESETO| CHEHO] OffH RACH procedure typeS 25 E| QCL

assumptionS E=E35H=X|E networkO| higher layer signaling 58 £310] UEO|A L& ZHe

H|etettt. O] contention free RACH procedure®il A FO{X|= CSI-RS portd] HH = SSB &

= UEOIA 22l= YRE Z3E 5 ok

oo o2
o% o

o QCL assumption between overlapped CORESETs in time domain
According to previous agreements, each CORESET has own QCL assumption, and different
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CORESETs can be overlapped on time and/or frequency domain. It means that CORESETs with
different QCL assumptions can be overlapped on a same symbol. Because a UE determines an
Rx beam used for monitoring each CORESET by considering TCl state of each CORESET, if multiple
CORESETs with different QCL assumptions overlaps on time domain resources (e.g, OFDM
symbol), a UE should support multiple Rx beams or select one Rx beam (or TCI state) by a certain
selection rule. In current release, a UE which can use multiple Rx beams are not considered so
far, so we can consider following options for solving the problem;

Option 1) Monitoring skip of lower prioritized CORESET

The CORESET selection rule can be applied when CORESETs with different spatial QCLs are
overlapped on time resources, and a UE can skip monitoring candidates included in non-selected
CORESET. The priority of each CORESET can be determined by, for example, CORESET ID, the
number of SS sets associated with a CORESET, associated search space type, etc. This option is
simple, but PDCCH transmission/reception opportunity cannot be guaranteed in some resources.
Option 2) Representative spatial QCL for overlapped CORESETs

This option is to list overlapped CORESETs using the priority rule as in Option 1). Instead of
dropping lower priority CORESET(s), change of QCL state can be considered on lower priority
CORESET(s). In other words, we propose that same spatial QCL is assumed on overlapped
CORESETs, and the representative QCL can be selected by using CORESET priority as mentioned
in option 1. In other words, QCL assumption for overlapped CORESET(s) follow the highest priority
COREST’s QCL. This option can provide more PDCCH transmission/reception opportunity, but the
PDCCH performance of CORESET with lower priority may be decreased because of mismatch
between Tx beam and Rx beam.

Option 3) No overlap between CORESETs with different spatial QCLs

A UE can assume that the network doesn't schedule overlapped CORESETs with different spatial
QCLs. However, it is not sure that the overlap can always be avoided by scheduling.

L Candidate mapping in Case 2
Search space of Case 1 and Case 2

In last meeting, it was agreed that the number of CCEs for channel estimation per slot of Case 2
is same with Case 1 (i.e, for both cases, {56, 56, 48, 32} CCEs for SCS {15kHz, 30kHz, 60kHz,
120kHz}). Regarding the agreement, it seems that either Case 1 or Case 2 can be configured to
a UE. In other words, it is ambiguous whether a UE can be configured to monitor Case 1 and
Case 2 SS sets in a slot. In our understanding, there is no reason to prohibit such configuration.
For example, common information can be transmitted on shared resources (i.e., slot based
scheduling) between eMBB and URLLC, and service-specific data can be transmitted by slot based
scheduling (for eMBB) and non-slot based scheduling (for URLLC). In this case, URLLC UEs can
receive both scheduling types, i.e, Case 1 and Case 2. In order to clarify previous agreements,
we propose as follows;

14
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Proposal 1: A UE can be configured to monitor both Case 1 and Case 2 search space sets,
and both SS sets can be monitored in a slot.

Proposal 2: For Rel.15 December 2017 version, maximum number of CCEs for channel
estimation per slot per UE per CC is {56, 56, 48, 32} CCEs for SCS {15kHz, 30kHz, 60kHz,

120kHz} regardless of CORESET/SS configurations. & O] BD limit0]| & S3F 258 = 9!
Ct.

