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1
METHODS AND APPARATUSES FOR
DETERMINING QUASI CO-LOCATION
(QCL) ASSUMPTIONS FOR BEAM
OPERATIONS

CROSS-REFERENCE TO RELATED
APPLICATION(S)

The present application is a continuation application of
U.S. patent application Ser. No. 16/660,726, which claims
the benefit of and priority to a provisional U.S. Patent
Application Ser. No. 62/754,165 filed on Nov. 1, 2018,
entitled “Method and Apparatus for Spatial QCL assump-
tions with Overlapped CORESETs”. The contents of all
above-named applications are fully incorporated herein by
reference for all purposes.

FIELD

The present disclosure generally relates to wireless com-
munications, and more particularly, to methods and appara-
tuses for beam operations.

BACKGROUND

The next generation (e.g., Fifth Generation (5G) New
Radio (NR)) wireless communication system may utilize
beamforming technologies to provide directional communi-
cations. For example, a User Equipment (UE) may perform
beam operations to switch its beam(s) to transmit or receive
channels or resources. Each beam the UE applies may be
considered as a spatial domain filter that is determined by a
corresponding QCL assumption.

However, current specifications for the next generation
wireless communication system may cause a UE to perform
unfavorable beam switching when the UE is configured with
multiple Control Resource Sets (CORESETs). In addition,
although the next generation wireless communication sys-
tem enables utilizing a flexible resource allocation scheme,
a UE is likely unable to decide which QCL assumption to
use due to the ambiguity of the current specifications for the
next generation wireless communication system.

Therefore, there is a need in the art for methods and
apparatuses of determining QCL assumptions for beam
operations when multiple CORESETs are configured to a
UE.

SUMMARY

The present disclosure is directed to methods and appa-
ratuses for beam operations.

According to an aspect of the present disclosure, a UE is
provided. The UE includes one or more non-transitory
computer-readable media having computer-executable
instructions embodied thereon and at least one processor
coupled to the one or more non-transitory computer-read-
able media. The at least one processor is configured to
execute the computer-executable instructions to monitor at
least one of multiple CORESETs configured for the UE
within an active BWP of a serving cell in a time slot, and
apply a first QCL assumption of a first CORESET of a set
of one or more monitored CORESETs to receive a Downlink
(DL) Reference Signal (RS). The first CORESET may be
associated with a monitored search space configured with a
lowest CORESET Identity (ID) among the set of one or
more monitored CORESETs.
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According to another aspect of the present disclosure, a
UE is provided. The UE includes one or more non-transitory
computer-readable media having computer-executable
instructions embodied thereon and at least one processor
coupled to the one or more non-transitory computer-read-
able media. The at least one processor is configured to
execute the computer-executable instructions to monitor at
least one of multiple CORESETs configured for the UE
within an active BWP of a serving cell in a time slot, receive
Downlink Control Information (DCI) scheduling a Physical
Downlink Shared Channel (PDSCH) from a Physical Down-
link Control Channel (PDCCH), and apply a QCL assump-
tion for reception of the PDCCH to receive the PDSCH,
when a scheduling offset between a last symbol of the
PDCCH carrying the DCI and a first symbol of the PDSCH
is less than a threshold. The PDCCH may be transmitted in
one of a set of one or more monitored CORESETs, and the
one of the set of one or more monitored CORESETs may be
associated with a monitored search space configured with a
lowest CORESET ID among the set of one or more moni-
tored CORESETs.

According to another aspect of the present disclosure, a
method of wireless communications is provided. The
method includes monitoring, by a UE, at least one of
multiple CORESETs configured for the UE within an active
BWP of a serving cell in a time slot, and applying, by the
UE, a first QCL assumption of a first CORESET of the set
of one or more monitored CORESETs to receive a DL RS.
The first CORESET may be associated with a monitored
search space configured with a lowest CORESET ID among
the set of one or more monitored CORESETs.

BRIEF DESCRIPTION OF THE DRAWINGS

Aspects of the present disclosure are best understood from
the following detailed description when read with the
accompanying figures. Various features are not drawn to
scale. Dimensions of various features may be arbitrarily
increased or reduced for clarity of discussion.

FIG. 1 is a schematic diagram illustrating multiple
CORESETs configured for a UE, in accordance with an
example implementation of the present disclosure.

FIG. 2 is a schematic diagram illustrating multiple
CORESETs configured for a UE, in accordance with an
example implementation of the present disclosure.

FIG. 3 is a schematic diagram illustrating multiple
CORESETs configured for a UE, in accordance with an
example implementation of the present disclosure.

FIG. 4 is a schematic diagram illustrating multiple
CORESETs configured for a UE, in accordance with an
example implementation of the present disclosure.

FIG. 5 is a schematic diagram illustrating a PDSCH
overlapping a CORESET in the time domain, in accordance
with an example implementation of the present disclosure.

FIG. 6 is a schematic diagram illustrating that an aperi-
odic CSI-RS, a PDSCH, and a CORESET are overlapped in
the time domain, in accordance with an example implemen-
tation of the present disclosure.

FIG. 7 is a schematic diagram illustrating multiple
CORESETs configured for a UE, in accordance with an
example implementation of the present disclosure.

FIG. 8 is a schematic diagram illustrating multiple
CORESETs configured for a UE, in accordance with an
example implementation of the present disclosure.
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FIG. 9 is a flowchart for a method of determining QCL
assumptions in a wireless communication system, in accor-
dance with an example implementation of the present dis-
closure.

FIG. 10 is a block diagram illustrating a node for wireless
communication, in accordance with various aspects of the
present disclosure.

DETAILED DESCRIPTION

The following description contains specific information
pertaining to example implementations in the present dis-
closure. The drawings in the present disclosure and their
accompanying detailed description are directed to merely
example implementations. However, the present disclosure
is not limited to merely these example implementations.
Other variations and implementations of the present disclo-
sure will occur to those skilled in the art. Unless noted
otherwise, like or corresponding elements among the figures
may be indicated by like or corresponding reference numer-
als. Moreover, the drawings and illustrations in the present
disclosure are generally not to scale and are not intended to
correspond to actual relative dimensions.

For the purpose of consistency and ease of understanding,
like features may be identified (although, in some examples,
not shown) by the same numerals in the example figures.
However, the features in different implementations may be
differed in other respects, and thus shall not be narrowly
confined to what is shown in the figures.

