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Description
Title of Invention: METHOD AND APPARATUS FOR DE-
TERMINING OF A SEARCH SPACE SET FOR PHYSICAL
DOWNLINK CONTROL CHANNEL (PDCCH) MONITORING
Technical Field

1} The present disclosure relates to a pre-3 ®-Generation (5G) or 5G communication
system to be provided for supporting higher data rates Beyond 4 t-Generation (4G}
communication system such as Long-Term Evolution (LTE). More particularly, some
embodiments of the present disclosure are directed to determination of a search space
set for PDCCH monitoring.

Background Art

(21 To meet the increased demand for wireless data services since the deployment of 4G
communication systems, efforts have been made (o develop an improved 5G or pre-5G
communication system. Therefore, the 5G or pre-3G communication system is also
called a 'Beyond 4G Network' or a 'Post LTE System'. A 5G communication system
can be implemented in higher frequency (mmWave) bands, e.g., 60GHz bands,
compared to a 4G communication system to provide higher data rates. To decrease a
propagation loss of radio waves and increase a transmission distance, beamforming,
massive multiple-input muitiple-output (MIMO), Full Dimensional MIMO
(FD-MIMOQ), array antenna, analog beamtorming, and large-scale antenna techniques
are considered in 5G communication systems. In addition, in 5G communication
systems, development for system network improvement is under way based on
advanced small cells, cloud Radio Access Networks (RANs), ultra-dense networks,
device-to-device (D2D) communication, wireless backhaul, moving network, co-
operative communication, Coordinated Multi-Points (CoMP), reception-end in-
terference cancellation and the like. In the 5G system, Hybrid FSK and QAM
Modulation (FQAM) and sliding window superposition coding (SWSC) as an
advanced coding modulation (ACM), and filier bank multi carrier (FBMC), non-
orthogonal multiple access (NOMA), and sparse code multiple access (SCMA} as an
advanced access technology have been developed.

3] The Internet, which is a human centered connectivity network where humans
generate and consume information, is now evolving to the Internet of things (IoT)
where distributed entities, such as things, exchange and process information without
human intervention. The Internet of everything (IoE), which is a combination of the
10T technology and the big data processing technology through connection with a

cloud server, has emerged. As technology elements, such as "sensing technology”,
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"non

"wired/wireless communication and network infrastructure”, "service interface
technology”, and "security technology" have been demanded for IoT implementation, a
sensor network, a machine-to-machine (M2M) communication, machine type commu-
nication (MTC), and so forth have been recently researched. Such an IoT environment
may provide intelligent Internet technology services that create a new value to human
life by collecting and analyzing data generated among connected things. IoT may be
applied to a variety of fields including smart home, smart building, smart city, smart
car or connected cars, smart grid, health care, smart appliances and advanced medical
services through convergence and combination between existing information

technology (IT) and various industrial applications.
In line with this, various attempts have been made to apply SG communication

systems to IoT networks. For example, technologies such as a sensor network, MTC,
and M2M communication may be implemented by beamforming, MIMO, and array
antennas. Application of a cloud RAN as the above-described big data processing
technology may also be considered to be as an example of convergence between the
5G technology and the IoT technology.

As described above, various services can be provided according to the development
of a wireless communication system, and thus a method for easily providing such

services is required.
Disclosure of Invention

Solution to Problem

A method performed by a user equipment (UE) for determining a search space set for
PDCCH monitoring is disclosed. The method comprises receiving, from a base station,
search space set information including a first group index for at least one search space
set, monitoring a physical downlink control channel(PDCCH) according to the at least
one search space set with the first group index, detecting a downlink control in-
formation(DCI) indicating switching of the at least one search space set for monitoring
the PDCCH based on the monitored PDCCH and switching to at least one search space

set with a second group index based on the DCI.

Brief Description of Drawings

For a more complete understanding of this disclosure and its advantages, reference is
now made to the following description, taken in conjunction with the accompanying
drawings, in which:

FIG. 1 illustrates an exemplary networked computing system according to various
embodiments of this disclosure;

FIG. 2 illustrates an exemplary base station (BS) in the networked computing system

according to various embodiments of this disclosure;
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FIG. 3 illustrates an exemplary user equipment (UE) in the networked computing
system according to various embodiments of this disclosure;

FIGS. 4A and 4B illustrate exemplary transmit and receive paths according to
various embodiments of this disclosure;

FIG. 5 illustrates an exemplary transmitter according to various embodiments of this
disclosure;

FIG. 6 illustrates an exemplary receiver according to various embodiments of this
disclosure;

FIG. 7 illustrates an exemplary encoding flowchart for a DCI format in accordance
with various embodiments of this disclosure;

FIG. 8 illustrates an exemplary decoding flowchart for a DCI format in accordance
with various embodiments of this disclosure;

FIG. 9 illustrates a flowchart for determining a configuration of a search space set
from a PDSCH scheduled by a DCI format in a search space set in accordance with
various embodiments of this disclosure;

FIG. 10 illustrates a flowchart for determining a TCI state of a CORESET associated
with PDCCH monitoring of a search space set in accordance with various em-
bodiments of this disclosure;

FIG. 11 illustrates a flowchart for monitoring a search space set in accordance with
various embodiments of this disclosure;

FIG. 12 illustrates a flowchart for receiving a multicast TB scheduled by a
Typel-PDCCH in a search space set t in accordance with various embodiments of this
disclosure;

FIG. 13 illustrates a flowchart for transmitting HARQ-ACK information for a
multicast TB based on Typel-PDCCH in a search space set in accordance with various
embodiments of this disclosure;

FIG. 14 illustrates flowchart for receiving control information based on
Type2-PDCCH in a search space set in accordance with various embodiments of this
disclosure;

FIG. 15 illustrates a flowchart for receiving multiple TBs scheduled by a DCI format
in accordance with various embodiments of this disclosure;

FIG. 16 illustrates a flowchart for activation/deactivation of search space sets
triggered by a physical layer signal/channel in accordance with various embodiments
of this disclosure;

FIG. 17 illustrates a flowchart for adaptation on CORESET based on a signal/channel
at the physical layer in accordance with various embodiments of this disclosure;

FIG. 18 illustrates a flowchart for determining non-overlapping CCEs with

adaptation requests through a signal/channel at the physical layer in accordance with
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various embodiments of this disclosure;

FIG. 19 illustrates a flowchart for applying an adaptation request by a UE when the
adaptation request is received through a MAC CE in accordance with various em-
bodiments of this disclosure;

FIG. 20 illustrates a flowchart for applying an adaption request or indication by a UE
when the adaptation request or indication is received through a DCI format with CRC
scrambled by C-RNTI in accordance with various embodiments of this disclosure;

FIG. 21 illustrates a flowchart for applying an adaptation request on PDCCH
monitoring in a UE when the adaptation request is received through a group-common
PDCCH or non-scheduling DCI without HARQ feedback in accordance with various
embodiments of this disclosure;

FIG. 22 illustrates a flowchart for applying an application delay by a UE when power
saving signal/channel is monitored outside and inside of the DRX active time in ac-
cordance with various embodiments of this disclosure;

FIG. 23 illustrates a flowchart for interpretation of a PS-DCI detected outside of the
DRX active time by a UE in accordance with various embodiments of this disclosure;

FIG. 24 illustrates a flowchart for detecting a DCI format by a UE at the beginning of
a DRX ON duration for triggering UE adaptation in accordance with various em-
bodiments of this disclosure;

FIG. 25 illustrates a flowchart for detecting a DCI format by a UE within the DRX
Active Time for power saving in accordance with various embodiments of this
disclosure;

FIG. 26 illustrates a multibeam transmission on the DCI format for triggering UE
adaptation associated with DRX operation through N_MOs>1 PDCCH monitoring
occasions per PDCCH monitoring periodicity in accordance with various embodiments
of this disclosure;

FIG. 27 illustrates a PDCCH monitoring occasion outside of DRX ON duration that
is overlapped by the dynamic Active Time of the previous DRX cycle in accordance
with various embodiments of this disclosure;

FIG. 28 illustrates a UE skipping the monitoring occasion of PS-DCI in accordance
with various embodiments of this disclosure;

FIG. 29 illustrates repetitions on a DCI format for triggering UE adaptation within
DRX Active Time in accordance with various embodiments of this disclosure;

FIG. 30 illustrates a flowchart for determining search space sets for PDCCH
monitoring in accordance with various embodiments of this disclosure;

FIG. 31 illustrates a flowchart of a method performed by a user equipment (UE) for
determining a search space set for PDCCH monitoring in accordance with various em-

bodiments of this disclosure;
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FIG. 32 illustrates a flowchart of a method performed by a base station (BS) for de-
termining a search space set for PDCCH monitoring in accordance with various em-

bodiments of this disclosure;
FIG. 33 schematically illustrates the base station according to embodiments of the

present disclosure; and

FIG. 34 illustrates a user equipment (UE) according to embodiments of the present
disclosure.

Best Mode for Carrying out the Invention

Embodiments of the present disclosure include a user equipment (UE) and a base
station (BS) for determining search space sets for PDCCH monitoring.

One embodiment is directed to a UE that includes a receiver configured to receive a
configuration for search space sets. The configuration can include a first group of
search space sets and a second group of search space sets, and a first group index for
the first group of search space sets and a second group index for the second group of
search space sets. The UE also includes a processor operably connected to the receiver
and configured to determine an indication corresponding to either the first group index
or the second group index. The receiver is further configured to receive, based on the
indication, physical downlink control channels (PDCCHs) according to either the first
group of search space sets or the second group of search space sets.

In an exemplary embodiment, wherein: the receiver is further configured to receive a
PDCCH according to a common search space, the PDCCH includes a downlink control
information (DCI) format, and the processor is further configured to determine the in-
dication based on a value of a field of the DCI format.

In an exemplary embodiment, wherein: the value is the first group index, and the in-
dication is only for the first group index.

In an exemplary embodiment, wherein the processor is further configured to
determine the indication for only the second group index based on a reception of a
downlink control information (DCI) format in a PDCCH reception according to the
first group of search space sets.

In an exemplary embodiment, wherein: the receiver is further configured to receive a
downlink control information (DCI) format in a PDCCH reception according to the
first group of search space sets, wherein the DCI format includes a field for a time
duration; and the processor is further configured to determine, upon expiration of the
time duration, the indication for only the second group index.

In an exemplary embodiment, wherein: the configuration further includes a time
duration, the receiver is further configured to receive the PDCCHs according to the

first group of search space sets based on a previous indication for the first group index,
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and the processor is further configured to determine, upon expiration of the time
duration, the indication for only the second group index.

In an exemplary embodiment, wherein the indication becomes valid at a beginning of
a first slot that is after a time period corresponding to a number of symbols. Another
embodiment is directed to a BS for determining search space sets for PDCCH
monitoring. The BS includes a processor configured to generate a configuration for
search space sets. The configuration can include a first group of search space sets and a
second group of search space sets, and a first group index for the first group of search
space sets and a second group index for the second group of search space sets. The BS
also includes a transceiver operably connected to the processor and configured to
transmit the configuration and transmit physical downlink control channels (PDCCHs)
according to either the first group of search space sets or the second group of search
space sets. Additionally, the PDCCHs are based on an indication corresponding to
either the first group index or the second group index.

In an exemplary embodiment, wherein the transceiver is further configured to:
transmit a PDCCH according to a common search space, wherein the PDCCH includes
a downlink control information (DCI) format, and wherein the DCI format comprises a
field with a value usable to determine the indication.

In an exemplary embodiment, wherein: the value is the first group index, and the in-
dication is only for the first group index.

In an exemplary embodiment, wherein the indication for only the second group index
is determined based on a transmission of a downlink control information (DCI) format
in a PDCCH transmission according to the first group of search space sets.

In an exemplary embodiment, wherein: the transceiver is further configured to
transmit a downlink control information (DCI) format in a PDCCH transmission
according to the first group of search space sets, wherein the DCI format includes a
field for a time duration; and the indication for only the second group index is de-
termined upon expiration of the time duration.

In an exemplary embodiment, wherein: the configuration further includes a time
duration, the transceiver is further configured to transmit the PDCCHs according to the
first group of search space sets based on a previous indication for the first group index,
and the indication for only the second group index is determined upon expiration of the
time duration.

In an exemplary embodiment, wherein the indication becomes valid at a beginning of
a first slot that is after a time period corresponding to a number of symbols.

Yet another embodiment is directed to a method for determining search space sets for
PDCCH monitoring. The method includes a step of receiving a configuration for

search space sets. The configuration includes a first group of search space sets and a
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second group of search space sets, and a first group index for the first group of search
space sets and a second group index for the second group of search space sets. The
method also includes a step of determining an indication corresponding to either the
first group index or the second group index. The method includes another step of
receiving, based on the indication, physical downlink control channels (PDCCHs)
according to either the first group of search space sets or the second group of search
space sets.

In an exemplary embodiment, further comprising: receiving a PDCCH according to a
common search space, wherein the PDCCH includes a downlink control information
(DCI) format; and determining the indication based on a value of a field of the DCI
format.

In an exemplary embodiment, wherein the value is the first group index, and wherein
the indication is only for the first group index.

In an exemplary embodiment, further comprising: determining the indication for only
the second group index based on a reception of a downlink control information (DCI)
format in a PDCCH reception according to the first group of search space sets.

In an exemplary embodiment, further comprising: receiving a downlink control in-
formation (DCI) format in a PDCCH reception according to the first group of search
space sets, wherein the DCI format includes a field for a time duration; and de-
termining, upon expiration of the time duration, the indication for only the second
group index.

In an exemplary embodiment, wherein the configuration further includes a time
duration, and wherein the method further comprises: receiving the PDCCHs according
to the first group of search space sets based on a previous indication for the first group
index; and determining, upon expiration of the time duration, the indication for only
the second group index.

In an exemplary embodiment, a method performed by a user equipment (UE) for de-
termining a search space set for PDCCH monitoring is disclosed. the method
comprising: receiving, from a base station, search space set information including a
first group index for at least one search space set; monitoring a physical downlink
control channel(PDCCH) according to the at least one search space set with the first
group index; detecting a downlink control information(DCI) indicating switching of
the at least one search space set for monitoring the PDCCH based on the monitored
PDCCH; and switching to at least one search space set with a second group index
based on the DCI.

In an exemplary embodiment, wherein the DCI includes information indicating the
second group index to be switched.

In an exemplary embodiment, wherein the switching to the at least one search space
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set with the second group index comprises: starting monitoring the PDCCH according
to the at least one search space set with the second group index and stopping
monitoring the PDCCH according to the at least one search space set with the first
group index, based on the DCI.

In an exemplary embodiment, wherein the DCI is received through a
CSS(Commmon Search Space).

In an exemplary embodiment, wherein the switching to the at least one search space
set with the second group index comprises: starting monitoring the PDDCH according
to the at least one search space set with the second group index after a predetermined
time after receiving the DCI.

In an exemplary embodiment, wherein the DCI includes information of duration time
for monitoring; and wherein the switching to the at least one search space set with the
second group index comprises: starting monitoring the PDCCH according to the at
least one search space set with the second group index based on the information of
duration time indicated by the DCI.

In an exemplary embodiment, wherein the DCI indicates that the at least one search
space set currently being monitored is switched to at least one another search space set;
and wherein the switching to the at least one search space set with the second group
index comprises: starting monitoring the PDCCH according to the at least one another
search space set corresponding to the second group index and stopping monitoring the
PDCCH according to the at least one search space set currently being monitored corre-
sponding to the first group index, based on the DCI.

In an exemplary embodiment, the method further comprising: receiving information
of a timer for switching the at least one search space set by higher layer signal; and
wherein the switching to the at least one search space set with the second group index
comprises: starting monitoring the PDCCH according to the at least one search space
set with the second group index based on the timer.

In an exemplary embodiment, wherein the search space set information is received
by RRC signal.

In an exemplary embodiment, a method performed by a base station (BS) for de-
termining a search space set for PDCCH monitoring is disclosed. The method
comprising: transmitting, to a user equipment, search space set information including a
first group index for at least one search space set; and transmitting, to the user
equipment, a physical downlink control channel(PDCCH) according to the at least one
search space set with the first group index; wherein the PDDCH includes a downlink
control information(DCI) indicating switching of the at least one search space set for
monitoring the PDCCH.

In an exemplary embodiment, wherein the DCI includes information indicating a
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second index to be switched.

In an exemplary embodiment, wherein the DCI indicates that at least one search
space set currently being monitored is switched to at least one another search space set.

In an exemplary embodiment, A user equipment (UE) comprising: a transceiver; and
at least one processor coupled with the transceiver and configured to; control the
transceiver to receive, from a base station, search space set information including a
first group index for at least one search space set, monitor a physical downlink control
channel(PDCCH) according to the at least one search space set with the first group
index, detect a downlink control information(DCI) indicating switching of the at least
one search space set for monitoring the PDCCH based on the monitored PDCCH and
switch to at least one search space set with a second group index based on the DCI.

In an exemplary embodiment, wherein the DCI includes information indicating the
second group index to be switched, and wherein the at least one processor is further
configured to: start monitoring a PDCCH according to the at least one search space set
with the second group index and stop monitoring a PDCCH according to the at least
one search space set with the first group index, based on the DCI.

In an exemplary embodiment, wherein the DCI indicates that at least one search
space set currently being monitored is switched to at least one another search space set,
and wherein the at least one processor is further configured to: start monitoring the
PDCCH according to the at least one another search space set corresponding to the
second group index and stop monitoring the PDCCH according to the at least one
search space set corresponding to the first group index currently being monitored,
based on the DCI.Other technical features may be readily apparent to one skilled in the
art from the following figures, descriptions, and claims.

Before undertaking the DETAILED DESCRIPTION below, it may be advantageous
to set forth definitions of certain words and phrases used throughout this patent
document. The term "couple” and its derivatives refer to any direct or indirect commu-
nication between two or more elements, whether those elements are in physical contact

"o

with one another. The terms "transmit," "receive,” and "communicate," as well as
derivatives thereof, encompass both direct and indirect communication. The terms
"include"” and "comprise," as well as derivatives thereof, mean inclusion without
limitation. The term "or" is inclusive, meaning and/or. The phrase "associated with," as
well as derivatives thereof, means to include, be included within, interconnect with,
contain, be contained within, connect to or with, couple to or with, be communicable
with, cooperate with, interleave, juxtapose, be proximate to, be bound to or with, have,
have a property of, have a relationship to or with, or the like. The term "controller”
means any device, system or part thereof that controls at least one operation. Such a

controller may be implemented in hardware or a combination of hardware and software
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and/or firmware. The functionality associated with any particular controller may be
centralized or distributed, whether locally or remotely. The phrase "at least one of,"
when used with a list of items, means that different combinations of one or more of the
listed items may be used, and only one item in the list may be needed. For example, "at
least one of: A, B, and C" includes any of the following combinations: A, B, C, A and
B, Aand C, B and C, and A and B and C. Likewise, the term "set" means one or more.

Accordingly, a set of items can be a single item or a collection of two or more items.
Moreover, various functions described below can be implemented or supported by

one or more computer programs, each of which is formed from computer readable
program code and embodied in a computer readable medium. The terms "application”
and "program" refer to one or more computer programs, software components, sets of
instructions, procedures, functions, objects, classes, instances, related data, or a portion
thereof adapted for implementation in a suitable computer readable program code. The
phrase "computer readable program code" includes any type of computer code,
including source code, object code, and executable code. The phrase "computer
readable medium" includes any type of medium capable of being accessed by a
computer, such as read only memory (ROM), random access memory (RAM), a hard
disk drive, a compact disc (CD), a digital video disc (DVD), or any other type of
memory. A "non-transitory" computer readable medium excludes wired, wireless,
optical, or other communication links that transport transitory electrical or other
signals. A non-transitory computer readable medium includes media where data can be
permanently stored and media where data can be stored and later overwritten, such as a
rewritable optical disc or an erasable memory device.

Definitions for other certain words and phrases are provided throughout this patent
document. Those of ordinary skill in the art should understand that in many if not most
instances, such definitions apply to prior as well as future uses of such defined words
and phrases.

Mode for the Invention

The figures included herein, and the various embodiments used to describe the
principles of the present disclosure are by way of illustration only and should not be
construed in any way to limit the scope of the disclosure. Further, those skilled in the
art will understand that the principles of the present disclosure may be implemented in
any suitably arranged wireless communication system.

The following documents are hereby incorporated by reference into the present
disclosure as if fully set forth herein: 3GPP TS 38.211 v15.5.0, "NR; Physical channels
and modulation" hereinafter "REF 1"; 3GPP TS 38.212 v15.5.0, "NR; Multiplexing
and channel coding", hereinafter "REF 2"; 3GPP TS 38.213 v15.5.0, "NR; Physical
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layer procedures for control”, hereinafter "REF 3"; 3GPP TS 38.214 v15.5.0, "NR;
Physical layer procedures for data”, hereinafter "REF 4"; 3GPP TS 38.215 v15.5.0,
"NR; Physical layer measurements", hereinafter "REF 5"; 3GPP TS 38.321 v15.5.0,
"NR; Medium Access Control (MAC) protocol specification”, hereinafter "REF 6";
3GPP TS 38.331 v15.5.0, "NR; Radio Resource Control (RRC) protocol speci-
fication", hereinafter "REF 7"; and 3GPP TR 38.840 v0.1.1, "NRI Study on UE power
Saving", hereinafter "REF 8".

A time unit for downlink (DL) signaling or for uplink (UL) signaling on a cell can
include one or more symbols of a slot that includes a predetermined number of
symbols, such as 14 symbols, and has predetermined duration. A bandwidth (BW) unit
is referred to as a resource block (RB). One RB includes a number of sub-carriers
(SCs) and one SC in one symbol of a slot is referred to as resource element (RE). In
one example, a slot can have duration of 1 millisecond and an RB can have a
bandwidth of 180 KHz when the RB includes 12 SCs with inter-SC spacing of 15
KHz. In another example, a slot can have duration of 0.25 milliseconds and an RB can
have a bandwidth of 720 KHz when the RB includes 12 SCs with inter-SC spacing of
60 KHz. A slot can include symbols used for DL transmissions or for UL trans-
missions including all symbols being used for DL transmissions or all symbols being
used for UL transmissions. For more detail, refer to REF 1.

DL signals include data signals conveying information content, control signals
conveying DL control information (DCI), and reference signals (RS) that are also
known as pilot signals. A gNB transmits data information or DCI through respective
physical DL shared channels (PDSCHs) or physical DL control channels (PDCCHs). A
gNB transmits one or more of multiple types of RSs including channel state in-
formation RS (CSI-RS) and demodulation RS (DMRS), as discussed in more detail in
REF 1. A CSI-RS is primarily intended for UEs to perform measurements and provide
channel state information (CSI) to a gNB. A DMRS is received only in the BW of a re-
spective PDCCH or PDSCH reception and a UE typically uses the DMRS to de-
modulate data or control information.

UL signals also include data signals conveying information content, control signals
conveying UL control information (UCI), DMRS associated with data or UCI de-
modulation, sounding RS (SRS) enabling a gNB to perform UL channel measurement,
and a random access (RA) preamble enabling a UE to perform random access (as
discussed in more detail in REF 1). A UE transmits data information or UCI through a
respective physical UL shared channel (PUSCH) or a physical UL control channel
(PUCCH). When a UE simultaneously transmits data information and UCI, the UE can
multiplex both in a PUSCH. UCI includes hybrid automatic repeat request acknowl-

edgement (HARQ-ACK) information, indicating correct or incorrect detection of
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transport blocks (TBs) with data information in a PDSCH, scheduling request (SR) in-
dicating whether a UE has data to transmit in its buffer, and CSI reports enabling a
gNB to select appropriate parameters for PDSCH or PDCCH transmissions to a UE (as
discussed in more detail in REF 4),

UL RS includes DMRS and SRS. DMRS is transmitted only in a BW of a respective
PUSCH or PUCCH transmission. A gNB can use a DMRS to demodulate information
in a respective PUSCH or PUCCH. SRS is transmitted by a UE to provide a gNB with
an UL CSI and, for a TDD system, also DL CSI. Additionally, in order to establish
synchronization or an initial RRC connection with a gNB, a UE can transmit a physical
random-access channel (PRACH), as discussed in more detail in REF 3 and REF 5. To
reduce control overhead for scheduling receptions or transmission over multiple RBs,
an RB group (RBG) can be used as a unit for PDSCH receptions or PUSCH trans-
missions where an RBG includes a predetermined number of RBs (see also REF 2 and
REF 4).

DL transmissions or UL transmissions can be based on an orthogonal frequency
division multiplexing (OFDM) waveform including a variant using DFT precoding that
is known as DFT-spread-OFDM, as discussed in more detail in REF 1. Exemplary
transmitters and receivers using OFDM are depicted in FIGS. 5 and 6 that follow.

