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[DESCRIPTION]

[Invention Title]
METHOD AND APPARATUS FOR CSI CODEBOOK PARAMETERS
[ Technical Field]

The disclosure relates generally to wireless communication systems and, more specifically,
to electronic devices and methods on codebook parameter configurations for multiple-input
multiple-output (MIMO) operations, more particularly, to electronic devices and methods on
codebook parameter configurations for distributed MIMO or multi-transmission reception point
(TRP) operations in wireless networks.

[Background Art}

5th 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 5G/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., anew radio access technology (RAT)) to flexibly accommodate various services/applications
with different requirements, new multiple access schemes to support massive connections, and so
on.

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 bands (for example, 95GHz to 3THz
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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 efficiently 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 convenience, NR-U (New Radio Unlicensed) aimed at
system operations conforming to 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 unavailable,

and positioning.
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Moreover, there has been ongoing standardization in air interface architecture/protocol
regarding technologies such as Industrial Internet of Things (IloT) for supporting new services
through interworking and convergence with other industries, [AB (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 (AI) 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 technologies 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
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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 AI (Artificial
Intelligence) 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-high-performance communication
and computing resources.

The above information is presented as background information only to assist with an
understanding of the disclosure. No determination has been made, and no assertion is made, as to

whether any of the above might be applicable as prior art with regard to the disclosure.
[Disclosure]
[Technical Problem]
This disclosure relates to apparatuses and methods for CSI codebook parameters.
[Technical Solution]

In one embodiment, a user equipment (UE) is provided. The UE includes a transceiver
configured to receive information about a channel state information (CSI) report. The information
indicates N > 1 CSI reference signal (CSI-RS) resources and a codebook. The codebook includes
a spatial-domain (SD) basis component, a frequency-domain (FD) basis component, and a
coefficient component. The SD basis component includes L, basis vectors for each CSI-RS
resource ¥ = 1,---,N. The FD basis component includes M, basis vectors. The coefficient

component includes coefficients associated with (SD, FD) basis vector pairs. The information
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1
- forv =1,2
includes codebook parameters. The codebook parameters include p, = 513 ,
— forv =34
16

(Ly,L,, -+, Ly), and B where pv is a parameter to determine a value of M,, based on a total number
of precoding matrices N3, v is a number of layers, and f < 1 is a parameter to determine an upper
bound K, of a number of non-zero coefficients of the coefficient component. The UE further
includes a processor operably coupled to the transceiver. The processor, based on the information,
is configured to measure the N CSI-RS resources and determine, based on the codebook
parameters, the SD basis component, the FD basis component, and the coefficient component. The
transceiver is further configured to transmit the CSI report.

In another embodiment, a base station (BS) is provided. The BS includes a processor
configured to identify information about a CSI report. The information indicates N > 1 CSI-RS
resources and a codebook. The codebook includes a SD basis component, a FD basis component,
and a coefficient component. The SD basis component includes L, basis vectors for each CSI-RS
resource ¥ = 1,-+,N. The FD basis component includes M, basis vectors. The coefficient

component includes coefficients associated with (SD, FD) basis vector pairs. The information

1

-forv=12
includes codebook parameters. The codebook parameters include p, = f ¢ ,
— forv =34
16

(Ly, Ly, -+, Ly), and B. The BS further includes a transceiver operably coupled to the processor.
The transceiver is configured to transmit the information about the CSI report and receive the CSI
report.

In yet another embodiment, a method performed by a UE is provided. The method
includes receiving information about a CSI report. The information indicates N > 1 CSI-RS

resources and a codebook. The codebook includes a SD basis component, a FD basis component,
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and a coefficient component. The SD basis component includes L, basis vectors for each CSI-RS
resource r = 1,:--,N. The FD basis component includes M, basis vectors. The coefficient

component includes coefficients associated with (SD, FD) basis vector pairs. The information

1
=forv=1,2
includes codebook parameters. The codebook parameters include p, = ;3 c ,
— forv = 3,4
16

(Ly, Ly, -+, Ly), and B. The method further includes, based on the information, measuring the N
CSI-RS resources; determining, based on the codebook parameters, the SD basis component, the
FD basis component, and the coefficient component; and transmitting the CSI report.
Other technical features may be readily apparent to one skilled in the art from the
following figures, descriptions, and claims.
[Advantageous Effects]
This disclosure may provide apparatuses and methods for CSI codebook parameters.

[Description of Drawings]

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

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

FIGURE 2 illustrates an example gNodeB (gNB) according to an embodiment of the
disclosure;

FIGURE 3 illustrates an example user equipment (UE) according to an embodiment of
the disclosure;

FIGURE 4 illustrates an example antenna blocks or arrays forming beams according to

an embodiment of the disclosure;
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FIGURE 5 illustrates an example distributed multiple-input multiple-output (MIMO)
system according to an embodiment of the disclosure;

FIGURE 6 illustrates an example distributed MIMO system according to an embodiment
of the disclosure;

FIGURE 7 illustrates an example antenna port layout according to an embodiment of the
disclosure;

FIGURE 8 illustrates a 3D grid of oversampled discrete Fourier transform (DFT) beams
according to an embodiment of the disclosure;

FIGURE 9 illustrates two new codebooks according to an embodiment of the disclosure;
and

FIGURE 10 illustrates an example method performed by a UE in a wireless
communication system according to an embodiment of the disclosure.

[Mode for Invention]

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 communication between two or more
elements, whether or not those elements are in physical 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
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part thereof that controls at least one operation. Such a controller may be implemented in hardware
or a combination of hardware and software and/or firmware. The functionality associated with any
particular controller may be centralized or distributed, whether locally or remotely. The phrase “at
least one of,” when used with a list of items, means that different combinations of one or more of
the listed items may be used, and only one item in the list may be needed. For example, “at least
one of: A, B, and C” includes any of the following combinations: A, B, C, A and B, Aand C, B
and C, and A and B and C.

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

Definitions for other certain words and phrases are provided throughout this patent
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.
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FIGURES 1 through 10, discussed below, and the various embodiments used to describe
the principles of the 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 disclosure may be implemented in any suitably-arranged
system or device.

The following documents and standards descriptions are hereby incorporated by reference
into the disclosure as if fully set forth herein: 3GPP TS 36.211 v17.2.0, “E-UTRA, Physical
channels and modulation” (herein “REF 17); 3GPP TS 36.212 v17.2.0, “E-UTRA, Multiplexing
and Channel coding” (herein “REF 2”); 3GPP TS 36.213 v17.2.0, “E-UTRA, Physical Layer
Procedures” (herein “REF 37); 3GPP TS 36.321 v17.1.0, “E-UTRA, Medium Access Control
(MAC) protocol specification” (herein “REF 4”); 3GPP TS 36.331 v17.1.0, “E-UTRA, Radio
Resource Control (RRC) Protocol Specification” (herein “REF 5”); 3GPP TS 38.211 v17.2.0, “NR,
Physical channels and modulation” (herein “REF 67); 3GPP TS 38.212 v17.2.0, “NR,
Multiplexing and Channel coding” (herein “REF 77); 3GPP TS 38.213 v17.2.0, “NR, Physical
Layer Procedures for Control” (herein “REF 8”); 3GPP TS 38.214 v17.2.0, “NR, Physical Layer
Procedures for Data” (herein “REF 9”); 3GPP TS 38215 vi7.1.0, “NR, Physical Layer
Measurements” (herein “REF 10”); 3GPP TS 38.321 v17.1.0, “NR, Medium Access Control
(MAC) protocol specification” (herein “REF 117); 3GPP TS 38.331 v17.1.0, “NR, Radio Resource
Control (RRC) Protocol Specification” (herein “REF 127).

Wireless communication has been one of the most successful innovations in modemn
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
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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 communication
systems have been developed and are currently being deployed. The 5G/NR communication
system is considered to be 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, the 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 5G/NR communication systems.

In addition, in 5G/NR communication systems, development for system network
improvement is under way based on advanced small cells, cloud radio access networks (RANs),
ultra-dense networks, device-to-device (D2D) communication, wireless backhaul, moving
network, 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 disclosure may be implemented in SG systems. However, the
disclosure is not limited to 5G systems, or the frequency bands associated therewith, and
embodiments of the disclosure may be utilized in connection with any frequency band. For
example, aspects of the disclosure may also be applied to deployment of 5G communication

systems, 6G or even later releases which may use terahertz (THz) bands.
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FIGURES 1-3 below describe various embodiments implemented in wireless
communications 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 architectural limitations to the
manner in which different embodiments may be implemented. Different embodiments of the
disclosure may be implemented in any suitably arranged communications system.

FIGURE 1 illustrates an example wireless network according to an embodiment of the
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 Intemnet, 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 communicate with each other
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and with the UEs 111-116 using SG/NR, long term evolution (LTE), long term evolution-advanced
(LTE-A), WiMAX, WiFi, or other wireless communication techniques.

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 3rd 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 “user

kI 13

equipment” or “UE” can refer to any component such as “mobile station,” “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 environment associated with natural and man-made

obstructions.



WO 2023/204551 PCT/KR2023/005171

13

As described in more detail below, one or more of the UEs 111-116 include circuitry,
programing, or a combination thereof for supporting CSI codebook parameters. In certain
embodiments, one or more of the BSs 101-103 include circuitry, programing, or a combination
thereof for supporting CSI codebook parameters.

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.

FIGURE 2 illustrates an example gNB 102 according to an embodiment of the 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 configurations, 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. The IF or baseband signals are

processed by receive (RX) processing circuitry in the transceivers 210a-210n and/or
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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.

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 differently to effectively steer the outgoing signals in a desired direction. As another
example, the controller/processor 225 could support methods for supporting CSI codebook
parameters. 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, such as an OS. The controller/processor 225 can move data into or

out of the memory 230 as required by an executing process.
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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 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 an embodiment of the 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)
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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).

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 (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. 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
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applications 362 based on the OS 361 or in response to signals received from gNBs or an operator.
The processor 340 is also coupled to the I/O interface 345, which provides the UE 116 with the
ability to connect to other devices, such as laptop computers and handheld computers. The 1/0
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 illustrates the UE 116
configured as a mobile telephone or smartphone, UEs could be configured to operate as other types
of mobile or stationary devices.

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
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of antenna elements is mapped onto one CSI-RS port. For next generation cellular systems such
as 5G, the maximum number of CSI-RS ports can either remain the same or increase.

FIGURE 4 illustrates an example antenna blocks or arrays 400 according to an
embodiment of the disclosure. 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.

For 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 frequencies) 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 Ncsr.rorr. A digital beamforming unit 410 performs a linear
combination across Ncsi-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
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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 corresponding receive (RX) beam.

The above system is also applicable to higher frequency bands such as >52.6GHz (also
termed the FR4). In this case, the system can employ only analog beams. Due to the O2 absorption
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.

At lower frequency bands such as <1GHz, on the other hand, the number of antenna
elements may not be large in a given form factor due to the large wavelength. As an example, for
the case of the wavelength size (A) of the center frequency 600 MHz (which is 50 cm), it desires
4 m for uniform-linear-array (ULA) antenna panel of 16 antenna elements with the half-
wavelength distance between two adjacent antenna elements. Considering a plurality of antenna
elements is mapped to one digital port in practical cases, the desirable size for antenna panel(s) at
gNB to support a large number of antenna ports such as 32 CSI-RS ports becomes very large in
such low frequency bands, and it leads the difficulty of deploying 2-D antenna element arrays
within the size of a conventional form factor. This results in a limited number of CSI-RS ports that
can be supported at a single site and limits the spectral efficiency of such systems.

Various embodiments of the disclosure recognize that for a cellular system operating in a
sub-1GHz frequency range (e.g., less than 1 GHz), supporting large number of CSI-RS antenna
ports (e.g., 32) at a single location or remote radio head (RRH) or TRP is challenging due to that
a larger antenna form factor size is needed at these frequencies than a system operating at a higher
frequency such as 2 GHz or 4 GHz. At such low frequencies, the maximum number of CSI-RS

antenna ports that can be co-located at a single site (or TRP/RRH) can be limited, for example to
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8. This limits the spectral efficiency of such systems. In particular, the MU-MIMO spatial
multiplexing gains offered due to large number of CSI-RS antenna ports (such as 32) can’t be
achieved.

One way to operate a sub-1GHz system with a large number of CSI-RS antenna ports is
based on distributing antenna ports at multiple locations (or TRP/RRHs). The multiple sites or
TRPs/RRHs can still be connected to a single (common) base unit, hence the signal
transmitted/received via multiple distributed TRPs/RRHs can still be processed at a centralized
location. This is called distributed MIMO or multi-TRP coherent joint transmission (C-JT).

Accordingly, various embodiments of the disclosure consider the multi-TRP C-JT
scenario and propose methods and apparatus for codebook parameters considering feedback
overhead in the scenario.

Various embodiments of the disclosure recognize that CST enhancement described in Rel-
18 MIMO considers Rel-16/17 Type-II CSI codebook refinements to support mTRP coherent joint
transmission (C-JT) operations by considering performance-and-overhead trade-off. The Rel-
16/17 Type-II CSI codebook has three components W;, W;, and W;. Among them, W, is the
component that could induce large CSI feedback overhead especially in mTRP C-JT operations.

Accordingly, various embodiments of the disclosure provide codebook parameter
configurations to alleviate the amount of CSI reporting overhead to have good performance-and-
overhead trade-off for C-JT operations. The codebook parameter configurations (an extension of
the tables of paraCombination-ri6, paraCombination-rl7) are proposed to have good
performance-and-overhead trade-off for mTRP C-JT operations.

FIGURE 5 illustrates an example distributed MIMO system 500 according to an

embodiment of the disclosure. The embodiment of the distributed MIMO system 500 illustrated
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in FIGURE 5 is for illustration only. FIGURE 5 does not limit the scope of this disclosure to any
particular implementation of the distributed MIMO system 500.

One possible approach to resolving the issue is to form multiple TRPs (multi-TRP) or
RRHs with a small number of antenna ports instead of integrating all of the antenna ports in a
single panel (or at a single site) and to distribute the multiple panels in multiple locations/sites (or
TRPs, RRHs). This approach is shown in FIGURE 5.

FIGURE 6 illustrates an example distributed MIMO system 600 according to an
embodiment of the disclosure. The embodiment of the distributed MIMO system 600 illustrated
in FIGURE 6 is for illustration only. FIGURE 6 does not limit the scope of this disclosure to any
particular implementation of the distributed MIMO system 600.

As illustrated in FIGURE 6, the multiple TRPs at multiple locations can still be connected
to a single base unit, and thus the signal transmitted/received via multiple distributed TRPs can be
processed in a centralized manner through the single base unit.

Note that although the disclosure has mentioned low frequency band systems (sub-1GHz
band) as a motivation for distributed MIMO (or mTRP), the distributed MIMO technology is
frequency-band-agnostic and can be useful in mid- (sub-6GHz) and high-band (above-6GHz)
systems in addition to low-band (sub-1GHz) systems.

The terminology “distributed MIMO” is used as an illustrative purpose, it can be
considered under another terminology such as multi-TRP, mTRP, cell-free network, and so on.