The description uses the phrases “in one implementation,”
or “in some implementations,” which may each refer to one
or more of the same or different implementations. The term
“coupled” is defined as connected, whether directly or
indirectly through intervening components, and is not nec-
essarily limited to physical connections. The term “compris-
ing,” when utilized, means “including, but not necessarily
limited to”; it specifically indicates open-ended inclusion or
membership in the so-described combination, group, series
and the equivalent. The expression “at least one of A, B and
C” or “at least one of the following: A, B and C” means
“only A, or only B, or only C, or any combination of A, B
and C.”

Additionally, for the purposes of explanation and non-
limitation, specific details, such as functional entities, tech-
niques, protocols, standard, and the like are set forth for
providing an understanding of the described technology. In
other examples, detailed description of well-known meth-
ods, technologies, systems, architectures, and the like are
omitted so as not to obscure the description with unneces-
sary details.

Persons skilled in the art will immediately recognize that
any network function(s) or algorithm(s) described in the
present disclosure may be implemented by hardware, soft-
ware or a combination of software and hardware. Described
functions may correspond to modules which may be soft-
ware, hardware, firmware, or any combination thereof. The
software implementation may comprise computer execut-
able instructions stored on computer readable medium such
as memory or other type of storage devices. For example,
one or more microprocessors or general-purpose computers
with communication processing capability may be pro-
grammed with corresponding executable instructions and
carry out the described network function(s) or algorithm(s).
The microprocessors or general-purpose computers may be
formed of Applications Specific Integrated Circuitry
(ASIC), programmable logic arrays, and/or using one or
more Digital Signal Processor (DSPs). Although some of the
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example implementations described in this specification are
oriented to software installed and executing on computer
hardware, nevertheless, alternative example implementa-
tions implemented as firmware or as hardware or combina-
tion of hardware and software are well within the scope of
the present disclosure.

The computer readable medium includes but is not limited
to Random Access Memory (RAM), Read Only Memory
(ROM), Frasable Programmable Read-Only Memory
(EPROM), Electrically Erasable Programmable Read-Only
Memory (EEPROM), flash memory, Compact Disc Read-
Only Memory (CD-ROM), magnetic cassettes, magnetic
tape, magnetic disk storage, or any other equivalent medium
capable of storing computer-readable instructions.

A radio communication network architecture (e.g., a Long
Term Evolution (LTE) system, an LTE-Advanced (LTE-A)
system, an LTE-Advanced Pro system, or a 5G New Radio
(NR) Radio Access Network (RAN)) typically includes at
least one Base Station (BS), at least one User Equipment
(UE), and one or more optional network elements that
provide connection towards a network. The UE communi-
cates with the network (e.g., a Core Network (CN), an
Evolved Packet Core (EPC) network, an Evolved Universal
Terrestrial Radio Access Network (E-UTRAN), a 5G Core
(5GC), or an internet), through a RAN established by one or
more BSs.

It should be noted that, in the present application, a UE
may include, but is not limited to, a mobile station, a mobile
terminal or device, a user communication radio terminal. For
example, a UE may be a portable radio equipment, which
includes, but is not limited to, a mobile phone, a tablet, a
wearable device, a sensor, a vehicle, or a Personal Digital
Assistant (PDA) with wireless communication capability.
The UE is configured to receive and transmit signals over an
air interface to one or more cells in a radio access network.

A BS may be configured to provide communication
services according to at least one of the following Radio
Access Technologies (RATs): Worldwide Interoperability
for Microwave Access (WiMAX), Global System for
Mobile communications (GSM, often referred to as 2G),
GSM Enhanced Data rates for GSM Evolution (EDGE)
Radio Access Network (GERAN), General Packet Radio
Service (GPRS), Universal Mobile Telecommunication Sys-
tem (UMTS, often referred to as 3G) based on basic Wide-
band-Code Division Multiple Access (W-CDMA), High-
Speed Packet Access (HSPA), LTE, LTE-A, eLTE (evolved
LTE, e.g., LTE connected to 5GC), NR (often referred to as
5@G), and/or LTE-A Pro. However, the scope of the present
application should not be limited to the above-mentioned
protocols.

A BS may include, but is not limited to, a node B (NB) as
in the UMTS, an evolved Node B (eNB) as in the LTE or
LTE-A, a Radio Network Controller (RNC) as in the UMTS,
a Base Station Controller (BSC) as in the GSM/GERAN, a
ng-eNB as in an Evolved Universal Terrestrial Radio Access
(E-UTRA) BS in connection with the 5GC, a next genera-
tion Node B (gNB) as in the 5G-RAN, and any other
apparatus capable of controlling radio communication and
managing radio resources within a cell. The BS may serve
one or more UEs through a radio interface.

The BS is operable to provide radio coverage to a specific
geographical area using a plurality of cells forming the radio
access network. The BS supports the operations of the cells.
Each cell is operable to provide services to at least one UE
within its radio coverage. More specifically, each cell (often
referred to as a serving cell) provides services to serve one
or more UEs within its radio coverage (e.g., each cell
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schedules the Downlink (DL) and optionally uplink
resources to at least one UE within its radio coverage for DL,
and optionally uplink packet transmissions). The BS can
communicate with one or more UEs in the radio commu-
nication system through the plurality of cells. A cell may
allocate Sidelink (SL) resources for supporting Proximity
Service (ProSe) or Vehicle to Everything (V2X) service.
Each cell may have overlapped coverage areas with other
cells.

As discussed above, the frame structure for NR is to
support flexible configurations for accommodating various
next generation (e.g., 5G) communication requirements,
such as Enhanced Mobile Broadband (eMBB), Massive
Machine Type Communication (mMTC), Ultra-Reliable and
Low-Latency Communication (URLLC), while fulfilling
high reliability, high data rate and low latency requirements.
The Orthogonal Frequency-Division Multiplexing (OFDM)
technology as agreed in the 3’ Generation Partnership
Project (3GPP) may serve as a baseline for NR waveform.
The scalable OFDM numerology, such as the adaptive
sub-carrier spacing, the channel bandwidth, and the Cyclic
Prefix (CP) may also be used. Additionally, two coding
schemes are considered for NR: (1) Low-Density Parity-
Check (LDPC) code and (2) Polar Code. The coding scheme
adaption may be configured based on the channel conditions
and/or the service applications.

Moreover, it is also considered that in a transmission time
interval TX of a single NR frame, a DL transmission data,
a guard period, and an Uplink (UL) transmission data should
at least be included, where the respective portions of the DL
transmission data, the guard period, the UL transmission
data should also be configurable, for example, based on the
network dynamics of NR. In addition, SL resources may also
be provided in an NR frame to support ProSe services or
V2X services.