A UE typically monitors multiple candidate locations for respective potential
PDCCH receptions to decode one or more DCI formats in a slot, for example as
described in REF 3. A DCI format includes cyclic redundancy check (CRC) bits in
order for the UE to confirm a correct detection of the DCI format. A DCI format type
is identified by a radio network temporary identifier (RNTI) that scrambles the CRC
bits, as described in REF 2. For a DCI format scheduling a PDSCH or a PUSCH to a
single UE, the RNTI can be a cell RNTI (C-RNTI) and serve as a UE identifier. For a
DCI format scheduling a PDSCH conveying system information (SI), the RNTI can be
a SI-RNTI. For a DCI format scheduling a PDSCH providing a random-access
response (RAR), the RNTI can be a RA-RNTI. For a DCI format providing transmit
power control (TPC) commands to a group of UEs, the RNTI can be a TPC-RNTI.
Each RNTI type can be configured to a UE through higher layer signaling such as
RRC signaling, as discussed in REF 5. A DCI format scheduling PDSCH transmission
to a UE is also referred to as DL DCI format or DL assignment while a DCI format
scheduling PUSCH transmission from a UE is also referred to as UL DCI format or
UL grant.

A PDCCH transmission can be within a set of PRBs. A gNB can configure a UE one
or more sets of PRB sets, also referred to as control resource sets (CORESETS), for
PDCCH receptions (see also REF 3). A PDCCH transmission can be in control channel
elements (CCEs) of a CORESET. A UE determines CCEs for a PDCCH reception
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based on a search space set (see also REF 3). A set of CCEs that can be used for
PDCCH reception by a UE define a PDCCH candidate location.

An exemplary encoding process and decoding process for a DCI format is discussed
in FIGS. 7 and 8 below.

For each DL bandwidth part (BWP) configured to a UE in a serving cell, the UE can
be provided by higher layer signaling a number of CORESETs. For each CORESET,
the UE is provided:

a CORESET index, p;a DM-RS scrambling sequence initialization value;

a precoder granularity for a number of REGs in frequency where the UE can assume
use of a same DM-RS precoder;

a number of consecutive symbols;

a set of resource blocks;

CCE-to-REG mapping parameters;

an antenna port quasi co-location, from a set of antenna port quasi co-locations, in-
dicating quasi co-location information of the DM-RS antenna port for PDCCH
reception; and

an indication for a presence or absence of a transmission configuration indication
(TCI) field for DCI format 1_1 transmitted by a PDCCH in CORESET p. Additional
detail is provided in REF 1, REF 2, and REF 3.

For each DL BWP configured to a UE in a serving cell, the UE is provided by higher
layers with a number of search space sets where, for each search space set from the
number search space sets, the UE is provided the following (see also REF 3):

a search space set index, s;

an association between the search space set, s, and a CORESET index, p;

a PDCCH monitoring periodicity of k , slots and a PDCCH monitoring offset of o
slots;

a PDCCH monitoring pattern within a slot, indicating first symbol(s) of the control
resource set within a slot for PDCCH monitoring;

a number of PDCCH candidates, , per CCE aggregation level, L;

m®P

an indication that search space set s is either a common search space set or a UE-
specific search space set; and

a duration of T <k , slots indicating a number of slots that the search space set s
exists.

For a search space set s associated with CORESET p, the CCE indexes for ag-

gregation level L corresponding to PDCCH candidate of the search space set

ms'na
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u  for a serving cell corresponding to carrier indicator field value n ¢ (also referred

ns'f

to as search space) are given as in Equation 1:

N (Equation
Mgnc " VCCE, :
LY, + >hel - 21+ ng | mod|Necg p /L]t + i
LN L . M( ) ’
S, max

D

where:

for any common search space, Yy —0 ;

p'n:ff -

for a UE-specific search space,

Vpnt = (4p - Ypnu_ ) mod D
Yp-1 = gy # 0 > A ,=39827 for pmod3 =0, A ,=39829 for pmod3 =1, A , =

39839 for pmod3 =2 and D = 65537;
i=20,-,L—1;

N ccg, 18 the number of CCEs, numbered from 0 to N g, - 1, in CORESET p;
n ¢ is the carrier indicator field value if the UE is configured with a carrier indicator
field; otherwise, including for any common search space, n ¢;= 0;

, where L) is the number of PDCCH
=0,.. M"Y 1 (

m p.snct SNcr

S,ncr

candidates the UE is configured to monitor for aggregation level L for a serving cell
corresponding to n ¢, and a search space set s;

for any common search space, ;

@ _ @
Ms,max - Ms,o
for a UE-specific search space, is the maximum of across all
S,max M L

sncr

configured n ¢values for a CCE aggregation level L of search space set s in control
resource set p; and

the RNTI value used for n gy

A PUCCH can be transmitted according to one from multiple PUCCH formats as
described in REF 1 and REF 3. A PUCCH format corresponds to a structure that is
designed for a particular UCI payload range as different UCI payloads require different
PUCCH transmission structures to improve an associated UCI block error rate
(BLER). A PUCCH transmission is also associated with a TCI state providing a spatial



WO 2020/246858

[119]

[120]

[121]

[122]
[123]

[124]

15

PCT/KR2020/007370

domain filter for a PUCCH transmission as described in REF 3 and REF 4. A PUCCH
can be used to convey HARQ-ACK information, SR, or periodic/semi-persistent CSI
and their combinations.

A UE can be configured for operation with multiple bandwidth parts (BWP) in a DL
system BW (DL BWPs) and in an UL system BW (UL BWP) as described in REF 3.
At a given time, only one DL. BWP and only one UL BWP are active for the UE. Con-
figurations of various parameters, such as search space set configuration for PDCCH
reception or PUCCH resources for PUCCH transmission, can be separately provided
for each respective BWP. A primary purpose for BWP operation is to enable power
savings for the UE. When the UE has data to transmit or receive, a large BWP can be
used and, for example, search space sets can be greater than one and have short
monitoring periodicity. When the UE does not have data to transmit or receive, a small
BWP can be used and, for example, a single search space set can be configured with
longer monitoring periodicity.

There are two types of search space supported in NR Rel-15: UE-specific search
space (USS) and common search space (CSS). A UE determines CCE locations for
PDCCH candidates in a USS using a corresponding C-RNTI and determines CCE
locations in a CSS independently of an RNTI as described in Equation 1.

Table 1 summarizes search spaces types according to REF 3 and corresponding
RNTIs for DCI formats according to REF 2 and REF 3.

Table 1.
Type Search Sp RNTI Use case
ace
Type0-PDCCH CSS SI-RNTI for RMSITon a pri| SIB Decoding
mary cell
TypecOA-PDCCH CSS SI-RNTI on a primary ccll SIB Dccoding
Typel-PDCCH CSS RA-RNTIL, TC-RNTI, C-RNT | Msg2, Msg4 decodi
I on a primary cell ng in RACH
Type2-PDCCH CSS P-RNTI on a primary cell Paging Decoding
Type3-PDCCH CSS INT-RNTI, SFI-RNTI, TPC-
PUSCH-RNTI, TPC-PUCCH-
RNTI, TPC-SRS-RNTI, only
for the primary cell, C-RN
TI, or CS-RNTI(s)
UE-specific PDCCH USS C-RNTI, or CS-RNTI(s), or | User-specific PDSC
SP-CSI-RNTI H decoding

Table 2. Association between RNTI Types and Search Spaces.
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[126] Type Signaling Parameters
Type0-PDCCH pdech-ConfigSIB1 in MasterInformationBlock

[127]

[128]

[129]

searchSpaceSIB1 in PDCCH-ConfigCommon
searchSpaceZero in PDCCH-ConfigCommon

TypeOA-PDCCH searchSpaceOtherSystemInformation in
PDCCHConfigCommon

Typel-PDCCH ra-SearchSpace in PDCCH-ConfigCommon

Type2-PDCCH pagingSearchSpace in PDCCH-ConfigCommon

Type3-PDCCH SearchSpace in PDCCH-Config with searchSpaceType =
common

UE-specific PDCCH | SearchSpace in PDCCH-Config with searchSpaceType = ue-
Specific

In addition to the previous use cases, use of a CSS can be beneficial for other func-
tionalities. For example, a CSS can be used to multicast data to a group of UEs, such as
multicast of virtual reality videos to people in a same room, or multicast an industrial
control message to machines for massive machine-type communication (mMTC) ap-
plications.

In NR Rel-15, after a UE establishes RRC connection with a serving gNB, the UE
can be configured to monitor PDCCH in a CSS for a corresponding DCI format
through a UE-specific RRC IE, such as PDCCH-config as described in REF 2 and REF
5. When needed to address a sub-group of UEs, from a group of UEs configured to
monitor the DCI format, the DCI format can schedule a PDSCH reception and the UEs
that need to process the information content of the DCI format or the information
content of the TB in the PDSCH can be indicated by information in the PDSCH. For
example, when a group of UEs in RRC_CONNECTED state are configured to monitor
PDCCH in a CSS in order to detect a DCI format and obtain information for an
adaptation request, such as a go-to-sleep request for a UE to at least not monitor
PDCCH for a time period, a sub-group of UEs from the group of UEs can be indicated
by information in a PDSCH scheduled by the DCI format and the remaining UEs from
the group of UEs can ignore the adaptation request.

Therefore, novel aspects of the present disclosure recognize the need to determine
PDCCH assignment, including search space, search space set, PDCCH candidates and
non-overlapping CCE of blind decoding; to support multicasting of both data and
control messages to a group of UEs; to define a PDCCH type for multicasting a
transmission block (TB) to a group of UEs; to define a PDCCH type for multicasting
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common control information to a group of UEs; and to enhance PDCCH transmission
to a group of UEs.

Dynamic adaptation on PDCCH monitoring for a UE, such as skipping PDCCH
monitoring for one or more search space sets during a period, or (de)activation of
CORESETs/search space sets, and adapting PDCCH monitoring periodicity/duration,
have been considered to enable UE power savings. In REF 8, various schemes for
reducing PDCCH monitoring show 0.5%-85% power saving gains for a UE relative to
the power required by the UE for PDCCH monitoring as previously described for Rel-
15 NR. Lower power saving gains 0.5-15% occur for the continuous traffic corre-
sponding to a full buffer for a UE. High power saving gains 50-85% were observed for
sporadic traffic arrival corresponding to more typical, FTP-based, traffic patterns for a
UE.

In NR Rel-15, a UE monitors PDCCH (decoded PDCCH candidates at corresponding
PDCCH monitoring occasions) based on configured search space sets provided to the
UE for each serving cell and activated BWP per serving cell by a serving gNB. The
configuration of search space sets is provided to a UE by higher layer signaling and
therefore does not allow for fast adaptation of PDCCH monitoring by the UE to
address dynamic variations in the traffic patterns for the UE. A faster adaptation for
PDCCH monitoring by a UE, such as one provided by a DCI format in a PDCCH or by
a MAC control element, can offer material reduction in a power consumption by the
UE for monitoring PDCCH by enabling/disabling decoding operations associated with
PDCCH candidates in search space sets according to dynamic variations in traffic
while avoiding a loss in throughput or an increase in scheduling latency that may occur
when a UE is provided an insufficient number of PDCCH candidates.

Therefore, other novel aspects of this disclosure also recognize the need to enable an
adaptation for PDCCH monitoring in search space sets through a signal/channel at the
physical layer; to provide an indication for PDCCH monitoring occasions when
PDCCH monitoring is adapted through a signal/channel at the physical layer; to
determine PDCCH candidates and non-overlapped CCE:s per slot, or per PDCCH
monitoring occasion, for a DL BWP when PDCCH monitoring is adapted through a
signal/channel at the physical layer; to define a timeline for applying an adaptation
request through a signal/channel at the physical layer; to determine the interpretation of
a DCI format for triggering UE adaptation at least for power saving purpose; to
determine the monitoring occasion of signal/channel at physical layer for triggering
UE adaptation associated with DRX operation in RRC_CONNECTED state; and to
determine the monitoring occasion of signal/channel at physical layer for triggering
UE adaptation without association with DRX operation in RRC_CONNECTED state.

FIG. 1 illustrates an exemplary networked computing system according to various
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embodiments of this disclosure. The embodiment of the wireless network 100 shown
in FIG. 1 is for illustration only. Other embodiments of the wireless network 100 could
be used without departing from the scope of this disclosure.

As shown in FIG. 1, the wireless network 100 includes an gNodeB (gNB) 101, an
gNB 102, and an gNB 103. The gNB 101 communicates with the gNB 102 and the
gNB 103. The gNB 101 also communicates with at least one Internet Protocol (IP)
network 130, such as the Internet, a proprietary IP network, or other data network.

The gNB 102 provides wireless broadband access to the network 130 for a first
plurality of user equipments (UEs) within a coverage area 120 of the gNB 102. The
first plurality of UEs includes a UE 111, which may be located in a small business
(SB); a UE 112, which may be located in an enterprise (E); a UE 113, which may be
located in a WIFI hotspot (HS); a UE 114, which may be located in a first residence
(R); a UE 115, which may be located in a second residence (R); and a UE 116, which
may be a mobile device (M) like a cell phone, a wireless laptop, a wireless PDA, or the
like. The gNB 103 provides wireless broadband access to the network 130 for a second
plurality of UEs within a coverage area 125 of the gNB 103. The second plurality of
UEs includes the UE 115 and the UE 116.

Depending on the network type, the term 'base station' can refer to any component
(or collection of components) configured to provide wireless access to a network, such
as transmit point (TP), transmit-receive point (TRP), a gNB , a macrocell, a femtocell,
a WIFI access point (AP) , or other wirelessly enabled devices. Base stations may
provide wireless access in accordance with one or more wireless communication
protocols, e.g., 5G 3GPP New Radio Interface/Access (NR), long term evolution
(LTE), LTE advanced (LTE-A) , High Speed Packet Access (HSPA), Wi-Fi
802.11a/b/g/n/ac, etc. Also, depending on the network type, other well-known terms
may be used instead of "user equipment” or "UE," such as "mobile station,"

"o

"subscriber station," "remote terminal,” "wireless terminal," or "user device." For the
sake of convenience, the terms "user equipment” and "UE" are used in this patent
document to refer to remote wireless equipment that wirelessly accesses an gNB,
whether the UE is a mobile device (such as a mobile telephone or smartphone) or is
normally considered a stationary device (such as a desktop computer or vending
machine).

Dotted lines show the approximate extents of the coverage areas 120 and 125, which
are shown as approximately circular for the purposes of illustration and explanation
only. It should be clearly understood that the coverage areas associated with gNBs,
such as the coverage areas 120 and 125, may have other shapes, including irregular
shapes, depending upon the configuration of the gNBs and variations in the radio en-

vironment associated with natural and man-made obstructions.
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As described in more detail below, wireless network 100 can be a 5G communication
system in which a UE, such as UE 116, can communicate with a BS, such as BS 102,
to determine search space sets for PDCCH monitoring.

Although FIG. 1 illustrates one example of a wireless network 100, various changes
may be made to FIG. 1. For example, the wireless network 100 could include any
number of gNBs and any number of UEs in any suitable arrangement. Also, the gNB
101 could communicate directly with any number of UEs and provide those UEs with
wireless broadband access to the network 130. Similarly, each gNB 102-103 could
communicate directly with the network 130 and provide UEs with direct wireless
broadband access to the network 130. Further, the gNB 101, 102, and/or 103 could
provide access to other or additional external networks, such as external telephone
networks or other types of data networks.

FIG. 2 illustrates an exemplary base station (BS) according to various embodiments
of this disclosure. The embodiment of the gNB 102 illustrated in FIG. 2 is for il-
lustration only, and the gNBs 101 and 103 of FIG. 1 could have the same or similar
configuration. However, gNBs come in a wide variety of configurations, and FIG. 2
does not limit the scope of this disclosure to any particular implementation of an gNB.

As shown in FIG. 2, the gNB 102 includes multiple antennas 280a-280n, multiple RF
transceivers 282a-282n, transmit (TX) processing circuitry 284, and receive (RX)
processing circuitry 286. The gNB 102 also includes a controller/processor 288, a
memory 290, and a backhaul or network interface 292.

The RF transceivers 282a-282n receive, from the antennas 280a-280n, incoming RF
signals, such as signals transmitted by UEs in the network 100. The RF transceivers
282a-282n down-convert the incoming RF signals to generate IF or baseband signals.
The IF or baseband signals are sent to the RX processing circuitry 286, which
generates processed baseband signals by filtering, decoding, and/or digitizing the
baseband or IF signals. The RX processing circuitry 286 transmits the processed
baseband signals to the controller/processor 288 for further processing.

The TX processing circuitry 284 receives analog or digital data (such as voice data,
web data, e-mail, or interactive video game data) from the controller/processor 288.
The TX processing circuitry 284 encodes, multiplexes, and/or digitizes the outgoing
baseband data to generate processed baseband or IF signals. The RF transceivers
282a-282n receive the outgoing processed baseband or IF signals from the TX
processing circuitry 284 and up-converts the baseband or IF signals to RF signals that
are transmitted via the antennas 280a-280n.

The controller/processor 288 can include one or more processors or other processing
devices that control the overall operation of the gNB 102. For example, the controller/

processor 288 could control the reception of forward channel signals and the
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transmission of reverse channel signals by the RF transceivers 282a-282n, the RX
processing circuitry 286, and the TX processing circuitry 284 in accordance with well-
known principles. The controller/ processor 288 could support additional functions as
well, such as more advanced wireless communication functions. For instance, the
controller/processor 288 could support beam forming or directional routing operations
in which outgoing signals from multiple antennas 280a-280n are weighted differently
to effectively steer the outgoing signals in a desired direction. Any of a wide variety of
other functions could be supported in the gNB 102 by the controller/processor 288. In
some embodiments, the controller/processor 288 includes at least one microprocessor
or microcontroller.

The controller/processor 288 is also capable of executing programs and other
processes resident in the memory 290, such as a basic OS. The controller/processor
288 can move data into or out of the memory 290 as required by an executing process.

The controller/processor 288 is also coupled to the backhaul or network interface
292. The backhaul or network interface 292 allows the gNB 102 to communicate with
other devices or systems over a backhaul connection or over a network. The interface
292 could support communications over any suitable wired or wireless connection(s).
For example, when the gNB 102 is implemented as part of a cellular communication
system (such as one supporting 5G, LTE, or LTE-A), the interface 292 could allow the
gNB 102 to communicate with other gNBs over a wired or wireless backhaul
connection. When the gNB 102 is implemented as an access point, the interface 292
could allow the gNB 102 to communicate over a wired or wireless local area network
or over a wired or wireless connection to a larger network (such as the Internet). The
interface 292 includes any suitable structure supporting communications over a wired
or wireless connection, such as an Ethernet or RF transceiver.

The memory 290 is coupled to the controller/processor 288. Part of the memory 290
could include a RAM, and another part of the memory 290 could include a Flash
memory or other ROM.

As described in more detail below, the BS 102 can communicate information to a
UE, such as UE 116 in FIG. 1 over a networked computing system, for determining
search space sets for PDCCH monitoring.

Although FIG. 2 illustrates one example of gNB 102, various changes may be made
to FIG. 2. For example, the gNB 102 could include any number of each component
shown in FIG. 2. As a particular example, an access point could include a number of
interfaces 292, and the controller/processor 288 could support routing functions to
route data between different network addresses. As another particular example, while
shown as including a single instance of TX processing circuitry 284 and a single

instance of RX processing circuitry 286, the gNB 102 could include multiple instances
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of each (such as one per RF transceiver). Also, various components in FIG. 2 could be
combined, further subdivided, or omitted and additional components could be added
according to particular needs.

FIG. 3 illustrates an exemplary user equipment (UE) according to various em-
bodiments of this disclosure. The embodiment of the UE 116 illustrated in FIG. 3 is for
illustration only, and the UEs 111-115 of FIG. 1 could have the same or similar con-
figuration. However, UEs come in a wide variety of configurations, and FIG. 3 does
not limit the scope of this disclosure to any particular implementation of a UE.

As shown in FIG. 3, the UE 116 includes an antenna 305, a radio frequency (RF)
transceiver 310, transmit (TX) processing circuitry 315, a microphone 320, and receive
(RX) processing circuitry 325. The UE 116 also includes a speaker 330, a main
processor 340, an input/output (I/O) interface (IF) 345, a keypad 350, a display 355,
and a memory 360. The memory 360 includes a basic operating system (OS) program
361 and one or more applications 362.

The RF transceiver 310 receives, from the antenna 305, an incoming RF signal
transmitted by an gNB of the network 100. The RF transceiver 310 down-converts the
incoming RF signal to generate an intermediate frequency (IF) or baseband signal. The
IF or baseband signal is sent to the RX processing circuitry 325, which generates a
processed baseband signal by filtering, decoding, and/or digitizing the baseband or IF
signal. The RX processing circuitry 325 transmits the processed baseband signal to the
speaker 330 (such as for voice data) or to the main processor 340 for further processing
(such as for web browsing data).

The TX processing circuitry 315 receives analog or digital voice data from the mi-
crophone 320 or other outgoing baseband data (such as web data, e-mail, or interactive
video game data) from the main processor 340. The TX processing circuitry 315
encodes, multiplexes, and/or digitizes the outgoing baseband data to generate a
processed baseband or IF signal. The RF transceiver 310 receives the outgoing
processed baseband or IF signal from the TX processing circuitry 315 and up-converts
the baseband or IF signal to an RF signal that is transmitted via the antenna 305.

The main processor 340 can include one or more processors or other processing
devices and execute the basic OS program 361 stored in the memory 360 in order to
control the overall operation of the UE 116. For example, the main processor 340
could control the reception of forward channel signals and the transmission of reverse
channel signals by the RF transceiver 310, the RX processing circuitry 325, and the TX
processing circuitry 315 in accordance with well-known principles. In some em-
bodiments, the main processor 340 includes at least one microprocessor or micro-
controller.

The main processor 340 is also capable of executing other processes and programs
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resident in the memory 360. The main processor 340 can move data into or out of the
memory 360 as required by an executing process. In some embodiments, the main
processor 340 is configured to execute the applications 362 based on the OS program
361 or in response to signals received from gNBs or an operator. The main processor
340 is also coupled to the I/O interface 345, which provides the UE 116 with the
ability to connect to other devices such as laptop computers and handheld computers.
The /0O interface 345 is the communication path between these accessories and the
main processor 340.

The main processor 340 is also coupled to the keypad 350 and the display unit 355.
The operator of the UE 116 can use the keypad 350 to enter data into the UE 116. The
display 355 may be a liquid crystal display or other display capable of rendering text
and/or at least limited graphics, such as from web sites.

The memory 360 is coupled to the main processor 340. Part of the memory 360 could
include a random-access memory (RAM), and another part of the memory 360 could
include a Flash memory or other read-only memory (ROM).

As described in more detail below, UE 116 can communicate with a BS, such as BS
102 in FIG. 2 over a networked computing system, for determining search space sets
for PDCCH monitoring in the UEs.

Although FIG. 3 illustrates one example of UE 116, various changes may be made to
FIG. 3. For example, various components in FIG. 3 could be combined, further
subdivided, or omitted and additional components could be added according to
particular needs. As a particular example, the main processor 340 could be divided into
multiple processors, such as one or more central processing units (CPUs) and one or
more graphics processing units (GPUs). Also, while FIG. 3 illustrates the UE 116
configured as a mobile telephone or smartphone, UEs could be configured to operate
as other types of mobile or stationary devices.

FIG. 4A and 4B illustrate exemplary wireless transmit and receive paths according to
various embodiments of this disclosure. In FIGS. 4A and 4B, for downlink commu-
nication, the transmit path circuitry can be implemented in a base station (gNB) 102 or
a relay station, and the receive path circuitry may be implemented in a user equipment
(e.g., user equipment 116 of FIG. 1). In other examples, for uplink communication,
the receive path circuitry 450 may be implemented in a base station (e.g., gNB 102 of
FIG. 1) or a relay station, and the transmit path circuitry may be implemented in a user
equipment (e.g., user equipment 116 of FIG. 1).

Transmit path 400 comprises channel coding and modulation block 405, serial-
to-parallel (S-to-P) block 410, Size N Inverse Fast Fourier Transform (IFFT) block
415, parallel-to-serial (P-to-S) block 420, add cyclic prefix block 425, and up-
converter (UC) 430. The receive path 450 comprises down-converter (DC) 455,
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remove cyclic prefix block 460, serial-to-parallel (S-to-P) block 465, Size N Fast
Fourier Transform (FFT) block 470, parallel-to-serial (P-to-S) block 475, and channel
decoding and demodulation block 480.

At least some of the components in transmit path 400 and receive path 450 may be
implemented in software, while other components may be implemented by con-
figurable hardware or a mixture of software and configurable hardware. In particular, it
is noted that the FFT blocks and the IFFT blocks described in this disclosure document
may be implemented as configurable software algorithms, where the value of Size N
may be modified according to the implementation.