All the following components and embodiments are applicable for UL transmission with
CP-OFDM (cyclic prefix OFDM) waveform as well as DFT-SOFDM (DFT-spread OFDM) and
SC-FDMA (single-carrier FDMA) waveforms. Furthermore, all the following components and
embodiments are applicable for UL transmission when the scheduling unit in time is either one

subframe (which can consist of one or multiple slots) or one slot.
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In the disclosure, the frequency resolution (reporting granularity) and span (reporting
bandwidth) of CSI reporting can be defined in terms of frequency ‘““subbands” and “CSI reporting
band” (CRB), respectively.

A subband for CSI reporting is defined as a set of contiguous PRBs which represents the
smallest frequency unit for CSI reporting. The number of PRBs in a subband can be fixed for a
given value of DL system bandwidth, configured either semi-statically via higher-layer/RRC
signaling, or dynamically via L1 DL control signaling or MAC control element (MAC CE). The
number of PRBs in a subband can be included in CSI reporting setting.

“CSI reporting band” is defined as a set/collection of subbands, either contiguous or non-
contiguous, wherein CSI reporting is performed. For example, CSI reporting band can include all
the subbands within the DL system bandwidth. This can also be termed “full-band”. Alternatively,
CSI reporting band can include only a collection of subbands within the DL system bandwidth.
This can also be termed “partial band”.

The term “CSI reporting band” is used only as an example for representing a function.
Other terms such as “CSI reporting subband set” or “CSI reporting bandwidth” can also be used.

In terms of UE configuration, a UE can be configured with at least one CSI reporting
band. This configuration can be semi-static (via higher-layer signaling or RRC) or dynamic (via
MAC CE or L1 DL control signaling). When configured with multiple (V) CSI reporting bands
(e.g., via RRC signaling), a UE can report CSI associated with n < N CSI reporting bands. For
instance, >6GHz, large system bandwidth may require multiple CSI reporting bands. The value of
n can either be configured semi-statically (via higher-layer signaling or RRC) or dynamically (via
MAC CE or L1 DL control signaling). Alternatively, the UE can report a recommended value of

n via an UL channel.
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Therefore, CSI parameter frequency granularity can be defined per CSI reporting band as
follows. A CSI parameter is configured with “single” reporting for the CSI reporting band with M,
subbands when one CSI parameter for all the M, subbands within the CSI reporting band. A CSI
parameter is configured with “subband” for the CSI reporting band with M, subbands when one
CSI parameter is reported for each of the M, subbands within the CSI reporting band.

FIGURE 7 illustrates an example antenna port layout 700 according to an embodiment of
the disclosure. The embodiment of the antenna port layout 700 illustrated in FIGURE 13 is for
illustration only. FIGURE 7 does not limit the scope of this disclosure to any particular
implementation of the antenna port layout.

As illustrated in FIGURE 7, N1 and N2 are the number of antenna ports with the same
polarization in the first and second dimensions, respectively. For 2D antenna port layouts, M1 > 1,
N2> 1, and for 1D antenna port layouts N1 > 1 and N2 = 1. Therefore, for a dual-polarized antenna
port layout, the total number of antenna ports is 2N1 V2 when each antenna maps to an antenna port.
An illustration is shown in FIGURE 7 where “X” represents two antenna polarizations. In this

disclosure, the term “polarization” refers to a group of antenna ports. For example, antenna ports

j=X+0X+1,..,.X+ @ — 1 comprise a first antenna polarization, and antenna ports j =

X+ PCSZIRS,X + PCSZ'RS +1,...,X + Prgirs — 1 comprise a second antenna polarization, where
Pcgirs is a number of CSI-RS antenna ports and X is a starting antenna port number (e.g., X =
3000, then antenna ports are 3000, 3001, 3002, ...). Let N, be a number of antenna panels at the
gNB. When there are multiple antenna panels (N, > 1), we assume that each panel is dual-

polarized antenna ports with N; and N, ports in two dimensions. This is illustrated in FIGURE 7.

Note that the antenna port layouts may or may not be the same in different antenna panels.
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In one example, the antenna architecture of a D-MIMO or CJT (coherent joint-
transmission) system is structured. For example, the antenna structure at each RRH (or TRP) is
dual-polarized (single or multi-panel as shown in FIGURE 7. The antenna structure at each
RRH/TRP can be the same. Alternatively, the antenna structure at an RRH/TRP can be different
from another RRH/TRP. Likewise, the number of ports at each RRH/TRP can be the same.
Alternatively, the number of ports at one RRH/TRP can be different from another RRH/TRP. In
one example, N; = Ngpy, a number of RRHs/TRPs in the D-MIMO transmission.

In another example, the antenna architecture of a D-MIMO or CJT system is unstructured.
For example, the antenna structure at one RRH/TRP can be different from another RRH/TRP.

We assume a structured antenna architecture in the rest of the disclosure. For simplicity,
we assume each RRH/TRP is equivalent to a panel, although, an RRH/TRP can have multiple
panels in practice. The disclosure however is not restrictive to a single panel assumption at each
RRH/TRP, and can easily be extended (covers) the case when an RRH/TRP has multiple antenna
panels.

In one embodiment, an RRH constitutes (or corresponds to or is equivalent to) at least
one of the following:

¢ In one example, an RRH corresponds to a TRP.

e In one example, an RRH or TRP corresponds to a CSI-RS resource. A UE is configured
with K = Nggy > 1 non-zero-power (NZP) CSI-RS resources, and a CSI reporting is
configured to be across multiple CSI-RS resources. This is similar to Class B, K > 1
configuration in Rel. 14 LTE. The K NZP CSI-RS resources can belong to a CSI-RS
resource set or multiple CSI-RS resource sets (e.g., K resource sets each comprising one

CSI-RS resource). The details are as explained earlier in this disclosure.
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In one example, an RRH or TRP corresponds to a CSI-RS resource group, where a group
comprises one or multiple NZP CSI-RS resources. A UE is configured with K = Nppy >
1 non-zero-power (NZP) CSI-RS resources, and a CSI reporting is configured to be across
multiple CSI-RS resources from resource groups. This is similar to Class B, K > 1
configuration in Rel. 14 LTE. The K NZP CSI-RS resources can belong to a CSI-RS
resource set or multiple CSI-RS resource sets (e.g., K resource sets each comprising one
CSI-RS resource). The details are as explained earlier in this disclosure. In particular, the
K CSI-RS resources can be partitioned into Ny resource groups. The information about
the resource grouping can be provided together with the CSI-RS resource
setting/configuration, or with the CSI reporting setting/configuration, or with the CSI-RS
resource configuration.
In one example, an RRH or TRP corresponds to a subset (or a group) of CSI-RS ports. A
UE is configured with at least one NZP CSI-RS resource comprising (or associated with)
CSI-RS ports that can be grouped (or partitioned) multiple subsets/groups/parts of antenna
ports, each corresponding to (or constituting) an RRH/TRP. The information about the
subsets of ports or grouping of ports can be provided together with the CSI-RS resource
setting/configuration, or with the CSI reporting setting/configuration, or with the CSI-RS
resource configuration.
In one example, an RRH or TRP corresponds to one or more examples described above
depending on a configuration. For example, this configuration can be explicit via a
parameter (e.g., an RRC parameter). Alternatively, it can be implicit.

o In one example, when implicit, it could be based on the value of K. For example,

when K > 1 CSI-RS resources, an RRH corresponds to one or more examples
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described above, and when K = 1 CSI-RS resource, an RRH corresponds to one or
more examples described above.

o In another example, the configuration could be based on the configured codebook.
For example, an RRH corresponds to a CSI-RS resource or resource group when
the codebook corresponds to a decoupled codebook (modular or separate codebook
for each RRH), and an RRH corresponds to a subset (or a group) of CSI-RS ports
when codebook corresponds to a coupled (joint or coherent) codebook (one joint
codebook across TRPs/RRHs).

In one example, when RRH or TRP maps (or corresponds to) a CSI-RS resource or
resource group, and a UE can select a subset of RRHs (resources or resource groups) and report
the CSI for the selected TRPs/RRHs (resources or resource groups), the selected TRPs/RRHs can
be reported via an indicator. For example, the indicator can be a CRI or a PMI (component) or a
new indicator.

In one example, when RRH or TRP maps (or corresponds to) a CSI-RS port group, and a
UE can select a subset of TRPs/RRHs (port groups) and report the CSI for the selected TRPs/RRHs
(port groups), the selected TRPs/RRHs can be reported via an indicator. For example, the indicator
can be a CRI or a PMI (component) or a new indicator.

In one example, when multiple (K > 1) CSI-RS resources are configured for Nggpy
TRPs/RRHs, a decoupled (modular) codebook is used/configured, and when a single (K = 1) CSI-
RS resource for Npry TRPs/RRHs, a joint codebook is used/configured.

As described in U.S. Patent No. 10,659,118, issued May 19, 2020, and entitled “Method
and Apparatus for Explicit CSI Reporting in Advanced Wireless Communication Systems,” which
is incorporated herein by reference in its entirety, a UE is configured with high-resolution (e.g.,

Type II) CSI reporting in which the linear combination-based Type II CSI reporting framework is
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extended to include a frequency dimension in addition to the first and second antenna port
dimensions.

FIGURE 8 illustrates a 3D grid of oversampled DFT beams 800 according to an
embodiment of the disclosure. The embodiment of the 3D grid of oversampled DFT beams 8§00
illustrated in FIGURE 8 is for illustration only. FIGURE 8 does not limit the scope of this
disclosure to any particular implementation of the 3D grid of oversampled DFT beams.

As illustrated, FIGURE 8 shows a 3D grid 800 of the oversampled DFT beams (1st port
dim., 2nd port dim., freq. dim.) in which:

e a Ist dimension is associated with the 1st port dimension,
o a2nd dimension is associated with the 2nd port dimension, and
¢ a 3rd dimension is associated with the frequency dimension.

The basis sets for 1% and 2™ port domain representation are oversampled DFT codebooks
of length-N: and length-N 2, respectively, and with oversampling factors O and O, respectively.
Likewise, the basis set for frequency domain representation (i.e., 3rd dimension) is an oversampled
DFT codebook of length-N3 and with oversampling factor Os. In one example, O1 =02= 03 = 4.
In one example, O1 = 02= 4 and O3 = 1. In another example, the oversampling factors O belongs
to {2, 4, 8}. In yet another example, at least one of O1, Oz, and Os is higher layer configured (via
RRC signaling).

As explained in Section 5.2.2.2.6 of REF8, a UE is configured with higher layer parameter
codebookType set to ' typell-PortSelection-r16 ' for an enhanced Type II CSI reporting in which
the pre-coders for all SBs and for a given layer [ = 1,.., v, where v is the associated RI value, is

given by either
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where:

N; is a number of antenna ports in a first antenna port dimension (having the same antenna
polarization),

N, is a number of antenna ports in a second antenna port dimension (having the same
antenna polarization),

Pcsi—gs is a number of CSI-RS ports configured to the UE,

N; is a number of SBs for PMI reporting or number of FD units or number of FD
components (that comprise the CSI reporting band) or a total number of precoding matrices
indicated by the PMI (one for each FD unit/component),

a;isa 2N; N, x 1 (Eq. 1) or Ny N, x 1 (Eq. 2) column vector, or a; is a Pcgirs X 1 (Eq. 1)

PcsirRs

or x 1 port selection column vector, where a port selection vector is a defined as a

vector which contains a value of 1 in one element and zeros elsewhere,
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¢ bfisaN; X 1 column vector,
* (s is a complex coefficient.

In a variation, when the UE reports a subset K < 2LM coefficients (where K is either
fixed, configured by the gNB or reported by the UE), then the coefficient ¢;;; in precoder
equations Eq. 1 or Eq. 2 is replaced with x;; X ¢;; ¢, where:

e x;;5 = 1if the coefficient ¢ ; is reported by the UE according to some embodiments of
this disclosure.
* x.;r = 0 otherwise (i.e., ¢ is not reported by the UE).
The indication whether x;; ; =1 or 0 is according to some embodiments of this

disclosure. For example, it can be via a bitmap.

In a variation, the precoder equations Eq. 1 or Eq. 2 are respectively generalized to

W' =3l 55 o (@bl ) (Bq. 3)

and

—1 M1
| i Zrks cuip(aiblly)
T |yL-1gMi-t H (Eq. 4),
2ico Z=o Cl,i+L,f(aibi,f

where for a given i, the number of basis vectors is M; and the corresponding basis vectors are
{bi, f}. Note that M; is the number of coefficients ¢, ; f reported by the UE for a given i, where
M; < M (where {M;} or X, M; is either fixed, configured by the gNB or reported by the UE).

The columns of W' are normalized to norm one. For rank R or R layers (v = R), the pre-

coding matrix is given by W® = \/_15_ [wr w2 -+ WR].Eq. 2 is assumed in the rest of the

disclosure. The embodiments of the disclosure, however, are general and are also application to

Eq. 1, Eq. 3, and Eq. 4.
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Pcsy— Pcsi— . L .
Here L < %Rsand M<N:.IfL= %, then A is an identity matrix, and hence not

reported. Likewise, if M = N3, then B is an identity matrix, and hence not reported. Assuming M
< N3, in an example, to report columns of B, the oversampled DFT codebook is used. For instance,

b; = wy, where the quantity wy is given by

W, = znn(fl) znZn(n zn(N3—1)n(f)]
! 1 31031\13 ej 03Nz ... @)  03Ns )

When 05 = 1, the FD basis vector for layer [ € {1,..,v} (where v is the RI or rank value)
is given by:

" » 1
Wf—[yoz Yiiw 7 Yns- 11] :

)

3,1
where y(f) =¢’ M and ny; = [ngol)' . ng:' 1)] where ngfl) €{01,..,N; —1}.

2n:tn

In another example, discrete cosine transform DCT basis is used to construct/report basis

B for the 3™ dimension. The m-th column of the DCT compression matrix is simply given by:

1
\/—?,n—O

[W] = and K = N;,andm=20,...,N;, — 1.
f 9 3 ’ ’ 3
nm \/%cosn(z?—;l)n, n=1.K-1

Since DCT is applied to real valued coefficients, the DCT is applied to the real and
imaginary components (of the channel or channel eigenvectors) separately. Alternatively, the DCT
is applied to the magnitude and phase components (of the channel or channel eigenvectors)
separately. The use of DFT or DCT basis is for illustration purposes only. The disclosure is
applicable to any other basis vectors to construct/report A and B.

On a high level, a precoder W can be described as follows.

W = A C,B} =W, W,W/, (Eq. 5)

where A = W, corresponds to the Rel. 15 W, in Type II CSI codebook [REF8], and B = W;.
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The C; = W, matrix consists of all the required linear combination coefficients (e.g.,
amplitude and phase or real or imaginary). Each reported coefficient (¢;; = Py r$1i ) in W, is
quantized as amplitude coefficient (p,; () and phase coefficient (¢;; (). In one example, the
amplitude coefficient (p;; () is reported using a A-bit amplitude codebook where 4 belongs to {2,
3, 4}. If multiple values for A are supported, then one value is configured via higher layer signaling.

