wO 2024/039217 A1 |0 0000 KO0 O 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
22 February 2024 (22.02.2024)

(10) International Publication Number

WO 2024/039217 Al

WIPO I PCT

1)

@n

22)

@5

(26)

30)

(71)

(72)

International Patent Classification:
Ho4W 72/231 (2023.01) Ho4Ww 72/12 (2009.01)
Ho4W 72/232 (2023.01) H04B 7/0408 (2017.01)

665 Clyde Ave., Mountain View, California 94043 (US).
ONGGOSANUSI, Eko; 665 Clyde Ave., Mountain View,
California 94043 (US).

International Application Number: (74) Agent: KWON, Hyuk-Rok et al.; 11F, 19, Saemunan-ro 5-
PCT/KR2023/012261 gil, Jongno-gu, Seoul 03173 (KR).
International Filing Date: (81) Designated States (unless otherwise indicated, for every
18 August 2023 (18.08.2023) kind of national protection available). AE, AG, AL, AM,
Filing Language: English AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
: CA, CH, CL, CN, CO, CR, CU, CV, CZ, DE, DJ, DK, DM,
Publication Language: English DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
L HN, HR, HU, ID, IL, IN, IQ, IR, IS, IT, IM, JO, JP, KE, KG,
Priority Data: KH, KN, KP, KR, KW, KZ, LA, LC, LK, LR, LS, LU, LY,
63/399,606 19 August 2022 (19.08.2022) US MA. MD, MG, MK, MN, MU, MW, MX, MY, MZ, NA.
63/405,289 09 September 2022 (09.09.2022) US NG, NI NO, NZ, OM, PA, PE, PG, PH, PL. PT. QA. RO.
63/448,575 27 February 2023 (27.02.2023) US RS, RU.RW, SA. SC. SD. SE. SG. SK. SL. ST, SV, SY, TH.
18/447,237 09 August 2023 (09.08.2023) US TJ. TM. TN, TR, TT, TZ. UA, UG, US, UZ. VC. VN, WS,
Applicant: SAMSUNG ELECTRONICS CO., LTD. ZA,7ZM, ZW.
[KR/KR]. 129, Samsung-ro. Yeonglong-gu. Suwon-si, (84) Designated States (unless otherwise indicated, for every

Gyeonggi-do 16677 (KR).

Inventors: MOLAVIANJAZI, Ebrahim; 665 Clyde Ave.,
Mountain View, California 94043 (US). FARAG, Emad
Nader, 665 Clyde Ave., Mountain View, California 94043
(US). ZHU, Dalin; 665 Clyde Ave., Mountain View, Cal-
ifornia 94043 (US). PAPASAKELLARIOU, Aristides;

kind of regional protection available): ARIPO (BW, CV,
GH, GM,KE, LR, LS, MW, MZ, NA, RW, SC, SD, SL, ST,
Sz, TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ,
RU, TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ,
DE, DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT,
LU, LV, MC, ME, MK, MT, NL, NO, PL, PT, RO, RS, SE,

(54) Title: METHOD AND APPARATUS OF MULTI-BEAM OPERATION FOR MULTI-CELL SCHEDULING

600

p%

¢610

A UE is configured a set of co-scheduled cells that includes
first cells and second cells

,L 620

The UE receives a first SC-DCT (or MC-DCI) format indicating
a first TCI state for the first cells

v 630

The UE receives a second SC-DCT (or MC-DCT) format indicating
a second TCI state for the second cells

v <640

The UE receives a third MC-DCT format, after the first and second
SC-DAI or MC-DCT) formats, that schedules PDSCHs or PUSCHs
on the set of co-scheduled cells

v 650

The UE receives first PDSCHs or transmits first PUSCHs, from the
PDSCHs or PUSCHs, an the first cells using the first indicated TCI state,
and receives second PDSCHs or transmits second PUSCHS, from the
PDSCHs or PUSCHs, on the sechoInd cells using the second indicated

state

(57) Abstract: The disclosure relates to a 5G or 6G communication system
for supporting a higher data transmission rate. Methods and apparatuses for
multi-beam operation for multi-cell scheduling. A method includes receiving
first information for a set of cells, second information for a set of transmis-
sion configuration indication (TCI) states associated with each cell in the set of
cells, respectively, and a first physical downlink control channel (PDCCH) that
provides a first DCI format. The first DCI format schedules receptions of first
physical downlink shared channels (PDSCHs) on respective first cells from the
set of cells. The first DCI format includes a first TCI field indicating a com-
bination of TCI states that includes a number of TCI states that is equal to a
number of cells in the set of cells. The method further includes determining first
TCI states from the combination of TCI states and receiving the first PDSCHs,
or second PDSCHs after the first PDSCHs, on the first cells based on the first
TCI states, respectively.
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Description
Title of Invention: METHOD AND APPARATUS OF MULTI-

BEAM OPERATION FOR MULTI-CELL SCHEDULING
Technical Field

The embodiments disclosed herein relate to wireless communication system. More
specifically, the embodiments disclosed herein relate to multi-beam operation 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

Currently, there are needs to enhance multi-beam operation for multi-cell scheduling
in a wireless communication system.
Solution to Problem

This disclosure relates to multi-beam operation for multi-cell scheduling.

In one embodiment, a method is provided. The method includes receiving first in-
formation for a set of cells, second information for a set of transmission configuration
indication (TCI) states associated with each cell in the set of cells, respectively, and a
first physical downlink control channel (PDCCH) that provides a first downlink
control indicator (DCI) format. The first DCI format schedules receptions of first
physical downlink shared channels (PDSCHs) on respective first cells from the set of
cells. The first DCI format includes a first TCI field indicating a combination of TCI
states. The combination of TCI states includes a number of TCI states that is equal to a
number of cells in the set of cells. TCI states in the combination of TCI states have a
one-to-one mapping to the cells in the set of cells. The method further includes de-
termining f{irst TCI states, from the combination of TCI states, having a one-to-one
mapping with the first cells and receiving the first PDSCHs, or second PDSCHs after
the first PDSCHs, on the first cells based on the first TCI states, respectively.

In another embodiment, a user equipment (UE) is provided. The UE includes a
transceiver configured to receive first information for a set of cells, second information
for a set of TCI states associated with each cell in the set of cells, respectively, and a
first PDCCH that provides a first DCI format. The first DCI format schedules re-
ceptions of first PDSCHs on respective first cells from the set of cells. The first DCI
format includes a first TCI field indicating a combination of TCI states. The com-
bination of TCI states includes a number of TCI states that is equal to a number of cells
in the set of cells. The TCI states in the combination of TCI states have a one-to-one
mapping to the cells in the set of cells. The UE further includes a processor operably
coupled to the transceiver. The processor is configured to determine first TCI states,
from the combination of TCI states, having a one-to-one mapping with the first cells.
The transceiver is further configured to receive the first PDSCHs, or second PDSCHs
after the first PDSCHs, on the first cells based on the first TCI states, respectively.

In yet another embodiment, a base station is provided. The base station includes a
transceiver configured to transmit first information for a set of cells, second in-
formation for a respective set of TCI states associated with each cell in the set of cells,
respectively, and a first PDCCH that provides a first DCI format. The first DCI format
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schedules transmissions of first PDSCHs on respective first cells from the set of cells.
The first DCI format includes a first TCI field indicating a combination of TCI states.
The combination of TCI states includes a number of TCI states that is equal to a
number of cells in the set of cells. The TCI states in the combination of TCI states have
a one-to-one mapping to the cells in the set of cells. The base station further includes a
processor operably coupled to the transceiver. The processor is configured to
determine first TCI states, from the combination of TCI states, having a one-to-one
mapping with the first cells. The transceiver is further configured to transmit the first
PDSCHs, or second PDSCHs after the first PDSCHs, on the first cells based on the
first TCI states, respectively.

Other technical features may be readily apparent to one skilled in the art from the
following figures, descriptions, and claims.

Before undertaking the DETAILED DESCRIPTION below, it may be advantageous
to set forth definitions of certain words and phrases used throughout this patent
document. The term “couple” and its derivatives refer to any direct or indirect commu-
nication between two or more elements, whether 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
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phrase “computer readable program code” includes any type of computer code,
including source code, object code, and executable code. The phrase “computer
readable medium” includes any type of medium capable of being accessed by a
computer, such as read only memory (ROM), random access memory (RAM), a hard
disk drive, a compact disc (CD), a digital video disc (DVD), or any other type of
memory. A “non-transitory” computer readable medium excludes wired, wireless,
optical, or other communication links that transport transitory electrical or other
signals. A non-transitory computer readable medium includes media where data can be
permanently stored and media where data can be stored and later overwritten, such as a

rewritable optical disc or an erasable memory device.
Definitions for other certain words and phrases are provided throughout this patent

document. Those of ordinary skill in the art should understand that in many if not most
instances, such definitions apply to prior as well as future uses of such defined words

and phrases.

Advantageous Effects of Invention

According to various embodiments of the disclosure, multi-beam operation for multi-
cell scheduling in a wireless communication system can be efficiently enhanced.
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 as
disclosed herein;

FIGURE 2 illustrates an example base station according to embodiments as disclosed
herein;

FIGURE 3 illustrates an example user equipment (UE) according to embodiments as
disclosed herein;

FIGURE 4 illustrates an example antenna blocks or arrays forming beams according
to embodiments as disclosed herein;

FIGURE 5 illustrates a diagram of a formatted message unified TCI state activation/
deactivation MAC CE that may be utilized in accordance with various embodiments as
disclosed herein;

FIGURE 6 illustrates a flow chart of a method for TCI state determination for co-
scheduled PDSCHs or PUSCHs in accordance with various embodiments as disclosed
herein;

FIGURE 7 illustrates a flow chart of a method for TCI state indication by an MC-

DCI format in relation to lists of cells for simultaneous TCI updates in accordance with
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various embodiments as disclosed herein; and
FIGURE 8 illustrates a flow chart of a method for TCI state indication by an MC-

DCI format in relation to a set of reference TCI states according to embodiments as
disclosed herein.

FIGURE 9 illustrates a block diagram of a terminal (or a user equipment (UE)),
according to the embodiments as disclosed herein; and

FIGURE 10 illustrates a block diagram of a base station (BS), according to the em-
bodiments as disclosed herein.

It may be noted that to the extent possible, like reference numerals have been used to
represent like elements in the drawing. Further, those of ordinary skill in the art will
appreciate that elements in the drawing are illustrated for simplicity and may not have
been necessarily drawn to scale. For example, the dimension of some of the elements
in the drawing may be exaggerated relative to other elements to help to improve the
understanding of aspects of the invention. Furthermore, the one or more elements may
have been represented in the drawing by conventional symbols, and the drawings may
show only those specific details that are pertinent to the understanding the em-
bodiments of the invention so as not to obscure the drawing with details that will be
readily apparent to those of ordinary skill in the art having benefit of the description
herein.

Best Mode for Carrying out the Invention

Sth generation (5G) or new radio (NR) mobile communications is recently gathering
increased momentum with all the worldwide technical activities on the various
candidate technologies from industry and academia. The candidate enablers for the
5SG/NR mobile communications include massive antenna technologies, from legacy
cellular frequency bands up to high frequencies, to provide beamforming gain and
support increased capacity, new waveform (e.g., a new radio access technology
(RAT)) to flexibly accommodate various services/applications with different re-
quirements, new multiple access schemes to support massive connections, and so on.

FIGURES 1 through 10, 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.

The following documents and standards descriptions are hereby incorporated by
reference into the present disclosure as if fully set forth herein: 3GPP TS 38.211 Rel-
16 v17.2.0, “NR; Physical channels and modulation” (herein “REF 17); 3GPP TS
38.212 Rel-16 v17.2.0, “NR; Multiplexing and channel coding” (herein “REF 2”);



WO 2024/039217 PCT/KR2023/012261

[33]

[34]

[35]

[36]

[37]

3GPP TS 38.213 Rel-16 v17.2.0, “NR; Physical layer procedures for control” (herein
“REF 3”); 3GPP TS 38.214 Rel-16 v17.2.0, “NR; Physical layer procedures for data”
(herein “REF 4”); 3GPP TS 38.321 Rel-16 v17.1.0, “NR; Medium Access Control
(MAC) protocol specification” (herein “REF 57); 3GPP TS 38.331 Rel-16 v17.1.0,
“NR; Radio Resource Control (RRC) protocol specification” (herein “REF 6”); 3GPP
TS 38.300 Rel-16 v17.1.0, “NR; NR and NG-RAN Overall Description; Stage 2”
(herein “REF 77).

Wireless communication has been one of the most successful innovations in modern
history. Recently, the number of subscribers to wireless communication services
exceeded five billion and continues to grow quickly. The demand of wireless data
traffic is rapidly increasing due to the growing popularity among consumers and
businesses of smart phones and other mobile data devices, such as tablets, “note pad”
computers, net books, eBook readers, and machine type of devices. In order to meet
the high growth in mobile data traffic and support new applications and deployments,
improvements in radio interface efficiency and coverage is of paramount importance.

To meet the demand for wireless data traffic having increased since deployment of
4G communication systems and to enable various vertical applications, SG/NR com-
munication systems have been developed and are currently being deployed. The
SG/NR communication system implemented in higher frequency (mmWave) bands,
e.g., 28 GHz or 60GHz 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,
beamforming, massive multiple-input multiple-output (MIMO), full dimensional
MIMO (FD-MIMO), array antenna, an analog beam forming, large scale antenna
techniques are discussed in SG/NR communication systems.

In addition, in 5G/NR communication systems, development for system network im-
provement is under way based on advanced small cells, cloud radio access networks
(RANS), ultra-dense networks, device-to-device (D2D) communication, wireless
backhaul, moving network, 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.

FIGURES 1-3 below describe various embodiments implemented in wireless com-
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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 according to embodiments of the
present disclosure. The embodiment of the wireless network 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.

As shown in FIGURE 1, the wireless network includes a gNB 101 (e.g., base station,
BS), a gNB 102, and a gNB 103. The gNB 101 communicates with the gNB 102 and
the gNB 103. The gNB 101 also communicates with at least one network 130, such as
the Internet, a proprietary Internet Protocol (IP) network, or other data network.

The gNB 102 provides wireless broadband access to the network 130 for a first
plurality of user equipments (UEs) within a coverage area 120 of the gNB 102. The
first plurality of UEs includes a UE 111, which may be located in a small business; a
UE 112, which may be located in an enterprise; a UE 113, which may be a WiFi
hotspot; a UE 114, which may be located in a first residence; a UE 115, which may be
located in a second residence; and a UE 116, which may be a mobile device, such as a
cell phone, a wireless laptop, a wireless PDA, or the like. The gNB 103 provides
wireless broadband access to the network 130 for a second plurality of UEs within a
coverage area 125 of the gNB 103. The second plurality of UEs includes the UE 115
and the UE 116. In some embodiments, one or more of the gNBs 101-103 may com-
municate 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 com-
munication techniques.

Depending on the network type, the term “base station” or “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 5G/NR base station (gNB), a macrocell, a femtocell, a
WiFi access point (AP), or other wirelessly enabled devices. Base stations may provide
wireless access in accordance with one or more wireless communication protocols,
e.g., SG/NR 3 generation partnership project (3GPP) NR, long term evolution (LTE),
LTE advanced (LTE-A), high speed packet access (HSPA), Wi-Fi 802.11a/b/g/n/ac,
etc. For the sake of convenience, the terms “BS” and “TRP” are used interchangeably
in this patent document to refer to network infrastructure components that provide

wireless access to remote terminals. Also, depending on the network type, the term
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“user equipment” or “UE” can refer to any component such as “mobile station,”

% <é

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

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

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 gNBs and any number of UEs in any suitable arrangement. Also, the gNB
101 could communicate directly with any number of UEs and provide those UEs with
wireless broadband access to the network 130. Similarly, each gNB 102-103 could
communicate directly with the network 130 and provide UEs with direct wireless
broadband access to the network 130. Further, the gNBs 101, 102, and/or 103 could
provide access to other or additional external networks, such as external telephone
networks or other types of data networks.

As described in greater detail below, any of the gNBs (e.g., 101, 102, 103, etc.) may
communicate with a UE (e.g., 111, 112, 113, etc.) in a multi-beam operation for multi-
cell scheduling. Similarly, any of the UEs may perform multi-beam operations using
multi-cell scheduling.

FIGURE 2 illustrates an example base station (e.g., gNB 102) according to em-
bodiments of the present disclosure. The embodiment of the gNB 102 illustrated in
FIGURE 2 is for illustration only, and the gNBs 101 and 103 of FIGURE 1 could have
the same or similar configuration. However, gNBs come in a wide variety of config-
urations, and FIGURE 2 does not limit the scope of this disclosure to any particular
implementation of a gNB.

As shown in FIGURE 2, the gNB 102 includes multiple antennas 205a-205n,
multiple transceivers 210a-210n, a controller/processor 225, a memory 230, and a
backhaul or network interface 235.

The transceivers 210a-210n receive, from the antennas 205a-205n, incoming RF
signals, such as signals transmitted by UEs in the network 100. The transceivers

210a-210n down-convert the incoming RF signals to generate IF or baseband signals.
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The IF or baseband signals are processed by receive (RX) processing circuitry in the
transceivers 210a-210n and/or controller/processor 225, which generates processed
baseband signals by filtering, decoding, and/or digitizing the baseband or IF signals.
The controller/processor 225 may further process the baseband signals.

In aspects, the transceivers may transmit to a UE an MC-DCI format to provide full
or partial information for values of cell-common and cell specific fields for scheduling
PDSCH receptions or PUSCH transmission as described herein. The transceivers may
transmit MC-DCI formats that include one or multiple values for a TCI state field.

Transmit (TX) processing circuitry in the transceivers 210a-210n and/or controller/
processor 225 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 encodes, multiplexes, and/or digitizes the outgoing baseband data to generate
processed baseband or IF signals. The transceivers 210a-210n 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 gNB 102. For example, the controller/
processor 225 could control the reception of UL channel signals and the transmission
of DL channel signals by the transceivers 210a-210n 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 beam forming or directional routing operations in which
outgoing/incoming signals from/to multiple antennas 205a-205n are weighted dif-
ferently to effectively steer the outgoing signals in a desired direction. Any of a wide
variety of other functions could be supported in the gNB 102 by the controller/
processor 225.