Furthermore, although this disclosure is directed to an embodiment that implements
the Fast Fourier Transform and the Inverse Fast Fourier Transform, this is by way of il-
lustration only and may not be construed to limit the scope of the disclosure. It may be
appreciated that in an alternate embodiment of the present disclosure, the Fast Fourier
Transform functions and the Inverse Fast Fourier Transform functions may easily be
replaced by discrete Fourier transform (DFT) functions and inverse discrete Fourier
transform (IDFT) functions, respectively. It may be appreciated that for DFT and IDFT
functions, the value of the N variable may be any integer number (i.e., 1, 4, 3, 4, etc.),
while for FFT and IFFT functions, the value of the N variable may be any integer
number that is a power of two (i.e., 1, 2, 4, 8, 16, etc.).

In the following example, the transmit path 400 is implemented in a BS and the
receive path is implemented in a UE. In transmit path 400, channel coding and
modulation block 405 receives a set of information bits, applies coding (e.g., LDPC
coding) and modulates (e.g., quadrature phase shift keying (QPSK) or quadrature
amplitude modulation (QAM)) the input bits to produce a sequence of frequency-
domain modulation symbols. Serial-to-parallel block 410 converts (i.e., de-
multiplexes) the serial modulated symbols to parallel data to produce N parallel
symbol streams where N is the IFFT/FFT size used in BS 102 and UE 116. Size N
IFFT block 415 then performs an IFFT operation on the N parallel symbol streams to
produce time-domain output signals. Parallel-to-serial block 420 converts (i.e., mul-
tiplexes) the parallel time-domain output symbols from Size N IFFT block 415 to
produce a serial time-domain signal. Add cyclic prefix block 425 then inserts a cyclic
prefix to the time-domain signal. Finally, up-converter 430 modulates (i.e., up-
converts) the output of add cyclic prefix block 425 to RF frequency for transmission
via a wireless channel. The signal may also be filtered at baseband before conversion
to RF frequency.

The transmitted RF signal can arrive at a UE after passing through the wireless
channel, and reverse operations to those at a gNB are performed. Down-converter 455

down-converts the received signal to baseband frequency and remove cyclic prefix
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block 460 removes the cyclic prefix to produce the serial time-domain baseband signal.
Serial-to-parallel block 465 converts the time-domain baseband signal to parallel time-
domain signals. Size N FFT block 470 then performs an FFT algorithm to produce N
parallel frequency-domain signals. Parallel-to-serial block 475 converts the parallel
frequency-domain signals to a sequence of modulated data symbols. Channel decoding
and demodulation block 480 demodulates and then decodes the modulated symbols to
recover the original input data stream.

Each of gNBs 101-103 may implement a transmit path 400 that is analogous to
transmitting in the downlink to user equipment 111-116 and may implement a receive
path 450 that is analogous to receiving in the uplink from user equipment 111-116.
Similarly, each one of user equipment 111-116 may implement a transmit path 400
corresponding to the architecture for transmitting in the uplink to gNBs 101-103 and
may implement a receive path 450 corresponding to the architecture for receiving in
the downlink from gNBs 101-103.

As described in more detail below the transmit path 400 and receive path 450 can be
implemented in UEs, such as UE 116 in FIG. 3, and BSs, such as BS 102 in FIG. 2, for
communicating information over a networked computing system for determining
search space sets for PDCCH monitoring in the UEs.

Although FIGS. 4A and 4B illustrate examples of wireless transmit and receive
paths, various changes may be made to FIGS. 4A and 4B. For example, various
components in FIGS. 4A and 4B can be combined, further subdivided, or omitted and
additional components can be added according to particular needs. Also, FIGS. 4A and
4B are meant to illustrate examples of the types of transmit and receive paths that can
be used in a wireless network. Any other suitable architectures can be used to support
wireless communications in a wireless network.

FIG. 5 illustrates an exemplary transmitter according to various embodiments of this
disclosure. The transmitter 500 can be implemented in an electronic device commu-
nicating via networked computing system, such as gNB 101 or UE 111.

Information bits 510, such as DCI bits or data bits, are encoded by encoder 520 and
then rate matched to assigned time/frequency resources by rate matcher 530. The
output from rate matcher 530 is modulated by modulator 540. The modulated and
encoded symbols 545 and DMRS or CSI-RS 550 are mapped by SC mapping unit 560
based on SCs selected by BW selector unit 565. An inverse fast Fourier transform
(IFFT) is performed by IFFT unit 570 and a cyclic prefix (CP) is added by CP insertion
unit 580. The resulting signal is filtered by filter 590 to generated filtered signal 595,
which is transmitted by a radio frequency (RF) unit (not shown).

FIG. 6 illustrates an exemplary receiver according to various embodiments of this

disclosure. The receiver 600 can be implemented in an electronic device commu-
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nicating via networked computing system, such as gNB 101 or UE 111.

A received signal 610 is filtered by filter 620 and then passed through a CP removal
unit 630 that removes a cyclic prefix. IFFT unit 640 applies a fast Fourier transform
(FFT) and the resulting signals are provided to SCs de-mapping unit 650. The SC de-
mapping unit 650 de-maps SCs selected by BW selector unit 655. Received symbols
are demodulated by a channel estimator and demodulator unit 660. A rate de-matcher
670 restores a rate matching and a decoder 280 decodes the resulting bits to provide in-
formation bits 290.

Each of the gNBs 101-103 may implement a transmitter 400 for transmitting in the
downlink to UEs 111-116 and may implement a receiver 600 for receiving in the
uplink from UEs 111-116. Similarly, each of UEs 111-116 may implement a
transmitter 400 for transmitting in the uplink to gNBs 101-103 and may implement a
receiver 600 for receiving in the downlink from gNBs 101-103.

As described in more detail below, the transmitter 500 and receiver 600 can be
included in UEs and BSs, such as UE 116 and BS 102, for communicating information
over a networked computing system for determining search space sets for PDCCH
monitoring in the UEs.

Each of the components in FIGS. 5 and 6 can be implemented using only hardware
or using a combination of hardware and software/firmware. As a particular example, at
least some of the components in FIGS. 5 and 6 may be implemented in software, while
other components may be implemented by configurable hardware or a mixture of
software and configurable hardware. For instance, the IFFT block 570 may be im-
plemented as configurable software algorithms.

Furthermore, although described as using IFFT, this is by way of illustration only
and should not be construed to limit the scope of this disclosure. Other types of
transforms, such as Discrete Fourier Transform (DFT) and Inverse Discrete Fourier
Transform (IDFT) functions, could be used.

Although FIGS. 5 and 6 illustrate examples of wireless transmitters and receivers,
various changes may be made. For example, various components in FIGS. 5 and 6
could be combined, further subdivided, or omitted and additional components could be
added according to particular needs. Also, FIGS. 5 and 6 are meant to illustrate
examples of the types of transmitters and receivers that could be used in a wireless
network. Any other suitable architectures could be used to support wireless commu-
nications in a wireless network.

FIG. 7 illustrates an exemplary encoding flowchart for a DCI format in accordance
with various embodiments of this disclosure. The encoding flowchart 700 can be im-
plemented in a BS, such as gNB 102 in FIG. 2.

A gNB separately encodes and transmits each DCI format in a respective PDCCH.
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When applicable, a RNTI for a UE that a DCI format is intended for masks a CRC of
the DCI format codeword in order to enable the UE to identify the DCI format. For
example, the CRC can include 16 bits or 24 bits and the RNTI can include 16 bits or
24 bits. Otherwise, when a RNTT is not included in a DCI format, a DCI format type
indicator field can be included in the DCI format. The CRC of non-coded DCI format
information bits 710 is determined using a CRC computation unit 720, and the CRC is
masked using an exclusive OR (XOR) operation unit 730 between CRC bits and RNTI
bits 740. The XOR operation is defined as XOR(0,0) =0, XOR(0,1) = 1, XOR(1,0) =
1, XOR(1,1) = 0. The masked CRC bits are appended to DCI format information bits
using a CRC append unit 750. A channel encoder 760 performs channel coding (such
as tail-biting convolutional coding or polar coding), followed by rate matching to
allocated resources by rate matcher 770. Interleaver and modulator unit 780 applies in-
terleaving and modulation, such as QPSK, and the output control signal 790 is
transmitted.

[180] FIG. 8 illustrates an exemplary decoding flowchart for a DCI format in accordance
with various embodiments of this disclosure. The decoding flowchart 800 can be im-
plemented in a UE, such as UE 116 in FIG. 3.

[181] A received control signal 810 is demodulated and de-interleaved by a demodulator
and a de-interleaver 820. Rate matching applied at a transmitter is restored by rate
matcher 830, and resulting bits are decoded by decoder 840. After decoding, a CRC
extractor 850 extracts CRC bits and provides DCI format information bits 860. The
DCI format information bits are de-masked by an XOR operation unit 870 with an
RNTI 880 (when applicable) and a CRC check is performed by CRC unit 890. When
the CRC check succeeds (check-sum is zero), the DCI format information bits are
considered to be valid (at least when corresponding information is valid). When the
CRC check does not succeed, the DCI format information bits are considered to be
invalid.

[182] As described in more detail below, the encoding flowchart 700 and decoding
flowchart 800 can be implemented in a BS and UE, respectively, such as BS 102 in
FIG. 2 and UE 116 in FIG. 3, for communicating information over a networked

computing system for determining search space sets for PDCCH monitoring in the

UEs.
[183] DETERMINATION OF PDCCH ASSIGNMENT
[184] An embodiment of this disclosure considers determination PDCCH assignment that

can support multicast data and control messages to a group of UEs. The determination
of PDCCH assignment includes specification and configuration of search space, search
space set/CORESET that can be used for multicast data and control messages to a

group of UEs. The search space set for multicast data and control messages to a group
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of UEs can be common search space (CSS) set as defined in REF 3 or a new search
space set, which is referred to as UE-group search space (UGSS) herein. The PDCCH
assignment also includes determination of PDCCH candidates and non-overlapped
CCEs per PDCCH monitoring occasion when supporting search space for multicast
data and control messages.

For a search space set s associated with CORESET p to support multicast data or
control message to a group of UEs, for example a CSS set or a UGSS set, the CCE

indexes for aggregation level L corresponding to PDCCH candidate of the
sncr

search space set in slot & for a serving cell corresponding to carrier indicator field

ns,f

value n ¢ (also referred to as search space) are given as in Equation 2
(Equation 2)

+ nc,) mod[NCCE,p/LJ} + i

L - M(L)

s, max
where:

Yp,ngf = (Ap . Yp,ngf—l) mod D ;

2

Yp—1=ngyrt ¥ 0

A, = 39827 for pmod3 = 0;
A, = 39829 for pmod3 = 1;
A, = 39839 for pmod3 = 2;

D = 65537;
i=0,---,L—1:°
N ccg, 1s the number of CCEs, numbered from 0 to N g, - 1, in CORESET p;

n ¢ is the carrier indicator field value if the UE is configured with a carrier indicator
field; otherwise, including for any CSS, n ¢ =0;

) ,where (;y  is the number of PDCCH
Mgy = 000, Mgy — sncr

candidates the UE is configured to monitor for aggregation level L for a serving cell
corresponding to n ¢; and the search space set s;

) isthe maximumof .y across all configured n ¢ values fora CCE ag-
§,max Sncy
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gregation level L of search space set s in control resource set p; and

the RNTI value used for n gnyy is the RNTI used for scrambling the CRC for as-
sociated DCI format monitored in the search space set, for example, M-RNTI or G-
RNTT as discussed in the embodiments directed to the "determination of PDCCH as-
signment” embodiment and "group common PDCCH for multicast in DL." embodiment
of this disclosure.

A set of PDCCH candidates for a group of UEs to monitor can be defined in terms of
a PDCCH search space set, for example a CSS set or a UGSS set. A UE can be
configured to monitor up to NASS_max>=1 search space set(s), wherein the search
space sets can be CSS sets or UGSS sets. NASS_max can be predefined in the speci-
fication of the system operation, such that, NASS_max = 10 or be additionally provided
to a UE by UE-specific higher layer signaling after the UE establishes an RRC
connection. A UE can monitor a DCI format for multicast data or control messages in
any of the search space sets. The UE can determine the configuration of the search
space set through any of the following two examples.

In one example, the search space set can be provided to the UE by system in-
formation through RRC signaling in a PDSCH scheduled by a DCI format with CRC
scrambled by SI-RNTI. The search space set configured through a system information
block (SIB) can be referred to as initial search space set, which is common to all UEs
within the cell. The initial search space set can be a CSS set or a UGSS set.

In another example, the configuration can be provided to the UE through RRC
signaling in a PDSCH scheduled by a DCI format that is detected in a PDCCH
received in a preconfigured search space set, for example, initial common search space
set configured by SIB. The UE can be provided with a RNTI for a DCI format that the
UE attempts to detect by monitoring PDCCH in the preconfigured search space set.

FIG. 9 illustrates a flowchart for determining a configuration of a search space set
from a PDSCH scheduled by a DCI format in a search space set in accordance with
various embodiments of this disclosure. Operations of flowchart 900 can be im-
plemented in a UE, such as UE 116 in FIG. 3.

In operation 902, a configuration for an initial search space set is obtained through a
SIB. The SIB can be obtained from a PDSCH scheduled by a DCI format with CRC
scrambled by SI-RNTI. In operation 904, an RNTI (e.g., M-RNTI) is obtained via
dedicated/UE-specific signaling for monitoring PDCCH in the initial search space set.

In operation 906, the PDCCH is monitored in the initial search space set. A deter-
mination is made in operation 908 as to whether a DCI format with CRC scrambled by
a M-RNTT is detected. If the DCI format with CRC scrambled by the M-RNTI is not
detected, then flowchart 900 returns to operation 906 to continue monitoring.

However, if at operation 908 the determination is made that the DCI format with CRC
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scrambled by the M-RNTTI is detected, then flowchart 900 proceeds to operation 910
where a PDSCH scheduled by the DCI format is decoded to obtain configuration in-
formation for another search space set, such as for a new CSS set or a new UGSS set
or for a previously configured search space set.

For each DL BWP configured to a UE in a serving cell, the UE can be provided, by
higher layer signaling, with up to N_CORESETs_max>=1 CORESETs associated with
CSS sets for PDCCH monitoring. N_CORESETs_max can be fixed and defined in the
specification of the system operation, such that N CORESETs_max = 3 or can be
indicated by system information. For each CORESET, the UE can be provided with a
configuration including any parameter on CORESET configuration as defined in REF
3, and any of the following:

a DM-RS scrambling sequence initialization value, N . If N |, is not provided, N |,
can be determined based on a group CSS set ID, I_group; and

information for TCI state cycling for N_MO>=1 PDCCH monitoring occasions,
including a list of N >=1 TCl-states, L_TCIs = { TCI -state_0, TCI -state_1, ..., TCI-
state_N-1} wherein a TCI state indicates quasi co-location (QCL) information of the
DM-RS antenna port for PDCCH reception in the respective CORESET, index of first
TCI state from L_TCIs to apply I_startTCI (O<=I_startTCI <N), and TCI state cycling
interval N*MOQOs_TCI (1<=N"MOQOs_TCI<=N) in terms of number of consecutive
PDCCH monitoring occasions. For example, the UE may assume that the TCI state for
PDCCH monitoring occasion with index i, (i=0,..., N_MOs-1) has TCI state with index
J (0<=j<N) from L_TClIs, such that j = floor(i/N*"MOs_TCI) + I_startTCI.

For a CORESET associated with a search space set, if the UE has not been provided
a configuration of TCI state list L_TClIs for the CORESET, the UE can assume that the
DM-RS antenna port associated with ith PDCCH reception is quasi co-located with ith
SS/PBCH block in the associated active BWP. If the UE has been provided with a con-
figuration of TCI state list L_TClIs, the UE can receive a MAC CE to indicate a new
start TCI state to apply I_startTCI and/or TCI cycling interval N*MOs_TCI. If the UE
receives a MAC CE command to update the first TCI state and/or TCI cycling interval,
the UE applies the command N_delay msec after a slot where the UE transmits corre-
sponding HARQ-ACK information in a PUCCH for the PDSCH providing the
command. N_delay can be defined in the specification of the system operation, for
example N_delay = 3 msec, and can be expressed in a number of PUCCH slots.

FIG. 10 illustrates a flowchart for determining a TCI state of a CORESET associated
with PDCCH monitoring of a search space set in accordance with various em-
bodiments of this disclosure. Operations of flowchart 1000 can be implemented in a
UE, such as UE 116 in FIG. 3.

In operation 1002, a configuration of a CORESET associated with a search space set
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for monitoring PDCCH is obtained.

In operation 1004 a determination is made as to whether the configuration includes
information of TCI state cycling, such as a list of TCI states L_TClIs, first TCI state to
apply I_startTCI, and TCI state cycling interval N*MOs_TCI, for monitoring PDCCH
over multiple PDCCH monitoring occasions. If the configuration includes the in-
formation related to TCI state cycling, the UE makes a subsequent determination in
operation 1006 as to whether the UE obtains a MAC CE command to update the start
of the first TCI state to apply. If the MAC CE command is obtained which indicates to
update the first TCI state to apply, then the flowchart 800 proceeds to operation 1008
where the TCI state is cycled for multiple consecutive PDCCH monitoring occasions
with the first TCI state and cycling interval indicated by the MAC CE command. For
example, the UE cycles the TCI state every N*"MOs_TCI PDCCH monitoring
occasion(s) starting from the first TCI state to apply I_startTCI, where N*MOs_TCI
and I_startTCI are indicated by the MAC CE command.

Returning to operation 1004, if the determination is made that the configuration does
not include information regarding TCI state cycling, flowchart 1000 proceeds to
operation 1010 where the ith PDCCH monitoring occasion is quasi co-located with the
ith SS/PBCH block in the active DL BWP.

Returning to operation 1006, if the determination is made that a MAC CE command
is not obtained which indicates a new start of TCI state or TCI state cycling interval,
then flowchart 1000 proceeds to operation 1012 where the TCI state every
N~AMOs_TCI PDCCH monitoring occasion(s) is cycled starting from the first TCI state
to apply I_startTCI, where N*MOs_TCI and I_startTCI are indicated by the con-
figuration.

Multiple search space sets, for example multiple CSS sets, can be bundled together
into a group with ID denoted as, I_group. For a DL BWP configured to a UE in a
serving cell, the UE can be associated with up to N*groups groups of search space sets,
where each group of search space sets is associated with at least one search space set.
N”groups can be fixed and predefined in the specification of the system operation,
such that N*groups = 3 or N*groups = 2. A UE can determine the associated search
space set group ID, I_group, through one of the following two examples:

In a first example, I_group can be provided to the UE through UE specific higher
layer signaling. The IDs of corresponding CSS sets associated with the group can be
provided to the UE together with I_group. A UE can be provided with an UE ID,
I"UE_ID, associated with the search space set group, I_group.

In a second example, I_group can be derived from a UE ID, I"UE_ID. For example,
I_group = mod(floor(I"UE_ID/c1), c2), where cl and c2 are integers, and can be either

defined in the specification of the system operation, for example, cl=1,c2 = 8§, or
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provided to the UE through higher layer signaling, for example, any of c1/c2 can be a
number of UE groups configured by gNB.

In one sub-example of the second example, I"UE_ID can be an International Mobile
Subscriber Identity (IMSI).

In another sub-example of the second example, I"UE_ID can be a SAE Temporary
Mobile Subscriber Identity (s-TMSI).

In yet another sub-example of the second example, I"UE_ID can be a C-RNTL.

Multiple search space sets, for example multiple UGSS sets, can be associated with a
UE group, denoted as I UG. For a DL. BWP configured to a UE in a serving cell, the
UE can be associated with up to N*UGs UE groups, where each UE group is as-
sociated with at least one search space set. N*UGs can be fixed and predefined in the
specification of the system operation, such that N*UGs = 3. A UE can determine the
associated UE group ID, I_UG, through one of the following two examples:

In a first example, I UG can be provided to the UE through UE specific higher layer
signaling. The IDs of corresponding search space sets associated with the group can be
provided to the UE together with I UG. A UE can be provided with an UE ID,
I"UE_ID, within the UE group, I_UG.

In a second example, I_group can be derived from a UE ID, I"UE_ID. For example,
I_group = mod(floor(I"UE_ID/c1), c2), where cl and c2 are integers, and can be either
defined in the specification of the system operation, for example, cl=1,c2 = 8§, or
provided to the UE through higher layer signaling, for example, any of c1/c2 can be a
number of UE groups configured by gNB.

In one sub-example of the second example, I"UE_ID can be an International Mobile
Subscriber Identity (IMSI);

In another sub-example of the second example, I"UE_ID can be a SAE Temporary
Mobile Subscriber Identity (s-TMSI);

In yet another sub-example of the second example, I"UE_ID can be a C-RNTL.

For a search space set, the UE can be provided with a configuration including any
parameter on search space configuration as defined in REF3, and any of the following:

an associated a search space set group ID, I_group;

an associated UE group ID, I_UG;

a search space type, which can be USS or CSS or UGSS;

an indication of DCI-formats to monitor PDCCH candidates in the search space set,
for example, to monitor for DCI format_X_0, which can be a DCI format with a
smallest size among DCI formats for which the UE monitors PDCCH and is carried by
PDCCH in a CSS set;

an indicator of repetition I_rep, where I_rep can be a binary bit of a bit-map to

indicate whether or not ('0' value or '1' value) a PDCCH monitoring occasion, {from a
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number of consecutive PDCCH monitoring occasions within a periodicity for PDCCH
monitoring, is used for a repetition of a PDCCH with a same DCI format; and

a number of PDCCH candidates @ Per CCE aggregation level L by any of

MS
aggregationLevell, aggregationLevel2, aggregationLevel4, aggregationLevel8, aggre-
gationLevel 16, aggregationLevel32, and aggregationLevel64 for CCE aggregation
level 1, CCE aggregation level 2, CCE aggregation level 4, CCE aggregation level 8,
and CCE aggregation level 16, CCE aggregation level 32, CCE aggregation level 64
respectively. Higher aggregation levels, such as CCE aggregation level 32 or 64, or
larger number of PDCCH candidates can be considered for a CSS/UGSS set compared
with USS set or a CSS set that is configured by a UE-specific higher layer signaling.

For a configured search space set, the search space set can be activated or deactivated
via L1 signaling such as a DCI format, or higher layer signaling such as a MAC CE
command. To reduce a signaling overhead, one of the following approaches can be
considered.

In a first approach, the search space sets associated with a search space set group,
I_group, can be (de)activated simultaneously. For example, an MAC CE deactivation
command can indicate to a UE to deactivate of all search space sets associated with a
search space set group, I_group. If the UE receives a MAC CE command to
(de)activate a CSS set or all CSS sets associated with a search space set group,
I_group, the UE applies the command N_delay msec after a slot where the UE
transmits HARQ-ACK information for the PDSCH providing the command. N_delay
can be defined in the specification of the system operation, for example N_delay =3
msec and can be in a number of slots for a PUCCH transmission. If the UE receives a
L1 signal/channel to (de)activate a search space set or all search space sets associated
with a search space set group, I_group, the UE applies the adaptation N_delay msec or
slots after a slot where the UE receives the adaptation request. N_delay can be defined
in the specification of the system operation, for example N_delay = 1 or 2.

In a second approach, the search space sets associated with a UE group, I_UG, can
be (de)activated simultaneously. For example, an MAC CE deactivation command can
indicate to a UE to deactivate of all search space sets associated with a UE group,
I_UG. If the UE receives a MAC CE command to (de)activate a search space set or all
search space sets associated with a UE group, I_UG, the UE applies the command
N_delay msec after a slot where the UE transmits HARQ-ACK information for the
PDSCH providing the command. N_delay can be defined in the specification of the
system operation, for example N_delay = 3 msec and can be in a number of slots for a
PUCCH transmission. If the UE receives a L1 signal/channel to (de)activate a search

space set or all search space sets associated with a UE group, I UG, the UE applies the
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adaptation N_delay msec or slots after a slot where the UE receives the adaptation
request. N_delay can be defined in the specification of the system operation, for
example N_delay =1 or 2.

FIG. 11 illustrates a flowchart for monitoring a search space set in accordance with
various embodiments of this disclosure. Operations of flowchart 1100 can be im-
plemented in a UE such as UE 116 in FIG. 3.

Flowchart 1100 begins at operation 1102 by obtaining one or more configurations of
a search space set for PDCCH monitoring by higher layer signaling.