In addition, the terms “system” and “network’ herein may
be used interchangeably. The term “and/or” herein is only an
association relationship for describing associated objects,
and represents that three relationships may exist. For
example, A and/or B may indicate that: A exists alone, A and
B exist at the same time, or B exists alone. In addition, the
character “/”” herein generally represents that the former and
latter associated objects are in an “or” relationship.

In some implementations, a UE may perform the follow-
ing processes to determine a default PDSCH beam when
multiple search spaces are overlapped in the time domain:

for a UE that monitors multiple search spaces associated
with different CORESETs, for a single cell operation or for
an operation with Carrier Aggregation (CA) in the same
frequency band,

if the monitoring occasions of the search space are

overlapped in the time domain and the search spaces
are associated with different CORESETs having differ-
ent Quasi Co-Location (QCL)-TypeD properties, the
UE may monitor the search spaces associated with a
given CORESET containing a Common Search Space
(CS S) in the active DL. BWP in the serving cell with
the lowest serving cell index and any other CORESET
associated with the same QCL-TypeD properties as the
given CORESET,

if two or more CORESETs contain the CSS, the UE may

select the CORESET containing the search space hav-
ing the lowest search space ID in the monitoring
occasions in the active DL, BWP in the serving cell with
the lowest serving cell index, and

if none of the CORESETs contains the CSS, the UE may

select the CORESET containing the search space hav-
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6

ing the lowest search space ID in the monitoring
occasions in the active DL BWP in the serving cell with
the lowest serving cell index.

For this purpose, the QCL assumption with respect to the
Synchronization Signal Block (SSB) and the QCL assump-
tion with respect to the Channel Status Information-Refer-
ence Signal (CSI-RS) (or Tracking Reference Signal (TRS))
may be considered as two different QCL assumptions, even
if the CSI-RS is sourced from the same SSB. The QCL
assumption may be based on different parameters, such as
the spatial-domain QCL parameters (e.g., QCL TypeD
parameter), or the QCL parameters obtained based on at
least one of the average delay, the delay spread, the Doppler
shift, and the Doppler spread.

In addition, the UE may perform the process described
below:

if the scheduling offset between the reception of the DL
DCI and the corresponding PDSCH (e.g., which means a
time interval between the last symbol of the PDCCH car-
rying the DCI and the first symbol of the PDSCH) is less
than a threshold (e.g., Threshold-Sched-Offset), the UE may
assume that the Demodulation-Reference Signal (DM-RS)
ports of the PDSCH of a serving cell are quasi co-located
with the RS(s) in the Transmission Configuration Indication
(TCI) state with respect to the QCL assumption(s) used for
the PDCCH QCL indication of the lowest CORESET ID in
the latest slot in which one or more CORESETs within the
active BWP of the serving cell are configured for the UE.

In this manner, if the QCL assumption of the DM-RSs of
a PDSCH is different from that of the DM-RSs of a PDCCH
overlapping the PDSCH in at least one symbol in the time
domain, the UE may be expected to prioritize the reception
of the PDCCH associated with that CORESET. This may
also apply to the intra-band CA case (e.g., the PDSCH and
the CORESET are in different Component Carriers (CCs)).

In some of the present implementations, a UE may be
configured with multiple CORESETs, but not all of them
may be monitored by the UE. For example, if a UE is
configured with two CORESETs that overlap each other in
at least one symbol (e.g., an OFDM symbol) in the time
domain, the UE may select one of the CORESETs to
monitor based on certain priority rule(s) or pre-configura-
tion(s).

In some of the present implementations, the UE may
prioritize and monitor a CORESET if the monitored CORE-
SET is associated with a CSS and the lowest search space
ID. By contrast, a non-monitored CORESET may be a
CORESET that is associated with a non-monitored search
space configuration, for example, due to QCL-TypeD con-
flicts. The non-monitored CORESET may be configured on
a deactivated BWP, on a deactivated Secondary Cell (SCell),
or on the same active BWP of a serving cell as other
monitored CORESET(s). In some other implementations,
the non-monitored CORESET may contain a PDCCH that
overlaps with at least one Resource Element (RE) corre-
sponding to a Synchronization Signal (SS)/Physical Broad-
cast Channel (PBCH) block. In some other implementations,
the non-monitored CORESET may be a CORESET config-
ured for a UE that operates under a Discontinuous Reception
(DRX) mode.

Non-Monitored CORESET for a Default PDSCH Beam

In some implementations, a non-monitored CORESET
may be used for a beam indication for receiving a PDSCH
when the non-monitored CORESET has the lowest CORE-
SET ID among the configured CORESETs.

For example, if the scheduling offset between the recep-
tion of the DL DCI and the corresponding PDSCH is less
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than a threshold (e.g., Threshold-Sched-Offset), the UE may
assume that the DM-RS ports of the PDSCH may be quasi
co-located with the RS(s) in the TCI state with respect to the
QCL assumption(s). The QCL assumption(s) may be used
for a PDCCH QCL indication (e.g., CORESET) with the
lowest CORESET ID in the latest slot, where one or more
CORESETs, in the latest slot, within the active BWP of the
serving cell are configured for the UE.

FIG. 1 is a schematic diagram illustrating multiple
CORESETs configured for a UE, in accordance with
example implementations of the present disclosure. As
shown in FIG. 1, the UE is configured with two CORESETs,
CORESET #1 102 and CORESET #2 104, overlapping in at
least one symbol in the time domain. The UE may receive
DCI from CORESET #2 104 to schedule PDSCH 106.
CORESET #1 102 may not be monitored by the UE due to,
for example, priority rules (e.g., CORESET #1 102 is not
configured with a CSS, and/or is associated with a non-
monitored search space having the lowest search space ID).
The non-monitored search space may have the lowest search
space ID among those search spaces overlapping this non-
monitored search space. For example, if CORESET #1 102
is associated with a non-monitored search space that is
configured with a first search space ID, and CORESET #2
104 is associated with a monitored search space that is
configured with a second search space 1D, the first search
space ID may be lower than the second search space ID.

Currently, assuming that CORESET #1 102 has the lowest
CORESET ID, if the scheduling offset 11 between CORE-
SET #2 104 and the corresponding PDSCH 106 is less than
a threshold (e.g., Threshold-Sched-Offset), an RX beam
which is determined by the TCI state of CORESET #1 102
may be required to be used to receive PDSCH 106. In this
case, the UE is forced to use different RX beams for
CORESET #2 104 and PDSCH 106 in order to follow the
3GPP specification. This type of beam switching, however,
is undesirable and needs to be prevented.