Candidate mapping in Case 2

Generally, the required number of BDs/CCEs of Case 2 is much larger than Case 1, if the configured
number of BDs/CCEs in a SS set configuration is almost same between Case 1 and 2. . In terms
of CCE counting for Case 2 search space set, it is necessary to multiply the required CCEs for
each monitoring occasion by the number of monitoring occasion in a slot. With this the necessary
CCEs/BDs increases proportionally with the number of monitoring occasion. Thus, if search space
set level channel estimation/BD budget handling is also used for Case 2, it may be possible that
the entire monitoring occasion of Case 2 is dropped particularly when the number of monitoring
occasion is high. This can have impact, for example, on URLLC support. To mitigate this impact,
we can consider further candidate selection on monitoring occasion basis (e.g., some monitoring
occasions are dropped). However, we don't have enough time to discuss this issue, so we propose
as follows;

Proposal 1: In Rel-15, SS set-level PDCCH mapping within a slot is used for BD/CE complexity
handling even for Case 2.

o BFR CORESET/SS set

The BFR CORESET and associated SS set are configured for beam failure recovery procedure. This
CORESET/SS set is activated by beam failure recovery procedure, and a UE is not expected to
monitor PDCCH candidates in the CORESET before beam failure recovery procedure (e.g., PRACH
transmission) and after new CORESET/SS set configuration(s) or TCl update. On the other hands,
it is not sure whether PDCCH monitoring in existing CORESETs (i.e, CORESETs which are
configured to monitor before BFR procedure) is performed during monitoring window of BFR
CORESET. In our view, as some common information (such as SFI, system information, paging ..
may not be monitored in the BFR CORESET, it is desirable that a UE can monitor PDCCH
candidates in the existing CORESETs even during monitoring window of BFR CORESET.

Proposal 2: A UE may continue monitoring on other active CORESETs (than BFR-CORESET)
during BFR procedure.

It is expected that TCI state of a CORESET (if configured) will be updated only via explicit
configuration. Thus, during BFR procedure, the UE may monitor a CORESET with outdated TCI
state. When BFR-COREST and other CORESET(s) are monitored on the same time resource with
potentially different QCL/TCI information (and thus potentially lead different Rx beam), some
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handling is necessary. A simple solution is that a UE can skip monitoring old CORESET, if BFR
CORESET overlaps with old CORESET in time domain. This is to prioritize BFR-CORESET in case of
collision.

Another issue is whether to count CCEs/BDs for BFR-SS under UE's channel estimation/BD limit.
If it is not accounted, it may be that the total number of required CCEs can be much higher than
what UE can support during BFR, we propose to count CCEs/BDs of BER-SS as well when
monitored. If this is assumed, some clarification is necessary. According to previous agreement,
CSS has a higher priority compared to USS for PDCCH mapping, and it is assumed that the
number of BDs/CCEs for CSSs doesn’t exceed each limit. But, in a slot configured to monitor BFR
CORESET, the number of BDs/CCEs for BFR CORESET should be considered to PDCCH mapping
rule. In order to solve this problem, BFR CORESET/SS set should have highest priority (regardless
of SS type) on PDCCH mapping rule, and existing PDCCH mapping rule can be applied to other
SS sets. If this is applied, unless it is ensured that the sum of CCEs of CSS and BFR-SS does not
exceed UE’s limit, CSS(s) may need to be dropped when BFR-SS is monitored. Not to incur too
much configuration flexibility, we propose to drop CSS(s) based on SS set index when BFR-SS is
monitored.

Proposal 3: If BFR CORESET overlaps with other CORESET(s) in time domain, a UE is not
required to monitor PDCCH candidates in other CORESET(s) at least in case QCL information
is different between BFR-CORESET and other CORESET(s).

Proposal 4: The BFR CORESET/SS set has highest priority (regardless of SS type) for PDCCH
candidate mapping rule when monitored. CSS(s) associated with other CORESET(s) may be
dropped based on SS set index when BFR SS is monitored.
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Post Card, as described in MPEP 503.

New Applications Under 35 U.5.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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DOCUMENT MADE AVAILABLE UNDER THE
PATENT COOPERATION TREATY (PCT)

International application number: PCT/KR2019/005493
International filing date: 08 May 2019 (08.05.2019)
Document type: Certified copy of priority document
Document details: Country/Office: us
Number: 62/670,038
Filing date: 11 May 2018 (11.05.2018)
Date of receipt at the International Bureau: 23 May 2019 (23.05.2019)

Remark: Priority document submitted or transmitted to the International Bureau in compliance with Rule
17.1(a),(b) or (b-bis)

34, chemin des Colombettes
1211 Geneva 20, Switzerland

WWW.Wipo.int
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