In operation 1104 a determination is made as to whether a MAC CE command is
received to deactivate a group of search space sets associated with a search set group
ID, I_group. If the MAC CE command is received to deactivate a group of search
space sets associated with the search space set group ID, I_group, then the flowchart
proceeds to operation 1106 and monitoring is stopped for all search space sets as-
sociated with I_group and the corresponding configurations are dropped. In a non-
limiting embodiment, when the UE receives a MAC CE command to deactivate a
search space set group, I_group, the UE can stop monitoring all search space sets as-
sociated with I_group, N_delay msec after a slot om which the UE transmits a PUCCH
with HARQ-ACK information for the PDSCH providing the deactivation command.

Flowchart 1100 continues to operation 1108 where monitoring of PDCCH continues
in the configured search space sets that are still active.

Returning to operation 1104, if a MAC CE command is not obtained which de-
activates a group of search space sets associated with a group ID I_group, then
flowchart 1100 proceeds from operation 1104 directly to operation 1108.

Regarding blind decoding in each PDCCH monitoring occasion for each scheduled
cell, the UE is not required to monitor on the active DL BWP with SCS configuration
w of the scheduling cell more than PDCCH

. max,slot,u total,slot,u
min(Mppeen ™ » Mppcon )

candidates or more than | max,slot,y ~totalslot,uy non-overlapped CCEs per slot,
(CPDCCH ’ CPDCCH
where max,slot,u and Cmax,slot,u are maximum number of monitored PDCCH

candidates per slot and maximum number of non-overlapped CCEs for a DL BWP

with SCS configuration p as defined in REF 3, respectively. Further, total,slot,u
PDCCH

and Ctotal,slot,u are total number of monitored PDCCH candidates per slot and total
PDCCH

number of non-overlapped CCEs for configured active search space set in the DL
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BWP with SCS configuration p as defined in REF 3, respectively. For all activated
search space sets within a slot, denote by S ¢ss a set of CSS sets with cardinality of I g
, by S uss a set of USS sets with cardinality of J yss, and by S ygss a set of UGSS sets
with cardinality of J ysss. The location of USS sets S, < Sj < Juyss inS yssis

according to an ascending order of the search space set index. The location of UGSS

sets Sy, , In S ygss 1s according to an ascending order of the search
0 < S <Juyess

space set index. Denote by , the number of configured

MY Co<i<lI

Sess(E) o

PDCCH candidates for CSS set and by the

; w) . >
SCSS(l) M.S‘ <(J) O < J < ]uss
number of configured PDCCH candidates for USS set Su () For the CSS sets, a

uss

UE monitors Lo PDCCH candidates requiring a total of
MCSS Z Z M®
PDCCH - css(l)

CCSS non-overlapping CCEs in a slot. Denote by 13 ,
PDCCH Sugss (k)

0<k < Iygss the number of configured PDCCH candidates for UGSS set S ycss

(k) and by ) © 0< k< Jusss the number of configured PDCCH
Suagss(J)

candidates for UGSS set S ygss(k). For the UGSS sets, a UE monitors
PDCCH candidates requiring a total of

Iygss—1
UGSS _ (L)
Mppcen = Z Z MSUGSS(k)
k=0 L
CUDGSCSH non-overlapping CCEs in a slot. The UE allocates monitored PDCCH

candidates to USS sets for the primary cell having an active DL. BWP with SCS con-
figuration p in slot n according to the following pseudocode. A UE does not expect to
monitor PDCCH in a USS set without monitored PDCCH candidates. Denote by
, the set of non-overlapping CCEs for search space set S yss(j) and
Vece (Suss()) 0

the cardinality of where the non-

e (Veee (Suss (1)) Veee (Suss())
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overlapping CCE:s for search space set S yss(j) are determined considering the
monitored PDCCH candidates for the activated CSS sets and the monitored PDCCH
candidates for all activated search space sets Syss(k),0 < k <.

The previously mentioned pseudocode is as follows:
Set

USS _ . maxslot,u totalslot,u CSS UGSS
Mppeen = mm(Mpuccn »Mppecn ) — Mppeen — Mppecn
Set USS maxslot,u ,totalslot,u CSS UGSS
Crocen = Min(Copecy  »Cppecr ) = Chpeen — Crpecn
Setj=0
while AND
; uss
Z Mél‘)(j) < MS]S:)SCCH C(VCCE(Suss 0))) < CPDCCH
uss
L
allocate w monitored PDCCH candidates to USS set S (]) ;
Z MS (]) uss
uss
L

uss —_ uss (L) ’
Mppccn = Mppoch — Z Msugs(i)
L

Copeen = Cppecn — € (Vece Suss(D))

j=j+1°

end while.

GROUP COMMON PDCCH FOR MULTICAST IN DL

Another embodiment of this disclosure considers a type of PDCCH that a UE
monitors in a search space, for example a CSS or a UGSS, and provides a DCI format
scheduling PDSCH multicast to a group of UEs. This type of PDCCH is referred to as
Typel-PDCCH in this disclosure. Typel-PDCCH can be monitored at least for UE in
RRC_CONNECTED state.

A UE can be provided by higher layers a RNTI that scrambles the CRC of the DCI
format transmitted in Typel- PDCCH. The RNTI is referred as M-RNTI in this
disclosure. A UE can determine the M-RNTI associated with Typel- PDCCH
monitoring through one of the following:

in one example, M-RNTI can be provided to the UE through UE-specific/dedicated
RRC signaling;

in another example, M-RNTI can be provided to the UE through UE-common RRC



36

WO 2020/246858 PCT/KR2020/007370

[258]

[259]

[260]

[261]

[262]

[263]

[264]

[265]

[266]

signaling, for example in system information, for another example, in a TB through a
multicast PDSCH scheduled by Type1-PDCCH; and

in yet another example, M-RNTI can be provided to the UE through a MAC CE in a
PDSCH.

FIG. 12 illustrates a flowchart for receiving a multicast TB scheduled by a
Typel-PDCCH in a search space set t in accordance with various embodiments of this
disclosure. Operations of flowchart 1200 can be implemented in a UE such as UE 116
in FIG. 3.

Flowchart 1200 begins at operation 1202 by obtaining a configuration on search
space set for monitoring a Typl PDCCH and M-RNTI. In a non-limiting embodiment,
the configuration on the search space set is a CSS set or a UGSS.

In operation 1204, monitoring for a DCI format with CRC scrambled by M-RNTI is
performed. A determination is made in operation 1206 as to whether the DCI format
with CRC scrambled by M-RNTI is detected. If the DCI format with CRC scrambled
by M-RNTI is not detected, then flowchart 1200 returns to operation 1204. However, if
the DCI format with CRC scrambled by M-RNTT is detected, then flowchart 1200
proceeds to operation 1208 where multicast PDSCH scheduled by the DCI format is
decoded. In one embodiment, a UE decodes a TB in scheduled PDSCH based on the
DL assignment/grant from the detected DCI format.

The DCI format with CRC scrambled by M-RNTI, that is used for scheduling a
PDSCH to through Typel-PDCCH in search space set, can include any field in DCI
format 1_0 or DCI format 1_1 in REF 2 and any of the following five fields.

A first field is a number of repetitions for the scheduled multicast PDSCH, N_rep.
N_rep indicates a TB in scheduled PDSCH is repeated in N_rep slots. The N_rep slots
can be consecutive such as for FDD operation or non-consecutive such as for TDD
operation where slots that do not include, based on a higher layer configuration for a
number of slots that repeats in time, a number of DL symbols indicated by the DCI
format for PDSCH reception are skipped.

A second field is a carrier indicator field, n ¢;, which is the carrier indicator field
value if the UE is configured with a carrier indicator field.

A third field is a redundancy version (RV) for the first repetition, I_RV_first, which
can be 2 bits and indicate a value from a predetermined list, for example, L_RV= {0, 1,
2,3}. The index of RV from the list for the ith repetition can be floor(i/4) + I_RV_first
Alternatively, the first repetition can always be transmitted with the first RV from the
list, 1.e. 0, and a corresponding indication can be omitted in the DCI format.

A fourth field is a TB counter, n_TB.n_TB =0, 1,..., N_TBs-1, where N_TBs is the
maximum value of TB counter, and N_TBs can either be provided to the UE through

higher layer signaling or defined in the specification of the system operation, for
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example, N_TB = 8.

A fifth field is a HARQ feedback type, n_harq_type. n_harq_type can be a binary
value to indicate UE need to feedback positive acknowledgement (ACK) or negative
acknowledgement (NACK) information. This indication can alternatively be provided
to the UE by higher layer signaling.

For HARQ-ACK feedback, a UE can transmit a sequence, d(n), to indicate either
positive acknowledgement (ACK) or negative acknowledgement (NACK) in response
to success or failure, respectively, for detecting the TB in the scheduled PDSCH. The
sequence can be low PAPR sequence as defined as

in REF 1, where u, and v are

(a.8)

ru,v

(n) = /"7, ,(n), 0<n < My
the group number and base sequence number with in the group, respectively. A UE can
determine u and v through one of the following two examples.

In a first example, u and v can be associated with a UE ID, I_UE. For example,

) - d(I; e, cl , where
= mod(lIUE clJ vc2+c3,30) ¥~ medlus.cl)

cl, c2 and ¢3 are integers, e.g. cl is the number of base sequence per sequence group,
c2=1,c3=0.

In one sub-example of the first example, I*"UE can be an International Mobile
Subscriber Identity (IMSI).

In another sub-example of the first example, I"UE can be a SAE Temporary Mobile
Subscriber Identity (s-TMSI);

In yet another sub-example of the first example, I"UE can be a C-RNTI.

In yet another sub-example of the first example, I"UE can be provided to UE through
higher layer signaling along with CSS set group ID, I_group.

In a second example, u and v can be associated with C-RNTI. For example, For

example, ,

u= mod(lnr"ti/clj x 2 + ¢3,30)

v = mOd(nrntir cl) - where c1, c2 and ¢3 are integers, e.g. cl is the number of

base sequence per sequence group, c2=1,¢c3 =0, n ,; is C-RNTL

The slot n for UE to feedback ACK or NACK information can be determined by the
dynamic K1 in the scheduling DCI, such that n = n_PDSCH + K1, where n_PDSCH is
the last/first slot index.
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FIG. 13 illustrates a flowchart for transmitting HARQ-ACK information for a
multicast TB based on Typel-PDCCH in a search space set in accordance with various
embodiments of this disclosure. Operations of flowchart 1300 can be implemented in a
UE such as UE 116 in FIG. 3.

Flowchart 1300 begins at operation 1302 by detecting a DCI format with CRC
scrambled by M-RNTI for scheduling a PDSCH in a search space set, for example a
CSS set or a UGSS set.

In operation 1304, a determination is made as to whether decoding on the scheduled
PDSCH has failed. If decoding on the scheduled PDSCH has failed, then flowchart
1300 proceeds to operation 1306 where a low PAPR sequence is transmitted to
feedback NACK, if indicated by the DCI format. When the UE is indicated by the
detected DCI format, or is configured by higher layers, to transmit NACK when the
UE fails to decode the TB in the scheduled PDSCH, the UE then transmits a sequence
in a slot n to indicate a NACK such that n =n_ PDSCH + K1, where n PDSCH is the
first/last scheduled PDSCH repetition and K1 is a time offset indicated in the DCI
format or configured by higher layers.

If decoding on the scheduled PDSCH has not failed, then flowchart 1300 proceeds to
operation 1308 where a low PAPR sequence is transmitted to feedback HARQ-ACK,
if indicated by the DCI format. When the UE is indicated by the detected DCI format
or is configured by higher layers to transmit an ACK when the succeeds in decoding
the TB in the scheduled PDSCH, the UE transmits a sequence in a slot n to indicate an
ACK, such thatn =n_PDSCH + K1, where n PDSCH is the first/last scheduled
PDSCH repetition and K1 is time offset indicated in the DCI format.

GROUP-COMMON PDCCH FOR CONTROL SIGNALING

Another embodiment of this disclosure considers a type of PDCCH monitored in
search space, for example CSS or UGSS, for multicasting common control information
to UEs. This type of PDCCH is referred as Type2-PDCCH in this disclosure. The
control information can at least be used to trigger adaptation in configured
transmission or receptions for a UE such as, for example, for indicating a switching of
power saving states/modes, where multiple power saving states/modes can be pre-
configured through higher layer signaling or for triggering a UE to go-to-sleep or to
skip PDCCH monitoring for a period of time. Type2-PDCCH can be monitored at least
for UE in RRC_CONNECTED state.

A UE can be configured by higher layers a RNTI that is used to scramble the CRC of
the DCI format provided by the Type2-PDCCH. The RNTI is referred to as G-RNTI in
this disclosure. It is 0<G-RNTI <2*N_bits - 1, where N_bits is the size of G-RNTI,
IN_bits can be either defined in the specification of the system operation, for example,
N_bits = 16 or 24, or provided to the UE through higher layer signaling. A UE can be
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provided a G-RNTT associated with Type2- PDCCH monitoring through any of the
following three examples.

In a first example, G-RNTI can be provided to the UE through dedicated RRC
signaling.

In a second example, G-RNTI can be provided to the UE through UE-common RRC
signaling, for example in system information, for another example, in a TB through a
multicast PDSCH scheduled by Type1-PDCCH.

In a third example, G-RNTI can be provided to the UE through a MAC CE.

The DCI format with CRC scrambled by G-RNTI can include one or more of the
following fields: power saving states/modes indicator, short message indicator,
frequency domain resource assignment, time domain resource assignment, VRB-
to-PRB mapping, modulation and coding scheme, and TB scaling. Each of these fields
are discussed in more detail in the paragraphs that follow.

The power saving states/modes indicator field, I_PSM, has N1 bits, where N1 can be
provided to the UE through higher layer signaling or be defined in the specification of
the system operation, such as N1 = 2. I_PSM can indicate to the UE switch to the
I_PSM th configured power saving state/mode. The 2 N1 power saving states/modes
can be associated with different power saving schemes, and provided to UE through
higher layer signaling.

The short message indicator field, shortMessageOnly, can have a binary value that
indicates to the UE whether or not the control information in the DCI format schedules
a PDSCH reception or a PUSCH transmission. When the DCI format provides only
control information without scheduling a PDSCH reception or a PUSCH transmission,
the UE can always process the control information in the DCI format. Otherwise, when
the DCI format schedules a PDSCH reception, the UE receives the PDSCH and
processes both the control information and the TB . In one example, the scheduled TB
can indicate a subset of the group of UEs that monitors the DCI format as applicable
UEs that need apply the adaptation request indicated by the control information. In this
case, the UE ID, I"UE, can be carried in the TB of the scheduled PDSCH.

In one embodiment, I"UE can be an International Mobile Subscriber Identity (IMSI).
In another embodiment, I"UE can be a SAE Temporary Mobile Subscriber Identity
(s-TMS]). In yet another embodiment, I"UE can be a C-RNTI. In yet another em-
bodiment, I"UE can be provided to UE through higher layer signaling along with CSS
set group ID, I_group.

The frequency domain resource assignment field can have

bits. If the DCI format provides only
[10g2 (Nei™™™" (Ngs™™™" + 1)/2)]
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the short message, this bit field is reserved or can be reinterpreted for another purpose.
NDL,BWP is the size (in RBs) of the associated CORESET for the PDCCH

RB
reception or of an active DL. BWP for the UE.

The time domain resource assignment field can have 4 bits as defined in Subclause
5.1.2.1 of REF 4. If the DCI format provides only the short message, this bit field is
reserved or can be reinterpreted for another purpose.

The VRB-to-PRB mapping field can have 1 bit according to Table 7.3.1.1.2-33 in
REF 2. If the DCI format provides only the short message, this bit field is reserved or
can be reinterpreted for another purpose. It is also possible for the mapping to be pre-
determined and this field to not exist.

The modulation and coding scheme field can have 5 bits as defined in Subclause
5.1.3 of REF 4, using Table 5.1.3.1-1, or another configurable number of bits. If the
DCI format provides only the short message, this bit field is reserved or can be rein-
terpreted for another purpose.

The TB scaling field can have 2 bits as defined in Subclause 5.1.3.2 of REF4. If the
DCI format provides only the short message, this bit field is reserved or can be rein-
terpreted for another purpose.

FIG. 14 illustrates flowchart for receiving control information based on
Type2-PDCCH in a search space set in accordance with various embodiments of this
disclosure. Operations of flowchart 1400 can be implemented in a UE such as UE 116
in FIG. 3.

Flowchart 1400 begins at operation 1402 by obtaining configuration on search space
set for monitoring Type2-PDCCH and a corresponding RNTI. The configuration on
the search space set can be a CSS set or a UGSS set for monitoring Type2-PDCCH,
and a corresponding RNTI, e.g., a G-RNTI. In operation 1404, monitoring for a DCI
format with CRC scrambled by G-RNTI is performed.

A determination is made in operation 1406 as to whether a DCI format with CRC
scrambled by G-RNTI is detected. If the DCI format with CRC scrambled with G-
RNTTI is not detected, then flowchart 1400 returns to operation 1404. However, if the
DCI format with CRC scrambled with G-RNTI is detected, then flowchart 1400
proceeds to operation 1408 where a subsequent determination is made as to whether
the DCI format provides only short messages.

If, in operation 1408, the determination is made that only short messages are
provided in the DCI format, then flowchart 1400 proceeds to operation 1410 where
adaptation indicated by the control information is performed. However, if the deter-
mination is made that the DCI format does not provide only short messages, then
flowchart 1400 proceeds to operation 1412 where a scheduled PDSCH is decoded. In
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one embodiment, the DCI format does not provide only short messages when it
provides both short messages and scheduling information.

In operation 1414 a determination is made as to whether the UE is one of the ap-
plicable UEs indicated by the decoded PDSCH, i.e., whether the information in the
decoded TB in the PDSCH is applicable to the UE. If the UE is one of the applicable
UEs indicated by the decoded PDSCH, i.e., the information in the decoded TB
indicates that the control information in the DCI format is applicable to the UE, then
flowchart 1400 proceeds to operation 1418 where the adaption indicated in the control
information is performed. However, if the UE is not one of the applicable UEs
indicated by the decoded PDSCH, then flowchart 1400 proceeds to operation 1416 and
the adaptation request indicated in the DCI is ignored.

TRANSMISSION ENHANCEMENT SCHEMES

Another embodiment of this disclosure considers enhancements for PDCCH trans-
missions in a search space set, for example a CSS set or a UGSS set, including support
of repetitions and multi-beam operation and multi-slot scheduling.

A UE is configured to monitor PDCCH in a search space set. The UE can determine
PDCCH monitoring occasions on an active DL BWP from configuration information
for the associated search space set, including the PDCCH monitoring periodicity, the
PDCCH monitoring offset, and the PDCCH monitoring pattern within a slot. The UE
determines that a PDCCH monitoring occasion(s) in search space set s exists in a slot
with number p  REFI in a frame with number n ¢ if

ns’f

. When a UE is configured to
N frame,u

(nf "Ny, =+ n?,f — os) mod ks = 0
monitor a DCI format in search space set s, with duration Ts, the UE monitors the DCI
format in search space set s for Ts consecutive slots, starting from slot 4, and

ns’ f
does not monitor the DCI format in search space set s for the nextk , - T  consecutive
slots.

The UE can determine a number of PDCCH monitoring occasions in a search space
set per a PDCCH monitoring periodicity, N_MOs, according to the configured
duration, T ,, and PDCCH monitoring pattern within a slot of associated search space
set s, such that N MOs =T *N*"MOs_slot, where N*MOs_ slot is the number of
PDCCH monitoring occasions within a slot indicated by the configured PDCCH
monitoring pattern, or the number of start OFDM symbol within a slot associated with
search space set s.

When the number of PDCCH monitoring occasions within a periodicity, N_MGOs, is
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larger than one, the UE can expect only same content for a DCI format transmitted
over the N_MOs PDCCH monitoring occasions. In multi-beam operation, the UE can
determine the QCL assumptions (TCI states for the CORESET) for the N_MOs>1
PDCCH monitoring occasions through one of the following three examples.

In a first example, the UE can assume that the TCI state for the CORESET of the
PDCCH transmission with the DCI format changes every C1 monitoring occasions

within a PDCCH periodicity. In this case, the maximum of

[N_MOs/C1]

different TCI states can be transparent to the UE. Alternatively, the UE can be

provided with a list of TCI states through higher layer signaling

[N_MOs/C1]

to indicate the QCL assumption of the subset of PDCCH
[N_MOs/C1]

monitoring occasions wherein the ith (i=0,1, ... -1) TCI state

' [N_MOs/C1]

from the list indicate the QCL assumption for the ith (i=0,1, ..., -1)
[N_MOs/C1]

subset with maximum of C1 monitoring occasions. C1 is a positive integer, and can be
either defined in the specification, e.g. C1=1, or be provided to the UE through higher
layer signaling.

In a second example, the UE can assume that the TCI state for the CORESET of the
PDCCH transmission with the DCI format cycles every C1 monitoring occasions
within a PDCCH periodicity. In this case, a UE can be provided with a list of
TCI states by higher layer signaling and the UE can be provided

[N_MOs/C1]
with the index of the first TCI state, I_0, by higher layer signaling. The UE can
determine the QCL assumption for the ith (i=0,1, ..., -1) subset of
[N_MOs/C1]

maximum of C1 monitoring occasions based on I_0, such that the (I_0 + i)th TCI state
from the list indicate the QCL assumption for the ith subset of maximum of C1
monitoring occasions. I_0 can be reconfigured by a MAC CE. C1 is a positive integer,
and can be either be defined in the specification, e.g. C1=1, or be provided to the UE
through higher layer signaling.

In a third example, the UE can assume N_MOs equals to the number of actual
transmitted SS/PBCH blocks determined according to ssb-PositionsInBurst in SIB1.
The ith PDCCH monitoring occasion for the DCI format within a periodicity cor-
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responds to the ith transmitted SS/PBCH block and is QCLed (has same TCI state)
with the ith transmitted SS/PBCH block. The QCL type between the ith transmitted
SS/PBCH block and the ith PDCCH monitoring occasion can be QCL-TypeA/ QCL-
TypeB/ QCL-TypeC/ QCL-TypeD and can be provided to the UE through higher layer
signaling.

A DCI format, such as DCI format with CRC scrambled by M-RNTI, can be used to
schedule N_TBs>=1 TBs over M_slots>=N_TBs slots. This scheme is referred as
multi-slot scheduling. The M_slots can be can be consecutive such as for FDD
operation or non-consecutive such as for TDD operation where slots that do not
include, based on a higher layer configuration for a number of slots that repeats in
time, a number of DL symbols indicated by the DCI format for PDSCH reception are
skipped. Any of N_TBs/M_slots can be either indicated by the DCI format or provided
to the UE through higher layer signaling.

For HARQ-ACK feedback for multi-slot scheduling, the UE can feedback HARQ-
ACK for the N_TBs TBs jointly. In this case, when the UE is indicated by a DCI
format or higher layer signaling to feedback NACK, the UE transmits a NACK to the
gNB if the UE fails on decoding any of the N_TBs. When the UE is indicated to by a
DCI format or higher layer signaling to feedback ACK, UE transmits an ACK to gNB
only if the UE decodes all the N_TBs TBs correctly.

FIG. 15 illustrates a flowchart for receiving multiple TBs scheduled by a DCI format
in accordance with various embodiments of this disclosure. Operations of flowchart
1500 can be implemented in a UE such as UE 116 in FIG. 3.

Flowchart 1500 begins at operation 1502 by monitoring for a DCI format that
supports multi-slot scheduling. For example, the DCI format with CRC scrambled by
M-RNTI in a search space set can be a CSS set or a UGSS set. In operation 1504, a de-
termination is made as to whether the DCI format to schedule N TBs TBs in M_slots
slots is detected. If a DCI format that supports multi-slot scheduling is not detected,
then flowchart 1500 returns to operation 1502. However, if the DCI format that
supports multi-slot scheduling is detected, i.e., a DCI format that schedules N_TBs
TBs over M_slots slots in the search space set, then flowchart 1500 proceeds to
operation 1506 to make a determination as to whether N_TBs TBs in the scheduled
PDSCH over M_slots is correctly decoded.

If all the N_TBs TBs in the scheduled PDSCH is decoded correctly, then flowchart
1500 proceeds to operation 1508 and a sequence to feedback ACK is transmitted if
indicated by the DCI format. When the UE is indicated by the detected DCI format or
is configured by higher layers to transmit an ACK when the succeeds in decoding all
TBs in the scheduled PDSCHs, the UE transmits a sequence in a slot n to indicate an
ACK, such thatn =n_PDSCH + K1, where n PDSCH is the first/last scheduled
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PDSCH for the reception of the N_TB TBs and K1 is time offset indicated in the DCI
format.