The controller/processor 225 is also capable of executing programs and other
processes resident in the memory 230. For example, the processor 225 may support
scheduling processes in a multi-beam operation for multi-cell scheduling. The
controller/processor 225 can move data into or out of the memory 230 as required by
an executing process. For example, the processor may be configured to implement at
least portions of the methods 600, 700, or 800 stored as instructions in memory 230.

The controller/processor 225 is also coupled to the backhaul or network interface
235. The backhaul or network interface 235 allows the gNB 102 to communicate with
other devices or systems over a backhaul connection or over a network. The interface
235 could support communications over any suitable wired or wireless connection(s).
For example, when the gNB 102 is implemented as part of a cellular communication
system (such as one supporting SG/NR, LTE, or LTE-A), the interface 235 could allow

the gNB 102 to communicate with other gNBs over a wired or wireless backhaul
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connection. When the gNB 102 is implemented as an access point, the interface 235
could allow the gNB 102 to communicate over a wired or wireless local area network
or over a wired or wireless connection to a larger network (such as the Internet). The
interface 235 includes any suitable structure supporting communications over a wired
or wireless connection, such as an Ethernet or 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 gNB 102, various changes may be
made to FIGURE 2. For example, the gNB 102 could include any number of each
component shown in FIGURE 2. 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 antenna(s) 305, a transceiver(s) 310,
and a microphone 320. The UE 116 also includes a speaker 330, a processor 340, an
input/output (I/O) interface (IF) 345, an input 350, a display 355, and a memory 360.
The memory 360 includes an operating system (OS) 361 and one or more applications
362.

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

In aspects, the transceivers may receive an MC-DCI format to provide full or partial
information for values of cell-common and cell specific fields for scheduling PDSCH
receptions or PUSCH transmission as described herein. The transceivers may receive
MC-DCI formats that include one or multiple values for a TCI state field. A UE may
determine whether the MC-DCI includes a TCI state field.

TX processing circuitry in the transceiver(s) 310 and/or processor 340 receives

analog or digital voice data from the microphone 320 or other outgoing baseband data
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(such as web data, e-mail, or interactive video game data) from the processor 340. The
TX processing circuitry encodes, multiplexes, and/or digitizes the outgoing baseband
data to generate a processed baseband or IF signal. The transceiver(s) 310 up-converts
the baseband or IF signal to an RF signal that is transmitted via the antenna(s) 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
DL channel signals and the transmission of UL channel signals by the transceiver(s)
310 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 supporting a multi-beam operation for multi-
cell scheduling. 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 gNBs or an operator. For example, in various embodiments, the
UE 116 may perform multi-beam operations using multi-cell scheduling. 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 I/O interface 345 is the communication path between these accessories
and the processor 340.

The processor 340 is also coupled to the input 350, which includes for example, a
touchscreen, keypad, etc., and the display 355. The operator of the UE 116 can use the
input 350 to enter data into the UE 116. 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). In another example, the
transceiver(s) 310 may include any number of transceivers and signal processing
chains and may be connected to any number of antennas. Also, while FIGURE 3 il-

lustrates the UE 116 configured as a mobile telephone or smartphone, UEs could be
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configured to operate as other types of mobile or stationary devices.

FIGURE 4 illustrates an example antenna blocks or arrays 400 according to em-
bodiments of the present disclosure. For example, in various embodiments, the antenna
blocks or arrays 400 may be implemented in any of the BSs 101-103, and/or the UEs
111-116. The embodiment of the antenna blocks or arrays 400 illustrated in FIGURE 4
is for illustration only. FIGURE 4 does not limit the scope of this disclosure to any
particular implementation of the antenna blocks or arrays.

The 3GPP NR specification supports up to 32 CSI-RS antenna ports which enable a
gNB to be equipped with a large number of antenna elements (such as 64 or 128). In
this case, a plurality of antenna elements is mapped onto one CSI-RS port.

For FR2, e.g., mmWave bands, although the number of antenna elements can be
larger for a given form factor, the number of CSI-RS ports -which can correspond to
the number of digitally precoded ports - tends to be limited due to hardware constraints
(such as the feasibility to install a large number of ADCs/DACs at mmWave fre-
quencies) as illustrated in FIGURE 4. In this case, one CSI-RS port is mapped onto a
large number of antenna elements which can be controlled by a bank of analog phase
shifters 401. One CSI-RS port can then correspond to one sub-array which produces a
narrow analog beam through analog beamforming 405. This analog beam can be
configured to sweep across a wider range of angles 420 by varying the phase shifter
bank across symbols or subframes. The number of sub-arrays (equal to the number of
RF chains) is the same as the number of CSI-RS ports Nes; porr- A digital beamforming
unit 410 performs a linear combination across Ncs; porr analog beams to further
increase precoding gain. While analog beams are wideband (hence not frequency-
selective), digital precoding can be varied across frequency sub-bands or resource
blocks. Receiver operation can be conceived analogously.

Since the above system utilizes multiple analog beams for transmission and reception
(wherein one or a small number of analog beams are selected out of a large number,
for instance, after a training duration - to be performed from time to time), the term
“multi-beam operation” is used to refer to the overall system aspect. This includes, for
the purpose of illustration, indicating the assigned DL or UL transmit (TX) beam (also
termed “beam indication), measuring at least one reference signal for calculating and
performing beam reporting (also termed “beam measurement” and “beam reporting”,
respectively), and receiving a DL or UL transmission via a selection of a corre-
sponding receive (RX) beam.

Multi-beam operation of the antenna blocks or array 400 is enabled by spatial filters
applied to signals and channels. One example of a spatial filter is a transfiguration con-
figuration indication (TCI). In aspects, the beams transmit the MC-DCI format with the
TCI state/deactivation MAC CE to the UE. The TCI field may be absent or present in
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the MC-DCI. When absent, the UE may determine a TCI state for the so-scheduled
cells based on most recent TCI states indicated individually for each cell from the set
of co-scheduled cells.

The above system is also applicable to higher frequency bands such as FR2-2, e.g.,
>52.6GHz. In this case, the system can employ only analog beams. Due to the O2 ab-
sorption loss around 60GHz frequency (~10dB additional loss @ 100m distance), larger
number of and sharper analog beams (hence larger number of radiators in the array)
will be needed to compensate for the additional path loss.

In some examples, the term ‘beam’ is used to refer to a spatial filter for transmission
or reception of a signal or a channel. For example, a beam (of an antenna) can be a
main lobe of the radiation pattern of an antenna array, or a sub-array or an antenna
panel, or of multiple antenna arrays, sub-arrays or panels combined, that are used for
such transmission or reception.

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 MIB or a 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.

The present disclosure considers enhancements for cross-carrier scheduling operation
in a carrier aggregation (CA) framework to support joint scheduling of multiple cells.

The present disclosure recognizes that in earlier 5G NR systems, a downlink or
uplink data transmission can be scheduled only for a single serving cell. In other
words, a DCI format provides scheduling information parameters for a PDSCH or a
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 corre-
sponding scheduling cell. Based on a carrier indication field (CIF) in the DCI format,
the UE can determine a serving cell on which the UE can receive the PDSCH or
transmit the PUSCH.

However, as this disclosure recognizes, earlier 5G NR systems do not support joint
scheduling of multiple PDSCHs or multiple PUSCH on multiple cells using a 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
with high signaling overhead. 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 jointly scheduled cells, referred to as co-
scheduled cells.

For example, the UE may use a same PUCCH resource to transmit HARQ-ACK
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feedback corresponding to the multiple PDSCHs. Therefore, an indication for the same
PUCCH resource (and corresponding operations for PUCCH transmission) may be un-
necessarily 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 pertaining link adaptation, MIMO/beamforming operation, and even
possibly 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. Further, cyclic re-
dundancy check (CRC) field detection needs to be repeated multiple times, which
incurs significant signaling overhead, especially for a large number of co-scheduled
cells.

[77] Multi-beam operation is utilized in operation of higher frequency bands, such as
millimeter bands FR2-1 and FR2-2. Multi-beam operation is enabled by spatial filters
applied to signals and channels transmitted or received by the UE based on gNB in-
dication, such as by indication of transmission configuration indication (TCI) state.
Rel-17 unified TCI framework provides a setting in which a UE applies an indicated
TCT state to all control and data channels following the TCI state indication, for the
downlink direction (DL TCI state) or the uplink direction (UL TCI state) or both
downlink and uplink directions (joint DL/UL TCI state).

[78] It should be clarified whether and how the unified TCI framework applies to multi-
cell scheduling. For example, the UE needs to determine which beam / TCI state to
apply to PDSCHs or PUSCHs that are jointly scheduled by a multi-cell scheduling
DCI (MC-DCI) format. In addition, the UE needs to determine whether an MC-DCI
can include a TCI state indication or not, and when the MC-DCI includes a TCI state
indication, the UE needs to determine how to apply the indicated TCI state. For
example, the UE needs to determine cells to which the indicated TCI state is applied,
when the TCI state indication is provided by an MC-DCI format.

[79] Therefore, as this disclosure addresses in various embodiments, 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.

[80] As addressed by embodiments of this disclosure, there is another need to achieve
multi-cell scheduling using a reasonable DCI format size, possibly same as a legacy
DCI format size or slightly larger, while at the same time, scheduling flexibility is
reasonably maintained compared to a scenario with multiple separate DCI formats for
each cell.

[81] As addressed by more embodiments of this disclosure, there is a further need to take
into account a number of co-scheduled cells and a relative similarity of channel/radio

conditions among the co-scheduled cells, when designing a method for multi-cell
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to co-scheduled PDSCHs or PUSCHs, and also determine how to apply TCI states
provided an MC-DCI format.

The present disclosure provides methods and apparatus for multi-beam operation for
multi-cell scheduling. 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 em-
bodiments apply to any deployments, verticals, or scenarios including inter-band CA,
with eMBB, URLLC and IIoT 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.

Embodiments of the disclosure are summarized in the following and are fully
elaborated further below. Combinations of the embodiments are also applicable, but
they are not described in detail for brevity.

Various embodiments of the present disclosure provide for a multi-cell scheduling
operation. A UE 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 jointly by a single DCI format, or by
using complementary methods such as those described below (e.g., under Mechanism
for multi-cell scheduling). For convenience of presentation, such DCI format may be
referred to as a multi-cell scheduling DCI (MC-DCI) format. The MC-DCI format can
be a new DCI format, such as DCI format 03 for co-scheduled PUSCHs or 1 3 for
co-scheduled PDSCHs. Additionally, the UE can be indicated via a DCI format, such
as the MC-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 (MOs). For example, a first MC-DCI format in a first MO can
indicate a first set/subset of co-scheduled cells, and a second DCI format in a second
MO can indicate a second set/subset of co-scheduled cells.

Various embodiments of the present disclosure provide for mechanisms for multi-cell
scheduling. For a UE that is configured with 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 trans-

missions on respective two or more cells from the set of co-scheduled cells. When the
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DCI format provides partial information, the UE can determine remaining information
from RRC signaling or by using other complementary methods.

Various embodiments of the present disclosure provide for a TCI field absent in
multi-cell scheduling DCI (MC-DCI) format. In more embodiments, an MC-DCI
format does not include a field for indication of TCI state. Accordingly, the UE de-
termines a TCI state for the co-scheduled cells by an MC-DCI format based on most
recent TCI states indicated individually for each cell from the set of co-scheduled cells
by single-cell scheduling DCI (SC-DCI) formats. The UE may require, based on UE
capability, a minimum processing time or application time among the MC-DCI format
and the most recent SC-DCI formats providing the TCI states.

Various embodiments of the present disclosure provide for a TCI field present in
multi-cell scheduling DCI (MC-DCI) format. In more embodiments, an MC-DCI
format can include one or multiple values for a TCI state field, wherein each value cor-
responds to a cell or a group of cells from the set of co-scheduled cells by the MC-DCI
format. In aspects, the value(s) for the TCI state field correspond to TCI states
configured/activated for a number of lists of cells configured for simultaneous TCI
state update, and the number of values for the TCI state field in the MC-DCI state is
based on the number of lists of cells for simultaneous TCI state update. In other
aspects, the MC-DCI format can include a value for the TCI state field, wherein the
value is from a set of configured/activated reference TCI states on a reference cell. In
further aspects, the multiple TCI state indications corresponding to different cells or
groups of cells from the set of co-scheduled cells can be provided using multiple
separate values in the MC-DCI format, or using a single value based on a joint multi-
cell TCI state mapping or table. In one example, when the MC-DCI format includes
multiple TCI state indications, the MC-DCI format can include a single TCI state field
with multiple values, or can include multiple TCI state fields each with a separate
value corresponding to one of the indicated TCI states.

Various embodiments of the present disclosure provide for a determination of the
presence or absence of TCI field in MC-DCI format. In more embodiments, the UE de-
termines whether an MC-DCI format includes or does not include a TCI state field
based on the specifications for system operation or based on higher layer con-
figuration. Additionally, the MC-DCI format can include an indication, such as a 1-bit
flag, that indicates whether the UE needs to apply, for the TCI state of the co-
scheduled cells, a value provided by a most recent SC-DCI format (or a most recent
MC-DCI format) or a reference value configured or activated by higher layers, such as
RRC or MAC CE, on a reference cell.

In various embodiments, the UE (e.g., 111, 112, 113) can be configured with a list of
up to M TCI-State configurations within the higher layer parameter PDSCH-Config to
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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 maxNumberConfig-
uredTClstatesPerCC. Each TCI-State contains parameters for configuring a quasi-
co-location 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 relationship is configured by the higher layer
parameter qcl-Typel for the first DL RS, and qcl-Type2 for the second DL RS (f
configured). For the case of two DL RSs, the QCL types may not be the same, re-
gardless 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 one of the following values:

- 'typeA': {Doppler shift, Doppler spread, average delay, delay spread}

- 'typeB'": {Doppler shift, Doppler spread}

- 'typeC'": {Doppler shift, average delay}

- 'typeD": {Spatial Rx parameter}.

The UE can be configured with a list of up to 128 DLorJointTCIState configurations,
within the higher layer parameter PDSCH-Config for providing a reference signal for
the quasi co-location for DM-RS of PDSCH and DM-RS of PDCCH in a component
carrier (CC), for CSI-RS, and to provide a reference, if applicable, for determining UL
TX spatial filter for dynamic-grant and configured-grant based PUSCH and PUCCH
resource in a CC, and SRS.

If the DLorJointTCIState or UL-TCIState configurations are absent in a BWP of the
CC, the UE can apply the DLorJointTCIState or UL-TCIState configurations from a
reference BWP of a reference CC. The UE is not expected to be configured with TCI-
State, SpatialRelationInfo or PUCCH-SpatialRelationInfo, except SpatialRela-
tionInfoPos in a CC in a band, if the UE is configured with DLorJointTCIState or UL-
TCIState in any CC in the same band. The UE can assume that when the UE is
configured with TCI-State in any CC in the CC list configured by simultaneousTCI-Up-
dateList1-r16, simultaneousTCI-UpdateList2-r16, simultaneousSpatial-Up-
datedList1-r16, or simultaneousSpatial-UpdatedList2-r16, the UE is not configured
with DLorJointTCIState or UL-TCIState in any CC within the same band in the CC
list.

The UE receives an activation command, as described in clause 6.1.3.14 of REF 5 at
[10, TS 38.321] or 6.1.3.x of REF 5 at [10, TS 38.321], used to map up to 8 TCI states
and/or pairs of TCI states, with one TCI state for DL channels/signals and one TCI
state for UL channels/signals to the codepoints of the DCI field "Transmission Con-
figuration Indication’ for one or for a set of CCs/DL BWPs, and if applicable, for one
or for a set of CCs/UL BWPs. When a set of TCI state IDs are activated for a set of
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CCs/DL BWPs and if applicable, for a set of CCs/UL BWPs, where the applicable list
of CCs is determined by the indicated CC in the activation command, the same set of
TCI state IDs are applied for all DL and/or UL BWPs in the indicated CCs.

FIGURE 5 illustrates a diagram of a formatted message 500 that illustrates unified
TCI state activation/deactivation MAC CE that may be utilized in accordance with
various embodiments of the present disclosure. For example, the unified TCI state ac-
tivation/deactivation MAC CE may be sent by a base station 102 to a UE 116 for
multi-beam operation for multi-cell scheduling. FIGURE 5 is for illustration and not
intended as a limitation on the types of formatted message unified TCI state activation/
deactivation MAC CEs that can be utilized in embodiments of the present disclosure.

With reference to FIGURE 5, the Unified TCI States Activation/Deactivation MAC
CE is identified by a MAC subheader with eLCID as specified in Table 6.2.1-1b of TS
38.321 (REF 5). It has a variable size comprising of the following fields:

- Serving Cell ID: This field indicates the identity of the Serving Cell for which the
MAC CE applies. The length of the field is 5 bits. If the indicated Serving Cell is
configured as part of a simultaneousU-TCI-UpdateListl, simultaneousU-
TCI-UpdateList2, simultaneousU-TCI-UpdateList3 or simultaneousU-
TCI-UpdateList4 as specified in TS 38.331 (REF 6), this MAC CE applies to all the
Serving Cells in the set simultaneousU-TCI-UpdateList1, simultaneousU-
TCI-UpdateList2, simultaneousU-TCI-UpdateList3 or simultaneousU-
TCI-UpdateList4, respectively;

- DL BWP ID: This field indicates a DL. BWP for which the MAC CE applies as the
codepoint of the DCI bandwidth part indicator field as specified in TS 38.212 (REF 2).
The length of the BWP ID field is 2 bits;

- UL BWP ID: This field indicates a UL BWP for which the MAC CE applies as the
codepoint of the DCI bandwidth part indicator field as specified in TS 38.212 (REF 1).
The length of the BWP ID field is 2 bits;

- Pi: This field indicates whether each TCI codepoint has multiple TCI states or
single TCI state. If Pi field set to 1, it indicates that ith TCI codepoint includes the DL
TCT state and the UL TCI state. If Pi field set to 0, it indicates that ith TCI codepoint
includes only the DL TCI state or the UL TCI state;

- D/U: This field indicate whether the TCI state ID in the same octet is for joint/
downlink or uplink TCI state. If this field is set to 1, the TCI state ID in the same octet
is for joint/downlink. If this field is set to 0, the TCI state ID in the same octet is for
uplink;

- TCI state ID: This field indicates the TCI state identified by TCI-Stateld as
specified in TS 38.331 (REF 6). If D/U is set to 1, 7-bits length TCI state ID i.e., TCI-
Stateld as specified in TS 38.331 (REF 6) is used. If D/U is set to 0, the most sig-
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nificant bit of TCI state ID is considered as the reserved bit and remainder 6 bits
indicate the UL-TCIState-1d as specified in TS 38.331 (REF 6). The maximum number
of activated TCI states is 16;

- R: Reserved bit, set to O.