Case 1.1

In some of the present implementations, the CORESET
having the lowest CORESET ID may not be taken as a
non-monitored CORESET. In such a case, if the monitoring
occasions of the search space are overlapped in the time
domain and the search spaces are associated with different
CORESETs having different QCL-TypeD properties, the UE
may select the CORESET having the lowest CORESET ID
in the monitoring occasions in the active DL BWP of a
serving cell with the lowest serving cell index. Any over-
lapped search space(s) associated with the CORESET(s)
having the same QCL-TypeD parameter may be monitored.

In some other implementations, the UE may select the
following CORESETs to monitor according to a predefined
priority order (from high priority to low priority):

1) CORESET associated with a CSS;

2) CORESET associated with a search space having the

lowest search space ID; and

3) CORESET containing the lowest CORESET ID.

This priority rule may be used for determining the QCL
assumptions of the RX beams when two or more CORE-
SETs are overlapped in the time domain.

Case 1.2

In some of the present implementations, to avoid unfa-
vorable beam switching, the non-monitored CORESETs
may be transparent to the UE. For example, if the scheduling
offset between the reception of the DL. DCI and the corre-
sponding PDSCH is less than a threshold (e.g., Threshold-
Sched-Offset), the UE may assume that the DM-RS ports of
the PDSCH are quasi co-located with the RS(s) in the TCI
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state with respect to the QCL assumption(s). The QCL
assumption(s) may be used for a monitored PDCCH QCL
indication with the lowest CORESET ID in the latest slot,
where one or more CORESETS, in the latest slot, within the
active BWP of the serving cell are configured for the UE.

In this case, the non-monitored PDCCH/CORESET may
not be used for the QCL assumption for reception of the
scheduled PDSCH.

In some of the present implementations, a PDCCH is a
monitored PDCCH when a UE prioritizes to monitor the
search space(s) associated with a given CORESET (con-
taining the monitored PDCCH) in an active DL BWP of a
serving cell having the lowest serving cell index. This UE
may be configured to monitor multiple search spaces asso-
ciated with different CORESETs (e.g., for a single cell
operation or for an operation with CA in the same frequency
band).

Case 1.3

In some of the present implementations, a non-monitored
CORESET may be treated as a non-configured CORESET
by a UE. For example, an RRC configuration for a CORE-
SET may not be used for other purposes when the UE does
not monitor the CORESET, but the RRC configuration may
still be stored by the UE and become valid again when there
is no collision between two or more CORESETs in the
subsequent time slots. An example of the UE’s operation is
described below:

for a UE that monitors multiple search spaces associated
with different CORESETs, for a single cell operation or for
an operation with CA in the same frequency band,

if the monitoring occasions of the search spaces are

overlapped in the time domain and the search spaces
are associated with different CORESETs having differ-
ent QCL-TypeD properties, and the search spaces are
not monitored by the UE,

the CORESETs that UE does not monitor are transparent

to the UE, and treated as blank REs in the correspond-
ing slots; or

at least, the CORESETs that the UE does not monitor may

not be used for beam-indication or QCL-indication
purposes.

In some of the present implementations, the UE may
maintain and store the RRC configuration of the non-
monitored CORESET(s). This RRC configuration may be
updated via MAC-CE(s) and/or DCI.

In some other implementations, the UE may release the
RRC configuration for the non-monitored CORESET(s).
The released RRC configuration may not be updated or
stored by the UE.

Case 1.4

Currently, there is no clear wording on a non-monitored
CORESET whether its QCL assumption should be main-
tained, be invalidated, or be overridden by the overlapped
monitored CORESET. Example solutions for this issue are
described below as different cases.

Case 1.4.1

In Case 1.4.1, the UE may store and maintain the QCL
assumption of the non-monitored CORESET. An example of
the UE’s operation is described below:

For a UE that monitors multiple search spaces associated
with different CORESETs, for a single cell operation or for
an operation with CA in the same frequency band,

if the monitoring occasions of the search spaces are

overlapped in the time domain and one or more search
spaces are not monitored by the UE,

the UE may store and maintain the QCL assumption for

the non-monitored CORESET(s).
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In some of the present implementations, the QCL assump-
tion of the non-monitored CORESET may be updated via a
MAC-CE and/or the DCI.

In some of the present implementations, the QCL assump-
tion of the non-monitored CORESET may be used if the UE
supports multiple RX beams.

In some of the present implementations, the QCL assump-
tion of the non-monitored CORESET may be used for the
non-overlapped symbols of this CORESET in the time
domain.

In some of the present implementations, the QCL assump-
tion of the non-monitored CORESET may be used as a beam
indication, a QCL indication, or being part of a QCL chain.

Case 1.4.2

In Case 1.4.2, the UE may release or suspend the QCL
assumption of the non-monitored CORESET. An example of
the UE’s operation is described below:

For a UE that monitors multiple search spaces associated
with different CORESETs, for a single cell operation or for
an operation with CA in the same frequency band,

if the monitoring occasions of the search spaces are

overlapped in the time domain and one or more search

space(s) are not monitored by the UE,

the UE may release the QCL assumption for the non-
monitored CORESET(s) and for the non-overlapped
CORESET(s) related to this search space, or

the UE may suspend the QCL assumption for the slots
in which the CORESETs are overlapped and non-
monitored by the UE, but keep the QCL assumption
for the non-overlapped CORESETs in the same
search space, or

the UE may release or suspend the QCL assumption for
the overlapped parts of the non-monitored CORE-
SET(s), but keep using the configured QCL assump-
tions for the non-overlapped parts of the CORESETs
(e.g., within one or two OFDM symbols).

Option #3

In this option, the UE may override the QCL assumption
of the non-monitored CORESET by another QCL assump-
tion. An example of the UE’s operation is described below:

For a UE that monitors multiple search spaces associated
with different CORESETs, for a single cell operation or for
an operation with CA in the same frequency band,

if the monitoring occasions of the search spaces are

overlapped in the time domain and one or more search

spaces are not monitored by the UE,

the UE may override the QCL assumption for the
non-monitored CORESET(s) by the monitored
CORESET.

In some of the present implementations, the QCL assump-
tion of the non-monitored CORESET may only be overrid-
den in the overlapped symbols of the non-monitored CORE-
SET.

In some other implementations, the QCL assumption of
the non-monitored CORESET(s) may be overridden in the
whole-time interval of the non-monitored CORESET.