If, at operation 1506, the determination is made that the UE fails to correctly decode
any TB of the N_TBs TBs in the scheduled PDSCHs, flowchart 1500 proceeds to
operation 1510 where a sequence to feedback NACK is transmitted if indicated by the
DCI format. When the UE is indicated by the detected DCI format, or is configured by
higher layers, to transmit NACK when the UE fails to decode any TB in the scheduled
PDSCH, the UE then transmits a sequence in a slot n to indicate a NACK such that n =
n_PDSCH + K1, where n_PDSCH is the first/last scheduled PDSCH for the reception
of the N_TB TBs and K1 is a time offset indicated in the DCI format or configured by
higher layers.

DETERMINATION OF THE CONFIGURATION OF ACTIVATED SEARCH
SPACE SETS

Another embodiment of this disclosure considers determination of the configuration
of an activated search space set when a UE adaptation for PDCCH monitoring in the
search space set through a physical layer signal/channel is enabled. The UE adaptation
can at least be (de)activation of configured search space set(s); (de)activation of
CORESETSs; and update on one or more configuration parameter(s) per search space
set/CORESET, such as CCE ALs or PDCCH candidates per CCE AL. When an in-
dication for (de)activation of a CORESET, or of a search space set, is provided by a
DCI format, the DCI format is monitored or detected in a search space set that cannot
be deactivated.

A UE can determine the search space sets applicable for PDCCH monitoring
adaptation triggered by a physical layer signal/channel through one of the following
exemplary methods.

In a first method of determining the search space sets applicable for PDCCH
monitoring adaptation triggered by a physical layer signal/channel, the applicable
search space sets can be defined in the specification of the system operation. For
example, the applicable search space sets can be any USS sets configured, as described
in REF 5, by SearchSpace in PDCCH-Config with searchSpaceType = ue-Specific for
DCI formats with CRC scrambled by C-RNTI, MCS-C-RNTI, SP-CSI-RNTI, or CS-
RNTI(s). In another example, the applicable search space sets can be any
Type3-PDCCH CSS set configured by SearchSpace in PDCCH-Config with
searchSpaceType = common for DCI formats with CRC scrambled by C-RNTI, MCS-
C-RNTI, or CS-RNTI(s) for the primary cell.

In a second method of determining the search space sets applicable for PDCCH
monitoring adaptation triggered by a physical layer signal/channel, the applicable

search space sets can be indicated by RRC signaling along with the configuration of
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the search space sets or associated CORESETs. For example, a RRC parameter along
with the configuration of the search space set can indicate whether or not PDCCH
monitoring in this search space set can be adapted by a physical layer signal/channel.
A UE is not expected to be configured to support adaptation to any of the following
search space sets:

a TypeO-PDCCH CSS set configured by pdcch-ConfigSIB1 in MIB or by
searchSpaceSIB1 in PDCCH-ConfigCommon or by searchSpaceZero in PDCCH-
ConfigCommon for a DCI format with CRC scrambled by a SI-RNTI on the primary
cell of the MCG;

a TypeOA-PDCCH CSS set configured by searchSpaceOtherSystemInformation in
PDCCH-ConfigCommon for a DCI format with CRC scrambled by a SI-RNTT on the
primary cell of the MCG;

a Typel-PDCCH CSS set configured by ra-SearchSpace in PDCCH-ConfigCommon
for a DCI format with CRC scrambled by a RA-RNTI or a TC-RNTI on the primary
cell; or

a Type2-PDCCH CSS set configured by pagingSearchSpace in PDCCH-
ConfigCommon for a DCI format with CRC scrambled by a P-RNTI on the primary
cell of the MCG.

In a third method of determining the search space sets applicable for PDCCH
monitoring adaptation triggered by a physical layer signal/channel, the index of ap-
plicable search space set can be carried in the physical layer signal/channel that
triggers PDCCH monitoring adaptation.

In a fourth method of determining the search space sets applicable for PDCCH
monitoring adaptation triggered by a physical layer signal/channel, the CORESET as-
sociated with applicable search space set(s) can be indicated by RRC signaling. For
example, a RRC parameter along with the configuration of the CORESET that the ap-
plicable search space set(s) are associated with can indicate whether or not PDCCH
monitoring in the associated search space set(s) can be adapted by a physical layer
signal/channel.

The value for any configuration parameter related to applicable search space set(s)
indicated by a physical layer signal/channel overrides the value for the configuration
parameter provided by RRC signaling.

For (de)activation on search space sets triggered by a physical layer signal/channel,
any of the following methods can be supported.

In a first method of (de)activation of search space set(s), the search space sets as-
sociated with a CORESET can be activated or deactivated simultaneously by in-
dicating the activated or deactivated CORESET ID. For an activated CORESET, when

a UE is provided a deactivation indication by a signal/channel at the physical layer, the
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UE assumes that all applicable search space sets associated with the CORESET are de-
activated and the UE can skip monitoring PDCCH candidates in the associated search
space sets. For a deactivated CORESET, when a UE is provided an activation in-
dication by a physical layer signal/channel, the UE assumes that all search space sets
associated with the CORESET are activated and the UE monitors PDCCH candidates
in the associated search space sets.

In a second method of (de)activation of search space set(s), the applicable search
space sets can be activated/deactivated simultaneously. For example, a binary bit
carried in the physical layer signal/channel can be used to indicate whether or not all
applicable search space set is activated.

In a third method of (de)activation of search space set(s), the applicable search space
sets can be (de)activated independently or separately. For example, the applicable
search space sets can be divided into N>=1 groups, and each of the group consists of at
least one applicable search space set. A bitmap in size of N can be carried in the
physical layer signal. The nth (1<=n<=N) bit indicates whether or not the nth group of
search space set(s) are activated or deactivated. In another example, a physical layer
signal/channel can indicate the search space set group ID or search space set ID that is
activated or deactivated. A UE can switch search space sets for PDCCH monitoring
based on an activation and deactivation indication for corresponding search space set
groups. For example, when the UE receives a DCI format includes a field for a search
space set group ID, the UE starts or continues monitoring PDCCH in search space sets
that are associated with the search space set group, and does not monitor or stops
monitoring PDCCH in search space sets that are not associated with the search space
set group.

In a fourth method of (de)activation of search space set(s), the activation and deac-
tivation can be indicated by the detection of a physical layer signal/channel, for
example, a DCI format with CRC scrambled by a power saving RNTI, e.g. PS-RNTL
In one example, when detection of the physical layer signal indicates the activation of
applicable search space set(s), the payload of the DCI format can be used to indicate
UE adaptation on other aspects, such as PDCCH monitoring periodicity or blind
decoding capability or minimum scheduling offset. When detection of the physical
layer signal indicates the deactivation of applicable search space set(s), the payload of
the DCI format can be used to indicate the effective duration or deactivation period. In
another example, when a UE detects a DCI format indicating activation or deactivation
of search space sets, the UE starts or continues monitoring PDCCH for search space
sets that are associated with a search space set group with ID of X, and does not
monitor or stops monitoring PDCCH in search space sets that are associated with

another search space set group with ID of Y. The search space set groups can be either
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defined in the specification of system operation, for example, X =0, Y =1,0or X =1,
Y= 0, or provided to the UE through higher layer signaling.

For determination of an effective time that the associated search space set(s) is de-
activated/activated, any of the following methods can be supported.

In a first method of determination of activation or deactivation duration, the ac-
tivation or deactivation duration can be unlimited, and the UE can activate or de-
activate an applicable search space set when the UE receives an activation or deac-
tivation indication, respectively.

In a second method of determination of activation or deactivation duration, the
effective duration for activation or deactivation can be preconfigured or predetermined
by a UE. For example, through higher layer signaling or defined in the specification of
the system operation, e.g. 6ms. In one example, the power saving signal/channel is
detected or monitored outside DRX ON duration, the deactivation or activation
duration can be in the unit of DRX cycles. In another example, when the physical layer
signal/channel is monitored within the DRX Active Time or in RRC_CONNECTED
state without DRX operation, the deactivation or activation duration can be in the unit
of one slot or one PDCCH monitoring periodicity. The UE starts decrementing a timer
with initial value of the effective duration after applying the activation or deactivation
indication. When the timer expires, the UE starts monitoring PDCCH for search space
sets that are deactivated for PDCCH monitoring during the effective duration when the
timer does not expire, and stops monitoring PDCCH in search space sets that are
activated for PDCCH monitoring during the effective duration when the timer does not
expire.

In a third method of determination of activation or deactivation duration, the
effective duration for an activation or deactivation indication can be carried by the
physical layer signal/channel, for example, a list of applicable values for the effective
duration can be provided to the UE through higher layer signaling, and a field of a DCI
format can indicate one of the applicable values. The applicable value can be unlimited
or a non-zero integer. The UE starts decrementing a timer with initial value of the
effective duration after applying the activation or deactivation indication. When the
timer expires, the UE starts monitoring PDCCH for search space sets that are de-
activated for PDCCH monitoring during the effective duration when the timer does not
expire, and stops monitoring PDCCH in search space sets that are activated for
PDCCH monitoring during the effective duration when the timer does not expire.

For an adaptation on CCE aggregation levels (ALs) or a number of candidates per
CCE AL for one or more applicable search space set(s), any of the following methods
can be considered.

In a first method of adaptation on CCE aggregation levels (ALs) or a number of
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candidates per CCE AL for one or more applicable search space set(s), a field of N>=1
bits can be carried in the PoSS, to indicate activation or deactivation of configured
ALs. In one example, N equals to the number of RRC configured ALs, and each binary
bit indicates activation or deactivation of one configured AL. In another example, N =
1, the binary bit of 0 or 1 indicates activation of the first half or the second half of the
configured ALs.

In a second method of adaptation on CCE aggregation levels (ALs) or a number of
candidates per CCE AL for one or more applicable search space set(s), a scaling factor,
c0, can be indicated by the PoSS, and the number of PDCCH candidates per AL, X, is
scaled by c0, such that X = ceil(X"*c0) or X = floor(X'*c0), where X' is the number of
PDCCH candidates per AL before receiving the indication of cO in a PoSS. A list of
applicable values can be provided to the UE either through higher level signaling or
defined in the specification of system operation, for example, {0, 25%, 50%, 100%}.

For UE adaptation on PDCCH monitoring periodicity, T_PDCCH, for applicable
search space sets triggered by a physical layer signal/channel, referred as as PoSS, any
of the following methods can be supported.

In a first method of determination of T_PDCCH, a scaling factor, c2, for the PDCCH
monitoring periodicity adaptation can be indicated by a PoSS. The UE assumes the
PDCCH monitoring periodicity, T_PDCCH, for applicable search space set(s), is
T_PDCCH = floor(T"_PDCCH*c2) or ceil(T'_PDCCH*c2), where T'_PDCCH is the
PDCCH monitoring periodicity before receiving the indication of ¢2 in a PoSS. A list
of applicable values for c2 can be preconfigured by higher layer signaling or defined in
the specification of the system operation, for example, {0, 25%, 50%, 100%}.

In a second method of determination of T_PDCCH, a list of N>=1 applicable
PDCCH monitoring periodicity can be preconfigured by RRC signaling for applicable
search space set(s). One of the applicable values is indicated by a PoSS, for example, a
DCI field of ceil(log2(N)) can indicate one of the N applicable values. UE assume the
PDCCH monitoring periodicity T_PDCCH is the value indicated by the PoSS.

For UE adaptation on PDCCH monitoring duration, D_PDCCH, for applicable
search space sets triggered by a physical layer signal/channel, referred as PoSS, any of
the following methods can be supported.

In a first method of determination of D_PDCCH, a scaling factor, c3, for the PDCCH
monitoring duration adaptation can be indicated by a PoSS. The UE assumes the
PDCCH monitoring duration, D_PDCCH, for applicable search space set(s), is
D_PDCCH = floor(D'_PDCCH*c3) or ceil(D'_PDCCH*c3), where D'_PDCCH is the
PDCCH monitoring duration before receiving the indication of ¢3 in a PoSS. A list of
applicable values for ¢3 can be preconfigured by higher layer signaling or defined in

the specification of the system operation, for example, {0, 25%, 50%, 100%}.
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In a second method of determination of D_PDCCH, a list of N>=1 applicable
PDCCH monitoring duration can be preconfigured by RRC signaling for applicable
search space set(s). One of the applicable values is indicated by a PoSS, for example, a
DCI field of ceil(log2(N)) can indicate one of the N applicable values. UE assume the
PDCCH monitoring duration D_PDCCH is the value indicated by the PoSS.

A UE determines a PDCCH monitoring occasion on an active DL BWP from the
PDCCH monitoring periodicity, the PDCCH monitoring offset, and the PDCCH
monitoring pattern within a slot configured by RRC signaling and a physical layer
signal/channel for triggering adaptation on PDCCH monitoring. For an active search
space set s, the UE determines that a PDCCH monitoring occasion(s) exists in a slot

with number u in a frame with number n ; if

ns,f
. if the
_ g frame,u 17 r k! = kPS ’
(ny - Ny +ng,—o5)modk’s =0 HKs=Ks
adaptation on PDCCH monitoring periodicity for search space set s, 3PS is
s

indicated by the signal/channel; otherwise k' ; =k ,, where k , is the PDCCH

monitoring periodicity for search space set s configured to the UE by RRC signaling.

The UE monitors PDCCH for search space set s for T' s consecutive slots, starting from

slot n u and does not monitor PDCCH for search space set s for the nextk'; T'g
s.f

consecutive slots. if the adaptation on duration for search space set s,

r PS
T's = Ts

PS is indicated by a PoSS; otherwise T' s =T s, where T s is the duration for
s
search space set s configured by RRC signaling.

For determination of DCI formats to monitor for applicable search space sets, a
physical layer signal/channel can indicate the UE to monitor subset of configured DCI
formats. For example, a binary bit with value of "0" and "1" can indicates the UE to
monitor DCI formats with size same as DCI format 0_0 only or DCI format O_1 only
in applicable search space sets. For another example, a binary bit with value of "0" and
"1" can indicates the UE to monitor UL DCI formats only or DL DCI formats only in
applicable search space sets.

FIG. 16 illustrates a flowchart for activation/deactivation of search space sets
triggered by a physical layer signal/channel in accordance with various embodiments
of this disclosure. Operations in flowchart 1600 can be implemented in a UE, such as
UE 116 in FIG. 3.
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Flowchart 1600 begins at operation 1602 by monitoring a physical layer signal/
channel for triggering the adaptation on one or more search space sets, i.e., PoSS. In
operation 1604, a PoSS is detected in a configured monitoring occasion. In operation
1606 a determination is made as to whether the applicable search space set(s) are
activated before detection of PoSS. If the applicable search space set(s) are activated
before the detection of the PoSS, then the flowchart 1600 proceeds to operation 1608
to deactivate the applicable search space set for a period indicated by the PoSS. For
example, a binary bit of 0 can indicate the UE to use the first half of configured ALs
and corresponding PDCCH candidates for PDCCH monitoring in the applicable search
space set, and a binary bit of "1" can indicate the UE to apply the second half of
configured ALs and corresponding PDCCH candidates for PDCCH monitoring in the
applicable search space sets.

However, if at operation 1606 a determination is made that the applicable search
space set(s) are not activated before detection of the PoSS, then flowchart 1600
proceeds to operation 1610 where the applicable search space set(s) is activated and
PDCCH monitoring is updated as indicated by the PoSS. For example, the PoSS can
indicate PDCCH monitoring periodicity or CCE aggregation levels, or PDCCH
candidates per CCE aggregation levels.

DETERMINATION OF THE CONFIGURATION OF CORESET

Another embodiment of this disclosure considers determination of the configuration
of a CORESET when a UE adaptation on the configuration of a CORESET through a
physical layer signal/channel is enabled. The physical layer signal/channel that triggers
UE adaptation on PDCCH monitoring in one or more applicable CORESET(s) is
referred as PoSS in this disclosure.

The UE adaptation can at least be (de)activation of configured search space set(s);
(de)activation of CORESETS; and/or update on one or more configuration parameter(s)
per search space set/CORESET, such as CCE ALs or PDCCH candidates per CCE AL.

A UE can determine the CORSET applicable for PDCCH monitoring adaptation
triggered by a physical layer signal/channel through one of the following methods.

In a first method of determination of applicable CORESET, the applicable
CORESET can be indicated by RRC signaling. For example, a RRC parameter along
with the configuration of the CORESET can indicate whether or not PDCCH
monitoring in the CORESET can be adapted by a physical layer signal/channel.

In a second method of determination of applicable CORESET, the index of the ap-
plicable CORESET can be carried in the PoSS.

The value for any configuration parameter related to applicable CORESET indicated
by a physical layer signal/channel can override the value for the configuration

parameter provided by RRC signaling.



51

WO 2020/246858 PCT/KR2020/007370

[356]

[357]

[358]

[359]
[360]

[361]

[362]

[363]

[364]

When an adaptation of one or more CORESET(s) is indicated by a signal/channel at
physical layer such as a DCI format provided by a PDCCH, for each DL BWP
configured to a UE in a serving cell, the UE can be indicated by the signal/channel an
adaptation for P'<=N1 CORESETs.

For an applicable CORESET for PDCCH monitoring adaptation triggered by a PoSS,
the UE is indicated at least one of the following adaptive parameters by the PoSS, and
each indication can override the configuration provided by RRC signaling.

Adaptive parameter 1: CORESET index p. The CORESET index can be indicated
implicitly. In this case, the configured CORESETsS that can be adapted can be ordered
in ascending/descending order, a field in the DCI format can carry a value of mod(j, Y)
+ c2, where i is the order index of the CORESET, Y can either be the number of
configured CORESETS that can be adapted or the maximum of configured
CORESETs, e.g. 3, and c2 is a integer, e.g. ¢2 = 0. The CORESET index p can
indicate the respective CORESET for adaptive parameter(s) or (de)activation of the
CORESET.

Adaptive parameter 2: A binary activated/deactivated value.

Adaptive parameter 3: A precoder granularity for a number of REGs in the frequency
domain where the UE can assume use of a same DM-RS precoder.

Adaptive parameter 4: A number of consecutive symbols that provides a CORESET
size in the time domain, N_OFDM. For example, a positive or negative offset of X
symbols can be indicated by the signal/channel, such that N_OFDM = min(N'_OFDM
+X, N_max) or N_OFDM = max(N'_OFDM - X, N_min), where X can either be
predefined in the specification of the system operation, e.g. 1, or provided to the UE by
higher layer signaling, N_max and N_min is the maximum and minimum consecutive
symbols of CORESET with adaptation, for example, N_max =3, N_min = 1,
N'_OFDM is the number of symbols of the applicable CORESET before adaptation.

Adaptive parameter 5: A set of resource blocks that provides a CORESET size in the
frequency domain. For example, the configured resource blocks of CORESET can be
divided into multiple subsets, and a binary activation/deactivation value for each subset
can be indicated by a PoSS.

FIG. 17 illustrates a flowchart for adaptation on CORESET based on a signal/channel
at the physical layer in accordance with various embodiments of this disclosure. Op-
erations of flowchart 1700 can be implemented in a UE, such as UE 116 in FIG. 3.

Flowchart 1700 begins at operation 1702 by monitoring a physical layer signal/
channel for UE adaption on CORESET, i.e., PoSS. In operation 1704, a determination
is made as to whether a PoSS is detected. If a PoSS is detected, the flowchart 1700
proceeds to operation 1706 where adaptive parameters of applicable CORESET(s) is
determined based on applicable values indicated by the PoSS. However, if the PoSS is
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not detected, then the flowchart 1700 proceeds to operation 1708 and an no changes on
the CORESET configuration is assumed.

DETERMINATION OF PDCCH CANDIDATES/NON-OVERLAPPTING CCEs

Another embodiment of this disclosure considers determination of PDCCH
candidates and non-overlapping CCEs per slot for a DL BWP when adaptation on
PDCCH monitoring is triggered by a signal/channel at the physical layer.

For an activated search space set s associated with CORESET p, CCE indexes for an
activated aggregation level L corresponding to PDCCH candidates Mg n., of the

search space set s in slot p  foranactive DL BWP of a serving cell corre-
n
s, f

sponding to carrier indicator field value n ¢ can be given by:

Msner * N, CCE,p

L-f\ Ypne + YL + n¢p |mod|Necg,p/L| ¢+ i
S,max
(Equation 3)
where:

(L) _1;

_ ’
ms’nCI - 0,---,M S;nCI

,(L) 1is anumber of PDCCH candidates the UE monitors for aggregation level
Sncy
L of a search space set s for a serving cell corresponding to n ¢y;
, 1 is indicated b ignal/ch 1 at physical
M’(L) _ M(L,PS) i M(L'PS) is indicated by a signal/channel at physica

Sncr Snct Smcr

layer, otherwise (L) equals to the default value configured by RRC signaling;
Siicr

foraUSS, () isthe maximum PDCCH candidates indicated by a signal/
s,max
channel at physical layer if the signal/channel triggers the adaptation on the maximum
PDCCH candidates, otherwise ;) is a maximum of (L) overall
S,max Sncy

configured n ¢ values for a CCE aggregation level L of search space set s;

1=0,..,L-1;and

other parameters are same as NR Rel-15 in REF 3.

FIG. 18 illustrates a flowchart for determining non-overlapping CCEs with

adaptation requests through a signal/channel at the physical layer in accordance with
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various embodiments of this disclosure. Operations of flowchart 1800 can be im-
plemented in a UE, such as UE 116 in FIG. 3.

Flowchart 1800 begins at operation 1802 where a signal/channel at a physical layer is
configured for triggering adaptation on PDCCH candidates. For example, the UE can
be configured with a signal/channel at physical layer for triggering adaptation on
PDCCH candidates per CCE AL of search space sets.

In operation 1804 a determination is made as to whether the signal/channel is
received. If the signal/channel is received, then flowchart 1800 proceeds to operation
1806 where the non-overlapping CCEs per slot are determined based on adapted
PDCCH candidates indicated by the received signal/channel. In one embodiment, non-
overlapping CCE:s per slot are determined based on adapted PDCCH candidates per
AL or maximum PDCCH candidate indicated by the received signal/channel according
to Equation 3.

If the signal/channel is not received in operation 1804, then the flowchart 1800
proceeds to operation 1808 where non-overlapping CCEs per slot are determined based
on the configured PDCCH candidates, e.g., through RRC signaling.

In some embodiments, a UE can be expected to monitor PDCCH candidates for up to
4 sizes of DCI formats that include up to min(N *Sp¢y, 3) sizes of DCI formats with
CRC scrambled by C-RNTI per serving cell, where N 5, can be indicated by a
signal/channel. The UE can count a number of sizes for DCI formats per serving cell
based on a number of configured or activated PDCCH candidates in respective search
space sets for the corresponding active DL. BWP.

Table 3 provides the maximum number of monitored PDCCH candidates,

, for a DL BWP with SCS configuration pfor a UE per slot for

ymaxslot,u
M PDCCH

operation with a single serving cell when an adaptation on number of PDCCH

candidates per slot, , 1s indicated by a signal/channel.

Mmaxslot,u
PDCCH,PS

Table 3.
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u Maximum number of monitored PDCCH candidates per slot and per
serving cell M 'g?;ég%t‘u
0 o Mt
1 56 or Mypeonet
: 22 or Mipconit
: 20 or Mpcenet

[384] if the maximum number of monitored PDCCH

maxslot,u __ Mmaxslot,u
PDCCH — “*PDCCH,PS

candidates per slot per serving cell is indicated by a signal/channel; otherwise,

M,maxslot,u __ x,maxslot,u »Where maxslot,u 18 the maximum
PDCCH - PDCCH PDCCH
number of monitored PDCCH candidates per slot and per severing cell defined in
Table 10.1-2 in REF3. For a number of PDCCH candidates indicated by a signal/

channel, maxslot,u can either be indicated by signal/channel explicitly, or be

MPDCCH,PS

derived from a scaling factor M  provided by a signal/channel such as
, or a set of values for can
M,max,slot,u _ M,max,slot,u M M,max,slot,y
PDCCH PDCCH s PDCCH

be provided by higher layers, such as 4 values, and one value can be indicated by a
field in a DCI format provided by a PDCCH, such as a field with 2 bits.
[385] A UE can be requested by a signal/channel a capability to monitor PDCCH

candidates for downlink cells. can override the default value
cap,PS cap,PS
N N ell

cell c

of the maximum number of downlink cells to monitor PDCCH candidates, i.e. 4, or the

configured capability cap through pdcch-BlindDetectionCA.
N

cells

[386] In some embodiments, a UE does not monitor, on the active DL BWP of the

scheduling cell, more than Mt otalslotyu _ M'm axslot,pu PDCCH candidates
PDCCH - PDCCH
or more than non-overlapped CCEs per slot for

Ctotal,slot,u _ Cmax,slot,u
PDCCH - PDCCH
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each scheduled cell if the following two conditions are met.

