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The UE is configured a search space set for monitoring

| £1030

The UE monitors a PDCCH candidate in the search space set
associated with £ non-overlapping CCEs

The UE counts the monitored PDCCH candidate as 1/N of one
PDCCH candidate, and counts the £ monitored CCEs as L/N of
one non-overlapping CCE for each cell from the set of
co-scheduled cells

tion indicating a set of cells that includes more than one cell, second infor-
A UE is configured a set of co-scheduled cells including # cells | mation indicating a first search space set that is associated with a DCI for-
mat for scheduling on multiple cells, and third information indicating an in-
dicator value corresponding to the set of cells. The method further includes
\ <1020 determining an association between the first search space set and the set of
cells, and, based on the first search space set and the indicator value, control
PDCCH to detect a DCT format for multi-cell scheduling on channel elements (CCEs) for receptions of PDCCH candidates; and receiving
the set of co-scheduled cells the PDCCH candidates over the CCEs.
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Description

Title of Invention: PDCCH MONITORING FOR MULTI-CELL

[1]

[2]

[3]

[4]

SCHEDULING
Technical Field

The present disclosure relates generally to wireless communication systems and,
more specifically, the present disclosure relates to physical downlink control channel

(PDCCH) monitoring for multi-cell scheduling.
Background Art

5G mobile communication technologies define broad frequency bands such that high
transmission rates and new services are possible, and can be implemented not only in
“Sub 6GHz” bands such as 3.5GHz, but also in “Above 6GHz” bands referred to as
mmWave including 28GHz and 39GHz. In addition, it has been considered to
implement 6G mobile communication technologies (referred to as Beyond 5G systems)
in terahertz (THz) bands (for example, 95GHz to 3THz bands) in order to accomplish
transmission rates fifty times faster than 5G mobile communication technologies and
ultra-low latencies one-tenth of 5G mobile communication technologies.

At the beginning of the development of 5G mobile communication technologies, in
order to support services and to satisfy performance requirements in connection with
enhanced Mobile BroadBand (eMBB), Ultra Reliable Low Latency Communications
(URLLC), and massive Machine-Type Communications (mMTC), there has been
ongoing standardization regarding beamforming and massive MIMO for mitigating
radio-wave path loss and increasing radio-wave transmission distances in mmWave,
supporting numerologies (for example, operating multiple subcarrier spacings) for ef-
ficiently utilizing mmWave resources and dynamic operation of slot formats, initial
access technologies for supporting multi-beam transmission and broadbands, definition
and operation of BWP (BandWidth Part), new channel coding methods such as a
LDPC (Low Density Parity Check) code for large amount of data transmission and a
polar code for highly reliable transmission of control information, L2 pre-processing,
and network slicing for providing a dedicated network specialized to a specific service.

Currently, there are ongoing discussions regarding improvement and performance
enhancement of initial 5G mobile communication technologies in view of services to
be supported by 5G mobile communication technologies, and there has been physical
layer standardization regarding technologies such as V2X (Vehicle-to-everything) for
aiding driving determination by autonomous vehicles based on information regarding
positions and states of vehicles transmitted by the vehicles and for enhancing user con-

venience, NR-U (New Radio Unlicensed) aimed at system operations conforming to
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various regulation-related requirements in unlicensed bands, NR UE Power Saving,
Non-Terrestrial Network (NTN) which is UE-satellite direct communication for
providing coverage in an area in which communication with terrestrial networks is un-
available, and positioning.

Moreover, there has been ongoing standardization in air interface architecture/
protocol regarding technologies such as Industrial Internet of Things (IIoT) for
supporting new services through interworking and convergence with other industries,
IAB (Integrated Access and Backhaul) for providing a node for network service area
expansion by supporting a wireless backhaul link and an access link in an integrated
manner, mobility enhancement including conditional handover and DAPS (Dual
Active Protocol Stack) handover, and two-step random access for simplifying random
access procedures (2-step RACH for NR). There also has been ongoing standardization
in system architecture/service regarding a 5G baseline architecture (for example,
service based architecture or service based interface) for combining Network Functions
Virtualization (NFV) and Software-Defined Networking (SDN) technologies, and
Mobile Edge Computing (MEC) for receiving services based on UE positions.

As 5G mobile communication systems are commercialized, connected devices that
have been exponentially increasing will be connected to communication networks, and
it is accordingly expected that enhanced functions and performances of 5G mobile
communication systems and integrated operations of connected devices will be
necessary. To this end, new research is scheduled in connection with eXtended Reality
(XR) for efficiently supporting AR (Augmented Reality), VR (Virtual Reality), MR
(Mixed Reality) and the like, 5G performance improvement and complexity reduction
by utilizing Artificial Intelligence (Al) and Machine Learning (ML), Al service
support, metaverse service support, and drone communication.

Furthermore, such development of 5G mobile communication systems will serve as a
basis for developing not only new waveforms for providing coverage in terahertz
bands of 6G mobile communication technologies, multi-antenna transmission tech-
nologies such as Full Dimensional MIMO (FD-MIMO), array antennas and large-scale
antennas, metamaterial-based lenses and antennas for improving coverage of terahertz
band signals, high-dimensional space multiplexing technology using OAM (Orbital
Angular Momentum), and RIS (Reconfigurable Intelligent Surface), but also full-
duplex technology for increasing frequency efficiency of 6G mobile communication
technologies and improving system networks, Al-based communication technology for
implementing system optimization by utilizing satellites and Al (Artificial In-
telligence) from the design stage and internalizing end-to-end Al support functions,
and next-generation distributed computing technology for implementing services at

levels of complexity exceeding the limit of UE operation capability by utilizing ultra-
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high-performance communication and computing resources.

Disclosure of Invention

Technical Problem
The present disclosure provides method and apparatus for physical downlink control
channel (PDCCH) monitoring for multi-cell scheduling in a wireless communication

system.
Solution to Problem

According to an aspect of an exemplary embodiment, there is provided a commu-

nication method in a wireless communication.
Advantageous Effects of Invention

Aspects of the present disclosure provide efficient communication methods in a
wireless communication system.
Brief Description of Drawings

For a more complete understanding of the present disclosure and its advantages,
reference is now made to the following description taken in conjunction with the ac-
companying drawings, in which like reference numerals represent like parts:

FIGURE 1 illustrates an example wireless network according to embodiments of the
present disclosure;

FIGURE 2 illustrates an example base station (BS) according to embodiments of the
present disclosure;

FIGURE 3 illustrates an example UE according to embodiments of the present
disclosure;

FIGURES 4 and 5 illustrate example wireless transmit and receive paths according to
embodiments of the present disclosure;

FIGURE 6 illustrates an example method for counting a number of PDCCH
candidates for a search space according to embodiments of the present disclosure;

FIGURE 7 illustrates an example method for distinguishing a multi-cell scheduling
DCI format from a single-cell scheduling DCI format according to embodiments of the
present disclosure;

FIGURE 8 illustrates an example method for monitoring PDCCH in a search space
set for multi-cell scheduling according to embodiments of the present disclosure;

FIGURE 9 illustrates an example method for search space linking for multi-cell
scheduling according to embodiments of the present disclosure;

FIGURES 10 and 11 illustrate example methods for counting PDCCH candidates for
multi-cell scheduling operation according to embodiments of the present disclosure;
and

FIGURES 12 and 13 illustrates example methods for search space set overbooking
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and dropping for multi-cell scheduling operation according to embodiments of the

present disclosure.
FIGURE 14 illustrates the configuration of a UE in a wireless communication system

according to various embodiments.

FIGURE 15 illustrates the configuration of a BS in a wireless communication system
according to various embodiments.

Best Mode for Carrying out the Invention

This disclosure relates to PDCCH monitoring for multi-cell scheduling.

In one embodiment, a method for reception of PDCCHs is provided. The method
includes receiving first information indicating a set of cells that includes more than one
cell, second information indicating a first search space set that is associated with a DCI
format for scheduling on multiple cells, and third information indicating an indicator
value corresponding to the set of cells. The method further includes determining an as-
sociation between the first search space set and the set of cells, and, based on the first
search space set and the indicator value, control channel elements (CCEs) for re-
ceptions of PDCCH candidates; and receiving the PDCCH candidates over the CCEs.

In another embodiment, a user equipment (UE) is provided. The UE includes a
transceiver configured to receive first information indicating a set of cells that includes
more than one cell, second information indicating a first search space set that is as-
sociated with a DCI format for scheduling on multiple cells, and third information in-
dicating an indicator value corresponding to the set of cells. The UE further includes a
processor operably coupled to the transceiver. The processor is configured to
determine an association between the first search space set and the set of cells, and,
based on the first search space set and the indicator value, CCEs for receptions of
PDCCH candidates. The transceiver is further configured to receive the PDCCH
candidates over the CCEs.

In yet another embodiment, a base station is provided. The base station includes a
transceiver configured to transmit first information indicating a set of cells that
includes more than one cell, second information indicating a first search space set that
is associated with a DCI format for scheduling on multiple cells, and third information
indicating an indicator value corresponding to the set of cells. The base station further
includes a processor operably coupled to the transceiver. The processor is configured
to determine an association between the first search space set and the set of cells, and,
based on the first search space set and the indicator value, CCEs for PDCCH
candidates. The transceiver is further configured to transmit a PDCCH using a PDCCH
candidate.

Other technical features may be readily apparent to one skilled in the art from the
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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 or not those elements are in physical

bR ANYS

contact 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
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.

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
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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

[32] This application claims priority under 35 U.S.C. § 119(e) to U.S. Provisional Patent
Application No. 63/227,874 filed on July 30, 2021, and U.S. Provisional Patent Ap-
plication No. 63/231,516 filed on August 10, 2021. The above-identified provisional
patent applications are hereby incorporated by reference in their entirety.

[33] FIGURES 1 through 15, discussed below, and the various embodiments used to
describe the principles of the present disclosure in this patent document are by way of
illustration only and should not be construed in any way to limit the scope of the
disclosure. Those skilled in the art will understand that the principles of the present
disclosure may be implemented in any suitably-arranged system or device.

[34] The following documents are hereby incorporated by reference into the present
disclosure as if fully set forth herein: 3GPP TS 38.211 Rel-16 v16.5.0, “NR; Physical
channels and modulation” (“REF1”); 3GPP TS 38.212 Rel-16 v16.5.0, “NR; Mul-
tiplexing and channel coding” (“REF2”); 3GPP TS 38.213 Rel-16 v16.6.0, “NR;
Physical layer procedures for control” (“REF3”); 3GPP TS 38.214 Rel-16 v16.5.0,
“NR; Physical layer procedures for data” (“REF4”); 3GPP TS 38.321 Rel-16 v16.4.0,
“NR; Medium Access Control (MAC) protocol specification” (“REF5”); 3GPP TS
38.331 Rel-16 v16.4.1, “NR; Radio Resource Control (RRC) protocol specification”
(“REF6”); and 3GPP TS 38.300 Rel-16 v16.5.0, “NR; NR and NG-RAN Overall De-
scription; Stage 2” (“REF7”).

[35] To meet the demand for wireless data traffic having increased since deployment of
the fourth generation (4G) communication systems, efforts have been made to develop
and deploy an improved Sth generation (5G) or pre-5G/NR communication system.
Therefore, the 5G or pre-5G communication system is also called a “beyond 4G
network™ or a “post long-term evolution (LTE) system.”

[36] The 5G communication system is considered to be implemented in higher frequency
(mmWave) bands, e.g., 28 GHz or 60 GHz bands, so as to accomplish higher data rates
or in lower frequency bands, such as 6 GHz, to enable robust coverage and mobility
support. To decrease propagation loss of the radio waves and increase the transmission
distance, the beamforming, massive multiple-input multiple-output (MIMO), Full Di-
mensional MIMO (FD-MIMO), array antenna, an analog beam forming, large scale
antenna techniques are discussed in 5G communication systems.

[37] In addition, in 5G communication systems, development for system network im-

provement is under way based on advanced small cells, cloud Radio Access Networks
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(RANS), ultra-dense networks, device-to-device (D2D) communication, wireless
backhaul, moving network, cooperative communication, coordinated multi-points
(CoMP), reception-end interference cancelation and the like.

The discussion of 5G systems and frequency bands associated therewith is for
reference as certain embodiments of the present disclosure may be implemented in 5G
systems. However, the present disclosure is not limited to 5G systems, or the frequency
bands associated therewith, and embodiments of the present disclosure may be utilized
in connection with any frequency band. For example, aspects of the present disclosure
may also be applied to deployment of 5G communication systems, 6G or even later
releases which may use terahertz (THz) bands.

Depending on the network type, the term ‘base station’ (BS) 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), an enhanced base
station (eNodeB or eNB), a gNB, a macrocell, a femtocell, a WiFi access point (AP), a
satellite, or other wirelessly enabled devices. Base stations may provide wireless
access in accordance with one or more wireless communication protocols, €.g., 5G
3GPP New Radio Interface/Access (NR), LTE, LTE advanced (LTE-A), High Speed
Packet Access (HSPA), Wi-Fi 802.11a/b/g/n/ac, etc. The terms ‘BS,” ‘gNB,” and
“TRP’ can be used interchangeably in this disclosure to refer to network infrastructure
components that provide wireless access to remote terminals. Also, depending on the
network type, the term ‘user equipment’ (UE) can refer to any component such as
mobile station, subscriber station, remote terminal, wireless terminal, receive point,
vehicle, or user device. For example, a UE could be a mobile telephone, a smartphone,
a monitoring device, an alarm device, a fleet management device, an asset tracking
device, an automobile, a desktop computer, an entertainment device, an infotainment
device, a vending machine, an electricity meter, a water meter, a gas meter, a security
device, a sensor device, an appliance, and the like.

FIGURES 1-3 below describe various embodiments implemented in wireless com-
munications systems and with the use of orthogonal frequency division multiplexing
(OFDM) or orthogonal frequency division multiple access (OFDMA) communication
techniques. The descriptions of FIGURES 1-3 are not meant to imply physical or ar-
chitectural limitations to the manner in which different embodiments may be im-
plemented. Different embodiments of the present disclosure may be implemented in
any suitably-arranged communications system.

FIGURE 1 illustrates an example wireless network 100 according to embodiments of
the present disclosure. The embodiment of the wireless network 100 shown in
FIGURE 1 is for illustration only. Other embodiments of the wireless network 100

could be used without departing from the scope of this disclosure.
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As shown in FIGURE 1, the wireless network 100 includes a base station, BS 101
(e.g., gNB), a BS 102, and a BS 103. The BS 101 communicates with the BS 102 and
the BS 103. The BS 101 also communicates with at least one network 130, such as the
Internet, a proprietary Internet Protocol (IP) network, or other data network.

The BS 102 provides wireless broadband access to the network 130 for a first
plurality of user equipment’s (UEs) within a coverage area 120 of the BS 102. The first
plurality of UEs includes a UE 111, which may be located in a small business; 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), such as a cell phone, a wireless laptop, a wireless PDA, or the like. The BS
103 provides wireless broadband access to the network 130 for a second plurality of
UESs within a coverage area 125 of the BS 103. The second plurality of UEs includes
the UE 115 and the UE 116. In some embodiments, one or more of the BSs 101-103
may communicate with each other and with the UEs 111-116 using SG/NR, long term
evolution (LTE), long term evolution-advanced (LTE-A), WiMAX, WiFi, or other
wireless communication techniques.

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 BSs, such
as the coverage areas 120 and 125, may have other shapes, including irregular shapes,
depending upon the configuration of the BSs and variations in the radio environment
associated with natural and man-made obstructions.

As described in more detail below, one or more of the UEs 111-116 include circuitry,
programing, or a combination thereof for physical downlink control channel (PDCCH)
monitoring with multiple downlink control information (DCI) format sizes as well as
PDCCH monitoring for multi-cell scheduling. In certain embodiments, and one or
more of the BSs 101-103 includes circuitry, programing, or a combination thereof for
PDCCH monitoring with multiple DCI format sizes as well as PDCCH monitoring for
multi-cell scheduling.

Although FIGURE 1 illustrates one example of a wireless network, various changes
may be made to FIGURE 1. For example, the wireless network could include any
number of BSs and any number of UEs in any suitable arrangement. Also, the BS 101
could communicate directly with any number of UEs and provide those UEs with
wireless broadband access to the network 130. Similarly, each BS 102-103 could com-
municate directly with the network 130 and provide UEs with direct wireless
broadband access to the network 130. Further, the BSs 101, 102, and/or 103 could

provide access to other or additional external networks, such as external telephone
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networks or other types of data networks.

FIGURE 2 illustrates an example BS 102 according to embodiments of the present
disclosure. The embodiment of the BS 102 illustrated in FIGURE 2 is for illustration
only, and the BSs 101 and 103 of FIGURE 1 could have the same or similar con-
figuration. However, BSs come in a wide variety of configurations, and FIGURE 2
does not limit the scope of this disclosure to any particular implementation of a BS.

As shown in FIGURE 2, the BS 102 includes multiple antennas 205a-205n, multiple
radio frequency (RF) transceivers 210a-210n, transmit (TX) processing circuitry 215,
and receive (RX) processing circuitry 220. The BS 102 also includes a controller/
processor 225, a memory 230, and a backhaul or network interface 235.

The RF transceivers 210a-210n receive, from the antennas 205a-205n, incoming RF
signals, such as signals transmitted by UEs in the wireless network 100. The RF
transceivers 210a-210n down-convert the incoming RF signals to generate IF or
baseband signals. The IF or baseband signals are sent to the RX processing circuitry
220, which generates processed baseband signals by filtering, decoding, and/or
digitizing the baseband or IF signals. The RX processing circuitry 220 transmits the
processed baseband signals to the controller/processor 225 for further processing.

The TX processing circuitry 215 receives analog or digital data (such as voice data,
web data, e-mail, or interactive video game data) from the controller/processor 225.
The TX processing circuitry 215 encodes, multiplexes, and/or digitizes the outgoing
baseband data to generate processed baseband or IF signals. The RF transceivers
210a-210n receive the outgoing processed baseband or IF signals from the TX
processing circuitry 215 and up-converts the baseband or IF signals to RF signals that
are transmitted via the antennas 205a-205n.

The controller/processor 225 can include one or more processors or other processing
devices that control the overall operation of the BS 102. For example, the controller/
processor 225 could control the reception of uplink channel signals and the
transmission of downlink channel signals by the RF transceivers 210a-210n, the RX
processing circuitry 220, and the TX processing circuitry 215 in accordance with well-
known principles. The controller/processor 225 could support additional functions as
well, such as more advanced wireless communication functions. For instance, the
controller/processor 225 could support PDCCH monitoring with multiple DCI format
sizes as well as PDCCH monitoring for multi-cell scheduling. Any of a wide variety of
other functions could be supported in the BS 102 by the controller/processor 225. In
some embodiments, the controller/processor 225 includes at least one microprocessor
or microcontroller.

The controller/processor 225 is also capable of executing programs and other

processes resident in the memory 230, such as an OS. The controller/processor 225 can
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move data into or out of the memory 230 as required by an executing process. For
example, the controller/processor 225 can move data into or out of the memory 230
according to a process that is being executed.

The controller/processor 225 is also coupled to the backhaul or network interface
235. The backhaul or network interface 235 allows the BS 102 to communicate with
other devices or systems over a backhaul connection or over a network. The network
interface 235 could support communications over any suitable wired or wireless
connection(s). For example, when the BS 102 is implemented as part of a cellular com-
munication system (such as one supporting SG/NR, LTE, or LTE-A), the network
interface 235 could allow the BS 102 to communicate with other BSs over a wired or
wireless backhaul connection. When the BS 102 is implemented as an access point, the
network interface 235 could allow the BS 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 network interface 235 includes any suitable structure supporting
communications over a wired or wireless connection, such as an Ethernet or RF
transceiver.

The memory 230 is coupled to the controller/processor 225. Part of the memory 230
could include a RAM, and another part of the memory 230 could include a Flash
memory or other ROM.

Although FIGURE 2 illustrates one example of BS 102, various changes may be
made to FIGURE 2. For example, the BS 102 could include any number of each
component shown in FIGURE 2. As a particular example, an access point could
include a number of network interfaces 235, and the controller/processor 225 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 215 and a single instance of RX processing circuitry 220, the BS
102 could include multiple instances of each (such as one per RF transceiver). Also,
various components in FIGURE 2 could be combined, further subdivided, or omitted
and additional components could be added according to particular needs.

FIGURE 3 illustrates an example UE 116 according to embodiments of the present
disclosure. The embodiment of the UE 116 illustrated in FIGURE 3 is for illustration
only, and the UEs 111-115 of FIGURE 1 could have the same or similar configuration.
However, UEs come in a wide variety of configurations, and FIGURE 3 does not limit
the scope of this disclosure to any particular implementation of a UE.

As shown in FIGURE 3, the UE 116 includes an antenna 305, a RF transceiver 310,
TX processing circuitry 315, a microphone 320, and receive (RX) processing circuitry
325. The UE 116 also includes a speaker 330, a processor 340, an input/output (1/0)
interface (IF) 345, an input device 350, a display 355, and a memory 360. The memory
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360 includes an operating system (OS) 361 and one or more applications 362.

The RF transceiver 310 receives, from the antenna 305, an incoming RF signal
transmitted by a BS of the wireless 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
that 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 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 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 processor 340 can include one or more processors or other processing devices
and execute the OS 361 stored in the memory 360 in order to control the overall
operation of the UE 116. For example, the processor 340 could control the reception of
uplink channel signals and the transmission of downlink 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 embodiments, the processor 340
includes at least one microprocessor or microcontroller.

The processor 340 is also capable of executing other processes and programs resident
in the memory 360, such as processes for beam management. The processor 340 can
move data into or out of the memory 360 as required by an executing process. In some
embodiments, the processor 340 is configured to execute the applications 362 based on
the OS 361 or in response to signals received from BSs or an operator. The 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
processor 340.

The processor 340 is also coupled to the input device 350. The operator of the UE
116 can use the input device 350 to enter data into the UE 116. The input device 350
can be a keyboard, touchscreen, mouse, track ball, voice input, or other device capable
of acting as a user interface to allow a user in interact with the UE 116. For example,
the input device 350 can include voice recognition processing, thereby allowing a user

to input a voice command. In another example, the input device 350 can include a
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touch panel, a (digital) pen sensor, a key, or an ultrasonic input device. The touch
panel can recognize, for example, a touch input in at least one scheme, such as a ca-
pacitive scheme, a pressure sensitive scheme, an infrared scheme, or an ultrasonic
scheme.

The processor 340 is also coupled to the display 355. The display 355 may be a
liquid crystal display, light emitting diode 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 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).

Although FIGURE 3 illustrates one example of UE 116, various changes may be
made to FIGURE 3. For example, various components in FIGURE 3 could be
combined, further subdivided, or omitted and additional components could be added
according to particular needs. As a particular example, the 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 FIGURE 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.

FIGURE 4 and FIGURE 5 illustrate example wireless transmit and receive paths
according to this disclosure. In the following description, a transmit path 400, of
FIGURE 4, may be described as being implemented in a BS (such as the BS 102),
while a receive path 500, of FIGURE 5, may be described as being implemented in a
UE (such as a UE 116). However, it may be understood that the receive path 500 can
be implemented in a BS and that the transmit path 400 can be implemented in a UE. In
some embodiments, the receive path 500 is configured to support PDCCH monitoring
with multiple DCI format sizes as well as PDCCH monitoring for multi-cell scheduling
as described in embodiments of the present disclosure.

The transmit path 400 as illustrated in FIGURE 4 includes a channel coding and
modulation block 403, a serial-to-parallel (S-to-P) block 410, a size N inverse fast
Fourier transform (IFFT) block 4135, a parallel-to-serial (P-to-S) block 420, an add
cyclic prefix block 425, and an up-converter (UC) 430. The receive path 500 as il-
lustrated in FIGURE 5 includes a down-converter (DC) 555, a remove cyclic prefix
block 560, a serial-to-parallel (S-to-P) block 565, a size N fast Fourier transform (FFT)
block 570, a parallel-to-serial (P-to-S) block 575, and a channel decoding and de-
modulation block 580.

As illustrated in FIGURE 4, the channel coding and modulation block 405 receives a
set of information bits, applies coding (such as a low-density parity check (LDPC)
coding), and modulates the input bits (such as with quadrature phase shift keying
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(QPSK) or quadrature amplitude modulation (QAM)) to generate a sequence of
frequency-domain modulation symbols. The serial-to-parallel block 410 converts (such
as de-multiplexes) the serial modulated symbols to parallel data in order to generate N
parallel symbol streams, where N is the IFFT/FFT size used in the BS 102 and the UE
116. The size N IFFT block 415 performs an IFFT operation on the N parallel symbol
streams to generate time-domain output signals. The parallel-to-serial block 420
converts (such as multiplexes) the parallel time-domain output symbols from the size
N IFFT block 415 in order to generate a serial time-domain signal. The add cyclic
prefix block 425 inserts a cyclic prefix to the time-domain signal. The up-converter
430 modulates (such as up-converts) the output of the add cyclic prefix block 425 to an
RF frequency for transmission via a wireless channel. The signal may also be filtered
at baseband before conversion to the RF frequency.

A transmitted RF signal from the BS 102 arrives at the UE 116 after passing through
the wireless channel, and reverse operations to those at the BS 102 are performed at the
UE 116.

As illustrated in FIGURE 5, the down-converter 555 down-converts the received
signal to a baseband frequency, and the remove cyclic prefix block 560 removes the
cyclic prefix to generate a serial time-domain baseband signal. The serial-to-parallel
block 565 converts the time-domain baseband signal to parallel time domain signals.
The size N FFT block 570 performs an FFT algorithm to generate N parallel
frequency-domain signals. The parallel-to-serial block 575 converts the parallel
frequency-domain signals to a sequence of modulated data symbols. The channel
decoding and demodulation block 580 demodulates and decodes the modulated
symbols to recover the original input data stream.

Each of the BSs 101-103 may implement a transmit path 400 as illustrated in
FIGURE 4 that is analogous to transmitting in the downlink to UEs 111-116 and may
implement a receive path 500 as illustrated in FIGURE 5 that is analogous to receiving
in the uplink from UEs 111-116. Similarly, each of UEs 111-116 may implement the
transmit path 400 for transmitting in the uplink to the BSs 101-103 and may implement
the receive path 500 for receiving in the downlink from the BSs 101-103.

Each of the components in FIGURE 4 and FIGURE 5 can be implemented using
hardware or using a combination of hardware and software/firmware. As a particular
example, at least some of the components in FIGURES 4 and FIGURE 5 may be im-
plemented in software, while other components may be implemented by configurable
hardware or a mixture of software and configurable hardware. For instance, the FFT
block 570 and the IFFT block 515 may be implemented as configurable software al-
gorithms, where the value of size N may be modified according to the implementation.

Furthermore, although described as using FFT and IFFT, this is by way of illustration
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only and may 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, can be used. It may be appreciated that the value of the
variable N may be any integer number (such as 1, 2, 3, 4, or the like) for DFT and
IDFT functions, while the value of the variable N may be any integer number that is a
power of two (such as 1, 2, 4, 8, 16, or the like) for FFT and IFFT functions.

Although FIGURE 4 and FIGURE 5 illustrate examples of wireless transmit and
receive paths, various changes may be made to FIGURE 4 and FIGURE 5. For
example, various components in FIGURE 4 and FIGURE 5 can be combined, further
subdivided, or omitted and additional components can be added according to particular
needs. Also, FIGURE 4 and FIGURE 5 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.

It is noted that the present disclosure relates to a (1) pre-Sth-Generation (5G), (ii) 5G,
or (iii) beyond 5G communication system to be provided for supporting one or more
of: higher data rates, lower latency, higher reliability, improved coverage, and massive
connectivity, and so on. Various embodiments apply to UEs operating with other
RATSs and/or standards, such as different releases/generations of 3GPP standards
(including beyond 5G, 5G Advanced, 6G, and so on), IEEE standards (such as 802.16
WiMAX and 802.11 Wi-Fi and so on), and so forth.

Embodiments of the present disclosure consider that PDCCH monitoring allocation
in a search space set considering different DCI format sizes associated with the search
space set.

In legacy 5G NR systems, the UE counts a number of PDCCH candidates in a search
space set regardless of a number of DCI format sizes associated with the search space
set. Therefore, when the UE monitors PDCCH according to the search space set, the
UE counts each PDCCH candidate only once, even when the search space set is as-
sociated with more than one DCI format size.

In practice, however, UE implementation performs separate decoding operations per
DCI format size. Therefore, a UE capability for PDCCH monitoring is limited, not
only by the number of configured PDCCH candidates in a search space, but also by a
number of DCI format sizes that the UE decodes for each PDCCH candidate.

Such limitation is taken into account only partially in the legacy SG NR system via a
rule, referred to as the “3+1” rule for DCI format sizes. The “3+1” rule limits a number
of DCI format sizes that a UE can monitor across all PDCCH candidates in all search
space set in a downlink (DL) bandwidth part (BWP)of a scheduling cell, namely up to
3 DCI format size for unicast data. A UE expects to monitor PDCCH candidates for up

to 4 sizes of DCI formats that include up to 3 sizes of DCI formats with cyclic re-
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dundancy check (CRC) scrambled by cell radio network temporary identifier
(C-RNTI) per serving cell. The UE counts a number of sizes for DCI formats per
serving cell based on a number of configured PDCCH candidates in respective search
space sets for the corresponding active DL. BWP.

In a first release of SG NR systems (Rel-15), each search space set is associated with
only one or two DCI format sizes, after the UE completes the procedures for DCI
format size alignment as described in REF2. Therefore, a UE capability for PDCCH
monitoring is practically determined only by a number of configured PDCCH
candidates in the search space set, and is less impacted by a number of DCI format
sizes.

However, recent releases of 5G NR, such as Rel-16 and Rel-17, support multiple
DCI format sizes associated with a search space set. For example, Rel-16 support as-
sociation of a UE specific search space (USS) set with compact DCI formats O_2 and
1_2 for ultra-reliable and low latency communication (URLLC), DCI formats 2_5 for
integrated access and backhaul (IAB) operation, and DCI formats 3_0 and 3_1 for
sidelink (SL) operation, in addition to fallback DCI formats 0_0 and 1_0 and normal
DCI formats 0_1 and 1_1. Similar, for a common search space (CSS) set, more DCI
formats are supported such as DCI formats 2_4, 2_5, and 2_6. More DCI formats are
expected in Rel-17, for example, for multicast-broadcast services (MBS) and so on.

It is noted that a UE supporting Rel-16 or Rel-17 features can face scenarios in which
a UE decodes a first PDCCH candidate associated with two or three DCI format sizes,
and a second PDCCH candidate also associated with two or three 3 DCI format sizes,
wherein the first and second PDCCH candidates are in a same search space set and in a
same slot. Such operation can have material impact on UE capability for PDCCH
monitoring.

Therefore, embodiments of the present disclosure take into consideration that there is
a need for a UE capability for PDCCH monitoring to consider both a number of
configured PDCCH candidates in a search space and a number of different DCI format
sizes associated with the search space, to determine a maximum number of decoding
operations by the UE.

Accordingly, embodiments of the present disclosure provide methods and apparatus
for PDCCH monitoring counting and allocation when multiple DCI format sizes are
associated with a search space set.

The disclosure describes modifications to UE procedures for PDCCH candidate al-
location and search space set overbooking and dropping, wherein the UE scales a
number of configured PDCCH candidates in a search space set by a number of DCI
format sizes associated with the search space set, that the UE determines after

completing a DCI format size alignment procedure.
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One motivation for a modified PDCCH monitoring allocation is to maintain UE
complexity across different 5G NR releases, as more DCI formats with different sizes
are introduced. Such operation can apply to frequency bands below 6 GHz or above 6
GHz, referred to as FR1 or FR2, respectively. In general, the embodiments apply to
any deployments, verticals, or scenarios including inter-band CA, with eMBB, URLLC
and industrial internet of things (IloT) and extended reality (XR), mMTC and IoT,
with sidelink/V2X communications, with multi-TRP/beam/panel, in unlicensed/shared
spectrum (NR-U), for non-terrestrial networks (NTN), for aerial systems such as
unmanned aerial vehicles (UAVs) such as drones, for private or non-public networks
(NPN), for operation with reduced capability (RedCap) UEs, and so on.