With additional reference to Table 1 below, which illustrates an example Cell-
GroupConfig information element (IE), the CellGroupConfig IE is used to configure a
master cell group (MCGQG) or secondary cell group (SCG). A cell group comprises of
one MAC entity, a set of logical channels with associated RLC entities and of a

primary cell (SpCell) and one or more secondary cells (SCells).

TABLE 1: Example of CellGroupConfig information element (IE)

-~ ASNISTART
-- TAG-CELLGROUPCONFIG-START

-- Configuration of one Cell-Group:

CellGroupConfig ::= SEQUENCE {
cellGroupld CellGroupld,
rlc-BearerToAddModList SEQUENCE (SIZE(1..maxLC-ID)) OF RLC-BearerConfig

OPTIONAL, --NeedN
ric-BearerToReleaselist SEQUENCE (SIZE(1..maxL.C-ID)) OF LogicalChannelldentity

OPTIONAL, --Need N

mac-CellGroupConfig MAC-CellGroupConfig OPTIONAL,
-- Need M
physicalCellGroupConfig PhysicalCellGroupConfig OPTIONAL,
-- Need M
spCellConfig SpCellConfig OPTIONAL,
-- Need M
sCellToAddModL.ist SEQUENCE (SIZE (1..maxNrofSCells)) OF SCellConfig

OPTIONAL, --Need N
sCellToReleaseList SEQUENCE (SIZE (1..maxNrofSCells)) OF SCelllndex

OPTIONAL, --NeedN
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reportUplink TxDirectCurrent ENUMERATED {true} OPTIONAL

-- Cond BWP-Reconfig

1L

([

bap-Address-r16 BIT STRING (SIZE (10)) OPTIONAL,
--Need M

bh-RLC-ChannelToAddModList-r16 SEQUENCE (SIZE(1..maxBH-RLC-ChannellD-r16))

OF BH-RLC-ChannelConfig-r16 OPTIONAL, -- Need N
bh-RLC-ChannelToReleaselList-r16 SEQUENCE (SIZE(1..maxBH-RLC-ChannellD-r16))

OF BH-RLC-ChannellD-r16  OPTIONAL, -- Need N

fle-TransferPath-r16 ENUMERATED {lte, nr, both} OPTIONAL,
--Need M
simultaneousTCI-UpdateListl-r16 SEQUENCE (SIZE (1..maxNrofServingCellsTCI-r16))

OF ScrvCelllndex OPTIONAL, --NeedR
stmultancousTCI-UpdateList2-r16 SEQUENCE (SIZE (1..maxNrofServingCellsTCI-r16))
OF ServCelllndex OPTIONAL, --NeedR
simultaneousSpatial-UpdatedListl-r16 ~ SEQUENCE (SIZE (1..maxNrofServingCellsTCI-r16))
OF ServCelllndex OPTIONAL, --NeedR
simultaneousSpatial-UpdatedList2-r16 ~ SEQUENCE (SIZE (1..maxNrofServingCellsTCI-r16))
OF ServCelllndex OPTIONAL, --NeedR
uplinkTxSwitchingOption-r16 ENUMERATED ({switchedUL, dualUL}

OPTIONAL, --NeedR
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uplink TxSwitchingPowerBoosting-r16
OPTIONAIL --Need R

1h

[t

reportUplinkTxDirectCurrent TwoCarrier-r16
OPTIONAL --Need N

1}

1

{1c-TransferPathNRDC-r17
OPTIONAL, --Need M

uplink TxSwitching-2T-Mode-r17
OPTIONAL, --Cond2Tx

uplink TxSwitching-DualUL-TxState-r17
OPTIONAL, --Cond 2Tx

uu-RelayRLC-Channel ToAddModList-r17

ENUMERATED  {enabled}

ENUMERATED {true}

ENUMERATED {mcg, scg, both}

ENUMERATED {enabled}

ENUMERATED  {oneT, twoT}

SEQUENCE (SIZE(1..maxUu-RelayRLC-

ChannellD-r17)) OF Uu-RelayRLC-ChannelConfig-r17

OPTIONAL, --Need N

uu-RelayRLC-ChannelToReleaseList-r17

ChannellD-r17)) OF Uu-RelayRLC-ChannellD-r17

OPTIONAL, --Need N
simultaneousU-TCI-UpdateList1-r17

OF ServCelllndex

OPTIONAL, --Need R

SEQUENCE (SIZE(l..maxUu-RelayRLC-

SEQUENCE (SIZE (1..maxNrofServingCellsTCI-r16))
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simultaneousU-TCI-UpdateList2-r17 SEQUENCE (SIZE (1..maxNrofServingCellsTCI-r16))
OF ServCelllndex OPTIONAL, --NeedR

simultaneousU-TCI-UpdateList3-r17 SEQUENCE (SIZE (1..maxNrofServingCellsTCI-r16))
OF ServCelllndex OPTIONAL, --Need R

simultaneousU-TCI-UpdateList4-r17 SEQUENCE (SIZE (1..maxNrofServingCellsTCI-r16))
OF ServCelllndex OPTIONAL, --NeedR

rlc-BearerToReleaseListExt-r17 SEQUENCE (SIZE(1..maxLC-ID)) OF
LogicalChannelldentityExt-r17 OPTIONAL, --Need N
iab-ResourceConfigToAddModList-r17  SEQUENCE (SIZE(1..maxNroflABResourceConfig-
r17)) OF 1AB-ResourceConfig-r17 OPTIONAL, - Need N
1ab-ResourceConfigToReleaseList-r1 7 SEQUENCE (SIZE(1..maxNroflABResourceConfig-ri 7))
OF JAB-ResourceConfiglD-r17 OPTIONAL -- Need N

1l

}

The simultaneousTCI-UpdateList] and simultaneousTCI-UpdateList2 are lists of
serving cells which can be updated simultaneously for TCI relation with a MAC CE.
The simultaneousTCI-UpdateList] and simultaneousTCI-UpdateList2 may not contain
same serving cells. A network generally will not configure serving cells that are
configured with a BWP with two different values for the coresetPoollndex in these
lists.

simultaneousU-TCI-UpdateList1, simultaneousU-TCI-UpdateList2, simultaneousU-
TCI-UpdateList3, simultaneousU-TCI-UpdateList4 are list of serving cells for which
the Unified TCI States Activation/Deactivation MAC CE applies simultaneously, as
specified in [TS 38.321 v17.1.0 clause 6.1.3.47]. The different lists may not contain
same serving cells. Network only configures in these lists serving cells that are
configured with unifiedtci-StateType.

When the bwp-id or cell for QCL-TypeA/D source RS in a QCL-Info of the TCI state
configured with DLorJointTCIState is not configured, the UE assumes that QCL-
TypeA/D source RS is configured in the CC/DL BWP where TCI state applies.

When tci-PresentInDCI is set as 'enabled’ or tci-PresentDCI-1-2 is configured for the
CORESET, the UE with activated DLorJointTCIState or UL-TCIState receives DCI
format 1_1/1_2 providing indicated DLorJointTCIState or UL-TCIState for a CC or all
CCs in the same CC list configured by simultaneousTCI-UpdateListl-r17, simulta-
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neousTCI-UpdateList2-r17, simultaneousTCI-UpdateList3-r17, simultaneousTCI-Up-
dateList4-r17. The DCI format 1_1/1_2 can be with or without, if applicable, DL. as-
signment. If the DCI format 1_1/1_2/ is without DL assignment, the UE can assume
the following:

- CS-RNTI is used to scramble the CRC for the DCI

- The values of the following DCI fields are set as follows:

-RV=all'l's
-MCS=all'l's
-NDI=0

- Set to all '0's for FDRA Type 0, or all 'I's for FDRA Type 1, or all '0's for dynam-
icSwitch (same as in Table 10.2-4 of REF 3 at [6, TS 38.213]).

After a UE receives an initial higher layer configuration of more than one DLorJoint-
TCIState and before application of an indicated TCI state from the configured TCI
states, the UE assumes that DM-RS of PDSCH and DM-RS of PDCCH and the CSI-
RS applying the indicated TCI state are quasi co-located with the SS/PBCH block the
UE identified during the initial access procedure.

After a UE receives an initial higher layer configuration of more than one DLorJoint-
TCIState or UL-TCIState and before application of an indicated TCI state from the
configured TCI states, the UE assumes that the UL TX spatial filter, if applicable, for
dynamic-grant and configured-grant based PUSCH and PUCCH, and for SRS applying
the indicated TCI state, is the same as that for a PUSCH transmission scheduled by a
RAR UL grant during the initial access procedure.

After a UE receives a higher layer configuration of more than one DLorJoint-
TCIState as part of a Reconfiguration with sync procedure as described in [12, TS
38.331] and before applying an indicated TCI state from the configured TCI states, the
UE assumes that DM-RS of PDSCH and DM-RS of PDCCH, and the CSI-RS applying
the indicated TCI state are quasi co-located with the SS/PBCH block or the CSI-RS
resource the UE identified during the random access procedure initiated by the Recon-
figuration with sync procedure as described in REF 6 [12, TS 38.331].

After a UE receives a higher layer configuration of more than one DLorJoint-
TCIState or UL-TCIState as part of a Reconfiguration with sync procedure as
described in [12, TS 38.331] and before applying an indicated TCI state from the
configured TCI states, the UE assumes that the UL TX spatial filter, if applicable, for
dynamic-grant and configured-grant based PUSCH and PUCCH, and for SRS applying
the indicated TCI state, is the same as that for a PUSCH transmission scheduled by a
RAR UL grant during random access procedure initiated by the Reconfiguration with
sync procedure as described in REF 6 [12, TS 38.331].

If a UE receives a higher layer configuration of a single DLorJoint-TCIState, that can
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be used as an indicated TCI state, the UE obtains the QCL assumptions from the
configured TCI state for DM-RS of PDSCH and DM-RS of PDCCH, and the CSI -RS
applying the indicated TCI state.

If a UE receives a higher layer configuration of a single DLorJoint-TCIState or UL-
TCIState, that can be used as an indicated TCI state, the UE determines an UL TX
spatial filter, if applicable, from the configured TCI state for dynamic-grant and
configured-grant based PUSCH and PUCCH, and SRS applying the indicated TCI
state.

When the UE would transmit the last symbol of a PUCCH with HARQ-ACK in-
formation corresponding to the DCI carrying the TCI State indication and without DL,
assignment, or corresponding to the PDSCH scheduling by the DCI carrying the TCI
State indication, and if the indicated TCI State is different from the previously
indicated one, the indicated DLorJointTCIState or UL-TClstate should be applied
starting from the first slot that is at least BeamAppTime_r17 symbols after the last
symbol of the PUCCH. The first slot and the BeamAppTime_r17 symbols are both de-
termined on the carrier with the smallest SCS among the carrier(s) applying the beam
indication.

If a UE is configured with pdsch-TimeDomainAllocationListForMultiPDSCH-r17 in
which one or more rows contain multiple SLIVs for PDSCH on a DL BWP of a
serving cell, and the UE is receiving a DCI carrying the TCI-State indication and
without DL assignment, the UE does not expect that the number of indicated SLIVs in
the row of the pdsch-TimeDomainAllocationListForMultiPDSCH-r17 by the DCI is
more than one.

If the UE is configured with [NumberOfAdditionalPCI] and with PDCCH-Config
that contains two different values of coresetPoollndex in ControlResourceSet, the UE
receives an activation command for CORESET associated with each coresetPoollndex,
as described in clause 6.1.3.14 of REF 5 [10, TS 38.321], used to map up to 8 TCI
states to the codepoints of the DCI field "Transmission Configuration Indication' in one
CC/DL BWP. When a set of TCI state IDs are activated for a coresetPoollndex, the
activated TCI states corresponding to one coresetPoollndex can be associated with one
physical cell ID and activated TCI states corresponding to another coresetPoollndex
can be associated with another physical cell ID.

When a UE supports two TCI states in a codepoint of the DCI field "Transmission
Configuration Indication' the UE may receive an activation command, as described in
clause 6.1.3.24 of REF 5 [10, TS 38.321], the activation command is used to map up to
8 combinations of one or two TCI states to the codepoints of the DCI field
“Transmission Configuration Indication'. The UE is not expected to receive more than 8

TC states in the activation command.
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When the DCI field "Transmission Configuration Indication' is present in DCI format
1_2 and when the number of codepoints S in the DCI field "Transmission Con-
figuration Indication’ of DCI format 1_2 is smaller than the number of TCI codepoints
that are activated by the activation command, as described in clause 6.1.3.14 and
6.1.3.24 of REF 5 [10, TS38.321], only the first S activated codepoints are applied for
DCI format 1_2.

When the UE would transmit a PUCCH with HARQ-ACK information in slot n cor-
responding to the PDSCH carrying the activation command, the indicated mapping
between TCI states and codepoints of the DCI field "Transmission Configuration In-
dication' should be applied starting from the first slot that is after slot
4 3N Sub ramen | 24 where m is the SCS configuration for the PUCCH

slot FRmac  tmac

and Hkmq. 15 the subcarrier spacing configuration for k,,,. with a value of O for
frequency range 1, and k. is provided by K-Mac or k,,,=0 if K-Mac is not provided.
If tei-PresentInDCT is set to ‘enabled’ or tci-PresentDCI-1-2 is configured for the
CORESET scheduling the PDSCH, and the time offset between the reception of the
DL DCI and the corresponding PDSCH is equal to or greater than timeDura-
tionForQCL if applicable, after a UE receives an initial higher layer configuration of
TCI states and before reception of the activation command, the UE may assume that
the DM-RS ports of PDSCH of a serving cell are quasi co-located with the SS/PBCH
block determined in the initial access procedure with respect to qcl-Type set to 'typeA’,
and when applicable, also with respect to qcl-Type set to ‘typeD".

If a UE is configured with the higher layer parameter tci-PresentInDCI that is set as
‘enabled' for the CORESET scheduling a PDSCH, the UE assumes that the TCI field is
present in the DCI format 1_1 of the PDCCH transmitted on the CORESET. If a UE is
configured with the higher layer parameter tci-PresentDCI-1-2 for the CORESET
scheduling the PDSCH, the UE assumes that the TCI field with a DCI field size
indicated by tci-PresentDCI-1-2 is present in the DCI format 1_2 of the PDCCH
transmitted on the CORESET. If the PDSCH is scheduled by a DCI format not having
the TCI field present, and the time offset between the reception of the DL DCI and the
corresponding PDSCH of a serving cell is equal to or greater than a threshold timeDu-
rationForQCL if applicable, where the threshold is based on reported UE capability
[13, TS 38.306], for determining PDSCH antenna port quasi co-location, the UE
assumes that the TCI state or the QCL assumption for the PDSCH is identical to the
TCI state or QCL assumption whichever is applied for the CORESET used for the
PDCCH transmission within the active BWP of the serving cell.

When a UE is configured with both sfnSchemePdcch and sfnSchemePdsch scheduled
by DCI format 1_0 or by DCI format 1_1/1_2, if the time offset between the reception
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of the DL DCIT and the corresponding PDSCH of a serving cell is equal to or greater
than a threshold timeDurationForQCL if applicable:

- if the UE supports DCI scheduling without TCI field, the UE assumes that the TCI
state(s) or the QCL assumption(s) for the PDSCH is identical to the TCI state(s) or
QCL assumption(s) whichever is applied for the CORESET used for the reception of
the DL DCI within the active BWP of the serving cell regardless of the number of
active TCI states of the CORESET. If the UE does not support dynamic switching
between SFN PDSCH and non-SFN PDSCH, the UE should be activated with the
CORESET with two TCT states.

- else if the UE does not support DCI scheduling without TCI field, the UE may
expect TCI field present when scheduled by DCI format 1_1/1_2.

When a UE is configured with sfnSchemePdsch and sfnSchemePdcch is not
configured, when scheduled by DCI format 1_1/1_2, if the time offset between the
reception of the DL DCI and the corresponding PDSCH of a serving cell is equal to or
greater than a threshold timeDurationForQCL if applicable, the UE may expect TCI
field present.

For PDSCH scheduled by DCI format 1_0, 1_1, 1_2, when a UE is configured with
sfnSchemePdcch set to 'sftnSchemeA' and sfnSchemePdsch is not configured, and there
is no TCI codepoint with two TCI states in the activation command, and if the time
offset between the reception of the DL DCI and the corresponding PDSCH is equal or
larger than the threshold timeDurationForQCL if applicable and the CORESET which
schedules the PDSCH is indicated with two TCI states, the UE assumes that the TCI
state or the QCL assumption for the PDSCH is identical to the first TCI state or QCL
assumption which is applied for the CORESET used for the PDCCH transmission
within the active BWP of the serving cell.

If a PDSCH is scheduled by a DCI format having the TCI field present, the TCI field
in DCI in the scheduling component carrier points to the activated TCI states in the
scheduled component carrier or DL. BWP, the UE may use the TCI-State according to
the value of the "Transmission Configuration Indication' field in the detected PDCCH
with DCI for determining PDSCH antenna port quasi co-location. The UE may assume
that the DM-RS ports of PDSCH of a serving cell are quasi co-located with the RS(s)
in the TCI state with respect to the QCL type parameter(s) given by the indicated TCI
state if the time offset between the reception of the DL DCI and the corresponding
PDSCH is equal to or greater than a threshold timeDurationForQCL, where the
threshold is based on reported UE capability [13, TS 38.306]. For a single slot PDSCH,
the indicated TCI state(s) should be based on the activated TCI states in the slot with
the scheduled PDSCH. For a multi-slot PDSCH or the UE is configured with higher
layer parameter [pdsch-TimeDomainAllocationListForMultiPDSCH-r17], the
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indicated TCI state(s) should be based on the activated TCI states in the first slot with
the scheduled PDSCH(s), and UE may expect the activated TCI states are the same
across the slots with the scheduled PDSCH(s). When the UE is configured with
CORESET associated with a search space set for cross-carrier scheduling and the UE
is not configured with enableDefaultBeamForCCS, the UE expects tci-PresentInDCI is
set as 'enabled’ or tci-PresentDCI-1-2 is configured for the CORESET, and if one or
more of the TCI states configured for the serving cell scheduled by the search space set
contains qcl-Type set to 'typeD’, the UE expects the time offset between the reception
of the detected PDCCH in the search space set and a corresponding PDSCH is larger
than or equal to the threshold timeDurationForQCL.