[387] Condition 1: the UE is capable for operation with carrier aggregation with a
maximum of 4 downlink cells or indicates through pdcch-BlindDetectionCA a ca-
pability to monitor PDCCH candidates for ca downlink cells or

NP >4
cells =
requested through power saving signal/channel a capability to monitor PDCCH

candidates for ;and

cap,PS cap
0< Ncell < Ncells

[388] Condition 2: the UE is configured with DLu downlink cells with DL. BWPs

cells
having SCS configuration i, where 3 or
E DL,u
N cell <4
u=0
3 ,or 3 respectively.
DL,u cap DL,u cap,PS
E Ncell = Ncells E Ncell = Ncell
u=0 u=0
[389] In some embodiments, a UE does not monitor more than
J
total,slot,n __ cap _ pemaxslot,y ,,DLu DL,j
MPDCCH - Ncells M PDCCH Nactive,cells /Z Nactive,cells
j=0

PDCCH candidates or more than

J
total,slot,p __ cap | ~maxslot,y ,.,DL,u DL,j
Crpcch = |Nceus " Crpcen N active,cells / Z N active,cells
Jj=0
non-overlapping CCEs per slot on the active DL BWP(s) of scheduling cell(s) from the
DL downlink cells if the following two conditions are met.
N,

active,cells

[390] Condition 1: the UE indicates through pdcch-BlindDetectionCA a capability to

monitor PDCCH candidates for
Ncap > 4

cells —

downlink cells or requested through a

signal/channel a capability to monitor PDCCH candidates for

,and

cap,PS cap
0< Ncell < Ncells
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[391] Condition 2: The UE is configured with DLu downlink cells with DL BWPs
cells

having SCS configuration @ where or
DL, cap
Z N cell >N cells
Jrespectively, a DL BWP of an activated cell is the

3
DL,y cap,PS
cell cell

active DL BWP of the activated cell, and a DL BWP of a deactivated cell is the DL
BWP with index provided by firstActiveDownlinkBWP-1d and signal/channel for the
deactivated cell.

[392] For each scheduled cell, the UE is not required to monitor on the active DL BWP
with SCS configuration p of the scheduling cell more than min(

) PDCCH candidates or more than min(
M,maxslot,u Mtotal ,slot,u

PDCCH PDCCH

CmaxSlOt:ﬂ CtOtal slot,u ) non-overlapped CCEs per slot.

PDCCH PDCCH

[393] For all activated search space sets within a slot, denote by S s a set of CSS sets with
cardinality of I ¢ss and by S (55 a set of USS sets with cardinality of J ss. The location

of USS sets S ;, ,1n S (g5 18 according to an ascending order of

0 SS] <]USS

the search space set index.

[394] Denote by , the number of configured or activated

1L .

PDCCH candidates for CSS set S ¢ss(i) and by /L , the

Suss(J)’ 0=j<Juss

number of configured or activated PDCCH candidates for activated USS set S yss()).

For the CSS sets, a UE monitors Icss—1 PDCCH

MEStcn = Z ZM'SCSS@
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[395]

[396]

[397]

[398]
[399]

[400]
[401]

[402]

[403]

[404
[405
[406
[407
[408

—t e e d

css non-overlapping CCEs in a slot.
C

PDCCH

Denote by V «c&(S uss(j)) the set of non-overlapping CCEs for search space set S yss

B andby C(Vece Suss()))

overlapping CCE:s for search space set S yss(j) are determined considering the
monitored PDCCH candidates for the activated CSS sets and the monitored PDCCH

candidates for all activated search space sets

the cardinality of V ¢cx(S uss(j)) where the non-

Suss(k),0 <k <j

Set
USS _ . rmaxslot,u total,slot,u CSS
Mppeen = mm(M poccH  +Mppecu )_ Mppecn
Set
USS _ . maxslot,u total,slot,u cSS
CppccH = mm(cppccy :CPDCCH ) — Cppecn
Setj=0
while L AND
Uuss
2 :Msuss(j) = Mppccn

L

C (VCCE (Suss (]))) < CI?IS)SCCH

if search space set j is activated or not deactivated by power saving signal/channel
allocate monitored PDCCH candidates to USS set S (j);

)
Z Ms, o)

L
MUsS — pJUss _ M ( .
PDCCH PDCCH Sues ()
L

Cppccr = Cppecr — CWece(Suss(7)))

end if;

J=i+

end while

ADDITIONAL TIMELINE FOR UE ADAPTATION

Another embodiment of this disclosure also considers additional timeline for

applying UE adaptation request on one or more adaptive parameter(s). The associated
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adaptation parameter(s) can be any adaptive parameter in this disclosure. When a UE
receives an adaptation indication through a signal/channel at physical layer or MCA
CE, a UE can apply the UE adaptation or indicated value(s) on associated adaptive
parameter(s) after an application delay.

[409] In first embodiment on determination of application delay, if a UE receives an
adaptation request or adaptation indication through MAC CE, the UE can apply the
indicated value(s) on associated adaptive parameters at a time ag il

gap
lisecond(s)/slot(s) after the slot when the UE transmits HARQ-ACK information for
the PDSCH providing the adaptation request.

[410] FIG. 19 illustrates a flowchart for applying an adaptation request by a UE when the
adaptation request is received through a MAC CE in accordance with various em-
bodiments of this disclosure. Operations of flowchart 1900 can be implemented in a
UE, such as UE 116 in FIG. 3.

[411] Flowchart 1900 begins at operation 1902 by obtaining a time gap. The time gap,

AR - can have a unit of one millisecond or one slot. In operation 1904, an
gap
adaptation request is received through MAC CE, e.g., in a PDSCH.
[412] In operation 1906, a HARQ ACK/NACK is transmitted for the PDSCH providing the

adaptation request on a granted slot with an index of
n
s.f

[413] In operation 1908, newly indicated value(s) in the adaptation request can be applied

at ap tmeafter theslot ;. Inone example, when Ar 18 in the unit of

gap Ns.r gap
one slot, the UE can apply the new indicated value(s) starting from a slot with index
U Ar 10 the other words, UE is not expected to apply the new indicated

value(s) before slot . In another example, when Ag 1sinthe

u AR
Nsr T Tgap- Tgap
unit of one millisecond, the UE can apply the new indicated value(s) starting from a
slot with index where is the SCS index
K AR  op’ =0,1,2,3
ngs + Tgap 2 u

of active DL BWP. In the other words, UE is not expected to apply the new indicated
value(s) before slot , Where is the SCS

index of active DL BWP.
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[414]

[415]

[416]

[417]

[418]

In second embodiment on determination of application delay, if a UE receives an
adaptation request or indication through a DCI format with CRC scrambled by C-
RNTI, the UE can apply the indicated value(s) to associated adaptive parameter(s) at a
time AR millisecond(s)/slot(s) after slot ot The slot H can be the slot
gap s.f s.f
index when UE transmits HARQ-ACK information for the PDSCH granted by the DCI
format providing the adaptation request. In this case, UE does not apply the triggered
adaptation request or indicated value(s) when UE transmits HARQ-NACK for the
PDSCH granted by the DC format. Alternatively, ,  can be the slot index when

n s.f
UE transmits HARQ-ACK/NACK information for the PDSCH granted by the DCI
format providing the adaptation request or indication. In this case, the UE can apply

the indicated value(s) or adaptation request with a time gap of after feedback

AR
gap

the either HARQ-ACK or HARQ-NACK for the PDSCH granted by the same DCI
format that provides the adaptation request/indication.
In one example, the UE can apply the new indicated value(s) starting from a slot with

index In the other word, UE is not expected to apply the new

AR
indicated value(s) before slot u AR

In another example, the UE can apply the new indicated value(s) starting from a slot
with index , where is the SCS index of

nt .+ Ty - 2% p=0123

active DL BWP. In the other word, UE is not expected to apply the new indicated

value(s) before slot , Where is the SCS
B L TAR . ou =0,1,2,3
index of active DL BWP.

FIG. 20 illustrates a flowchart for applying an adaption request or indication by a UE
when the adaptation request or indication is received through a DCI format with CRC
scrambled by C-RNTI in accordance with various embodiments of this disclosure. Op-
erations of flowchart 2000 can be implemented in a UE such as UE 116 in FIG. 3.

Flowchart 2000 begins at operation 2002 by obtaining a time gap. The time gap,

AR - can have units of one millisecond or one slot. In operation 2004, an

gap

adaptation request or indication is received through a DCI format with CRC scrambled
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by C-RNTL
[419] In operation 2006, HARQ information is transmitted for the PDSCH granted by the

[420]

[421]

[422]

[423]

DCI providing the adaptation request/indication in a granted slot with index ;. 1In
n
s.f

operation 2008, the newly indicated value(s) are applied starting from a slot with index

where is the SCS index of active DL
K AR . op’ =0,1,2,3
Ng s + Tgap 2 u
BWP. UE is not expected to apply the new indicated value(s) before slot
where is the SCS index of active DL
H AR  op ’ =0,1,2,3

BWP.

In a third embodiment on determination of application delay, if a UE receives an
adaptation request or indication through a signal/channel at physical layer, the UE can
apply the adaptation request or indicated values to associated PDCCH monitoring pa-
rameters ag time after the time when the UE receives the adaptation request or

gap
indication.

In one example, when the physical layer signal/channel for triggering the adaptation
is a scheduling DCI, which also schedule a PDSCH, the UE is not expected to apply

the new indicated value(s) before slot , where n is
2UPDSCH ]

[(n + Tg‘lg;) " 2HpDCCH

the slot index when the UE receives the indicated value(s) with DCI CRC check suc-
cessfully, and p ppscy and W ppecy are the subcarrier spacing configurations for PDSCH
and PDCCH, respectively.

In another example, when the physical layer signal/channel for triggering the
adaptation is a scheduling DCI, which also schedule a PDSCH, the UE is not expected

to apply the new indicated value(s) before slot , where

AR 2UPDSCH
T —
(n g ap) 2H4pPDCCH

n is the slot index when the UE receives the indicated value(s) with DCI CRC check
successfully, and W ppscy and @ ppecy are the subcarrier spacing configurations for
PDSCH and PDCCH, respectively.

In yet another example, when the physical layer signal/channel for triggering the
adaptation is a scheduling DCI, which also schedule a PDSCH, the UE is not expected
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[424]

[425]

[426]

[427]

, where n is the slot index when the UE receives the

AR

2HPDSCH
I Soracan] *+ 705

2HPDCCH

indicated value(s) with DCI CRC check successfully, and W ppscy and W ppecy are the
subcarrier spacing configurations for PDSCH and PDCCH, respectively.

In yet another example, when the physical layer signal/channel for triggering the
adaptation is a scheduling DCI, which also schedule a PDSCH, the UE is not expected

to apply the new indicated value(s) before slot , where n

2UPDSCH
—_— TAR
2HPDCCH gap

is the slot index when the UE receives the indicated value(s) with DCI CRC check suc-
cessfully, and p ppscy and W ppecy are the subcarrier spacing configurations for PDSCH
and PDCCH, respectively.

In yet another example, when the physical layer signal/channel for triggering the
adaptation is a scheduling DCI, which also schedule a PUSCH, the UE is not expected

to apply the new indicated value(s) before slot 2Kpy SCH] ’

AR
(n+ Tgap) - pYTry

where n is the slot index when the UE receives the indicated value(s), and @ pyscy and p

poccy are the subcarrier spacing configurations for PUSCH and PDCCH, respectively.
In yet another example, when the physical layer signal/channel for triggering the

adaptation is a scheduling DCI, which also schedule a PUSCH, the UE is not expected

to apply the new indicated value(s) before slot , where

AR 2KPUSCH
[(n +TAR) ]

9av) " Suppccu

n is the slot index when the UE receives the indicated value(s) with DCI CRC check
successfully, and W pyscy and @ ppecy are the subcarrier spacing configurations for
PUSCH and PDCCH, respectively.

In yet another example, when the physical layer signal/channel for triggering the
adaptation is a scheduling DCI, which also schedule a PUSCH, the UE is not expected

AR

to apply the new indicated value(s) before slot 2UPUSCH , where n
| [+ 7

2KPDCCH

is the slot index when the UE receives the indicated value(s) with DCI CRC check suc-

cessfully, and w pyscn and W ppecn are the subcarrier spacing configurations for PUSCH
and PDCCH, respectively.
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[428]

[429]

[430]

[431]

[432]

In yet another example, when the physical layer signal/channel for triggering the
adaptation is a scheduling DCI, which also schedule a PUSCH, the UE is not expected

to apply the new indicated value(s) before slot , where n

AR

2KHPUSCH
| |+ 7%

2HPDCCH

is the slot index when the UE receives the indicated value(s) with DCI CRC check suc-
cessfully, and p pyscy and W ppecy are the subcarrier spacing configurations for PUSCH
and PDCCH, respectively.

In yet another example, when the physical layer signal/channel for triggering the
adaptation is a non-scheduling DCI format, e.g. a DCI format dedicated for power
saving with CRC scrambled by PS-RNTTI in the means of either USS or CSS, the UE is

not expected to apply the new indicated value(s) before slot

2

AR
n+ Tggp - 2F

where uw=0,1.2,3 is the SCS index of active DL BWP when UE is ready to
apply the triggered adaptation, and n is the slot index when the UE receives the
indicated value(s) with DCI CRC check successfully.

In yet another example, when the physical layer signal/channel for triggering the
adaptation is a non-scheduling DCI format, e.g. a DCI format dedicated for power
saving with CRC scrambled by PS-RNTTI in the means of either USS or CSS, the UE is

not expected to apply the new indicated value(s) before slot where n is

AR
n + Tgap

the slot index when the UE receives the indicated value(s) with DCI CRC check suc-
cessfully.

FIG. 21 illustrates a flowchart for applying an adaptation request on PDCCH
monitoring in a UE when the adaptation request is received through a group-common
PDCCH or non-scheduling DCI without HARQ feedback in accordance with various
embodiments of this disclosure. Operations of flowchart 2100 can be implemented in a
UE, such as UE 116 in FIG. 3.

Flowchart 2100 begins at operation 2102 by obtaining a time gap. The time gap,
can have units of one millisecond or one slot or an OFDM symbol duration.

AR
Tgap

In operation 2104 an adaptation request or indication is received through a group-
common PDCCH or a non-scheduling DCT atslot ;. In operation 2106, the
n
s.f

adaptation request or indication is applied at time or slot that is at least Ar After
gap
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[433]

[434]

[435]

[436]

[437]

[438]

[439]

the slot n u
s, f

A UE can determine a value for through one of the following examples. In

AR
gap

a first example, is fixed and defined in the specification of the system

AR
gap

operation, e.g. AR =lor ar =0 Inoneexample, ar can be defined

gap Tg ap gap
per SCS configuration.

In a second example, =max(Y, Z), where Y is the minimum KO value

AR
gap

before applying newly indicated applicable value or UE adaptation, Z is the smallest
feasible non-zero application delay. Z can be fixed and defined in the specification of
the system operation, e.g. Z = 1 or Z= 2. Z can depend on DL SCS, e.g. Z =1 for SCS
= 15KHz/30KHz, Z = 2 for SCS = 60KHz, and the Z = 3 for Z = 120KHz.

In a third example, AR = max(Y, Z), where Y is maximum value of minimum

gap

KO, and/or minimum K2, and/or minimum aperiodic CSI-RS triggering offset before
applying newly indicated applicable value(s) or UE adaptation, Z is the smallest
feasible non-zero application delay. Z can be fixed and defined in the specification of
the system operation, e.g. Z = 1 or Z= 2. Z can depend on DL SCS, e.g. Z =1 for SCS
= 15KHz/30KHz, Z = 2 for SCS = 60KHz, and the Z = 3 for Z = 120KHz.

In a fourth example, can be provided to the UE through higher layer

AR
gap
signaling.

In a fifth example, can be provided to UE through higher layer signaling in

AR
gap

response to assistance information of the preferred value on transmitted from UE to
gNB.

In a sixth example, can be associated with a time gap/offset between the

AR
gap
first monitoring occasion of the physical layer signal/channel for triggering the UE
adaptation and the start of next DRX ON duration, denoted as O*"MO_DRXI.

In a sub-example of the sixth example, = max(Z, O*"MO_DRX1), where Z

AR
gap

is the smallest feasible non-zero application delay. Z can be defined in the specification
of the system operation, e.g. Z=1,or Z=2 or Z =1 for SCS = 15KHz/30KHz, Z =2
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[440]

[441]

[442]

[443]

[444]

[445]

for SCS = 60KHz, and Z = 3 for SCS = 120KHz or Z is UE capability of BWP
switching delay, i.e. bwp-SwitchingDelay.

In another sub-example of the sixth example, TAR = O"MO_DRXI1. UE can

gap

start applying the triggered UE adaptation or indicated applicable values in the first
slot of the next DRX ON duration. UE is not expects to be configured with
O"MO_DRX2 < bwp-SwitchingDelay, where bwp-SwitchingDelay is UE capability of
BWP switching delay, when the physical layer signal/channel outside of DRX Active
Time also triggers BWP switching.

In a seventh example, can be associated with a time gap/offset between the

AR
gap

last monitoring occasion of the physical layer signal/channel for triggering the UE
adaptation and the start of next DRX ON duration, denoted as O*"MO_DRX2.

In a sub-example of the seventh example, AR = max(Z, O"MO_DRX?2), where

gap

Z is the smallest feasible non-zero application delay. Z can be defined in the speci-
fication of the system operation, e.g. Z =1, or Z=2 or Z = 1 for SCS = 15KHz/30KHz,
Z =2 for SCS = 60KHz, and Z = 3 for SCS = 120KHz or Z is UE capability of BWP
switching delay, i.e. bwp-SwitchingDelay.

In another sub-example of the seventh example, Ar = O"MO_DRX2. UE can

gap

start applying the triggered UE adaptation or indicated applicable values in the first
slot of the next DRX ON duration. UE is not expects to be configured with
O"MO_DRX2 < bwp-SwitchingDelay, where bwp-SwitchingDelay is UE capability of
BWP switching delay, when the physical layer signal/channel outside of DRX Active
Time also triggers BWP switching.

In an eighth example, when a UE adaptation is triggered by a physical layer signal/

channel outside of DRX Active Time, can be the time gap between the time

AR
gap

when the UE receives an adaptation request or indication through a signal/channel at
physical layer and the Nth slot within the Active Time of next associated DRX cycle.
In this case, the UE is not expected to apply the triggered UE adaptation or indicated
value(s) before the Nth slot within the Active Time of next associated DRX cycle. N
can be either provided through higher layer signaling or defined in the specification of
the system operation, e.g. N = 1.

In a ninth example, when a UE adaptation is triggered by a physical layer signal/

channel outside of DRX Active Time, Ag can be the time gap between the time
gap
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[446]

[447]

[448]

[449]

[450]

[451]

when the UE receives an adaptation request or indication through a signal/channel at
physical layer and the first slot of PDCCH monitoring occasion within the Active Time
of next associated DRX cycle. In this case, the UE is not expected to apply the
triggered UE adaptation or indicated value(s) before the first slot of PDCCH
monitoring within the Active Time of next associated DRX cycle.

For UE adaptation triggered by a physical layer signal/channel, a UE can have a
different application delay depending on whether or not the UE detects the physical
layer signal/channel outside or within the Active Time when a DRX cycle is
configured. The Active Time is defined in REF 6.

FIG. 22 illustrates a flowchart for applying an adaptation delay by a UE when power
saving signal/channel is monitored outside and inside of the DRX active time in ac-
cordance with various embodiments of this disclosure. Operations of flowchart 2200
can be implemented in a UE, such as UE 116 in FIG. 3.

Flowchart 2200 begins at operation 2202 by obtaining one or more adaptation delays
for applying UE adaptation triggered by a physical layer signal/channel within and
outside Active Time of DRX cycle. In this non-limiting embodiment of FIG. 22, X1 is
an adaptation delay outside of DRX Active time and X2 is an adaptation delay within
DRX Active time.

In operation 2204 a determination is made as to whether the adaptation request is
received through a physical layer channel/signal outside of the DRX Active time.

If the adaptation request is received through a physical layer channel/signal outside
of the DRX Active time, e.g., a DCI format with CRC scrambled by a RNTI dedicated
for power saving, (PS-RNTI) , then flowchart 2200 proceeds to operation 2206 where
the triggered adaptation is applied after a time gap determined by the adaptation delay
X1. In one example, the UE is not expected to apply the applicable value(s) of
minimum KO and/or K2, and/or aperiodic CSI-RS triggering offset indicated by the
DCI format, before the first slot index of PDCCH monitoring occasion within the next
associated DRX Active Time. In another example, the UE is not expected to operate in
the target BWP indicated by the DCI format before the first slot index within the next
associated DRX Active Time. In this other example, the time offset between the last
PDCCH monitoring occasion of the physical layer signal/channel to trigger the BWP
switching outside of DRX Active Time and the start of next associated DRX ON
duration should be no less than the BWP switching delay.

Returning to operation 2204, if the determination is made that the adaptation request
is not received through a physical layer channel/signal outside of the DRX Active time,
then flowchart 2200 proceeds to operation 2208 where the adaptation request is
received through a physical layer channel/signal within the DRX Active time, e.g., a
scheduling DCI format with CRC scrambled by C-RNTI. In operation 2210, the
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[452]

[453]

[454]

[455]

[456]

[457]

[458]

[459]

[460]

triggered adaptation is applied after a time gap determined by the adaptation delayX2.
For example, the UE is not expected to apply the indicated applicable value(s) of
minimum KO and/or K2, and/or aperiodic CSI-RS triggering offset before the slot
where UE transmits HARQ ACK information for the PDSCH scheduled by the DCI
format providing the UE adaptation request.

UE adaptation on one or more adaptive parameter(s) based on a signal/channel at
physical layer can be reset to default value(s). The default value(s) can be either
predefined in the specification or the system operation or configured by higher layer
signaling.

In one example, the value(s) for associated adaptive parameter(s) can be reset to the

default value(s) every milliseconds(s)/slot(s).

AR
reset

In another example, a UE can receives a higher layer command, e.g. MAC CE, to
indicate reset of the adaptive parameters to default value(s).

In yet another example, the value(s) for associated adaptive parameter(s) can be reset
to default value(s) if UE current value(s) is/are not invalid. For example, after BWP
switching, the current value(s), such as minimum KO/K2/aperiodic CSI-RS may be
larger than all configured candidate value(s) in the new active DL/UL BWP, and thus
is/are not valid. In this case, UE can apply/reset the associated adaptive parameter to
default value(s). When the invalid value is minimum KO/K2, the default value can be
the minimum value of the used time domain resource allocation (TDRA) table in the
new active DL/UL BWP.

A UE can determine a value for AR through one of the following examples.
reset
In a first example, AR is fixed and defined in the specification of the system
reset
operation, e.g. Ar =100ms.
gap
In a second example, Ap  can be provided to the UE through higher layer
reset
signaling
In a third example, AR be provided to UE through higher layer signaling
reset

in response to assistance information of the preferred value on transmitted from UE to
gNB.

To avoid an error case resulting from a UE failing to detect a signal/channel that can
lead to the UE and a serving gNB having a different understanding of PDCCH
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[461]

[462]

[463]

[464]

[465]

[466]

[467]

[468]

candidates or search spaces sets that the UE monitors, such as the UE failing to detect
a DCI format in a PDCCH that included a field providing an adaptation for a number

of PDCCH candidates or for search space sets for the UE to monitor PDCCH, one of

the following two examples can be implemented.

In one example, activation or deactivation of PDCCH candidates or of search space
sets can be achieved according to a descending search space set index starting from the
largest activated search space set index. The index of the search space set, s, that is
triggered to be adapted by a DCI format transmitted by gNB, can be carried in a field
of the DCI format. For example, one field with size of c1 in a DCI format for
triggering the adaptation on PDCCH monitoring can be used to carry the information
of mod(s, 2*cl), where cl is either defined in the specification of the system operation,
such that c1=1, or provided to a UE through higher layer signaling.

In another example, the DCI format can include a field with c2 bits, and the c2 bits
can carry a counter, x=0, 1, ..2°c2-1, such that x = mod(x'+1, 2”c2), where x' is the
counter in previous DCI format transmitted by gNB.

INTERPRETATION OF DCI FORMAT FOR TRIGGERING UE ADAPTATION
Another embodiment of this disclosure considers interpretation of a DCI format for
triggering UE adaptation for power saving. A UE can receive a DCI format with CRC
scrambled by a RNTI dedicated for power saving, for example, PS-RNTI. The DCI

format is referred to herein as PS-DCI.

The PS-DCI can be transmitted by a gNB to one or more UEs, and each associated
UE can be configured a location in PS-DCI for one or more fields associated to the
UE. For example, the PS-DCI can consist of N>=1 blocks. Each of the blocks is
dedicated to one UE. A UE can be provided with a block index, n_block, and size of
the block, N”block bits. The UE can derive the start bit of the block associated to the
UE as n_block*N”block_bits.

One or more DCI fields can be bundled together to be associated with a power saving
scheme/technology. The bundled DCI fields can be activated or deactivated by higher
layer signaling.