An embodiment, described in greater detail below, describes a UE procedure on al-
location of PDCCH candidates considering number of sizes for DCI formats of USS
sets. For example, when a UE (such as the UE 116) is configured a search space set to
monitor PDCCH for detection of more than one DCI formats having different sizes, the
UE counts a number of PDCCH candidates associated with the search space set
separately per DCI format size. A reason is that a UE performs a separate decoding
operation for each received PDCCH candidate per DCI format size. Therefore, for the
purpose of determining a UE capability for a number of decoding operations for DCI
formats associated with a search space set, the UE scales a number of configured
PDCCH candidates for the search space set with a number of sizes for the DCI formats
associated with the search space set. Accordingly, the UE determines a search space
set overbooking event per slot or per span when the UE determines that a number of
PDCCH candidates after such scaling (with the number of DCI format sizes) exceeds a
predetermined limit on a number of PDCCH candidates that the UE can monitor per
slot or per span. When an overbooking event occurs, the UE can drop search space sets
in a descending order of a search space set index until the overbooking event is
avoided. The UE may expect to drop only USS sets and may not expect an
overbooking event to occur for CSS sets.

Additionally, embodiments of the present disclosure consider PDCCH monitoring
aspects for cross-carrier scheduling operation in a carrier aggregation (CA) framework
that supports joint scheduling of multiple cells.

In legacy 5G NR systems, a downlink or uplink data transmission can be scheduled
only on a single serving cell. A DCI format provides scheduling information pa-
rameters for a physical downlink shared channel (PDSCH) or a physical uplink shared
channel (PUSCH) on a single serving cell. If the serving cell is a scheduled cell, the
UE receives a DCI format for the PDSCH/PUSCH in a PDCCH that the UE receives
on a corresponding scheduling cell. In case of cross-carrier scheduling, based on a

carrier indication field (CIF) in the DCI format, the UE can determine a serving cell on
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which the UE can receive the PDSCH or transmit the PUSCH.

Embodiments of the present disclosure take into consideration that certain legacy NR
systems do not support joint scheduling of multiple PDSCHs or multiple PUSCH on
multiple cells by using single/common control signaling, such as by using a single DCI
format. For such operation, the UE receives multiple DCI formats, wherein each DCI
format can schedule one of the multiple PDSCHs or PUSCHs. Such operation achieves
the intended outcome but introduce signaling overhead that is proportional to the
number of scheduled PDSCHs or PUSCHs. In various scenarios, it is possible that
several scheduling parameters or corresponding UE operations are shared/common
among the multiple PDSCHs or PUSCHs on the “co-scheduled” cells.

For example, the UE may use a same physical uplink control channel (PUCCH)
resource to transmit a PUCCH providing hybrid automatic repeat request (HARQ) ac-
knowledgement (ACK) feedback corresponding to the multiple PDSCHs. Therefore,
an indication for the same PUCCH resource (and corresponding operations for
PUCCH transmission) in DCI formats scheduling PDSCH receptions on multiple cells
at a same time may be unnecessarily repeated multiple times. In addition, in some
scenarios, such as intra-band CA, it is likely that physical channel conditions are
correlated, so various scheduling parameters such as for link adaptation, MIMO/
beamforming operation, and possibly even resource allocation can be common and
repeated among the co-scheduled cells. Such unnecessary overhead in control
signaling can be significant, especially when the number of co-scheduled cells are
large, such as 4-8 cells. Also, CRC bits need to be repeated in each of the DCI formats
scheduling PDSCHs or PUSCHs on multiple cells, which incurs significant signaling
overhead, especially for a large number of scheduled cells / DCI formats.

Similarly, PDCCH monitoring aspects in the legacy SG NR system are based on
single-cell scheduling mechanisms, with either self-carrier or cross-carrier scheduling
procedures. In order to detect a single-cell scheduling DCI format, a UE needs to
monitor PDCCH according to search space sets associated with one or more control
resource sets (CORESETS) to receive and decode DCI formats for a number of
PDCCH candidates. There are predetermined limits on the number of PDCCH
candidates and a number of non-overlapping control channel elements (CCEs) that the
UE can monitor in a slot, wherein the latter refers to channel estimation for the
resources associated with the PDCCH candidates in the slot. In addition, the speci-
fications support search space set overbooking procedures, wherein the UE can drop
certain UE-specific search space sets on a primary cell (with lowest priority, namely,
with largest index) when the predetermined limits on the number of PDCCH
candidates or the number of non-overlapping CCEs is/are exceeded.

For a UE (such as the UE 116) that supports multi-cell scheduling, a DCI format
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received in a PDCCH provides (partially or completely) scheduling information for
multiple serving cells, and may additionally point to another PDSCH or PDCCH that
includes the remaining scheduling information.

Therefore, embodiments of the present disclosure take into consideration that there is
a need for multi-cell scheduling, wherein multiple cells can be jointly scheduled using
reduced signaling overhead, such as by using only a single DCI format with a same or
somewhat larger size than a DCI format used for single-cell scheduling.

Embodiments of the present disclosure also takes into consideration that there is a
need to determine a search space design for multi-cell scheduling, such as how/where a
UE can search for PDCCH candidates for multi-cell scheduling, and how the UE can
distinguish multi-cell scheduling DCI formats from single-cell scheduling DCI
formats. In addition, the UE limits on PDCCH monitoring need to be revisited defined
when multi-cell scheduling is also supported on a scheduling cell or a scheduled cell.
For example, the UE needs to determine how to count a PDCCH candidate for multi-
cell scheduling for different cells included in a set of co-scheduled cells.

Embodiments of the present disclosure further takes into consideration that there is a
need to specify other PDCCH monitoring aspects, such as search space set
overbooking and dynamic spectrum sharing (DSS) operation (namely, scheduling on a
cell such as a primary cell (PCell) from two scheduling cells such as from the PCell
and a special secondary cell (sSCell) in presence of multi-cell scheduling operation.

Accordingly, embodiments of the present disclosure provide methods and apparatus
for PDCCH monitoring in case of multi-cell scheduling operation with reduced
signaling overhead, such as when a set of serving cells are jointly scheduled, referred
to as “co-scheduled” cells.

In a first case, a search space set for multi-cell scheduling is associated only with
DCI format(s) for multi-cell scheduling on a set of co-scheduled cells. Such search
space sets can correspond to set-level n_ClI values, which are separate from existing
n_CI values corresponding to search space sets for single-cell scheduling. By
monitoring the search space set, the UE can detect a DCI format for scheduling on all
scheduled cells from the set of co-scheduled cells or only a subset of scheduled cells
from the set of co-scheduled cells. Accordingly, the detected DCI format can have a
CIF value that is same as or different from an n_CI value corresponding to the search
space set for multi-cell scheduling. The search space set can be commonly configured,
thereby linked, on the scheduling cell and on all scheduled cells from the set of co-
scheduled cells. The UE can monitor the search space set for multi-cell scheduling
when linked search spaces sets on the scheduling cell and at least one scheduled cell
from the set co-scheduled cells is configured on corresponding active DL. BWPs of the
scheduling cell and the at least one scheduled cell. When the UE monitors a PDCCH



19

WO 2023/008971 PCT/KR2022/011252

[99]

[100]

[101]

candidate with L. non-overlapping CCEs in a slot according to the search space set, the
UE counts the PDCCH candidate as a fractional count 1/K towards a number of
monitored PDCCH candidates in the slot, and as a fractional count L/K towards a
number of monitored non-overlapping CCEs in the slot, for each cell from the set of K
co-scheduled cells. For example, a PDCCH candidate for a set of 4 co-scheduled cells
is counted as % of a PDCCH candidate for each cell from the set of 4 co-scheduled
cells. When resolving a search space set overbooking event, the UE can assign a higher
priority to the search space set for multi-cell scheduling than to search space sets for
single-cell scheduling.

In a second case, a search space set for multi-cell scheduling is associated with DCI
format(s) both for multi-cell scheduling on a set of co-scheduled cells and for single-
cell scheduling on a first scheduled cell from the set of co-scheduled cells. Such search
space sets correspond to an existing cell-level n_CI value corresponding to the first
scheduled cell. By monitoring the search space set, the UE can detect a DCI format for
single-cell scheduling on the first scheduled cell with a CIF value that is same as the
n_CI value corresponding to the first scheduled cell, or can detect a DCI format for
multi-cell scheduling for all scheduled cells or for a subset of scheduled cells from the
set of co-scheduled cells, with a set-level CIF value that is different from the n_ClI
value corresponding to the first scheduled cell. The search space set is commonly
configured, thereby linked, on the scheduling cell and only the first scheduled cell, and
the UE monitors the linked search space sets when both are configured on active DL
BWPs of the scheduling cell and the first scheduled cell. When the UE monitors a
PDCCH candidate with L non-overlapping CCEs in a slot according to the search
space set, the UE counts the PDCCH candidate as a full/single count towards a number
of monitored PDCCH candidates in the slot, and as a full count L towards a number of
monitored non-overlapping CCEs in the slot, for only the first scheduled cell - no
counting towards the limits for other cells in the set of co-scheduled cells.

One motivation for multi-cell scheduling using a single DCI format is enhanced
cross-carrier scheduling operation for larger number of cells, such as 4-8 cells,
operating in an intra-band CA framework in frequency bands below 6 GHz or above 6
GHz, referred to as FR1 or FR2, respectively. In general, the embodiments apply to
any deployments, verticals, or scenarios including inter-band CA, with eMBB, URLLC
and ITIoT and XR, mMTC and IoT, with sidelink/V2X communications, with multi-
TRP/beam/panel, in unlicensed/shared spectrum (NR-U), for non-terrestrial networks
(NTN), for aerial systems such as unmanned aerial vehicles (UAVs) such as drones,
for private or non-public networks (NPN), for operation with reduced capability
(RedCap) UEs, and so on.

Embodiments of the disclosure for supporting PDCCH monitoring enhancements in



20

WO 2023/008971 PCT/KR2022/011252

[102]

[103]

[104]

[105]

[106]

case of multi-cell scheduling with reduced signaling overhead are summarized below
and fully elaborated further below.

An embodiment, described in greater detail below, describes multi-cell scheduling
operation. For example, a UE (such as the UE 116) can be provided a number of sets
of co-scheduled cells by higher layers. The term set of co-scheduled cells is used to
refer to a set of serving cells wherein the UE can be scheduled PDSCH receptions or
PUSCH transmissions on two or more cells from the set of co-scheduled cells by a
single DCI format, or by using complementary methods such as those described herein.
Additionally, the UE can be indicated via a DCI format in a PDCCH or via a MAC CE
in a PDSCH a subset of a set of co-scheduled cells, wherein cells of the subset can
change across different PDCCH monitoring occasions, for example, as indicated by a
corresponding DCI format.

Another embodiment, described in greater detail below, describes various
mechanisms for multi-cell scheduling. For example, a UE (such as the UE 116) that is
configured a set of co-scheduled cells, a DCI format for multi-cell scheduling can
provide full or partial information for values of cell-common and cell-specific fields
for scheduling PDSCH receptions or PUSCH transmissions on respective one or more
cells from the set of co-scheduled cells. When the DCI format provides partial in-
formation, the UE can determine remaining information from RRC signaling, or by
using other complementary methods.

Another embodiment, described in greater detail below, describes distinguishing
multi-cell scheduling from single-cell scheduling. For example, when a UE (such as
the UE 116) is configured a set of co-scheduled cells including a first cell, the UE can
receive a PDCCH with a DCI format that schedules a PDSCH reception or PUSCH
transmission only on the first cell (single-cell scheduling DCI format). The UE can dis-
tinguish a single-cell scheduling DCI format from a multi-cell scheduling DCI format
via various methods, such as a DCI format size, or an RNTI used for scrambling a
CRC of a DCI format for multi-cell scheduling, or by an explicit indication by a field
in the DCI format, or by a dedicated CORESET and associated search space sets.

Another embodiment, described in greater detail below, describes search space set
design for multi-cell scheduling. For example, when a UE (such as the UE 116) is
configured multi-cell scheduling for a set of co-scheduled cells by a scheduling cell,
the UE can determine an association among search space sets for multi-cell scheduling
with the set of co-scheduled cells based on a modified definition for a carrier indicator
field value, n_CI.

Another embodiment, described in greater detail below, describes search space
linking for multi-cell scheduling. For example, for multi-cell scheduling for a set of co-

scheduled cells, where a UE (such as the UE 116) is configured a first search space set
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on a corresponding scheduling cell, there can be several approaches with respect to
search space configuration and linking to the set of co-scheduled cells, such as con-
figuration of linked search space sets on all co-scheduled cells, or only on one
reference cell from the set of the co-scheduled cells, or on none of the co-scheduled
cells.

Another embodiment, described in greater detail below, describes Blind decoding
(BD) / CCE allocation for multi-cell scheduling. For example, for a UE (such as the
UE 116) that is configured multi-cell scheduling for a set of co-scheduled cells, and
compared to single-cell scheduling, the UE monitors a same total number of PDCCH
candidates and non-overlapping CCEs on a corresponding scheduling cell, but the UE
counts a number of PDCCH candidates and non-overlapping CCEs per scheduled cell
from the set of co-scheduled cells differently based on a search space set used for
multi-cell scheduling. When monitoring PDCCH candidates according to a UE-
specific search space set for multi-cell scheduling, the UE counts PDCCH candidates
as a fraction of a number of PDCCH candidates that the UE can monitor. For example,
for a set of co-scheduled cells that includes 4 cells, the UE counts a PDCCH candidate
for 4-cell scheduling as Y4 of a PDCCH candidate for each cell from the set of 4
configured cells. It is noted that such allocation also applies when no DCI is detected
in the PDCCH candidate or even when the UE detects a DCI format that co-schedules
a subset of the configured cells, such as only 2 cells from the 4 cells. Alternatively, the
counting can be included for only one scheduled cell from the set of co-scheduled
cells.

Another embodiment, described in greater detail below, describes search space
overbooking and dropping for multi-cell scheduling. For example, when (i) the PCell is
among cells of a set of co-scheduled cells and scheduling on cells from the set of co-
scheduled cells is from the PCell (the PCell is a scheduling cell for the set of co-
schedule cells), (ii) a UE (such as the UE 116) is configured a search space set for
monitoring PDCCH for detection of a multi-cell scheduling DCI format, and (iii) the
UE determines an overbooking event for search space sets, then the UE can assign a
higher priority to the search space set and drop other (single-cell scheduling) search
space sets before dropping such a (multi-cell scheduling) search space set. Such
operation can be beneficial, for example, when a search space set for multi-cell
scheduling is configured in a later point in time after some single-cell scheduling
search space sets corresponding to some cells from the set of co-scheduled cells are
already configured, and therefore gNB is forced to assign a larger search space set
index to the multi-cell scheduling search space set than those single-cell scheduling
search space sets instead of re-configuring all search space sets.

Another embodiment, described in greater detail below, describes DSS operation for
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multi-cell scheduling. For example, for a UE (such as the UE 116) that is configured
multi-cell scheduling for a set of co-scheduled cells, when the UE is configured to
monitor PDCCH for the set of co-scheduling cells on a first scheduling cell and a
second scheduling cell, the UE allocates PDCCH candidates and non-overlapping
CCEs for multi-cell scheduling based on the approaches described herein, such that,
for each cell from the set of co-scheduled cells, the UE maintains a similar allocation
of PDCCH candidates and non-overlapping CCEs across the first and second
scheduling cells as when there is a single scheduling cell for the set of co-scheduled
cells. The first scheduling cell can be the PCell and the second scheduling cell can be a
special scheduling secondary cell (SCell), referred to as sSCell. In one example, the set
of co-scheduled cells includes the PCell. In another example, the set of co-scheduled
cells additionally includes the sSCell. Therefore, both multi-cell scheduling and DSS
operation impact a PDCCH monitoring behavior for a UE, wherein the impact of
multi-cell scheduling is addressed separately from the impact of DSS operation.

Throughout the present disclosure, the term “configuration” or “higher layer con-
figuration” and variations thereof (such as “configured” and so on) are used to refer to
one or more of: a system information signaling such as by a master information block
(MIB) or a system information block (SIB) (such as SIB1), a common or cell-specific
higher layer / RRC signaling, or a dedicated or UE-specific or BWP-specific higher
layer / RRC signaling.

Throughout the present disclosure, the term signal quality is used to refer to e.g.,
reference signal received power (RSRP), reference signal received quality (RSRQ),
received signal strength indicator (RSSI), signal to noise ratio (SNR), or signal to in-
terference and noise ratio (SINR), with or without filtering such as L1 or L3 filtering,
of a channel or a signal such as a reference signal (RS) including a Synchronization
signal (SS) physical broadcast channel (PBCH) block (also denoted as SS/PBCH or
SSB), channel state information (CSI) RS, or sounding reference signal (SRS).

An antenna port is defined such that the channel over which a symbol on the antenna
port is conveyed can be inferred from the channel over which another symbol on the
same antenna port is conveyed.

For demodulation (DM) RS (also denoted as DM-RS) associated with a PDSCH, the
channel over which a PDSCH symbol on one antenna port is conveyed can be inferred
from the channel over which a DM-RS symbol on the same antenna port is conveyed
only if the two symbols are within the same resource as the scheduled PDSCH, in the
same slot, and in the same precoding resource block group (PRG).

For DM-RS associated with a PDCCH, the channel over which a PDCCH symbol on
one antenna port is conveyed can be inferred from the channel over which a DM-RS

symbol on the same antenna port is conveyed only if the two symbols are within
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resources for which the UE may assume the same precoding being used.

For DM-RS associated with a PBCH, the channel over which a PBCH symbol on one
antenna port is conveyed can be inferred from the channel over which a DM-RS
symbol on the same antenna port is conveyed only if the two symbols are within a SS/
PBCH block transmitted within the same slot, and with the same block index.

Two antenna ports can be said to be quasi co-located if the large-scale properties of
the channel over which a symbol on one antenna port is conveyed can be inferred from
the channel over which a symbol on the other antenna port is conveyed. The large-
scale properties include one or more of delay spread, Doppler spread, Doppler shift,
average gain, average delay, and spatial Rx parameters.

The UE (such as the UE 116) may assume that SS/PBCH blocks transmitted with the
same block index on the same center frequency location are quasi co-located with
respect to Doppler spread, Doppler shift, average gain, average delay, delay spread,
and, when applicable, spatial Rx parameters. The UE shall not assume quasi co-
location for any other SS/PBCH block transmissions.

In absence of CSI-RS configuration, and unless otherwise configured, the UE (such
as the UE 116) may assume PDSCH DM-RS and SS/PBCH block to be quasi co-
located with respect to Doppler shift, Doppler spread, average delay, delay spread, and,
when applicable, spatial Rx parameters. The UE may assume that the PDSCH DM-RS
within the same code division multiplexing (CDM) group are quasi co-located with
respect to Doppler shift, Doppler spread, average delay, delay spread, and spatial Rx.
The UE may also assume that DM-RS ports associated with a PDSCH are quasi co-
located (QCL) with QCL Type A, Type D (when applicable) and average gain. The UE
may further assume that no DM-RS collides with the SS/PBCH block.

A UE (such as the UE 116) can be configured with a list of up to M TCI-State con-
figurations within the higher layer parameter PDSCH-Config to decode PDSCH
according to a detected PDCCH with DCI intended for the UE and the given serving
cell, where M depends on the UE capability maxNumberConfiguredTClstatesPerCC.
Each TCI-State contains parameters for configuring a QCL relationship between one
or two downlink reference signals and the DM-RS ports of the PDSCH, the DM-RS
port of PDCCH or the CSI-RS port(s) of a CSI-RS resource. The quasi co-location re-
lationship is configured by the higher layer parameter qcl-Typel for the first DL RS,
and qcl-Type?2 for the second DL RS (if configured). For the case of two DL RSs, the
QCL types shall not be the same, regardless of whether the references are to the same
DL RS or different DL RSs. The quasi co-location types corresponding to each DL RS
are given by the higher layer parameter qcl-Type in QCL-Info and may take on one of
the following values.

For example, a quasi co-location type of 'QCL-TypeA' can correspond to { Doppler
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shift, Doppler spread, average delay, delay spread}. For another example, a quasi co-
location type of 'QCL-TypeB' can correspond to {Doppler shift, Doppler spread}. For
another example, a quasi co-location type of 'QCL-TypeC' can correspond to { Doppler
shift, average delay }. For yet another example, a quasi co-location type of 'QCL-
TypeD' can correspond to 'QCL-TypeD': {Spatial Rx parameter}.

In certain embodiments, a UE (such as the UE 116) receives a MAC-CE activation
command to map up to N, e.g., N=8 transmission configuration indication (TCI) states
to the codepoints of the DCI field "Transmission Configuration Indication'. When the
hybrid automatic repeat request (HARQ) - acknowledgement (ACK) information cor-
responding to the PDSCH carrying the (MAC-CE) activation command is transmitted
in slot n, the indicated mapping between TCI states and codepoints of the DCI field
“Transmission Configuration Indication' should be applied after a MAC-CE application

time, e.g., starting from the first slot that is after slot n + 3 Nsslzlt’f rame.n Here,

Nslulzfmme.uis a number of slots per subframe for subcarrier spacing (SCS) con-
S0

figuration .

Independent of the configuration of tci-PresentInDCI and tci-PresentDCI-1-2 in RRC
connected mode, if the offset between the reception of the DL DCI and the corre-
sponding PDSCH is less than the threshold timeDurationForQCL and at least one
configured TCI state for the serving cell of scheduled PDSCH contains qcl-Type set to
‘typeD’, then the UE may assume that the DM-RS ports of PDSCH(s) of a serving cell
are quasi co-located with the RS(s) with respect to the QCL parameter(s) used for
PDCCH quasi co-location indication of the CORESET associated with a monitored
search space with the lowest controlResourceSetld in the latest slot in which one or
more CORESETSs within the active BWP of the serving cell are monitored by the UE.
In this case, if the qcl-Type is set to 'typeD' of the PDSCH DM-RS is different from
that of the PDCCH DM-RS with which they overlap in at least one symbol, the UE is
expected to prioritize the reception of PDCCH associated with that CORESET. This
also applies to the intra-band CA case (when PDSCH and the CORESET are in
different component carriers).

It is noted that if a UE is configured with enableDefaultTCIStatePerCoreset-
Poollndex and the UE is configured by higher layer parameter PDCCH-Config that
contains two different values of coresetPoollndex in different ControlResourceSets,
then the UE may assume that the DM-RS ports of PDSCH associated with a value of
coresetPoollndex of a serving cell are quasi co-located with the RS(s) with respect to
the QCL parameter(s) used for PDCCH quasi co-location indication of the CORESET
associated with a monitored search space with the lowest controlResourceSetld among

CORESETs, which are configured with the same value of coresetPoollndex as the
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PDCCH scheduling that PDSCH, in the latest slot in which one or more CORESETSs
associated with the same value of coresetPoollndex as the PDCCH scheduling that
PDSCH within the active BWP of the serving cell are monitored by the UE. In this
case, if the 'QCL-TypeD' of the PDSCH DM-RS is different from that of the PDCCH
DM-RS with which they overlap in at least one symbol and they are associated with
same coresetPoollndex, the UE is expected to prioritize the reception of PDCCH as-
sociated with that CORESET. This also applies to the intra-band CA case (when
PDSCH and the CORESET are in different component carriers).

It is also noted that if a UE is configured with enableTwoDefaultTCI-States, and at
least one TCI codepoint indicates two TCI states, the UE may assume that the DM-RS
ports of PDSCH or PDSCH transmission occasions of a serving cell are quasi co-
located with the RS(s) with respect to the QCL parameter(s) associated with the TCI
states corresponding to the lowest codepoint among the TCI codepoints containing two
different TCI states. When the UE is configured by higher layer parameter repeti-
tionScheme set to 'tdmSchemeA' or is configured with higher layer parameter repeti-
tionNumber, and the offset between the reception of the DL DCI and the first PDSCH
transmission occasion is less than the threshold timeDurationForQCL, the mapping of
the TCI states to PDSCH transmission occasions is determined according to clause
5.1.2.1 by replacing the indicated TCI states with the TCI states corresponding to the
lowest codepoint among the TCI codepoints containing two different TCI states based
on the activated TCI states in the slot with the first PDSCH transmission occasion. In
this case, if the 'QCL-TypeD' in both of the TCI states corresponding to the lowest
codepoint among the TCI codepoints containing two different TCI states is different
from that of the PDCCH DM-RS with which they overlap in at least one symbol, the
UE is expected to prioritize the reception of PDCCH associated with that CORESET.
This also applies to the intra-band CA case (when PDSCH and the CORESET are in
different component carriers).

In the cases above, if none of configured TCI states for the serving cell of scheduled
PDSCH is configured with qcl-Type set to 'typeD’, the UE shall obtain the other QCL
assumptions from the indicated TCI states for its scheduled PDSCH irrespective of the
time offset between the reception of the DL DCI and the corresponding PDSCH.

If the PDCCH carrying the scheduling DCI is received on one component carrier,
and the PDSCH scheduled by that DCI is on another component carrier: then the time-
DurationForQCL is determined based on the subcarrier spacing of the scheduled
PDSCH. If uPDCCH < uPDSCH an additional timing delay ; 2“?2S¢# js added to the

2HPDCCH

timeDurationForQCL, where d is defined in 5.2.1.5.1a-1, otherwise d is zero. For both
the cases, when the UE is configured with enableDefaultBeamForCCS, and when the
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offset between the reception of the DL DCI and the corresponding PDSCH is less than
the threshold timeDurationForQCL, and when the DL DCI does not have the TCI field
present, the UE obtains its QCL assumption for the scheduled PDSCH from the
activated TCI state with the lowest ID applicable to PDSCH in the active BWP of the
scheduled cell.

For PUSCH scheduled by DCI format 0_0 on a cell and if the higher layer parameter
enableDefaultBeamPL-ForPUSCHO-O0 is set 'enabled’, the UE is not configured with
PUCCH resources on the active uplink (UL) BWP and the UE is in RRC connected
mode, the UE shall transmit PUSCH according to the spatial relation, if applicable,
with a reference to the RS configured with qcl-Type set to 'typeD' corresponding to the
QCL assumption of the CORESET with the lowest ID on the active DL BWP of the
cell.

For PUSCH scheduled by DCI format 0_0 on a cell and if the higher layer parameter
enableDefaultBeamPL-ForPUSCHO is set 'enabled’, the UE is configured with PUCCH
resources on the active UL BWP where all the PUCCH resource(s) are not configured
with any spatial relation and the UE is in RRC connected mode, the UE shall transmit
PUSCH according to the spatial relation, if applicable, with a reference to the RS
configured with qcl-Type set to 'typeD' corresponding to the QCL assumption of the
CORESET with the lowest ID on the active DL. BWP of the cell in case CORESET(s)
are configured on the cell.

In CA, two or more Component Carriers (CCs) are aggregated. A UE (such as the
UE 116) may simultaneously receive or transmit on one or multiple CCs depending on
its capabilities. For example, a UE with single timing advance capability for CA can si-
multaneously receive and/or transmit on multiple CCs corresponding to multiple
serving cells sharing the same timing advance (multiple serving cells grouped in one
Timing advance group (TAG)). For another example, a UE with multiple timing
advance capability for CA can simultaneously receive and/or transmit on multiple CCs
corresponding to multiple serving cells with different timing advances (multiple
serving cells grouped in multiple TAGs). Next generation radio access network
(NG-RAN) ensures that each TAG contains at least one serving cell. For yet another
example, a non-CA capable UE can receive on a single CC and transmit on a single
CC corresponding to one serving cell only (one serving cell in one TAG).

CA is supported for both contiguous and non-contiguous CCs. When CA is deployed
frame timing and system frame number (SFN) are aligned across cells that can be ag-
gregated, or an offset in multiples of slots between the PCell / primary secondary cell
(PSCell) and an SCell is configured to the UE. The maximum number of configured
CCs fora UE is 16 for DL and 16 for UL.

When CA is configured, the UE only has one RRC connection with the network. At
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RRC connection establishment/re-establishment/handover, one serving cell provides
the non-access stratum (NAS) mobility information, and at RRC connection re-
establishment/handover, one serving cell provides the security input. This cell is
referred to as the PCell. Depending on UE capabilities, SCells can be configured to
form together with the PCell a set of serving cells. The configured set of serving cells
for a UE therefore includes one PCell and one or more SCells.

The reconfiguration, addition, and removal of SCells can be performed by RRC. At
intra-NR handover and during connection resume from RRC_INACTIVE, the network
can also add, remove, keep, or reconfigure SCells for usage with the target PCell.
When adding a new SCell, dedicated RRC signalling is used for sending all required
system information of the SCell i.e., while in connected mode, UEs need not acquire
broadcast system information directly from the SCells.

To enable reasonable UE battery consumption when CA is configured, an activation/
deactivation mechanism of Cells is supported. When an SCell is deactivated, the UE
does not need to receive the corresponding PDCCH or PDSCH, cannot transmit in the
corresponding uplink, nor is it required to perform channel quality indicator (CQI)
measurements. Conversely, when an SCell is active, the UE shall receive PDSCH and
PDCCH (if the UE is configured to monitor PDCCH from this SCell) and is expected
to be able to perform CQI measurements. NG-RAN ensures that while PUCCH SCell
(a Secondary Cell configured with PUCCH) is deactivated, SCells of secondary
PUCCH group (a group of SCells whose PUCCH signalling is associated with the
PUCCH on the PUCCH SCell) should not be activated. NG-RAN ensures that SCells
mapped to PUCCH SCell are deactivated before the PUCCH SCell is changed or
removed.

When reconfiguring the set of serving cells SCells added to the set are initially
activated or deactivated and SCells which remain in the set (either unchanged or re-
configured) do not change their activation status (activated or deactivated).

At handover or connection resume from RRC_INACTIVE, SCells are activated or
deactivated.

To enable reasonable UE battery consumption when Bandwidth adaptation (BA) is
configured, only one UL BWP for each uplink carrier and one DL. BWP or only one
DL/UL BWP pair can be active at a time in an active serving cell, all other BWPs that
the UE is configured with being deactivated. On deactivated BWPs, the UE does not
monitor the PDCCH, does not transmit on PUCCH, physical random access channel
(PRACH) and Uplink shared channel (UL-SCH).

To enable fast SCell activation when CA is configured, one dormant BWP can be
configured for an SCell. If the active BWP of the activated SCell is a dormant BWP,
the UE stops monitoring PDCCH and transmitting SRS/PUSCH/PUCCH on the SCell
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but continues performing CSI measurements, Automatic gain control (AGC) and beam
management, if configured. A DCI is used to control entering/leaving the dormant
BWP for one or more SCell(s) or one or more SCell group(s).

The dormant BWP is one of the UE's dedicated BWPs configured by network via
dedicated RRC signalling. The SpCell and PUCCH SCell cannot be configured with a
dormant BWP.

Cross-carrier scheduling with the CIF allows the PDCCH of a serving cell to
schedule resources on another serving cell but with the following restrictions: (i) cross-
carrier scheduling does not apply to PCell i.e., PCell is scheduled via its PDCCHj (i1)
when an SCell is configured with a PDCCH, that cell's PDSCH and PUSCH are
scheduled by the PDCCH on this SCell; (iii) when an SCell is not configured with a
PDCCH, that SCell's PDSCH and PUSCH are scheduled by a PDCCH on another
serving cell; and (iv) the scheduling PDCCH and the scheduled PDSCH/PUSCH can
use the same or different numerologies.