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’, the UE may assume at least one of the following:

- 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 in-
dication 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 gcl-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).

- If a UE is configured with enableDefault TCI-StatePerCoresetPoollndex and the UE
is configured by higher layer parameter PDCCH-Config that contains two different
values of coresetPoollndex in different ControlResourceSets, 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 CORESETSs, which are
configured with the same value of coresetPoollndex as the 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 value of coreset-

Poollndex, the UE is expected to prioritize the reception of PDCCH associated with
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that CORESET. This also applies to the intra-band CA case (when PDSCH and the
CORESET are in different component carriers).

- 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 corre-
sponding to the lowest codepoint among the TCI codepoints containing two different
TCI states. When the UE is configured by higher layer parameter repetitionScheme set
to 'tdmSchemeA' or is configured with higher layer parameter repetitionNumber, 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 TCT 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).

- If a UE is not configured with sfnSchemePdsch, and the UE is configured with sfn-
SchemePdcch set to 'sfnSchemeA' and there is no TCI codepoint witih two TCI states
in the activation command and the CORESET with the lowest ID in the latest slot is
indicated with two TCI states, the UE may assume that the DM-RS ports of PDSCH of
a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s)
associated with the first TCI state of two TCI states indicated for the CORESET.

In all 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 may obtain the other QCL
assumptions from the indicated TCI state(s) 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 a PDSCH scheduled by that DCI is on another component carrier: the timeDura-
tionForQCL is determined based on the subcarrier spacing of the scheduled PDSCH. If
uPDCCH < uPDSCH an additional timing delay g 2\ epsct is added to the timeDura-

28PDCCH

tionForQCL, where d is defined in 5.2.1.5.1a-1, otherwise d is zero. When the UE is
configured with enableDefaultBeamForCCS, if the offset between the reception of the
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DL DCI and the corresponding PDSCH is less than the threshold timeDura-
tionForQCL, or if 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.

A UE that has indicated a capability beamCorrespondenceWithoutUL-Beam-
Sweeping set to '1', as described in [18, TS 38.822], can determine a spatial domain
filter to be used while performing the applicable channel access procedures described
in [16, TS 37.213] to transmit a UL transmission on the channel as follows: if UE is
indicated with an SRI corresponding to the UL transmission, the UE may use a spatial
domain filter that is same as the spatial domain transmission filter associated with the
indicated SRI; if UE is configured with TCI-State configurations with DLor-
JointTCIState or UL-TCIState, the UE may use a spatial domain transmit filter that is
same as the spatial domain receive filter the UE may use to receive the DL reference
signal associated with the indicated TCI state.

When the PDCCH reception includes two PDCCH from two respective search space
sets, as described in clause 10.1 of REF 3 [6, TS 38.213], for the purpose of de-
termining the time offset between the reception of the DL DCI and the corresponding
PDSCH, the PDCCH candidate that ends later in time is used. When the PDCCH
reception includes two PDCCH candidates from two respective search space sets, as
described in clause 10.1 of REF 3 [6, TS 38.213], for the configuration of tci-
PresentInDCT or tci-PresentDCI-1-2, the UE expects the same configuration in the first
and second CORESETs associated with the two PDCCH candidates; and if the PDSCH
is scheduled by a DCI format not having the TCI field present and if the scheduling
offset is equal to or larger than timeDurationForQCL, if applicable, PDSCH QCL as-
sumption is based on the CORESET with lower ID among the first and second
CORESETs associated with the two PDCCH candidates.

For a periodic CSI-RS resource in an NZP-CSI-RS-ResourceSet configured with
higher layer parameter trs-Info, the UE may expect that a TCI-State indicates one of
the following quasi co-location type(s): 'typeC' with an SS/PBCH block and, when ap-
plicable, 'typeD' with the same SS/PBCH block, or 'typeC' with an SS/PBCH block
and, when applicable, 'typeD' with a CSI-RS resource in an NZP-CSI-RS-ResourceSet
configured with higher layer parameter repetition.

For periodic/semi-persistent CSI-RS, the UE can assume that the indicated DLor-
JointTClIState is not applied.

For an aperiodic CSI-RS resource in an NZP-CSI-RS-ResourceSet configured with
higher layer parameter trs-Info, the UE may expect that a TCI-State indicates qcl-Type
set to 'typeA' with a periodic CSI-RS resource in an NZP-CSI-RS-ResourceSet

configured with higher layer parameter trs-Info and, when applicable, qcl-Type set to
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‘typeD' with the same periodic CSI-RS resource.

For a CSI-RS resource in an NZP-CSI-RS-ResourceSet configured without higher
layer parameter trs-Info and without the higher layer parameter repetition, the UE may
expect that a TCI-State indicates at least one of the following quasi co-location type(s):

- 'typeA' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with
higher layer parameter trs-Info and, when applicable, 'typeD’ with the same CSI-RS
resource;

- 'typeA' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with
higher layer parameter trs-Info and, when applicable, 'typeD' with an SS/PBCH block;
or - 'typeA" with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with
higher layer parameter trs-Info and, when applicable, 'typeD' with a CSI-RS resource
in a NZP-CSI-RS-ResourceSet configured with higher layer parameter repetition; or

- 'typeB' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with
higher layer parameter trs-Info when 'typeD' is not applicable.

For a CSI-RS resource in an NZP-CSI-RS-ResourceSet configured with higher layer
parameter repetition, the UE may expect that a TCI-State indicates at least one of the
following quasi co-location type(s):

- 'typeA' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with
higher layer parameter trs-Info and, when applicable, 'typeD’ with the same CSI-RS
resource;

- 'typeA' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with
higher layer parameter trs-Info and, when applicable, 'typeD' with a CSI-RS resource
in a NZP-CSI-RS-ResourceSet configured with higher layer parameter repetition; or

- 'typeC' with an SS/PBCH block and, when applicable, 'typeD' with the same SS/
PBCH block, the reference RS may additionally be an SS/PBCH block having a PCI
different from the PCI of the serving cell. The UE can assume center frequency, SCS,
SEN offset are the same for SS/PBCH block from the serving cell and SS/PBCH block
having a PCI different from the serving cell.

For the DM-RS of PDCCH, the UE may expect that a TCI-State or DLor-
JointTCIState except an indicated DLorJointTCIState indicates one of the following
quasi co-location type(s):

- 'typeA' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with
higher layer parameter trs-Info and, when applicable, 'typeD’ with the same CSI-RS
resource;

- 'typeA' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with
higher layer parameter trs-Info and, when applicable, 'typeD' with a CSI-RS resource
in an NZP-CSI-RS-ResourceSet configured with higher layer parameter repetition; or

- 'typeA' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured without
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higher layer parameter trs-Info and without higher layer parameter repetition and,
when applicable, ‘typeD' with the same CSI-RS resource.

When a UE is configured with sfnSchemePdcch set to 'sfnSchemeA', and CORESET
is activated with two TCI states, the UE may assume that the DM-RS port(s)of the
PDCCH in the CORESET is quasi co-located with the DL-RSs of the two TCI states.
When a UE is configured with sfnSchemePdcch set to 'stnSchemeB’, and a CORESET
is activated with two TCI states, the UE may assume that the DM-RS port(s)of the
PDCCH is quasi co-located with the DL-RSs of the two TCI states except for quasi co-
location parameters { Doppler shift, Doppler spread} of the second indicated TCI state.

For the DM-RS of PDSCH, the UE may expect that a TCI-State or DLor-
JointTCIState except an indicated DLorJointTCIState indicates at least one of the
following quasi co-location type(s):

- 'typeA' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with
higher layer parameter trs-Info and, when applicable, 'typeD’ with the same CSI-RS
resource;

- 'typeA' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with
higher layer parameter trs-Info and, when applicable, 'typeD' with a CSI-RS resource
in an NZP-CSI-RS-ResourceSet configured with higher layer parameter repetition; or

- typeA' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured without
higher layer parameter trs-Info and without higher layer parameter repetition and,
when applicable, ‘typeD' with the same CSI-RS resource.

For the DM-RS of PDCCH, the UE may expect that an indicated DLorJointTCIState
indicates one of the following quasi co-location type(s):

- 'typeA' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with
higher layer parameter trs-Info and, when applicable, 'typeD’ with the same CSI-RS
resource; or

- 'typeA' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with
higher layer parameter trs-Info and, when applicable, 'typeD' with a CSI-RS resource
in an NZP-CSI-RS-ResourceSet configured with higher layer parameter repetition.

For the DM-RS of PDSCH, the UE may expect that an indicated DLorJointTCIState
indicates one of the following quasi co-location type(s) if the UE is configured
[TCI-State](s) with [tci-Stateld_r17]:

- 'typeA' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with
higher layer parameter trs-Info and, when applicable, 'typeD’ with the same CSI-RS
resource; or

- 'typeA' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with
higher layer parameter trs-Info and, when applicable, 'typeD' with a CSI-RS resource
in an NZP-CSI-RS-ResourceSet configured with higher layer parameter repetition.
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When a UE is configured with sfnSchemePdsch set to 'sftnSchemeA', and the UE is
indicated with two TCI states in a codepoint of the DCI field "Transmission Con-
figuration Indication’ in a DCI scheduling a PDSCH, the UE may assume that the DM-
RS port(s)of the PDSCH is quasi co-located with the DL-RSs of the two TCI states.
When a UE is configured with sfnSchemePdsch set to 'sfnSchemeB’, and the UE is
indicated with two TCI states in a codepoint of the DCI field "Transmission Con-
figuration Indication’ in a DCI scheduling a PDSCH, the UE may assume that the DM-
RS port(s)of the PDSCH is quasi co-located with the DL-RSs of the two TCI states
except for quasi co-location parameters { Doppler shift, Doppler spread} of the second
indicated TCI state.

In Carrier Aggregation (CA), two or more Component Carriers (CCs), corresponding
to two or more cells, are aggregated. A UE may simultaneously receive or transmit on
one or multiple CCs / cells depending on its capabilities. A UE with single timing
advance capability for CA can simultaneously receive and/or transmit on multiple CCs
corresponding to multiple serving cells sharing the same timing advance (multiple
serving cells grouped in one TAG). 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). NG-RAN ensures that each TAG contains at least one serving cell. A
non-CA capable UE can receive on a single CC and transmit on a single CC corre-
sponding to one serving cell only (one serving cell in one TAG).

CA is supported for both contiguous and non-contiguous CCs in frequency. When
CA is deployed frame timing and SFN are aligned across cells that can be aggregated,
or an offset in multiples of slots between the PCell/PSCell and an SCell is configured
to the UE. The maximum number of configured CCs for a UE is 16 for DL and 16 for
UL.

When CA is configured, the UE has one RRC connection with the network. At RRC
connection establishment/re-establishment/handover, one serving cell provides the
NAS mobility information, and at RRC connection re-establishment/handover, one
serving cell provides the security input. This cell is referred to as the Primary Cell
(PCell). Depending on UE capabilities, Secondary Cells (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 of 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



34

WO 2024/039217 PCT/KR2023/012261

[181]

[182]

[183]

[184]

[185]

[186]

[187]

broadcast system information directly from the SCells.

To enable reduced 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 CQI measurements. Conversely,
when an SCell is active, the UE receives PDSCH and PDCCH (if the UE is configured
to monitor PDCCH from this SCell) and is expected to be able to perform CQI mea-
surements. 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 de-
activated 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 when connection resumes from RRC _INACTIVE, SCells are
activated or deactivated.

To enable reduced UE battery consumption when CA is configured and enable
reduced UE complexity, one UL BWP for each uplink carrier and one DL. BWP or 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 and does not transmit on PUCCH, PRACH and 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
but continues performing CSI measurements, 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 using a carrier indicator field (CIF) allows a DCI format
provided by a PDCCH on a serving/scheduling cell to schedule resources on another
serving/scheduled cell with the following restrictions. When cross-carrier scheduling
from an SCell to PCell is not configured to a UE, the UE can be scheduled
transmission or reception on the PCell only by a DCI format provided by a PDCCH
reception on the PCell. When cross-carrier scheduling from an SCell to PCell is
configured to a UE: PDCCH on that SCell can provide a DCI format that schedules a
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PDSCH reception or a PUSCH transmission from the UE on the PCell; PDCCH on the
PCell can provide a DCI format that schedules a PDSCH reception or a PUSCH
transmission from the UE on the PCell; or Only one SCell can be configured to the UE
for cross-carrier scheduling on the PCell. When an SCell is configured to a UE as a
scheduling cell, a PDSCH reception or a PUSCH transmission from the UE is
scheduled by a DCI format provided by a PDCCH reception on the SCell. When an
SCell is not configured to a UE as a scheduling cell, a PDSCH reception or a PUSCH
transmission from the UE is scheduled by a DCI format provided by a PDCCH
reception on another serving cell. A PDCCH reception on a scheduling cell can have
same or different numerology than an associated PDSCH reception or PUSCH
transmission on a scheduled cell.

The Physical Downlink Control Channel (PDCCH) can be used to schedule DL
transmissions on PDSCH and UL transmissions on PUSCH, where the Downlink
Control Information (DCI) on PDCCH includes downlink assignments containing at
least modulation and coding format, resource allocation, and hybrid-ARQ information
related to DL-SCH and 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: activation and deactivation of
configured PUSCH transmission with configured grant; activation and deactivation of
PDSCH semi-persistent transmission; notifying one or more UEs of the slot format;
notifying one or more UEs of the PRB(s) and OFDM symbol(s) where the UE may
assume no transmission is intended for the UE; transmission of TPC commands for
PUCCH and PUSCH; transmission of one or more TPC commands for SRS trans-
missions by one or more UEs; switching a UE's active bandwidth part; initiating a
random access procedure; indicating the UE(s) to monitor the PDCCH during the next
occurrence of the DRX on-duration; in IAB context, indicating the availability for soft
symbols of an JAB-DU.

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

A CORESET comprises of 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 a DCI format in a PDCCH. Each resource element group
carrying PDCCH carries its own DM-RS. QPSK modulation is used for coded symbols
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[193] A UE monitors a set of PDCCH candidates in one or more CORESETSs on the active
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DL BWP on each activated serving cell configured with PDCCH monitoring according
to corresponding search space sets where monitoring implies receiving each PDCCH
candidate and decoding the received information after demodulation according to the
monitored DCI formats for the PDCCH candidate.

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. The em-
bodiments are generic and can apply to various other scenarios such as when a UE is
jointly scheduled to receive/transmit multiple PDSCHs/PUSCHs: (a) from/to multiple
transmission-reception points (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; (b) in multiple time units, such as multiple slots or multiple
transmission time intervals (TTIs); (c) on one or more TRPs/cells, wherein the UE can
receive/transmit more than one PDSCH/PUSCH on each co-scheduled TRP/cell; (d)
for multiple transport blocks (TBs), or for multiple codewords (CWs) corresponding to
single TB or multiple TBs; or (d) 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
PDSCHs/PUSCHSs”, or “co-scheduled TBs/CWs”, or “co-scheduled SPS-
PDSCHs/CG-PUSCHSs”, and so on. Similarly other related terms may be replaced by
like 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 provide multi-cell scheduling op-
erations. A UE 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 jointly by a single DCI format, or by
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using complementary methods such as those described in more embodiments below.
For convenience of presentation, such DCI format may be referred to as a multi-cell
scheduling DCI (MC-DCI) format. The MC-DCI format can be a new DCI format,
such as DCI format 0 _3 for co-scheduled PUSCHs or 1_3 for co-scheduled PDSCHs.
Additionally, the UE can be indicated via a DCI format, such as the MC-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
(MOs). For example, a first MC-DCI format in a first MO can indicate a first set/subset
of co-scheduled cells, and a second DCI format in a second MO can indicate a second
set/subset of co-scheduled cells.

In one example, multi-cell scheduling can also include operations related to DL/UL
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 scheduling cell may not belong to a set of co-scheduled
cells. In a further 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. For example, a MC-DCI format can include a bitmap to indicate
which of the scheduled cells are jointly scheduled.

In another example, a set of co-scheduled cells can have two or more scheduling
cells. For example, a UE can receive a first MC-DCI format in a first PDCCH
monitoring occasion on a first scheduling cell for scheduling a set of co-scheduled
cells, and can receive a second MC-DCI format in a second PDCCH monitoring
occasion on a second scheduling cell for scheduling a set of co-scheduled cells. The
DCI format can be associated with any search space set type (CSS or USS) or can be

restricted to be associated only with USS sets. For example, the DCI format can be as-
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sociated with multicast scheduling and have CRC scrambled by a 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, PUSCH trans-
missions or PDSCH receptions on a same cell. For example, for a given scheduled cell,
the UE can be configured to monitor PDCCH providing MC-DCI corresponding to a
set of co-scheduled cells that include the given scheduled cell only on the first
scheduling cell, or only on the second scheduling cell, or on both the first and second
scheduling cells. 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). For example, the UE can be configured to monitor PDCCH
on a first scheduling cell for single-cell scheduling on a serving cell, and monitor
PDCCH on a second scheduling cell for multi-cell scheduling on a set of co-scheduled
cells that include the serving cell.

A UE 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, 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.
The UE can be configured a number of sets/subsets of co-scheduled cells such that the
sizes of the sets/subsets do not exceed the corresponding values reported by the UE ca-
pability. For example, the UE can be configured separate sets of co-scheduled cells for
PDSCH receptions compared to sets of co-scheduled cells for PUSCH transmissions.

A UE can also be configured a number of cells that do not belong to any of the sets
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
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that co-scheduled cells in a corresponding set: have a same numerology (SCS con-
figuration and CP); have a same numerology for respective active DL/UL BWPs; have
a same duplex configuration, for example, all cells have FDD configuration or all cells
have TDD configuration and, in case of a TDD configuration, also have a same UL-DL
configuration; are within a same frequency band (intra-band CA) or within a same
frequency range (such as FR1 or FR2 or FR2-1 or FR2-2); or have a same licensing
type, for example, all cells are licensed or all cells are unlicensed.