Non-Selected Coreset for Radio Link Monitor (RLM) RS
Selection

In some implementations, an RLM RS selection process
for a UE is described as follows:

the UE is not required to use an aperiodic or semi-
persistent RS for radio link monitoring, and

the UE selects N;,, RS(s) provided for the active TCI
states for a PDCCH reception in the CORESET(s) associ-
ated with the search space(s) with the shortest monitoring
periodicity, and
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if multiple CORESETs are associated with the search
space(s) with the same periodicity, the UE may select the
CORESET(s) with the highest CORESET ID.

FIG. 2 is a schematic diagram illustrating multiple
CORESETs configured for a UE, in accordance with
example implementations of the present disclosure. As
shown in FIG. 2, the UE is configured with CORESET #1
202, CORESET #2 204, and CORESET #3 206, where
CORESET #1 202 overlaps CORESET #2 204 in at least
one symbol in the time domain.

Assuming that CORESET #1 202 has a higher CORESET
ID than the overlapped CORESET #2 204, the above-
described RLM RS selection process may be ambiguous in
a case that CORESET #2 204 is not monitored by the UE.

In view of this issue, some of the present implementations
provide methods to improve the UE’s behavior for the RLM
RS selection process.

Case 2.1

In this case, the UE may select the CORESET(s) with the
lowest CORESET ID to monitor when there are multiple
CORESETs configured to the UE. An example RLM RS
selection process is described below:

the UE is not required to use an aperiodic or semi-
persistent RS for radio link monitoring, and

the UE selects N, ,,RS provided for the active TCI states
for a PDCCH reception in the CORESET(s) associated with
the search space(s) with the shortest monitoring periodicity,
and

if multiple CORESETs are associated with the search
space(s) with the same periodicity, the UE may select the
CORESET(s) with the lowest CORESET ID containing an
active TClI-state to monitor.

Case 2.2

In this case, to avoid a case that there are no TCI states (or
TCI states are not valid) for selection, the selected CORE-
SET(s) may be monitored by the UE and be configured with
TCI state(s) during the RLM RS selection process.

Non-Monitored CORESET For A Default Aperiodic CSI-
RS Beam

In some implementations, if there is no PDSCH transmit-
ted in the same symbols as the aperiodic CSI-RS, the default
QCL assumption of the aperiodic CSI-RS may be derived
from the CORESET with the lowest CORESET ID. An
example process applied by a UE for determining a default
QCL assumption is described below:

after the UE successfully decodes the DCI scheduling a
PDSCH, if there is only PDSCH(s) transmitted in the same
symbols as the CSI-RS, the default QCL assumption of the
aperiodic CSI-RS may follow the QCL assumption of the
PDSCH (assuming that the scheduling offset between the
reception of DCI and the PDSCH is larger than, or equal to,
a threshold), and

if there is no PDSCH transmitted in the same symbols as
the CSI-RS, the default QCL assumption of the aperiodic
CSI-RS may be derived from the CORESET with the lowest
CORESET ID.

As described above, the CORESET with the lowest
CORESET ID may be a non-monitored CORESET. If the
non-monitored CORESET is used for a beam indication, an
unfavorable beam switching may happen, as shown in FIG.
3.

FIG. 3 is a schematic diagram illustrating multiple
CORESETs configured for a UE, in accordance with
example implementations of the present disclosure. As show
in FIG. 3, the UE is configured with two CORESETs,
CORESET #1 302 and CORESET #2 304, overlapping in at
least one symbol in the time domain. In addition, the UE

Samsung Exhibit 1031, Page 13 of 17



US 11,641,661 B2

11
may receive DCI from CORESET #2 304 to transmit the
aperiodic CSI-RS in resource 306.

Assuming that CORESET #1 302 has the lowest CORE-
SET ID and is not monitored by the UE, based on the
above-described process, CORESET #1 302 may be used for
the beam indication (or QCL assumption) for receiving
resource 306 carrying the aperiodic CSI-RS when the sched-
uling offset 31 between the reception of the DCI in CORE-
SET #2 304 and the resource 306 is less than a threshold
(e.g., Threshold-Sched-Offset), but this may result in an
unfavorable beam switching.

In view of this issue, in some of the present implemen-
tations, the CORESET with the lowest CORESET 1D may
be expected to be monitored by the UE and contain at least
one activated TCI state.

FIG. 4 is a schematic diagram illustrating multiple
CORESETs configured for a UE, in accordance with
example implementations of the present disclosure. As
shown in FIG. 4, the UE is configured with CORESET #1
402, CORESET #2 404 and CORESET #3 406. CORESET
#1 402 may overlap CORESET #2 404 in at least one
symbol in the time domain, and CORESET #2 404 may
further overlap CORESET #3 406 in at least one symbol in
the time domain.

In this example implementation, the UE may monitor
CORESET #1 402 only, or monitor both of CORESET #1
402 and CORESET #3 406 simultaneously. If the UE
monitors CORESET #1 402 and CORESET #3 406, then
CORESET #2 404 may be the only non-monitored CORE-
SET, and its QCL assumption for the beam indication may
follow the processes described in the present disclosure. By
contrast, if the UE only monitors CORESET #1 402, then
both CORESET #2 404 and CORESET #3 406 may become
overlapped non-monitored CORESETs, and their QCL
assumptions for the beam indication may either remain the
same spatial QCLs, or be overridden by the non-monitored
CORESET with the lowest CORESET ID.

Deprioritized PDSCH

In some implementations, the reception of a PDSCH may
be deprioritized when the PDSCH overlaps one or more
CORESETs in the time domain. This PDSCH may be
referred to as a deprioritized PDSCH, which means that the
level of priority for receiving this PDSCH may be reduced.

FIG. 5 is a schematic diagram illustrating a PDSCH
overlapping a CORESET in the time domain, in accordance
with example implementations of the present disclosure. As
shown in FIG. 5, the UE may receive DCI in CORESET #1
502 to schedule PDSCH 504 that overlaps CORESET #2
508 in the time domain. In this example implementation,
PDSCH 504 may contain resource 506 carrying an aperiodic
CSI-RS that does not overlap CORESET #2 508 in the time
domain. The location of resource 506 may be scheduled or
determined by the DCI obtained from CORESET #1 502.
The scheduling offset 51 may be a time interval between the
end of the last symbol of the PDCCH carrying the DCI (in
CORESET #1 502) and the beginning of the first symbol of
PDSCH 504. In this example implementation, the schedul-
ing offset 51 may be less than a threshold (e.g., Threshold-
Sched-Offset).