Some of the restrictions above may be relaxed. For example, DSS allows LTE and
NR to share the same carrier. As the number of NR devices in a network increase, it is
important that sufficient scheduling capacity for NR UEs on the shared carriers is
ensured. In the case of DSS operation, PDCCH enhancements for cross-carrier
scheduling including can be considered such that PDCCH of an SCell, referred to as a
special/scheduling SCell (sSCell), can schedule PDSCH or PUSCH on the P(S)Cell.

The PDCCH can be used to schedule DL transmissions on PDSCH and UL trans-
missions on PUSCH. Here the DCI on PDCCH includes downlink assignments
containing at least modulation and coding format, resource allocation, and hybrid-ARQ
information related to DL-SCH. The DCI on PDCCH also includes uplink scheduling
grants containing at least modulation and coding format, resource allocation, and
hybrid-ARQ information related to UL-SCH.

In addition to scheduling, PDCCH can be used for (i) activation and deactivation of
configured PUSCH transmission with configured grant; (ii) activation and deactivation
of PDSCH semi-persistent transmission; (iii) notifying one or more UEs of the slot
format; (iv) notifying one or more UEs of the physical resource block(s) (PRB(s)) and
OFDM symbol(s) where the UE may assume no transmission is intended for the UE;
(v) transmission of transmit power control (TPC) commands for PUCCH and PUSCH;
(vi) transmission of one or more TPC commands for SRS transmissions by one or
more UEs; (vii) switching a UE's active bandwidth part; (viii) initiating a random
access procedure; (ix) indicating the UE(s) to monitor the PDCCH during the next oc-
currence of the discontinuous reception (DRX) on-duration; and (x) in IAB context, in-
dicating the availability for soft symbols of an IAB-DU.

A UE (such as the UE 116) monitors a set of PDCCH candidates in the configured
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monitoring occasions in one or more configured CORESETSs according to the corre-
sponding search space configurations.

A CORESET includes a set of PRBs with a time duration of 1 to 3 OFDM symbols.
The resource units Resource Element Groups (REGs) and Control Channel Elements
(CCEs) are defined within a CORESET with each CCE including a set of REGs.
Control channels are formed by aggregation of CCE. Different code rates for the
control channels are realized by aggregating different number of CCE. Interleaved and
non-interleaved CCE-to-REG mapping are supported in a CORESET.

Polar coding is used for PDCCH. Each resource element group carrying PDCCH
carries its own DM-RS. QPSK modulation is used for PDCCH.

A UE (such as the UE 116) monitors a set of PDCCH candidates in one or more
CORESETs on the active DL BWP on each activated serving cell configured with
PDCCH monitoring according to corresponding search space sets where monitoring
implies decoding each PDCCH candidate according to the monitored DCI formats.

If a UE (such as the UE 116) is provided monitoringCapabilityConfig for a serving
cell, the UE obtains an indication to monitor PDCCH on the serving cell for a
maximum number of PDCCH candidates and non-overlapping CCE:s (i) per slot if
monitoringCapabilityConfig = rl5Smonitoringcapability, or (ii) per span if monitoring-
CapabilityConfig = r16monitoringcapability.

If the UE is not provided monitoringCapabilityConfig, the UE monitors PDCCH on
the serving cell for a maximum number of PDCCH candidates and non-overlapping
CCE:s per slot.

A UE (such as the UE 116) can indicate a capability to monitor PDCCH according to
one or more of the combinations (X,Y) = (2, 2), (4, 3), and (7, 3) per SCS con-
figuration of p=0 and p=1. A span is a number of consecutive symbols in a slot where
the UE is configured to monitor PDCCH. Each PDCCH monitoring occasion is within
one span. If a UE monitors PDCCH on a cell according to combination (X,Y), the UE
supports PDCCH monitoring occasions in any symbol of a slot with minimum time
separation of X symbols between the first symbol of two consecutive spans, including
across slots. A span starts at a first symbol where a PDCCH monitoring occasion starts
and ends at a last symbol where a PDCCH monitoring occasion ends, where the
number of symbols of the spanisup to Y.

If a UE can support (i) a first set of NDE serving cells where the UE is either not

provided coresetPoollndex or is provided coresetPoollndex with a single value for all
CORESETs on all DL BWPs of each scheduling cell from the first set of serving cells,

and (ii) a second set of NPL | serving cells where the UE is not provided coreset-

L1

Poollndex or is provided coresetPoollndex with a value O for a first CORESET, and
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with a value 1 for a second CORESET on any DL BWP of each scheduling cell from
the second set of serving cells, then the UE determines, for the purpose of reporting

pdcch-BlindDetectionCA, a number of serving cells as Nc[gllis,O +R- Nc[ghm where R is a

value reported by the UE.

If a UE (such as the UE 116) indicates in UE-NR-Capability a carrier aggregation ca-
pability larger than 4 serving cells and the UE is not provided monitoringCapabili-
tyConfig for any downlink cell or if the UE is provided monitoringCapabilityConfig =
r15monitoringcapability for all downlink cells where the UE monitors PDCCH, the UE
includes in UE-NR-Capability an indication for a maximum number of PDCCH
candidates and for a maximum number of non-overlapped CCEs the UE can monitor
per slot when the UE is configured for carrier aggregation operation over more than 4
cells. When a UE is not configured for NR-DC operation, the UE determines a ca-
pability to monitor a maximum number of PDCCH candidates and a maximum number

of non-overlapped CCEs per slot that corresponds to ,,cap downlink cells, where ;cap
N cells N cells

Is NRE o+ R - N2, if the UE does not provide pdcch-BlindDetectionCA where

C

NDL 4 DL is the number of configured downlink serving cells; otherwise, e is
cells,0 cells,1 cells

the value of pdcch-BlindDetectionCA.
When a UE (such as the UE 116) is configured for NR-DC operation, the UE de-
termines a capability to monitor a maximum number of PDCCH candidates and a

maximum number of non-overlapped CCEs per slot that corresponds to pcap _ pMCG
cells — *VYeells

downlink cells for the master cell group (MCG) where NMCG is provided by pdcch-

BlindDetection for the MCG and determines a capability to monitor a maximum
number of PDCCH candidates and a maximum number of non-overlapped CCEs per

slot that corresponds to NP = NSCG downlink cells for the secondary cell group

cells celis

(SCG) where pysca is provided by pdech-BlindDetection for the SCG. When the UE is

configured for carrier aggregation operation over more than 4 cells, or for a cell group
when the UE is configured for NR-DC operation, the UE does not expect to monitor
per slot a number of PDCCH candidates or a number of non-overlapped CCEs that is

larger than the maximum number as derived from the corresponding value of NP -
cells

If a UE (such as the UE 116) indicates in UE-NR-Capability-r16 a carrier ag-
gregation capability larger than two downlink cells, the UE includes in UE-
NR-Capability-r16 an indication for a maximum number of PDCCH candidates and a

maximum number of non-overlapped CCEs that the UE can monitor per span when the
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UE is configured for carrier aggregation operation over more than two downlink cells
with monitoringCapabilityConfig = r16monitoringcapability. When a UE (such as the
UE 116) is not configured for NR-DC operation and the UE is provided monitoringCa-
pabilityConfig = rl6monitoringcapability for all downlink cell where the UE monitors
PDCCH, the UE determines a capability to monitor a maximum number of PDCCH
candidates and a maximum number of non-overlapped CCEs per span that corresponds

to ycap-r1i6 downlink cells, where ,,cap-r16 is the number of configured downlink
Ncells Ncells

cells if the UE does not provide pdech-MonitoringCA; otherwise, pjcap-r16 is the

cells
value of pdcch-MonitoringCA.

When the UE is configured for carrier aggregation operation over more than 2 cells,
or for a cell group when the UE is configured for NR-DC operation, the UE does not
expect to monitor per span a number of PDCCH candidates or a number of non-
overlapped CCEs that is larger than the maximum number as derived from the corre-

sponding value of y cap-r16.
cells

If a UE (such as the UE 116) indicates in UE-NR-Capability a carrier aggregation ca-
pability larger than one downlink cell with monitoringCapabilityConfig =
r15monitoringcapability or larger than one downlink cell with monitoringCapabili-
tyConfig = rl6monitoringcapability, the UE includes in UE-NR-Capability-r16 an in-
dication for a maximum number of PDCCH candidates and a maximum number of
non-overlapped CCEs the UE can monitor for downlink cells with monitoringCapabili-
tyConfig = r1Smonitoringcapability or for downlink cells with monitoringCapabili-
tyConfig = rl6monitoringcapability when the UE is configured for carrier aggregation
operation over more than two downlink cells with at least one downlink cell with mon-
itoringCapabilityConfig = r1Smonitoringcapability and at least one downlink cell with
monitoringCapabilityConfig = rl6monitoringcapability. When a UE is not configured
for NR-DC operation, the UE determines a capability to monitor a maximum number
of PDCCH candidates and a maximum number of non-overlapped CCEs per slot or per

span that corresponds to 1\,calllo-r16 downlink cells or to p;cap-r16 downlink cells, re-
cells,r15 cells,r16

spectively. Here, N6 is the number of configured downlink cells if the UE does

cells,rl 5
not provide pdcch-BlindDetectionCA1; otherwise, if the UE reports only one com-
bination of (pdcch-BlindDetectionCA1, pdcch-BlindDetectionCA?2), NEe is the

value of pdcch-BlindDetectionCAL; else, pyeapr-ri6 is the value of pdcch-

cells,r15
BlindDetectionCA1 from a combination of (pdcch-BlindDetectionCA1, pdcch-
BlindDetectionCAZ2) that is provided by pdcch-BlindDetectionCA-Comblndicator. Ad-
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NPT is the number of configured downlink cells if the UE does not provide
cells,rié

pdcch-BlindDetectionCA2; otherwise, if the UE reports only one combination of
(pdcch-BlindDetectionCA, pdech-BlindDetectionCA2), pcar—ris is the value of

cells,r16

pdcch-BlindDetectionCA2, else, pcap-ri6 is the value of pdcch-BlindDetectionCA2

cells,r16
from a combination of (pdcch-BlindDetectionCA1, pdcch-BlindDetectionCA?2) that is
provided by pdcch-BlindDetectionCA-Comblndicator.

A set of PDCCH candidates for a UE to monitor is defined in terms of PDCCH
search space sets. A search space set can be a CSS set or a USS set. A UE monitors
PDCCH candidates in one or more of the following search spaces sets. For example, a
TypeO0-PDCCH CSS set configured by pdech-ConfigSIB1 in MIB or by
searchSpaceSIB1 in PDCCH-ConfigCommon or by searchSpaceZero in PDCCH-
ConfigCommon for a DCI format with CRC scrambled by a system information
(SI)-radio network temporary identifier (RNTI) on the primary cell of the MCG. For
another example, a TypeOA-PDCCH CSS set configured by searchSpaceOtherSystem-
Information in PDCCH-ConfigCommon for a DCI format with CRC scrambled by a
system information-RNTI (SI-RNTT) on the primary cell of the MCG. For another
example, a Typel-PDCCH CSS set configured by ra-SearchSpace in PDCCH-
ConfigCommon for a DCI format with CRC scrambled by a random access-RNTI
(RA-RNTI), a MsgB-RNTI, or a temporary cell-RNTI (TC-RNTTI) on the primary cell.
For another example, a Type2-PDCCH CSS set configured by pagingSearchSpace in
PDCCH-ConfigCommon for a DCI format with CRC scrambled by a paging-RNTI
(P-RNTI) on the primary cell of the MCG. For another example, a Type3-PDCCH
CSS set configured by SearchSpace in PDCCH-Config with searchSpaceType =
common for DCI formats with CRC scrambled by INT-RNTI, slot format indication -
RNTI (SFI-RNTI), TPC-PUSCH-RNTI, TPC-PUCCH-RNTI, TPC-SRS-RNTI, or can-
celation indication-RNTI (CI-RNTI) and, only for the primary cell, cell-RNTI
(C-RNTI), modulation and coding scheme-C-RNTI (MCS-C-RNTI), CS-RNTI(s), or
power savings (PS-RNTI). For yet another example, a USS set configured by
SearchSpace in PDCCH-Config with searchSpaceType = ue-Specific for DCI formats
with CRC scrambled by C-RNTI, MCS-C-RNTI, SP-CSI-RNTI, CS-RNTI(s),
sidelink-RNTT (SL-RNTT), SL-CS-RNTI, or SL Semi-Persistent Scheduling V-RNTI.

If a UE (such as the UE 116) is provided (i) one or more search space sets by corre-
sponding one or more of searchSpaceZero, searchSpaceSIB1, searchSpaceOtherSys-
temInformation, pagingSearchSpace, ra-SearchSpace, or a CSS set by PDCCH-Config,
and (ii) a SI-RNTI, a P-RNTI, a RA-RNTI, a MsgB-RNTI, a SFI-RNTI, an INT-RNTI,
a TPC-PUSCH-RNTI, a TPC-PUCCH-RNTI, or a TPC-SRS-RNTI, then for a RNTI
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from any of these RNTIs, the UE does not expect to process information from more
than one DCI format with CRC scrambled with the RNTI per slot.

For each DL BWP configured to a UE in a serving cell, the UE can be provided by
higher layer signalling with P<3 CORESETs if coresetPoollndex is not provided, or if
a value of coresetPoollndex is same for all CORESETs if coresetPoollndex is
provided. Similarly, for each DL BWP configured to a UE in a serving cell, the UE can
be provided by higher layer signalling with P<5 CORESETs if coresetPoollndex is not
provided for a first CORESET, or is provided and has a value O for a first CORESET,
and is provided and has a value 1 for a second CORESET.

For each CORESET, the UE is provided the following by ControlResourceSet. The
UE can be provided, by ControlResourceSet, a CORESET index p, by controlRe-
sourceSetld or by controlResourceSetld-v1610, Here. O<p<12 if coresetPoollndex is
not provided, or if a value of coresetPoollndex is same for all CORESETs if coreset-
Poollndex is provided. Additionally, O<p<16 if coresetPoollndex is not provided for a
first CORESET, or is provided and has a value 0 for a first CORESET, and is provided
and has a value 1 for a second CORESET. The UE can be provided, by ControlRe-
sourceSet, a DM-RS scrambling sequence initialization value by pdcch-
DMRS-ScramblingID. The UE can be provided, by ControlResourceSet, a precoder
granularity for a number of REGs in the frequency domain where the UE can assume
use of a same DM-RS precoder by precoderGranularity. The UE can be provided, by
ControlResourceSet, a number of consecutive symbols provided by duration. The UE
can be provided, by ControlResourceSet, a set of resource blocks provided by frequen-
cyDomainResources. The UE can be provided, by ControlResourceSet, CCE-to-REG
mapping parameters provided by cce-REG-MappingType. The UE can be provided, by
ControlResourceSet, an antenna port quasi co-location, from a set of antenna port quasi
co-locations provided by TCI-State, indicating quasi co-location information of the
DM-RS antenna port for PDCCH reception in a respective CORESET. Here, if the UE
is provided by simultaneousTCI-UpdateList] or simultaneousTCI-UpdateList2 up to
two lists of cells for simultaneous TCI state activation, the UE applies the antenna port
quasi co-location provided by TCI-States with same activated tci-StateID value to
CORESETs with index p in all configured DL BWPs of all configured cells in a list
determined from a serving cell index provided by a MAC CE command. The UE can
be provided, by ControlResourceSet, an indication for a presence or absence of a TCI
field for a DCI format, other than DCI format 1_0, that schedules PDSCH receptions
or indicates semi-persistent scheduling (SPS)PDSCH release or indicates SCell
dormancy or indicates a request for a Type-3 HARQ-ACK codebook report without
scheduling PDSCH and is transmitted by a PDCCH in CORESET p, by tci-
PresentInDCT or tci-PresentDCI-1-2.
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When precoderGranularity = allContiguousRBs, a UE does not expect (i) to be
configured a set of resource blocks of a CORESET that includes more than four sub-
sets of resource blocks that are not contiguous in frequency and (ii) any RE of a
CORESET to overlap with any RE determined from lte-CRS-ToMatchAround, or from
LTE-CRS-PatternList, or with any RE of a SS/PBCH block.

For each CORESET in a DL BWP of a serving cell, a respective frequencyDomain-
Resources provides a bitmap if a CORESET is not associated with any search space set
configured with freqMonitorLocations, the bits of the bitmap have a one-to-one
mapping with non-overlapping groups of 6 consecutive PRBs, in ascending order of

the PRB index in the DL BWP bandwidth of yBwP PRBs with starting common RB

position N§ws, where the first common RB of the first group of 6 PRBs has common

RB index ¢ . [ygtart /6] if rb-Offset is not provided, or the first common RB of the first

group of 6 PRBs has common RB index Ngtart 4 yoffset where poffset is provided by

rb-Offset. Similarly, for each CORESET in a DL BWP of a serving cell, a respective
frequencyDomainResources provides a bitmap if a CORESET is associated with at

least one search space set configured with freqMonitorLocations, the first N§iZ€ o

bits of the bitmap have a one-to-one mapping with non-overlapping groups of 6 con-
secutive PRBs, in ascending order of the PRB index in each RB set k in the DL BWP

bandwidth of yBWP PRBs with starting common RB position g BS;T}:”SL’ see REF4,
S ,

where the first common RB of the first group of 6 PRBs has common RB index

start,u offset and k is indicated by freqMonitorLocations if provided for a
RBSO—!—k,DL + Mgy

search space set; otherwise, k=0. , size _ size offset size 18 a
’ ’ NRBG,setO - [(NRB,setO - NRB )/6Ja NRB,setO

number of available PRBs in the RB set 0 for the DL BWP, and peffset is provided by
b-Offset or peffset= 0 if tb-Offset is not provided. If a UE is provided RB sets in the

DL BWP, the UE expects that the RBs of the CORESET are within the union of the
PRBs in the RB sets of the DL BWP.

For a CORESET other than a CORESET with index 0, if a UE has not been provided
a configuration of TCI state(s) by tci-StatesPDCCH-ToAddList and tci-
StatesPDCCH-ToReleaseList for the CORESET, or has been provided initial con-
figuration of more than one TCI states for the CORESET by tci-
StatesPDCCH-ToAddList and tci-StatesPDCCH-ToReleaseList but has not received a
MAC CE activation command for one of the TCI states as described in REFS5, the UE
assumes that the DM-RS antenna port associated with PDCCH receptions is quasi co-
located with the SS/PBCH block the UE identified during the initial access procedure.
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Additionally, for a CORESET other than a CORESET with index 0, if a UE has been
provided a configuration of more than one TCI states by tci-StatesPDCCH-ToAddList
and tci-StatesPDCCH-ToReleaseList for the CORESET as part of Reconfiguration
with sync procedure as described in REF6 but has not received a MAC CE activation
command for one of the TCI states as described in REFS5, the UE assumes that the
DM-RS antenna port associated with PDCCH receptions is quasi co-located with the
SS/PBCH block or the CSI-RS resource the UE identified during the random access
procedure initiated by the Reconfiguration with sync procedure as described in REF6.

For a CORESET with index 0, the UE assumes that a DM-RS antenna port for
PDCCH receptions in the CORESET is quasi co-located with one or more DL RS
configured by a TCI state, where the TCI state is indicated by a MAC CE activation
command for the CORESET, if any, or a SS/PBCH block the UE identified during a
most recent random access procedure not initiated by a PDCCH order that triggers a
contention-free random access procedure, if no MAC CE activation command in-
dicating a TCI state for the CORESET is received after the most recent random access
procedure.

For a CORESET other than a CORESET with index 0, if a UE (such as the UE 116)
is provided a single TCI state for a CORESET, or if the UE receives a MAC CE ac-
tivation command for one of the provided TCI states for a CORESET, the UE assumes
that the DM-RS antenna port associated with PDCCH receptions in the CORESET is
quasi co-located with the one or more DL RS configured by the TCI state. For a
CORESET with index 0, the UE expects that a CSI-RS configured with qcl-Type set to
‘typeD' in a TCI state indicated by a MAC CE activation command for the CORESET
is provided by a SS/PBCH block, if the UE receives a MAC CE activation command
for one of the TCI states, the UE applies the activation command in the first slot that is
after slot k+ g pysubframes where k is the slot where the UE would transmit a PUCCH

slot

with HARQ-ACK information for the PDSCH providing the activation command and
u is the SCS configuration for the PUCCH. The active BWP is defined as the active
BWP in the slot when the activation command is applied.

The information element (IE) SearchSpace, described in Syntax (1) below, defines
how/where to search for PDCCH candidates. Each search space is associated with one
ControlResourceSet. For a scheduled cell in the case of cross carrier scheduling, except
for nrofCandidates, all the optional fields are absent (regardless of their presence

conditions).



36

WO 2023/008971 PCT/KR2022/011252
[166]
Syntax &)
-- ASNISTART

-- TAG-SEARCHSPACE-START

SearchSpace ;== SEQUENCE {
searchSpaceld SearchSpaceld,
controlResourceSetld ControlResourceSetld

OPTIONAL, --Cond SetupOnly
monitoringSlotPeriodicityAndOffset  CHOICE {

sl NULL,
sI2 INTEGER (0..1),
sl4 INTEGER (0..3),
sl5 INTEGER (0..4),
sI8 INTEGER (0..7),
s110 INTEGER (0..9),

sll6 INTEGER (0..15),
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sI20

s140
s180
s1160
sl320
s1640
s11280
s12560

}

OPTIONAL, -- Cond Setup

Duration

OPTIONAL, --NeedR

monitoringSymbolsWithinSlot
OPTIONAL, --Cond Setup

nrofCandidates
aggregationlLevell
aggregationLevel2
aggregationLevel4
aggregationLevel8
aggregationLevel16

}

OPTIONAL, --Cond Setup

scarchSpaceType

common

dei-Format0-0-AndFormat1-0

b
OPTIONAL, --Need R

dci-Format2-0

nrofCandidates-SFI
aggregationLevell
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INTEGER (0..19),
INTEGER (0..39),
INTEGER (0..79),
INTEGER (0..159),
INTEGER (0..319),
INTEGER (0..639),
INTEGER (0..1279),
INTEGER (0..2559)

INTEGER (2..2559)

BIT STRING (SIZE (14))

SEQUENCE {
ENUMERATED {n0, nl1, n2, n3, n4, n$, n6, n8},
ENUMERATED {n0, nl, n2, n3, n4, n5, n6, n8},
ENUMERATED {n0, nl, n2, n3, n4, n5, n6, n8},
ENUMERATED {n0, n1, n2, n3, nd, n3, n6, n8},
ENUMERATED {n0, n1, n2, n3, n4, n5, n6, n8}

CHOICE
SEQUENCE {
SEQUENCE {

SEQUENCE {
SEQUENCE {
ENUMERATED {nl, n2}
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OPTIONAL, --NeedR
aggregationLevel2
OPTIONAL, --NeedR
aggregationLevel4
OPTIONAL, --NeedR
aggregationLevel§
OPTIONAL, --NeedR
aggregationLevel 16
OPTIONAL --NeedR

5

}

OPTIONAL, --NeedR

dci-Format2-1

h
OPTIONAL, --NeedR

dci-Format2-2

b
OPTIONAL, --Need R

dci-Format2-3
dummyl
OPTIONAL, --Cond Sctup
dummy?2

)
i

OPTIONAL --Need R
i

ue-Specific

38

ENUMERATED {nl, n2}

ENUMERATED f{nl, n2}

ENUMERATED {nl, n2}

ENUMERATED {nl, n2}

SEQUENCE {

SEQUENCE {

SEQUENCE {

PCT/KR2022/011252

ENUMERATED {sl1, sl2, sl4, sl5, sl8, s110, sl16, 5120}

ENUMERATED {nl, n2},

SEQUENCE {
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And-1-1},
[t
dci-Formats-MT-r16
OPTIONAL, --NeedR

dei-FormatsSL-r16

1-1, formats3-0, formats3-1,

OPTIONAL, --NeedR
dei-FormatsExt-r16

1-1And-0-2-And-1-2}

OPTIONAL  --Need R
1
}
i
OPTIONAL  -- Cond Setup2
H

SearchSpaceExt-r16 ;==
controlResourceSetId-r16
OPTIONAL, --Cond SetupOnly2
searchSpaceType-r16
common-rl6
dci-Format2-4-r16
nrofCandidates-Cl-r16
aggregationLevel1-r16
OPTIONAL, --NeedR
aggregationLevel2-r16
OPTIONAL, --NeedR

39
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ENUMERATED {formats0-0-And-1-0, formats0-1-

ENUMERATED {formats2-5}

ENUMERATED {formats0-0-And-1-0, formats0-1-And-

formats3-0-And-3-1}

ENUMERATED {formats0-2-And-1-2, formats0-1-And-

SEQUENCE {

ControlResourceSetld-r16

SEQUENCE {
SEQUENCE {

SEQUENCE {
SEQUENCE {
ENUMERATED {nl, n2}

ENUMERATED {nl, n2}
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aggregationLeveld-rl6

OPTIONAL, --NeedR
aggregationLevel8-r16

OPTIONAL, --NeedR
aggregationlevell6-r16

OPTIONAL --Need R

)

}
OPTIONAL, --Need R

dei-Format2-5-r16
nrofCandidates-IAB-r16
aggregationLevell-r16
OPTIONAL, --NecedR
aggregationLevel2-rl6
OPTIONAL, --NeedR
aggregationleveld-rl6
OPTIONAL, --NeedR
aggregationLevel8-r16
OPTIONAL, --NeedR
aggregationlevel16-r16

OPTIONAL --NeedR
b

OPTIONAL, --NeedR
dci-Format2-6-r16

}
OPTIONAL, --Need R

40
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ENUMERATED {nl, n2}

ENUMERATED {n1, n2}

ENUMERATED {nl, n2}

SEQUENCE {

SEQUENCE ¢
ENUMERATED {nl, n2}
ENUMERATED {nl, n2}
ENUMERATED {nl, n2}

ENUMERATED {n1, n2}

ENUMERATED {n1, n2}

SEQUENCE {
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H

OPTIONAL, -- Cond Sctup3

searchSpaceGroupldList-r16 SEQUENCE (SIZE (1.. 2)) OF INTEGER (0..1)
OPTIONAL, --NeedR
freqMonitorLocations-r16 BIT STRING (SIZE (5))

OPTIONAL  --Need R
j

-- TAG-SEARCHSPACE-STOP
-- ASN1STOP

For each DL BWP configured to a UE in a serving cell, the UE is provided by higher
layers with S<10. Search space sets where, for each search space set from the S search
space sets, the UE is provided the following by SearchSpace. For example, the UE is
provided a search space set index s, 0<s<40, by searchSpaceld. For another example,
the UE is provided an association between the search space set s and a CORESET p by
controlResourceSetld or by controlResourceSetld-v1610. For another example, the UE
is provided a PDCCH monitoring periodicity of k slots and a PDCCH monitoring
offset of o, slots, by monitoringSlotPeriodicity AndOffset. For another example, the UE
is provided a PDCCH monitoring pattern within a slot, indicating first symbol(s) of the
CORESET within a slot for PDCCH monitoring, by monitoringSymbolsWithinSlot.
For another example, the UE is provided a duration of T,<k; slots indicating a number
of slots that the search space set s exists by duration. For another example, the UE is
provided a number of PDCCH candidates M™ per CCE aggregation level L by aggre-
gationLevell, aggregationLevel2, aggregationLevel4, aggregationLevel§, and aggrega-
tionLevell6, for CCE aggregation level 1, CCE aggregation level 2, CCE aggregation
level 4, CCE aggregation level 8, and CCE aggregation level 16, respectively. For yet
another example, the UE is provided an indication that search space set s is either a
CSS set, or a USS set by searchSpaceType.

For another example, if search space set s is a CSS set, the UE is provided an in-
dication by dci-Format0-0-AndFormat1-0 to monitor PDCCH candidates for DCI
format 0_0 and DCI format 1_0. For another example, if search space set s is a CSS
set, the UE is provided an indication by dci-Format2-0 to monitor one or two PDCCH
candidates, or to monitor one PDCCH candidate per RB set if the UE is provided freq-
MonitorLocations for the search space set, for DCI format 2_0 and a corresponding
CCE aggregation level. For another example, if search space set s is a CSS set, the UE
is provided an indication by dci-Format2-1 to monitor PDCCH candidates for DCI
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[175]

[176]

[177]

[178]

format 2_1. For another example, if search space set s is a CSS set, the UE is provided
an indication by dci-Format2-2 to monitor PDCCH candidates for DCI format 2_2. For
another example, if search space set s is a CSS set, the UE is provided an indication by
dci-Format2-3 to monitor PDCCH candidates for DCI format 2_3. For another
example, if search space set s is a CSS set, the UE is provided an indication by dci-
Format2-4 to monitor PDCCH candidates for DCI format 2_4. For yet another
example, if search space set s is a CSS set, the UE is provided an indication by dci-
Format2-6 to monitor PDCCH candidates for DCI format 2_6.

For another example, if search space set s is a USS set, the UE is provided an in-
dication by dci-Formats to monitor PDCCH candidates either for DCI format 0_0 and
DCI format 1_0, or for DCI format O_1 and DCI format 1_1, or an indication by dci-
FormatsExt to monitor PDCCH candidates for DCI format 0 2 and DCI format 1 2, or
for DCI format 0 _1, DCI format 1 1, DCI format O0_2, and DCI format 1_2, or for DCI
format 3_0, or for DCI format 3_1, or for DCI format 3_0 and DCI format 3_1.

For yet another example, a bitmap by freqMonitorLocations, if provided, to indicate
an index of one or more RB sets for the search space set s, where the most significant
bit (MSB) k in the bitmap corresponds to RB set k-1 in the DL. BWP. For RB set k
indicated in the bitmap, the first PRB of the frequency domain monitoring location

confined within the RB set is given by RBSBTtH is the

offset start,u
corrp. T Nre ", where RB

s0+k,DL

index of first common RB of the RB set k as described in REF4, and Ngffset is
provided by rb-Offset or Ngffset= 0 if rb-Offset is not provided. For each RB set with a

corresponding value of 1 in the bitmap, the frequency domain resource allocation

pattern for the monitoring location is determined based on the first Ngi5¢ (., bits in

frequencyDomainResources provided by the associated CORESET configuration.

If the monitoringSymbolsWithinSlot indicates to a UE to monitor PDCCH in a
subset of up to three consecutive symbols that are same in every slot where the UE
monitors PDCCH for all search space sets, the UE does not expect to be configured
with a PDCCH SCS other than 15 kHz if the subset includes at least one symbol after
the third symbol.

In certain embodiments, a UE (such as the UE 116) does not expect to be provided a
first symbol and a number of consecutive symbols for a CORESET that results to a
PDCCH candidate mapping to symbols of different slots.

In certain embodiments, a UE (such as the UE 116) does not expect any two PDCCH
monitoring occasions on an active DL BWP, for a same search space set or for
different search space sets, in a same CORESET to be separated by a non-zero number
of symbols that is smaller than the CORESET duration.
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In certain embodiments, a UE (such as the UE 116) 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. For search space
set s, the UE determines that a PDCCH monitoring occasion(s) exists in a slot with

number L in a frame with number ,, i (ng. ySramep The UE

slot + ng,f - 05) modk; = 0
monitors PDCCH candidates for search space set s for T, consecutive slots, starting

from slot nk e and does not monitor PDCCH candidates for search space set s for the

next k, - T, consecutive slots.

A USS at CCE aggregation level Le{1,2,4,8,16} is defined by a set of PDCCH
candidates for CCE aggregation level L.

If a UE is configured with CrossCarrierSchedulingConfig for a serving cell the
carrier indicator field value corresponds to the value indicated by CrossCarrierSchedul-
ingConfig.

For an active DL BWP of a serving cell on which a UE monitors PDCCH candidates
in an USS, if the UE is not configured with a carrier indicator field, the UE monitors
the PDCCH candidates without carrier indicator field. For an active DL BWP of a
serving cell on which a UE monitors PDCCH candidates in an USS, if a UE is
configured with a carrier indicator field, the UE monitors the PDCCH candidates with
carrier indicator field.