PS-DCI can be monitored by a UE outside DRX Active Time or inside of DRX
Active Time or in RRC_CONNECTED state without C-DRX configured. When PS-
DCI is monitored by UE both outside of DRX Active Time and within a DRX Active
Time in RRC_CONNECTED state, the fields of PS-DCI for triggering UE adaptation
can have a different interpretation depending on whether or not the UE detects the DCI
format outside DRX Active Time or within a DRX Active Time, or a location within a
DRX Active Time.

When the UE detects a DCI format with fields for power saving before a DRX ON

duration, a field of 1 bit can indicate whether or not the UE should wake up for next
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[469]

[470]

[471]

[472]

[473]

X>=1 DRX ON duration(s) or next X>=1 DRX cycles, this field is referred as first
field in this disclosure. In the other word, the first field can indicate whether or not the
UE skips PDCCH monitoring at a next X >=1 DRX ON duration(s)/cycle(s). X is a
positive integer, and can be defined in the specification of the system operation, e.g. X
=1 or can be provided to the UE through higher layer signaling, or can be the number
of DRX cycles within current periodicity of the DCI format and before the next
monitoring occasion in the next periodicity. For example, "1" of the first field can
indicate wake up and do not skip PDCCH monitoring for the next X DRX ON
duration(s)/cycle(s); "0" of the first field can indicate got to sleep and skip PDCCH
monitoring for the next X DRX ON duration(s)/cycle(s). For another example, "0" of
the first field can indicate wake-up and do not skip PDCCH monitoring for the next X
DRX ON duration(s)/ cycle(s); "1" of the first field can indicate got-to-sleep and skip
PDCCH monitoring for the next X DRX ON duration(s)/cycle(s). The remaining fields
of a DCI format for triggering UE adaptation can be interpreted based on the result of
the first field according to the following rules.

Rule 1: When the UE is indicated to not wake up or skip PDCCH monitoring for next
X DRX ON duration(s), another field of one or more bit(s), denoted as second field in
this disclosure can be any of the following examples.

In a first example of Rule 1, the second field can indicate whether the UE wakes up
for a number of next N1*Y DRX ON duration(s)/cycle(s) after the next X DRX ON
duration(s)/cycle(s). In this case, the second field can consists of N1 binary bits
wherein each bit indicate whether or not a UE should wake up for the ith setof Y con-
secutive DRX ON duration(s)/cycle(s) after the next X DRX ON duration(s)/cycle(s),
i=0,..., N1-1. N1 can be either predefined in the specification, e.g. N1=1, or provided
to the UE through higher layer signaling. Y >= N1, can be either predefined in the
specification of the system operation, e.g2. Y = 1, or provided to the UE through higher
layer signaling.

In a second example of Rule 1, the second field of 1 bit can indicate whether or not
the UE needs to monitor PDCCH in CSS sets in next X ON duration(s) or DRX
cycle(s). The associated PDCCH can be such as DCI format with CRC scrambled by
P-RNTT or DCI format with CRC scrambled by SI-RNTI.

In a third example of Rule 1, the second field can indicate additional sleep duration,
where the UE skip the DRX ON duration(s) within the sleep duration. A list of non-
zero applicable values for sleep duration can be provided to the UE either through
higher layer signaling or predefined in the specification of system operation. The
second field can indicate one of the candidate values for sleep duration. The sleep
duration can be in the unit of one DRX ON duration or one DRX cycle.

In a fourth example of Rule 1, the second field can indicate the switching between
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‘dormancy-like’ and 'non-dormancy-like' behavior on activated SCell(s) other than the
SCell that UE monitors the PS-DCI. When UE is indicated to have 'dormancy-like’
behavior for a SCell, the UE does not monitor PDCCH for at least USS sets in the
SCell, or monitors PDCCH in a relative large monitoring periodicity for at least USS
sets in the SCell.

Rule 2: When the UE is indicated to wake up or not to skip PDCCH monitoring for
next X DRX ON duration, another field of one or more bit(s), denoted as second field
in this disclosure can be any of the following examples.

In a first example of Rule 2, the second field of N1' bits can indicate the active DL
BWP that the UE assumes for next X DRX ON duration. N1' can be either predefined
in the specification of the system operation, e.g. N1'= 1, or provided to the UE through
higher layer signaling. N1' can be ceil(log2(N*DL_BWPs)), where N*"DL_BWPs is the
number of the configured DL BWP.

In a second example of Rule 2, the second field of N2' bits can indicate minimum
K0/K2, wherein KO/K2 indicate the slot offset between DCI and its scheduled
PDSCH/PUSCH. N2' can be either predefined in the specification of the system
operation, e.g. N2' =1, or provided to the UE through higher layer signaling.

In a third example of Rule 2, the second field can be CSI request, where the UE is
indicated to report an aperiodic CSI. The second field can be 0, 1, 2, 3, 4, 5, or 6 bits
determined by higher layer parameter reportTiggerSize in REF 7. The UE assumes
same indication method and report method as NR Rel-15.

In a fourth example of Rule 2, the second field can indicate the switching between
‘dormancy-like’ and 'non-dormancy-like' behavior on activated SCell(s) other than the
SCell that UE monitors the PS-DCI. When the UE is indicated to have 'dormancy-like’'
behavior for a SCell, the UE does not monitor PDCCH for at least USS sets in the
SCell, or monitors PDCCH in a relative large monitoring periodicity for at least USS
sets in the SCell. The activated SCells other than the carrier where the UE monitors the
PS-DCI can be divided into N3' groups. The second field can be N3' bits, and the jth
(1=<j<=N3’) bit indicate whether or not UE should operate in 'dormancy-like’ behavior
in the SCell(s) associated with the jth group.

In a fifth example of Rule 2, the second field indicates minimum scheduling offset,
wherein any scheduling offset between the scheduling DCI format and the scheduled
data transmission or reception is larger than the minimum scheduling offset.

In a sixth example of Rule 2, the second field indicates the maximum MIMO layer
for PDSCH transmission or PUSCH reception that applies to any of the serving cells.

In a seventh example of Rule 2, the second field indicates the maximum TX antenna
ports or RX antenna ports for UL data transmission or DL data reception, respectively.

In an eighth example of Rule 2, the second field indicates the PDCCH monitoring
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periodicity for at least USS sets in any of the serving cells.

In a ninth example of Rule 2, the second field indicates the minimum PDCCH
monitoring periodicity for at least USS sets in any of the serving cells.

In a tenth example of Rule 2, the second field can be a joint adaptation indicator to
trigger adaptation on multiple power consumptions aspects. In this case, a UE can be
provided with an adaptation table to address adaptation on RRC parameters that are not
configured per BWP but are essential to define different power consumption levels or
power saving states. The joint adaptation indicator is the row index of the adaptation
table, which indicate an adaptation on associated adaptive parameters. Table 4 shows
an example an adaptation table with adaptation signaling on minimum K0/K2,
maximum MIMO layers/ports, and active CC group. The configured active cells can be
grouped by gNB, and the cell group index can be included in the adaptation table.

Table 4.

Joint ada Maximum | Active CC
Mini K
ptation in MIMO lay | group Inde | Notes
0/K2
dicator ers/ports X
Very high power s
0 4 1 1
aving state/level
High power saving
1 2 2 2
state/level
medium power savi
2 1 3 3
ng state/level
low power saving s
3 0 4 4
tate

FIG. 23 illustrates a flowchart for interpretation of a PS-DCI detected outside of the
DRX active time by a UE in accordance with various embodiments of this disclosure.
Operations of flowchart 2300 can be implemented in a UE, such as UE 116 in FIG. 3.

Flowchart 2300 begins at operation 2302 by monitoring a DCI format with fields for
triggering UE adaptation. In one embodiment, the UE adaptation can be for power
savings. In operation 2304, a DCI format for power saving is detected outside of a
DRX ON duration. The DCI format can be detected with a successful CRC check. A
determination is made in operation 2306 as to whether a first field indicates to wake up
for the next X DRX ON duration(s)/cycle(s). In one embodiment, the first field can
include a binary bit that triggers the UE adaptation for power savings.

If the determination made in operation 2306 indicates that a UE should wake up for
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the next X DRX ON duration(s)/cycle(s), then flowchart 2300 proceeds to operation
2308 where an active DL BWP is determined after wake-up. In operation 2310, a
minimum K0/K2 is determined after wakeup, and in operation 2312, a joint adaptation
indicator is determined. The active DL BWP, the minimum K0/K2, and the joint
adaptation indicator can be determined based on binary bits included in the same field,
e.g., a second field. Alternatively, the binary bits can be in different fields in the
detected DCI formats.

Returning to operation 2306, when the first field indicates the UE not to wake up for
the next X DRX ON duration(s)/cycle(s), i.e., to skip PDCCH monitoring or go to
sleep for next X DRX ON duration(s), then flowchart 2300 proceeds to operation 2314
where the UE determines whether or not to wake up for the next N1*Y DRX ON
duration(s)/cycle(s) after the next X DRX ON duration(s). The determination can be
made based on the binary bits in same field as the one that includes the active DL
BWP, the minimum K0/K2, and the joint adaptation indicator, i.e., in the second field.
Alternatively, the binary bits can be in a different field.

When the UE detects a DCI format with fields for triggering UE adaptation at the
beginning of a DRX ON duration period or within the first K slots/milliseconds of the
DRX on duration, a field or first field of 1 bit can indicate whether or not the UE go to
sleep or skips PDCCH monitoring for the remaining Active Time of current DRX
cycle. In one example, "1" of the first field can indicate go-to-sleep and skip PDCCH
monitoring for the remaining Active Time of current DRX cycle; "0" of the first field
can indicate continue PDCCH monitoring and do not go to sleep for the remaining
Active Time of current DRX cycle. In another example, "0" of the first field can
indicate go-to-sleep and skip PDCCH monitoring for the remaining Active Time of
current DRX cycle; "1" of the first field can indicate continue PDCCH monitoring and
do not go to sleep for the remaining Active Time of current DRX cycle. K slots/
milliseconds can be either defined in the specification of the system operation, for
example, K=1, or provided to the UE through higher layer signaling. The remaining
fields of the DCI format for triggering UE adaptation which is detected at the
beginning of a DRX ON duration period or within the first K slots/milliseconds of the
DRX on duration can be interpreted based on the result of the first field according to
the following rules.

Rule 1. When the UE goes to sleep or skips PDCCH monitoring for the remaining
Active Time of current DRX cycle, another field or a second field of N1 bit(s) can
indicate whether the UE skips PDCCH monitoring for a number of next N1*Y DRX
ON durations after the Active Time of current DRX cycle. The field can consists of N1
binary bit, and each of the N1 bit indicates whether or not the UE can skip PDCCH
monitoring for the ith set, i=0,1,..., N1-1, of Y consecutive DRX ON
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duration(s)/cycle(s). Any of N1/Y can be either predefined in the specification of the
system operation, e.g. N1=1/Y=1, or provided to the UE through higher layer
signaling.

Rule 2. When the UE does not go to sleep or skip PDCCH monitoring for the
remaining Active Time of current DRX cycle, another field or a second field of N1'
bits after the first field can indicate the active DL BWP. N1' can be either predefined in
the specification of the system operation, e.g. N1' = 1, or provided to the UE through
higher layer signaling. When the UE does not go to sleep or skip PDCCH monitoring
for the remaining Active Time of current DRX cycle, yet another field or a third field
of N2'bits after the first or second field can indicate minimum K0/K2 for cross-slot
scheduling, wherein KO/K2 indicate the slot offset between DCI and its scheduled
PDSCH/PUSCH. N2' can be either predefined in the specification of the system
operation, e.g. N2'= 1, or provided to the UE through higher layer signaling. When the
UE does not go to sleep or skip PDCCH monitoring for the remaining Active Time of
current DRX cycle, yet another field after the first field can be a joint adaptation
indicator to trigger adaptation on multiple power consumptions aspects. In this case, a
UE can be provided with an adaptation table to address adaptation on RRC parameters
that are not configured per BWP but are essential to define different power con-
sumption levels or power saving states.

FIG. 24 illustrates a flowchart for detecting a DCI format by a UE at the beginning of
a DRX ON duration for triggering UE adaptation in accordance with various em-
bodiments of this disclosure. Operations of flowchart 2400 can be implemented in a
UE, such as UE 116 in FIG. 3.

Flowchart 2400 begins at operation 2402 by monitoring a DCI format with fields for
triggering UE adaptation. In operation 2404, the DCI format is detected within the first
K slots of a DRX ON duration. In operation 2406, a determination is made whether to
go to sleep for the remaining Active Time of current DRX cycle. In one embodiment,
the determination is made based on a binary bit in the first field for triggering UE
adaptation.

If the first field indicates that a UE should not go to sleep for the remaining Active
Time of current DRX cycle, i.e., continue PDCCH monitoring, then flowchart 2400
proceeds from operation 2406 to operation 2408 where the active DL BWP is de-
termined after wake-up. In operation 2410, a minimum KO0/K2 is determined after
wake-up, and in operation 2412, a joint adaptation indicator is determined. The active
DL BWP, minimum K0/K2, and the joint adaptation indicator can be determined based
on an information bit in the same field, i.e., a second field, or based on information bits
in different fields.

Returning to operation 2406, if the determination is made that the first field indicates
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that the UE should go to sleep for the remaining Active Time of the current DRX
cycle, i.e., skip PDCCH monitoring, then flowchart 2400 proceeds from operation
2406 to operation 2414 where a determination is made whether to wake up for the next
N1*Y DRX ON duration(s) after the Active Time of current DRX cycle. In one em-
bodiment, this determination can be made based on the information bits in another
field/second field.

When a UE detects a DCI format with fields for triggering UE adaptation during a
DRX Active Time or after the first K slots/milliseconds of a DRX ON duration or
when a DRX is not configured, the fields in the DCI format can be interpreted as in-
dicating UE adaptation without association from DRX operation. K can be either
defined in the specification of the system operation, for example, K=1, or provided to
the UE by higher layer. The content of DCI format can be any of the following
examples.

In a first example, a field or first field of 1 binary bit can indicate whether or not the
UE skips PDCCH monitoring for X PDCCH monitoring occasions, periodicities, mil-
liseconds, and/or slots in respective search space sets that can be adapted by the DCI
format. X can be either predefined in the specification of the system operation, e.g. X =
10, or can be provided to the UE through higher layer signaling. For example, "1" of
the first field can indicate UE skips PDCCH monitoring for X PDCCH monitoring
occasions, periodicities, milliseconds, and/or slots; "0" of the first field can indicate UE
does not skip PDCCH monitoring for X PDCCH monitoring occasions, periodicities,
milliseconds, and/or slots. For another example, "0" of the first field can indicate UE
skips PDCCH monitoring for X PDCCH monitoring occasions, periodicities, mil-
liseconds, and/or slots; "1" of the first field can indicate UE does not skip PDCCH
monitoring for X PDCCH monitoring occasions, periodicities, milliseconds, and/or
slots. The remaining fields of the DCI format for triggering UE adaptation can be in-
terpreted based on the result of the first field according to the following rules.

Rule 1. When the UE is triggered to skip PDCCH monitoring for X PDCCH
monitoring occasions, periodicities, milliseconds, and/or slots, another field or a
second field of N1 bit(s) can indicate whether the UE skips PDCCH monitoring for ad-
ditional time period after the X PDCCH monitoring occasions, periodicities, and/or
slots. For example, the second field can be N1 bits and indicates whether or not the UE
can skip PDCCH monitoring for a number of next N1*Y PDCCH monitoring
occasions and/or periodicities after the X PDCCH monitoring occasions, periodicities,
and/or slots. In this case, each of the N1 bits can indicate whether or not the UE can
skip PDCCH monitoring for the ith (i=0,1,..,N1-1) set of Y consecutive PDCCH
monitoring periodicities/occasions Any of N1/Y can be either predefined in the speci-

fication of the system operation, e.g. N1=1/Y=1, or provided to the UE through higher
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layer signaling. For another example, the second field can be N1 bits, and can indicate
one of 2*N1 preconfigured time periods that the UE can skip PDCCH monitoring in
the respective search space set after.

Rule 2. When the UE is triggered to not go to sleep or continue PDCCH monitoring
for X PDCCH monitoring occasions/periodicities, another field or a second field of N1'
bits after the first field can indicate adaptation on PDCCH monitoring periodicity. N1'
can be either predefined in the specification of the system operation, e.g. N1' =1, or
provided to the UE through higher layer signaling. When the UE does not go to sleep
or skip PDCCH monitoring for the remaining Active Time of current DRX cycle, yet
another field or a third field of N2' bits after the first or second field can indicate
minimum K0/K2 for cross-slot scheduling, wherein KO/K2 indicate the slot offset
between DCI and its scheduled PDSCH/PUSCH. N2' can be either predefined in the
specification of the system operation, e.g. N2' = 1, or provided to the UE through
higher layer signaling. When the UE does not go to sleep or skip PDCCH monitoring
for the remaining Active Time of current DRX cycle, yet another field or a third field
of N3'bits after the first or second field can indicate adaptation on PDCCH candidates
per CCE AL for respective search space sets. The respective search space sets can be
either defined in the specification of system operation or provided to the UE through
higher layer signaling. N3' can be either predefined in the specification of the system
operation, e.g. N3' = 1, or provided to the UE through higher layer signaling.

In a second example, a field of N1 >= 1 bits can indicate one of 2*N1 joint candidate
adaptations associated with multiple adaptive parameters related to PDCCH
monitoring in respective search space sets that can be adapted by the DCI format. The
27N candidate adaptations can be either predefined in the specification of the system
operation, for example, N1 =2, Table 5, or provided to the UE through higher layer
signaling. A related adaptive parameter can be minimum PDCCH monitoring pe-
riodicity for respective search space sets. In this case, for a respective search space s
with a PDCCH monitoring periodicity less than X, UE will assume the PDCCH
monitoring periodicity is adapted to X when the UE receives the DCI format indicating
the minimum PDCCH monitoring periodicity of X. Another related adaptive parameter
can be maximum number of PDCCH candidates per CCE AL in respective search
space sets. In this case, for a respective search space s with PDCCH candidates per
CCE AL that is larger than Y, UE will assume the PDCCH candidates per CCE AL is
adapted to Y when the UE receives the DCI format indicating the maximum PDDCH
candidates of Y.

Table 5.
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DCI | Minimum PDCCH | Maximum PDCCH
fiel | monitoring period | candidates per A
d icity, /slot L
00 T=1 16
01 T=2 8
10 T=3 4
11 T =4 2

In a third example, a field can indicate a minimum scheduling delay offset, i.e.
minimum applicable value of KO or K2.

In a fourth example, a field can indicate a minimum processing timeline offset. The
field can be c1 bit to indicate 2”c1 preconfigured a list of candidate values. The
minimum processing time offset can indicate any of the following:

minimum applicable value of KO;

minimum applicable value of K2;

minimum applicable value of aperiodic CSI-RS triggering offset;

minimum applicable value of SRS slot offset; and/or

minimum applicable value of K1.

In a fifth example, the DCI format can include any of the following fields to trigger
adaptation on PDCCH monitoring associated with a search space set s in CORESET p:

a field with c1 bit to indicate the associated search space set index, s, for adaptation.
For example, mod(s, 2”c1) is carried in the DCI, where c1 can either be defined in the
specification of the system operation, for example, c1=1, or provided to a UE by
higher layer signaling;

a field with 1 bit to indicate deactivation or activation of search space set s;

a field with 1 bit to indicate deactivation or activation of CORESET p, associated
with search space set s;

a field with 1 bit to indicate scaling of the monitoring periodicity of search space set
s, €.2., "0" indicate reduce the monitoring periodicity of search space set by half, "1"
indicate double the monitoring periodicity of search space set s;

a field with 1 bit to indicate scaling on the monitoring duration of search space set s,
e.g., "0" indicate reduce the monitoring duration of search space set by half, "1"
indicate double the monitoring duration of search space set s;

a field with c2 bits to indicate the activated or deactivated CCE ALs, where c2 can
either be defined in the specification of the system operation, for example, c2=2, or

provided to a UE by higher layer signaling; and/or
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a field with c3 bits to indicate the activated or deactivated PDCCH candidates per
CCE AL, where c3 can either be defined in the specification of the system operation,
for example, c3=2, or provided to a UE by higher layer signaling.

In a sixth example, the DCI format can include any of the following fields to trigger
adaptation on PDCCH monitoring in one or more respective search space set(s):

a field with c4 bits to indicate the number of cells to monitoring PDCCH candidates,
where c4 can either be defined in the specification of the system operation, for
example, c4=2, or provided to a UE by higher layer signaling;

a field with c5 bits to indicate the scaling on maximum number of monitored
PDCCH candidates per slot and per serving cell, where c¢5 can either be defined in the
specification of the system operation, for example, ¢5=2, or provided to a UE by
higher layer signaling;

a field with c6 bits to indicate the active DL BWP, where c6 can either be defined in
the specification of the system operation, for example, c6=2, or provided to a UE by
higher layer signaling;

a field with 1 bit to indicate whether or not UE skips monitoring PDCCH for N slots/
milliseconds, where N can be defined in the specification of the system operation, such
that N=1, or provided to a UE by higher layer signaling; and/or

a field with c¢7 bits to indicate a sleep duration, T_sleep, where UE do not monitor
PDCCH in any respective search space sets within the indicated sleep duration. For
example, c¢7 bit can indicate 2”°c7 candidate sleep durations, where c7 and candidate
sleep durations can be either defined in the specification of the system operation or
provided to a UE by higher layer signaling.

FIG. 25 illustrates a flowchart for detecting a DCI format by a UE within the DRX
Active Time for power saving in accordance with various embodiments of this
disclosure. Operations of flowchart 2500 can be implemented in a UE, such as UE 116
in FIG. 3.

Flowchart 2500 begins at operation 2502 by obtaining a configuration on a DCI
format with fields for triggering UE adaptation and respective search space sets that
can be adapted. In operation 2504, a DCI format within the DRX Active Time is
detected or no DRX is configured. In one embodiment, the DCI format is detected with
a successful CRC check within the DRX Active Time. In operation 2506 a deter-
mination is made as to whether a first field indicates to skip PDCCH monitoring or de-
activate respective search space sets. For example, the determination can be for
skipping PDCCH monitoring in the respective search space set(s) for a time period,
such as X PDCCH monitoring occasions, periodicities, slots, and/or milliseconds.

If the first field associated with adaptation signaling indicates not to skip PDCCH
monitoring, then flowchart 2500 proceeds from operation 2506 to operation 2508
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where the PDCCH monitoring periodicity is determined, and then to operation 2510
where the adapted PDCCH candidates per CCE AL is determined for the respective
search space sets that are not deactivated.

If the first field associated with adaptation signaling indicates to skip PDCCH
monitoring, then flowchart 2500 proceeds to operation 2512 to determine whether
PDCCH monitoring should be skipped for an additional time period, such as the next
N1*Y PDCCH monitoring occasions/periodicities/slots/milliseconds after the de-
activated time period indicated by the first field. The determination can be made based
on information bits included in a second field, or another field.

DETERMINATION OF PDCCH MONITORING OCCASION FOR TRIGGERING
UE ADAPTATION ASSOCIATED WITH DRX OPERATION

Another embodiment of this disclosure relates to determination of monitoring
occasions of signal/channel at physical layer for triggering UE adaptation associated
with DRX operation in RRC_CONNECTED state. A UE can receive a DCI format
with CRC scrambled by a RNTI dedicated for power saving, for example, PS-RNTL
The DCI format is referred to herein as PS-DCI.

A UE can be configured with a PDCCH based signal/channel in a search space set s
for triggering UE adaptation with association with DRX operation in
RRC_CONNECTED state, the UE can determine a PDCCH monitoring occasion on an
active DL BWP from the PDCCH monitoring periodicity, the PDCCH monitoring
offset, and the PDCCH monitoring pattern within a slot. The UE determines that a
PDCCH monitoring occasion(s) for the signal/channel in the respective search space
set s exists in a slot with number u REF1 in a frame with number n ; if

ns,f

p . The value X is applicable as
(nf . Nslr:tme'” + ng,f — os) mod ks = 0
candidate value for PDCCH monitoring periodicity of search space set s, i.e. monitor-
ingSlotPeriodicity AndOffset in REF7, only if X is multiples of configured DRX cycle
in the unit of slots, T_DRX, such that MOD(X,T_DRX) = 0. The value Y is applicable
as candidate value for PDCCH monitoring offset of search space set s, only if 0 <=
O_DRX, where O_DRX is the configured delay/offset of a DRX cycle. The signal/
channel can be applied to long DRX cycle only. In this case, when only short DRX
cycle is configured, UE does not expect to monitor the signal/channel for triggering
adaptation associated with DRX operation. When a UE is configured to monitor a DCI
format for triggering UE adaptation associated with DRX operation in search space set

s, with duration T ,, the UE monitors the DCI format in search space set s for T ;| con-
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T and does not monitor the DCI format in search space set s for the nextk ;- T
n s.f
consecutive slots.