In some of the present implementations, all CORESETs
configured to the UE (e.g., CORESET #1 502 and CORE-
SET #2 508) and the resource carrying the aperiodic CSI-RS
(e.g., resource 506 in FIG. 5) may be provided in a time slot
in an active BWP of a serving cell.
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In some implementations of the present implementation,
CORESET #2 508 may be a non-monitored CORESET
associated with a non-monitored search space configured to
the UE.

Techniques for determining the QCL assumption for
PDSCH 504 or resource 506 carrying the aperiodic CSI-RS
are described below.

Case 3.1

In this case, the QCL assumption of PDSCH 504 may
follow the QCL assumption of CORESET #2 508 that
overlaps PDSCH 504 in at least one symbol in the time
domain. For example, the UE may assume that the DM-RS
ports of PDSCH 504 are quasi co-located with the RS(s)
indicated in the TCI state with respect to the QCL assump-
tion(s) used for the PDCCH QCL indication (e.g., corre-
sponding to CORESET #2 508) with the lowest CORESET
ID in the latest slot in which one or more CORESETs within
the active BWP of the serving cell are configured for the UE.

This case may also be applied to the intra-band CA case
(in which the PDSCH and the CORESET are in different
CCs).

Case 3.2

In this case, after a successful decoding of the DCI
scheduling PDSCH 504, if only PDSCH 504 is transmitted
in the same symbols as resource 506 having the aperiodic
CSI-RS, the default QCL assumption for the aperiodic
CSI-RS resource 506 may follow the QCL assumption of
PDSCH 504, even if the reception of PDSCH 504 is
deprioritized because of being overlapped with CORESET
#2 508 in at least one OFDM symbol in the time domain.

In some of such implementations, if there are multiple
QCL assumptions for a single PDSCH in the time domain
over at least one OFDM symbol, the aperiodic CSI RS may
follow the same QCL assumption(s) as the aligned PDSCH
symbols.

Case 3.3

Currently, there is no clear wording on a deprioritized
PDSCH whether its QCL assumption should be maintained,
invalidated, or overridden by the overlapped CORESET.
Example solutions for this issue are described below.

Case 3.3.1

In Case 3.3.1, the UE may store and maintain the QCL
assumption of the deprioritized PDSCH (e.g., PDSCH 504),
if the QCL assumption (e.g., QCL-TypeD parameters) of the
DMRSs of this PDSCH is different from the DMRSs of the
PDCCH (e.g., in CORESET #2 508 shown in FIG. 5)
overlapping the PDSCH in at least one symbol in the time
domain. The UE may be expected to prioritize the reception
of'the PDCCH associated with that CORESET (e.g., CORE-
SET #2 508). In some of the present implementations, the
QCL assumption of the deprioritized PDSCH may still be
used for this PDSCH if the UE supports multiple RX beams.
In some other implementations, the QCL assumption of the
deprioritized PDSCH may be used for the non-overlapped
portion with CORESET #2 508. In some other implemen-
tations, the QCL assumption may be used for beam indica-
tion purposes or for building a QCL chain.

Case 3.3.2

In Case 3.3.2, the UE may release, or partially release, the
QCL assumption of the deprioritized PDSCH (e.g., PDSCH
504), if the QCL assumption (e.g., QCL-TypeD parameters)
of the DMRSs of this PDSCH is different from the DMRSs
of the PDCCH (e.g., in CORESET #2 508) overlapping the
PDSCH in at least one symbol in the time domain. The UE
may be expected to prioritize the reception of the PDCCH
associated with that CORESET (e.g., CORESET #2 508).
For example, the UE may release the QCL assumption of
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PDSCH 504 only for the overlapped portion with CORE-
SET #2 508 in the time domain, while maintaining this QCL
assumption for the non-overlapped portion.

Case 3.3.3

In Case 3.3.3, the UE may override the QCL assumption
of the deprioritized PDSCH (e.g., PDSCH 504) by an
overlapped monitored CORESET (e.g., CORESET #1 502),
if the QCL assumption (e.g., QCL-TypeD parameters) of the
DMRSs of this PDSCH is different from the DMRSs of the
PDCCH (e.g., in CORESET #2 508) overlapping the
PDSCH in at least one symbol in the time domain. The UE
may be expected to prioritize the reception of the PDCCH
associated with that CORESET.

In some of the present implementations, if two or more
CORESETs are chosen, the UE may select the CORESET
with the lowest CORESET ID to override the QCL assump-
tion of the deprioritized PDSCH. In some of the present
implementations, the UE may overwrite the QCL assump-
tion of the deprioritized PDSCH only for the overlapped
portion with the CORESET(s) in the time domain while
maintaining this QCL assumption for the non-overlapped
portion.

Deprioritized PDSCH for Overlapped Aperiodic CSI-RS
and CORESET

FIG. 6 is a schematic diagram illustrating that an aperi-
odic CSI-RS, a PDSCH, and a CORESET are overlapped in
the time domain, in accordance with example implementa-
tions of the present disclosure. As shown in FIG. 6, the UE
may receive DCI in CORESET #1 602 to schedule PDSCH
604 that overlaps CORESET #2 608 in the time domain.
Similar to FIG. 5, PDSCH 604 may also contain resource
606 carrying an aperiodic CSI-RS, but resource 606 over-
laps CORESET #2 608 in the time domain. In addition, the
scheduling offset 61 may be a time interval between the end
of last symbol of the PDCCH carrying the DCI (in CORE-
SET #1 602) and the beginning of the first symbol of
PDSCH 604. In this example implementation, the schedul-
ing offset 61 may be less than a threshold (e.g., Threshold-
Sched-Offset).

In some of the present implementations, the UE may
apply the QCL assumption of the monitored and prioritized
CORESET (e.g., CORESET #2 608) as a default beam for
the reception of the aperiodic CSI-RS resource (e.g.,
resource 606). In some implementations, both the over-
lapped and non-overlapped portions of the symbols of the
aperiodic CSI-RS in resource 606 may use the same QCL
assumption. In some other implementations, only the over-
lapped portions of the aperiodic CSI-RS in resource 606
may use the same QCL assumption as the overlapped
CORESET #2 608, and the non-overlapped portions of the
aperiodic CSI-RS in resource 606 may keep using the
original QCL configuration.

Deprioritized PDSCH for Non-Monitored CORESET(s)

As described above, if the QCL assumption (e.g., QCL-
TypeD) of the PDSCH DMRSs is different from that of the
PDCCH DMRSs with which they overlap in at least one
symbol in the time domain, the UE may be expected to
prioritize the reception of the PDCCH associated with that
CORESET over the PDSCH.