A UE does not expect to monitor PDCCH candidates on an active DL BWP of a
secondary cell if the UE is configured to monitor PDCCH candidates with carrier
indicator field corresponding to that secondary cell in another serving cell. For the
active DL BWP of a serving cell on which the UE monitors PDCCH candidates, the
UE monitors PDCCH candidates at least for the same serving cell.

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

gregation level L corresponding to PDCCH candidate m,, ., of the search space set in

slot nt for an active DL BWP of a serving cell corresponding to carrier indicator field

value nqare described in Equation (1), below.

Mgne; NCCE, ,
L- {(Yp'ngf + [CI—CCEPJ + nC]> mOleCCE,p/LJ} + 1 (1)

LMD

s,max

Here in Equation (1), for any CSS, y = 0. Additionally for a USS,
p'ns,f Yp nﬂ = (Ap .
) S,f

, A,=39827 for pmod3=0, A,=39829 for
Y _u _1) mOdD, Yp,—l = NRNTI + 0

DNg ¢

pmod3=1, A,=39839 for pmod3=2, and D=65537. Additionally, i=0,...,L-1. The ex-
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pression Necg, 18 the number of CCEs, numbered from O to Necg,-1, in CORESET p
and, if any, per RB set. The expression ng is the carrier indicator field value if the UE
is configured with a carrier indicator field by CrossCarrierSchedulingConfig for the
serving cell on which PDCCH is monitored; otherwise, including for any CSS, n¢=0.

The expression ne mg ., = 0,..., ML - 1, where M® is the number of PDCCH

SNey SNcy

candidates the UE is configured to monitor for aggregation level L of a search space
w- For a USS,

set s for a serving cell corresponding to ne. For any CSS, 5
Ms,max = Ms,o

vy  1is the maximum of ,,a) over all configured n¢ values for a CCE aggregation
Ms,max sncr

level L of search space set s. Additionally, the RNTI value used for ngyy is the C-
RNTL

In certain embodiments, a UE (such as the UE 116) expects to monitor PDCCH
candidates for up to 4 sizes of DCI formats that include up to 3 sizes of DCI formats
with CRC scrambled by C-RNTI per serving cell. (This rule is sometimes referred to
as the “3+1” DCI format size budget.) The UE counts a number of sizes for DCI
formats per serving cell based on a number of configured PDCCH candidates in re-
spective search space sets for the corresponding active DL BWP.

A PDCCH candidate with index Ms; ney for a search space set s; using a set of CCEs

in a CORESET p on the active DL BWP for serving cell n¢ is not counted for

monitoring if there is a PDCCH candidate with index My ney for a search space set s;

<s;, or if there is a PDCCH candidate with index p_ _ and
]l

CORESET p on the active DL BWP for serving cell n¢, using a same set of CCEs, the
PDCCH candidates have identical scrambling, and the corresponding DCI formats for
the PDCCH candidates have a same size; otherwise, the PDCCH candidate with index

My, 0y 19 counted for monitoring.

In certain embodiments, a UE (such as the UE 116) does not expect to be configured
CSS sets that result to corresponding total, or per scheduled cell, numbers of monitored
PDCCH candidates and non-overlapped CCEs per slot or per span that exceed the cor-
responding maximum numbers per slot or per span, respectively.

For same cell scheduling or for cross-carrier scheduling, a UE does not expect a
number of PDCCH candidates, and a number of corresponding non-overlapped CCEs
per slot or per span on a secondary cell to be larger than the corresponding numbers
that the UE is capable of monitoring on the secondary cell per slot or per span, re-
spectively. If a UE is provided monitoringCapabilityConfig = rl16monitoringcapability

for the primary cell, except the first span of each slot, the UE does not expect a number
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[192]

[193]

[194]

[195]

[196]

of PDCCH candidates and a number of corresponding non-overlapped CCEs per span
on the primary cell to be larger than the corresponding numbers that the UE is capable
of monitoring on the primary cell per span.

For cross-carrier scheduling, the number of PDCCH candidates for monitoring and
the number of non-overlapped CCEs per span or per slot are separately counted for
each scheduled cell.

Table 10.1-2 in REF3, reproduced below and denoted as Table (1) describes the

maximum number of monitored PDCCH candidates, Mgll)aéfcﬁot.# , per slot fora UE in a

DL BWP with SCS configuration p for operation with a single serving cell. That is,

Table (1) describes a maximum number Mpstoty of monitored PDCCH candidates

per slot for a DL BWP with SCS configuration pe{0,1,2,3} for a single serving cell
[Table 1]

Maximum number of monitored PDCCH candidates per slot
# and per serving cell M;,’ll)aécc'ﬁ“’”
0 44
1 36
2 22
3 20

Table 10.1-2A in REF3 reproduced below and denoted as Table (2) describes the

maximum number of monitored PDCCH candidates, , ,max,ccy),u , per span for a UE in
PDCCH

a DL BWP with SCS configuration p for operation with a single serving cell. That is,

Table (2) describes a maximum number A (X V) of monitored PDCCH candidates
PDCCH

in a span for combination (X, Y) for a DL BWP with SCS configuration pe{0,1} for a

single serving cell.
[Table 2]

Maximum number M;.r]l)aécc’g(’y)’“ of monitored PDCCH candidates

per span for combination (X,Y) and per serving cell

[z (2,2) (4,3) (7,3)
0 14 28 44
1 12 24 36

Table 10.1-3 in REF3 reproduced below and denoted as Table (3) describes the
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[198]

[199]

[200]

[201]

maximum number of non-overlapped CCEs, cmaxslots for a DL BWP with SCS con-
PDCCH

figuration p that a UE is expected to monitor corresponding PDCCH candidates per
slot for operation with a single serving cell. CCEs for PDCCH candidates are non-
overlapped if they correspond to (i) different CORESET indexes, or (ii) different first
symbols for the reception of the respective PDCCH candidates. That is, Table (3)

describes the maximum number cmax slotp of non-overlapped CCEs per slot for a DL
PDCCH

BWP with SCS configuration ne{0,1,2,3} for a single serving cell.
[Table 3]

Maximum number of non-overlapped CCEs per slot and
U per serving cell Cl?lD‘ExéSéOt,y
0 56
: 56
’ 48
’ 32

Table 10.1-3A in REF3 reproduced below and denoted as Table (4) describes the

maximum number of non-overlapped CCEs, Crr]t)axc,(éf,Y),u , for a DL BWP with SCS
PDC

configuration p that a UE is expected to monitor corresponding PDCCH candidates per
span for operation with a single serving cell. That is, Table (4) describes the maximum

number C;%%xég’y)'” of non-overlapped CCEs in a span for combination (X, Y) for a

DL BWP with SCS configuration ue{0,1} for a single serving cell.
[Table 4]

Maximum number Cg)%xég(’y)’” of non-overlapped CCEs

per span for combination (X,Y") and per serving cell

(2,2) 4.3) (7.3)
0 18 36 56
1 18 36 56

In Multiple Transmit/Receive Point (multi-TRP) operation, a serving cell can
schedule UE from two TRPs, providing better PDSCH coverage, reliability and/or data
rates.

There are two different operation modes for multi-TRP: single-DCI and multi-DCI.
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[203]

[204]

[205]

[206]

For both modes, control of uplink and downlink operation is done by both physical
layer and MAC. In single-DCI mode, UE is scheduled by the same DCI for both TRPs
and in multi-DCI mode, UE is scheduled by independent DCIs from each TRP.

Various embodiments of the present disclosure, describe allocation of PDCCH
candidates considering number of sizes for DCI formats of USS sets. This is described
in the following examples and embodiments, such as those of FIGURE 6.

FIGURE 6 illustrates an example method 600 for counting a number of PDCCH
candidates for a search space according to embodiments of the present disclosure. The
steps of the method 600 of FIGURE 6 can be performed by any of the UEs 111-116 of
FIGURE 1, such as the UE 116 of FIGURE 3. The method 600 is for illustration only
and other embodiments can be used without departing from the scope of the present
disclosure.

In certain embodiments, when a UE (such as the UE 116) is configured a search
space set that includes multiple DCI formats having more than one sizes, the UE
counts a number of PDCCH candidates associated with the search space set separately
per DCI format size. A reason is that a UE performs a separate decoding operation for
each received PDCCH candidate per DCI format size. Therefore, for the purposes of
determining a UE capability for a number of decoding operations for DCI format per
slot or per span, the UE determines a scaled number of PDCCH candidates for a search
space set as product of a number of configured PDCCH candidates for the search space
set with a number of DCI format sizes associated with the search space set. Ac-
cordingly, the UE determines a search space set overbooking event per slot or per span
when a sum of scaled numbers of PDCCH candidates for corresponding search space
sets exceeds a predetermined limit on a number of PDCCH candidates that the UE can
monitor per slot or per span.

For example, a UE (such as the UE 116) expects to monitor PDCCH candidates for
up to 4 sizes of DCI formats that include up to 3 sizes of DCI formats with CRC
scrambled by C-RNTI per serving cell. The UE counts a number of sizes for DCI
formats per serving cell based on a number of configured PDCCH candidates in re-
spective search space sets for the corresponding active DL BWP.

The UE determines a number of sizes of DCI formats used for determining a number
of PDCCH candidates for decoding operations of DCI formats for a search space set
after completing all operations for alignment of sizes of DCI formats as described in
REF2, for example in order to maintain the aforementioned maximum numbers for
sizes of DCI formats. For example, if a UE is configured a search space set to monitor
PDCCH for detection of DCI format O_1 and DCI format 1_1, and an original size of
DCI format O_1 is aligned to be same as a size of DCI format 1_1 in order to have up
to 3 sizes of DCI formats with with CRC scrambled by C-RNTI per serving cell, there
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[208]

[209]
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is only a single size for both DCI format 0_1 and DCI format 1_1 for the purpose of
determining a number of PDCCH candidates for decoding operations for the search
space set. Similar, if a UE is configured a search space set to monitor PDCCH for
detection of DCI format 0_1, DCI format 0 2, DCI format 1 1 and DCI format 1 2,
and an original size of DCI format 0_2 is aligned to be same as a size of DCI format
1_2 in order to have up to 3 sizes of DCI formats with with CRC scrambled by C-
RNTI per serving cell, there are three sizes for DCI format 0_1, DCI format 0_2, DCI
format 1_1 and DCI format 1_2 for the purpose of determining a number of PDCCH
candidates for decoding operations for the search space set.

The method 600 as illustrated in FIGURE 6 describes an example procedure for
counting a number of PDCCH candidates for a search space set that includes DCI
format with multiple sizes.

In step 610, a UE (such as the UE 116) is configured a search space set for
monitoring PDCCH candidates to detect DCI formats of d; sizes, after any DCI size
alignment. In step 620, the UE receives a PDCCH candidate associated with the search
space set in a slot and performs respective d, decoding operations for the d, DCI format
sizes. In step 630, the UE counts the PDCCH candidate d, times towards a number of
monitored PDCCH candidates in the slot.

In certain embodiments, a PDCCH candidate with index My ne for a search space

set s; using a set of CCEs in a CORESET p on the active DL BWP for serving cell ng

is not counted for monitoring if there is a PDCCH candidate with index My ey for a
search space set s; < s;, or if there is a PDCCH candidate with index N ney and
]l

Mg ng < Ms ey’ in the CORESET p on the active DL. BWP for serving cell ng, using a

same set of CCEs, the PDCCH candidates have identical scrambling, and the corre-
sponding DCI formats for the PDCCH candidates have a same size. Otherwise, the

PDCCH candidate with index Mg ney is counted for monitoring a number of times that

is equal to a number of sizes of DCI formats, after any alignment of sizes of DCI
formats, associated with the search space set as is subsequently described.

If a UE (such as the UE 116) (i) does not report pdcch-BlindDetectionCA or is not
provided BDFactorR, y=R and (ii) reports pdcch-BlindDetectionCA, then the UE can
be indicated by BDFactorR either y=1 or y=R.

I a UE (such as the UE 116) is configured with oLe , oLe downlink cells for

cells,0 cells,1

which the UE is not provided monitoringCapabilityConfig-r16, or is provided monitor-
ingCapabilityConfig-r16 = r1Smonitoringcapability but not provided CORESET-
Poollndex, with associated PDCCH candidates monitored in the active DL BWPs of
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the scheduling cells using SCS configuration @ where

3 DL.u DLu cap , the UE is not required to monitor, on the active DL
Zu=0(Ncens,o tvy- Ncel]s,]) =< Nais q

BWPs of the scheduling cells, (i) more than maxslot,y PDCCH

total,slot,u __
MPDCCH - MPDCCH

candidates or more than totalsloty _ ,~maxsiotu non-overlapped CCEs per slot for each
C
PDCCH — “PDCCH

scheduled cell when the scheduling cell is from the »DLu downlink cells, (ii) -more
cells,0

than ptotalsloty maxslotg PDCCH candidates or more than

pocch = V" Mppeen
totalsloty _ . ~maxsiotu non-overlapped CCEs per slot for each scheduled cell when
Conccn =V " Coneen

the scheduling cell is from the ,; , downlink cells, or (iii) more than M}T)rlt)aéccﬁot,u
cells,1

PDCCH candidates or more than cmax slot.p non-overlapped CCEs per slot for
PDCCH

CORESETs with same coresetPoollndex value for each scheduled cell when the

scheduling cell is from the  p, , downlink cells. In certain embodiments, the counting
cells,1

of PDCCH candidates includes scaling with number of DCI format sizes as described
above, when applicable.

Additionally, e is replaced by peap-ri6 , if a UE is configured with downlink cells

cells cells,r15

for which the UE is provided both monitoringCapabilityConfig-r16 =
r15monitoringcapability and monitoringCapabilityConfig-r16 =
rl6monitoringcapability.

If a UE (i) is configured with  prp pru downlink cells for which the UE is not
N, cells,0 + N,

cells,1

provided monitoringCapabilityConfig, or is provided monitoringCapabilityConfig-r16
= r15Smonitoringcapability but not provided coresetPoollndex, (ii) with associated
PDCCH candidates monitored in the active DL. BWPs of the scheduling cell(s) using
SCS configuration p, where 3 o NPUE 4y NPLE ) > NZP and (iii) a DL BWP of

cells,0 cells, 1 cells

an activated cell is the active DL BWP of the activated cell, and a DL BWP of a de-
activated cell is the DL BWP with index provided by firstActiveDownlinkBWP-Id for
the deactivated cell, then the UE is not required to monitor more than PDCCH
candidates, as described in Equation (2), below, or more than non-overlapped CCEs

per slot on the active DL. BWP(s) of scheduling cell(s) from the NPIE g Pl

cells,0 cells,1

downlink cells as described in Equation (3), below. In certain embodiments, the

counting of PDCCH candidates includes scaling with number of DCI format sizes as
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[215]

[216]

[217]

described above, when applicable. NP is replaced by NE r1165 if a UE is configured
cells cells,r

with downlink cells for which the UE is provided both monitoringCapabilityConfig-
r16 =r15monitoringcapability and monitoringCapabilityConfig-r16 =

rl6monitoringcapability.

total,slot,y cap max,slot, it DI u Dy DI.j DI, j
MPDCCH - [N MPDCCH (N "N )/ZJ O(NcellsO + "N J (2)

cells cells, 0 cells, 1 cells, |

total lot,u __ cap max slot,u DL,u DL,y DL,j DL,j
PDCCH lNcqu PDCCH (Ncelli 0 + v N cells, 1)/2 O(Ncells 0 Nce iis, 1 J (3)

For each scheduled cell from the _ p;,,, downlink cells, the UE is not required to
cells,0

monitor on the active DL BWP with SCS configuration p of the scheduling cell more

than pmaxslot.u Mtotal slot, u) PDCCH candidates or more than

mm( PDCCH PDCCH

. maxslot.u ~totalsiot,wy non-overlapped CCEs per slot. In certain embodiments, the
mm(CPDCCH » Cppecn ) PP p

counting of PDCCH candidates includes scaling with number of DCI format sizes as
described above, when applicable.

For each scheduled cell from the p,; , downlink cells, the UE is not required to
cells,1

monitor on the active DL BWP with SCS configuration p of the scheduling cell (i)

more than pmaxsioni ptotalslotie PDCCH candidates or more than

min (y

. cmaxslot piotalslotu non-overlapped CCEs per slot or (ii) more than
mm(y PDCCH PDCCH

, maxslot, i 5 stotalslo,uy PDCCH candidates or more than
min(Mpscen ™ Mppcon

. maxslot.u ~totalstot,uy Non-overlapped CCEs per slot for CORESETs with same
min(Copcon > CpoecH

coresetPoollndex value. In certain embodiments, the counting of PDCCH candidates
includes scaling with number of DCI format sizes as described above, when applicable.

If a UE is configured with DLk downlink cells for which the UE is provided
cells,r16

monitoringCapabilityConfig = rl6monitoringcapability and with associated PDCCH
candidates monitored in the active DL BWPs of the scheduling cells using SCS con-

figuration p, and with | pL,xv) of the DL downlink cells using combination

Ncells,rls cells,rie
X.,Y) for PDCCH monitoring, where DLy cap-r16, the UE is not required
g oN N q
cells,rie — “Ycells

to monitor, on the active DL BWP of the scheduling cell, more than

total,(X,Y),u

_ M PDCCH candidates or more than cro@l (e _ ~max(X¥)u
PDCCH - PDCCH PDCCH -

M PDCCH



51

WO 2023/008971 PCT/KR2022/011252

[218]

non-overlapped CCEs per span for each scheduled cell when the scheduling cell is

from the NDh'(X'Y)'” downlink cells. In certain embodiments, the counting of PDCCH
cells,ri6

candidates includes scaling with number of DCI format sizes as described above, when
applicable. If a UE is configured with downlink cells for which the UE is provided
both monitoringCapabilityConfig = r1 Smonitoringcapability and monitoringCapabili-

tyConfig = rl6monitoringcapability, Ncaﬁ”lé is replaced by Ncal?-rllz .
cells Cells,r

If a UE is configured only with ,pLu  downlink cells for which the UE is

cells,rie6

provided monitoringCapabilityConfig = r16monitoringcapability and with associated
PDCCH candidates monitored in the active DL. BWPs of the scheduling cells using

SCS configuration p, and with ,PL&Y. of the pdLu  downlink cells using com-
cells,ri6 cells,rié

bination (X,Y) for PDCCH monitoring, where yi_ DLk

1=0*Ycells,rie6

> Ncap-rlé, a DL BWP of

cells

an activated cell is the active DL BWP of the activated cell, and a DL BWP of a de-
activated cell is the DL BWP with index provided by firstActiveDownlinkBWP-Id for
the deactivated cell, the UE is not required to monitor more than PDCCH candidates as
described in Equation (4) below, or more non-overlapped CCEs as described in
Equation (5), below, per a set of spans. For example, the set of spans can be on the

active DL BWP(s) of all scheduling cell(s) from the NDLE Y downlink cells within

cells,rie

every X symbols, if the union of PDCCH monitoring occasions on all scheduling cells

from the ,bLxYe downlink cells results to PDCCH monitoring according to the
cells,rié

combination (X,Y) and any pair of spans in the set is within Y symbols, where first X
symbols start at a first symbol with a PDCCH monitoring occasion and next X symbols
start at a first symbol with a PDCCH monitoring occasion that is not included in the
first X symbols. For another example, the set of spans can be across the active DL,

BWP(s) of all scheduling cells from the ,pL.xv.u downlink cells, with at most one
cells,rié

span per scheduling cell for each set of spans, otherwise. It is noted that _p;;  isa
cells,rie

number of configured cells with associated PDCCH candidates monitored in the active
DL BWPs of the scheduling cells using SCS configuration j. In certain embodiments,
the counting of PDCCH candidates includes scaling with number of DCI format sizes
as described above, when applicable. If a UE is configured with downlink cells for
which the UE is provided both monitoringCapabilityConfig = r15monitoringcapability

and monitoringCapabilityConfig = r16monitoringcapability, Ncaﬁ)-rlG is replaced by
cells

cap-r16
N cells,rl6



52

WO 2023/008971 PCT/KR2022/011252
[219] total,(X,Y) 16 X7 DL,(X,Y) DL,j
ota,(X, YLt __ cap-r max, (X, Y ).u (&Y )10 1 9]
Mppecn - [Ncel}s " Mppecn “Neellsr1s / ijo Ncells,rléJ (4)
total (XY __ cap-r16 max,(X,Y),u DL,(X,Y),n 1 DL,j
ConccH = [Ncefls “Conoc *Neeisris /Zj=0 Nceus,rmJ (5)

[220]

[221]

[222]

[223]

[224]

[225]

For each scheduled cell from the ,;pL.xv).x downlink cells using combination (X,Y),
cells,ri6

the UE is not required to monitor on the active DL. BWP with SCS configuration p of

the scheduling cell, more than | max,(XV)u ., total(xv)x\ PDCCH candidates or
min (MPDCCH » Mppec )
more than i (M E)H ~total(XY).p non-overlapped CCEs per span. In certain
( PDCCH ' “PDCCH )

embodiments, the counting of PDCCH candidates includes scaling with number of
DCI format sizes as described above, when applicable.

In certain embodiments, a UE (such as the UE 116) does not expect to be configured
CSS sets that result to corresponding total, or per scheduled cell, numbers of monitored
PDCCH candidates and non-overlapped CCEs per slot or per span that exceed the cor-
responding maximum numbers per slot or per span, respectively.

For same cell scheduling or for cross-carrier scheduling, a UE does not expect a
number of PDCCH candidates, and a number of corresponding non-overlapped CCEs
per slot or per span on a secondary cell to be larger than the corresponding numbers
that the UE is capable of monitoring on the secondary cell per slot or per span, re-
spectively. In certain embodiments, the counting of PDCCH candidates includes
scaling with number of DCI format sizes as described above, when applicable. If a UE
is provided monitoringCapabilityConfig = r16monitoringcapability for the primary
cell, except the first span of each slot, the UE does not expect a number of PDCCH
candidates and a number of corresponding non-overlapped CCEs per span on the
primary cell to be larger than the corresponding numbers that the UE is capable of
monitoring on the primary cell per span. In certain embodiments, the counting of
PDCCH candidates includes scaling with number of DCI format sizes as described
above, when applicable.

For cross-carrier scheduling, the number of PDCCH candidates for monitoring and
the number of non-overlapped CCEs per span or per slot are separately counted for
each scheduled cell.

For all search space sets within a slot n or within a span in slot n, denote by S, a set
of CSS sets with cardinality of 1. and by S, a set of USS sets with cardinality of J.
The location of USS sets s;, 0<j<J,, in S, 1s according to an ascending order of the

search space set index.
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u®» 0<i<l,,, the number of counted PDCCH candidates for monitoring for CSS set
Scss(i)

Ses@ and by MD 0<j<J s, the number of counted PDCCH candidates for
Suss(j)

monitoring for USS set S)-
For the CSS sets, a UE (such as the UE 116) monitors
MES. oy = 3 if(s)-l a0 -3, o PDCCH candidates (decoding operations for DCI

R Scss(i)

formats) requiring a total of non-overlapping CCEs in a slot or in a span. In

CIESDSCCH
certain embodiments, d(i) is a number of sizes for DCI formats for CSS set i after
alignment of DCI format sizes.

The UE allocates PDCCH candidates for monitoring to USS sets for the primary cell
having an active DL. BWP with SCS configuration p in a slot if the UE is not provided
monitoringCapabilityConfig for the primary cell or if the UE is provided monitoring-
CapabilityConfig = r15monitoringcapability for the primary cell, or in the first span of
each slot if the UE is provided monitoringCapabilityConfig = r16monitoringcapability
for the primary cell, according to the following pseudocode. If for the USS sets for
scheduling on the primary cell the UE is not provided coresetPoollndex for first
CORESETs, or is provided coresetPoollndex with value O for first CORESETS, and is
provided coresetPoollndex with value 1 for second CORESETS, and if

. . pgmax,slot,u total slot,u . max,slot, i total,slot, U\ or
min(y - Mppcen ' Mepcen ) > min(Mppeen ™ Mpncen )

. . ~max,slot,it ~totalslot,u . max,slot.u ~totalslot.uy  the followin seudocode
mm(y Concen  » Copecn )>mm(CPDCCH » Cppecu )’ gp

applies only to USS sets associated with the first CORESETs. A UE does not expect to
monitor PDCCH in a USS set without allocated PDCCH candidates for monitoring. In
the following pseudocode, if the UE is provided monitoringCapabilityConfig =

rl6monitoringcapability for the primary cell, | maxstor,y and craxslotu are replaced by

M PDCCH

max,(X, V). and maxxy)n respectively, and jtotatsiotp and totalslotu are replaced
Mppccn CPDC((JH »u TESP Y Mppecn Copecn P

by , totalx,Y)p and ~total(X,Y),p respectively.
y MPDCCH CPDCCH p y

Denote by p..(Suss(i)) the set of non-overlapping CCEs for search space set g,,c¢(/)

and by e (Vccg ( 5uss(]'))) the cardinality of ce(Suss(7)) where the non-overlapping

CCE:s for search space set g,y are determined considering the allocated PDCCH

candidates for monitoring for the CSS sets and the allocated PDCCH candidates for
monitoring for all search space sets S,.(k), 0 <k <j. This is described in Syntax (2)
and/or Syntax (3), below.



54

WO 2023/008971 PCT/KR2022/011252

[229] Syntax @

Uss . mazx.slot,u , total,SIOLUY _ psCSS
Set Mp3zcn = min(Mppeey ™™, Mppcen ") = Mibecn

Uss R max,slot,yu ~total,slot,u cSS
Set Cppéen = mm(CPDCCH »Cepech ) — Crbeen

Set d(j) to a number of sizes for DCI formats for USS set j after alignment of DCI format sizes
Set j=0

while d(j) - X, ME < Mpbeen AND € (VCCE(SUSSU))) < CHpccn

Suss(j)

allocate d(j) - Y., Ms(ﬁzsm PDCCH candidates for monitoring to USS set Syss(f)

uss __ pquSS -~ @ .
Mppecn = Mppecn — d0) - X Mg, 5

C,gggcu = nggw -C (VCCE(SUSSU)));

j :j + 1
end while.
Syntax 3)
[230]
Uss _ . max,slot,u total,slot,u CSS
Set Mpjicn = min(Mppéey "™ Munéci ) = Miecn
UsSs s max,slot,u ~totalslot,uy _ ~cCS$
Set Cppoen = min(Copec " Conecn ) = Chbecn
Set =0

while 3, M < Mcy AND € (Vece (Suss () < CSEcn

allocate ), Méigs 5 PDCCH candidates for monitoring to USS set Sys5(j)

C

uss __ pquss Ly .
Mpbeen = Mppeen — 2. My i

CgbsgCH = gggcy -C (VCCE(SUSSU)));
J=j+ 1
end while.

[231] It is noted that similar procedures, as those described above, apply when a UE
monitors PDCCH in a search space set per span, instead of per slot.

[232] In certain embodiments, a method for PDCCH monitoring with multiple DCI format
sizes can include receiving information for a search space set from first search space
sets on a serving cell. The search space set includes a first number of candidates
PDCCH receptions and is associated with a first number of DCI formats. The method
can also include performing a DCI format size alignment for the first number of DCI
formats. The method can further include determining a first number of DCI format
sizes based on the DCI format size alignment. In certain embodiments, the method can

include receiving the first number of candidates PDCCH receptions in a slot according
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[233]

[234]

[235]

[236]

to the information of the search space set and decoding each candidate PDCCH
reception from the first number of candidates PDCCH receptions for the first number
of DCI format sizes. Additionally, the method also includes determining a number of
DCI decoding operations in the slot associated with the search space set as a product of
the first number of candidates PDCCH receptions and the first number of DCI format
sizes.

The method can also include receiving information for second search space sets on
the serving cell, the second search space sets including only CSS sets. The method can
further include determining (i) a first number of DCI decoding operations in the slot
associated with the first search space sets, and (ii) a second number of DCI decoding
operations in the slot associated with the second search space sets. Additionally, the
method can include determining a sum of the first number of DCI decoding operations
and the second number of DCI decoding operations exceeds a predetermined number
of DCI decoding operations / PDCCH receptions. The method can also include
cancelling candidate PDCCH receptions corresponding only to search space sets from
the first search space sets.

Although FIGURE 6 illustrates the method 600 various changes may be made to
FIGURE 6. For example, while the method 600 is shown as a series of steps, various
steps could overlap, occur in parallel, occur in a different order, or occur multiple
times. In another example, steps may be omitted or replaced by other steps. For
example, steps of the method 600 can be executed in a different order.

Various embodiments of the present disclosure are related to PDCCH monitoring for
multi-cell scheduling.

In certain embodiments, if a UE (i) is configured for single cell operation or for
operation with carrier aggregation in a same frequency band, and (ii) monitors PDCCH
candidates in overlapping PDCCH monitoring occasions in multiple CORESETs that
have been configured with same or different qcl-Type set to ‘typeD' properties on
active DL BWP(s) of one or more cells, then the UE monitors PDCCHs only in a
CORESET, and in any other CORESET from the multiple CORESETs that have been
configured with qcl-Type set to same 'typeD’ properties as the CORESET, on the
active DL BWP of a cell from the one or more cells. the CORESET corresponds to the
CSS set with the lowest index in the cell with the lowest index containing CSS, if any;
otherwise, to the USS set with the lowest index in the cell with lowest index. The
lowest USS set index is determined over all USS sets with at least one PDCCH
candidate in overlapping PDCCH monitoring occasions. For the purpose of de-
termining the CORESET, a SS/PBCH block is considered to have different QCL
‘typeD' properties than a CSI-RS. For the purpose of determining the CORESET, a first
CSI-RS associated with a SS/PBCH block in a first cell and a second CSI-RS in a
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second cell that is also associated with the SS/PBCH block are assumed to have same
QCL 'typeD' properties. The allocation of non-overlapping CCEs and of PDCCH
candidates for PDCCH monitoring is according to all search space sets associated with
the multiple CORESETS on the active DL BWP(s) of the one or more cells. The
number of active TCI states is determined from the multiple CORESETs.

In certain embodiments, if a UE (i) is configured for single cell operation or for
operation with carrier aggregation in a same frequency band, and (ii) monitors PDCCH
candidates in overlapping PDCCH monitoring occasions in multiple CORESETs
where none of the CORESETs has TClI-states configured with qcl-Type set to ‘typeD’,
then the UE is required to monitor PDCCH candidates in overlapping PDCCH
monitoring occasions for search space sets associated with different CORESETs.

For a scheduled cell and at any time, a UE (such as the UE 116) can expect to have
received at most 16 PDCCHs for DCI formats with CRC scrambled by C-RNTI, CS-
RNTI, or MCS-C-RNTI scheduling 16 PDSCH receptions for which the UE has not
received any corresponding PDSCH symbol and at most 16 PDCCHs for DCI formats
with CRC scrambled by C-RNTI, CS-RNTI, or MCS-C-RNTI scheduling 16 PUSCH
transmissions for which the UE has not transmitted any corresponding PUSCH
symbol.

In certain embodiments, if a UE is not provided monitoringCapabilityConfig =
rl6émonitoringcapability for any serving cell, and (i) is not configured for NR-DC
operation and indicates through pdcch-BlindDetectionCA a capability to monitor
PDCCH candidates for N >4 downlink cells and the UE is configured with p DL >4

cells

downlink cells or NU: >4 uplink cells, or (ii) is configured with NR-DC operation and
for a cell group with ybL ~downlink cells or NUL uplink cells, then the UE expects to

have respectively received at most 16- P PDCCHs.

cells

This is for (i) DCI formats with CRC scrambled by a C-RNTI, or a CS-RNTI, or a
MCS-C-RNTI scheduling 16- 2P PDSCH receptions for which the UE has not

cells

received any corresponding PDSCH symbol over all NDL downlink cells, and (i1)

DCI formats with CRC scrambled by a C-RNTI, or a CS-RNTI, or a MCS-C-RNTI
scheduling 16- e PUSCH transmissions for which the UE has not transmitted any

cells

corresponding PUSCH symbol over all NUL uplink cells.