1) (2

In another example, the amplitude coefficient (py; ¢) is reported as p; r = p;; P, Where:

. pl(i)f is a reference or first amplitude which is reported using an A1-bit amplitude

codebook where A1 belongs to {2, 3, 4}, and

. pl(f)f is a differential or second amplitude which is reported using a A2-bit amplitude

codebook where A2 < A1 belongs to {2, 3, 4}.

For layer [, let us denote the linear combination (LC) coefficient associated with spatial
domain (SD) basis vector (or beam) i € {0,1,...,2L — 1} and frequency domain (FD) basis vector
(or beam) f € {0,1,...,M — 1} as ¢;; f, and the strongest coefficient as c;;- ;+. The strongest
coefficient is reported out of the Ky, non-zero (NZ) coefficients that is reported using a bitmap,
where Ky, < Ky = [ X 2LM] < 2LM and B is higher layer configured. The remaining 2LM —
Ky coefficients that are not reported by the UE are assumed to be zero. The following
quantization scheme is used to quantize/report the Ky; NZ coefficients.

e UE reports the following for the quantization of the NZ coefficients in W,
o A X-bit indicator for the strongest coefficient index (i*, f*), where X = [log, K|
or [log, 2L].
i. Strongest coefficient ¢+ y» = 1 (hence its amplitude/phase are not
reported)

o Two antenna polarization-specific reference amplitudes is used.
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i. For the polarization associated with the strongest coefficient ¢;;+ s+ = 1,
since the reference amplitude pl(?f= 1, it is not reported

ii. For the other polarization, reference amplitude p 1(3 is quantized to 4 bits .

1 1 1 1
1. The 4-bit amplitude alphabet is {1, (%)4 , (%)4 , (%)4 ) ey (2%)4}
o For {c,,i,f, (i,f)+ (i*,f")}:
i. For each polarization, differential amplitudes pl(f)f of the coefficients
calculated relative to the associated polarization-specific reference

amplitude and quantized to 3 bits.

1. The 3-bit amplitude alphabet is {1,i EE . . }

2. Note: The final quantized amplitude p,; ; is given by pl(:)f X pl(f)f

ii. Each phase is quantized to either 8PSK (N, = 8) or 16PSK (N, = 16)
(which is configurable).
For the polarization r* € {0,1} associated with the strongest coefficient ¢; ;- ¢+, we have

rt = EJ and the reference amplitude pl(?f = pﬁ) = 1. For the other polarization r € {0,1} and

r#r*, we have r = El+1) mod 2 and the reference amplitude p(l.) = p(l) is quantized
L Lif Lr

(reported) using the 4-bit amplitude codebook mentioned above.
In Rel. 16 enhanced Type II and Type II port selection codebooks, a UE can be configured
to report M FD basis vectors. In one example, M = Ip X %l, where R is higher-layer configured

from {1,2} and p is higher-layer configured from {i,%} In one example, the p value is higher-

layer configured for rank 1-2 CSI reporting. For rank > 2 (e.g., rank 3-4), the p value (denoted by

vy ) can be different. In one example, for rank 1-4, (p,vy) is jointly configured from
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{(%,%), G,%), G,%)}, ie, M = [p X %] for rank 1-2 and M = [vo X %] for rank 3-4. In one
example, N3 = Ngg X R where Ngp is the number of SBs for CQI reporting. In one example, M is
replaced with M, to show its dependence on the rank value v, hence p is replaced with p,,v €
{1,2} and v, is replaced with p,, v € {3,4}.

A UE can be configured to report M,, FD basis vectors in one-step from N; basis vectors
freely (independently) for each layer [ € {1,..,v} of a rank v CSI reporting. Alternatively, a UE
can be configured to report M,, FD basis vectors in two-step as follows.

e Instep 1, an intermediate set (InS) comprising N3 < N3 basis vectors is selected/reported,
wherein the InS is common for all layers.

e Instep 2, for each layer | € {1,..,v} of a rank v CSI reporting, M,, FD basis vectors are
selected/reported freely (independently) from N; basis vectors in the InS.

In one example, one-step method is used when N3 < 19 and two-step method is used
when N; > 19. In one example, N3 = [aM, ] where a > 1 is either fixed (to 2 for example) or
configurable.

The codebook parameters used in the DFT based frequency domain compression (Eq. 5)
are (L, p, forv € {1,2},p, forv € {3,4}, 8, a, Nph) . The set of values for these codebook
parameters are as follows.

e L: the set of values is {2,4} in general, except L € {2,4,6} for rank 1-2, 32 CSI-RS

antenna ports, and R = 1.

11

e (p,forve{12},p,forve{34}) e {(E’Z) ) G,i), G,%)}‘
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The set of values for these codebook parameters are as in Table 1.

[Table 1]
paramCombination | L Py B
v €{1,2} v € {34}
: 2 Va 1/8 Vi
2 2 Y 1/8 "
3 4 V4 1/8 1,
4 4 Va 1/8 v,
5 4 Va ” 7
6 4 1, " v
7 6 Vi i m
8 6 Va N 7

In Rel. 17 (further enhanced Type II port selecting codebook), M € {1,2}, L = % where

K; = a X Pcgrs, and codebook parameters (M, a, ) are configured from Table 2.

[Table 2]
paramCombination-r17 |M| a | S
1 1% ] %
2 1{1] %
3 11| %
4 111
5 21 % | %
6 2|1 % | %
7 211 | %
8 211 | %

The above-mentioned framework (Eq. 5) represents the precoding-matrices for multiple

(N3) FD units using a linear combination (double sum) over 2L (or K;) SD beams/ports and M,
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FD beams. This framework can also be used to represent the precoding-matrices in time domain
(TD) by replaciﬂg the FD basis matrix W, with a TD basis matrix W, wherein the columns of
W, comprises M,, TD beams that represent some form of delays or channel tap locations. Hence,
a precoder W' can be described as follows.

W = A,C,BY = w,W,wl, (Eq. 5A)

In one example, the M, TD beams (representing delays or channel tap locations) are
selected from a set of N5 TD beams, i.e., N3 corresponds to the maximum number of TD units,
where each TD unit corresponds to a delay or channel tap location. In one example, a TD beam
corresponds to a single delay or channel tap location. In another example, a TD beam corresponds
to multiple delays or channel tap locations. In another example, a TD beam corresponds to a
combination of multiple delays or channel tap locations.

In one example, the codebook for the CSI report is according to at least one of the
following examples.

e In one example, the codebook can be a Rel. 15 Type I single-panel codebook (cf.
5.2.2.2.1, TS 38.214).

¢ In one example, the codebook can be a Rel. 15 Type I multi-panel codebook (cf.
52.2.2.2,TS 38.214).

¢ In one example, the codebook can be a Rel. 15 Type II codebook (cf. 5.2.2.2.3, TS
38.214).

¢ In one example, the codebook can be a Rel. 15 port selection Type II codebook (cf.
52.2.2.4, TS 38.214).

¢ In one example, the codebook can be a Rel. 16 enhanced Type II codebook (cf. 5.2.2.2.5,

TS 38.214).
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¢ In one example, the codebook can be a Rel. 16 enhanced port selection Type II codebook
(cf. 5.2.2.2.6, TS 38.214).
¢ In one example, the codebook can be a Rel. 17 further enhanced port selection Type II
codebook (cf. 5.2.2.2.7, TS 38.214).
¢ In one example, the codebook is a new codebook for C-JT CSI reporting.
o Inone example, the new codebook is a decoupled codebook comprising the
following components:
= Intra-TRP: per TRP Rel. 16/17 Type 1l codebook components, i.e., SD
basis vectors (W1), FD basis vectors (Wf), W2 components (e.g., SCI,
indices of NZ coefficients, and amplitude/phase of NZ coefficients).
» Inter-TRP: co-amplitude and co-phase for each TRP.
o Inone example, the new codebook is a joint codebook comprising following
components:
= Per TRP SD basis vectors (W1),
= Single joint FD basis vectors (W{), and
» Single joint W2 components (e.g., SCI, indices of NZ coefficients, and
amplitude/phase of NZ coefficients).

FIGURE 9 illustrates two new codebooks 900 according to an embodiment of the
disclosure. The embodiment of the two new codebooks 900 illustrated in FIGURE 9 is for
illustration only. FIGURE 9 does not limit the scope of this disclosure to any particular
implementation of the two new codebooks 900.

In one example, when the codebook is a legacy codebook (e.g., one of Rel. 15/16/17 NR
codebooks, according to one of the examples above), then the CSI reporting is based on a CSI

resource set comprising one or multiple NZP CSI-RS resource(s), where each NZP CSI-RS
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resource comprises CSI-RS antenna ports for all TRPs/RRHs, i.c., P = XM, P., where P is the
total number of antenna ports, and B. is the number of antenna ports associated with r-th TRP. In
this case, a TRP corresponds to (or maps to or is associated with) a group of antenna ports.

In one example, when the codebook is a new codebook (e.g., one of the two new
codebooks above), then the CSI reporting is based on a CSI resource set comprising one or multiple
NZP CSI-RS resource(s).

¢ In one example, each NZP CSI-RS resource comprises CSI-RS antenna ports for all
TRPs/RRHs. ie., P = YN_, P., where P is the total number of antenna ports, and P, is
the number of antenna ports associated with r-th TRP. In this case, a TRP corresponds to
(or maps to or is associated with) a group of antenna ports.

¢ In one example, each NZP CSI-RS resource corresponds to (or maps to or is associated
with) a TRP/RRH.

In one embodiment, a UE is configured with a CSI report (e.g., via higher layer CSI-
ReportConfig) based on a codebook for C-JT transmission from multiple TRPs, as described in
this disclosure, where the codebook parameters (such as « or L, 8, p, or M,,)) are configured via a
higher-layer parameter ‘paramCombination-rl§’.

e In one example, the Rel. 16 parameter combination table for ‘paraCombination-ri6’ is
reused for ‘paramCombination-r18’ (cf. Table 1).

e In one example, the Rel. 17 parameter combination table for ‘paraCombination-r17’ is
reused for ‘paramCombination-r18§ (cf. Table 2).

¢ In one example, a new table of parameter combination is used for ‘paramCombination-
rl§.

¢ Inone example, a table including existing Rel. 16 or Rel. 17 parameter combination(s) and

new parameter combination(s) is used for ‘paramCombination-r18’.
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In one embodiment, L value configured for TRPs depends on the number of TRPs (Nygp ).
In one example, L is the same for all TRPs (i.e., TRP-common), and it depends on the
number of TRPs (i.e., it can change depending on the value of Nygp). For example,

o L =240r6forl TRP (Npgp = 1),

o L =23for2TRPs (Npgp = 2),

o [ =1,2for3 TRPs (Nrgp = 3), and

e L =1,2for4 TRPs (Nygp = 4).
In one example, the Rel.16 table of ‘paraCombination-r16’ is used (or not used), and the

L value depends on the number of TRPs (Nrgp), for example, L for 1 TRP, [%] (or L —1) for 2

TRPs, [g] (or L — 2) for 3 TRPs, and [%] (or L — 4) for 4 TRPs, where L is the configured value.
For example, for the case of 4 TRPs, if L = 4 is indicated using the table of ‘paraCombination-
r16’, the actual L value for each TRP is E] =1.

In another example, the Rel. 16 table of ‘paraCombination-r16’ is used (or not used), and

the L value depends on the number of TRPs in a pair-wise manner, for example, L for Nygp = 1,2,
and [%] for Nypp = 3,4.

In another example, the Rel. 16 table of ‘paraCombination-ri6’ is used (or not used), and
the L value depends on the number of TRPs, for example, L for Npgp = 1, [%] for Nrpp = 2, [%]

for NTRP = 3,4

In one example, L can be different for some or all TRPs.

In one example, the configured L value is applied to a strongest TRP, and L — x (or [i])

value is applied to the other remaining TRPs, where x or y can be fixed (e.g., x =1,y = 2) or

configured, or reported by the UE.
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In one example, the configured L value is applied to two strongest TRPs, and L — x (or
[5]) value is applied to the other remaining TRPs, where x or y can be fixed (e.g.,x =1,y = 2)

or configured, or reported by the UE.

In another example, Lg,,, = YL, is configured, where L,, is L value for TRP n. Under
the constraint with the configured value of Lg,,,,, the UE (freely) selects L,, for TRP n. In this
example, L, can be configured using a similar table (or the same table) of ‘paraCombination-
rl6’, e.g., replacing L by Lg,;,. In one example, Lg,,,, = sL where L is the configured value and s
is fixed (e.g., 2) or configured. In one example, , Ly, = Nygp. In one example, L, = 1. In one
example, L,, > 0.

In another example, L, is configured for each TRP n. In one example, L,, is indicated
using the table of ‘paraCombination-r16’. In another example, L, is indicated using a new table
of ‘paraCombination-ri8’.

In another example, L, is configured for a first group of TRPs, and L, is configured for a
second group of TRPs. In one example, L; and L, are indicated using the table of
‘paraCombination-r16’. In one example, L; and L, are indicated using a new table of
‘paraCombination-rl8. In another example, a constraint of L, < L; should satisfy when
selecting/indicating L.

In one example, L can be different for some or all TRPs, and it depends on the number of
TRPs.

In one example, Lg,,, = Y.L, depends on the number of TRPs. For example,

* Lom=246for1 TRP
 Lom = 24,68 for2 TRPs

o Lgym = 3,4,6,9 for 3 TRPs
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® Lom=46812for4 TRPs

Under the constraint with the configured value of Lg,,,, the UE (freely) selects L, for
TRP n. In this example, L,,, can be configured using a similar table (or the same table) of
‘paraCombination-rl6’, e.g., replacing L by Lg,m-

In one example, a pair of (L, Nrgp) can be configured. For example, gNB or NW can
indicate one pair among (2,2), (3,2), (4,2), (1,3), (2,3), (3,3), (1,4), and (2,4).

In one example, the UE determines L value for TRPs, e.g., L for strong TRPs, and [—i—] for
weak TRPs, and the UE reports strong/weak TRP indices.

In one example, « is the same for all TRPs (i.e., TRP-common), and it depends on the

number of TRPs (i.€., it can change depending on the value of Nrzp). For example,

e a=3,20r1forl TRP (Nrgp = 1),
e a=1,>for% TRPs (Npgp = 2),

e a=3,>for3 TRPs (Nrgp = 3), and
e a=1,>for4 TRPs (Nrgp = 4).

In one example, the Rel.17 table of ‘paraCombination-r17’ is used (or not used), and the

a value depends on the number of TRPs (Nygp), for example, a for 1 TRP, % for 2 TRPs, % for3
TRPs, and % for 4 TRPs, where a is the configured value. For example, for the case of 4 TRPs, if

a = 1 is indicated using the table of ‘paraCombination-r17’, the actual a value for each TRP is %.

In another example, the Rel. 17 table of ‘paraCombination-r17’ is used (or not used), and

the a value depends on the number of TRPs in a pair-wise manner, for example, a for Nygp = 1,2,

and% for NTRP = 3,4.
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In another example, the Rel. 17 table of ‘paraCombination-r17’ is used (or not used), and

the a value depends on the number of TRPs, for example, a for Npgzp = 1, % for Npgp = 2, % for

NTRP = 3,4.
In one example, a can be different for some or all TRPs.