However, if that CORESET is not monitored by the UE
(e.g., due to accidentally overlapping with other CORE-
SETs), the UE’s behavior may be unclear because the UE
may not know whether to prioritize the QCL assumption for
the non-monitored CORESET, as illustrated in FIG. 7.

FIG. 7 is a schematic diagram illustrating multiple
CORESETs configured for a UE, in accordance with
example implementations of the present disclosure. In the
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example implementation, the UE may receive DCI from
CORESET #1 702 to schedule PDSCH 704 that overlaps
CORESET #2 706 in the time domain, where CORESET #2
706 and CORESET #3 708 are overlapped in at least one
symbol in the time domain with different QCL assumptions.
In addition, CORESET #3 is monitored by the UE, and
while CORESET #2 is not monitored. As described above,
it may be unclear whether the reception of PDSCH 704
should change its QCL assumption for the non-monitored
and overlapped CORESET #2 706.

In view of this issue, techniques for determining the QCL
assumption for the PDSCH that overlaps CORESET(s) are
described below.

Case 4.1

In this case, the PDSCH may have the same QCL assump-
tion as the overlapped non-monitored CORESET. For
example, in FIG. 7, the QCL assumption of PDSCH 704
may follow the QCL assumption of the overlapped non-
monitored CORESET #2 706, if the scheduling offset 71
between the reception of the DCI and the corresponding
PDSCH 704 is less than a threshold (e.g., Threshold-Sched-
Offset). This case may also apply to the intra-band CA case
(e.g., the PDSCH and the overlapped CORESET are in
different CCs).

Case 4.2

FIG. 8 is a schematic diagram illustrating multiple
CORESETs configured for a UE, in accordance with
example implementations of the present disclosure. In the
example implementation, the UE may receive DCI from
CORESET #1 802 to schedule PDSCH 804 that overlaps
CORESET #2 806 in the time domain. In addition, CORE-
SET #2 806 is monitored by the UE.

In this case, if the scheduling offset 81 between the
reception of the DCI and the corresponding PDSCH 804 is
less than a threshold (e.g., Threshold-Sched-Offset), and the
QCL assumption of the DMRSs of PDSCH 804 is different
from the overlapped monitored PDCCH (in CORESET #2
806), the UE may be expected to prioritize the reception of
monitored PDCCH associated with that CORESET (e.g.,
CORESET #2 806). This case may also apply to the intra-
band CA case (e.g., the PDSCH and the CORESET are in
different CCs).

FIG. 9 is a flowchart for a method of determining QCL
assumptions in a wireless communication system, in accor-
dance with an example implementation of the present dis-
closure. In action 902, a UE may monitor at least one of
multiple CORESETs configured for the UE within an active
BWP of a serving cell in a time slot. In action 904, the UE
may apply a QCL assumption of a CORESET to receive an
aperiodic CSI-RS. The CORESET may be associated with a
monitored search space configured with the lowest CORE-
SET ID among the monitored CORESET(s).

In some of the present implementations, the UE may
monitor at least one of multiple CORESETs configured for
the UE within an active BWP of a serving cell in a time slot.
In addition, the UE may receive DCI scheduling a PDSCH
from a PDCCH and apply a QCL assumption for reception
of the PDCCH to receive the PDSCH, when a scheduling
offset between an end of a last symbol of the PDCCH
carrying the DCI and a beginning of a first symbol of the
PDSCH is less than a threshold. The above-described
PDCCH may be transmitted in one of a set of one or more
monitored CORESETs, where this monitored CORESET (in
which the PDCCH is transmitted) may be associated with a
monitored search space configured with a lowest CORESET
ID among the monitored CORESET(s).
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FIG. 10 is a block diagram illustrating a node for wireless
communication, in accordance with various aspects of the
present disclosure. As shown in FIG. 10, a node 1000 may
include a transceiver 1020, a processor 1028, a memory
1034, one or more presentation components 1038, and at
least one antenna 1036. The node 1000 may also include an
RF spectrum band module, a BS communications module, a
network communications module, and a system communi-
cations management module, Input/Output (I/O) ports, 1/O
components, and power supply (not explicitly shown in FIG.
10). Each of these components may be in communication
with each other, directly or indirectly, over one or more
buses 1040. In one implementation, the node 1000 may be
a UE or a BS that performs various functions described
herein, for example, with reference to FIGS. 1 through 9.

The transceiver 1020 having a transmitter 1022 (e.g.,
transmitting/transmission circuitry) and a receiver 1024
(e.g., receiving/reception circuitry) may be configured to
transmit and/or receive time and/or frequency resource
partitioning information. In some implementations, the
transceiver 1020 may be configured to transmit in different
types of subframes and slots including, but not limited to,
usable, non-usable and flexibly usable subframes and slot
formats. The transceiver 1020 may be configured to receive
data and control channels.

The node 1000 may include a variety of computer-
readable media. Computer-readable media may be any
available media that may be accessed by the node 1000 and
include both volatile and non-volatile media, removable and
non-removable media. By way of example, and not limita-
tion, computer-readable media may comprise computer stor-
age media and communication media. Computer storage
media includes both volatile and non-volatile, removable
and non-removable media implemented in any method or
technology for storage of information such as computer-
readable instructions, data structures, program modules or
data.

Computer storage media includes RAM, ROM,
EEPROM, flash memory or other memory technology, CD-
ROM, Digital Versatile Disks (DVD) or other optical disk
storage, magnetic cassettes, magnetic tape, magnetic disk
storage or other magnetic storage devices. Computer storage
media does not comprise a propagated data signal. Commu-
nication media typically embodies computer-readable
instructions, data structures, program modules or other data
in a modulated data signal such as a carrier wave or other
transport mechanism and includes any information delivery
media. The term “modulated data signal” means a signal that
has one or more of its characteristics set or changed in such
a manner as to encode information in the signal. By way of
example, and not limitation, communication media includes
wired media such as a wired network or direct-wired con-
nection, and wireless media such as acoustic, RF, infrared
and other wireless media. Combinations of any of the above
should also be included within the scope of computer-
readable media.

The memory 1034 may include computer-storage media
in the form of volatile and/or non-volatile memory. The
memory 1034 may be removable, non-removable, or a
combination thereof. Example memory includes solid-state
memory, hard drives, optical-disc drives, and etc. As illus-
trated in FIG. 10, The memory 1034 may store computer-
readable, computer-executable instructions 1032 (e.g., soft-
ware codes) that are configured to, when executed, cause the
processor 1028 to perform various functions described
herein, for example, with reference to FIGS. 1 through 9.
Alternatively, the instructions 1032 may not be directly
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executable by the processor 1028 but be configured to cause
the node 1000 (e.g., when compiled and executed) to per-
form various functions described herein.