In certain embodiments, if a UE is provided monitoringCapabilityConfig =
rl6émonitoringcapability for all serving cells, and (i) is not configured for NR-DC

operation and indicates through pdcch-MonitoringCA a capability to monitor PDCCH
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candidates for NEap=T16 >2 downlink cells and the UE is configured with ypL >2

cells

downlink cells or NUE >2 uplink cells, or (ii) is configured with NR-DC operation and

for a cell group with ybL - downlink cells or NUL uplink cells, then the UE expects to

have respectively received at most 16- NEap-T16 PDCCHs. This is for (i) DCI formats

cells

with CRC scrambled by a C-RNTI, or a CS-RNTI, or a MCS-C-RNTI scheduling 16-

N Cap-T16 PDSCH receptions for which the UE has not received any corresponding
cells

PDSCH symbol over all ypt downlink cells or (i) DCI formats with CRC scrambled

by a C-RNTI, or a CS-RNTI, or a MCS-C-RNTI scheduling 16- N Cap=T16 PUSCH

cells
transmissions for which the UE has not transmitted any corresponding PUSCH symbol

over all NUL uplink cells.

In certain embodiments, if a UE is provided monitoringCapabilityConfig =
rl6émonitoringcapability for at least one serving cell and is not provided monitoringCa-
pabilityConfig = rl6monitoringcapability for at least one serving cell, and (i) is not
configured for NR-DC operation, and indicates a capability to monitor PDCCH

candidates for pcap-r16 >1 downlink cells and pcar-716 >1 downlink cells, and the
cells,ri5s cells,ri6

UE is configured with ybL >1 downlink cell or NUL >1 uplink cell, or (ii) is

configured with NR-DC operation and for a cell group with p DL downlink cells or

NUL uplink cells, then the UE expects to have respectively received the following.

The UE can expect to respectively receive (i) at most 16-pcap—r16 PDCCHs for DCI

cells,ri15

formats with CRC scrambled by a C-RNTI, or a CS-RNTI, or a MCS-C-RNTI
scheduling 16- Ncceazl?—ﬂé PDSCH receptions for which the UE has not received any

i S,ri5
corresponding PDSCH symbol over all serving cells that are not provided monitoring-

CapabilityConfig = r16monitoringcapability, (ii) at most 16- NEap-T16 PDCCHs for

DCI formats with CRC scrambled by a C-RNTI, or a CS-RNTI, or a MCS-C-RNTI

scheduling 16- NEWP-TLE PUSCH transmissions for which the UE has not transmitted

any corresponding PUSCH symbol over all serving cells that are not provided monitor-

ingCapabilityConfig = rl6monitoringcapability, (iii) at most 16- pcap-ri6 PDCCHs

cells,rie

for DCI formats with CRC scrambled by a C-RNTI, or a CS-RNTI, or a MCS-C-RNTI
scheduling 16-pycapr-r16 PDSCH receptions for which the UE has not received any cor-

cells,rl6
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responding PDSCH symbol over all serving cells that are provided monitoringCapabil-
ityConfig = rl6monitoringcapability, (iv) at most 16- pcar-ri6 PDCCHs for DCI

cells,rie

formats with CRC scrambled by a C-RNTI, or a CS-RNTI, or a MCS-C-RNTI
scheduling 16- pecar-716 PUSCH transmissions for which the UE has not transmitted

cellsr16
any corresponding PUSCH symbol over all serving cells that are provided monitoring-
CapabilityConfig = r16monitoringcapability.

In certain embodiments, a UE (such as the UE 116) decodes only DCI formats
0_0/1_0 associated with the first PDCCH candidate, if the UE (i) is configured to
monitor a first PDCCH candidate for a DCI format O 0 and a DCI format 1_0 from a
CSS set and a second PDCCH candidate for a DCI format O_0 and a DCI format 1 0
from a USS set in a CORESET with index zero on an active DL BWP, (ii) the DCI
formats O _0/1 0O associated with the first PDCCH candidate and the DCI formats
0_0/1_0 associated with the second PDCCH candidate have same size, (iii) the UE
receives the first PDCCH candidate and the second PDCCH candidate over a same set
of CCEs, (iv) the first PDCCH candidate and the second PDCCH candidate have
identical scrambling, and (v) the DCI formats 0_0/1_0 for the first PDCCH candidate
and the DCI formats 0_0/1_0 for the second PDCCH candidate have CRC scrambled
by either C-RNTI, or MCS-C-RNTI, or CS-RNTL

In certain embodiments, if a UE (such as the UE 116) detects a DCI format with in-
consistent information, the UE discards all the information in the DCI format.

A UE configured with a bandwidth part indicator in a DCI format determines, in case
of an active DL. BWP or of an active UL BWP change, that the information in the DCI
format is applicable to the new active DL BWP or UL BWP, respectively, as described
in clause 12.

For unpaired spectrum operation, if a UE is not configured for PUSCH/PUCCH
transmission on serving cell ¢,, the UE does not expect to monitor PDCCH on serving
cell ¢, if the PDCCH overlaps in time with SRS transmission (including any in-
terruption due to uplink or downlink RF retuning time [10, TS 38.133]) on serving cell
¢, and if the UE is not capable of simultaneous reception and transmission on serving
cell ¢; and serving cell c,.

If a UE (such as the UE 116) is provided resourceBlocks and symbolsinRe-
sourceBlock in RateMatchPattern, or if the UE is additionally provided periodic-
ityAndPattern in RateMatchPattern, the UE can determine a set of RBs in symbols of a
slot that are not available for PDSCH reception as described in REF4. If a PDCCH
candidate in a slot is mapped to one or more REs that overlap with REs of any RB in
the set of RBs in symbols of the slot, the UE does not expect to monitor the PDCCH

candidate.
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In certain embodiments, a UE (such as the UE 116) does not expect to be configured
with dci-FormatsSL and dci-FormatsExt in a same USS.

In the downlink, the gNB (such as the BS 102) can dynamically allocate resources to
UEs via the C-RNTI on PDCCH(s). A UE monitors the PDCCH(s) in order to find
possible assignments when its downlink reception is enabled (activity governed by
DRX when configured). When CA is configured, the same C-RNTI applies to all
serving cells.

The gNB may pre-empt an ongoing PDSCH transmission to one UE with a latency-
critical transmission to another UE. The gNB can configure UEs to monitor interrupted
transmission indications using INT-RNTI on a PDCCH. If a UE receives the in-
terrupted transmission indication, the UE may assume that no useful information to
that UE was carried by the resource elements included in the indication, even if some
of those resource elements were already scheduled to this UE.

In addition, with SPS, the gNB can allocate downlink resources for the initial HARQ
transmissions to UEs: RRC defines the periodicity of the configured downlink as-
signments while PDCCH addressed to CS-RNTI can either signal and activate the
configured downlink assignment, or deactivate it; i.e., a PDCCH addressed to CS-
RNTT indicates that the downlink assignment can be implicitly reused according to the
periodicity defined by RRC, until deactivated. When required, retransmissions are ex-
plicitly scheduled on PDCCH(s).

The dynamically allocated downlink reception overrides the configured downlink as-
signment in the same serving cell if they overlap in time. Otherwise, a downlink
reception according to the configured downlink assignment is assumed, if activated.

The UE may be configured with up to eight active configured downlink assignments
for a given BWP of a serving cell. When more than one is configured: (i) the network
decides which of these configured downlink assignments are active at a time (including
all of them); and (ii) each configured downlink assignment is activated separately
using a DCI command and deactivation of configured downlink assignments is done
using a DCI command, which can either deactivate a single configured downlink as-
signment or multiple configured downlink assignments jointly.

PUSCH may be scheduled with DCI on PDCCH, or a semi-static configured grant
may be provided over RRC, where two types of operation are supported: (i) the first
PUSCH is triggered with a DCI, with subsequent PUSCH transmissions following the
RRC configuration and scheduling received on the DCI, or (ii) the PUSCH is triggered
by data arrival to the UE's transmit buffer and the PUSCH transmissions follow the
RRC configuration.

In the uplink, the gNB can dynamically allocate resources to UEs via the C-RNTI on
PDCCH(s). A UE monitors the PDCCH(s) in order to find possible grants for uplink



60

WO 2023/008971 PCT/KR2022/011252

[256]

[257]

[258]

[259]

transmission when its downlink reception is enabled (activity governed by DRX when
configured). When CA is configured, the same C-RNTI applies to all serving cells.

The gNB may cancel a PUSCH transmission, or a repetition of a PUSCH
transmission, or an SRS transmission of a UE for another UE with a latency-critical
transmission. The gNB can configure UEs to monitor cancelled transmission in-
dications using CI-RNTI on a PDCCH. If a UE receives the cancelled transmission in-
dication, the UE shall cancel the PUSCH transmission from the earliest symbol
overlapped with the resource or the SRS transmission overlapped with the resource
indicated by cancellation.

In addition, with Configured Grants, the gNB can allocate uplink resources for the
initial HARQ transmissions and HARQ retransmissions to UEs. Two types of
configured uplink grants are defined. A first type, denoted as Type 1, RRC directly
provides the configured uplink grant (including the periodicity). A second type,
denoted as Type 2, RRC defines the periodicity of the configured uplink grant while
PDCCH addressed to CS-RNTI can either signal and activate the configured uplink
grant, or deactivate it i.e., a PDCCH addressed to CS-RNTTI indicates that the uplink
grant can be implicitly reused according to the periodicity defined by RRC, until de-
activated.

If the UE is not configured with enhanced intra-UE overlapping resources priori-
tization, the dynamically allocated uplink transmission overrides the configured uplink
grant in the same serving cell if they overlap in time. Otherwise, an uplink
transmission according to the configured uplink grant is assumed, if activated.

If the UE is configured with enhanced intra-UE overlapping resources prioritization,
in case a configured uplink grant transmission overlaps in time with dynamically
allocated uplink transmission or with another configured uplink grant transmission in
the same serving cell, the UE prioritizes the transmission based on the comparison
between the highest priority of the logical channels that have data to be transmitted and
which are multiplexed or can be multiplexed in MAC packet data units (PDUs) as-
sociated with the overlapping resources. Similarly, in case a configured uplink grant
transmissions or a dynamically allocated uplink transmission overlaps in time with a
scheduling request transmission, the UE prioritizes the transmission based on the
comparison between the priority of the logical channel which triggered the scheduling
request and the highest priority of the logical channels that have data to be transmitted
and which are multiplexed or can be multiplexed in MAC PDU associated with the
overlapping resource. In case the MAC PDU associated with a deprioritized
transmission has already been generated, the UE keeps it stored to allow the gNB to
schedule a retransmission. The UE may also be configured by the gNB to transmit the

stored MAC PDU as a new transmission using a subsequent resource of the same
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configured uplink grant configuration when an explicit retransmission grant is not
provided by the gNB.

Retransmissions other than repetitions are explicitly allocated via PDCCH(s) or via
configuration of a retransmission timer.

The UE may be configured with up to 12 active configured uplink grants for a given
BWP of a serving cell. When more than one is configured, the network decides which
of these configured uplink grants are active at a time (including all of them). Each
configured uplink grant can either be of Type 1 or Type 2. For Type 2, activation and
deactivation of configured uplink grants are independent among the serving cells.
When more than one Type 2 configured grant is configured, each configured grant is
activated separately using a DCI command and deactivation of Type 2 configured
grants is done using a DCI command, which can either deactivate a single configured
grant configuration or multiple configured grant configurations jointly.

When SUL is configured, the network should ensure that an active configured uplink
grant on SUL does not overlap in time with another active configured uplink grant on
the other UL configuration.

For both dynamic grant and configured grant, for a transport block, two or more rep-
etitions can be in one slot, or across slot boundary in consecutive available slots with
each repetition in one slot. For both dynamic grant and configured grant Type 2, the
number of repetitions can be also dynamically indicated in the L1 signalling. The dy-
namically indicated number of repetitions shall override the RRC configured number
of repetitions, if both are present.

As described above, in Multiple Transmit/Receive Point (multi-TRP) operation, a
serving cell can schedule UE from two TRPs, providing better PDSCH coverage, re-
liability and/or data rates.

As described above, there are two different operation modes for multi-TRP: single-
DCI and multi-DCI. For both modes, control of uplink and downlink operation is done
by both physical layer and MAC. In single-DCI mode, UE is scheduled by the same
DCI for both TRPs and in multi-DCI mode, UE is scheduled by independent DCIs
from each TRP.

The downlink/uplink physical-layer processing of transport channels includes the
following steps: (i) Transport block CRC attachment; (ii) Code block segmentation and
code block CRC attachment; (iii) Channel coding: LDPC coding; (iv) Physical-layer
hybrid-ARQ processing; (v) Rate matching; (vi)Scrambling; (vii) Modulation: rt/2
BPSK (only for uplink with transform precoding), QPSK, 16QAM, 64QAM and
256QAM; (viii) Layer mapping; (ix) (for uplink only) Transform precoding
(enabled/disabled by configuration), and pre-coding; (x) Mapping to assigned

resources and antenna ports.
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The UE may assume that at least one symbol with demodulation reference signal is
present on each layer in which PDSCH is transmitted to a UE, and up to 3 additional
DM-RS can be configured by higher layers. Phase Tracking RS may be transmitted on
additional symbols to aid receiver phase tracking.

The UE transmits at least one symbol with demodulation reference signal on each
layer on each frequency hop in which the PUSCH is transmitted, and up to 3 additional
DM-RS can be configured by higher layers. Phase Tracking RS may be transmitted on
additional symbols to aid receiver phase tracking.

When the UE is scheduled to receive PDSCH by a DCI, the Time domain resource
assignment field value m of the DCI provides a row index m + 1 to an allocation table.
The indexed row defines the slot offset KO, the start and length indicator (SLIV), or
directly the start symbol S and the allocation length L, and the PDSCH mapping type
to be assumed in the PDSCH reception.

Given the parameter values of the indexed row, the slot allocated for the PDSCH is K
s Ky 1s described in Equation (6) if UE is configured with ca-SlotOffset for at least one
of the scheduled and scheduling cell, otherwise K is described in Equation (7). The ex-
pression n is the slot with the scheduling DCI, and K is based on the numerology of
PDSCH, and pppscu and pepecu are the subcarrier spacing configurations for PDSCH
and PDCCH, respectively. Additionally, Given the parameter values of the indexed
and thep,¢e, respectively, which

row, ptA and Uogrerppccn are the N

slot, offset, PDCCH slot, offset

are determined by higher-layer configured ca-SlotOffset, for the cell receiving the

PDCCH respectively, prCA

and thep g TE-
slot, offset, PDSCH Moftser,

and Woserppscu are the NsloL offsel

spectively, which are determined by higher-layer configured ca-SlotOffset for the cell
receiving the PDSCH.

cA cA
K — ZMPDSCH K Nslot,offset,PDCCH _ Nslot,offset,PDSCH . ZﬂPDSCH (6)
S " ZRPDCCH ot 2Poffset,PDCCH SRoffsetPDSCH
K 2HPDSCH K 7
s = | Z#ppcen 0 )

When the UE is scheduled to transmit a transport block and no CSI report, or the UE
is scheduled to transmit a transport block and a CSI report(s) on PUSCH by a DCI, the
"Time domain resource assignment' field value m of the DCI provides a row index m +
1 to an allocated table. The indexed row defines the slot offset K2, the start and length
indicator SLIV, or directly the start symbol S and the allocation length L, the PUSCH
mapping type, and the number of repetitions (if numberOfRepetitions is present in the
resource allocation table) to be applied in the PUSCH transmission.

When the UE is scheduled to transmit a PUSCH with no transport block and with a
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CSI report(s) by a '‘CSI request' field on a DCI, the "Time domain resource assignment'
field value m of the DCI provides a row index m + 1 to an allocated table. The indexed
row defines the start and length indicator SLIV, or directly the start symbol S and the
allocation length L, and the PUSCH mapping type to be applied in the PUSCH

transmission and the K, value is determined as K, _ maxY;(m + 1), where Y;(m + 1) is
]. >

the (m+1)th entry of Y; and Yj, j=0,...,Nge, -1 are the corresponding list entries of the
higher layer parameter (1) reportSlotOffsetListDCI-0-2, if PUSCH is scheduled by DCI
format O_2 and reportSlotOffsetListDCI-0-2 is configured; (ii) reportSlotOff-
setListDCI-0-1, if PUSCH is scheduled by DCI format 0_1 and reportSlotOff-
setListDCI-0-1 is configured; (iii) reportSlotOffsetList, otherwise; in CSI-
ReportConfig for the N, triggered CSI Reporting Settings. It is noted that the slot K;
where the UE shall transmit the PUSCH is determined by K, as K. K is described in
Equation (8) if UE is configured with ca-SlotOffset for at least one of the scheduled
and scheduling cell, otherwise K is described in Equation (9). Additionally, where n is
the slot with the scheduling DCI, K, is based on the numerology of PUSCH, and ppyscu
and pppccy are the subcarrier spacing configurations for PUSCH and PDCCH, re-

spectively. Additionally, pca

and g, are the yCA and thep, .
slot, offset, PDCCH HottserpDCCH N Wottsets

slot, offset
respectively, which are determined by higher-layer configured ca-SlotOffset for the

cell receiving the PDCCH, NCA and Wogrer puscu are the Ns(lzoAt offset and thep,gre
slot, offset, PUSCH ’

,Jrespectively, which are determined by higher-layer configured ca-SlotOffset for the
cell transmitting the PUSCH.

[274] 2HPUSCH N ffset,PDCCH N&h ffset, PUSCH
_ stot,of fset, slot,of fset,
Ks 7[71 ) ZMPDCCHJ +K; + K SHoffset,PDCCH  yFoffset,PUSCH ) : ZHPUSCHJ (8)
2PUSCH
Ks=|n- S22 + K, ©)
[275] The information element ca-SlotOffset provides slot offset between the primary cell

(PCell/PSCell) and the SCell in unaligned frame boundary with slot alignment and
partial SFN alignment inter-band CA. Based on this field, the UE determines the time
offset of the SCell. The granularity of this field is determined by the reference SCS for
the slot offset (i.e., the maximum of PCell/PSCell lowest SCS among all the
configured SCSs in DL/UL SCS-SpecificCarrierList in ServingCellConfigCommon or
ServingCellConfigCommonSIB and this serving cell's lowest SCS among all the
configured SCSs in DL/UL SCS-SpecificCarrierList in ServingCellConfigCommon or
ServingCellConfigCommonSIB). The Network configures at most single non-zero

offset duration in ms (independent on SCS) among CCs in the unaligned CA con-
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figuration. If the field is absent, the UE applies the value of 0. The slot offset value can
only be changed with SCell release and add. Herein, scs-SpecificCarrierList provides a
set of carriers for different subcarrier spacings (numerologies), which is defined in
relation to Point A. The network configures a scs-SpecificCarrier at least for each nu-
merology (SCS) that is used e.g., in a BWP.

For carrier aggregation of cells with unaligned frame boundaries, the slot offset

Nslot oficer DEtWeeEn a PCell/PScell and an SCell is determined by higher-layer

parameter ca-SlotOffset for the SCell. The quantity P, is defined as the maximum of
the lowest subcarrier spacing configuration among the subcarrier spacings given by the
higher-layer parameters scs-SpecificCarrierList configured for PCell/PSCell and the

SCell, respectively. The slot offset A

siot. offset fulfills (i) when the lowest subcarrier
spacing configuration among the subcarrier spacings configured for the cell is u=2 for
both cells or u=3 for both cells, the start of slot O for the cell whose point A has a

lower frequency coincides with the start of slot gy ca mod | frame,pogse 10T the

slot, offset Nslot

other cell where q=-1 if point A of the PCell/PSCell has a frequency lower than the
frequency of point A for the SCell, otherwise q=1; (ii) otherwise, the start of slot 0 for
the cell with the lower subcarrier spacing of the lowest subcarrier spacing given by the
higher-layer parameters scs-SpecificCarrierList configured for the two cells, or the
Pcell/PSCell if both cells have the same lowest subcarrier spacing given by the higher-
layer parameters scs-SpecificCarrierList configured for the two cells, coincides with

the start of slot ,ca mod | framepye [OT the other cell where q=-1 if the lowest

q slot, o[Tset Nslot

subcarreier spacing configuration given by scs-SpecificCarrierList of the PCell/PSCell
is smaller than or equal to the lowest subcarrier spacing given by scs-
SpecificCarrierList for the SCell, otherwise g=1.

HARQ operation is supported for DL reception. Asynchronous Incremental Re-
dundancy HARQ is supported. The gNB provides the UE with the HARQ-ACK
feedback timing either dynamically in the DCI or semi-statically in an RRC con-
figuration. Retransmission of HARQ-ACK feedback is supported for operation with
shared spectrum channel access by using enhanced dynamic codebook and/or one-shot
triggering of HARQ-ACK transmission for all configured CCs and HARQ processes in
the PUCCH group. The UE may be configured to receive code block group-based
transmissions where retransmissions may be scheduled to carry a sub-set of all the
code blocks of a TB.

HARQ operation is supported for UL transmission. Asynchronous Incremental Re-
dundancy HARQ is supported. The gNB schedules each uplink transmission and re-

transmission using the uplink grant on DCI. For operation with shared spectrum



65

WO 2023/008971 PCT/KR2022/011252

[279]

[280]

[281]

[282]

[283]

[284]

[285]

channel access, UE can also retransmit on configured grants. The UE may be
configured to transmit code block group-based transmissions where retransmissions
may be scheduled to carry a sub-set of all the code blocks of a transport block.

Up to two HARQ-ACK codebooks corresponding to a priority (high/low) can be
constructed simultaneously. For each HARQ-ACK codebook, more than one PUCCH
for HARQ-ACK transmission within a slot is supported. Each PUCCH is limited
within one sub-slot, and the sub-slot pattern is configured per HARQ-ACK codebook.

The HARQ functionality ensures delivery between peer entities at Layer 1. A single
HARQ process supports one TB when the physical layer is not configured for
downlink/uplink spatial multiplexing, and when the physical layer is configured for
downlink/uplink spatial multiplexing, a single HARQ process supports one or multiple
TBs.

In case of CA, the multi-carrier nature of the physical layer is only exposed to the
MAC layer for which one HARQ entity is required per serving cell. In both uplink and
downlink, there is one independent HARQ entity per serving cell and one transport
block is generated per assignment/grant per serving cell in the absence of spatial mul-
tiplexing. Each transport block and its potential HARQ retransmissions are mapped to
a single serving cell.

Physical uplink control channel (PUCCH) carries the Uplink Control Information
(UCI) from the UE to the gNB. UCI includes at least HARQ-ACK information,
scheduling request (SR), and CSI.

UCIT can be transmitted on a PUCCH or multiplexed in a PUSCH. UCI multiplexing
in PUSCH is supported when UCI and PUSCH transmissions coincide in time, either
due to transmission of a UL-SCH transport block or due to triggering of A-CSI
transmission without UL-SCH transport block: (i) UCI carrying HARQ-ACK feedback
with 1 or 2 bits is multiplexed by puncturing PUSCHj (ii) in all other cases UCI is
multiplexed by rate matching PUSCH.

For configured grants operation with shared spectrum channel access, a configured
grant uplink control information (CG-UCI) is transmitted in PUSCH scheduled by
configured uplink grant. For operation with shared spectrum channel access, mul-
tiplexing of CG-UCI and PUCCH carrying HARQ-ACK feedback can be configured
by the gNB. If not configured, when PUCCH overlaps with PUSCH scheduled by a
configured grant within a PUCCH group and PUCCH carries HARQ ACK feedback,
PUSCH scheduled by configured grant is skipped.

It is noted that throughout the present disclosure, embodiments are described in terms
of multiple PDSCHs or multiple PUSCHs that are jointly scheduled on multiple
serving cells, such as a subset/set of cells from among one or more sets of co-
scheduled cells.
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The embodiments are generic and can apply to various other scenarios such as when
a UE is jointly scheduled to receive/transmit multiple PDSCHs/PUSCHs: (i) from/to
multiple TRPs or other communication entities, such as multiple distributed units
(DUs) or multiple remote radio heads (RRHs) and so on, for example, in a distributed
MIMO operation, wherein TRPs/DUs/RRHs can be associated with one or more cells;
(i1) in multiple time units, such as multiple slots or multiple transmission time intervals
(TTlIs); (iii) on multiple BWPs associated with one or more cells/carriers/TRPs,
including multiple BWPs of a single serving cell/carrier for a UE with a capability of
reception/transmission on multiple active BWPs; (iv) on one or more TRPs/cells,
wherein the UE can receive/transmit more than one PDSCH/PUSCH on each co-
scheduled TRP/cell; (v) for multiple transport blocks (TBs), or for multiple codewords
(CWs) corresponding to single TB or multiple TBs; or (vi) for multiple semi-
persistently scheduled PDSCHs (SPS PDSCHs) or for multiple configured grant
PUSCHs (CG PUSCHs) that are jointly activated on one or multiple TRPs/cells.

Accordingly, any reference to “co-scheduled cells” can be replaced with/by
“co-scheduled TRPs/DUs/RRHs,” or “co-scheduled slots/TTIs,” or “co-scheduled
BWPs”, or “co-scheduled PDSCHs/PUSCHSs”, or “co-scheduled TBs/CWs”, or
“co-scheduled SPS-PDSCHs/CG-PUSCHs”, and so on. Similar for other related terms,
such as “multi-cell scheduling,” and so on.

Various embodiments consider reception of multiple PDSCHs or transmission of
multiple PUSCHs on respective cells, including carriers of a same cell such as on an
UL carrier (also referred to as, a normal UL (NUL) carrier) or a supplemental UL
(SUL) carrier. The embodiments also apply to cases where scheduling is for a mixture
of PDSCHs and PUSCHs. For example, the UE can receive first PDSCHs on re-
spective first cells and can transmit second PUSCHs on respective second cells,
wherein the first PDSCHs and the second PUSCHs are jointly scheduled.

Various embodiments of the present disclosure, describe multi-cell scheduling op-
erations.

In certain embodiments, a UE (such as the UE 116) can be provided a number of sets
of co-scheduled cells by higher layers. The term set of co-scheduled cells is used to
refer to a set of serving cells wherein the UE can be scheduled PDSCH receptions or
PUSCH transmissions on two or more cells from the set of co-scheduled cells by a
single DCI format, or by using complementary methods such as those described herein.
Additionally, the UE can be indicated via a DCI format in a PDCCH or via a MAC CE
in a PDSCH a subset of a set of co-scheduled cells, wherein cells of the subset can
change across different PDCCH monitoring occasions, for example, as indicated by a
corresponding DCI format.

In one example, multi-cell scheduling can also include operations related to DL/UL
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transmissions such as reporting HARQ-ACK information, beam/CSI measurement or
reporting, transmission, or reception of UL/DL reference signals, and so on.

In one example, the UE can be configured by higher layers, such as by a UE-specific
RRC configuration, a number of sets of co-scheduled cells. For example, the UE can
be configured a first set of cells, such as {cell#0, cell#1, cell#4, cell#7} and a second
set of cells such as {cell#2, cell#3, cell#5, cell#6}. The multiple sets of co-scheduled
cells can be scheduled from a same scheduling cell or from different scheduling cells.

In one example, a set of co-scheduled cells can include a primary cell (PCell/PSCell)
and one or more SCells. In another example, a set of co-scheduled cells can include
only SCells. In one example, a scheduling cell can belong to a set of co-scheduled
cells. In another example, the UE does not expect that a scheduling cell belongs to a set
of co-scheduled cells.

In one example, per specifications of the system operation, a set of co-scheduled cells
is defined as a set that includes all scheduled cells having a same scheduling cell, and
additional higher layer configuration is not required for indication of the set of co-
scheduled cells. Accordingly, a DCI format for multi-cell scheduling, or other com-
plementary methods, can jointly schedule any number of scheduled cells that have a
same scheduling cell.

In another example, a set of co-scheduled cells can have two or more scheduling
cells. For example, a UE can receive a DCI format for scheduling multiple co-
scheduled cells on a first scheduling cell in a first PDCCH monitoring occasion, or on
a second scheduling cell in a second PDCCH monitoring occasion. The DCI format
can be associated with any search space set or can be restricted to be associated only
with USS sets. For example, the DCI format can be associated with multicast
scheduling and have CRC scrambled by a group RNTI (G-RNTI) and PDCCH
candidates monitored according to CSS sets, or can be associated with unicast
scheduling and have CRC scrambled by a C-RNTI and PDCCH candidates monitored
according to USS sets. Such PDCCH monitoring from two scheduling cells can be si-
multaneous, for example in a same span of symbol or in a same slot, or can be non-
overlapping, such as in different slots (per higher layer configuration, or per indication
in a PDCCH or via a MAC CE). The UE may or may not expect that both the first
scheduling cell and the second scheduling cell can schedule, through DCI formats in
PDCCH receptions in a same time interval such as a span or a slot, transmissions, or
receptions on a same cell. The UE can also monitor PDCCH for detection of a DCI
format providing scheduling only on one cell from the set of co-scheduled cells
(single-cell scheduling DCI format).

A UE (such as the UE 116) can report one or more of: a maximum number of sets of

co-scheduled cells, or a maximum number of cells within a set of co-scheduled cells,
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or a maximum total number of co-scheduled cells across different sets, or a maximum
number of co-scheduled cells per PDCCH monitoring occasion, as capability to the
gNB. In one example, that capability can depend on an operating frequency band or on
a frequency range such as above or below 6 GHz.

Multi-cell scheduling can be an optional UE feature with capability signaling that can
additionally be separate for PDSCH receptions and for PUSCH transmissions. For
example, a UE can report a capability for a maximum number of {2, 4, 8, 16} co-
scheduled cells for the DL and a maximum of {2, 4} co-scheduled cells for the UL.

A UE can also be configured a number of cells that do not belong to any of set of co-
scheduled cells. For example, the UE can be configured a cell#8 that does not belong
to either the first set or the second set of co-scheduled cells in the previous example.

In one example, restrictions can apply for co-scheduled cells and a UE can expect
that co-scheduled cells in a corresponding set: (i) have a same numerology (SCS con-
figuration and CP); (ii) have a same numerology for respective active DL/UL BWPs;
(iii) have a same duplex configuration, for example, all cells have frequency division
duplexing (FDD) configuration or all cells have time division duplexing (TDD) con-
figuration and, in case of a TDD configuration, also have a same UL-DL con-
figuration; or (iv)are within a same frequency band (intra-band CA).

A serving cell can belong only to a single set of co-scheduled cells so that the sets of
co-scheduled cells do not include any common cell, or can belong to multiple sets of
co-scheduled cells to enable larger scheduling flexibility to a serving gNB. For
example, a serving cell can belong to a first set of co-scheduled cells and to a second
set of co-scheduled cells, when cells in the first and second sets of co-scheduled cells
have a common feature such as a common numerology, duplex configuration,
operating frequency band/range, and so on. Also, a serving cell can belong to both a
first set of co-scheduled cells and to a second set of co-scheduled cells, when the
serving cell has a first common feature with cells in the first set of co-scheduled cells
and a second common feature with cells in the second set of co-scheduled cells,
wherein the first common feature can be different from the second common feature.

In a first approach, a UE expects to be provided multi-cell scheduling for all cells in a
set of co-scheduled cells. For example, for a first set of co-scheduled cells including
cells {cell#0, cell#1, cell#4, cell#7}, a DCI format schedules PDSCH receptions or
PUSCH transmissions on all four cells in the first set of co-scheduled cells {cell#0,
cell#1, cell#4, cell#7}.