In one example, the configured a value is applied to a strongest TRP, and % value is

applied to the other remaining TRPs, where y can be fixed (e.g., y = 2) or configured, or reported
by the UE.

In one example, the configured a value is applied to two strongest TRPs, and % value is

applied to the other remaining TRPs, where y can be fixed (e.g., y = 2) or configured, or reported
by the UE.

In another example, ag,, = Ya, is configured, where @, is a value for TRP n. Under
the constraint with the configured value of ag,,,, the UE (freely) selects L,, corresponding to a,,
for TRP n. In this example, a,;, can be configured using a similar table (or the same table) of
‘paraCombination-rl7’, e.g., replacing a by ag,,,. In one example, ag,,, = sa where a is the
configured value and s is fixed (e.g., 2) or configured. In one example, L, corresponding to
Qgym is less than or equal to Nygp. In one example, L,, corresponding to «,, is less than or equal
to 1. In one example, L,, corresponding to a,, is less than or equal to 0.

In another example, a,, is configured for each TRP n. In one example, a,, is indicated
using the Rel-17 table of ‘paraCombination-r17’. In another example, a,, is indicated using a new
table of ‘paraCombination-r1§’.

In another example, a, is configured for a first group of TRPs, and a, is configured for
a second group of TRPs. In one example, a; and a, are indicated using the table of

‘paraCombination-r17’. In one example, @, and a, are indicated using a new table of
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‘paraCombination-r18’. In another example, a constraint of a, < @; should satisfy when
selecting/indicating a.

In one example, a can be different for some or all TRPs, and it depends on the number of
TRPs.

In one example, dg,,, = Y.L, depends on the number of TRPs. For example,

* dgm =3, 1for 1 TRP,

,1,=,2 for2 TRPs,

Xsum =

o w
N W

Nlw

, 2,3 for 3 TRPs, and

¢ aAgm=1,

,2,3 for 4 TRPs.

* agm =1

N w

Under the constraint with the configured value of ag,,,, the UE (freely) selects L,
corresponding to a,, for TRP n. In this example, a,,,,, can be configured using a similar table (or
the same table) of ‘paraCombination-r17’, e.g., replacing a by agm.

In one example, a pair of (@, Nygp) can be configured. For example, gNB or NW can
indicate one pair among (1/2,2), (3/4,2), (1,2), (1/4,3), (1/2,3), (1,3), (1/4,4), and (1/2,4).

In one example, the UE determines a value for TRPs, e.g., a for strong TRPs, and % for
weak TRPs, and the UE reports strong/weak TRP indices.

In embodiment, M value for TRPs depends on the number of TRPs (Nygp). p can be
configured to indicate M similar to Rel-16, e.g., M = [p X %] M can directly be configured
without p value. p value can be rank-dependent (similar to Rel-16). M value is rank-dependent
similar to Rel-16, that is M,, = [p,, X %] We drop v index when it is not needed.

In one example, p is the same for all TRPs (i.e., TRP-common), and it depends on the

number of TRPs (i.e., it can change depending on the value of Nrzp). For example,
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11 1
s p=3.,0r;5 for 1 TRP (Npgp = 1),

® p:

@ =

,%, or% for 2 TRPs (Nygp = 2),

I

e p=_,;,for3 TRPs (Nrgp = 3), and
111
* Py for 4 TRPs (Nrgp = 4).

In one example, the Rel-16 table of ‘paraCombination-r16’ is used (or not used), and the

p value depends on the number of TRPs, for example, p for 1 TRP, g for 2 TRPs,g for 3 TRPs,

and % for 4 TRPs, where p is the configured value. For example, for the case of 4 TRPs, if p = %

is indicated using the table of ‘paraCombination-r16’, the actual p value for each TRP is %.

In another example, the Rel-16 table of ‘paraCombination-ri6’ is used (or not used), and

the p value depends on the number of TRPs in a pair-wise manner, for example, p for Nygp = 1,2,
and £ for Nygp = 3,4.

In another example, the Rel-16 table of ‘paraCombination-r16’ is used (or not used), and
the p value depends on the number of TRPs, for example, p for Nrgp = 1, g for Nypp = 2, % for
Nygp = 3,4.

In one example, p can be different for some or all TRPs.

In one example, p value is applied to a strongest TRP, and 5 value is applied to the other

remaining TRPs, where e.g., ¥ can be fixed to 2 or 3, or configured, or reported by the UE.

In one example, p value is applied to two strongest TRPs, and % value is applied to the

other remaining TRPs, where e.g., y can be fixed to 2 or 3, or configured, or reported by the UE.

In another example, let M,,, = Y>M, and pg,.,, is configured to indicate M,,, =

[psum X %], where M,, is M value for TRP n. Under the constraint with the configured value of
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Mgym, the UE (freely) selects M,, for TRP n. In this example, p,,, can be configured using a
similar table (or the same table) of ‘paraCombination-ri6’, e.g., replacing p by psym. In one
example, M,,,, = sM where M is the configured value and s is fixed (e.g., 2) or configured. In
one example, M, = Nrgp. In one example, M,, > 1. In one example, M,, > 0.

In another example, p,, is configured for each TRP n. In one example, p,, is indicated
using the table of ‘paraCombination-r16’. In another example, p, is indicated using a new table
of ‘paraCombination-ri8’.

In another example, p, is configured for a first group of TRPs, and p, is configured for a
second group of TRPs. In one example, p; and p, are indicated using the table of
‘paraCombination-r16’. In one example, p; and p, are indicated using a new table of
‘paraCombination-r18’. In another example, a constraint of p, < p; should satisfy when
selecting/indicating p,.

In one example, M can be different for some or all TRPs, and it depends on the number
of TRPs.

In one example, My, = Y.M,, depends on the number of TRPs, and pg,,,, is configured

to indicate My, = [psum X %] For example,

®* Dsum =%,i-,or%forlTRP,

® Psum = %,i—, or%forZTRPs,

® Doum = 11—6,%,% for 3 TRPs, and
®*  Dsum =%,%,%for4TRPs.
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Under the constraint with the configured value of pg,., (i.e., Mgym) , the UE (freely)
selects M,, for TRP n. In this example, pg,;m can be configured using a similar table (or the same
table) of ‘paraCombination-r16’, e.g., replacing p by psym-

In one example, pg,,, can be rank-dependent similar to Rel-16 for p,,.

In one example, a pair of (p, Nrgp) can be configured. For example, gNB or NW can

indicate one pair among (5,2), 2), G2), G.3), G3), (53), (5,4), and (4).

In one example, the UE determines M value for TRPs, e.g., M for strong TRPs, and [%]
for weak TRPs, and the UE reports strong/weak TRP indices.
In one example, M is the same for all TRPs (i.e., TRP-common), and it depends on the
number of TRPs (i.e., it can change depending on the value of Nrgp). For example,
e M=12 for]1 TRP (Nrgp = 1),
e M =12 o0r3for2 TRPs (Npgp = 2),
e M =273,4for3 TRPs (Nygp = 3), and
o M = 3,4 for4 TRPs (Npgp = 4).
In one example, the Rel-17 table of ‘paraCombination-r17’ is used (or not used), and the

M value depends on the number of TRPs, for example, M for 1 TRP, [%] (or M — 1) for 2 TRPs,

[%] (or M — 2) for 3 TRPs, and [—’:—f—] (or M — 3) for 4 TRPs, where M is the configured value. For

example, for the case of 4 TRPs, if M = 2 is indicated using the table of ‘paraCombination-r16’,
. [M

the actual M value for each TRP is [:] =1.

In another example, the Rel-17 table of ‘paraCombination-r17’ is used (or not used), and

the M value depends on the number of TRPs in a pair-wise manner, for example, M for Nypp =

12, and [5] for Nrgp = 34.
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In another example, the Rel-17 table of ‘paraCombination-r17’ is used (or not used), and
the p value depends on the number of TRPs, for example, M for Nygp = 1, [%] for Npgp = 2, [%]

for NTRP = 3,4‘

In one example, M can be different for some or all TRPs.

In one example, M value is applied to a strongest TRP, and [1;-] value is applied to the
other remaining TRPs, where e.g., y can be fixed to 2 or 3, or configured, or reported by the UE.
In one example, p value is applied to two strongest TRPs, and [%] value is applied to the

other remaining TRPs, where e.g., y can be fixed to 2 or 3, or configured, or reported by the UE.

In another example, Mg,,,, = »'M,, is configured, where M,, is M value for TRP n. Under
the constraint with the configured value of Mg,,,, the UE (freely) selects M,, for TRP n. In this
example, M;,,,, can be configured using a similar table (or the same table) of ‘paraCombination-
rl7’, e.g., replacing p by pgym- In one example, M,,,,, = sM where M is the configured value and
s is fixed (e.g., 2) or configured. In one example, M,,,, = Nyzp. In one example, M,, = 1. In one
example, M,, = 0.

In another example, M,, is configured for each TRP n. In one example, M,, is indicated
using the table (or a similar table) of ‘paraCombination-r17’. In another example, M,, is indicated
using a new table of ‘paraCombination-ri8’.

In another example, M, is configured for a first group of TRPs, and M, is configured for
a second group of TRPs. In one example, M, and M, are indicated using the table (or a similar
table) of ‘paraCombination-r17’. In one example, M; and M, are indicated using a new table of
‘paraCombination-r18’. In another example, a constraint of M, < M; should satisfy when

selecting/indicating M,.
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In one example, M can be different for some or all TRPs, and it depends on the number
of TRPs.

In one example, Mg, = Y M,, depends on the number of TRPs, For example,

o Mgm=1or2forlTRP,

o Mgm = 2or3for2 TRPs,

o Ms,m = 2,34 for 3 TRPs, and
o M. =345 for4 TRPs.

Under the constraint with the configured value of M,,,,,, the UE (freely) selects M,, for
TRP n. In this example, My, can be configured using a similar table (or the same table) of
‘paraCombination-rl7’, e.g., replacing M by Mg,,,,.

In one example, My,,,, can be rank-dependent similar to Rel-16 for p,,.

In one example, a pair of (M, Nygp) can be configured. For example, gNB or NW can
indicate one pair among (1,2), (2,2), (3,2), (1,3), (2,3), (3,3), (1,4), and (2.,4).

In one embodiment, L, M values for TRPs depend on the number of TRPs (Nrzp). Any
combination of L (or @) in certain embodiments herein and M (or p) in certain embodiments
herein can be applicable to this embodiment.

In one embodiment, (L, p) value configured for TRPs depends on the number of TRPs
(Nrrp)-

In one example, (L, p) is the same for all TRPs (i.e., TRP-common), and it depends on
the number of TRPs (i.e., it can change depending on the value of Nygp).

In one example, the Rel.16 table of ‘paraCombination-r16’ is used (or not used), and the

L and p values depend on the number of TRPs (Nyzp), for example, L for 1 TRP, [%] (orL—-1)

and £ for 2 TRPs, [g] (or L — 2) and & for 3 TRPs, and [5] (or L — 4) and 2 for 4 TRPs, where L is
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the configured value. For example, for the case of 4 TRPs, if L = 4,p = 1/2 is indicated using the

table of ‘paraCombination-r16’, the actual L value for each TRP is E] =1 and% = %.

In another example, the Rel. 16 table of ‘paraCombination-r16’ is used (or not used), and

the L and p values depend on the number of TRPs in a pair-wise manner, for example, L and p for
Nrgpp = 1,2, and [é] and g for Nygp = 3,4.

In another example, the Rel. 16 table of ‘paraCombination-ri16’ is used (or not used), and
the L and p values depend on the number of TRPs, for example, L and p for Npgp = 1, [%] andg
for Npgp = 2, [%] and%for Nrrp = 3.4

In one example, L and p can be different for some or all TRPs.

In one example, the configured L and p values are applied to a strongest TRP, and L — x

(or [5]) and yﬂ values are applied to the other remaining TRPs, where x or y and y, can be fixed
2

(e.g,x =1,y = 2,y, = 2) or configured, or reported by the UE. In one example, y = y,.

In one example, the configured L and p values are applied to two strongest TRPs, L — x

(or | 5]) and yﬁ values are applied to the other remaining TRPs, where x or y and y, can be fixed
2

(e.g.,x = 1,y = 2,y, = 2) or configured, or reported by the UE. In one example, y = y,.

In another example, L, = YL, and pg,m = Y p, are configured, where L,, is L value
for TRP n and p,, is p value for TRP n. Under the constraint with the configured values of L,
and pgym, the UE (freely) selects L,, and M,, (corresponding to p,) for TRP n. In this example,
Lgym and pg,, can be configured using a similar table (or the same table) of ‘paraCombination-
rl6’, e.g., replacing L by L, and p by ps,m, respectively. In one example, Lg,,,, = sL where L
is the configured value and s is fixed (e.g., 2) or configured. In one example, Lg,.;;, = Nrgp. In

one example, L,, = 1. In one example, L,, = 0. In one example, My, = s,M where M is the
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configured value and s, is fixed (e.g., 2) or configured. In one example, Mg, = Nygp. In one
example, M, = 1. In one example, M,, > 0. In one example, s = s,.

In another example, L, and p,, are configured for each TRP n. In one example, L,, and
pn are indicated using the table of ‘paraCombination-r16’. In another example, L, and p,, are
indicated using a new table of ‘paraCombination-ri8’.

In another example, L, and p, are configured for a first group of TRPs, and L, and p,
configured for a second group of TRPs. In one example, L; and L,, and p, and p, are indicated
using the table of ‘paraCombination-r16’. In one example, L, and L, and p; and p, are indicated
using a new table of ‘paraCombination-ri18’. In another example, a constraint of L, < L, should
satisfy when selecting/indicating L,. In another example, a constraint of p, < p; should satisfy
when selecting/indicating p,.

In one example, L and p can be different for some or all TRPs, and it depends on the
number of TRPs.

In one example, Lg,,,, = Y.L, and psy,,, = Y. p, depend on the number of TRPs.

Under the constraint with the configured values of Lg,,,,, and pg,m, the UE (freely) selects
L,, and p,, for TRP n. In this example, L, and pg,,, can be configured using a similar table (or
the same table) of ‘paraCombination-r16’, e.g., replacing L by L, and p by psym, respectively.

In one example, a tuple of (L, p, Nrgp) can be configured. For example, gNB or NW can
indicate one tuple among (2,1/4, 2), (3,1/4,2), (4,1/8,2), (1,1/4,3), (2,1/8,3), (3,1/8,3), (1,1/8,4),
and (2,1/8,4).

In one example, the UE determines L and p values for TRPs, e.g., L and p for strong

TRPs, and [g] and % for weak TRPs, and the UE reports strong/weak TRP indices.
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In one embodiment, a table of ‘paraCombination-r18’ is designed based on the existing
Rel. 16/17 table for ‘paraCombination-r16’ (Table 1) or ‘paraCombination-r17’ (Table 2), and
the UE can be configured using the table for codebook parameters.