A UE can determine the number of PDCCH monitoring occasions for transmitting a
PS-DCI to trigger UE adaptation associated with DRX operation per a PDCCH
monitoring periodicity, N_MOs, according to the configured duration, T ,, and PDCCH
monitoring pattern within a slot of associated search space set s, such that N. MOs =T
JNAMOs_slot, where NAMOs_slot is the number of PDCCH monitoring occasions
within a slot indicated by the configured PDCCH monitoring pattern, or the number of
start OFDM symbol within a slot associated with search space set s.

The UE can expect only same content of a PS-DCI for triggering UE adaptation as-
sociated with DRX operation can be transmitted within a PDCCH periodicity.
Regarding the number of repetitions, the number of repetitions of the DCI format can
be transparent to the UE. In this case, the UE can skip PDCCH monitoring for the DCI
format in the remaining monitoring occasions within a periodicity if the UE detects the
DCI format from one of the N_MOs monitoring occasions. Alternatively, the UE can
assume that the DCI format for triggering UE adaptation associated with DRX
operation is repeated over the N_MOs monitoring occasions within a periodicity.

When the number of PDCCH monitoring occasions within a periodicity, N_MGOs, is
larger than one, a multi-beam operation can be supported to transmit the DCI format
for triggering UE adaptation associated with DRX operation. In multi-beam operation,
a UE can determine the QCL assumptions for the N_MOs>1 PDCCH monitoring
occasions through one of the following examples.

In a first example, the UE can assume that QCL assumption of PDCCH for
transmitting the DCI format changes every C1 monitoring occasions within a PDCCH

periodicity. In this case, the maximum of different QCL as-

[IN_MOs/C1]

sumptions can be transparent to the UE. Alternatively, the UE can be provided with a

list of TCI states through higher layer signaling to indicate the
[N_MOs/C1]

QCL assumption of the subset of PDCCH monitoring occasions

[IN_MOs/C1]

wherein the ith (i=0,1, ... -1) TCI state from the list indicate the

" [N_MOs/C1]

QCL assumption for the ith (i=0,1, ... -1) subset with maximum

' [N_MOs/C1]

of C1 monitoring occasions. C1 is a positive integer, and can be either defined in the
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specification, e.g. C1=1, or be provided to the UE through higher layer signaling.

In a second example, the UE can assume that QCL assumption of PDCCH for
transmitting the DCI format cycles every C1 monitoring occasions within a PDCCH
periodicity. In this case, a UE can be provided with a list of TCI
[N_MOs/C1]
states by higher layer signaling, and a UE can be provided with the index of the first
TCI state, I_0, by higher layer signaling. The UE can determines the QCL assumption

for the ith (i=0,1, ... -1) subset of maximum of C1 monitoring

" [N_MOs/C1]
occasions based on I_0, such that the (I_0 + i)th TCI state from the list indicate the
QCL assumption for the ith subset of maximum of C1 monitoring occasions. I_0 can
be reconfigured by a MAC CE. Cl1 is a positive integer, and can be either defined in
the specification, e.g. C1=1, or be provided to the UE through higher layer signaling.

In a third example, the UE can assume N_MOs equals to the number of actual
transmitted SS/PBCH blocks determined according to ssb-PositionsInBurst in SIB1.
The 1 ® PDCCH monitoring occasion for the DCI format within a periodicity cor-
responds to the 1 ® transmitted SS/PBCH block, and is QCLed with the 1 ® transmitted
SS/PBCH block. The QCL type between the 1 ® transmitted SS/PBCH block and the 1 ®
PDCCH monitoring occasion can be QCL-TypeA/ QCL-TypeB/ QCL-TypeC/ QCL-
TypeD, and can be provided to the UE through higher layer signaling.

FIG. 26 illustrates a schematic of multibeam transmission on the DCI format for
triggering UE adaptation associated with DRX operation through N_MOs>1 PDCCH
monitoring occasions per PDCCH monitoring periodicity in accordance with various
embodiments of this disclosure. A UE, such as UE 116 in FIG. 3, can be configured
with a search space set for transmitting DCI format to trigger UE adaptation associated
with DRX operation.

The UE can be configured with N_MOs>1 PDCCH monitoring occasions 2601 and
2602 within a PDCCH monitoring periodicity 2605. The UE expects that a DCI format
for triggering UE adaptation associated with DRX operation is repeated over the
N_MOs>=1 PDCCH monitoring occasions within a PDCCH monitoring periodicity.
The QCL assumptions for the N_MOs>1 PDCCH monitoring occasions can be
different, for example, with beam direction directions or different spatial parameters.

For a PDCCH monitoring occasion outside of DRX ON duration for transmitting a
PS-DCI to trigger UE adaptation associated with DRX operation, a UE skips
monitoring the PDCCH occasion when the monitoring occasion is overlapped with the
Active Time of previous DRX cycle as illustrated in FIG. 27 that follows. In another
approach, a UE skips monitoring the PDCCH occasion when the monitoring occasion

is overlapped with the Active Time of previous DRX cycle as illustrated in FIG. 28
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and with any of the following conditions.

Condition 1: the Active Time of previous DRX cycle is overlapped with the next
DRX cycle the PS-DCI is associated with.

Condition 2: the total number of DCI sizes if UE monitors/decodes the PS-DCI
exceeds the DCI size budget.

Condition 3: the offset between the monitoring occasion and the next DRX ON
duration the PS-DCI is associated with is less than a threshold, K threshold.
K_threshold can be either defined in the specification of the system operation, e.g.
K_threshold =1 slot, or provided to the UE through higher layer signaling.

Condition 4: the number of PDCCH decoding if the UE monitors/decodes the PS-
DCI exceeds the PDCCH blind decoding capacity.

A gNB can transmit dummy bits in the fields associated with the UE when the UE is
not supposed to monitor the PS-DCI. In one example, the dummy bits can be all zeros
or all ones.

FIG. 27 illustrates a schematic diagram for a PDCCH monitoring occasion outside of
DRX ON duration that is overlapped by the dynamic Active Time of the previous
DRX cycle in accordance with various embodiments of this disclosure. The monitoring
can be performed by a UE, such as UE 116 in FIG. 3.

The UE can determine a PDCCH monitoring occasion 2703 and 2704 outside of
DRX ON duration 2705 and 2706. When an Active Time of a DRX cycle is extended,
for example drx-InactivityTimer 2707 is restarted, and the extended Active Time of a
DRX cycle overlaps with PDCCH monitoring occasion 2704 associated with next
DRX cycle, the UE can skip monitoring the overlapped PDCCH monitoring occasion
2704, and the UE assume no DCI format to trigger UE adaptation associated with
DRX operation is transmitted.

For a PDCCH monitoring occasion outside of DRX ON duration for transmitting a
PS-DCI to trigger UE adaptation associated with next one or more DRX cycle(s), a UE
can skip monitoring the PDCCH monitoring occasion when the UE detects a DCI
format in previous PDCCH monitoring occasion that indicates the UE to sleep or skip
PDCCH monitoring for at least one of the associated DRX cycle(s).

FIG. 28 illustrates a schematic diagram of skipping the monitoring occasion of PS-
DCI in accordance with various embodiments of this disclosure. Skipping of the
monitoring occasion can be performed by a UE, such as UE 116 in FIG. 3.

A UE can be configured with monitoring occasion for PS-DCI 2801 and 2803 before
DRX ON duration 2802 and 2804. The UE can be indicated to skip PDCCH
monitoring at least in USS sets for more than one DRX ON duration. When the UE is
indicated to skip DRX ON duration 2802 and 2804 by the PS-DCI in monitoring
occasion 2801 the UE can skip monitoring occasion of PS-DCI 2803. A gNB can
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transmit dummy bits in the fields associated with the UE when the UE is not supposed
to monitor the PS-DCI. In one example, the dummy bits can be all zeros or all ones.

For N_MOs>=1 PDCCH monitoring occasions outside DRX ON duration or Active
Time for transmitting a PS-DCI to trigger UE adaptation associated with DRX
operation, if there is partial overlap between SS/PBCH blocks and the N_MOs
PDCCH monitoring occasions, the UE can start monitoring PDCCH in the first
PDCCH monitoring occasion after the SS/PBCH blocks. The overlapped PDCCH
occasions can be skipped but is still counted as PDCCH monitoring occasions when
UE determines the index of the PDCCH monitoring occasions. Alternatively, when
there is an overlap between SS/PBCH blocks and the N_MOs PDCCH monitoring
occasions, the first occasion after the SS/PBCH blocks can be counted as the first
PDCCH monitoring occasion, and UE monitors up to N_MOs consecutive PDCCH
monitoring occasions before the start of a the first associated DRX ON duration.

DETERMINATION OF PDCCH MONITORING OCCASION FOR TRIGGERING
UE ADAPTATION WITHOUT ASSOCIATION WITH DRX OPERATION

Another embodiment of this disclosure relates to the determination of monitoring
occasion of signal/channel at physical layer for triggering UE adaptation without as-
sociation with DRX operation in RRC_CONNECTED state. For example, the signal/
channel can be a DCI format transmitted to UE through PDCCH.

A UE can be configured with a PDCCH based signal/channel in a search space set s
for triggering UE adaptation without association with DRX operation in
RRC_CONNECTED state, the UE can determine a PDCCH monitoring occasion on an
active DL BWP from the PDCCH monitoring periodicity, the PDCCH monitoring
offset, and the PDCCH monitoring pattern within a slot. The UE determines that a
PDCCH monitoring occasion(s) for the signal/channel in the respective search space
set s exists in a slot with number u REF1 in a frame with number n ; if

ns,f

. When the respective search

frame,u u _
(nf * Ny +ng,— os) modks; =0

space set s is configured with duration T ,, the UE monitors the DCI format in search
space set s for T ; consecutive slots, starting from slot  ,, and does not monitor
n s,f
the DCI format in search space set s for the next k , - T consecutive slots.
A UE can determine the number of PDCCH monitoring occasions for transmitting a
DCI format to trigger UE adaptation per a PDCCH monitoring periodicity, N_MOs,

according to the configured duration, T ;, and PDCCH monitoring pattern within a slot



82

WO 2020/246858 PCT/KR2020/007370

[557]

[558]

[559]

[560]

[561]

[562]

[563]

[564]

of associated search space set s, such that N_MOs =T ;*N*MOs_slot, where
N~MOs_slot is the number of PDCCH monitoring occasions indicated by the
configured PDCCH monitoring pattern within a slot, or the number of start OFDM
symbol within a slot associated with search space set s. The UE can expect only same
content of a DCI format for triggering UE adaptation can be transmitted within a
PDCCH periodicity. Regarding the number of repetitions, the number of repetitions of
the DCI format can be transparent to the UE. In this case, the UE can skip PDCCH
monitoring for the DCI format in the remaining monitoring occasions within a pe-
riodicity if the UE detects the DCI format from one of the N_MOs monitoring
occasions. Alternatively, the UE can assume that the DCI format for triggering UE
adaptation is repeated over the N_MOs monitoring occasions within a periodicity.

FIG. 29 illustrates repetitions on a DCI format for triggering UE adaptation within
DRX Active Time in accordance with various embodiments of this disclosure. A UE,
such as UE 116 in FIG. 3, can be configured with a search space set s for transmitting
DCI format to trigger UE adaptation without association with DRX operation.

The UE can be configured with N_MOs>=1 PDCCH monitoring occasions 2902 and
2903 within a PDCCH monitoring periodicity 2901. The UE can assume that the DCI
format for triggering UE adaptation is repeated over the N_MOs>=1 PDCCH
monitoring occasions. The QCL assumptions for the N_MOs>1 PDCCH monitoring
occasions is indicated by the activated TCI state of the respective CORESET.

For a PDCCH monitoring occasion for transmitting the DCI format to trigger UE
adaptation associated with next one or more PDCCH monitoring periodicity/
occasion(s), a UE can skip monitoring the PDCCH occasion when the UE detects a
DCI format in previous PDCCH monitoring occasion that triggers the UE to skip
PDCCH monitoring for at least one of the associated PDCCH monitoring periodicity/
occasion(s).

FIG. 30 illustrates a flowchart of a process for determining search space sets for
PDCCH monitoring in accordance with various embodiments of this disclosure. The
operations of flowchart 3000 can be implemented in a UE, such as UE 116 in FIG. 3.

The process of flowchart 3000 begins at operation 3002 by receiving a configuration
for search space sets which includes a first group index for a first group of search space
sets and a second group index for a second group of search space sets.

In operation 3004, an indication corresponding to either the first group index or the
second group index is determined.

In operation 3006, physical downlink control channels (PDCCHs) are received
according to either the first group of search space sets or the second group of search
space sets. The process terminates thereafter.

In some embodiments, the process also includes receiving a PDCCH according to a
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common search space. The PDCCH can includes a downlink control information
(DCI) format. The process also includes determining the indication based on a value of
a field of the DCI format. In some embodiments, the value of the field of the DCI
format is the first group index, and the indication is only for the first group index.

In some embodiments, the process also includes receiving a downlink control in-
formation (DCI) format in a PDCCH reception according to the first group of search
space sets; and determining, upon expiration of the time duration, the indication for
only the second group index. The DCI format can include a field for a time duration.

In some embodiments, where the configuration further includes a time duration, the
process also includes receiving the PDCCHs according to the first group of search
space sets based on a previous indication for the first group index; and determining,
upon expiration of the time duration, the indication for only the second group index.

In some embodiments, the indication becomes valid at a beginning of a first slot that
is after a time period corresponding to a number of symbols.

FIG. 31 illustrates a flowchart of a method performed by a user equipment (UE) for
determining a search space set for PDCCH monitoring in accordance with various em-
bodiments of this disclosure.

In operation S3110, the UE may receive, from a base station, search space set in-
formation including a first group index for at least one search space set.

In some embodiments, the search space set information may be received by RRC
signal.

In some embodiments, the search space set may correspond to USS set or
Type3-PDCCH CSS set.

In operation S3120, the UE may monitor a physical downlink control
channel(PDCCH) according to the at least one search space set with the first group
index.

In operation S3130, the UE may detect a downlink control information(DCI) in-
dicating switching of the at least one search space set for monitoring the PDCCH based
on the monitored PDCCH.

In some embodiments, the DCI may include information indicating the second group
index to be switched. Also, the DCI may be received through a CSS(Commmon
Search Space).

In some embodiments, the DCI may include information of duration time for
monitoring

In some embodiments, the DCI may indicate that the at least one search space set
currently being monitored is switched to at least one another search space set.

In operation S3140, the UE may switch to at least one search space set with a second

group index based on the DCI.
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In some embodiments, the UE may start monitoring the PDCCH according to the at
least one search space set with the second group index, based on the DCI. Also, the UE
may stop monitoring the PDCCH according to the at least one search space set with the
first group index, based on the DCI. For example, the UE may start monitoring the
PDCCH according to the at least one search space set with the second group index,
based on the DCI including the information indicating the second group index to be
switched.

In some embodiments, the UE may start monitoring the PDDCH according to the at
least one search space set with the second group index after a predetermined time after
receiving the DCI. For example, the UE may start monitoring the PDDCH according to
the at least one search space set with the second group index after a predetermined
time after receiving the PDCCH which includes the DCI including the information in-
dicating the second group index to be switched.

In some embodiments, the UE may start monitoring the PDCCH according to the at
least one search space set with the second group index based on the information of
duration time indicated by the DCI.

In some embodiments, the UE may start monitoring the PDCCH according to the at
least one another search space set corresponding to the second group index, based on
the DCI. Also, he UE may stop monitoring the PDCCH according to the at least one
search space set currently being monitored corresponding to the first group index,
based on the DCI. For example, the UE may start monitoring the PDCCH according to
the at least one another search space set corresponding to the second group index,
based on the DCI indicating that the at least one search space set currently being
monitored is switched to the at least one another search space set.

In some embodiments, the UE may receive information of a timer for switching the
at least one search space set by higher layer signal. Also, the UE may start monitoring
the PDCCH according to the at least one search space set with the second group index
based on the timer.

FIG. 32 illustrates a flowchart of a method performed by a base station (BS) for de-
termining a search space set for PDCCH monitoring in accordance with various em-
bodiments of this disclosure.

The repeated explanation is omitted, as detailed information was explained using the
above drawings including FIG. 31.

In operation S3210, the BS may transmit, to a user equipment, search space set in-
formation including a first group index for at least one search space set.

In operation S3220, the BS may transmit, to the user equipment, a physical downlink
control channel(PDCCH) according to the at least one search space set with the first

group index.
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In some embodiments, the PDDCH may include a downlink control in-
formation(DCI) indicating switching of the at least one search space set for monitoring
the PDCCH.

In some embodiments, the DCI may include information indicating a second index to
be switched.

In some embodiments, the DCI may indicate that at least one search space set
currently being monitored is switched to at least one another search space set.

In some embodiments, the DCI may be transmitted through a CSS(Commmon
Search Space) to the UE.

In some embodiments, the DCI may include information of duration time for
monitoring.

FIG. 33 schematically illustrates the base station according to embodiments of the
present disclosure.

Referring to the FIG. 33, the Base station 3300 may include a processor 3310, a
transceiver 3320 and a memory 3330. However, all of the illustrated components are
not essential. The Base station 3300 may be implemented by more or less components
than those illustrated in FIG. 33. In addition, the processor 3310 and the transceiver
3320 and the memory 3330 may be implemented as a single chip according to another
embodiment.

The Base station 3300 may correspond to base station and gNB described above. For
example, the Base station 3300 may correspond to the gNBs 101, 102 and 103 il-
lustrated in FIG. 1 and FIG. 2.

The aforementioned components will now be described in detail.

The processor 3310 may include one or more processors or other processing devices
that control the proposed function, process, and/or method. Operation of the Base
station 3300 may be implemented by the processor 3310.

The transceiver 3320 may include a RF transmitter for up-converting and amplifying
a transmitted signal, and a RF receiver for down-converting a frequency of a received
signal. However, according to another embodiment, the transceiver 3320 may be im-
plemented by more or less components than those illustrated in components.

The transceiver 3320 may be connected to the processor 3310 and transmit and/or
receive a signal. The signal may include control information and data. In addition, the
transceiver 3320 may receive the signal through a wireless channel and output the
signal to the processor 3310. The transceiver 3320 may transmit a signal output from
the processor 3310 through the wireless channel.

The memory 3330 may store the control information or the data included in a signal
obtained by the Base station 3300. The memory 3330 may be connected to the

processor 3310 and store at least one instruction or a protocol or a parameter for the
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proposed function, process, and/or method. The memory 3330 may include read-only
memory (ROM) and/or random access memory (RAM) and/or hard disk and/or CD-
ROM and/or DVD and/or other storage devices.

FIG. 34 illustrates a user equipment (UE) according to embodiments of the present
disclosure.

Referring to the FIG. 34, the UE 3400 may include a processor 3410, a transceiver
3420 and a memory 3430. However, all of the illustrated components are not essential.
The UE 3400 may be implemented by more or less components than those illustrated
in FIG. 34. In addition, the processor 3410 and the transceiver 3420 and the memory
3430 may be implemented as a single chip according to another embodiment.

The UE 3400 may correspond to the UE described above. For example, UE 3400
may correspond to UEs 111-116 illustrated in FIG. 1 and FIG.3.

The aforementioned components will now be described in detail.

The processor 3410 may include one or more processors or other processing devices
that control the proposed function, process, and/or method. Operation of the UE 3400
may be implemented by the processor 3410.

The transceiver 3420 may include a RF transmitter for up-converting and amplifying
a transmitted signal, and a RF receiver for down-converting a frequency of a received
signal. However, according to another embodiment, the transceiver 3420 may be im-
plemented by more or less components than those illustrated in components.

The transceiver 3420 may be connected to the processor 3410 and transmit and/or
receive a signal. The signal may include control information and data. In addition, the
transceiver 3420 may receive the signal through a wireless channel and output the
signal to the processor 3410. The transceiver 3420 may transmit a signal output from
the processor 3410 through the wireless channel.

The memory 3430 may store the control information or the data included in a signal
obtained by the UE 3400. The memory 3430 may be connected to the processor 3410
and store at least one instruction or a protocol or a parameter for the proposed function,
process, and/or method. The memory 3430 may include read-only memory (ROM)
and/or random access memory (RAM) and/or hard disk and/or CD-ROM and/or DVD
and/or other storage devices.

Although this disclosure has been described with an exemplary embodiment, various
changes and modifications may be suggested to one skilled in the art. For example, this
disclosure includes several embodiments that can be used in conjunction or in com-
bination with one another, or individually. It is intended that this disclosure encompass
such changes and modifications as fall within the scope of the appended claims. None
of the description in this application should be read as implying that any particular

element, step, or function is an essential element that must be included in the claims
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Claims

A method performed by a user equipment (UE) for determining a
search space set for PDCCH monitoring, the method comprising:
receiving, from a base station, search space set information including a
first group index for at least one search space set;

monitoring a physical downlink control channel(PDCCH) according to
the at least one search space set with the first group index;

detecting a downlink control information(DCI) indicating switching of
the at least one search space set for monitoring the PDCCH based on
the monitored PDCCH; and

switching to at least one search space set with a second group index
based on the DCI.

The method of claim 1, wherein the DCI includes information in-
dicating the second group index to be switched.

The method of claim 2,

wherein the switching to the at least one search space set with the
second group index comprises:

starting monitoring the PDCCH according to the at least one search
space set with the second group index and stopping monitoring the
PDCCH according to the at least one search space set with the first
group index, based on the DCI.

The method of claim 2,

wherein the DCI is received through a CSS(Commmon Search Space).
The method of claim 2,

wherein the switching to the at least one search space set with the
second group index comprises:

starting monitoring the PDDCH according to the at least one search
space set with the second group index after a predetermined time after
receiving the DCIL.

The method of claim 2,

wherein the DCI includes information of duration time for monitoring;
and

wherein the switching to the at least one search space set with the
second group index comprises:

starting monitoring the PDCCH according to the at least one search
space set with the second group index based on the information of
duration time indicated by the DCI.
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The method of claim 1,

wherein the DCI indicates that the at least one search space set
currently being monitored is switched to at least one another search
space set; and

wherein the switching to the at least one search space set with the
second group index comprises:

starting monitoring the PDCCH according to the at least one another
search space set corresponding to the second group index and stopping
monitoring the PDCCH according to the at least one search space set
currently being monitored corresponding to the first group index, based
on the DCI.

The method of claim 1, further comprising:

receiving information of a timer for switching the at least one search
space set by higher layer signal; and

wherein the switching to the at least one search space set with the
second group index comprises:

starting monitoring the PDCCH according to the at least one search
space set with the second group index based on the timer.

The method of claim 1,

wherein the search space set information is received by RRC signal.

A method performed by a base station (BS) for determining a search
space set for PDCCH monitoring, the method comprising:
transmitting, to a user equipment, search space set information
including a first group index for at least one search space set; and
transmitting, to the user equipment, a physical downlink control
channel(PDCCH) according to the at least one search space set with the
first group index;

wherein the PDDCH includes a downlink control information(DCI) in-
dicating switching of the at least one search space set for monitoring
the PDCCH.

The method of claim 10,

wherein the DCI includes information indicating a second index to be
switched.

The method of claim 10,

wherein the DCI indicates that at least one search space set currently
being monitored is switched to at least one another search space set.

A user equipment (UE) comprising:

a transceiver; and
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at least one processor coupled with the transceiver and configured to;
control the transceiver to receive, from a base station, search space set
information including a first group index for at least one search space
set,

monitor a physical downlink control channel(PDCCH) according to the
at least one search space set with the first group index,

detect a downlink control information(DCI) indicating switching of the
at least one search space set for monitoring the PDCCH based on the
monitored PDCCH and

switch to at least one search space set with a second group index based
on the DCI.

The UE of claim 13,

wherein the DCI includes information indicating the second group
index to be switched, and

wherein the at least one processor is further configured to:

start monitoring a PDCCH according to the at least one search space set
with the second group index and stop monitoring a PDCCH according
to the at least one search space set with the first group index, based on
the DCI.

The UE of claim 13,

wherein the DCI indicates that at least one search space set currently
being monitored is switched to at least one another search space set,
and

wherein the at least one processor is further configured to:

start monitoring the PDCCH according to the at least one another
search space set corresponding to the second group index and stop
monitoring the PDCCH according to the at least one search space set
corresponding to the first group index currently being monitored, based
on the DCI.
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[Fig. 10]
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[Fig. 11]
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[Fig. 12]
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[Fig. 13]
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[Fig. 14]
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[Fig. 15]
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[Fig. 17]
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[Fig. 19]
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[Fig. 21]
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[Fig. 26]
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[Fig. 29]
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[Fig. 31]
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