In a second approach, the UE can be provided multi-cell scheduling for a subset of a
set of co-scheduled cells. For example, a DCI format can schedule PDSCH receptions
or PUSCH transmissions on only two cells, such as {cell#0, cell#4}, from the first set

of cells.
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In a first option for the second approach, the subset of cells can be indicated by a
MAC CE. Such a MAC CE command can include one or more of: an indication for ac-
tivation or deactivation/release of a subset of cells; an indication for a number of sets
of co-scheduled cells; or an indication for a number of subsets of co-scheduled cells
from a corresponding number of sets of co-scheduled cells.

For example, a MAC CE activates a first subset of a set of co-scheduled cells and
subsequent DCI format(s) for multi-cell scheduling apply to the first subset of cells
activated by the MAC CE. The UE can receive another MAC CE command that de-
activates the first subset of co-scheduled cells, or activates a second subset of co-
scheduled cells, wherein the second subset can be a subset of the same set of co-
scheduled cells or a subset of a different set of co-scheduled cells. If a UE receives a
MAC CE that deactivates the first subset of co-scheduled cells, but does not activate a
second subset of co-scheduled cells, in one alternative, the UE does not expect to
receive a DCI format for multi-cell scheduling, and the UE may not monitor PDCCH
according to respective search space sets, until the UE receives a new MAC CE that
activates a second subset of co-scheduled cells. In another alternative, the UE can
receive DCI format(s) for multi-cell scheduling even before receiving a new MAC CE
that activates a second subset of co-scheduled cells, but the UE expects to be provided
an indication for a subset of co-scheduled cells by the DCI format(s), or by using com-
plementary methods, such as those described herein, for multi-cell scheduling.

In a second option for the second approach, the subset of the set of co-scheduled cells
can be provided by a DCI format in a PDCCH/PDSCH. The subset of cells can change
between PDCCH monitoring occasions (MOs) for PDSCH/PUSCH scheduling as
indicated by a corresponding DCI format. For example, a first DCI format in a first
PDCCH MO indicates scheduling on a first subset of cells, while a second DCI format
in a second PDCCH MO indicates scheduling on a second subset of cells.

In a first example, a DCI format for multi-cell scheduling provides an index for a
subset of cells that are co-scheduled such as a CIF value that corresponds to a subset of
one or more cells from a set of co-scheduled cells. For example, UE-specific RRC
signaling can indicate first/second/third/fourth indexes and corresponding first/
second/third/fourth subsets that include one or more cells from a set of co-scheduled
cells, wherein a subset can also include all cells from the set of co-scheduled cells.
Then, a CIF field of 2 bits in a DCI format can provide a value that indicates the subset
of scheduled cells. In one example, to distinguish an indication for a set of cells
compared to an indication for an individual cell, an indicator value for a set of co-
scheduled cells may not be referred to as a carrier indicator field (CIF) value, rather
named as carrier-set indicator field or cell-set indicator field value, or other similar

terms.
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In a second example, a DCI format can include a 1-bit flag field to indicate whether
the DCI format is for single-cell scheduling or for multi-cell scheduling in order for a
UE to accordingly interpret fields of the DCI format that may also include the CIF
field. Then, for single-cell scheduling, the CIF field can be interpreted as in case of
single-cell cross-carrier scheduling while for multi-cell scheduling the CIF field can be
interpreted as indicating a subset from the set of co-scheduled cells.

In a third example, a DCI format for multi-cell scheduling provides a number of co-
scheduled cells, and the indexes of the co-scheduled cells are provided by additional
methods, such as by an additional DCI format or by higher layer signaling as described
herein.

In a fourth example, a CIF field in a DCI format for multi-cell scheduling can be a
bitmap mapping to the individual cells or subsets of cells from the set of co-scheduled
cells. When the DCI format is applicable to all cells in the set of co-scheduled cells, the
DCI format may not include a CIF.

In a third option for the second approach, a UE can implicitly determine indexes for
co-scheduled cells without need for explicit gNB indication. For example, the UE can
determine indexes for co-scheduled cells based on a PDCCH monitoring parameter,
such as: (i) a CORESET index; (ii) a search space set index, or a carrier indicator
parameter n_CI corresponding to the search space set index; or (ii) a set of CCEs in the
search space set or a first/last CCE in the search space set. It is noted that the UE
received a PDCCH providing the DCI format for multi-cell scheduling.

According to the third option, the UE can be configured a mapping among values for
PDCCH monitoring parameters, such as search space sets, and a number of co-
scheduled cells or indexes of the co-scheduled cells. In one example, first and second
values for parameter n_CI in a search space set can respectively indicate first and
second subsets of co-scheduled cells. According to this example, the parameter n_CI
can correspond to a single cell or can correspond to a group of cells, such as a subset/
set of co-scheduled cells.

Receptions or transmissions on a respective subset of cells that are jointly scheduled
by a single DCI format, or by using complementary methods such as those described
herein, can refer to PDSCHs or PUSCHs that may or may not overlap in time. For
example, the UE can be indicated to receive PDSCHs or to transmit PUSCHs on re-
spective co-scheduled cells wherein all receptions/transmissions are in a same slot or at
least one reception/transmission is in a different slot than the remaining ones.

A UE that is configured for multi-cell scheduling can be provided a first set of cell-
common parameters whose values apply for scheduling on all co-scheduled cells, and a
second set of cell-specific parameters whose values apply for scheduling on each cor-

responding co-scheduled cell. The UE can determine cell-common and cell-specific
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scheduling information parameters based on the specifications of the system operation,
or based on higher layer configuration. For some cell-specific scheduling information
parameters, the UE can be provided differential values compared to a reference value
wherein the reference value can correspond, for example, to a first scheduled cell from
a set of scheduled cells.

For a UE that is configured a number of sets of co-scheduled cells, a DCI format for
multi-cell scheduling can provide complete or partial information for cell-common or
cell-specific scheduling parameters, for multiple PDSCH receptions or multiple
PUSCH transmissions on respective multiple co-scheduled cells. When the DCI format
for multi-cell scheduling provides partial information for a scheduling parameter, the
UE can determine remaining information from UE-specific RRC signaling or by other
complementary methods.

Various embodiments of the present disclosure describe mechanisms for multi-cell
scheduling.

For a UE that is configured a set of co-scheduled cells, a DCI format for multi-cell
scheduling can provide full or partial information for values of cell-common and cell-
specific fields for scheduling PDSCH receptions or PUSCH transmissions on re-
spective two or more cells from the set of co-scheduled cells. When the DCI format
provides partial information, the UE can determine remaining information from RRC
signaling or by using other complementary methods.

In a first approach, referred to as concatenated DCI format for multi-cell scheduling,
a DCI format for multi-cell scheduling can provide separate values of fields for each of
the multiple co-scheduled cells. A first value corresponds to a first cell, a second value
corresponds to a second cell, and so on. Therefore, DCI format fields for the multiple
cells are concatenated, thereby referring to such DCI format as a concatenated DCI
format for multi-cell scheduling. This approach can be beneficial, for example, for co-
scheduling cells that have different channel characteristics or configurations, such as
for inter-band CA operation, or for co-scheduling a PDSCH reception and a PUSCH
transmission.

In a second approach, referred to as multi-cell scheduling via multi-cell mapping, a
UE can be provided information for multi-cell scheduling of multiple PDSCHs/
PDCCHs on multiple respective cells using a multi-cell mapping, wherein a field in a
DCI format can be interpreted to provide multiple values for a corresponding
scheduling parameter for the multiple co-scheduled cells. Such interpretation can be
based on a configured one-to-many mapping/table or based on multiple configured
offset values for respective cells that are applied to a reference value indicated by the
DCI format. For example, the field can be a modulation and coding scheme (MCS)

field wherein a value indicated in the DCI format can be for a PDSCH reception on a
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first cell and a value for a PDSCH reception on a second cell can be determined from
the first value and a configured offset value. This approach can be beneficial, for
example, for co-scheduling cells that have several similar physical channel charac-
teristics or configurations, such as for intra-band CA operation.

In a third approach, referred to as single-cell DCI pointing to a PDSCH with multi-
cell scheduling, a UE can be provided information for multi-cell scheduling using a
single-cell scheduling DCI format, namely a DCI format that schedules a first PDSCH
on a first cell, wherein the first PDSCH includes scheduling information for reception
of second PDSCH(s) or transmission of second PUSCH(s) on a subset from one or
more sets of co-scheduled cells. This approach can be beneficial, for example, for co-
scheduling several (such as 4-8) cells that have different channel characteristics or con-
figurations, such as for inter-band CA operation.

In a first option for the third approach, the first PDSCH includes a MAC CE that
provides scheduling information for the number of PDSCH(s) or PUSCH(s). Ac-
cordingly, the MAC CE can include a number of modified DCIs (M-DClIs), wherein
each M-DClI includes full or partial scheduling information for a PDSCH/PUSCH from
the number of PDSCH(s)/PUSCH(5s).

In a second option for the third approach, multi-cell scheduling information is mul-
tiplexed as M-DCI in a PDSCH. The UE receives a first PDSCH that is scheduled by a
single-cell scheduling DCI format, and the UE receives additional scheduling in-
formation for one or more PDSCH(s)/PUSCH(s) on one or more respective co-
scheduled cell(s). The UE allocates the coded modulation symbols for M-DCIs to
time/frequency resources within the first PDSCH, for example in a frequency-first,
time-second manner, except for reserved resources corresponding to reference signals
or other cell-level broadcast transmissions. The UE can start receiving the M-DCls in a
first symbol of the first PDSCH, or in a first symbol after first symbols with DM-RS
REs, in the first PDSCH. The M-DCIs can be jointly coded and include a single CRC.

In the second option, physical layer processing of M-DCI(s) that are included in the
first PDSCH can be same as that for a DCI in a PDCCH, such as for the DCI
scheduling the first PDSCH, or can be same as that for data information / transport
block in the first PDSCH. Herein, physical layer processing refers to, for example,
modulation, coding, scrambling, and so on. In addition, the UE can determine a
number of coded modulation symbols corresponding to multi-scheduling information,
such as M-DClIs, that are multiplexed in a first PDSCH scheduled by a single-cell

scheduling DCI format, based on a scaling factor BEDSCH — pM_DCI applied to a total

(coded) payload size for the M-DClIs. Such scaling factor determines an effective
channel coding rate of M-DCIs multiplexed on the first PDSCH, for flexible link
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adaptation and improved reliability of the M-DClIs according to physical channel
conditions.

In a fourth approach, referred to as multi-stage PDCCHs/DClIs for multi-cell
scheduling, a UE can be provided information for multi-cell scheduling of multiple
PDSCHs/PDCCHs on multiple respective cells using a multi-stage DCI method, such
as a 2-stage DCI wherein a first-stage DCI format includes a set of cell-common fields,
and a second-stage DCI format includes cell-specific fields. The UE receives the first-
stage DCI format in a first PDCCH and the second-stage DCI format in a second
PDCCH. This approach can be beneficial, for example, for co-scheduling several cells
that have several common physical characteristics, such as a time-domain resource al-
location or a frequency-domain resource allocation, without incurring latency and
without having a DCI format size that is too large (that would result if the first-stage
and second-stage DCI formats were combined into a single DCI format) for receiving
cell-specific parameters when the second PDCCH is received in a same slot as the first
PDCCH. The first-stage DCI format can also indicate a location for a PDCCH
providing the second-stage DCI format, such as a PDCCH candidate for a corre-
sponding CCE aggregation level, so that the UE can interpret the contents of the
second-stage DCI format or reduce a number of PDCCH receptions. A UE can
determine an association among a number of linked multi-stage PDCCHs/DCls, such
as two PDCCHs/DClISs, that provide multi-cell scheduling information based on pa-
rameters of the linked DCI formats, such as size(s) of the DCI format(s), or RNTI(s)
associated with the DCI format(s), or by an explicit indication in some field(s) in the
DCI format(s), or based on PDCCH monitoring parameters, such as CORESET, search
space, CCEs, or monitoring occasions in which the UE receives the first and the
second linked PDCCHs.

The following embodiments of the present disclosure, denoted as E-2, describe dis-
tinguishing multi-cell scheduling from single-cell scheduling. This is described in the
following examples and embodiments, such as those of FIGURE 7.

FIGURE 7 illustrates an example method 700 for distinguishing a multi-cell
scheduling DCI format from a single-cell scheduling DCI format according to em-
bodiments of the present disclosure. The steps of the method 700 of FIGURE 7 can be
performed by any of the UEs 111-116 of FIGURE 1, such as the UE 116 of FIGURE
3. The method 700 is for illustration only and other embodiments can be used without
departing from the scope of the present disclosure.

In certain embodiments, when a UE (such as the UE 116) is configured a set of co-
scheduled cells including a first cell, the UE can receive a PDCCH with a DCI format
that schedules a PDSCH reception or PUSCH transmission only on the first cell
(single-cell scheduling DCI format). The UE can distinguish a single-cell scheduling
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DCI format from a multi-cell scheduling DCI format via various methods, such as a
DCI format size, or an RNTT used for scrambling a CRC of a DCI format for multi-cell
scheduling, or by an explicit indication by a field in the DCI format, or by a dedicated
CORESET and associated search space sets.

In a first example, a first DCI format size for multi-cell scheduling can be different
from a second DCI format size for single-cell scheduling. The first DCI format size
can be such that it can include a field identifying a set of co-scheduled cells and a
number of fields, such as cell-common scheduling parameters, enabling a UE to
decode remaining scheduling information, or a PDCCH candidate that provides a
second-stage DCI format.

In a second example, a same DCI format size is used for multi-cell scheduling and
for single-cell scheduling, for example in order to avoid increasing a number of DCI
format sizes that the UE needs to decode in order to support multi-cell scheduling with
a single DCI format. Accordingly, various approaches can be considered to identify
whether a DCI format performs single-cell scheduling or multi-cell scheduling as
described in the following.

A PDSCH reception or a PUSCH transmission on any cell from a set of co-scheduled
cells can be scheduled by a DCI format that does not schedule any other PDSCH
reception or PUSCH transmission on any other cell from the set of co-scheduled cells,
such as for example by a DCI format not having a multi-cell scheduling capability, or
when there is no traffic associated with the other cells. For example, for a UE that is
configured cross-carrier scheduling for a set of co-scheduled cells by a scheduling cell,
the UE can receive on the scheduling cell a first PDCCH that includes a first DCI
format for scheduling a single cell from the number of co-scheduled cells and a second
PDCCH that includes a second DCI format for scheduling all cells in the set of co-
scheduled cells.

Herein, a DCI format for multi-cell scheduling can refer to, for example, one or more
of: (i) a concatenated DCI format for multi-cell scheduling; (ii) a DCI format based on
multi-cell mapping; (iii) a first DCI format in a first PDCCH or a second DCI format
or an M-DCI or a collection of M-DCls included in a first PDSCH that is scheduled by
the first DCI; or (iv) a first DCI format in a first PDCCH or a second DCI format in a
second PDCCH, wherein the first DCI/PDCCH and the second DCI/PDCCH are linked
in a two-stage DCI operation. It is noted that all aforementioned terms and procedures
are described herein.

In a first approach, the UE can distinguish multi-cell scheduling from single-cell
scheduling based on one or more dedicated DCI formats or DCI format sizes for multi-
cell scheduling, which are not used for single-cell scheduling. For example, the UE can

be configured a DCI format O_4 for transmission of multiple PUSCHs or a DCI format
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1_4 for reception of multiple PDSCHs on a set of co-scheduled cells. A dedicated size
of a DCI format for multi-cell scheduling can also depend on a number of co-
scheduled cells or a set of cell-common or cell-specific scheduling parameters for
multi-cell scheduling. A dedicated DCI format size for transmission of multiple
PUSCHs can be different from a dedicated DCI format size for reception of multiple
PDSCHs on a set of co-scheduled cells.

In one example, when a UE is configured dedicated DCI formats or DCI format sizes
for multi-cell scheduling, the UE is expected to support a larger number of DCI format
sizes than when the UE operates only with single-cell scheduling. For example, a UE
supporting multi-cell scheduling (by a single DCI format) can be expected to support,
or can indicate as a capability, one or two additional DCI format sizes compared to a
UE not supporting multi-cell scheduling by a single DCI format. The UE counts a
number of sizes for DCI formats per serving cell based on a number of configured
PDCCH candidates in respective search space sets for the corresponding active DL
BWP.

To avoid requiring a larger number of DCI format sizes for a UE to support multi-
cell scheduling and avoid fragmentation of a number of PDCCH candidates that a UE
can monitor over an increased number of DCI format sizes, it is beneficial to provide
additional means for distinguishing multi-cell scheduling from single-cell scheduling
by means other than DCI format size. A DCI format for multi-cell scheduling can have
a same size as a DCI format for single cell scheduling.

In a second approach, a UE can distinguish multi-cell scheduling based on a new/
dedicated RNTI, such as a M-RNTI, for scrambling a CRC of a DCI format for multi-
cell scheduling. For example, such an RNTI can be configured by UE-specific RRC
signaling.

In a third approach, a UE can distinguish multi-cell scheduling based on an explicit
field or indication in a DCI format for multi-cell scheduling. For example, a DCI
format can include a 1-bit flag, with a value ‘1’ corresponding to multi-cell scheduling,
and a value ‘0’ corresponding to single-cell scheduling. In one example, a UE can dis-
tinguish multi-cell scheduling based on a validation procedure for a single-cell
scheduling DCI format. For example, when values for one or more DCI fields in a
single-cell scheduling DCI format is set to default/predetermined values, the UE de-
termines that the DCI format is used for multi-cell scheduling. In example, one or more
DC fields corresponding to cell-specific scheduling parameters, such as HARQ
process number (HPN), redundancy version (RV), SRS resource indicator (SRI), TCI
state, APs, time domain resource allocation (TDRA), frequency domain resource al-
location (FDRA), or MCS, can be set to all-zeros or all-ones values, for the case of

multi-cell scheduling.
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In a fourth approach, a UE can distinguish multi-cell scheduling based on a
CORESET associated with a search space set that is configured for receiving PDCCH
that provides a DCI format for multi-cell scheduling. For example, the UE can be
configured with a dedicated CORESET for multi-cell scheduling, so that search space
sets for multi-cell scheduling do not overlap with search space sets that are not used for
multi-cell scheduling.

In one example, a combination of the above options can be used. For example, for
multi-cell scheduling based on a first stage DCI format and a second stage DCI format,
the UE determines a DCI format (in a first PDCCH) that is scrambled by a new/
dedicated RNTI, such as an M-RNTI, and also satisfies the aforementioned validation
procedure, to be a first-stage DCI format and a second-stage DCI format can be
included in a PDSCH scheduled by the first stage DCI format or in another PDCCH, as
described herein.

The method 700, as illustrated in FIGURE 7, describes an example procedure for dis-
tinguishing a multi-cell scheduling DCI format from a single-cell scheduling DCI
format.

In step 710, a UE (such as the UE 116) is configured a first DCI format or a first
RNTT for single-cell scheduling, and a second DCI format or a second RNTI for multi-
cell scheduling. In step 720, the UE receives a PDCCH that provides a DCI format. In
step 730, the UE decodes the DCI format based a first size or a second size or based on
a first RNTI or a second RNTI for scrambling a CRC. In step 740, the UE determines
whether the decoded DCI format has the first size or the second size, or has CRC
scrambled by the first RNTI or the second RNTI. When the DCI format has the first
size or has CRC scrambled by the first RNTI (as determined in step 740), the UE in
step 750 determines that the DCI format performs single-cell scheduling. Alternatively,
When the DCI format has the second size or CRC scrambled by the second RNTI (as
determined in step 740), the UE in step 760 determines that the DCI format performs
multi-cell scheduling.

Although FIGURE 7 illustrates the method 700 various changes may be made to
FIGURE 7. For example, while the method 700 is shown as a series of steps, various
steps could overlap, occur in parallel, occur in a different order, or occur multiple
times. In another example, steps may be omitted or replaced by other steps. For
example, steps of the method 700 can be executed in a different order.

Various embodiments of the present disclosure describe search space set design for
multi-cell scheduling. This is described in the following examples and embodiments,
such as those of FIGURE 8.

FIGURE 8 illustrates an example method 800 for monitoring PDCCH in a search

space set for multi-cell scheduling according to embodiments of the present disclosure.
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The steps of the method 800 of FIGURE 8 can be performed by any of the UEs
111-116 of FIGURE 1, such as the UE 116 of FIGURE 3. The method 800 is for il-
lustration only and other embodiments can be used without departing from the scope of
the present disclosure.

In certain embodiments, when a UE (such as the UE 116) is configured multi-cell
scheduling for a set of co-scheduled cells by a scheduling cell, the UE can determine
an association among search space sets for multi-cell scheduling and subsets of the set
of co-scheduled cells based on a modified interpretation for a value of a CIF field,
n_CI, in a DCI format performing multi-cell scheduling.

In a first example, a UE can be configured search space sets to monitor only DCI
formats for multi-cell scheduling (MC-DCI formats). Each of such search space sets
can have a respective identifier, such as an n_CI value associated with a CIF field in a
DCI format performing multi-cell scheduling.

In a second example, a UE is configured search space sets used for monitoring
PDCCH providing DCI formats that can perform both single-cell and multi-cell
scheduling.

An example of an information element SearchSpaceMultiCell, is described in Syntax
(4), below. Here, a UE can be configured to monitor only a DCI format for multi-cell
scheduling. Herein, DCI formats O_4 and 1_4 are considered to be DCI formats for

uplink multi-cell scheduling and downlink multi-cell scheduling, respectively.

Syntax 4)

-- ASNISTART
-- TAG-SEARCHSPACE-START

SearchSpaceMultiCell-r18 = SEQUENCE {
searchSpaceld SearchSpaccld,
controlResourceSetld ControlResourceSetld

OPTIONAL, -- Cond SetupOnly searchSpaceld
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coScheduledCells SEQUENCE (SIZE (1..maxNrofCells)) OF INTEGER (0..7),
OPTIONAL, --NeedR
cif-InSchedulingCell INTEGER (8..15),

OPTIONAL, --NeedR
monitoringSlotPeriodicityAndOffset  CHOICE {

st NULL,
sl2 INTEGER (0..1),
sl4 INTEGER (0..3),
sl5 INTEGER (0..4),
sI8 INTEGER (0..7),
sl10 INTEGER (0..9),
sl16 INTEGER (0..15),
s120 INTEGER (0..19),
sl40 INTEGER (0..39),
s180 INTEGER (0..79),
1160 INTEGER (0..159),
s1320 INTEGER (0..319),
s1640 INTEGER (0..639),
s11280 INTEGER (0..1279),
s12560 INTEGER (0..2559)
§
OPTIONAL, -- Cond Setup
duration INTEGER (2..2559)
OPTIONAL, --NeedR
monitoringSymbols WithinSlot BIT STRING (SIZE (14))
OPTIONAL, --Cond Sctup
nrofCandidates SEQUENCE {
aggregationLevell ENUMERATED {n0, nl, n2, n3, n4, n5, n6, n8},
aggregationLevel2 ENUMERATED {n0, nl, n2, n3, n4, n5, n6, n8},
aggregationl.eveld ENUMERATED {n0, n1, n2, n3, n4, n5, n6, n8},

aggregationLevel8 ENUMERATED {n0, nl, n2, n3, n4, n5, n6, n8},
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aggregationLevel16 ENUMERATED {n0, nl, n2, n3, n4, n5, n6, n8}

}

OPTIONAL, --Cond Setup

searchSpaceType-r18 SEQUENCE {
uc-Specific-rl8 SEQUENCE {
dei-Formats-MC-r18 ENUMERATED {formats0-4-And-1-4, formats0-4,
formats1-4}

OPTIONAL --Need R

}

OPTIONAL -- Cond Setup2

}

An example for an update to a SearchSpace information element is described in Syntax (5). Here,
the UE can be configured to monitor DCI formats for both multi-cell scheduling and single-cell

scheduling is provided by “SearchSpace mformation clement.”
Syntax (5)

-- ASNISTART
-- TAG-SEARCHSPACE-START

SearchSpace .= SEQUENCE {
searchSpaceld SearchSpaceld,
controlResourceSetld ControlResourceSetId

OPTIONAL, -- Cond SetupOnly
monitoringSlotPeriodicityAndOffset ~CHOICE {
si1 NULL,
sl2 INTEGER (0..1),
sl4 INTEGER (0..3),
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sl INTEGER (0..7),
st10 INTEGER (0..9),
sl16 INTEGER (0..15),
s120 INTEGER (0..19),
sl40 INTEGER (0..39),
s180 INTEGER (0..79),
si160 INTEGER (0..159),
s1320 INTEGER (0..319),
s1640 INTEGER (0..639),
s11280 INTEGER (0..1279),
s12560 INTEGER (0..2559)
H
OPTIONAL, -- Cond Setup
duration INTEGER (2..2559)
OPTIONAL, --NeedR
monitoringSymbolsWithinSlot BIT STRING (SIZE (14))
OPTIONAL, --Cond Sctup
nrofCandidates SEQUENCE {
aggregationLevell ENUMERATED {n0, nl, n2, n3, n4, n5, n6, n8},
aggregationLevel2 ENUMERATED {n0, nl, n2, n3, n4, n5, n6, n8},
aggregationLevel4 ENUMERATED {n0, nl, n2, n3, n4, n5, n6, n8},
aggregationLevel§ ENUMERATED {n0, nl, n2, n3, n4, n3, n6, n8},
aggregationl.evell6 ENUMERATED {n0, n1, n2, n3, n4, n5, n6, n8}

1
s

OPTIONAL, --Cond Setup

searchSpaceType CHOICE {
common SEQUENCE {
dci-Format0-0-AndFormat1-0 SEQUENCE {
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OPTIONAL, --NeedR

dci-Format2-0
nrofCandidates-SFI
aggregationLevel |
OPTIONAL, --NeedR
aggregationLevel2
OPTIONAL, --NeedR
aggregationlevel4
OPTIONAL, --NeedR
aggregationLevel8
OPTIONAL, --NeedR
aggregationLevel16

OPTIONAL --Need R
}s

}
OPTIONAL, --Need R

dci-Format2-1

!
s

OPTIONAL, --NeedR
dci-Format2-2

}
OPTIONAL, --NeedR

dci-Format2-3
dummyl
OPTIONAL, --Cond Sctup

dummy?2

81

SEQUENCE {

SEQUENCE {
ENUMERATED {nl, n2}
ENUMERATED {nl, n2}
ENUMERATED {nl, n2}

ENUMERATED {n1, n2}

ENUMERATED {nl, n2}

SEQUENCE {

SEQUENCE {

SEQUENCE {

ENUMERATED {sll, s12, sl4, sl5, s18, si10, sl16, s120}

ENUMERATED {nl, n2},

PCT/KR2022/011252
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OPTIONAL --NeedR

§s
ue-Specific SEQUENCE {
dei-Formats ENUMERATED {formats0-0-And-1-0, formats0-1-
And-1-1},

OPTIONAL --NeedR

ceey

[l

dei-Formats-MT-r16 ENUMERATED {formats2-5}
OPTIONAL, --NeedR
dei-FormatsSL-r16 ENUMERATED {formats0-0-And-1-0, formats0-1-And-

1-1, formats3-0, formats3-1,
formats3-0-And-3-1}
OPTIONAL, --NeedR
dci-FormatsExt-r16 ENUMERATED {formats0-2-And-1-2, formats0-1-And-
1-1And-0-2-And-1-2},

OPTIONAL --Need R
dci-Formats-MC-r18 ENUMERATED {formats0-4-And-1-4, formats0-4,
formats1-4}

OPTIONAL --NeedR

OPTIONAL  -- Cond Setup2
¥
In one example, a search space set for a set of co-scheduled cells can be a USS set

defined by an n_CI parameter that is generalized to apply to the configured set of co-
scheduled cells, instead of a single scheduled cell. For example, a n_CI or CIF = 0 can
refer to self-carrier scheduling, an n_Cl or CIF in a set {1, 2, ..., 7} can refer to cross-
carrier scheduling of a single scheduled cell, and an n_Cl or CIF in a set {8, 9, ..., 15}
can refer to cross-carrier scheduling of one from eight subsets of co-scheduled cells
from a set of co-scheduled cells. A search space for determining CCE locations for
PDCCH candidates can be provided as described in Equation (10). In Equation (10),
all parameters are defined as in the case of single-cell scheduling, and a value for the
n_CI parameter is provided by RRC configuration, as described above. In addition, the

initial value Y, ;= nga#0 can be based on C-RNTI or based on an RNTI, such as an
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M-RNTI, for multi-cell scheduling.

Mg max

m, ‘NCCE, .
L- {(Yplnsf + [——Z—‘%—Cﬂ] + nC,) mod|Nccg,p /LJ} +i (10)

In one example, if the UE is configured to have only one set of co-scheduled cells as-
sociated with a scheduling cell, such as when the set of co-scheduled cells includes all
scheduled cells corresponding to the scheduling cell, then a single value for n_CI can
be used, such as n_CI = 8. Such value can be fixed in the specifications for system op-
erations.

In another example, if the UE can be configured to have multiple sets of co-
scheduled cells associated with a scheduling cell, there can be various options for
mapping among sets of co-scheduled cells associated with a scheduling cell and values
of n_CL

In a first option, the UE receives higher layer signaling, such as dedicated RRC con-
figuration, which provides values of n_CI for a set of co-scheduled cells.

In a second option, the UE determines a value of n_CI for a set of co-scheduled cells
based on values of n_ClI for each scheduled cell included in the set of co-scheduled
cells. In one example, a value of n_CI for a set of co-scheduled cells can be based on
summation of n_CI values corresponding to the cells included in the set of co-
scheduled cells. In another example, a value of n_ClI for a set of co-scheduled cells can

be defined as described in Equation (11) or Equation (12).

ne{set) = 8+ ((ZiE set Nep(cell #1)ymod 8) (an

CIF(set) = 8+ ((Zie set CIF(cell #i))mod 8) (12)

In a third option, the UE determines a value of n_CI for a set of co-scheduled cells
based on a value of n_ClI for a reference scheduled cell in the set of co-scheduled cells,
when a same cell is not a reference cell for more than one set of co-scheduled cells. For
example, a reference scheduled cell in a set of co-scheduled cells can be a cell with: (i)
a smallest or largest n_CI value; or (ii) a smallest or largest cell index (cell ID or Serv-
Celllndex) value; or (iii) the scheduling cell, namely n_CI = 0, at least for the case
where the scheduling cell is included in the set of co-scheduled cells.

According to the third option, the UE determines a same search space and corre-
sponding PDCCH candidates for multi-cell scheduling with an n_CI value based on a
reference scheduled cell from the set and for single-cell scheduling when only the
reference scheduled cell is scheduled by the scheduling cell. In such case, the UE can
use other means, such as those described herein to distinguish multi-cell scheduling

from single-cell scheduling.
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In one example, a search space set for multi-cell scheduling on a set of co-scheduled
cells can be associated with multiple n_CI values, such as a first n_CI value corre-
sponding to a first cell from the set of co-scheduled cells when the UE monitors a first
linked search space set configured on the first cell, and a second n_CI value corre-
sponding to a second cell from the set of co-scheduled cells when the UE monitors a
second linked search space set configured on the second cell.

A search space set can be associated with a CORESET configured for single-cell
scheduling or a CORESET configured for multi-cell scheduling.

When multiple sets of co-scheduled cells are associated with a same scheduling cell,
the UE monitors PDCCH for each set of co-scheduled cells separately, wherein each
set can have a different n_CI value. For example, for a set of co-scheduled cells that
includes {cell#0, cell#1, cell#2, and cell#3}, a n¢, value of ‘00’ can be associated with
scheduling for cell#0 and cell#1, a n¢ value of ‘01’ can be associated with scheduling
for cell#0 and cell#2, a nq value of ‘10’ can be associated with scheduling for cell#0
and cell#3, and a n¢; value of ‘00’ can be associated with scheduling for cell#0, cell#1,
cell#2, and cell#3. A DCI format can schedule only a subset of cells from the set of co-
scheduled cells. For example, a DCI format can co-schedule 2 cells from a set of 4 co-
scheduled cells. A CIF value in the DCI format refers to the subset of cells that are
actually scheduled and does not refer to the set of co-scheduled cells. Therefore, the
CIF value in the DCI format can be, in general, different from the n_CI value used for
monitoring the search space set for multi-cell scheduling corresponding to the set of
co-scheduled cells. In the special case that a DCI format is scheduling on all cells from
the set of co-scheduled cells, a CIF value provided in the DCI format can be same as
an n_CI value used for monitoring the search space set.