In one example, one value ( C; ) from the table of ‘paraCombination-rli6’ or
‘paraCombination-r17’ is configured for a strongest TRP (or two strongest TRPs), and another
value (C,) from the table of ‘paraCombination-r16’ or ‘paraCombination-r17’ is configured for
the remaining TRPs.

In one example, one value ( C; ) from the table of ‘paraCombination-ri6’ or
‘paraCombination-r17’ is configured for a strongest TRP (or two strongest TRPs), and another
value (C,) from the table of ‘paraCombination-r16’ or ‘paraCombination-r17’ is fixed for the
remaining TRPs, e.g., C, = 1.

In one example, one value ( C; ) from the table of ‘paraCombination-rl6’ or
‘paraCombination-r17’ is configured for a strongest TRP (or two strongest TRPs), and another

3

value (C,) from the table of ‘paraCombination-ri6’ or ‘paraCombination-rl7’ is determined
based on €; for the remaining TRPs, in one example,, C, < C;. For example, C, = C; — 1, or
max(1,C; — 1).

In one example, one value (C; ) from the table of ‘paraCombination-ri6’ or
‘paraCombination-r17’ is configured for a strongest TRP (or two strongest TRPs), and another
value (C,) from the table of ‘paraCombination-r16’ or ‘paraCombination-r17’ is configured with
a restriction based on C; for the remaining TRPs, e.g., C, < C;. For example, if C; = 4, then C,
is selected from {1,2,3,4}.

The UE can report a strongest TRP index (or indices of 2 or a few strongest TRPs) in the

relevant examples above or below.
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In one example, C,, from the table of ‘paraCombination-r16’ or ‘paraCombination-r17’
is configured for TRP n forn = 1, -+, Nrgp.

In one example, some restriction on L can be applied to select C,,. For example, a total
number of L beams across TRPs (i.e., Lg,;,) can be constrained. For example, if L,,, = 8 and
Nzrp = 3, (€4, C,, C3) = (1,1,3) can be one possible value.

In one example, some restriction on M (or p) can be applied to select C,,. For example, a
total number of M beams across TRPs (i.e., Mg, OF Psun) can be constrained.

In one example, some restriction on M (or p) and L can be applied to select C,,. For
example, a total number of M beams across TRPs (i.e., Mgy, OF Pgyim) and a total number of L
beams (i.e., Lg,.,,) can be constrained.

In one example, a table of ‘paraCombination-r18’ is designed based on a mixed version
of the existing tables for ‘paraCombination-r16’ or ‘paraCombination-rl7’ and a new parameter-
combination table, and the UE can be configured using the table for codebook parameters.

In one example, the new table includes combinations with new L value(s). For example,

the new L value(s) can include 1 or 3 (or 5). An example is described in Table 3.
In one example, p, = % is not included in the table.

Any table including at least one of the combinations provided in the tables in this

disclosure can be an example for the table of ‘paraCombination-ri18’.

[Table 3]
o Py B
paramCombination-ri8 | L
v €{1,2} v € {3,4}
1 2 Va 1/8 Va
2 2 Ya 1/8 Y2
3 4 Ya 1/8 Va
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4 4 Va 1/8 V2
5 4 Va Ya Ya
6 4 2 Ya V2
7 6 Va - V2
8 6 Ya - Y
9 1 Va 1/8 Ya
10 1 Va 1/8 2
11 1 Ya 1/8 Ya
12 1 Ya Va Va
13 1 Ya Va 72
14 1 Va Ya Ya
15 1 V2 Ya Ya
16 1 Y2 Va 72
17 1 2 Ya Ya
18 1 Va - Va
19 1 Va - 2
20 1 Va - Ya
21 3 Ya 1/8 Ya
22 3 Va 1/8 2
23 3 Ya 1/8 Ya
24 3 Ya Ya Ya
25 3 Va a V2
26 3 Ya Ya Ya
27 3 V2 Va Va
28 3 vz YVa 72
29 3 V2 Ya Ya
30 3 Va - Va
31 3 Ya - 72
32 3 Ya - Ya
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In one example, the new table includes combinations with new « value(s). For example,
the new a value(s) can include 1/4 or 1/8, orl/16. An example is described in Table 4.
Any table including at least one of the combinations provided in the tables in this

disclosure can be an example for the table of ‘paraCombination-r18’.

[Table 4]
paramCombination-ri8 | M a | B
1 1 Yo |
2 1 1 Y2
3 1 1 Ya
4 1 1 1
5 2 2 | 2
6 2 a | V2
7 2 1 V2
8 2 1 Ya
9 1 2 |
10 1 2 | Ya
11 1 2 1
12 1 Vo |2
13 1 Va | Y
14 1 Ya 1
15 2 Va | 72
16 2 Ya | %
17 1 1/8 | 2
18 | 1/8 | %
19 1 1/8 |1
20 2 1/8 | 2
21 2 1/8 | %
22 1 | 1/16 |
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23 I | /16 | %
24 1 | /16 | 1
25 2 V116
26 2 | 1/16 | %

In one example, the new table includes combinations with new p value(s). For example,
the new p value(s) can include 1/6 or 1/10 or 1/16. An example is described in Table 5.

Any table including at least one of the combinations provided in the tables in this

disclosure can be an example for the table of ‘paraCombination-ri8’.

PCT/KR2023/005171

[Table 5]
paramCombination-rl8 | L Pv #
v €{1,2} | v € {34}
1 2 Ya 1/8 Ya
2 2 Ya 1/8 Ya
3 4 Ya 1/8 Ya
4 4 Ya 1/8 Ya
5 4 Ya Ya Ya
6 4 Y2 Ya Y
7 6 Ya - 2
8 6 Ya - Ya
9 2 1/6 1/8 Ya
10 2 1/6 1/8 Z
11 4 1/6 1/8 Ya
12 4 1/6 1/8 Y2
13 4 1/6 1/6 Ya
14 6 1/6 - 2
15 6 1/6 - Ya
16 2 1/6 1/10 Ya
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17 2 1/6 1/10 v,
18 4 1/6 1/10 Vs
19 4 1/6 /10 | %
20 2 1/6 1/16 v,
21 2 1/6 /16 | %
22 4 1/6 /16 | %
23 4 1/6 1/16 v
24 2 1/8 7o | %
25 2 1/8 o | %
26 4 1/8 1/10 s
27 4 1/8 1/10 Vs
28 4 1/8 Vo | %
29 6 1/8 - v,
30 6 1/8 - Y
31 2 1/8 1/16 Vs
32 2 1/8 1716 | %
33 4 1/8 /16 | %
33 4 1/8 1/16 v,
34 4 1/8 1/8 Y
35 2 1/10 /16 | %
36 2 1/10 /16 | %
37 4 1/10 1716 | %
38 4 1/10 1/16 Y,
39 4 1/10 o | %
40 6 1/10 - Y,
41 6 1/10 - Y
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In one example, the new table includes combinations with new L, p value(s). For example,
the new L, p value(s) can include (1,1/8) or (1,1/6), (1,1/10), (1,1/16), (3,1/8), (3,1/6), (3,1/10), or
(3,16). An example is described in Table 6.

Any table including at least one of the combinations provided in the tables in this

disclosure can be an example for the table of ‘paraCombination-ri18’.

[Table 6]
paramCombination-ri8 | L P B
v €{1,2} | v € {3,4}
1 2 Ya 1/8 Ya
2 2 Ya 1/8 V2
3 4 Ya 1/8 Ya
4 4 Ya 1/8 V2
5 4 Ya Ya Ya
6 4 b2 Va A
7 6 Va - Vs
8 6 Va - Ya
9 1 1/6 1/8 Ya
10 1 1/6 1/8 V2
11 1 1/6 1/8 Ya
12 1 1/6 1/6 Ya
13 1 1/6 1/6 iz
14 1 1/6 1/6 Ya
15 1 1/6 - Va
16 1 1/6 - V2
17 1 1/6 - Ya
18 1 1/6 1/10 Ya
19 1 1/6 1/10 2
20 1 1/6 1710 %
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21 1 1/6 1/16 Ya
22 1 1/6 1/16 V2
23 1 1/6 1/16 Ya
24 3 1/6 1/8 Ya
25 3 1/6 1/8 z
26 3 1/6 1/8 Ya
27 3 1/6 1/6 Va
28 3 1/6 1/6 2
29 3 1/6 1/6 Ya
30 3 1/6 - Ya
31 3 176 - 2
32 3 1/6 - Ya
33 3 1/6 1/10 Ya
34 3 1/6 1/10 Y2
35 3 1/6 1/10 Ya
36 3 1/6 1/16 Va
37 3 1/6 1/16 72
38 3 1/6 1/16 Ya
39 1 1/8 1/8 Va
40 1 1/8 1/8 V2
41 1 1/8 1/8 Ya
42 1 1/8 - Va
43 I 1/8 - Y2
44 1 1/8 - Ya
45 1 1/8 1/10 Ya
46 1 1/8 1/10 Y2
47 1 1/8 1/10 Ya
48 1 1/8 1/16 Ya
49 1 1/8 1/16 Y2
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50 1 1/8 1/16 Ya
51 3 1/8 1/8 Va
52 3 1/8 1/8 Ya
53 3 1/8 1/8 Ya
54 3 1/8 - Ya
55 3 1/8 - 2
56 3 1/8 - Ya
57 3 1/8 1/10 Va
58 3 1/8 1/10 V2
59 3 1/8 1/10 Ya
60 3 1/8 1/16 Ya
61 3 1/8 1/16 2
62 3 1/8 1/16 Ya
63 1 1/10 - Ya
64 1 1/10 - V2
65 1 1/10 - Ya
66 1 1/10 1/10 Ya
67 1 1/10 1/10 V2
68 1 1/10 1/10 Ya
69 l 1/10 1/16 Ya
70 1 1/10 1/16 V2
71 1 1/10 1/16 Ya
72 3 1/10 - Ya
73 3 1/10 - V2
74 3 1/10 - Ya
75 3 1/10 1/10 Va
76 3 1/10 1/10 vz
77 3 1/10 1/10 Ya
78 3 1/10 1/16 Va
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79 3 1/10 1/16 Y
80 3 1/10 1/16 Ya
81 1 1/16 - 2
82 1 1/16 - 72
83 1 1/16 - Ya
84 1 1/16 1/16 Va
85 1 1/16 1/16 V2
86 1 1/16 1/16 Y
87 3 1/16 - Ya
88 3 1/16 - Y2
89 3 1/16 - Ya
90 3 1/16 1/16 Ya
91 3 1/16 1/16 V2
92 3 1/16 1/16 Ya

In one example, the new table includes new L (or @) and M (or p) values.

In one example, the new table includes L (or @) and 8 values. In one example, new values

111111 1 1 1 1 1 1 1 333 3 3 3 3 3 3

of Bsuchas =,-,=,=,=,—,—, =, =, = == T ST T T T T T ... can be
B 5'6’°7'8’9°10°11°12°13714” 15”16’ ""'32” 5’7’8"10'11'13" 14" 16’32’

included in the table.

In one example, the new table includes M (or p) and 8 values. In one example, new values

111111 1 1 1 1 1 1 1 3333 3 3 3 3 3
of B such as =,=,=,=,=,—,—, =, =, == —, w0 = e e ... can be

7'8"10°11'13’ 14" 16’32’
included in the table.

In one example, the new table includes L (or ), M (or p), and f values. In one example,

111111 1 1 1 1 1 1 1333 3 3 3 3 3 3

new values of 8 suchas -,-,=-,-,-,—, —,—, —,—,—,— —— =, —, =, =, —,—,—
B 5’6°7'8’9'10"11°12° 13’14’15’ 16’ 7’32 5’7'8°10" 1171314’ 16" 32’

can be included in the table.

In one example, the new table includes AL (or Aa) values.
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In one example, the new table includes AL (or Aax) and AM (or Ap) values.

In one example, the new table includes AL (or Aa) and Af values.

In one example, the new table includes AM (or Ap) and AB values.

In one example, the new table includes AL (or Aa), AM (or Ap), and AB values.

Here, the ‘AX’ in the new table means a relationship from X value selected/configured
using the existing table. In one example, the relationship corresponds to subtraction (e.g., X; —
X, = AX, where X, is a value selected from the existing table, and X, is a value selected from the
new table. Here, e.g., AX could be 0,1,2,..and so on). In another example, the relationship

corresponds to division, (e.g., X, = [AX X X;], where X, is a value selected from the existing

N |

table, and X, is a value selected from the new table. Here, AX = ,%, ...and so on.)

In one example, the new table includes any combination of the above parameters. For
example, the new table includes AL, AM, and §.

In one example, one value (C;) from the table of ‘paraCombination-r16> (Table 1) or
‘paraCombination-rl17’ (Table 2) is configured for a strongest TRP (or two strongest TRPs), and
another value (C,) from a new parameter-combination table (e.g., a table including at least one of
combinations provided in Tables 3-6) is configured for the remaining TRPs.

In one example, one value (C,) from the table of ‘paraCombination-ri6’ (Table 1) or
‘paraCombination-r17’ (Table 2) is configured for a strongest TRP (or two strongest TRPs), and
another value (C,) from a new parameter-combination table (e.g., a table including at least one of
combinations provided in Tables 3-6) is (implicitly) determined based on C,; for the remaining
TRPs.

In one example, one value (C;) from the table of ‘paraCombination-ri6’ (Table 1) or

‘paraCombination-r17’ (Table 2) is configured for a strongest TRP (or two strongest TRPs), and
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another value (C,) from a new parameter-combination table (e.g., a table including at least one of
combinations provided in Tables 3-6) is configured with a restriction based on C; for the
remaining TRPs.

The UE can report a strongest TRP index (or indices of 2 or a few strongest TRPs) in the
relevant examples above or below.

In embodiment, a new parameter-combination table of ‘paraCombination-ri8’ is designed,
and the UE can be configured using the table for codebook parameters.

In one example, a new parameter-combination table of ‘paraCombination-ri8 is
codebook-common and the number of TRPs-common (i.e., Nygp-common). Here the codebook-
common means that a same table is used for CB1 and CB2.

In one example, a new parameter-combination table of ‘paraCombination-ri8’ is
codebook-specific and Nyzp-common. For example, as shown in Figure 9, a new parameter-
combination table of ‘paraCombination-rl8 is specifically designed for CB1 and CB2,
respectively.

In one example, a new parameter-combination table of ‘paraCombination-rl8 is
codebook-common and Nrgp -specific. For example, as shown in Figure 9, a new parameter-
combination table of ‘paraCombination-ri18’ is specifically designed for Npgp = 2,3,4.

In one example, a new parameter-combination table of ‘paraCombination-rl18 is
codebook-specific and Nygp-specific. For example, as shown in Figure 9, for Npgp = 2,3,4, a new
parameter-combination table of ‘paraCombination-r18’ is specifically designed for CB1 and CB2,
respectively.