In one example, the above restrictions may not apply to a scheduling cell if the
scheduling cell belongs to a set of co-scheduled cells. For example, a scheduling cell
can have a different SCS configuration than (other) cells in a set of co-scheduled cells.
For example, a scheduling cell can be in FR1 and an FDD band, and jointly schedule a
set of co-scheduled cells in FR2 and in TDD bands.

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, for example when cells in the first and second sets of co-
scheduled cells have a common feature such as a common numerology, duplex con-
figuration, 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.
When a first cell using paired spectrum operation (FDD) and a second cell using
unpaired spectrum operation (TDD) are in a same set of co-scheduled cells and a DCI
format schedules a first PDSCH reception on the first cell and a second PDSCH
reception on the second cell and the second PDSCH reception includes symbols that
are UL symbols on the second cell, for example as determined based on an UL-DL
configuration provided by a SIB or by UE-specific RRC signaling, the UE does not
receive the second PDSCH over the UL symbols or does not receive the second
PDSCH over any symbols on the second cell. Alternatively, the UE can apply rate
matching for the second PDSCH around the UL symbols on the second cell, so that the
UE receives the second PDSCH with an adjusted rate in other remaining symbols.
Similar UE behaviors can apply when the first and second scheduled cells use unpaired
spectrum operation with different UL-DL configurations, such as on different
frequency bands.

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
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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}. When a UE is configured a first set and a second set of co-
scheduled cells, in one example, the UE expects that there are no serving/scheduled
cells configured in both the first and the second sets (that is, no overlap between the
first and second sets). In another example, the first and second sets can have common
element(s), that is, both the first set and the second set can include a first serving/
scheduled cell. For example, the latter can apply when both the first and the second
sets correspond to a same scheduling cell. For example, the first cell can be the
scheduling cell. In one example, the MC-DCI format needs to indicate a set of co-
scheduled cells, from the multiple sets of co-scheduled cells. For example, a first MC-
DCI can indicate a first set of co-scheduled cells to jointly schedule all cells in the first
set of co-scheduled cells, and a second MC-DCI can indicate a second set of co-
scheduled cells to jointly schedule all cells in the second set of co-scheduled cells.

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.

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 formats 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 formats 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 formats, or by using com-

plementary methods, such as those described in embodiment E-0-1, for multi-cell
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[213] In a second option for the second approach, the subset of the set of co-scheduled cells
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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 MC-DCI format in a
first PDCCH MO indicates PDSCH or PUSCH scheduling on a first subset of cells,
while a second MC-DCI format in a second PDCCH MO indicates PDSCH or PUSCH
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. Such CIF refers, in general, to sets of co-scheduled cells, rather than
individual scheduled cells, so can be referred to as “set-level” CIF (compared to
“cell-level” CIF for the latter). The UE can be provided separate configuration for a
first number of sets/subsets of co-scheduled cells for PDSCH reception, compared to a
second number of sets/subsets of co-scheduled cells for PUSCH transmission.
Therefore, the UE can be provided a first set of indexes for set-level CIFs for PDSCH
receptions that are different from a second set of indexes for set-level CIFs for PUSCH
transmissions. For example, the UE can be provided 4 bits for “set-level” CIF for
PDSCH receptions, and 3 bits for “set-level” CIF for PUSCH transmissions. The set-
level CIF can be also referred to as cell-set indicator function value or carrier-set
indicator function value.

In one example, when using a two-stage method for joint scheduling of a set/subset
of co-scheduled cells, as described in embodiments below, when the 1+ stage DCI is on
a first PDCCH on a first cell, and the 24 stage DCI is on a first PDSCH on a second
cell, and the first PDSCH schedules second PDSCHs/PUSCHs, in one option, the UE
considers the scheduling cell for the second PDSCHs/PUSCHs to be the first cell, and
corresponding CIF associations are defined with respect to the first cell and con-
figuration thereof. In another option, the UE considers the scheduling cell for the
second PDSCHs/PUSCHs to be the second cell, and corresponding CIF associations
are defined with respect to the second cell and configuration thereof.

In yet another 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
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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 one
example, instead of an explicit 1-bit flag to indicate single-cell scheduling or multi-cell
scheduling, the UE can be configured a number of sets/subsets of co-scheduled cells,
some of which include only one scheduled cell and others include more than one
scheduled cell. Therefore, the CIF values for single-cell scheduling can be separate
from CIF values for multi-cell scheduling. For example, CIF values 0, 1, 2, 3
correspond to scheduling individual cells, and CIF values 4, 5, 6, 7 correspond to sets/
subsets of co-scheduled cells and the functionality of the 1-bit flag can be absorbed in
the CIF. Therefore, the UE can determine whether the DCI format is for single-cell
scheduling or for multi-cell scheduling based on the CIF value.

In another 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
in embodiments below.

In another 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. For example, when the UE is configured a maximum number of N scheduled
cells, such as N = 8 cells, associated with a scheduling cell, the UE can be configured a
bitmap with N bits, wherein a value ‘1’ for a bit in the bitmap indicates scheduling on
the corresponding cell, and a value ‘0’ for the bit in the bitmap indicates no scheduling
on the corresponding cell. For example, the bitmap can be in ascending or descending
order of cell indexes or (cell-level) CIF values or cell indexes for the scheduled cells.
For example, the left-most bit (respectively, the right-most bit) can correspond to a
scheduled cell with the smallest cell index or cell-level CIF, and the second left-most
bit (respectively, the second right-most bit) can correspond to a scheduled cell with the
second smallest cell index or cell-level CIF, and so on. For example, if the UE is
configured a number (M) of scheduled cells, such as M = 4 cells, that is less than a
maximum supported number of N scheduled cells, such as N = 8 cells, in one option,
the bitmap can include 8 bits, and the remaining rightmost (respectively, the remaining
leftmost) M - N bits, such as 8 - 4 = 4 bits, can be all zeros or all ones. In another
option, the bitmap can include only M = 4 bits.

In other options 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: a CORESET index; a search space set index, or a carrier indicator parameter n

CI corresponding to the search space set index; or a set of CCE:s in the search space set
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or a first/last CCE in the search space set; where the UE received a PDCCH providing
the DCI format for multi-cell scheduling.

The UE can be configured a mapping among values for PDCCH monitoring pa-
rameters, 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_Cl in a
search space set can respectively indicate first and second subsets of co-scheduled
cells. According to this example, the parameter n_ClI can correspond to a single cell or
can correspond to a group of cells, such as a subset/set of co-scheduled cells.

In another option, the UE can determine a set of co-scheduled cells implicitly based
on other fields in an MC-DCI format, without need for an explicit CIF field. For
example, when the UE is provided a joint TDRA table for multi-cell scheduling, an
index of the joint TDRA table can indicate a set/subset of co-scheduled cells. For
example, an entry/row in the joint TDRA table configured by the RRC includes a first
TDRA information for a first cell and a second TDRA information for a second cell,
and so on, while the entry may include no information for a third cell. Therefore, when
the MC-DCI format includes an indication of the entry/row of the joint TDRA table
implies that the first and second cells are jointly scheduled by the MC-DCI format,
while the third cells is not scheduled. In one example, other DCI fields with joint in-
dication can be used other than TDRA, such as the FDRA field.

In another example, the UE expects that the MC-DCI includes a number N TDRA
fields corresponding to a maximum number N of supported/configured scheduled cells
for a scheduling cell, wherein a certain value such as all zeros or all ones for the TDRA
fields is reserved to indicate no scheduling on the corresponding cell. Therefore, when
the MC-DCI receives an MC-DCI format that includes M TDRA fields (out of the N
TDRA fields) with the reserved value, the UE determines that the MC-DCI does not
schedule the corresponding M cell and jointly schedules only the N - M cells. In one
example, other DCI fields with separate indication can be used other than TDRA, such
as the FDRA field.

In another example, when a HARQ process number (HPN) field or a redundancy
version field, or a new data indicator field are separately provided for each scheduled
cell in an MC-DCI format and a combination of those fields, such as all of those fields,
have same values for a subset of co-scheduled cells, such as HPN 15 (counting from O
to 15 for a HPN field of 4 bits), RV 1, and NDI 1, the subset of co-scheduled cells can
be assumed as not being scheduled by the MC-DCI format.

In another example, when a MCS field is separately provided for each scheduled cell
in an MC-DCI format and the MCS field has a predetermined value, such as 0, for a
subset of co-scheduled cells, the subset of co-scheduled cells can be assumed as not
being scheduled by the MC-DCI format.
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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 in
embodiments below, 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 respective 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
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 example, the reference value can correspond to the
scheduled cell with the smallest cell index or smallest (cell-level) CIF value.

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 provide 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
respective 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 single DCI format can include information of all scheduling parameters for all the co-
scheduled PDSCH receptions or PUSCH transmissions, except possibly for some in-
formation that is provided by higher layers or predetermined by the specifications for
system operations or implicitly determined by the UE. For example, the MC-DCI
format can provide separate values of fields for PDSCH reception or PUSCH
transmission on 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
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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 charac-
teristics or configurations, such as for inter-band CA operation, or for co-scheduling a
PDSCH reception and a PUSCH transmission. Some DCI fields can be cell-common
and provided only once in a concatenated DCI format. In one example, a functionality
of a field in a first DCI format scheduling PDSCH reception or PUSCH transmission
on a single cell and provides information for multiple cells, such as a SCell dormancy
indicator field as described in REF 3 TS 38.213 v17.1.0, can remain same in a second
DCI format scheduling PDSCH receptions or PUSCH transmissions on multiple cells
and the field can remain as in the first DCI format. Alternatively, such fields can be
omitted from the second DCI format.

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 an MCS field wherein a value indicated in
the DCI format can be for a PDSCH reception on a 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. It is also possible that a same MCS value applies for all PDSCH re-
ceptions or PUSCH transmissions. This approach can be beneficial, for example, for
co-scheduling cells that have several similar physical channel characteristics or config-
urations, 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
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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 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/PUSCHs on multiple respective cells using a multi-stage DCI method, such
as a 2-stage DCI wherein, for example, 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. The first PDCCH and the second PDCCH are linked. In one
example, the first and the second PDCCHs are in a same search space set. This
approach can be beneficial, for example, for co-scheduling several cells that have
several common physical characteristics, such as a time-domain resource allocation or
a frequency-domain resource allocation using the first-stage DCI format and without
incurring latency or 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 time/frequency
resource for a PDCCH providing the second-stage DCI format, such as an index of a
PDCCH candidate for a corresponding 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/DCIs, such as two PDCCHs/DCls, that provide multi-cell scheduling in-
formation based on parameters 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.

Various embodiments of the present disclosure provide TCI field absent in multi-cell
scheduling DCI (MC-DCI) format. In another embodiment, an MC-DCI format does
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not include a field for indication of TCI state. Accordingly, the UE determines a TCI
state for the co-scheduled cells by an MC-DCI format based on most recent TCI states
indicated individually for each cell from the set of co-scheduled cells by single-cell
scheduling DCI (SC-DCI) formats. The UE may require, based on UE capability, a
minimum processing time or application time among the MC-DCI format and the most
recent SC-DCI formats providing the TCI states.

For example, the UE receives indication of a first TCI state for a first cell using a
first SC-DCI format and receive indication of a second TCI state for a second cell
using a second SC-DCI format. When a UE receives an MC-DCI format after the first
and second SC-DCI formats, and the MC-DCI format jointly schedules PDSCHs or
PUSCHs on the first and second cells, the MC-DCI format may not include a TCI state
field, and the UE applies the first and second TCI states for the first and second cells,
respectively. Herein, it is assumed that the first and second DCI formats are the most
recent SC-DCI formats before reception of the MC-DCI format.

In one example, for determination of the most recent SC-DCI formats providing in-
dication of TCI states for co-scheduled cells by an MC-DCI format, the UE determines
the most recent DCI formats as SC-DCI formats before the MC-DCI format that the
UE receives (in a first option) no later than N symbols before the first/last symbol of a
PDCCH that includes the MC-DCI format, or (in a second option) no later than N
symbols before the first/last symbol of a first/earliest (or last/latest) PDSCH from the
corresponding co-scheduled PDSCHs or a first/earliest (or last/latest) PUSCH from the
corresponding co-scheduled PUSCHs, or no later than N symbols before the first/last
symbol of an M-th PDSCH or PUSCH from the corresponding co-scheduled PDSCHs
or PUSCHs for an M-th cell when the most recent SC-DCI corresponds to the M-th
cell. For example, a UE is not expected to apply, for a cell from a set of co-scheduled
cells indicated by an MC-DCI format, a TCI state indicated by an SC-DCI format that
the UE received before the MC-DCI format if the UE receives the SC-DCI format in a
second PDCCH that starts/ends in a symbol that is (in the first option) later than N
symbols (that is, less than N symbols) before the first (or last) symbol of a first
PDCCH that includes the MC-DCI format, or (in the second option) later than N
symbols (that is, less than N symbols) before the first (or last) symbol of a first (or last)
PDSCH from the corresponding co-scheduled PDSCHs or a first (or last) PUSCH from
the corresponding co-scheduled PUSCHs. Herein, a first/earliest (or last/latest)
PDSCH or PUSCH can be based on a starting symbol (or ending) symbol of the
PDSCH or PUSCH with respect to an SCS as subsequently described. In one example,
N symbols is considered after a (first or) last symbol of the PDCCH that includes the
SC-DCI format. In another example, N symbols is considered after a (first or) last
symbol of a PUCCH or a PUSCH that the UE would transmit, wherein the PUCCH or
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the PUSCH would include HARQ-ACK information corresponding to the SC-DCI
format (or corresponding to a PDSCH that that is scheduled by the SC-DCI format).
For example, above options can be modified such that N symbols is replaced with the
start of the first slot that is after the N symbols. For example, the UE determines the
most recent SC-DCI format corresponding to a first cell before an MC-DCI format as a
first SC-DCI format that indicates a first TCI state applicable to the first cell with or
without scheduling a second PDSCH on the first cell, such that a first/last symbol of a
PDCCH that includes the MC-DCI format, or a first PDSCH/PUSCH corresponding to
the first cell from among the PDSCHs/PUSCHs that are co-scheduled by the MC-DCI
format is in a slot that is same as or after a first slot that is N symbols after a slot or
after a first/last symbol of a slot or after a first/last symbol of a PUCCH or a PUSCH
that would provide a HARQ-ACK feedback corresponding to the first SC-DCI format
(or corresponding to a second PDSCH that is scheduled by the first SC-DCI format).

Herein, N symbols (or first slot after the N symbols) is based on a UE capability for a
minimum processing time or application time, such as a PDSCH processing time, or a
PUSCH processing time, or a time duration for QCL application, or a beam application
time such as BeamAppTime_rl7, as considered in [TS 38.214 v17.2.0]. In another
example, N symbols is based on a UE capability for a PDCCH processing time, such
as a minimum number of symbols required before transmission of a HARQ-ACK' cor-
responding to a DCI format 1_1 or O_1 or 1_2 or O_2 that is re-purposed for TCI state
indication or for SCell dormancy indication or used for release / deactivation of an SPS
PDSCH, and so on, as considered in REF 4 [TS 38.214, v17.2.0] or REF 3 [TS 38.213,
v17.2.0]. Herein, a symbol can be with respect to:

*an SCS of (an active BWP of) a scheduled cell for which the UE receives the SC-
DCI format;

*an SCS of (an active BWP of) a scheduling cell for the MC-DCI format or the SC-
DCI format;

*a common SCS configured for (active BWPs of) the set of co-scheduled cells, if
applicable;

* a smallest (or largest) SCS configuration (for active BWPs) among the set of co-
scheduled ells;

*an SCS configuration (such as an SCS of an active BWP or a smallest or largest
SCS configured) for a cell with smallest cell index (or with largest cell index) among
the set of co-scheduled cells;

*an SCS configuration (such as an SCS of an active BWP or a smallest or largest
SCS configured) for a cell with smallest cell-level CIF (or with largest cell-level CIF)
among the set of co-scheduled cells; or

*an SCS configuration of an active BWP with the smallest SCS among the
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(configured/active) BWP(s) from the CCs/cells applying the indicated DL/UL/joint
TCIT state that are active at the end of the PUCCH or the PUSCH carrying the positive
HARQ-ACK information corresponding to the indicated TCI state (such as the DCI
format indicating the TCI state, or a corresponding PDSCH that is scheduled by the
DCI format that indicates the TCI state); or

* a reference SCS configured by the gNB or predetermined in the specifications for
system operation, such as 15 kHz for one or both of FR1 and FR2, or such as SCS = 30
kHz for FR1, and SCS = 120 kHz for FR2-1, and so on.

Similar methods and examples are described above for determination of TCI states
for co-scheduled PDSCHs or PUSCHs from most recent SC-DCI formats can apply
when the UE determine TCI states for co-scheduled PDSCHs or PUSCHs from most
recent MC-DCI formats that provide TCI state indication as described in embodiments
below (or combination of most recent SC-DCI formats and MC-DCI formats,
whichever are most recent).

FIGURE 6 illustrates a flow chart of a method 600 for TCI state determination for
co-scheduled PDSCHs or PUSCHs in accordance with various embodiments of the
present disclosure. For example, the method 600 may be performed by the UE 116.
FIGURE 6 is for illustration and not intended as a limitation on the types of methods
that can be utilized in embodiments of the present disclosure.

With reference to FIGURE 6, a UE is configured a set of co-scheduled cells that
includes first cells and second cells, 610. The UE receives a first SC-DCI (or MC-DCI)
format indicating a first TCI state for the first cells, 620. The UE receives a second SC-
DCI (or MC-DCI) format indicating a second TCI state for the second cells, 630. The
UE receives a third MC-DCI format, after the first and second SC-DCI (or MC-DCI)
formats, that schedules PDSCHs or PUSCHs on the set of co-scheduled cells, 640. The
first and second SC-DCI (or MC-DCI) formats are the most recent DCI formats, prior
to the third MC-DCI format, that indicate TCI states for the first and second cells, con-
sidering processing or beam application time. The UE receives first PDSCHs or
transmits first PUSCHs, from the PDSCHs or PUSCHS, on the first cells using the first
indicated TCI state, and receives second PDSCHs or transmits second PUSCHs, from
the PDSCHs or PUSCHS, on the second cells using the second indicated TCI state,
650.