The processor 1028 (e.g., having processing circuitry)
may include an intelligent hardware device, e.g., a Central
Processing Unit (CPU), a microcontroller, an ASIC, and etc.
The processor 1028 may include memory. The processor
1028 may process the data 1030 and the instructions 1032
received from the memory 1034, and information through
the transceiver 1020, the base band communications mod-
ule, and/or the network communications module. The pro-
cessor 1028 may also process information to be sent to the
transceiver 1020 for transmission through the antenna 1036,
to the network communications module for transmission to
a core network.

One or more presentation components 1038 presents data
indications to a person or other device. Examples of pre-
sentation components 1038 may include a display device,
speaker, printing component, vibrating component, etc.

From the above description, it is manifested that various
techniques may be used for implementing the concepts
described in the present application without departing from
the scope of those concepts. Moreover, while the concepts
have been described with specific reference to certain imple-
mentations, a person of ordinary skill in the art may recog-
nize that changes may be made in form and detail without
departing from the scope of those concepts. As such, the
described implementations are to be considered in all
respects as illustrative and not restrictive. It should also be
understood that the present application is not limited to the
particular implementations described above, but many rear-
rangements, modifications, and substitutions are possible
without departing from the scope of the present disclosure.

What is claimed is:
1. A user equipment (UE) for performing beam opera-
tions, the UE comprising:
one or more non-transitory computer-readable media hav-
ing computer-executable instructions embodied
thereon; and
at least one processor coupled to the one or more non-
transitory computer-readable media, and configured to
execute the computer-executable instructions to:
monitor at least one of a plurality of Control Resource
Sets (CORESETs) configured for the UE within an
active Bandwidth Part (BWP) of a serving cell in a time
slot;
receive Downlink Control Information (DCI) scheduling
a Downlink (DL) Reference Signal (RS), wherein a
scheduling offset between an end of a last symbol of a
Physical Downlink Control Channel (PDCCH) carry-
ing the DCI and a beginning of a first symbol of a
resource carrying the DL RS is less than a threshold;
and
apply a first Quasi Co-Location (QCL) assumption of a
first CORESET of a set of one or more of the monitored
at least one of a plurality of CORESETs to receive a DL,
RS,
wherein the first CORESET is associated with a moni-
tored search space configured with a lowest CORESET
Identity (ID) among the set of one or more of the
monitored at least one of the plurality of CORESETs.
2. The UE of claim 1, wherein the first CORESET
overlaps a non-monitored second CORESET of the plurality
of CORESETs in a time domain, the non-monitored second
CORESET associated with a non-monitored search space
configured to the UE.
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3. The UE of claim 2, wherein:

the monitored search space is configured with a first

search space 1D,

the non-monitored search space is configured with a

second search space 1D, and

a value of the first search space ID is smaller than a value

of the second search space ID.

4. The UE of claim 2, wherein the second CORESET is
configured on one of a deactivated BWP and a deactivated
Secondary Cell (SCell).

5. The UE of claim 2, wherein the second CORESET
overlaps a third CORESET of the set of one or more of the
monitored at least one of the plurality of CORESETs in the
time domain.

6. The UE of claim 1, wherein the plurality of CORESETs
and a resource carrying the DL RS are provided in the time
slot and the active BWP of the serving cell.

7. The UE of claim 1, wherein the at least one processor
is further configured to execute the computer-executable
instructions to:

obtain, from the first CORESET, DCI scheduling a Physi-

cal Downlink Shared Channel (PDSCH); and

apply a second QCL assumption of a second CORESET

to receive the PDSCH when a scheduling offset
between an end of a last symbol of a PDCCH carrying
the DCI and a beginning of a first symbol of the
PDSCH is less than a threshold, wherein the second
CORESET overlaps the PDSCH in a time domain.

8. The UE of claim 7, wherein the second CORESET is
a non-monitored CORESET in the plurality of CORESETs,
the non-monitored CORESET associated with a non-moni-
tored search space configured to the UE.

9. A method performed by a user equipment (UE) for
beam operations, the method comprising:

monitoring at least one of a plurality of Control Resource

Sets (CORESETs) configured for the UE within an
active Bandwidth Part (BWP) of a serving cell in a time
slot;

obtaining Downlink Control Information (DCI) schedul-

ing a Downlink (DL) Reference Signal (RS), from the
first CORESET, wherein a scheduling offset between
an end of a last symbol of a Physical Downlink Control
Channel (PDCCH) carrying the DCI and a beginning of
a first symbol of a resource carrying the DL RS is less
than a threshold; and
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applying a first Quasi Co-Location (QCL) assumption of
a first CORESET of a set of one or more of the
monitored at least one of the plurality of CORESETs to
receive a DL RS,
wherein the first CORESET is associated with a moni-
tored search space configured with a lowest CORESET
Identity (ID) among the set of one or more of the
monitored at least one of the plurality of CORESETs.

10. The method of claim 9, wherein the first CORESET
overlaps a non-monitored second CORESET of the plurality
of CORESETs in a time domain, the non-monitored second
CORESET associated with a non-monitored search space
configured to the UE.

11. The method of claim 10, wherein:

the monitored search space is configured with a first

search space 1D,

the non-monitored search space is configured with a

second search space 1D, and

a value of the first search space ID is smaller than a value

of the second search space ID.

12. The method of claim 10, wherein the second CORE-
SET is configured on one of a deactivated BWP and a
deactivated Secondary Cell (SCell).

13. The method of claim 10, wherein the second CORE-
SET overlaps a third CORESET of the set of CORESETs in
the time domain.

14. The method of claim 9, wherein the plurality of
CORESETs and a resource carrying the DL RS are provided
in the time slot and the active BWP of the serving cell.

15. The method of claim 9, further comprising:

Obtaining DCI scheduling a Physical Downlink Shared

Channel (PDSCH) from the first CORESET; and
applying a second QCL assumption of a second CORE-
SET to receive the PDSCH when a scheduling offset
between an end of a last symbol of a PDCCH carrying
the DCI and a beginning of a first symbol of the
PDSCH is less than a threshold, wherein the second
CORESET overlaps the PDSCH in time domain.

16. The method of claim 15, wherein the second CORE-
SET is a non-monitored CORESET in the plurality of
CORESETs, the non-monitored CORESET associated with
a non-monitored search space configured to the UE.

#* #* #* #* #*
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