In one embodiment, a common table of ‘paraCombination-r18’ is designed for both Rel-
16 Type-II codebook-based mTRP CIT codebook and Type-II port selection codebook-based

mTRP CJT codebook. In other words, one common table is used for both the mTRP CJT
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codebooks design based on Rel-16 Type-II (regular) codebook and Rel-17 Type-II port selection
codebook. The UE can be configured using the table for codebook parameters for mTRP CJT
codebooks.

In one example, the common table is designed using parameters (L, p, §) (similar to Rel-
16 parameter combination). For example, any combination of parameters for L, p, § described in
certain embodiments herein can be included in the common table.

In one example, the common table is designed using parameters (M, a, #) (similar to Rel-
17 parameter combination). For example, any combination of parameters for M, a, f described in
certain embodiments herein can be included in the common table.

In one example, the common table is designed using parameters (L, M, ). For example,
any combination of parameters for L, M, 8 described in certain embodiments herein can be
included in the common table.

In one example, the common table is designed using parameters (a, p, ). For example,
any combination of parameters for a, p, § described in certain embodiments herein can be included
in the common table.

In one example, the common table is designed using a combination of legacy parameters
(L, M, a,p, B). and new parameter value(s).

In one embodiment, a UE is configured with an mTRP (or D-MIMO or C-JT) codebook,
via e.g., higher layer parameter codebookType set to ‘typell-r18-cjt’, which is designed based on
Rel-16/17 Type-II codebook. For example, The mTRP codebook has a triple-stage structure which

can be represented as W = W1W2W}’ , where the component W, is used to report/indicate a
spatial-domain (SD) basis matrix comprising SD basis vectors, the component W, is used to

report/indicate a frequency-domain (FD) basis matrix comprising FD basis vectors, and the

component W, is used to report/indicate coefficients corresponding to SD and FD basis vectors.
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In one example, in Rel-16 Type-II codebook, L vectors, v m(i),i =0,1,..,L—1, are
1 7°%2

identified by the indices g4, g3, n4, 1y, indicated by i, ;, i; ,, obtained as in 5.2.2.2.3, where the
values of C(x, y) are given in Table 5.2.2.2.5-4 of [9].

In Rel-18 Type-II codebook for multi-TRP, L,, SD basis vectors for each TRP n can be
selected/reported, where we denote that L,, is a number of SD basis vectors for TRP n (CSI-RS
resource ).

In one embodiment, on the SD basis selection for (Rel-18) Type-II codebook refinement
for CJT mTRP, each of the {L,,n = 1,..., Npgp} is configured by NW via higher-layer (RRC)
signaling, where Nygp is a number of TRPs configured by the NW.

In one example, L,, € {2,4,6}. In one example, L, € {1,2,4,6}. In one example, L, €
{1,2,3,4,5,6}. In one example, In one example, L, € {1,2,3,4}. In one example, L,, € {1,2,3}. In
one example, L, € {1,2,4}. In one example, L,, can be selected from £,,, where L, is a subset of
{1,2,3,4,5,6}.

In one embodiment, on the SD basis selection for (Rel-18) Type-II codebook refinement

for CJT mTRP, Ly, = YNTRP L, is configured by NW via higher-layer (RRC) signaling and the

n=1

relative value(s) of {L,,n = 1,..., Nygp} are reported by the UE, where Nrgp is a number of TRPs
configured by the NW. Although we denote L,,, for Z:EP L., another notation can be used for
Leoe, such as Loy, L', L, etc. In one example, Npgp € {1,2,3,4}.

In one example, L;y € {2Nygp, 4Nrrp, 6Nrgp} . In  one example, L.y €
{1Nygrp, 2N1rp, 4N7rp, 6Nrgp} . In one example, Lior €
{1Nrgp, 2Nygp, 3N7gp, 4N7gp, SNrgp, 6NRp} . In one example, In one example, Ly €

{1Nrgp, 2N7gp, 3N7gp, 4Nrgp}. In one example, Lyo; € {1N7gp, 2Nrgp, 3Nrgp}-
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In one example, L;,; € {1Nrgp, 2Nygp, 4N7gp}. In one example, L;,, can be selected from
L¢ot, where L, is a subset of {1, --+,24}.

In one example, Lyye € Liorq for Npgp = x and Lyge € Liyr 2 for Nygp < x, where Ly 4
and L, is a subset of {1,---,24} and x = 1,2,3, or 4.

In one example, Lyo¢ € Lyyr 1 for Npgp > x and Lyoe € Lyye , for Npgp < x, where Ly 4
and Ly, is a subset of {1,---,24} and x = 1,2,3, 07 4.

In one example, {L,,n =1,..., Nrgp} are explicitly reported via a joint indicator or
separate multiple indicators in CSI part 1. For example, a joint indicator can be used to indicate
(Lys+ s Lygpp) undér the constraint of L,,, = Zfl’l’;” L,and L, >0, forn =1,+, Nygp where L,
is a non-negative integer. In another example, an indicator can be used to indicate each L,, forn =
1,:++, Nygp under the constraint of L;,, = Zgiﬁp Lpand L, > 0.

In one example, L, SD basis vector selection for each TRP n is reported via a joint
indicator or separate multiple indicators in CSI part 2.

¢ In one example, an indicator to indicate (each) L,, SD basis vectors has the payload of
N{N>\1,. o .
log, ( L ) bits (bit-width), where N; and N, are the values of (N;, N;) configured via
n

higher-layer (RRC) signaling by the NW. For any TRP n where L,, = 0 (i.e., no SD beam
selection case) and/or where TRP n is not selected which can be indicated via Nypp-bit
bitmap in CSI part 1, no SD basis vector for TRP n is reported, hence no payload is induced.

¢ In one example, a joint indicator to indicate {L,,} SD basis vectors has the payload of
Nrre (N1N2 . P .
log, X, 1% L bits (bit-width). For any TRP n where L, = 0 (i.e., no SD beam
n

selection case) and/or where TRP n is not selected which can be indicated via Nrpp-bit
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bitmap in CSI part 1, no SD basis vector for TRP n is reported, hence no additional payload

is induced in the sum.

In one example, L,,;s associated with TRPs that are selected are explicitly reported via a
joint indicator or separate multiple indicators in CSI part 1. In CSI part 1, Nyppp-bit bitmap is used
to indicate selected N TRPs out of Nygp TRPs. For example, when Npgp = 4 and Nypp-bit bitmap
is ‘1001° in CSI part 1, the first TRP and the fourth TRP are selected. In this example, L,
associated with the selected TRPs are explicitly reported.

e In one example, a joint indicator can be used to indicate {L,},cs under the constraint of
Liot = YmesLn and L, = 1, for n € S where L, is a positive integer and S is a set of
selected TRP indexes (i.c., a subset of {1,2, -, Nygp}.

¢ In one example, a joint indicator can be used to indicate {L,}¥_, under the constraint of
Loe =3N_ L,and L, = 1, forn = 1,--, N where L, is a positive integer.

¢ In one example, an indicator can be used to indicate each L,, for n € S under the constraint
of Lyt = Xnes Ly and L, = 1 where L,, is a positive integer and S is a set of selected TRP
indexes (i.e., a subset of {1,2, -**, Nygp}.

e In one example, an indicator can be used to indicate each L,, forn = 1,---, N under the
constraint of Ly = ¥N_; L, and L, = 1, forn = 1,---, N where L, is a positive integer.
In one example, L,, SD basis vector selection for each TRP n is reported via a joint

indicator or separate multiple indicators in CSI part 2.

e In one example, an indicator to indicate (each) L,, SD basis vectors has the payload of
N;NoT . o .
[logz ( L )l bits (bit-width), where N; and N, are the values of (N;, N;) configured via
n

higher-layer (RRC) signaling by the NW, wheren € Sorn=1,--,N.
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In one example, a joint indicator to indicate {L,} SD basis vectors has the payload of
Ny N
[logz N4 ( i 2)] bits or [logz Ynes (NiNz)] bits.
n n

In one example, L, s associated with TRPs that are selected are explicitly reported via a

joint indicator or separate multiple indicators in CSI part 2. The remaining part is similar to other

examples described herein.

In one example, some of {L,,,n = 1,..., Nrgp} are explicitly reported via a joint indicator

or separate multiple indicators in CSI part 1 and the others of {L,,,n = 1,..., Nygp} are reported

implicitly (or determined implicitly hence not explicitly reported).

In one example, a joint indicator can be used to indicate (Ly, -+, Ly p—1), (i-€., excluding

L with the highest index), and Ly, is implicitly determined by (Ly, -, Ly pp-1) and

Lot = ng’;” L, hence Ly, is not reported. Here, L, =20, for n =1,+-,Nygp — 1
where L,, is a non-negative integer.
In one example, a joint indicator can be used to indicate (Ly, **, Ly,pp), (i-€., excluding L

with the lowest index), and L, is implicitly determined by (L, *, Ly ,p) and Ly =

ZZEP L, hence L, is not reported. Here, L,, = 0, forn = 2,++, Nygp where L,, is a non-
negative integer.
In one example, a joint indicator can be used to indicate {Ly}nef1,..Nppp)\(n*} (-€-»

excluding L with a reference TRP index n*, which can be determined by UE or configured

by NW or determined by a pre-defined rule), and L,» is implicitly determined by

{Lidneq - Nrppy\iny @0d Leoy = Zgz’ip L, hence L,+ is not reported. Here, L, = 0, for

n €{1,-,Nrgp} \ {n"} where L, is a non-negative integer.
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In one example, an indicator can be used to indicate each L,, forn = 1,---, Npgp — 1 (i€,

excluding L with the highest index), and Ly, is implicitly determined by Ly, -+, Ly, pp-1

and L,,, = ng’;‘p Ly hence Ly, is not reported. Here, L, =2 0, forn = 1,+, Nggp — 1
where L,, is a non-negative integer.

In one example, an indicator can be used to indicate each L, forn = 2,-++, Nrgp (i€,

excluding L with the lowest index), and L, is implicitly determined by L, -, Ly, and

Lot = Zzz’}” L, hence L, is not reported. Here, L,, > 0, forn = 2, -+, Nygp where L, isa
non-negative integer.
In one example, an indicator can be used to indicate each L, forn € {1, -+, Nrgp} \ {n*}

(i.e., excluding L with a reference TRP index n*, which can be determined by UE or

configured by NW or determined by a pre-defined rule), and L+ is implicitly determined
by {Ln}netr, - Nrgp) \(n*} a0d Leor = Z:Z’;P L, hence L, is not reported. Here, L, = 0, for

n € {1,,Nrgp} \ {n"} where L,, is a non-negative integer.

In one example, L,, SD basis vector selection for each TRP n is reported via a joint

indicator or separate multiple indicators in CSI part 2.

In one example, an indicator to indicate (each) L, SD basis vectors has the payload of
N{N\1.. o .
log, ( L ) bits (bit-width), where N; and N, are the values of (N;, N;) configured via
n

higher-layer (RRC) signaling by the NW. For any TRP n where L,, = 0 (i.e., no SD beam
selection case) and/or where TRP n is not selected which can be indicated via Nrgp-bit
bitmap in CSI part 1, no SD basis vector for TRP n is reported, hence no payload is induced.

In one example, a joint indicator to indicate {L,} SD basis vectors has the payload of

[logz yNTRP (Nll,ivz)l bits (bit-width). For any TRP n where L, = 0 (i.e., no SD beam

n=1
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selection case) and/or where TRP n is not selected which can be indicated via Nygp-bit

bitmap in CSI part 1, no SD basis vector for TRP n is reported, hence no additional payload

is induced in the sum.

In one example, some of L, s associated with TRPs that are selected are explicitly reported
via a joint indicator or separate multiple indicators in CSI part 1 and the others of L,;s associated
with TRPs that are selected are reported implicitly (or determined implicitly hence not explicitly
reported). In CSI part 1, Nygp-bit bitmap is used to indicate selected N TRPs out of Nygp TRPs.
For example, when Nygp = 4 and Npgp-bit bitmap is ‘1001 in CSI part 1, the first TRP and the
fourth TRP are selected. In this example, some of L, associated with the selected TRPs are
explicitly reported and the others are implicitly determined.

o In one example, a joint indicator can be used to indicate {Ly}nes\(n,,,} and Ln,,,, is
implicitly determined by {L,}nes\(n,,,} @04 Leor = Lnesln and Ly =21 forn €S \
{n.ow} Where L,, is a positive integer and S is a set of selected TRP indexes (i.e., a subset
of {1,2,---, Nyrp}) and ny,,, is the lowest index in S.

e In one example, a joint indicator can be used to indicate {L,},cs \(nsign} and Ly, , is
implicitly determined by {L,},es \(pign) @0 Leor = Yneslpand L, =21 forne S \
{nyign} where L, is a positive integer and S is a set of selected TRP indexes (i.e., a subset
of {1,2, -+, Nrgp}) and nygp is the highest index in S.

e Inone example, a joint indicator can be used to indicate {Ly, }nes\(n*} and Ly is implicitly
determined by {Ly}nes\(n*} and Liot = XnesLn and L, = 1 forn € S \ {n"} where L,
is a positive integer and S is a set of selected TRP indexes (i.e., a subset of {1,2, -, Nrgp})
and n* is a reference TRP index in S, which can be determined by UE or configured by

NW or determined by a pre-defined rule.
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e In one example, a joint indicator can be used to indicate {L,}N=} and Ly is implicitly
determined by {L,}N=} and L;p; = ¥N_, L, and L, = 1, forn = 1,--,N — 1 where L,, is
a positive integer.

e In one example, a joint indicator can be used to indicate {L,}N-, and L, is implicitly
determined by {L,}N_, and Lyoe = XN_, L, and L, =1, forn = 2,++,N where L, is a
positive integer.

* In one example, a joint indicator can be used to indicate {Ly}ne(a,..ny\(n*} and Ly~ is
implicitly determined by {L,}nef1,..ny\(n*} and Lege = N L, and L, =1, for n €
{1,--,N} \ {n*} where L,, is a positive integer.

* Inone example, an indicator can be used to indicate each L, forn € S\ {n;,y}and L, ,
is implicitly determined by {Ln}nes\(nyoy) @04 Ltor = Xneslnand L, = 1forn €S \
{n,,w} where L, is a positive integer and S is a set of selected TRP indexes (i.e., a subset
of {1,2,---, Nrgp}) and n,,, is the lowest index in S.

e In one example, an indicator can be used to indicate each L, forn € S\ {ny;4n} and

L is implicitly determined by {L,},cs \(tpign) a4 Leor = Ynesln and L, = 1 for

NHigh
n €S \ {ny;4n} where L, is a positive integer and S is a set of selected TRP indexes (i.e.,

a subset of {1,2, -, Nygp}) and ny;gp is the highest index in S.