In one example, a UE can monitor PDCCH according to a common search space
(CSS) set for multi-cell scheduling. The UE can be configured to monitor PDCCH for
detection of a unicast DCI format such as a DCI format 0_0 or 1_0 repurposed for
multi-cell scheduling. Such unicast DCI format can be a first-stage DCI format for a
two-stage scheduling mechanism with a second-stage DCI multiplexed in a PDSCH
that is scheduled by the first-stage DCI, or in another PDCCH, as described herein. In
another example, the UE does not expect to be configured to monitor PDCCH
according to a CSS set for multi-cell scheduling.

The method 800, as illustrated in FIGURE 8§ describes a procedure for monitoring
PDCCH in a search space set for multi-cell scheduling.

In step 810, a UE (such as the UE 116) is configured a n_CI value for a set of co-
scheduled cells. In step 820, the UE is configured a USS set to monitor PDCCH for
detection of a DCI format performing multi-cell scheduling on the set of co-scheduled
cells. In step 830, the UE receives a PDCCH according to the USS set for multi-cell
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scheduling using the configured n_CI value. In step 840, the UE detects in the PDCCH
a DCI format for multi-cell scheduling with a CIF value corresponding to cells from
the set of co-scheduled cells. In step 850, the UE receives PDSCHs or transmits
PUSCHs on cells from the set of co-scheduled cells.

Although FIGURE 8 illustrates the method 800 various changes may be made to
FIGURE 8. For example, while the method 800 is shown as a series of steps, various
steps could overlap, occur in parallel, occur in a different order, or occur multiple
times. In another example, steps may be omitted or replaced by other steps. For
example, steps of the method 800 can be executed in a different order.

Various embodiments of the present disclosure describe search space linking for
multi-cell scheduling. This is described in the following examples and embodiments,
such as those of FIGURE 9.

FIGURE 9 illustrates an example method 900 for search space linking for multi-cell
scheduling according to embodiments of the present disclosure. The steps of the
method 900 of FIGURE 9 can be performed by any of the UEs 111-116 of FIGURE 1,
such as the UE 116 of FIGURE 3. The method 900 is for illustration only and other
embodiments can be used without departing from the scope of the present disclosure.

Several approaches are considered for search space set configuration and linking to
sets of co-scheduled cells.

For single-cell scheduling, a UE is configured a first search space set on a scheduling
cell and a second search space set on a scheduled cell, wherein the first and second
search space sets are linked by having a same search space index and the second search
space set includes none of the optional fields, except for nrofCandidates (regardless of
their presence conditions in the SearchSpace IE). In addition, the UE applies the search
space set for the scheduled cell only if the DL BWPs in which the linked search space
sets are configured in the scheduling cell and the scheduled cell are both active.

In one example, for the optional fields in a linked search space set in the scheduled
cell, the UE uses same values corresponding to the fields as provided in a linked search
space set in the scheduling cell. In another example, the UE can be provided separate
values for some of the optional fields in a linked search space set in the scheduled cell
that are different from values for corresponding fields in the linked search space set in
the scheduling cell. For example, a PDCCH monitoring periodicity, offset, or duration
can be different on the scheduled cell than on the scheduling cell.

For multi-cell scheduling, in an exemplary realization, a same search space set for
multi-cell scheduling can be provided on all cells from the set of co-scheduled cells. It
is also possible that a search space set for multi-cell scheduling is provided only on the
scheduling cell and is not provided on any of the (other) co-scheduled cells.

In a first approach, a UE can be configured a first search space set on a corre-
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sponding scheduling cell and a number of N linked search space sets on all N cells in a
set of co-scheduled cells, with a search space set configured on each of the N cells. In
addition, the UE applies a linked search space set for a scheduled cell from the set of
co-scheduled cells only if the DL. BWPs in which the linked search space sets are
configured in the scheduling cell and in the scheduled cell are both active.

In another example, the UE applies the linked search space sets for the set of co-
scheduled cells only if the DL BWPs in which the linked search space sets are
configured in the scheduling cell and in at least one cell from the set of co-scheduled
cells are active. In this example, the UE can operate with a same n_CI value for the
first search space set and all N linked search space sets, or can operate with different
n_CI values for the first search space set and all N linked search space sets, based on
the at least one cell with active DL. BWP. For example, the linked search space sets for
multi-cell scheduling on a set of co-scheduled cells can be associated with a first n_CI
value corresponding to a first cell from the set of co-scheduled cells when the UE
monitors a linked search space set configured on an active DL BWP of the first cell,
and associated with a second n_CI value corresponding to a second cell from the set of
co-scheduled cells when the UE monitors a linked search space set configured on an
active DL BWP of the second cell.

In yet another example, the UE applies the linked search space sets for the set of co-
scheduled cells only if the DL BWPs in which the linked search space sets are
configured in the scheduling cell and in all N cells from the set of co-scheduled cells
are all active. In this example, the UE is expected to operate with a same n_CI value
for the first search space set and all N linked search space sets.

In a special case where the scheduling cell is among the set of N co-scheduled cells,
an additional search space set on the scheduling cell is not needed, as the UE is already
configured with the first search space set (with full search space configuration) on the
scheduling cell. Then, only (N-1) search space sets need to be configured on the
remaining cells from the set of co-scheduled cells.

In one example, when a search space set is for multi-cell scheduling, a UE expects to
be configured a same number of PDCCH candidates by a parameter nrofCandidates on
each of the N linked search spaces sets for the set of co-scheduled cells. In another
example, when a search space can be used for both single-cell scheduling and multi-
cell scheduling, the UE can be configured different numbers of PDCCH candidates by
corresponding parameters nrofCandidates on each of the N linked search spaces sets
for the set of co-scheduled cells.

In a second approach, the UE can be configured a first search space set on a
scheduling cell and a second linked search space set only on a reference scheduled cell

from a set of co-scheduled cells. The UE does not expect to be configured linked
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search space sets on other cells from the set of co-scheduled cells. Herein, a reference
cell from the set of co-scheduled cells can refer to any of the examples described
herein.

According to the second approach, the UE applies the linked search space sets for a
scheduled cell only if the DL BWPs in which the linked search space sets are
configured in the scheduling cell and the reference cell are both active.

In a variation of the second approach, the reference scheduled cell cam be any cell
from a set of co-scheduled cells. Such variation can be applicable, for example, when a
UE is configured a search space set to monitor PDCCH for detection of DCI formats
for both single-cell scheduling and multi-cell scheduling. Then, a search space set con-
figuration and linking can follow the existing rules for search space sets for single cell
scheduling only.

In one example, the UE can be configured: (i) with a first search space set on a first
cell from a set of co-scheduled cells, wherein the UE monitors PDCCH for detection of
DCI formats for both single-cell scheduling on the first cell and multi-cell scheduling
on the set of co-scheduled cells, and (i1) with a second search space set on a second cell
from the set of co-scheduled cells, wherein the UE monitors PDCCH for detection of
DCI formats for both single-cell scheduling on the second cell and multi-cell
scheduling on the set of co-scheduled cells.

In a third approach, search space set linking is not used for multi-cell scheduling and
multi-cell scheduling is treated as self-cell scheduling. A UE can be configured only a
first search space set on a corresponding scheduling cell and the UE does not expect
any other linked search space sets on any of the cells from the set of co-scheduled
cells. Accordingly, there is no constraint on a DL BWP for any of the cells from the set
of co-scheduled cells and only a DL. BWP of the scheduling cell on which the first
search space set is configured needs to be active.

The method 900, as illustrated in FIGURE 9, describes an example procedure for
search space linking for multi-cell scheduling.

In step 910, a UE (such as the UE 116) is configured a set of co-scheduled cells
having a same scheduling cell. In step 920, the UE is configured a same USS set for
multi-cell scheduling on the scheduling cell and on all cells from the set of co-
scheduled cells. In step 930 the UE determines that DL. BWPs on which the USS set
for multi-cell scheduling is configured are active for the scheduling cell and for at least
one cell from the set of co-scheduled cells. In step 940, the UE monitors PDCCH
according to the USS set for multi-cell scheduling on the set of co-scheduled cells.

Although FIGURE 9 illustrates the method 900 various changes may be made to
FIGURE 9. For example, while the method 900 is shown as a series of steps, various

steps could overlap, occur in parallel, occur in a different order, or occur multiple
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times. In another example, steps may be omitted or replaced by other steps. For
example, steps of the method 900 can be executed in a different order.

Various embodiments of the present disclosure describe BD/CCE allocation for
multi-cell scheduling. This is described in the following examples and embodiments,
such as those of FIGURES 10 and 11.

FIGURES 10 and 11 illustrate example methods 1000 and 1100, respectively, for
counting PDCCH candidates for multi-cell scheduling operation according to em-
bodiments of the present disclosure. The steps of the method 1000 of FIGURE 10 and
the method 1100 of FIGURE 11 can be performed by any of the UEs 111-116 of
FIGURE 1, such as the UE 116 of FIGURE 3. The method 1000 and the method 1100
are for illustration only and other embodiments can be used without departing from the
scope of the present disclosure.

In certain embodiments, a UE (such as the UE 116) configured for multi-cell
scheduling for a set of co-scheduled cells monitors a same total number of PDCCH
candidates and non-overlapping CCEs for a corresponding scheduling cell as when the
UE is configured for single-cell scheduling, but the UE counts a number of PDCCH
candidates and non-overlapping CCEs per scheduled cell from the set of co-scheduled
cells differently based on whether the search space set is used for multi-cell scheduling
only or also for single-cell scheduling. The UE applies modified methods such as
fractional counting for PDCCH candidates and non-overlapping CCEs in case of multi-
cell scheduling only, but applies existing methods for counting PDCCH candidates and
non-overlapping CCEs such as those described in TS 38.213 v16.5.0 in case of a
search space set configured for both single-cell scheduling and multi-cell scheduling.

In a first case, when the UE monitors PDCCH candidates on a search space set used
only for multi-cell scheduling, the UE counts each PDCCH candidates as a fraction
towards a maximum number of PDCCH candidates that the UE can monitor in a slot or
a span for each scheduled cell from the set of co-scheduled cells. For example, for a set
of co-scheduled cells that includes 4 cells, the UE counts a PDCCH candidate for
4-cell scheduling as ¥4 of a PDCCH candidate for each scheduled cell from the set of 4
cells. That allocation applies regardless of whether or not a DCI format is detected for
a PDCCH candidate or regardless of whether a detected DCI format co-schedules the
entire set, such as all 4 cells, or only a subset of the configured cells, such as only 2
cells from the 4 cells. Herein, the slot or span is with respect to SCS configuration of
the active DL. BWP of the scheduling cell.

In a second case, when the UE monitors PDCCH candidates on a search space set as-
sociated with a first scheduled cell from the configured set of co-scheduled cells, and
also monitors PDCCH candidates for detection of DCI formats for single-cell

scheduling associated with the first scheduled cell, UE does not consider multi-cell
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scheduling for allocation of PDCCH candidates. Therefore, the UE counts all PDCCH
candidates associated with the search space set only towards the PDCCH monitoring
allocation for the first scheduled cell.

As described earlier, a search space set used for multi-cell scheduling can be: (i) a
search space set that is associated only with DCI formats for multi-cell scheduling, or
(i1) a search space set that is associated with both DCI formats for multi-cell
scheduling and DCI formats for single-cell scheduling, or (iii) a search space set that is
associated only with DCI formats for single-cell scheduling, wherein the DCI formats
can be used for or can result in multi-cell scheduling.

A DCI format for single-cell scheduling can be used not only for scheduling a single
cell but also for scheduling a set of co-scheduled cells, for example, by using a
different RNTT or by using multi-cell mapping, or by providing the multi-cell
scheduling information in a PDSCH that is scheduled by the DCI format or in another
PDCCH, as described herein.

The following describes per-scheduling-cell BD/CCE allocation.

For counting a number of PDCCH candidates and non-overlapping CCEs for a corre-
sponding scheduling cell, there is no impact to UE behavior due to multi-cell
scheduling support. For example, multi-cell scheduling is a scheme for how to
consume and allocate a PDCCH monitoring capability of a UE, unlike a multi-TRP
operation that may require increasing a number of PDCCH candidates and non-
overlapping CCEs monitored by a UE on a scheduling cell. Therefore, there is no

change to counting of scheduled cells and determination of , totalslotu OF totalslotu
Mppecn Conccn

limits (or corresponding limits for PDCCH monitoring per span, instead of per slot).
In another option, when a scheduled cell is configured, in addition to single-cell

scheduling via self-carrier or cross-carrier scheduling, as a member of a set of co-

scheduled cells, the scheduled cells can be counted more number of times, for the

purpose of determination of , totalsloty OF totalsiotu limits, such as: (i) one additional
Mppecn Cepcc

count; or (ii) one additional count for each set of co-scheduled cells that includes the
scheduled cell; or (iii) one additional count for each search space set associated with a
set of co-scheduled cells that includes the scheduled cell; or (iv) one additional

fractional count, for example ! for each set of co-scheduled cells with K cells that
K’

includes the scheduled cell; or (v) one additional fractional count, for example ! for
K’

each search space set associated with a set of co-scheduled cells with K cells that
includes the scheduled cell.

It is noted that, a UE can be configured multiple separate search space sets for mullti-
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cell scheduling on a same set of co-scheduled cells, such as a first search space set as-
sociated with a first CORESET for example for eMBB, and a second search space set
associated with a second CORESET for example for URLLC.

In one example, the UE applies a configurable scaling factor for counting a
scheduled cell from a set of co-scheduled cells, in addition to or instead of the counting
methods described above.

The UE applies such additional/modified counts to parameters , pLu Or pDLx when

Ncells,() cells,1

the UE determines PDCCH candidates, as described in Equation (13) or non-
overlapped CCEs per slot on the active DL BWP(s) of scheduling cell(s) from the

NPE# 4 yPLe downlink cells, as described in Equation (14).

cells,0 cells, |

total,slot,u __ cap max,slot, i DL.u . nPL.u 3 DL.j . DL.j -
Mppeen "'lNl *Mppcen '(N' +vy N'ells,l)/zj=0(N + ¥ Nes j (13)

cells cells,0 ¢ cells,0 cells,1

total,slot,u cap max,slot,u DL, DL,u 3 DL,j DL,j
Copcen ™ = [N “Copecn ™ (N +v- N, )/ijo(N +v- N, )J (14)

cells cells,0 ells, 1 cells,} ells, ]

Counting a number of PDCCH candidates and non-overlapping CCEs per scheduled
cell, in case of multi-cell scheduling can depend on a scenario for multi-cell scheduling
operation, as considered next in Case A and Case B.

The following describe Per-scheduled-cell BD/CCE allocation -- Case A: a search
space set for multi-cell scheduling only

When a search space set is associated only with DCI formats for multi-cell
scheduling for a set of co-scheduled cells (in the following, this is referred to as a
multi-cell scheduling search space set), in a first approach the UE counts each PDCCH
candidate or non-overlapping CCE associated with the search space set as a fraction of
one PDCCH candidate or one non-overlapping CCE for each cell from the set of co-
scheduled cells. Such approach can provide an accurate representation of a UE ca-
pability for PDCCH monitoring because it considers that the UE is monitoring fewer
PDCCH candidates, compared to single-cell scheduling, for scheduling a same number
of cells. A sum of the fractions across all cells in the set of co-scheduled cells can
equal one or can be different than one, such as greater than one.

For example, a UE can be configured separate scaling factors that the UE applies to
count a PDCCH candidate or non-overlapping CCE for each cell from the set of co-
scheduled cells. Alternatively, the UE can be configured a scaling factor to count
PDCCH candidates or non-overlapping CCEs for all cells in the set of co-scheduled
cells.

In another example, a UE determines scaling factors for counting PDCCH candidates

or non-overlapping CCEs based on a number of cells in the set of co-scheduled cells.
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For a set of co-scheduled cells including 4 cells, the UE counts each PDCCH candidate
or each non-overlapping CCE for a corresponding search space set as ¥4 PDCCH
candidate or % non-overlapping CCE for each of the 4 co-scheduled cells.

In yet another example, when a UE monitors a search space set for multi-cell
scheduling on a set of K co-scheduled cells, and the search space set includes N
PDCCH candidates, the UE counts the monitored PDCCH candidates associated with

the search space in a slot/span set as ¥ PDCCH candidates towards a maximum
K

number of PDCCH candidates that the UE can monitor per slot/span for each of K co-
scheduled cells.

In a second approach, a UE counts each PDCCH candidate or non-overlapping CCE
for a search space set associated with multi-cell scheduling as one PDCCH candidate
or one non-overlapping CCE for each cell from the set of co-scheduled cells.

According to the second approach, when a UE monitors a search space set for multi-
cell scheduling on a set of K co-scheduled cells, and the search space set includes N
PDCCH candidates, the UE counts the monitored PDCCH candidates associated with
the search space in a slot/span set as N PDCCH candidates towards a maximum
number of PDCCH candidates that the UE can monitor per slot/span for each of K co-
scheduled cells.

In the first and second approaches, the UE counts the number of PDCCH candidates
and non-overlapping CCEs based on a configured set of co-scheduled cells, regardless
of how many cell(s) from the set of co-scheduled cells are co-scheduled by a DCI
format for multi-cell scheduling. Therefore, for a set with 4 co-scheduled cells, the UE
applies the fractional allocation of %4 PDCCH candidate or % non-overlapping CCE,
according to the first approach, or the full allocation of 1 PDCCH candidate or 1 non-
overlapping CCE, according to the second approach, per cell from the 4 configured co-
scheduled cells even when the UE determines that a multi-cell scheduling DCI format
schedules only 2 cells from the configured set of 4 co-scheduled cells.

The method 1000, as illustrated in FIGURE 10, describes an example procedure for
counting PDCCH candidates for multi-cell scheduling operation according to the
disclosure, when a search space set is associated with multi-cell scheduling DCI
formats.

In step 1010, a UE (such as the UE 116) is configured a set of co-scheduled cells that
includes N cells. In step 1020, the UE is configured a search space set for monitoring
PDCCHs for detection of a DCI format for multi-cell scheduling on the set of co-
scheduled cells. In step 1030, the UE monitors a PDCCH candidate in the search space
associated with L non-overlapping CCEs. In step 1040 the UE counts the monitored

PDCCH candidate as 1 of one PDCCH candidate, and counts the L. monitored CCEs
N
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as L of one non-overlapping CCE for each cell from the set of co-scheduled cells.
N

The flowing describes per-scheduled-cell BD/CCE allocation -- Case B: a search
space set for both single-cell scheduling and multi-cell scheduling

When a search space set is configured for monitoring PDCCHs for detections of both
multi-cell scheduling DCI format(s) and single-cell scheduling DCI format(s), then the
UE counts each PDCCH candidate or non-overlapping CCE associated with the search
space set as one PDCCH candidate or one non-overlapping CCE for only one
scheduled cell that corresponds to the single-cell scheduling DCI format(s).

When a search space set is configured for monitoring PDCCH for only single-cell
scheduling DCI format(s) and the single-cell scheduling DCI format(s) can also be
used for multi-cell scheduling, such as: (1) by using a different RNTI, or (ii) by re-
purposing some of the DCI fields such as by using a multi-cell mapping, or (iii) by
scheduling a PDSCH that includes the multi-cell scheduling information, or (iv) by
pointing to a second-stage DCI format in a second PDCCH (such as by indication of a
PDCCH candidate index for the second-stage DCI format). Then the UE counts
PDCCH candidates and non-overlapping CCEs same as when the search space set is
only for single-cell scheduling.

The method 1100, as illustrated in FIGURE 11, describes an example procedure for
counting PDCCH candidates for multi-cell scheduling operation according to the
disclosure, when a search space set is configured for both single-cell scheduling and
multi-cell scheduling DCI formats.

In step 1110, a UE (such as the UE 116) is configured a set of co-scheduled cells
including N cells. In step 1120, the UE is configured a search space set for monitoring
PDCCH to detect DCI format(s) for multi-cell scheduling on the set of co-scheduled
cells and DCI format(s) for single-cell scheduling on a first scheduled cell from the set
of co-scheduled cells. In step 1130, the UE monitors a PDCCH candidate in the search
space set associated with L non-overlapping CCEs. In step 1140, the UE counts the
monitored PDCCH candidate as one PDCCH candidate, and counts the L monitored
CCEs as L non-overlapping CCEs for the first scheduled cell.

In certain embodiments, a UE (such as the UE 116) counts the PDCCH candidates
and non-overlapping CCEs for multi-cell scheduling based on slots/spans and an as-
sociated subcarrier spacing (SCS) / numerology of a scheduling cell, regardless of
values of SCS of cells in the set of co-scheduled cells.

Although FIGURE 10 illustrates the method 1000 and FIGURE 11 illustrates the
method 1100 various changes may be made to FIGURES 10 and 11. For example,
while the methods 1000 and 1100 are shown as a series of steps, various steps could

overlap, occur in parallel, occur in a different order, or occur multiple times. In another
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example, steps may be omitted or replaced by other steps. For example, steps of the
method 1000 and the steps of the method 1100 can be executed in a different order.

Various embodiments of the present disclosure describe search space overbooking
and dropping for multi-cell scheduling. This is described in the following examples
and embodiments, such as those of FIGURES 12 and 13.

FIGURES 12 and 13 illustrates example methods 1200 and 1300, respectively, for
search space set overbooking and dropping for multi-cell scheduling operation
according to embodiments of the present disclosure. The steps of the method 1200 of
FIGURE 12 and the method 1300 of FIGURE 13 can be performed by any of the UEs
111-116 of FIGURE 1, such as the UE 116 of FIGURE 3. The method 1200 and the
method 1300 are for illustration only and other embodiments can be used without
departing from the scope of the present disclosure.

In certain embodiments, a UE (such as the UE 116) can assign a higher priority to the
first search space set and drop other (single-cell scheduling) USS sets before dropping
the first search space set when (i) a primary cell (PCell) is a scheduling cell for a set of
co-schedule cells, and (ii) the UE is configured a first search space set on the PCell that
can be used for monitoring a multi-cell scheduling DCI format for the set of co-
scheduled cells, and (iii) the UE determines a search space set overbooking event on
the PCell.

In one example, the set of co-scheduled cells includes the PCell.

Such operation can be beneficial, for example, when the first search space set for
multi-cell scheduling is configured in a later point in time after some single-cell
scheduling search space sets corresponding to some cells from the set of co-scheduled
cells are already configured, and therefore the gNB may assign a larger search space
set index to the first search space set for multi-cell scheduling than indexes of those
search space sets for single-cell scheduling instead of reconfiguring the indexes for all
search space sets. In such scenarios, the UE can assign higher priority to the first
search space set for multi-cell scheduling, for example by implicit determination or by
using a higher layer configured parameter, to override the smaller indexes that are
configured by the gNB for the search space sets for single-cell scheduling.

In a first approach, the UE determines the higher priority for the first search space set
implicitly without any gNB signaling or higher layer configuration. For example, the
UE can assign a higher priority to the first search space set (multi-cell scheduling
search space set) compared to any single-cell scheduling search space set, regardless of
search space set indexes.

In a second approach, the UE receives higher layer configuration for a priority level
parameter associated with search space sets configured on the PCell. For example, a

value ‘O for the priority level parameter indicates low priority, and a value ‘1’ for the
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priority level parameter indicates high priority. In one example, the priority level
parameter can take on parameters from a set {0, 1, 2, ..., N-1}, wherein N is
configured by higher layers or predetermined in the specifications of the system
operation, and a search space set with higher priority is configured a larger value for
the priority level parameter. In one example, the UE can be provided a large value,
such as 'l', for the priority level parameter for a search space set for multi-cell
scheduling. In another example, the UE can be provided a large value, such as ‘1’, for
the priority level parameter even for a search space set for single-cell scheduling, for
example for URLLC operation.

According to the second approach, the UE assigns higher priority first in descending
order of the priority level parameter, and then/next/second in ascending order of search
space set index. For example, the UE assigns the highest priority to a search space set
with largest value of the priority level parameter and with smallest search space set
index.

For example, when the UE is configured a value ‘1’ for the priority level parameter
for the first search space set, the UE can assign a higher priority to the first search
space set (multi-cell scheduling search space set) compared to any search space sets,
including any single-cell scheduling search space sets, with a value ‘0’ for the priority
level parameter even when the search space sets have smaller search space set indexes
compared to an index of the first search space set. However, the first search space set
(the multi-cell scheduling search space set) can have a lower priority compared to
another multi-cell scheduling or single-cell scheduling search space set with a same
value ‘1’ for the priority level parameter and with a smaller search space index.

In one example, the multi-cell scheduling search space set refers to a search space set
that is configured for monitoring only the multi-cell scheduling DCI format. In another
example, the multi-cell scheduling search space set refers to a search space set that is
configured for monitoring both the multi-cell scheduling DCI format and a single-cell
scheduling DCI format.

A UE determines a search space set overbooking event based on whether or not a
number of configured PDCCH candidates or non-overlapping CCE:s in a slot/span
exceed a predetermined limit, such as a maximum or total number of PDCCH
candidates or non-overlapping CCEs that the UE is capable of monitoring per slot/span
of the scheduling cell. Herein, a configured number of PDCCH candidates or non-
overlapping CCE:s in a slot/span is summation of corresponding number of all common
search space (CSS) sets and USS sets, including for single-cell scheduling and for
multi-cell scheduling, in the slot/span. Herein, the UE determines a configured number
of PDCCH candidates or non-overlapping CCEs in the slot/span corresponding to

multi-cell scheduling search space sets based on the different options described herein.
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The method 1200, as illustrated in FIGURE 12, describes an example procedure for
search space set overbooking and dropping for multi-cell scheduling operation
according to the disclosure.

In step 1210, a UE (such as the UE 116) is configured a set of co-scheduled cells. In
step 1220, the UE is configured a first USS set for monitoring DCI format(s) only for
single-cell scheduling. In step 1230, the UE is configured a second USS set for
monitoring DCI format(s) only for multi-cell scheduling on the set of co-scheduled
cells. After accounting for PDCCH candidates or non-overlapping CCEs allocated to
CSS sets on a corresponding scheduling cell, the UE in step 1240 determines that a
number of PDCCH candidates or a number of non-overlapping CCEs in a slot/span
across the first and second USS sets exceeds corresponding predetermined limits. For
example, the corresponding predetermined limits can be difference of a maximum
number of PDCCH candidates or a maximum number of non-overlapping CCEs, re-
spectively, that the UE is capable of from a number of PDCCH candidates or a number
of non-overlapping CCEs that the UE allocated to the CSS sets on the scheduling cells.
In step 1250, the UE drops the first USS set for single-cell scheduling and monitors
PDCCH only according to the second USS set for multi-cell scheduling.

The method 1300, as illustrated in FIGURE 13, describes an example procedure for
search space set overbooking and dropping for multi-cell scheduling operation
according to the disclosure, when a search space set is additionally configured with a
priority level parameter.

In step 1310, a UE (such as the UE 116) is configured a set of co-scheduled cells. In
step 1320, the UE is configured a first USS set with a first index and a first priority
level for monitoring DCI format(s) only for single-cell scheduling. In step 1330, the
UE is configured a second USS set for monitoring DCI format(s) with a second index
and a second priority level for multi-cell scheduling on the set of co-scheduled cells,
wherein the second index is larger than the first index, and the second priority level is
larger than the first priority level. After accounting for PDCCH candidates or non-
overlapping CCE:s allocated to CSS sets on a corresponding scheduling cell, the UE in
step 1340 determines that a number of configured PDCCH candidates or a number of
non-overlapping CCEs in a slot/span across the first and second USS sets exceed(s)
corresponding predetermined limits. For example, the corresponding predetermined
limits can be difference of a maximum number of PDCCH candidates or a maximum
number of non-overlapping CCEs, respectively, that the UE is capable of from a
number of PDCCH candidates or a number of non-overlapping CCEs that the UE
allocated to the CSS sets on the scheduling cells. In step 1350, the UE drops the first
USS set for single-cell scheduling, and monitors PDCCH only according to the second
USS set for multi-cell scheduling.
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Although FIGURE 12 illustrates the method 1200 and FIGURE 13 illustrates the
method 1300 various changes may be made to FIGURES 12 and 13. For example,
while the methods 1200 and 1300 are shown as a series of steps, various steps could
overlap, occur in parallel, occur in a different order, or occur multiple times. In another
example, steps may be omitted or replaced by other steps. For example, steps of the
method 1200 and the steps of the method 1300 can be executed in a different order.

FIGURE 14 illustrates a structure of a UE according to an embodiment of the
disclosure.

As shown in FIG. 14, the UE according to an embodiment may include a transceiver
1410, a memory 1420, and a processor 1430. The transceiver 1410, the memory 1420,
and the processor 1430 of the UE may operate according to a communication method
of the UE described above. However, the components of the UE are not limited
thereto. For example, the UE may include more or fewer components than those
described above. In addition, the processor 1430, the transceiver 1410, and the memory
1420 may be implemented as a single chip. Also, the processor 1430 may include at
least one processor. Furthermore, the UE of Figure 14 corresponds to the UE of the
Figure 3.

The transceiver 1410 collectively refers to a UE receiver and a UE transmitter, and
may transmit/receive a signal to/from a base station or a network entity. The signal
transmitted or received to or from the base station or a network entity may include
control information and data. The transceiver 1410 may include a RF transmitter for
up-converting and amplifying a frequency of a transmitted signal, and a RF receiver
for amplifying low-noise and down-converting a frequency of a received signal.
However, this is only an example of the transceiver 1410 and components of the
transceiver 1410 are not limited to the RF transmitter and the RF receiver.

Also, the transceiver 1410 may receive and output, to the processor 1430, a signal
through a wireless channel, and transmit a signal output from the processor 1430
through the wireless channel.

The memory 1420 may store a program and data required for operations of the UE.
Also, the memory 1420 may store control information or data included in a signal
obtained by the UE. The memory 1420 may be a storage medium, such as read-only
memory (ROM), random access memory (RAM), a hard disk, a CD-ROM, and a
DVD, or a combination of storage media.

The processor 1430 may control a series of processes such that the UE operates as
described above. For example, the transceiver 1410 may receive a data signal including
a control signal transmitted by the base station or the network entity, and the processor
1430 may determine a result of receiving the control signal and the data signal

transmitted by the base station or the network entity.
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FIGURE 15 illustrates a structure of a base station according to an embodiment of
the disclosure.

As shown in FIG. 15, the base station according to an embodiment may include a
transceiver 1510, a memory 1520, and a processor 1530. The transceiver 1510, the
memory 1520, and the processor 1530 of the base station may operate according to a
communication method of the base station described above. However, the components
of the base station are not limited thereto. For example, the base station may include
more or fewer components than those described above. In addition, the processor 1530,
the transceiver 1510, and the memory 1520 may be implemented as a single chip.
Also, the processor 1530 may include at least one processor. Furthermore, the base
station of Figure 15 corresponds to the BS of the Figure 2.

The transceiver 1510 collectively refers to a base station receiver and a base station
transmitter, and may transmit/receive a signal to/from a terminal(UE) or a network
entity. The signal transmitted or received to or from the terminal or a network entity
may include control information and data. The transceiver 1510 may include a RF
transmitter for up-converting and amplifying a frequency of a transmitted signal, and a
RF receiver for amplifying low-noise and down-converting a frequency of a received
signal. However, this is only an example of the transceiver 1510 and components of
the transceiver 1510 are not limited to the RF transmitter and the RF receiver.