Various embodiments of the present disclosure provide TCI field present in multi-
cell scheduling DCI (MC-DCI) format. In more embodiments, an MC-DCI format can
include one or multiple values for a TCI state field, wherein each value corresponds to
a cell or a group of cells from the set of co-scheduled cells by the MC-DCI format. In
one aspect, the value(s) for the TCI state field correspond to TCI states configured/

activated for a number of lists of cells configured for simultaneous TCI state update,
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and the number of values for the TCI state field in the MC-DCI state is based on the
number of lists of cells for simultaneous TCI state update. In another aspect, the MC-
DCI format can include a value for the TCI state field, wherein the value is from a set
of configured/activated reference TCI states on a reference cell. In a further aspect, the
multiple TCI state indications corresponding to different cells or groups of cells from
the set of co-scheduled cells can be provided using multiple separate values in the MC-
DCI format, or using a single value based on a joint multi-cell TCI state mapping or
table. In one example, when the MC-DCI format includes multiple TCI state in-
dications, the MC-DCI format can include a single TCI state field with multiple values,
or can include multiple TCI state fields each with a separate value corresponding to
one of the indicated TCI states.

In another aspect, when a set of co-scheduled cells, that is indicated by an MC-DCI
format, coincides with (or is a subset of) a single list of cells for simultaneous TCI
state update, the MC-DCI format includes a single value for the TCI state field, and the
UE applies the indicated TCI state to all co-scheduled cells. For example, when the UE
is configured List #1 = {cell#1, cell#2, cell#3, cell#4} for simultaneous TCI state, and
the UE receives a first MC-DCI format that jointly schedules Set #1 = {cell#1, cell#2,
cell#3, cell#4 }, the first MC-DCI state can include a single value for the TCI state, and
the indicated TCI states applies to all co-scheduled cells in the Set #1. Also, when the
UE receives a second MC-DCI format that jointly schedules Set #2 = {cell#2, cell#3},
since Set #2 is a subset of List #1, the second MC-DCI state can include a single value
for the TCT state, and the indicated TCI states applies to all co-scheduled cells in the
Set #2.

In more aspects, when a set of co-scheduled cells, that is indicated by an MC-DCI
format, includes (or overlaps with) M different list of cells for simultaneous TCI state
update, the MC-DCI format includes M values for the TCI state field, and the UE
applies the M indicated TCI states to corresponding co-scheduled cells from the M
different lists. For example, the UE applies a first TCI state from the M indicated TCI
states by the MC-DCI format to first cells from the set of co-scheduled cells that are
included in a first list of cells for simultaneous TCI state update, and the UE applies a
second TCI state from the M indicated TCI states by the MC-DCI format to second
cells from the set of co-scheduled cells that are included in a second list of cells for si-
multaneous TCI state update, and so on. The MC-DCT format includes the M values
for the TCT state field in ascending (or descending) order of the list index among the M
different list of cells for simultaneous TCI state update.

For example, when the UE is configured, in addition to List #1 above, also a List #2
= {cell#5, cell#6, cell#7, cell#8} for simultancous TCI state, and the UE receives a
third MC-DCI format that jointly schedules Set #3 = {cell#3, cell#4, cell#5, cell#6},
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the third MC-DCI state can include two values for the TCI state, wherein the UE
applies the first indicated TCI state value for {cell#3, cell#4} corresponding to List #1,
and applies the second indicated TCI state value for {cell#5, cell#6} corresponding to
List #2.

In various examples, a mapping among values of TCI state field and groups/lists of
cells can be provided by higher layer configuration. For example, the UE can be
provided information of an ordering of values for TCI state field and corresponding
groups/lists of cells. For example, the UE can be provided via higher layer con-
figuration that a first TCI state value in the MC-DCI format corresponds to a 3 list of
cells, and a second TCI state value in the MC-DCI format corresponds to a 1% list of
cells, and so on.

In one example, when an MC-DCI format schedules a set of co-scheduled sets, and
when the MC-DCI format indicates a TCI state for first cells, from the set of co-
scheduled cells, that are included in a first list of cells for simultaneous TCI state, in
one option, the indicated TCI state applies only the first cells (and not to second cells,
from the first list of cells, that are not scheduled by the MC-DCI format). In another
option, the TCI state indicated by the MC-DCI format applies to all cells from the first
list of cells, regardless of whether or not the cells are scheduled by the MC-DCI
format.

FIGURE 7 illustrates a flow chart of a method 700 for TCI state indication by an
MC-DCI format in relation to lists of cells for simultaneous TCI updates in accordance
with various embodiments of the present disclosure. For example, the method 700 may
be performed by the UE 116. FIGURE 7 is for illustration and not intended as a
limitation on the types of methods that can be utilized in embodiments of the present
disclosure.

With reference to FIGURE 7, a UE is configured first and second lists of cells for si-
multaneous TCI state update, 710. The UE is configured a set of co-scheduled cells
that schedules PDSCHs or PUSCHs on the set of co-scheduled cells, and includes first
cells from the first list of cells and second cells from the second list of cells, 720. The
UE receives an MC-DCI format that includes first and second values for a TCI state
field, 730. The UE applies a first TCI states, corresponding to the first value, to the
first cells (or to the first list or cells) and applies a second TCI state, corresponding to
the second value, to the second cells (or to the second list of cells), 740.

In yet another realization, when a set of co-scheduled cells, that is indicated by an
MC-DCI format, includes (or overlaps with) M different list of cells for simultaneous
TCI state update, the MC-DCI format can include only a single value for the TCI state
field, wherein the single value corresponds to a single list of cells for simultaneous TCI

state, and the MC-DCI format provides the index of the corresponding list. Therefore,
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the indication in the MC-DCI format can include a list index as well as a TCI state
value that corresponds to cells from the list whose list index is provided. For other cells
from the set of cells that are jointly scheduled by a first MC-DCI format, the UE
applies a most recent TCI state that is provided by an SC-DCI format or a second MC-
DCI format, that is received before the MC-DCI format, possibly considering
processing time or application time as previously described.

In the example setting described above, the UE can receive a fourth MC-DCI format
that schedules Set #3 = {cell#3, cell#4, cell#5, cell#6}, and the MC-DCI format
indicates list index #2 (using 2 bits when up to 4 lists of cells are configured), along
with a corresponding TCI state. Therefore, the UE applies the indicated TCI state for
{cell#5, cell#6} corresponding to List #2. For {cell#3, cell#4} corresponding to List
#1, the UE applies most recent TCI states provided by most recent SC-DCI formats or
MC-DCI formats prior to the fourth MC-DCI format (possibly considering the TCI
state application/processing time).

This method can be extended to include multiple values corresponding to multiple
lists. For example, the TCI state field can include a first list index and a first TCI state
value corresponding to cells from the first list of cells (associated with the first list
index), and a second list index and a second TCI state value corresponding to cells
from the second list of cells (associated with the second list index). Alternatively, the
MC-DCI format can include a bitmap that indicates for which lists a TCI state value is
provided, along with a number of values for TCI states corresponding to the lists
indicated by the bitmap (for example, with value 1 in the bitmap). A size of the bitmap
can be equal to a number of list of cells for simultaneous TCI state, such as 4 bits when
4 lists of cells are configured. For example, when second and third bits of the bitmap
are 1s, the MC-DCI format will include two values for the TCI state field, corre-
sponding to the second and third lists of cells.

There are a number of options regarding a number of values for the TCI state field in
an MC-DCI format.

In a first option, when a UE is configured L different lists of cells for simultaneous
TCI state update, an MC-DCI format can include M values, with M < L, wherein M
equals a number of lists that overlap with a set of co-scheduled cells that is indicated
by the MC-DCII format or associated with a search space set according to which the
MC-DCI format is monitored. For example, the UE can be configured L = 4 different
lists for simultaneous TCI state update, and the MC-DCI format can include only M =
2 values for the TCI state field.

In a second option, when a UE is configured L different lists of cells for si-
multaneous TCI state update, an MC-DCI format can include M values, with M < L,

wherein M equals a maximum number of lists that overlap with any set of co-
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scheduled cells associated with a same scheduling cell, or a maximum number of lists
that overlap with any set of co-scheduled cells configured to the UE.

In a third option, when a UE is configured L different lists of cells for simultaneous
TCI state update, an MC-DCI format includes M = L values for the TCI state field.

For cases when an MC-DCI format, that scheduled a set of co-scheduled cells,
includes M values for TCI state indication that is larger than a number M1 of lists of
cells for simultaneous TCI state update that overlap with the set of co-scheduled cells
(that is, M > M1), such as for the second or third option above, a number of al-
ternatives can be considered.

In one alternative, the MC-DCI format can include (M - M1) reserved values for the
TCIT state field, such as all Os, corresponding to non-scheduled lists. In another al-
ternative, the MC-DCI format can include non-reserved values for the TCI state field
corresponding to the (M - M1) non-scheduled lists. For example, an MC-DCI format
can include M = L values for the TCI state field, wherein M1 values correspond to first
lists of cells for simultaneous TCI state update that overlap with the set of co-
scheduled cells, and (L - M 1) values correspond to second lists of cells for si-
multaneous TCI state update that are not scheduled by the MC-DCI format. The latter
alternative allows for TCI state indication using MC-DCI format even for cells that are
not scheduled by the MC-DCI format.

In a fourth option, an MC-DCI format can include a single value for the TCI state
field, wherein the single value points to a row index from a table configured/activated
by higher layers, and the row of the table provides up to L values corresponding to TCI
state IDs for cells from the L configured lists of cells for simultaneous TCI state
update. The table can be provided by RRC configuration or MAC-CE activation
command. Accordingly, the UE determines a first TCI state for first cells from a first
list based on a first value of the indicated row of the table, and determines a second
TCT state for second cells from a second list based on a second value of the indicated
row of the table. Therefore, the table provides a joint mapping or a multi-cell mapping
for TCI state indication, wherein each tuple / row corresponds to the L configured lists
of cells. When an MC-DCI format schedules a set of co-scheduled cells that includes
cells from a list of cells for simultaneous TCI state update for which the indicated row
of the table does not provide a TCI state ID value, the UE applies a most recent TCI
state that is provided by an SC-DCI format or another MC-DCI format, that is received
before the MC-DCI format, possibly considering processing time or application time as
previously described.

In one example, an MC-DCI format can an MC-DCI format can include a single
value for the TCI state field, wherein the single value points to a row index from a

table configured by higher layers, and the row of the table provides:
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- up to N_max values corresponding to TCI state IDs for cells from N_max cells
configured with multi-cell scheduling (that is, cells that are included in at least one
configured set of co-scheduled cells), associated with a scheduling cell, or across
different scheduling cells;

- up to N_g values corresponding to TCI state IDs for up to N_g sub-sets of cells that
are configured with multi-cell scheduling, associated with a scheduling cell, or across
different scheduling cells;

- or up to N values corresponding to TCI state IDs for all N configured serving cells,
associated with a scheduling cell, or across different scheduling cells.

For example, when the TCI state field in the MC-DCI format points to a row in such
a joint multi-cell TCI state table as described above, and the row in the table provides a
TCI state ID for a first cell, the UE applies the TCI state ID to any second cell that is in
a same list of cells, such as a same list of cells for simultaneous TCI state update, as
the first cell.

In another example, when a first cell and a second cell are in a same list of cells for
simultaneous TCI state update, and a row of a joint multi-cell TCI state table as
described above provides a first TCI state ID for the first cell and a second TCI state
ID for the second cell, the UE expects that the first TCI state ID is same as the second
TCI state ID.

In yet more examples, the joint multi-cell TCI state table described above includes 8
combinations (such as 8 pairs, or 8 triples, and so on) of TCI state IDs corresponding
to different cells or subsets of cells or list of cells, as described above. Therefore, an
MC-DCI format can include 3 bits to indicate one of the 8 combinations of TCI state
IDs. In another example, the table described above can includes more combinations,
such as N > § combinations of TCI state IDs corresponding to different cells or subsets
of cells or list of cells. In such case, an MC-DCI format can include ceil(log2(N)) bits
for the TCI state field. For example, the table can include N = 16 combinations, and
the TCI state field can include 4 bits.

For example, TCI states in a combination of TCI states that is provided by a row in a
joint multi-cell table for TCI state indication for multi-cell scheduling on a set/
subset/number/list of cells can include TCI states that are configured by higher layers
or activated by MAC-CE for the respective cells.

For example, the UE can be configured, via higher layer such as RRC information, a
first set of 64 TCI states for a first cell and a second set of 64 TCI states for a second
cell. For example, the UE can be configured, via higher layer such as RRC con-
figuration, a third set of 16 pairs of TCI states for multi-cell PDSCH reception or
PUSCH transmissions on the first and the second cells, wherein each pair from the 16

pairs includes a first TCI state from the first set of 64 TCI states on the first cell, and a
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second TCT state from the second set of 64 TCI states on the second cell. For example,
a codepoint provided in a multi-cell scheduling DCI format indicates one of the 16
pairs of TCI states that are based on first and second indexes of configured TCI states
on the first and second cells.

In another example, the UE can be provided, via a first MAC-CE command, a first
set of 8 activated TCI states from the 64 configured TCI states for the first cell, and via
a second MAC-CE command, a second set of 8 activated TCI states from the 64
configured TCI states for the second cell. For example, the UE can be configured, via
higher layer such as RRC configuration, a third set of 16 pairs of TCI state indexes for
multi-cell PDSCH reception or PUSCH transmissions on the first and the second cells,
wherein each pair from the 16 pairs includes a first TCI state index from the first set of
8 activated TCI states on the first cell, and a second TCI state from the second set of 8
activated TCI states on the second cell. For example, a codepoint provided in a multi-
cell scheduling DCI format indicates one of the 16 pairs of activated TCI states that are
based on first and second indexes of activated TCI states on the first and second cells.
For example, a codepoint in the multi-cell scheduling DCI format can indicate a pair of
values, with each pair including a first index n1l from a set {0, 1, ..., 7} and a second
index n2 from a set of {0, 1, ..., 7}, wherein the first index and the second indexes cor-
responds to nl-th activated TCI states on the first cell and n2-th activated TCI state on
the second cell. For example, a pair (2, 5) indicates an activated TCI state index nl =2
on the first cell (which can point to a configured TCI state index m1, such as m1 = 21),
and an activated TCI state index n2 = 5 on the second cell (which can point to a
configured TCI state index m2, such as m2 = 17), wherein the indexes m1 and m2 are
provided by the first and second MAC-CE commands.

For example, while the configured indexes for the activated values for each cell can
be updated by MAC-CE activation/deactivation/update commend individually for each
cell, the linking provided by the combinations is maintained based on RRC con-
figuration. For example, the UE can receive a later time third and fourth MAC-CE
commands received later for the first and second cells that provide configured indexes
ml = 14 and m2 = 26, for the sub-selected pair (nl, n2) = (2, 5).

In another example, a combination of TCI state ID provided by a row in the joint
multi-cell TCI state table described above can include a TCI state ID that is activated
by a MAC-CE command for each cell or each set/subset/list of cells from cells corre-
sponding to the row. For example, the UE receives a first MAC-CE activating first 8
TCT states (for example, from first 64 configured TCI states) for a first cell, and a
second MAC-CE activating second 8 TCI states (for example, from second 64
configured TCI states) for a second cell. Then, the UE receives a third MAC-CE that

includes a joint multi-cell TCI state table that activates 8 pairs of TCI states for multi-
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cell scheduling from the 8 x 8 = 64 pairs of (individually) activated TCI states for the
first cell and the second cell.

In further examples, a combination of TCI state ID provided by a row in the joint
multi-cell TCI state table described above can include a TCI state ID that is an RRC
configured TCI state ID for each cell from cells corresponding to the row. For
example, the UE receives first RRC information configurating first 64 TCI states for a
first cell, and second RRC information configuring second 64 TCI states for a second
cell. Then, the UE receives a MAC-CE that includes a joint multi-cell TCI state table
that activates 8 pairs of TCI states for multi-cell scheduling from the 64 x 64 = 4096
pairs of configreud TCI states for the first cell and the second cell. For example, the
UE may not need individual MAC-CE commands for each cell (or list of cells), at least
when the UE does not monitor single-cell scheduling DCI formats for the first cell or
the second cell.

In one example, a signaling method for the joint multi-cell TCI state table can be
based on the number of TCI states configured (or activated) for each cell in a set of
cells or based on the signaling method for the TCI states applicable to each cell from
the set of cells for multi-cell scheduling. For example, if a number of configured (or
activated) TCI states for one cell or for each cell / all cells from a set of cells is smaller
than (or equal to) a threshold, such as 8 TCI states, then the joint multi-cell TCI table
can be provided by RRC configuration. For example, when the number of configured
(or activated) TCT states for one cell or for each cell / all cells in a set of cells is larger
than (or equal to) the threshold, then the joint multi-cell TCI table can be provided by
MAC-CE activation command. For example, when the UE has not received any in-
dividual per-cell MAC-CE command for activation of TCI states for one cell or for
each cell / all cells in a set of cells (such as when a single-cell scheduling DCI format,
e.g., a DCI format 1_0/1_1/1_2, for a cell includes a TCI field with values directly
from the set of TCI states configured by RRC, rather than from a set of TCI states
activated by MAC-CE, corresponding to the one/each cell), then the joint multi-cell
TCT table can be provided by RRC configuration. For example, when the UE has
received (at least) one individual per-cell MAC-CE command for activation of TCI
states for (at least) one cell or for each cell / all cells in a set of cells (such as when a
single-cell scheduling DCI format, e.g., a DCI format 1_0/1_1/1_2, for the one/each
cell includes a TCI field with values from a set of TCI states activated by MAC-CE,
that are a subset of the set of TCI states configured by RRC corresponding to the one/
each cell), then the joint multi-cell TCI table can be provided by MAC-CE activation
command. Similar method applies to fields other than TCI field, such as RM indicator
field, ZP CSI-RS trigger field, TDRA, and so on.

In one example, the UE can determine that a TCI state indicated by an MC-DCI
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format is invalid. For example, when a TCI field of the MC-DCI indicates a TCI state
combination that points to a first TCI state for a first cell and the first TCI state is not a
valid TCI state for the first cell. For example, the TCI state combination includes a first
TCI state index for the first cell that is not configured for the first cell by RRC or is not
activated for the first cell via a (per-cell) MAC-CE command for TCI state activation
for the first cell. For example, the TCI state combination indicates a TCI state index 6
for the first cell, while the MAC-CE command for TCI state activation for the first cell
has activated only 4 TCI states with indexes O through 3, so a TCI state index 6 is not
activated/available/applicable, and therefore invalid.