¢ In one example, an indicator can be used to indicate each L,, forn € § \ {n*} and L"{n*) is

implicitly determined by {L,}nes\(n*) and Lior = Xpesln and L, = 1forn € S \ {n"}
where L, is a positive integer and S is a set of selected TRP indexes (i.e., a subset of
{1,2,:++, Nrgp}) and n* is a reference TRP index in S, which can be determined by UE or

configured by NW or determined by a pre-defined rule.
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¢ In one example, an indicator can be used to indicate each L, forn =1, , N — 1 and Ly
is implicitly determined by {L,}N-1 and L;,; = ¥N¥_,L,and L, = 1, forn=1,---,N -1
where L, is a positive integer.

e In one example, an indicator can be used to indicate each L, forn = 2,++-,N and L, is
implicitly determined by {L,}N_, and Ly = ¥N_;Ly,and L, =1, forn=1,--,N —1
where L,, is a positive integer.

e In one example, an indicator can be used to indicate each L, forn € {1,:--,N} \ {n*} and
Ly« is implicitly determined by {Ly,}ne(1,. vy \(n*) @0d Lyor = YN L,pandL, =1, forne€
{1, ,N} \ {n*} where L,, is a positive integer.

In one example, L, SD basis vector selection for each TRP n is reported via a joint
indicator or separate multiple indicators in CSI part 2.

e In one example, an indicator to indicate (each) L,, SD basis vectors has the payload of
N1N2 . . . 3
[logz ( L )] bits (bit-width), where N; and N, are the values of (N;, N,) configured via
n

higher-layer (RRC) signaling by the NW, wheren € Sorn=1,--,N.
e In one example, a joint indicator to indicate {L,} SD basis vectors has the payload of

[logz N . (Niivz)] bits or [logz Ynes (NinNz)] bits.

In one example, some of L, s associated with TRPs that are selected are explicitly reported
via a joint indicator or separate multiple indicators in CSI part 2 and the others of L, s associated
with TRPs that are selected are reported implicitly (or determined implicitly hence not explicitly
reported). The remaining part is similar to other examples described herein.

In one example, {L,,n = 1,..., Nygp} are reported implicitly, according to at least one of

the following examples.
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In one example, L,,, SD basis vectors are selected among all candidates of SD basis vectors

across Nrgp TRPs and the selection of L;,, SD basis vectors is reported via an indicator with size

NrrpN
of [logz ( TR: 1 2)] bits in CSI part 1. In this case, L, is implicitly determined by counting the

number of selected SD basis vectors that belong to the candidate SD basis vectors of each TRP.
In one example, L,,, SD basis vectors are selected among all candidates of SD basis vectors

across Nrgp TRPs and the selection of L,,, SD basis vectors is reported via an indicator with size

NygpNyN. . . R . .
of [ log, ( T'ZO: 2)] bits in CSI part 2. In this case, L, is implicitly determined by counting the

number of selected SD basis vectors that belong to the candidate SD basis vectors of each TRP.
In one example, L,,, SD basis vectors are selected among all candidates of SD basis vectors

across N TRPs, where N is a number of selected TRPs. For example, in CSI part 1, Nygp-bit

bitmap is used to indicate selected N TRPs out of Nypp TRPs. For example, when Nrgp = 4 and

Nygp-bit bitmap is ‘1001° in CSI part 1, the first TRP and the fourth TRP are selected. The
. . . . . . - . N 1 2
selection of L;,, SD basis vectors is reported via an indicator with size of [logz ( )] bits in

CSI part 1. In this case, L, is implicitly determined by counting the number of selected SD basis
vectors that belong to the candidate SD basis vectors of each of the selected TRPs.

In one example, L;,, SD basis vectors are selected among all candidates of SD basis vectors
across N TRPs, where N is a number of selected TRPs. For example, in CSI part 1, Nygp-bit
bitmap is used to indicate selected N TRPs out of Nygp TRPs. For example, when Nrgp = 4 and

Nrgp-bit bitmap is ‘1001° in CSI part 1, the first TRP and the fourth TRP are selected. The
. . . . . o NN;N,
selection of L,,, SD basis vectors is reported via an indicator with size of [logz ( )] bits in

CSI part 2. In this case, L, is implicitly determined by counting the number of selected SD basis

vectors that belong to the candidate SD basis vectors of each of the selected TRPs.



WO 2023/204551 PCT/KR2023/005171

72

In one example, for a given L.y, a set L for the value of L,, forn = 1,--, Npgp is
predetermined and an element of the set is selected and reported. For example, a combination of
the elements each of which corresponds to L, is reported via a joint indicator or separate multiple
indicators (that indicate(s) the index of the selected element in the set) in CSI part 1.

In one example, £ is a subset of {1,2, -+, L, }. In one example, £ is a subset of {1,2, ...,6}.
For example, £ = {1,2,4,6}. For example, £ = {1,2,3,4}. For example, L = {2,4,6}. For example,
L ={2,34}.

In one example, L,, SD basis vector selection for each TRP n is reported via a joint
indicator or separate multiple indicators in CSI part 2.

e In one example, an indicator to indicate (each) L,, SD basis vectors has the payload of
NiNo\T .. o .
log, L ) bits (bit-width), where N; and N, are the values of (N;, N;) configured via
n

higher-layer (RRC) signaling by the NW. For any TRP n where L,, = 0 (i.e., no SD beam
selection case) and/or where TRP n is not selected which can be indicated via Npgp-bit
bitmap in CSI part 1, no SD basis vector for TRP n is reported, hence no payload is induced.

o In one example, a joint indicator to indicate {L,} SD basis vectors has the payload of

[logz Y.NTRP (NinNz)l bits (bit-width). For any TRP n where L,, = 0 (i.e., no SD beam

n=1
selection case) and/or where TRP n is not selected which can be indicated via Nrgp-bit
bitmap in CSI part 1, no SD basis vector for TRP n is reported, hence no additional payload
is induced in the sum.
In one example, for a given Ly, a set £ for the value of L, forn€ Sorn=1,:,N is
predetermined and an index of the set is selected and reported, where S is a set of selected TRPs.
(For example, in CSI part 1, Nygp-bit bitmap is used to indicate selected N TRPs out of Nrgp

TRPs. For example, when Nygp = 4 and Npgp-bit bitmap is ‘1001’ in CSI part 1, the first TRP
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and the fourth TRP are selected.) In one example, a combination of indexes each of which
corresponds to L,, is reported via a joint indicator or separate multiple indicators in CSI part 1.

In one example, £ is a subset of {1,2, -+, L, }. In one example, L is a subset of {1,2, ...,6}.
For example, £ = {1,2,4,6}. For example, £ = {1,2,3,4}. For example, L = {2,4,6}. For example,
L ={2,34}

In one example, L,, SD basis vector selection for each TRP n is reported via a joint
indicator or separate multiple indicators in CSI part 2.

¢ In one example, an indicator to indicate (each) L,, SD basis vectors has the payload of

[logz (Niivz)l bits (bit-width), where N; and N, are the values of (N, N,) configured via

higher-layer (RRC) signaling by the NW, wheren € Sorn=1,---,N.

e In one example, a joint indicator to indicate {L,} SD basis vectors has the payload of
N
[logz N (NiNz)] bits or [10g2 Znes( iN2>] bits.
n n

In one example, for a given L., a set for the value of L,, forn€Sorn=1,---,N is
predetermined and an index of the set is selected and reported, where S is a set of selected TRPs.
(For example, in CSI part 1, Nyzp-bit bitmap is used to indicate selected N TRPs out of Nrgp
TRPs. For example, when Nygp = 4 and Nygp-bit bitmap is ‘1001” in CSI part 1, the first TRP
and the fourth TRP are selected.) In one example, a combination of indexes each of which
corresponds to L,, is reported via a joint indicator or separate multiple indicators in CSI part 2. The
remaining part is similar to or same as other examples described herein.

In one embodiment, on the SD basis selection for (Rel-18) Type-II codebook refinement
for CJT mTRP, an L parameter is configured by NW via higher-layer (RRC) signaling and
{L,,n=1,...,Nrgp} are determined from the value of L, where Nygp is a number of TRPs

configured by the NW. In one example, Nrzp € {1,2,3,4}.
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In one example, one L value is associated with a reference TRP n* and another value

determined from L is associated with the remaining Nrgp — 1 (or N — 1) TRPs. In one example,
L * L *
Ly =Land L, = H forn # n*. In one example, L, = L and L, = [;] for n # n*, where x =

2,3,0r 4, ... and so on.
¢ In one example, a reference TRP n* is configured by NW.
¢ In one example, a reference TRP n* is determined by UE and reported in CSI part 1 or CSI
part 2.
¢ In one example, a reference TRP n* is fixed to 1 or the last index, e.g., Nygp or N, or
another value n* € {1,-+, Nygp}
In one embodiment, on the SD basis selection for (Rel-18) Type-II codebook refinement
for CIT mTRP, Ly = Zgi’f’ L, is configured by NW via higher-layer (RRC) signaling and the

relative value(s) of {L,,n = 1,..., Nygp} are reported by the UE, where Nrgp is a number of TRPs

configured by the NW. Although we denote L,,,, for an upper bound of ZZ;’;P L, , another

notation can be used for L, such as Ly, L', L, etc. In one example, Nrgp € {1,2,3,4}.

In one example, Lpgx € {2Nrgp, 4N7gp, 6Nrgp} . In one example, Ly, €
{1Nrgp, 2Nygp, 4N1gp, 6N7gp} . In one example, Limax €
{1Nzgp, 2N7gp, 3N7rp, 4N1gp, SNTRp, 6N7Rp} . In one example, In one example, Lpqy €
{1N7gp, 2N7gp, 3Nrgp, 4N7gp}. In one example, Ly, € {1Nygp, ZN7gp, 3N7gp}.

In one example, Ly,qx € {1Nrgp, 2N7gp, 4N7gp}. In one example, L, 4, can be selected
from L4, Where L, is a subset of {1,---,24}.

In one example, Lygx € Lingy1 for Nrgp = x and Lypgy € Lingy, for Npgp < x, where

Lonax and Loyq,, is a subset of {1,+++,24} and x = 1,2,3, o1 4.
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In one example, Lygy € Lingx for Npgp > x and Lygy € Lipgy 2 for Nppp < x, where
Linox1 and Ly, 5 is a subset of {1,++,24} and x = 1,2,3, or 4.

In one example, {L,,,n =1,...,Nrgp} are explicitly reported via a joint indicator or
separate multiple indicators in CSI part 1. For example, a joint indicator can be used to indicate
(L1, ) Lypgp) under the constraint of Ly,q, = ZNTR”L and L,, > 0, forn = 1, -+, Npgp where

L, is a non-negative integer. In another example, an indicator can be used to indicate each L,, for

n =1,-, Nygp under the constraint of L4, = ZNTRP Ly, and L,, = 0. In one example, each L,, is
selected from a set £ and indicated via [log, |£|]-bit indicator. So, in this case, Nyzp [log, | £]]-
bit indicators can be used. In one example, £ € {2,4}. In one example, £ € {2,4,6}. In one example,
L €{1,2,3,4}. In one example, £ € {1,2,3,4,5,6}. In one example, £ € {1,2,4}. In one example,
L € {1,2,3}. In one example, £ is a subset of {1,2,3,4,5,6}.

In one example, L, SD basis vector selection for each TRP n is reported via a joint
indicator or separate multiple indicators in CSI part 2.

¢ In one example, an indicator to indicate (each) L,, SD basis vectors has the payload of
N1N2 . . . .
log, ( L ) bits (bit-width), where N; and N, are the values of (N;, N,) configured via
n

higher-layer (RRC) signaling by the NW. For any TRP n where L,, = 0 (i.e., no SD beam
selection case) and/or where TRP n is not selected which can be indicated via Nrgp-bit
bitmap in CSI part 1, no SD basis vector for TRP n is reported, hence no payload is induced.

¢ In one example, a joint indicator to indicate {L,,} SD basis vectors has the payload of
[logz NTRP (N1 2)] bits (bit-width). For any TRP n where L, = 0 (i.e., no SD beam

selection case) and/or where TRP n is not selected which can be indicated via Nyzp-bit
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bitmap in CSI part 1, no SD basis vector for TRP n is reported, hence no additional payload
is induced in the sum.

In one example, L,s associated with TRPs that are selected are explicitly reported via a

joint indicator or separate multiple indicators in CSI part 1. In CSI part 1, Nyzp-bit bitmap is used

to indicate selected N TRPs out of Nyzp TRPs. For example, when Nygp = 4 and Npgp-bit bitmap

is ‘1001° in CSI part 1, the first TRP and the fourth TRP are selected. In this example, L,

associated with the selected TRPs are explicitly reported.

In one example, a joint indicator can be used to indicate {L,,},,cs under the constraint of
Lmax = Ynes Ly and L, = 1, for n € S where L, is a positive integer and S is a set of
selected TRP indexes (i.e., a subset of {1,2, -+, Nyzp}.

In one example, a joint indicator can be used to indicate {L,,}}_, under the constraint of
Lax = ¥N_iLpand L, > 1, forn = 1,---, N where L, is a positive integer.

In one example, an indicator can be used to indicate each L,, for n € S under the constraint
of Liygx = YnesLn and L, > 1 where L, is a positive integer and S is a set of selected
TRP indexes (i.e., a subset of {1,2, -+, Nygp}. In one example, each L,, is selected from a
set £ and indicated via [log, | £|]-bit indicator. So, in this case, N [log, |£]]-bit indicators
can be used. In one example, £ € {2,4}. In one example, £ € {2,4,6}. In one example, L €
{1,2,3,4}. In one example, £ € {1,2,3,4,5,6}. In one example, £ € {1,2,4}. In one example,
L € {1,2,3}. In one example, L is a subset of {1,2,3,4,5,6}.

In one example, an indicator can be used to indicate each L,, forn = 1,---, N under the
constraint of gy = YN_; L, and L, = 1, forn = 1,---, N where L, is a positive integer.
In one example, each L, is selected from a set £ and indicated via [log, |£|]-bit indicator.

So, in this case, N [log, | £|]-bit indicators can be used. In one example, £ € {2,4}. In one
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example, L € {2,4,6}. In one example, £ € {1,2,3,4}. In one example, £ € {1,2,3,4,5,6}.
In one example, £ € {1,2,4}. In one example, £ € {1,2,3}. In one example, L is a subset of
{1,2,3,4,5,6}.

In one example, L,, SD basis vector selection for each TRP n is reported via a joint

indicator or separate multiple indicators in CSI part 2.

In one example, an indicator to indicate (each) L, SD basis vectors has the payload of
N; N\, . o -
log, L ) bits (bit-width), where N; and N, are the values of (N;, N,) configured via
n

higher-layer (RRC) signaling by the NW, wheren € Sorn=1,---,N.

In one example, a joint indicator to indicate {L,,} SD basis vectors has the payload of
N N;N.
[logz N1 ( iNz)l bits or [logz Znes( i 2)] bits.
n n

In one example, L, s associated with TRPs that are selected are explicitly reported via a

joint indicator or separate multiple indicators in CSI part 2. The remaining part is similar to other

examples described herein. For example, when Nygp = 4 and Npgp-bit bitmap is ‘1001” in CSI

part 1, the first TRP and the fourth TRP are selected. In this example, L, associated with the

selected TRPs are explicitly reported.

In one example, a joint indicator can be used to indicate {L,},cs under the constraint of
Lnax = Ynes Ly and L, = 1, for n € S where L,, is a positive integer and S is a set of
selected TRP indexes (i.e., a subset of {1,2,:++, Npgp}.