Also, the transceiver 1510 may receive and output, to the processor 1530, a signal
through a wireless channel, and transmit a signal output from the processor 1530
through the wireless channel.

The memory 1520 may store a program and data required for operations of the base
station. Also, the memory 1520 may store control information or data included in a
signal obtained by the base station. The memory 1520 may be a storage medium, such
as read-only memory (ROM), random access memory (RAM), a hard disk, a CD-
ROM, and a DVD, or a combination of storage media.

The processor 1530 may control a series of processes such that the base station
operates as described above. For example, the transceiver 1510 may receive a data
signal including a control signal transmitted by the terminal, and the processor 1530
may determine a result of receiving the control signal and the data signal transmitted
by the terminal.

Various embodiments of the present disclosure describe DSS operation for multi-cell
scheduling.

In certain embodiments, for a UE (such as the UE 116) that is configured multi-cell
scheduling for a set of co-scheduled cells, when the UE is configured to monitor
PDCCH, for scheduling the set of co-scheduled cells, on a first scheduling cell and on
a second scheduling cell, the UE counts/allocates PDCCH candidates and non-
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overlapping CCEs for multi-cell scheduling based on approaches described herein. The
allocation is such that, for each cell from the set of co-scheduled cells, the UE
maintains an allocation of PDCCH candidates and non-overlapping CCEs across the
first and second scheduling cells similar to a corresponding allocation for single-cell
scheduling. The first scheduling cell can be the PCell, and the second scheduling cell
can be a special scheduling SCell, referred to as an sSCell. In one example, the set of
co-scheduled cells includes the PCell. In another example, the set of co-scheduled cells
additionally includes the sSCell. Therefore, both multi-cell scheduling and DSS
operation can impact PDCCH monitoring for the UE, wherein the impact of multi-cell
scheduling is addressed separately from the impact of DSS operation.

In one example, when first search space sets on the first scheduling cell for
scheduling a set of co-scheduled cells and second search space sets on the second
scheduling cell for scheduling the set of co-scheduled cells are configured such that
first search space sets do not overlap in time with second search space sets, the UE de-
termines limits on the number of PDCCH candidates and non-overlapping CCEs based
on existing rules, such as those in NR Rel-15/16.

When first search space sets on the first scheduling cell for scheduling a set of co-
scheduled cells and second search space sets on the second scheduling cell for
scheduling the set of co-scheduled cells are configured such that first search space sets
can overlap in time with second search space sets, there can be different approaches for
how the UE determines limits on the number of PDCCH candidates and non-
overlapping CCEs.

In a first approach, for each cell from the set of co-scheduled cells, a sum of numbers
of PDCCH candidates across the first and second scheduling cells and a sum of
numbers of non-overlapping CCEs across the first and second scheduling cells are
within predetermined respective limits for PDCCH candidates and non-overlapping
CCEs. Herein, the predetermined respective limits can refer to a maximum number of
PDCCH candidates and a maximum number of non-overlapping CCEs, respectively,
that a UE is capable of monitoring for each scheduled cell in a reference slot/span. The
reference slot can be with respect to a smallest/largest SCS, or can be a slot of the first/
second scheduling cell, for example, the PCell. Similar, the limits (maximum numbers)
can be with respect to a reference SCS such as a smallest/largest SCS, or with respect

to SCS of the first/second scheduling cell, for example, min( M;g;:({‘}zt,u’ M;?;i}?t{)t,u

PDCCH candidates or . ( cmasloty ~total.slot.u non-overlapping CCEs, where | is
MM\ Lppecy  » CppecH

a smallest SCS. In another example, the limits (maximum numbers) can be with

respect to both SCSs corresponding to the two scheduling cells, for example,
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, max,slot,u1 total,slot,u1 : max,slot,u2  stotalslot, u2Y P H
a- mm(MpDCCH »Mppech )+ B - min(MpSeo ™ Mpneen ™) CC

candidates or ot max,slot.ul total,slot,u1 nt max,sloL,u2 ~totalslotL,u2\ non-
a-min(Copcey " Conecn ) + B -min(Copccn ™, Copeds ™)

overlapping CCEs, where ul and p2 are the SCS of the first and second scheduling
cells, respectively, and the scaling factors 0<a<1 and 0<B<1 can be provided by
higher layers.

In a second approach, for each cell from the set of co-scheduled cells, a first number
of PDCCH candidates and a first number of non-overlapping CCEs corresponding to
the first scheduling cell is within a first scaling factor of first predetermined limits cor-
responding to PDCCH candidates and non-overlapping CCEs, respectively. In
addition, a second number of PDCCH candidates and a second number of non-
overlapping CCEs corresponding to the second scheduling cell is within a second
scaling factor of second predetermined limits corresponding to PDCCH candidates and
non-overlapping CCEs, respectively. For example, a sum of the first and second
scaling factors can be equal to one. In another example, the first predetermined limits
correspond to the first scheduling cell and the second predetermined limits correspond

to the second scheduling cell, for example pmaxsiotul Mtotal,slot,ul) PDCCH

’ a-mm( ppcc . Mppecn

candidates or maxslotul totalslotul non-overlapping CCEs on P(S)Cell, and

a- mm(CPDccn »Uppeen

) PDCCH candidates or B -min( cmaxslot 2 Ctotal,slot,uZ)

) . max,slot,u2 total,slot,u2
B mm(MPDCCH »Mppecn ppccH 2 UpbocH

non-overlapping CCEs on sSCell. In another example, the first predetermined limits
and the second predetermined limits are same and, for example, correspond to the first

scheduling cell, such as the PCell. For example max,slot,u1 Mmral,slot,m)

»a - min(Mpseen ™ Mpbean

PDCCH candidates or _ . (Cmax,slot,ul Ctotal,slot,ul) non-overlapping CCEs on
a s minCLppecn 0 “ppecH

P(S)Cell, and ) PDCCH candidates or

_ . . max.slot,u1 total,slot,u1
1-a) mm(MPDCCH » Mppcen

1—a)- . pmaxsloLul ~totalslotu1y non-overlapping CCEs on sSCell, where pl
(1 -a) min(Copeen ™ Copcont )

and p2 are the SCS of the PCell and sSCell, respectively, and the scaling factors
0<a<1 and 0<P<1 can be provided by higher layers.

In both the first and the second approach, the UE counts a number of PDCCH
candidates and non-overlapping CCEs in a reference slot according to search space sets
that overlap the reference slot. For search space sets that are associated with only DCI
formats for single-cell scheduling, the UE counts the PDCCH candidates and non-
overlapping CCEs per existing rules, such as those in NR Rel-15/16/17. For search
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space sets that are associated with DCI formats for multi-cell scheduling and with or
without DCI formats for single-cell scheduling, the UE counts the PDCCH candidates
and non-overlapping CCEs, for example, per rules described herein. For example,
when a search space set is associated with DCI formats for both multi-cell scheduling
and single-cell scheduling, the UE counts the PDCCH candidates and non-overlapping
CCEs only towards the limits for a single scheduled cells that corresponds to the DCI
formats for single-cell scheduling. In another example, when a search space set is as-
sociated with DCI formats for only multi-cell scheduling on a set of K co-scheduled
cells, the UE counts the PDCCH candidates and non-overlapping CCEs with a
fractional allocation 1/ K allocation towards the limits for each cell from the set of K
co-scheduled cells.

In one realization, for a cell from the set of co-scheduled cells, such as the PCell,
when a number of PDCCH candidates or non-overlapping CCEs across the first and
second scheduling cells exceeds a corresponding predetermined limit, referred to as a
search space set overbooking event, the UE drops search space sets with lowest
priority. The search space sets can be on both scheduling cells or on only one of the
two scheduling cells such as on the first scheduling cell that can also be the PCell.
When search space set dropping occurs on both cells and for a search space set with a
same index on both scheduling cells, a priority for search space set dropping can addi-
tionally depend on the scheduling cell index, in ascending or descending order, or can
depend on a priority level parameter provided by higher layers, or can be prede-
termined such as PCell (or the sSCell) having lower priority. When the search space
set dropping occurs on only one scheduling cell, that scheduling can be indicated to the
UE by higher layers or be determined in the specifications of the system operation,
such as the PCell (or the sSCell).

A search space set with lowest priority can be a search space set with a largest search
space set index or can also depend on single-cell scheduling vs. multi-cell scheduling
aspects as described herein. For example, a search space set for multi-cell scheduling
can have a higher priority compared to a search space set for single-cell scheduling for
resolving an overbooking event.

In one example scenario, a UE can be configured: (i) a first scheduled cell such as a
PCell that can be scheduled by two scheduling cells, such as the PCell and an sSCell,
and (ii) a set of co-scheduled cells that is scheduled by the sSCell, such that the set of
co-scheduled cells includes the first scheduled cell (PCell).

Accordingly, the UE can be configured: (i) CSS sets on the PCell, and (ii) first USS
sets on the PCell for self-carrier scheduling the PCell, and (iii) second USS sets on the
sSCell for cross-carrier scheduling the PCell using single-cell DCI format(s), and (iv)
third USS sets on the sSCell for multi-cell scheduling on the set of co-scheduled cells
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that includes the PCell.

When CSS set and the first USS sets do not overlap in a/any (reference) slot with any
of the second and third USS sets, the UE allocates the PDCCH candidates and the non-
overlapping CCEs separately for the PCell and the sSCell per existing PDCCH
monitoring rules, such as those in NR Rel-15/16.

When CSS set and the first USS sets (can) overlap in a (reference) slot with some
USS set(s) from the second or third USS sets, the UE determines limits on a number of
PDCCH candidates or non-overlapping CCEs that the UE is capable of monitoring for
the first scheduled cell in the (reference) slot: (i) jointly across the two scheduling cells
(PCell and sSCell), or (ii) separately for each of the two scheduling cells (a first limit
for PCell and a second limit for sSCell).

The UE can determine such limits similar to expression provided above for the case
that the two scheduling cells apply to all cells in the set of co-scheduled cells.

The UE counts a number of PDCCH candidates and non-overlapping CCEs for the
first scheduled cells (PCell) in the (reference) slot as follows: (i) one count for each
PDCCH candidate and corresponding non-overlapping CCEs for a CSS set from the
CSS sets that overlaps the (reference) slot, and (ii) one count for each PDCCH
candidate and corresponding non-overlapping CCEs for a USS set from the first USS
sets that overlaps the (reference) slot, and (iii) one count for each PDCCH candidate
and corresponding non-overlapping CCEs for a USS set from the second USS sets that
overlaps the (reference) slot, and (iv) a fractional 1/K count for each PDCCH candidate
and corresponding non-overlapping CCEs for a USS set from the third USS sets that
overlaps the (reference) slot, where K is a number of cells in the set of co-scheduled
cells.

In certain embodiments, a method for PDCCH monitoring for multi-cell scheduling
can include receiving information of a search space set for monitoring candidate
PDCCH receptions corresponding to a set of co-scheduled cells. The method can also
include receiving an n_CI value corresponding to the search space set, and a CIF value
corresponding to a subset of the of co-scheduled cells. The method can further include
receiving a candidate PDCCH reception according to the search space set for the set of
co-scheduled cells based on the n_CI value. Additionally, the method can include
decoding a DCI format in the PDCCH. It is noted that the DCI format can include the
CIF value. The method can also include receiving PDSCHs or PUSCHs on the subset
of the of co-scheduled cells corresponding to the CIF value.

In certain embodiments, the method can also include receiving (i) information, on a
first DL BWP of a first cell, for a search space set for scheduling from the first cell on
a set of co-scheduled cells comprising [the first cell and] a second cell and a third cell,
and (ii) information, on a second DL. BWP of the second cell and on a third DL BWP
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of the third cell, for the search space set. The method can further include determining
that the first DL BWP and at least one of the second DL BWP or the third DL BWP
are active. Additionally, the method can include receiving/monitoring a PDCCH in the
search space set on the first DL BWP and the at least one active DL BWP. IT is noted
that the PDCCH includes a DCI format for scheduling on cells from the set of co-
scheduled cells.

In certain embodiments, the method can also include receiving (i) information of a
set of K co-scheduled cells, (ii) information of a search space set for monitoring
candidate PDCCH receptions, and (iii) a candidate PDCCH reception according to the
search space set. It is noted that the candidate PDCCH reception is associated with L
non-overlapping CCEs. The method can further include determining (i) that the search
space set is associated with DCI format(s) for scheduling on the set of K co-scheduled
cells only, and (ii) allocation of 1/K candidate PDCCH reception(s) and L/K non-
overlapping CCE(s) towards a maximum number of candidate PDCCH receptions and
a maximum number of non-overlapping CCEs, respectively, for each cell from the set
of K co-scheduled cells.

In certain embodiments, the method can also include receiving (i) information of a
set of K co-scheduled cells, (ii) information of a search space set for monitoring
candidate PDCCH receptions, and (iii) a candidate PDCCH reception according to the
search space set. It is noted that the candidate PDCCH reception is associated with L
non-overlapping CCEs. The method can further include determining DCI format(s) as-
sociated with the search space set. In response to determination that that the search
space set is associated with DCI format(s) for multi-cell scheduling only, the method
can include determining an allocation of 1/K candidate PDCCH reception(s) and L/K
non-overlapping CCE(s) towards a maximum number of candidate PDCCH receptions
and a maximum number of non-overlapping CCEs, respectively, for each cell from the
set of K co-scheduled cells. In response to determination that that the search space set
is associated with DCI format(s) for both multi-cell scheduling and single-cell
scheduling on a first cell from the set of K co-scheduled cells, the method can include
determining an allocation of one candidate PDCCH reception and L non-overlapping
CCEC(s) towards a maximum number of candidate PDCCH receptions and a maximum
number of non-overlapping CCEs, respectively, for the first scheduled cell.

In certain embodiments, the method can also include receiving (i) receiving in-
formation of a set of co-scheduled cells and (ii) receiving first information for a first
USS set for monitoring candidate PDCCH receptions corresponding to a first
scheduled cell. It is noted that the set of co-scheduled cells are scheduled by a PCell,
the first scheduled cell is scheduled by the PCell, and first information includes a first

USS set index, and a first priority level. The method can also include receiving second



103

WO 2023/008971 PCT/KR2022/011252

[468]

[469]

[470]

[471]

information for a second USS set for monitoring candidate PDCCH receptions corre-
sponding to the set of co-scheduled cells. It is noted that the second information
includes a second USS set index, and a second priority level, and the second USS set
index is larger than the first USS set index. The method can further include receiving
(1) a first number of candidates PDCCH receptions over a first number of non-
overlapping CCE:s in a slot of the PCell based on the first USS set, and (ii) a second
number of candidates PDCCH receptions over a second number of non-overlapping
CCE:s in the slot of the PCell based on the second USS set. Additionally, the method
can include determining (i) a sum of the first number of candidates PDCCH receptions
and the second number of candidates PDCCH receptions exceeds a predetermined
number of PDCCH receptions, or (ii) a sum of the first number of non-overlapping
CCEs and the second number of non-overlapping CCEs exceeds a predetermined
number of non-overlapping CCEs. The method can also include determining the
second priority level is larger than the first priority level. The method can further
include cancelling candidate PDCCH receptions corresponding only to the first USS
set.

In one embodiment, a method for reception of PDCCHs is provided. The method
includes receiving first information indicating a set of cells that includes more than one
cell, second information indicating a first search space set that is associated with a DCI
format for scheduling on multiple cells, and third information indicating an indicator
value corresponding to the set of cells. The method further includes determining an as-
sociation between the first search space set and the set of cells, and, based on the first
search space set and the indicator value, control channel elements (CCEs) for re-
ceptions of PDCCH candidates; and receiving the PDCCH candidates over the CCEs.

In one embodiment, the method further comprising receiving fourth information for
second search space sets for cells from the set of cells, wherein the association between
the first search space set and the set of cells is based on a linkage of the second search
space sets with the first search space set.

In one embodiment, wherein the second information includes the indicator value cor-
responding to the set of cells, and the association between the first search space set and
the set of cells is based on the indicator value.

In one embodiment, wherein the set of cells includes K cells, a first PDCCH
candidate from the PDCCH candidates is received over L non-overlapping CCEs, and
the reception of the first PDCCH candidate in a slot is counted as 1/K PDCCH
candidates for each cell from the set of cells towards a maximum number of PDCCH
candidates for each cell in the slot, and L/K non-overlapping CCEs for each cell from
the set of cells towards a maximum number of non-overlapping CCEs for each cell in
the slot.
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In one embodiment, wherein a first PDCCH candidate from the PDCCH candidates
is received over L non-overlapping CCEs, and the reception of the first PDCCH
candidate in a slot is counted as one PDCCH candidate for each cell, from the set of
cells, towards a maximum number of PDCCH candidates for each cell in the slot, and
L non-overlapping CCEs for each cell, from the set of cells, towards a maximum
number of non-overlapping CCEs for each cell in the slot.

In one embodiment, the method further comprising receiving fourth information in-
dicating a reference cell from the set of cells, and fifth information indicating a second
search space set on the reference cell, wherein the association between the first search
space set and the set of cells is based on a linkage of the second search space set with
the first search space set, and the indicator value is a carrier indicator field value for the
reference cell.

In one embodiment, wherein a first PDCCH candidate from the PDCCH candidates
is received over L non-overlapping CCEs, and the reception of the first PDCCH
candidate in a slot is counted as one PDCCH candidate for the reference cell towards a
maximum number of PDCCH candidates for the reference cell in the slot, and L non-
overlapping CCE:s for the reference cell towards a maximum number of non-
overlapping CCE:s for the reference cell in the slot.

In another embodiment, a user equipment (UE) is provided. The UE includes a
transceiver configured to receive first information indicating a set of cells that includes
more than one cell, second information indicating a first search space set that is as-
sociated with a DCI format for scheduling on multiple cells, and third information in-
dicating an indicator value corresponding to the set of cells. The UE further includes a
processor operably coupled to the transceiver. The processor is configured to
determine an association between the first search space set and the set of cells, and,
based on the first search space set and the indicator value, CCEs for receptions of
PDCCH candidates. The transceiver is further configured to receive the PDCCH
candidates over the CCEs.

In one embodiment, the transceiver is further configured receive fourth information
for second search space sets for cells from the set of cells, the processor is further
configured to determine the association between the first search space set and the set of
cells is based on a linkage of the second search space sets with the first search space
set.

In one embodiment, the processor is further configured to determine the association
between the first search space set and the set of cells based on the indicator value, and
the indicator value is indicated by the second information.

In one embodiment, wherein the set of cells includes K cells, the transceiver is
further configured to receive a first PDCCH candidate from the PDCCH candidates
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over L non-overlapping CCEs, and the processor is further configured to count the
reception of the first PDCCH candidate in a slot as 1/K PDCCH candidates for each
cell from the set of cells towards a maximum number of PDCCH candidates for each
cell in the slot, and L/K non-overlapping CCEs for each cell from the set of cells
towards a maximum number of non-overlapping CCEs for each cell in the slot.

In one embodiment, wherein the transceiver is further configured receive a first
PDCCH candidate from the PDCCH candidates over L. non-overlapping CCEs, and the
processor is further configured to count the reception of the first PDCCH candidate in
a slot as one PDCCH candidate for each cell, from the set of cells, towards a maximum
number of PDCCH candidates for each cell in the slot, and L. non-overlapping CCEs
for each cell, from the set of cells, towards a maximum number of non-overlapping
CCE:s for each cell in the slot.

In one embodiment, wherein the transceiver is further configured receive fourth in-
formation indicating a reference cell from the set of cells, and fifth information in-
dicating a second search space set on the reference cell, the processor is further
configured to determine the association between the first search space set and the set of
cells is based on a linkage of the second search space set with the first search space set,
and the indicator value is a carrier indicator field value for the reference cell.

In one embodiment, wherein the transceiver is further configured receive a first
PDCCH candidate from the PDCCH candidates over L. non-overlapping CCEs, and the
processor is further configured count the reception of the first PDCCH candidate in a
slot as one PDCCH candidate for the reference cell towards a maximum number of
PDCCH candidates for the reference cell in the slot, and L non-overlapping CCEs for
the reference cell towards a maximum number of non-overlapping CCEs for the
reference cell in the slot.

In yet another embodiment, a base station is provided. The base station includes a
transceiver configured to transmit first information indicating a set of cells that
includes more than one cell, second information indicating a first search space set that
is associated with a DCI format for scheduling on multiple cells, and third information
indicating an indicator value corresponding to the set of cells. The base station further
includes a processor operably coupled to the transceiver. The processor is configured
to determine an association between the first search space set and the set of cells, and,
based on the first search space set and the indicator value, CCEs for PDCCH
candidates. The transceiver is further configured to transmit a PDCCH using a PDCCH
candidate.

In one embodiment, wherein the processor is further configured to determine the as-
sociation between the first search space set and the set of cells based on the indicator

value, and the indicator value is indicated by the second information.
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In one embodiment, wherein the set of cells includes K cells, a first PDCCH
candidate from the PDCCH candidates is over L non-overlapping CCEs, and the
processor is further configured to count the first PDCCH candidate in a slot as 1/K
PDCCH candidates for each cell from the set of cells towards a maximum number of
PDCCH candidates for each cell in the slot, and L/K non-overlapping CCEs for each
cell from the set of cells towards a maximum number of non-overlapping CCEs for
each cell in the slot.

In one embodiment, wherein a first PDCCH candidate from the PDCCH candidates
is over L non-overlapping CCEs, and the processor is further configured to count the
first PDCCH candidate in a slot as one PDCCH candidate for each cell, from the set of
cells, towards a maximum number of PDCCH candidates for each cell in the slot, and
L non-overlapping CCEs for each cell, from the set of cells, towards a maximum
number of non-overlapping CCEs for each cell in the slot.

In one embodiment, wherein the transceiver is further configured to transmit fourth
information indicating a reference cell from the set of cells, and fifth information in-
dicating a second search space set on the reference cell; the processor is further
configured to determine the association between the first search space set and the set of
cells is based on a linkage of the second search space set with the first search space set,
wherein the indicator value is a carrier indicator field value for the reference cell, and
count a first PDCCH candidate in a slot as one PDCCH candidate for the reference cell
towards a maximum number of PDCCH candidates for the reference cell in the slot,
and L non-overlapping CCEs for the reference cell towards a maximum number of
non-overlapping CCEs for the reference cell in the slot, and the first PDCCH candidate
from the PDCCH candidates is over L non-overlapping CCEs.

The above flowcharts illustrate example methods that can be implemented in ac-
cordance with the principles of the present disclosure and various changes could be
made to the methods illustrated in the flowcharts herein. For example, while shown as
a series of steps, various steps in each figure could overlap, occur in parallel, occur in a
different order, or occur multiple times. In another example, steps may be omitted or
replaced by other steps.

Although the figures illustrate different examples of user equipment, various changes
may be made to the figures. For example, the user equipment can include any number
of each component in any suitable arrangement. In general, the figures do not limit the
scope of this disclosure to any particular configuration(s). Moreover, while figures il-
lustrate operational environments in which various user equipment features disclosed
in this patent document can be used, these features can be used in any other suitable
system.

Although the present disclosure has been described with exemplary embodiments,
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various changes and modifications may be suggested to one skilled in the art. It is
intended that the present 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 scope. The scope of patented subject

matter is defined by the claims.
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Claims

A method for reception of physical downlink control channels
(PDCCHs), the method comprising:

receiving:

first information indicating a set of cells that includes more than one
cell,

second information indicating a first search space set that is associated
with a downlink control information (DCI) format for scheduling on
multiple cells, and

third information indicating an indicator value corresponding to the set
of cells;

determining:

an association between the first search space set and the set of cells, and
based on the first search space set and the indicator value, control
channel elements (CCEs) for receptions of PDCCH candidates; and
receiving the PDCCH candidates over the CCEs.

The method of Claim 1, further comprising:

receiving fourth information for second search space sets for cells from
the set of cells,

wherein the association between the first search space set and the set of
cells is based on a linkage of the second search space sets with the first
search space set.

The method of Claim 1, wherein:

the second information includes the indicator value corresponding to
the set of cells, and

the association between the first search space set and the set of cells is
based on the indicator value.

The method of Claim 1, wherein:

the set of cells includes K cells,

a first PDCCH candidate from the PDCCH candidates is received over
L non-overlapping CCEs, and

the reception of the first PDCCH candidate in a slot is counted as:

1/K PDCCH candidates for each cell from the set of cells towards a
maximum number of PDCCH candidates for each cell in the slot, and
L/K non-overlapping CCEs for each cell from the set of cells towards a
maximum number of non-overlapping CCEs for each cell in the slot.

The method of Claim 1, wherein:
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a first PDCCH candidate from the PDCCH candidates is received over
L non-overlapping CCEs, and

the reception of the first PDCCH candidate in a slot is counted as:

one PDCCH candidate for each cell, from the set of cells, towards a
maximum number of PDCCH candidates for each cell in the slot, and
L non-overlapping CCE:s for each cell, from the set of cells, towards a
maximum number of non-overlapping CCEs for each cell in the slot.
The method of claim 1, further comprising:

receiving:

fourth information indicating a reference cell from the set of cells, and
fifth information indicating a second search space set on the reference
cell, wherein:

the association between the first search space set and the set of cells is
based on a linkage of the second search space set with the first search
space set, and

the indicator value is a carrier indicator field value for the reference
cell.

The method of Claim 6, wherein:

a first PDCCH candidate from the PDCCH candidates is received over
L non-overlapping CCEs, and

the reception of the first PDCCH candidate in a slot is counted as:

one PDCCH candidate for the reference cell towards a maximum
number of PDCCH candidates for the reference cell in the slot, and

L non-overlapping CCE:s for the reference cell towards a maximum
number of non-overlapping CCE:s for the reference cell in the slot.

A user equipment (UE) comprising:

a transceiver configured to receive:

first information indicating a set of cells that includes more than one
cell,

second information indicating a first search space set that is associated
with a downlink control information (DCI) format for scheduling on
multiple cells, and

third information indicating an indicator value corresponding to the set
of cells; and

a processor operably coupled to the transceiver, the processor
configured to determine:

an association between the first search space set and the set of cells, and

based on the first search space set and the indicator value, control
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channel elements (CCEs) for receptions of physical downlink control
channel (PDCCH) candidates,

wherein the transceiver is further configured to receive the PDCCH
candidates over the CCEs.

The UE of Claim 8, wherein:

the transceiver is further configured to receive fourth information in-
dicating second search space sets for cells from the set of cells; and

the processor is further configured to determine the association between
the first search space set and the set of cells based on a linkage of the
second search space sets with the first search space set.

The UE of Claim 8, wherein:

the processor is further configured to determine the association between
the first search space set and the set of cells based on the indicator
value, and

the indicator value is indicated by the second information.

The UE of Claim 8, wherein:

the set of cells includes K cells,

the transceiver is further configured to receive a first PDCCH candidate
from the PDCCH candidates over L non-overlapping CCEs, and

the processor is further configured to count the reception of the first
PDCCH candidate in a slot as:

1/K PDCCH candidates for each cell from the set of cells towards a
maximum number of PDCCH candidates for each cell in the slot, and
L/K non-overlapping CCEs for each cell from the set of cells towards a
maximum number of non-overlapping CCEs for each cell in the slot.
The UE of Claim 8, wherein:

the transceiver is further configured to receive a first PDCCH candidate
from the PDCCH candidates over L non-overlapping CCEs, and

the processor is further configured to count the reception of the first
PDCCH candidate in a slot as:

one PDCCH candidate for each cell, from the set of cells, towards a
maximum number of PDCCH candidates for each cell in the slot, and
L non-overlapping CCE:s for each cell, from the set of cells, towards a
maximum number of non-overlapping CCEs for each cell in the slot.
The UE of claim 8, wherein:

the transceiver is further configured to receive:

fourth information indicating a reference cell from the set of cells, and

fifth information indicating a second search space set on the reference
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cell,

the processor is further configured to determine the association between
the first search space set and the set of cells based on a linkage of the
second search space set with the first search space set, and

the indicator value is a carrier indicator field value for the reference
cell.

The UE of Claim 13, wherein:

the transceiver is further configured to receive a first PDCCH candidate
from the PDCCH candidates over L non-overlapping CCEs, and

the processor is further configured to count the reception of the first
PDCCH candidate in a slot as:

one PDCCH candidate for the reference cell towards a maximum
number of PDCCH candidates for the reference cell in the slot, and

L non-overlapping CCE:s for the reference cell towards a maximum
number of non-overlapping CCE:s for the reference cell in the slot.

A base station comprising:

a transceiver configured to transmit:

first information indicating a set of cells that includes more than one
cell,

second information indicating a first search space set that is associated
with a downlink control information (DCI) format for scheduling on
multiple cells, and

third information indicating an indicator value corresponding to the set
of cells; and

a processor operably coupled to the transceiver, the processor
configured to determine:

an association between the first search space set and the set of cells, and
based on the first search space set and the indicator value, control
channel elements (CCEs) for transmission physical downlink control
channel (PDCCH) candidates,

wherein the transceiver is further configured to transmit a PDCCH
using a PDCCH candidate.
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[Fig. 1]
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[Fig. 2]
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[Fig. 3]
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[Fig. 6]
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The UE is configured a search space set for monitoring PDCCH
candidates to detect DCI formats of d; sizes

The UE receives a PDCCH candidate associated with the search
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d; DCI format sizes
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The UE counts the PDCCH candidatedstimes towards a number
of monitored PDCCH candidates in the slot
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[Fig. 7]
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[Fig. 8]
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of a DCI format performing multi-cell scheduling on the set of
co-scheduled cells

The UE receives a PDCCH according to the USS set for
multi-cell scheduling using the configured n_CI value

The UE detects in the PDCCH a DCI format for multi-cell
scheduling with a CIF value corresponding to cells from the
set of co-scheduled cells
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The UE receives PDSCHs or transmits PUSCHs on the
cells from the set of co-scheduled cells
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[Fig. 9]
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A UE is configured a set of co-scheduled cells corresponding
to a scheduling cell

The UE is configured a same UE-specific search space (USS)
set for multi-cell scheduling on the scheduling cell and all cells
from the set of co-scheduled cells

The UE determines that DL BWPs on which the USS set for
multi-cell scheduling is configured are active for the scheduling
cell and for at least one cell from the set of co-scheduled cells
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The UE monitors PDCCH according to the USS set for
multi-cell scheduling on the set of co-scheduled cells




10/14

WO 2023/008971

[Fig. 10]
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[Fig. 11]
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A UE is configured a set of co-scheduled cells including / cells

The UE is configured a search space set for monitoring PDCCH

to detect DCI format(s) for multi-cell scheduling on the set of

co-scheduled cells and DCI format(s) for single-cell scheduling
on a first scheduled cell from the set of co-scheduled cells

The UE monitors a PDCCH candidate in the search space set
associated with L non-overlapping CCEs

The UE counts the monitored PDCCH candidate as one
PDCCH candidate, and counts the £ monitored CCEs as
L non-overlapping CCEs for the first scheduled cell
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[Fig. 12]
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A UE is configured a set of co-scheduled cells

The UE is configured a first USS set for monitoring
DCI format(s) only for single-cell scheduling

The UE is configured a second USS set for monitoring DCI
format(s) for multi-cell scheduling on the set of co-scheduled
cells

The UE determines that a number of configured PDCCH
candidates or a number of non-overlapping CCEs in a slot/span
across the first and second USS sets exceed(s) corresponding
predetermined limits

The UE drops the first USS set for single-cell scheduling,
and monitors PDCCH only according to the second USS set
for multi-cell scheduling
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[Fig. 13]
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a first priority level for monitoring DCI format(s) only for
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across the first and second USS sets exceed(s) corresponding
predetermined limits

The UE drops the first USS set for single-cell scheduling,
and monitors PDCCH only according to the second USS set
for multi-cell scheduling
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