When a first TCI state, corresponding to a first cell, from a TCI state combination
indicated by the TCI field of a multi-cell scheduling DCI (MC-DCI) format 1_3 is
invalid, in one option, the UE discards the first TCI state for the first cell. For example,
the UE does not apply the first TCI state as an “indicated” TCI state for the first cell
(for example, when the UE operates with the Rel-17 unified TCI framework). For
example, the UE applies or continues to apply a most recent indicated TCI state, such
as a TCI state indicated by a previous single-cell scheduling DCI (SC-DCI) format or a
previous MC-DCI format, taking into account any processing time such as PDSCH/
PUSCH processing time or time for QCL application, or beam application time as
descried earlier in the present disclosure (for example, when the UE operates with the
Rel-17 unified TCI framework). For example, the UE applies a default spatial relation
for the first cell or for a first PDSCH corresponding to the first cell that was scheduled
by the MC-DCII format 1_3 (for example, when the UE operates with the Rel-15/16
TCI framework). In another option, the UE discard the first PDSCH corresponding to
the first cell that was scheduled by the MC-DCI format 1_3 (for example, when the UE
operates with the Rel-15/16 TCI framework). In another option, the UE discards all
TCI states indicated by the TCI state combination of the MC-DCI format 1_3 for all
cells scheduled by the MC-DCI or for all cells in the corresponding set of cells for
multi-cell scheduling. In yet another option, the UE discards the MC-DCI format 1_3
entirely and discard all PDSCHs (that is, does not receive any PDSCHs) that were
scheduled by the MC-DCI.

In one example, the UE can report a capability for a number of TCI states that the UE
can support across a set / number of co-scheduled cells. For example, the UE reports
that the UE can support (only) N = 1 or 2 TCI states in a same symbol or slot across
multiple serving cells / carrier frequencies / frequency bands. For example, the UE ca-
pability can be based on a number of independent RF chains or antenna panels or
arrays or sub-arrays that the UE supports. For example, the UE can be provided, via
RRC configuration or via a MAC-CE for cell-set-level sub-selection of activated TCI

states, a joint multi-cell table for indication of combinations of TCI states for one or
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multiple sets/subsets/numbers/lists of co-scheduled cells or lists of serving cells such
as lists of cells for simultaneous TCI state update. For example, a multi-cell scheduling
DCI format can include a codepoint that indicates a combination of TCI states for one
or multiple sets/subsets/numbers/lists of co-scheduled cells or lists of serving cells
such as lists of cells for simultaneous TCI state update. For example, the UE does not
expect that the combination of TCI states, provided by the RRC configuration or by the
MAC-CE command or by the codepoint in the DCI format, is such that the UE would
need to apply more than N different TCI states for PDSCH receptions or for PUSCH
transmission. In another example, the UE can report a first such number for a
maximum number of TCI states for DL such as for co-scheduled PDSCH receptions
and a second such number for a maximum number of TCI states for UL such as for co-
scheduled PUSCH transmissions.

For example, a UE can apply one or multiple default or reference TCI states for a
number of co-scheduled cells such as a set or subset or list of co-scheduled cells. For
example, the default or reference TCI state may apply before receiving dedicated TCI
state indication, such as a DCI format that provides an indicated TCI states or a MAC-
CE command that activates a number of TCI states to be indicated by the DCI format.
For example, the UE may apply the default or reference TCI states when a scheduling
offset for the corresponding PDSCH reception (or PUSCH transmission) is less than a
number of symbols or slot for beam indication application (e.g., beamAppTime), such
as for processing the DCI or acquisition of the TCI states, beam switching latency and
SO on.

In one example, the UE can determine separate default or reference TCI states for
different co-scheduled cells. In another example, the UE can determine a same default
or reference TCI state for different co-scheduled cells. In one example, determining of
a same or different default or reference TCI states for co-scheduled cells can be based
on a UE capability. For example, a UE reporting a capability for N TCI states in a
same time can apply N separate default or reference TCI states. For example, a UE
reporting a capability for only one TCI state at a same time/symbol/slot can apply a
single/same default or reference TCI state for different co-scheduled cells.

In another embodiment, the UE can be configured with a reference cell, and the UE
can be configured with a set of reference TCI states or can be provided a MAC CE ac-
tivation command that activates a set of reference TCI states. Accordingly, the UE can
receive an MC-DCI format that indicates a TCI state from the configured/activated set
of reference TCI states. The UE applies the indicated TCI state to all cells in the set of
co-scheduled cells. In one example, the reference cell can be a scheduling cell on
which the UE receives the corresponding MC-DCI format. In another example, the

reference cell can be a cell from the set of scheduled cells, such as a cell with smallest
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or largest cell index or CIF among the set of co-scheduled cells. In one example, the
reference cell can be the PCell for the UE. In one example, the reference cell is
provided by higher layer configuration.

In another example, the reference cell for TCI state indication is specific to a set of
co-scheduled cells. For example, the UE can be configured / determine a first reference
cell for a first set of co-scheduled cells, and a second reference cell for a second set of
co-scheduled cells. In another example, the reference cell can be common to different
sets of co-scheduled cells that have a same scheduling cell. For example, a first
reference cells applies to first and second sets of co-scheduled cells that correspond to
a first scheduling cell. For example, the UE can be configured / determine a second
reference cell for third and fourth set of co-scheduled cells that correspond to a second
scheduling cell. In another example, the reference cell can be common to all sets of co-
scheduled cells corresponding to all scheduling cells. Similar examples apply to the
configured/activated set of reference TCI states applicable to sets of co-scheduled
cells.

In yet another example, when the UE is configured both lists of cells for si-
multaneous TCT state update and reference TCI states on a reference cell, an MC-DCI
format (or an SC-DCI format) can include a 1-bit field to indicate whether a value
provided by a TCT state field in the MC-DCI (or the SC-DCI) format corresponds to
the lists of cells or corresponds to the reference TCI states.

FIGURE 8 illustrates a flow chart of a method 800 for TCI state indication by an
MC-DCI format in relation to a set of reference TCI states in accordance with various
embodiments of the present disclosure. For example, the method 800 may be
performed by the UE 116. FIGURE 8 is for illustration and not intended as a limitation
on the types of methods that can be utilized in embodiments of the present disclosure.

With reference to FIGURE 8, a UE is configured a set of co-scheduled cells, 810.
The UE identifies a reference set of TCI states on a reference cell, 820. The UE
receives an MC-DCI format that includes a value for a TCI state field, 830. The UE
applies, to the set of co-scheduled cells, a reference TCI states, corresponding to the
value, from the set of reference TCI states, 840.

In one example, when an MC-DCI format includes one or multiple values for a TCI
state field, the UE applies the indicated TCI states (based on any of the methods
described above) to the co-scheduled PDSCHs or co-scheduled PUSCHs that are
jointly scheduled by the MC-DCI format.

In another example, the indicated TCI states correspond to subsequent PDSCH re-
ceptions or PUSCH transmission on corresponding cells that are scheduled by
subsequent SC-DCI formats or MC-DCI format, such as those that are
BeamAppTime_rl7 symbols after a last symbol of a PUCCH that include HARQ-
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ACK information corresponding to the PDSCHs that are scheduled by the MC-DCI
format, or corresponding to the MC-DCI format when the MC-DCI format schedules
PUSCHs. Accordingly, for reception of PDSCHs or transmission of PUSCHs that are
scheduled by the MC-DCI format, the UE applies TCI states that are provided by most
recent TCI states that are indicated for the corresponding cells using previous SC-DCI
formats or MC-DCI formats.

In some examples, the UE determines whether a TCI state indicated by an MC-DCI
format is a DL or UL or joint DL/UL TCI state (and not a DL TCI state) based on
higher layer configuration or MAC CE activation command for the TCI state, for
example for the list of cells for simultaneous TCI state update.

For example, the UE can be provided higher layer configuration, such as RRC in-
formation element unifiedTCI-StateType, that indicates whether TCI states configured
for a serving cell are from a joint TCI state type that are applicable to both downlink
and uplink operation, or whether the configured TCI states for the serving cell are of a
separate type that need separate TCI state indication for DL and for UL operation. In
one example, the UE expects that, all co-scheduled cells have a same unifiedTCI-
StateType, therefore all cells operate with joint DL/UL TCI states, or all cells operate
with separate DL/UL TCI states. In another example, each co-scheduled cell or each
list of cells from the set of co-scheduled cells can have separate/different unifiedTCI-
StateType. In one example, cells in a list of cells, such as a list of cells for si-
multaneous TCI state update, are provided a same configuration for unifiedTCI-
StateType, but different lists can have separate/different configurations for unifiedTCI-
StateType.

For example, when a MAC CE command activates a TCI state for a cell or a list of
cells and provides a ‘direction’ of the activated TCI state as a DL TCI state
(respectively, UL TCI state or joint DL/UL TCI state), and the MC-DCI indicates the
TCI state, the UE applies the TCI states as a DL TCI state (respectively, as an UL TCI
state or as a joint DL/UL TCI state) for the cell or for the list of cells.

In yet another example, only a DL. MC-DCI format such as DCI format 1_3 includes
a TCI state field, and an UL MC-DCI format such as DCI format 0_3 does not include
a TCI state field. In one example, both DL MC-DCI format 1_3 and UL DCI format
0_3 can include a TCI state field.

For example, a UE does not expect to receive first lists of cells for simultaneous DL
TCI state (respectively, UL TCI state) and second lists of cells for simultaneous joint
DL/UL TCI state that share common cells. Accordingly, when an MC-DCI format
indicates a TCI state for cells whose associated list of cells for simultaneous TCI state
is configured for DL TCI state (respectively, UL TCI state), the indicated TCI state is a
DL TCI state (respectively, UL TCI state). For example, when an MC-DCI format
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indicates a TCI state for cells whose associated list of cells for simultaneous TCI state
is configured for joint DL/UL TCI state, the indicated TCI state is a joint DL/UL TCI
state.

In some examples, for a MC-DCI format such as DCI format 1_3 (or 0_3) that
schedules a set of co-scheduled cells, the MC-DCI format can indicate first and second
TCI states for first and second cells, from the set of co-scheduled cells, wherein the
first TCI state is a DL TCI state (or UL TCI state), and the second TCI state is a joint
DL/UL TCI state.

In one example, when the UE is not configured list of cells for simultaneous TCI
state update, the UE can be configured whether the MC-DCI format includes cell-
specific values for the TCI state field (that is, separate TCI states provided by each cell
or each sub-group of cells from the set of co-scheduled cells) or a cell-common value
providing a single TCI state applicable to all cells in the set of co-scheduled cells.

The above methods and examples were described using the notion of lists of cells for
simultaneous TCI state update. Same methods and examples apply with lists of cells
for simultaneous TCI state replaced by other configured lists of cells, such as sub-
groups of cells, that can be different from the lists of cells for simultaneous TCI state
update. In one example, same sub-groups of cells can be configured for multiple fields
in the MC-DCI format, such as for TDRA field, TCI state field, rate matching pattern
indicator field, ZP CSI-RS trigger field, and so on.

For example, for any field in a multi-cell scheduling DCI format that is
(pre)determined to operate based on a joint multi-cell table, the UE can be provided
with a “cell-set-level” MAC-CE command that provides the joint multi-cell table. For
example, the “cell-set-level” MAC-CE command provides a list of “activated” com-
binations that are a sub-selection among possible combinations of values, across
different co-scheduled cells, for the respective field. For example, the multi-cell
scheduling DCI format provides a codepoint for the respective field that indicates a
row of the joint multi-cell table, that is, an “activated” combination from the list of
activated combinations. For example, values provided by each activated combination
can be from a set of configured values provided by higher layers or from a subset of
activated value by other MAC-CE commands individually for each cell, from the set/
subset/number/list of cells. For example, each combination can include explicit values
for the respective field, or can include indexes to the corresponding values, wherein the
indexes are provided by higher layer configuration or by a MAC-CE command.

In another example, the cell-set-level sub-selection is provided an RRC con-
figuration, wherein the sub-selected combinations of values are from a respective set of
RRC-configured values (or corresponding indexes) for each respective cell, or from a

respective set of MAC-CE activated / selected values (or corresponding indexes) for
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each respective cell. For example, while the configured indexes for the activated values
for each cell can be updated by MAC-CE activation/deactivation/update commend in-
dividually for each cell, the linking provided by the combinations is maintained based
on RRC configuration. For example, the UE can be provided by RRC configuration a
combination of indexes (nl, n2) = (2, 5), wherein the indexes nl =2 and n2 = 5 may
point to respective values with configured indexes m1 =21 and m2 = 17, based on first
and second MAC-CE commands received for the first and second cells, while the
indexes nl =2 and n2 = 5 may at a later time point to respective values with
configured indexes m1 = 14 and m2 = 26, based on third and fourth MAC-CE
commands received later for the first and second cells.

For example, the field can include one or more of: Rate matching indicator, ZP CSI-
RS trigger, TCI, SRS request, SRS offset indicator, or TDRA. For example, a DCI
format for multi-cell scheduling can include 4 bits for a rate matching indicator, so that
a codepoint can indicate one out of 16 combinations of rate matching patter indicator
values for the co-scheduled cells. For example, each combination includes up to 4
values corresponding to up to 4 cells. For example, a list of 16 combinations is
provided by higher layer configuration or by a MAC-CE command. For example, a
value from the up to 4 values in each combination include a codepoint or index for a
rate matching pattern indicator for a respective cell. For example, a combination for an
SRS offset indicator can include a list of up to 4 values for the SRS offset, or can
include a list of up to 4 indexes, wherein each index is from a set of indexes for SRS
offset values that are configured by RRC or activated by MAC-CE for a respective
cell. Similar methods hold for other parameters, such as ZP CSI-RS trigger, SRS
request, or TDRA.

In one example, uplink MIMO fields are cell-common fields for a set of co-
scheduled PUSCHs. For example, a same SRI and a same PMI can be shared by all co-
scheduled PUSCHs. For example, when the UE is configured with two SRS resource
sets for codebook-based or non-codebook-based PUSCH transmission on first cell(s)
from a set of co-scheduled cells, the multi-cell scheduling DCI format can include cell-
common “SRS resoruce set indicator”, “second SRI”, and “second PMI” fields that
commonly apply to the co-scheduled PUSCH(s) on the first cell(s). For example, the
UE ignores those DCI fields for remaining cell(s) from the set of co-scheduled cells
that are not configrued two SRS resource sets for codebook-based or non-
codebook-based PUSCH transmission.

In other examples, SRI and PMI fields, and when configured/applicale, second SRI,
second PMI and SRS resource set indicator fields are cell-specific fields that are sep-
areately provided for each of co-scheduled cells.

In yet another example, a DCI format for multi-cell scehduling includes a first SRI
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and PMI field for first cell(s), and a second SRI and PMI field for second cell(s),
wherein:

- the first and second cell(s) are subset of the set of co-schedueld cells, and

- the first cell(s) are configured/activated/indicated to follow a first UL TCI or a first
pathloss RS,

- the second cell(s) are configured/activated/indicated to follow a second UL TCI or a
second pathloss RS.

In some other examples, a TPC command field for co-scheduled PUSCHs can be a
cell-specific field in a DCI format for multi-cell sheduling that is provided separately
for each of co-scheduled PUSCHs. In another example, the TPC command field for co-
scheduled PUSCHs can be shared for each subset of co-scheduled cell(s) that follow a
same pathloss reference signal or follow a same SRS or UL TCI state for PUSCH
transmission. Therefore, the DCI format can include a number of TPC command fields
equal to a (maximum) number of pathloss RSs or SRS resources or UL TCIs corre-
sponding to the set of co-scheduled cells.

In one example, a serving cell from a set of co-scheduled cells can operate with two
or multiple transmission-reception points (TRPs). Herein, operation with one or TRP
can be based on, for example, configuration of one or two CORESETpoollndex values
or configuration of one or two SRS resource sets with usage as ‘codebook’ or
‘noncodebook’, respectively. In such case, in one alternative, both TRPs of the serving
cell have a same unifiedTCI-StateType, and therefore same TCI state(s) apply to both
TRPs. For example, when the serving cell is configured unifiedTCI-StateType as joint,
then a same TCI state applies to both DL and UL of both TRPs of a serving cell. For
example, when the serving cell is configured unifiedTCI-State Type as separate, a first
TCI state applies as DL TCI state of both TRPs, and a second TCI state applies as UL
TCI state of both TRPs of the serving cell. In a second alternative, each TRP of the
serving cell can have a separate configuration for unifiedTCI-StateType, so a first TRP
of the serving cell is configured unifiedTCI-StateType as joint, and a second TRP of
the serving cell is configured unifiedTCI-StateType as separate.

In one example, a UE expects not to be configured with two TRPs for any serving
cells from a set of co-scheduled cells. In another example, a UE can be configured with
two TRPs for some co-scheduled cells. For example, a UE does not expect to be
configured a set of co-scheduled cell including a first cell and a second cell, wherein
the first cell is configured one TRP and the second cell is configured two TRPs. In one
example, the UE does not expect to be configured a set of co-scheduled cell including
a first cell and a second cell, wherein the first cell is configured with two TRPs having
a same unifiedTCI-StateType configuration, and the second cell is configured with two

TRPs having a different unifiedTCI-StateType configurations. In one example, a UE
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expects that all cells and corresponding TRPs within a same list of cells, such as a list
of cells for simultaneous TCI state update, have a same configuration for unifiedTCI-
StateType.

In one example, an MC-DCI format can indicate a first TCI state value for first TRPs
corresponding to a first list of cells, such as a first list of cells for simultaneous TCI
state update, and a second TCI state value for second TPRs corresponding to the first
list of cells. For example, when a first cell from the first list of cells does not include a
configuration for a second TRP, the UE discards that value for the first cell (and the
value can be applied to a second TRP of a second cell from the first list of cells).

Various embodiments of the present disclosure provide for determination of the
presence or absence of TCI field in MC-DCI format. In one embodiment, the UE de-
termines whether an MC-DCI format includes or does not include a TCI state field
based on the specifications for system operation or based on higher layer con-
figuration. Additionally, the MC-DCI format can include an indication, such as a 1-bit
flag, that indicates whether the UE needs to apply, for the TCI state of the co-
scheduled cells, a value provided by a most recent SC-DCI format (or a most recent
MC-DCI format) or a reference value configured or activated by higher layers, such as
RRC or MAC CE, on a reference cell.

In one example, the specifications for system operation determines whether an MC-
DCI format does or does not include a value for a TCI state field.

In another example, higher layers such as RRC provides information of whether the
MC-DCI format includes one or multiple values for the TCI state field, for example
based on the methods described in embodiments above, or whether the MC-DCI
format does not include a value for the TCI state field, with behaviors as described in
embodiments above.

In one example, an MC-DCI format can include an indication, such as a 1-bit field,
that indicates whether the UE applies, for PDSCHs or PUSCHs co-scheduled by the
MC-DCI format, TCI states provided by most recent SC-DCI formats (or most recent
MC-DCI formats) or whether the UE applies a reference TCI state. Herein, a reference
TCI state can be configured by higher layers such as RRC or activated by a MAC-CE
command. The reference TCI state can be separately provided for each of the co-
scheduled cells, or a same reference TCI state can be provided for all co-scheduled
cells. For example, the UE can be provided a first reference TCI state for a first sub-
groups of cells, and a second reference TCI state for a second sub-group of cells,
where the first and second sub-groups of cells are from the set of co-scheduled cells.
The indication can be configurable by higher layers. For example, a reference TCI
state can be based on a set of reference TCI states as described in embodiments above.

For example, a reference TCI state can be a first (or a last) TCI state, or a reference
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TCT state with smallest (or largest) TCI state ID, from the set of reference TCI states
activated by the MAC CE or configured by RRC.

[319] In one example, the MC-DCI format includes such indication only when the TCI
state field is absent in the MC-DCI format. In another example, the MC-DCI format
includes such indication also when the TCI state field is present in the MC-DCI
format, for example, because the UE does not apply the TCI state indicated by the MC-
DCI format to co-scheduled PDSCHs or PUSCHs (due to beam application time
delay), and therefore needs to rely on other TCI state indication (such as a previously
indicated TCI state or a default TCI state) for the co-scheduled PDSCHs or PUSCHs.

[320] Such indication can be beneficial, for example, when the UE fails to receive and
decode a first SC-DCI format (or a first MC-DCI format) with a TCI state indication,
and therefore the UE would apply a ‘older’ TCI state indicated by a second SC-DCI
format (or a second MC-DCI format) with a TCI state indication that the UE was able
to successfully receive and decode, wherein the second SC-DCI format (or the second
MC-DCI format) was transmitted by the gNB earlier than the first SC-DCI format (or
the first MC-DCI format). Accordingly, the gNB can provide, in an MC-DCI format
transmitted after the first SC-DCI format (or the first MC-DCI format), the 1-bit in-
dication whether the gNB prefers the UE to use the ‘old’ TCI state indicated by the
second SC-DCI / MC-DCI format, or to use the reference / default TCI state. In one
example, when such field is not provided in the MC-DCI format, the UE applies the
‘old” TCI state indicated by the second SC-DCI / MC-DCI format.

[321] The methods and examples described above for TCI state indication can be applied
to other scheduling parameters for multi-cell scheduling, such as rate matching pattern,
ZP CSI-RS trigger, and so on. For example, the corresponding fields can be absent in
the MC-DCI format, and the UE determines the corresponding parameter value from
most recent SC-DCI format (or MC-DCI format) that indicate a value for the
parameter, possibly considering UE/gNB processing or application time. For example,
the corresponding fields can be present in the MC-DCI format and provided for lists of
cells or sub-groups of cells. For example, the corresponding fields can be present in the
MC-DCI format and provided with respect to reference values on a reference cell. For
example, the MC-DCI format can include one or multiple indications (such as 1-bit in-
dications), corresponding to the set of co-scheduled cells or corresponding to multiple
sub-groups of cells from the set of co-scheduled cells, wherein the indications indicate
whether the UE needs to apply, for a scheduling parameter, a value from a most recent
SC-DCI format (or MC-DCI format) or apply a reference value provide by higher layer
configuration or MAC-CE activation command. For example, such indications can be
separately provided for each corresponding scheduling parameter, or a same indication

can be provided for different corresponding scheduling parameters such as a group of
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scheduling parameters. For example, a same indication can be provided for TCI state,
rate matching pattern, ZP CSI-RS trigger, and so on.

FIGURE 9 illustrates a block diagram of a terminal (or a user equipment (UE)),
according to the embodiments as disclosed herein.

As shown in FIGURE. 9, a terminal according to an embodiment may include a
transceiver 910, a memory 920, and a processor (or a controller) 930. The transceiver
910, the memory 920, and the processor (or controller) 930 of the terminal may operate
according to a communication method of the terminal described above. However, the
components of the terminal are not limited thereto. For example, the terminal may
include more or fewer components than those described in FIGURE 9. In addition, the
processor (or controller) 930, the transceiver 910, and the memory 920 may be im-
plemented as a single chip. Also, the processor (or controller) 930 may include at least
one processor. Furthermore, the terminal of FIGURE. 9 corresponds to the UEs
111-116 of FIGURE. 1.

The transceiver 910 collectively refers to a terminal station receiver and a terminal
transmitter, and may transmit/receive a signal to/from a base station or another
terminal. The signal transmitted or received to or from the terminal may include
control information and data. The transceiver 910 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 910 and components of the transceiver 910
are not limited to the RF transmitter and the RF receiver.

Also, the transceiver 910 may receive and output, to the processor (or controller)
930, a signal through a wireless channel, and transmit a signal output from the
processor (or controller) 930 through the wireless channel.

The memory 920 may store a program and data required for operations of the
terminal. Also, the memory 920 may store control information or data included in a
signal obtained by the terminal. The memory 920 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 (or controller) 930 may control a series of processes such that the
terminal operates as described above. For example, the processor (or controller) 930
may receive a data signal and/or a control signal, and the processor (or controller) 930
may determine a result of receiving the signal transmitted by the base station and/or the
other terminal.

FIGURE 10 illustrates a block diagram of a base station (BS), according to the em-
bodiments as disclosed herein.

As shown in FIGURE. 10 is, the base station of the present disclosure may include a



67

WO 2024/039217 PCT/KR2023/012261

[330]

[331]

[332]

[333]

[334]

[335]

transceiver 1010, a memory 1020, and a processor (or, a controller) 1030. The
transceiver 1010, the memory 1020, and the processor (or controller) 1030 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 in FIGURE 10. In addition, the processor (or controller) 1330, the transceiver
1010, and the memory 1020 may be implemented as a single chip. Also, the processor
(or controller)1330 may include at least one processor. Furthermore, the base station of
FIGURE. 10 corresponds to the BSs 101-103 of FIGURE. 1.

The transceiver 1010 collectively refers to a base station receiver and a base station
transmitter, and may transmit/receive a signal to/from a terminal, another base station,
and/or a core network function(s) (or entity(s)). The signal transmitted or received to or
from the base station may include control information and data. The transceiver 1010
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
1010 and components of the transceiver 1010 are not limited to the RF transmitter and
the RF receiver.

Also, the transceiver 1010 may receive and output, to the processor (or controller)
1030, a signal through a wireless channel, and transmit a signal output from the
processor (or controller) 1030 through the wireless channel.

The memory 1020 may store a program and data required for operations of the base
station. Also, the memory 1020 may store control information or data included in a
signal obtained by the base station. The memory 1020 may be a storage medium, such
as ROM, RAM, a hard disk, a CD-ROM, and a DVD, or a combination of storage
media.

The processor (or controller) 1030 may control a series of processes such that the
base station operates as described above. For example, the processor (or controller)
1030 may receive a data signal and/or a control signal, and the processor (or controller)
1030 may determine a result of receiving the signal transmitted by the terminal and/or
the core network function.

The methods according to the embodiments described in the claims or the detailed
description of the present disclosure may be implemented in hardware, software, or a
combination of hardware and software.

When the electrical structures and methods are implemented in software, a computer-
readable recording medium having one or more programs (software modules) recorded
thereon may be provided. The one or more programs recorded on the computer-

readable recording medium are configured to be executable by one or more processors
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in an electronic device. The one or more programs include instructions to execute the
methods according to the embodiments described in the claims or the detailed de-
scription of the present disclosure.

The programs (e.g., software modules or software) may be stored in random access
memory (RAM), non-volatile memory including flash memory, read-only memory
(ROM), electrically erasable programmable read-only memory (EEPROM), a magnetic
disc storage device, compact disc-ROM (CD-ROM), a digital versatile disc (DVD),
another type of optical storage device, or a magnetic cassette. Alternatively, the
programs may be stored in a memory system including a combination of some or all of
the above-mentioned memory devices. In addition, each memory device may be
included by a plural number.

The programs may also be stored in an attachable storage device which is accessible
through a communication network such as the Internet, an intranet, a local area
network (LAN), a wireless LAN (WLAN), or a storage area network (SAN), or a com-
bination thereof. The storage device may be connected through an external port to an
apparatus according the embodiments of the present disclosure. Another storage device
on the communication network may also be connected to the apparatus performing the
embodiments of the present disclosure.

In the afore-described embodiments of the present disclosure, elements included in
the present disclosure are expressed in a singular or plural form according to the em-
bodiments. However, the singular or plural form is appropriately selected for con-
venience of explanation and the present disclosure is not limited thereto. As such, an
element expressed in a plural form may also be configured as a single element, and an
element expressed in a singular form may also be configured as plural elements.

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.

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
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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,
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.



WO 2024/039217

[Claim 1]

[Claim 2]

[Claim 3]

70
PCT/KR2023/012261

Claims

A method performed by a user equipment (UE) in a wireless commu-
nication system, the method comprising:

receiving:

first information for a set of cells,

second information for sets of transmission configuration indication
(TCI) states associated with cells in the set of cells, respectively, and

a first physical downlink control channel (PDCCH) that provides a first
downlink control indicator (DCI) format, wherein:

the first DCI format schedules receptions of first physical downlink
shared channels (PDSCHs) on respective first cells from the set of cells,
the first DCI format includes a first TCI field indicating a combination
of TCI states,

the combination of TCI states includes a number of TCI states that is
equal to a number of cells in the set of cells, and

TCT states in the combination of TCI states have a one-to-one mapping
to the cells in the set of cells;

determining first TCI states, from the combination of TCI states,
having a one-to-one mapping with the first cells; and

receiving the first PDSCHs, or second PDSCHs after the first PDSCHs,
on the first cells based on the first TCI states, respectively.

The method of Claim 1, further comprising:

receiving a second PDCCH that provides a second DCI format,
wherein:

the second PDCCH reception ends after an end of the first PDCCH
reception,

the second DCI format schedules a reception of a second PDSCH on a
second cell from the set of cells, and

the second cell is not among the first cells;

determining a second TCI state, from the combination of TCI states,
that is associated with the second cell; and

receiving the second PDSCH on the second cell based on the second
TCI state.

The method of Claim 1, further comprising:

receiving third information for a list of cells for a simultaneous TCI
state update, wherein the list of cells includes a first cell and a second

cell from the first cells; and
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determining:

a first TCI state, from the first TCI states, associated with the first cell,
a second TCI state, from the first TCI states, associated with the second
cell, and

that the first TCI state is the same as the second TCI state.

The method of Claim 1, further comprising:

receiving third information for a list of cells for a simultaneous TCI
state update, wherein the list of cells includes a first cell from the first
cells; and

determining:

a first TCI state, from the first TCI states, associated with the first cell,
and

that the first TCI state is additionally associated with all other cells
from the list of cells.

A user equipment (UE) in a wireless communication system, the UE
comprising:

a transceiver configured to receive:

first information for a set of cells,

second information for sets of transmission configuration indication
(TCI) states associated with cells in the set of cells, respectively, and

a first physical downlink control channel (PDCCH) that provides a first
DCI format, wherein:

the first DCI format schedules receptions of first physical downlink
shared channels (PDSCHs) on respective first cells from the set of cells,
the first DCI format includes a first TCI field indicating a combination
of TCI states,

the combination of TCI states includes a number of TCI states that is
equal to a number of cells in the set of cells, and

the TCI states in the combination of TCI states have a one-to-one
mapping to the cells in the set of cells; and

a controller coupled to the transceiver and configured to determine first
TCI states, from the combination of TCI states, having a one-to-one
mapping with the first cells,

wherein the transceiver is further configured to receive the first
PDSCHs, or second PDSCHs after the first PDSCHs, on the first cells
based on the first TCI states, respectively.

The UE of Claim 5, wherein:

the transceiver is further configured to receive a second PDCCH that
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provides a second DCI format,

the second PDCCH reception ends after an end of the first PDCCH
reception,

the second DCI format schedules a reception of a second PDSCH on a
second cell from the set of cells,

the second cell is not among the first cells,

the controller is further configured to determine a second TCT state,
from the combination of TCI states, that is associated with the second
cell, and

the transceiver is further configured to receive the second PDSCH on
the second cell based on the second TCI state.

The UE of Claim 5, wherein:

the transceiver is further configured to receive third information for a
list of cells for a simultaneous TCI state update;

the list of cells includes a first cell and a second cell from the first cells;
and

the controller is further configured to determine:

a first TCI state, from the first TCI states, associated with the first cell,
a second TCI state, from the first TCI states, associated with the second
cell, and

that the first TCI state is the same as the second TCI state.

The UE of Claim 5, wherein:

the transceiver is further configured to receive third information for a
list of cells for a simultaneous TCI state update;

the list of cells includes a first cell from the first cells; and

the controller is further configured to determine:

a first TCI state, from the first TCI states, associated with the first cell,
and

that the first TCI state is additionally associated with all other cells
from the list of cells.

A method performed by a base station in a wireless communication
system, the method comprising:

transmitting:

first information for a set of cells,

second information for sets of transmission configuration indication
(TCI) states associated with the cells in the set of cells, respectively,
and

a first physical downlink control channel (PDCCH) that provides a first
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DCI format, wherein:

the first DCI format schedules transmissions of first physical downlink
shared channels (PDSCHs) on respective first cells from the set of cells,
the first DCI format includes a first TCI field indicating a combination
of TCI states,

the combination of TCI states includes a number of TCI states that is
equal to a number of cells in the set of cells, and

the TCI states in the combination of TCI states have a one-to-one
mapping to the cells in the set of cells; and

determining first TCI states, from the combination of TCI states,
having a one-to-one mapping with the first cells,

transmitting the first PDSCHs, or second PDSCHs after the first
PDSCHs, on the first cells based on the first TCI states, respectively.
The method of Claim 9, wherein the method further comprising:
transmitting a second PDCCH that provides a second DCI format,
wherein the second PDCCH transmission ends after an end of the first
PDCCH transmission, and the second DCI format schedules a
transmission of a second PDSCH on a second cell from the set of cells,
wherein the second cell is not among the first cells,

determining a second TCI state, from the combination of TCI states,
that is associated with the second cell, and

transmitting the second PDSCH on the second cell based on the second
TCI state.

The method of Claim 9, wherein the method further comprising:
transmitting third information for a list of cells for a simultaneous TCI
state update wherein the list of cells includes a first cell and a second
cell from the first cells; and

determining:

a first TCI state, from the first TCI states, associated with the first cell,
a second TCI state, from the first TCI states, associated with the second
cell, and

that the first TCI state is the same as the second TCI state.

A base station in a wireless communication system, the base station
comprising:

a transceiver configured to transmit:

first information for a set of cells,

second information for sets of transmission configuration indication

(TCI) states associated with the cells in the set of cells, respectively,
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and

a first physical downlink control channel (PDCCH) that provides a first
DCI format, wherein:

the first DCI format schedules transmissions of first physical downlink
shared channels (PDSCHs) on respective first cells from the set of cells,
the first DCI format includes a first TCI field indicating a combination
of TCI states,

the combination of TCI states includes a number of TCI states that is
equal to a number of cells in the set of cells, and

the TCI states in the combination of TCI states have a one-to-one
mapping to the cells in the set of cells; and

a controller coupled to the transceiver and configured to determine first
TCI states, from the combination of TCI states, having a one-to-one
mapping with the first cells,

wherein the transceiver is further configured to transmit the first
PDSCHs, or second PDSCHs after the first PDSCHs, on the first cells
based on the first TCI states, respectively.

The base station of Claim 12, wherein:

the transceiver is further configured to transmit a second PDCCH that
provides a second DCI format,

the second PDCCH transmission ends after an end of the first PDCCH
transmission,

the second DCI format schedules a transmission of a second PDSCH on
a second cell from the set of cells, wherein the second cell is not among
the first cells,

the controller is further configured to determine a second TCT state,
from the combination of TCI states, that is associated with the second
cell, and

the transceiver is further configured to transmit the second PDSCH on
the second cell based on the second TCI state.

The base station of Claim 12, wherein:

the transceiver is further configured to transmit third information for a
list of cells for a simultaneous TCI state update;

the list of cells includes a first cell and a second cell from the first cells;
and

the controller is further configured to determine:

a first TCI state, from the first TCI states, associated with the first cell,

a second TCI state, from the first TCI states, associated with the second
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cell, and

that the first TCI state is the same as the second TCI state.

The base station of Claim 12, wherein:

the transceiver is further configured to transmit third information for a
list of cells for a simultaneous TCI state update, wherein the list of cells
includes a first cell from the first cells; and

the controller is further configured to determine:

a first TCI state, from the first TCI states, associated with the first cell,
and

that the first TCI state is additionally associated with all other cells

from the list of cells.



WO 2024/039217

[Fig. 1]

100

{ 103+

1/8

130

PCT/KR2023/012261

UE




WO 2024/039217
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[Fig. 6]
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A UE is configured a set of co-scheduled cells that includes
first cells and second cells
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The UE receives a first SC-DCT (or MC-DCT) format indicating
a first TCI state for the first cells

The UE receives a second SC-DCI (or MC-DCI) format indicating
a second TCI state for the second cells

The UE receives a third MC-DCI format, after the first and second
SC-DCT (or MC-DCIT) formats, that schedules PDSCHs or PUSCHs
on the set of co-scheduled cells

The UE receives first PDSCHs or transmits first PUSCHs, from the
PDSCHs or PUSCHS, on the first cells using the first indicated TCI state,
and receives second PDSCHs or transmits second PUSCHS, from the
PDSCHs or PUSCHs, on the s%ccolnd cells using the second indicated
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[Fig. 7]
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The UE receives an MC-DCI format that schedules PDSCHs or PUSCHs
on the set of co-scheduled cells, and includes first and second values for
a T(I state field
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