In one example, a joint indicator can be used to indicate {L,}}_; under the constraint of
Lax 2 XN_Lyand L, = 1, forn = 1,--+, N where L, is a positive integer.

In one example, an indicator can be used to indicate each L,, for n € S under the constraint
of Lipgx = YnesLn and L, = 1 where L, is a positive integer and S is a set of selected

TRP indexes (i.e., a subset of {1,2, -, Nygp}. In one example, each L,, is selected from a
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set L and indicated via [log, | £|]-bit indicator. So, in this case, N [log, | £|]-bit indicators
can be used. In one example, £ € {2,4}. In one example, £ € {2,4,6}. In one example, £ €
{1,2,3,4}. In one example, L € {1,2,3,4,5,6}. In one example, £ € {1,2,4}. In one example,
L € {1,2,3}. In one example, L is a subset of {1,2,3,4,5,6}.

¢ In one example, an indicator can be used to indicate each L, forn = 1,--, N under the
constraint of Ly = YN_; Ly, and L, = 1, forn = 1,--, N where L,, is a positive integer.
In one example, each L, is selected from a set £ and indicated via [log, |£]]-bit indicator.
So, in this case, N [log, | £|]-bit indicators can be used. In one example, £ € {2,4}. In one
example, £ € {2,4,6}. In one example, £ € {1,2,3,4}. In one example, £ € {1,2,3,4,5,6}.
In one example, £ € {1,2,4}. In one example, £ € {1,2,3}. In one example, L is a subset of
{1,2,3,4,5,6}.
In one example, L,, SD basis vector selection for each TRP n is reported via a joint

indicator or separate multiple indicators in CSI part 2.

¢ In one example, an indicator to indicate (each) L,, SD basis vectors has the payload of
N1N2 . . . 1
[logz ( L ) bits (bit-width), where N; and N, are the values of (N;, N;) configured via
n

higher-layer (RRC) signaling by the NW, wheren € Sorn =1,--+, N.
e In one example, a joint indicator to indicate {L,} SD basis vectors has the payload of
[logz N, (NinNz)] bits or [logz Ynes (Ni:/z)] bits.
In one embodiment, L;,, is determined by UE where Lyqx = Lior = Eﬁﬁ” L, and the
determined L, is reported in CSI part 1. In one example, an indicator to indicate L,, has the size
of payload [log, Lyqx| bits, i.e., Ly, is selected from {1,2, -, L;,4,}. In another example, an

indicator to indicate L,,; has the size of payload [log,|L;,.|] bits, where L;,, is a set including

Lmax and positive integers less than or equal to L4y, and [ L4, | is a number of the elements in
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L;o¢. In one example, L;,; can be any subset of {1,2, -+, L, }. In one example, L;,; can be any

subset of{[L";ax] , [L”;ax] , [L";“x] s Lnax}

In one example, L, € {2Nygp, 4Nrgrp, 6Nrgp} . In one example, L., €
{1N7zp, 2N7rrp, 4Nrrp, 6Nrgp} . In one example, Lior €
{1N7gp, 2Nrgp, 3N7grp, 4N7gp, SNrgp, 6N7gp} . In one example, In one example, L., €
{1Nrgp, 2N1gp, 3N7Rp, 4N7gp}- In One example, Leor € {1Nrgp, 2Nrgp, 3NrRp}-

In one example, L;,; € {1Nrgp, 2Nrgp, 4Nrgp}. In one example, L., can be selected from
a subset of {1, ---,24}.

In one example, Lo € {2N7gp, 4N7gp, 6N7rp} N {1,2,++, Lingy ). In one example, Ly, €
{1Nrgp, 2N1gp, 4N7gp, 6N7rp} N {1,2,+, Linax} . In one example, Leot €
{1Nrgp, 2N7rp, 3N7rp, 4N1gp, 5SNrrp, 6N7Rp} N {1,2,**, Lingy}. In one example, In one example,
Leoe € {1N7gp, 2N7rp, 3N7gp, 4N7rp} N {12, Lingx} . In one  example, Ly €
{1Nrrp, 2Nggp, 3N7rp} N {1,2, -, Limax}-

In one example, L;y; € {1N7rp, 2N7grp, 4Nrgrp} N {1,2, -, L1ygx}. In one example, Ly,
can be selected from a subset of {1,-++,24} N {1,2, -+, Lypax}-

In one example, some of {L,,n = 1,..., Nygp} are explicitly reported via a joint indicator
or separate multiple indicators in CSI part 1 and the others of {L,,,n = 1,..., Nygp} are reported
implicitly (or determined implicitly hence not explicitly reported).

¢ In one example, a joint indicator can be used to indicate (Ly, ***, Ly,pp—-1), (i-€., €xcluding

L with the highest index), and Ly, is implicitly determined by (L, “*, Lyppp—1) and

Liot = Zﬁ’;” L, hence Ly, is not reported. Here, L, 20, for n=1,,Nrgp — 1

where L, is a non-negative integer.
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* Inone example, a joint indicator can be used to indicate (L, -+, Ly5,), (i.€., excluding L

with the lowest index), and L, is implicitly determined by (L, >, Ly,p,) and Loy =

ZZ?;P L, hence L, is not reported. Here, L,, > 0, forn = 2, -, Nygp where L, is a non-
negative integer.

* In one example, a joint indicator can be used to indicate {Ly}ne(1,.nypp}\iny (€.
excluding L with a reference TRP index n*, which can be determined by UE or configured
by NW or determined by a pre-defined rule), and L,» is implicitly determined by
{Lntnett, - Nppp) \fn*) a0d Lige = Zgi‘;‘” L, hence L, is not reported. Here, L, = 0, for
n €{1,:,Nrgp} \ {n"} where L,, is a non-negative integer.

o In one example, an indicator can be used to indicate each L, forn = 1,-+, Npgp — 1 (i.e.,

excluding L with the highest index), and Ly, ., is implicitly determined by Ly, -+, Ly, -1
and L., = ng’;” L, hence Ly, is not reported. Here, L, 2 0, forn = 1,---,Npgp — 1
where L,, is a non-negative integer.

¢ In one example, an indicator can be used to indicate each L, forn = 2,---, Npgp (ie.,

excluding L with the lowest index), and L, is implicitly determined by Ly, -, Ly, and

Lige = Efl’:’;” L, hence L; is not reported. Here, L, = 0, forn = 2, -+, Nygp where L,, isa
non-negative integer.
¢ In one example, an indicator can be used to indicate each L, forn € {1,---, Nrgp} \ {n*}

(i.e., excluding L with a reference TRP index n*, which can be determined by UE or

configured by NW or determined by a pre-defined rule), and L,,» is implicitly determined

by {Ln}ne(1, - Nrgpi\(n*} a0 Leoe = Y NTRP [ hence Ly is not reported. Here, L, = 0, for

n € {1,:+,Nrgp} \ {n*} where L, is a non-negative integer.



WO 2023/204551 PCT/KR2023/005171

81

In one example, L, SD basis vector selection for each TRP n is reported via a joint
indicator or separate multiple indicators in CSI part 2.

¢ In one example, an indicator to indicate (each) L,, SD basis vectors has the payload of
N1N2 . . . 1
[logz ( L ) bits (bit-width), where N; and N, are the values of (N;, N,) configured via
n

higher-layer (RRC) signaling by the NW. For any TRP n where L,, = 0 (i.e., no SD beam
selection case) and/or where TRP n is not selected which can be indicated via Nygp-bit
bitmap in CSI part 1, no SD basis vector for TRP n is reported, hence no payload is induced.

e In one example, a joint indicator to indicate {L,} SD basis vectors has the payload of
{logz N””’ (N1 2)] bits (bit-width). For any TRP n where L, = 0 (i.e., no SD beam

selection case) and/or where TRP n is not selected which can be indicated via Nyzp-bit
bitmap in CSI part 1, no SD basis vector for TRP n is reported, hence no additional payload
is induced in the sum.

In one example, L;,, SD basis vectors are selected among all candidates of SD basis vectors

across Nygp TRPs and the selection of L,,, SD basis vectors is reported via an indicator with size

of [log2 (NTRIZO: 2)] bits in CSI part 1. In this case, L,, is implicitly determined by counting the

number of selected SD basis vectors that belong to the candidate SD basis vectors of each TRP.
In one example, L,,, SD basis vectors are selected among all candidates of SD basis vectors
across Nrzp TRPs and the selection of L,,, SD basis vectors is reported via an indicator with size

NTRPNl 2

L )] bits in CSI part 2. In this case, L,, is implicitly determined by counting the
tot

of [logz (
number of selected SD basis vectors that belong to the candidate SD basis vectors of each TRP.
In one example, L;,, SD basis vectors are selected among all candidates of SD basis vectors

across N TRPs, where N is a number of selected TRPs. For example, in CSI part 1, Npgp-bit
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bitmap is used to indicate selected N TRPs out of Nygp TRPs. For example, when Nrgp = 4 and

Npgrp-bit bitmap is ‘1001” in CSI part 1, the first TRP and the fourth TRP are selected. The

. . oy s NN;N. L
selection of L,,, SD basis vectors is reported via an indicator with size of [logz ( L 172 )] bits in
tot

CSI part 1. In this case, L,, is implicitly determined by counting the number of selected SD basis
vectors that belong to the candidate SD basis vectors of each of the selected TRPs.

In one example, L,,, SD basis vectors are selected among all candidates of SD basis vectors
across N TRPs, where N is a number of selected TRPs. For example, in CSI part 1, Nypp-bit
bitmap is used to indicate selected N TRPs out of Nygp TRPs. For example, when Nypp = 4 and

Nrgp-bit bitmap is ‘1001° in CSI part 1, the first TRP and the fourth TRP are selected. The
. . . . oy s NNiN\T, ., .
selection of L;,; SD basis vectors is reported via an indicator with size of [logz ( L ) bits in
tot

CSI part 2. In this case, L,, is implicitly determined by counting the number of selected SD basis
vectors that belong to the candidate SD basis vectors of each of the selected TRPs.

In one embodiment, L, is determined by UE where Lyqx = Leot = Yiveq Ly (OF Lingy =
Ltot = Yones Ln), and the determined L, is reported in CSI part 1. Here, N is a number of selected
TRPs out of Nrgp TRPs and S is a set of selected TRP indexes (i.e., a subset of {1,2, -+, Nypp}).
Note that in CSI part 1, Nygp-bit bitmap can be used to indicate selected N TRPs out of Nrgp
TRPs. In one example, an indicator to indicate L;,; has the size of payload [log; Ly, | bits, i.e.,
Lo 1s selected from {1,2, -+, L4, }- In another example, an indicator to indicate L,,, has the size
of payload [log,|L,:]] bits, where L,,, is a set including L,,4, and positive integers less than or

equal to L4y, and | L] is @ number of the elements in L,,,. In one example, L;,; can be any

subset of {1,2, -+, Lipqx}- In one example, L,,, can be any subset of {[L";“xl , [L";“"] , [L";“x] s Lmax}



WO 2023/204551 PCT/KR2023/005171

83

In one example, an indicator to indicate L,,, has the size of payload [logz (Lmax . #)] bits, i.e.,

L¢oe is selected from {1,2,---, [L L]}

max * Nrrp

In one example, L;,; € {2N,4N,6N}. In one example, Ly, € {1N,2N,4N,6N}. In one
example, L;,; € {1N,2N,3N,4N,5N,6N} . In one example, In one example, L., €
{1N,2N,3N,4N}. In one example, L, € {1N,2N,3N}.

In one example, Lyo¢ € {1N, 2N, 4N}. In one example, L;,, can be selected from a subset
of {1,---,24}.

In one example, L, € {2N,4N,6N} N {1,2,*-,Lax} . In one example, L., €
{1IN,2N,4N,6N}N{1,2,-,Linax} - In one example, L, € {1N,.2N, 3N,4N,5N,6N} N
{1,2,, Lipax}- In one example, In one example, Ly, € {1N,2N,3N, 4N} N {1,2, -, Lyyax}- In
one example, Ly, € {1N,2N,3N}N{1,2,, Linax}-

In one example, Ly, € {1N,2N,4N} N {1,2,-:+,L,qr}. In one example, L;,; can be
selected from a subset of {1,---,24} N {1,2, -, Lipax}-

In one example, some of L, s associated with TRPs that are selected are explicitly reported
via a joint indicator or separate multiple indicators in CSI part 1 and the others of L,s associated
with TRPs that are selected are reported implicitly (or determined implicitly hence not explicitly
reported). In CSI part 1, Nyzp-bit bitmap is used to indicate selected N TRPs out of Nygp TRPs.
For example, when Nyzp = 4 and Nygp-bit bitmap is ‘1001” in CSI part 1, the first TRP and the
fourth TRP are selected. In this example, some of L, associated with the selected TRPs are
explicitly reported and the others are implicitly determined.

e In one example, a joint indicator can be used to indicate {L,}nes \(nLow} a0d Ly, 18

implicitly determined by {Ln}nes\(nyow} a0d Leor = Xnesln and L, =21 forn €5 \
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{n;ow} where L, is a positive integer and S is a set of selected TRP indexes (i.e., a subset
of {1,2, -+, Nygp}) and n;,,, is the lowest index in S.

e In one example, a joint indicator can be used to indicate {L,}pes \(npigny a0d L is

NHigh
implicitly determined by {L,}nes \(pign) @04 Leor = Yneslpand L, =21 forne S \
{nyign} where L, is a positive integer and S is a set of selected TRP indexes (i.e., a subset
of {1,2, -+, Nrgp}) and ny; gy, is the highest index in S.

 Inone example, a joint indicator can be used to indicate {Ly }es\in*) and Ly is implicitly
determined by {L,}nes\(n*} and Leor = Xnesln and L = 1 forn € S \ {n”} where L,
is a positive integer and § is a set of selected TRP indexes (i.e., a subset of {1,2, -+, Nrgp})
and n* is a reference TRP index in S, which can be determined by UE or configured by
NW or determined by a pre-defined rule.

e In one example, a joint indicator can be used to indicate {L,}N-1 and Ly is implicitly
determined by {L,}¥z1 and Lyge = ¥N_;Lpand L, = 1, forn =1,---,N — 1 where L,, is
a positive integer.

o In one example, a joint indicator can be used to indicate {L,}¥_, and L, is implicitly
determined by {L,}N_, and L.o; = ¥N_4 L, and L, =1, forn = 2,+-,N where L, is a
positive integer.

e In one example, a joint indicator can be used to indicate {L,}nefs,..n)\(n*) and Ly~ is
implicitly determined by {L}ne(r,--nj\(n*} @0d Leor = Xi=1Ly and L, 2 1, for n €
{1,:--,N} \ {n*} where L,, is a positive integer.

o In one example, an indicator can be used to indicate each L,, forn € S\ {n;,y,}and L,

is implicitly determined by {Ly}nes\(n;g) 304 Lot = Lnesln and Ly 2 1forn €5 \
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{n,ow} where L, is a positive integer and S is a set of selected TRP indexes (i.e., a subset
of {1,2,---, Nrgp}) and ng,,, is the lowest index in S.
¢ In one example, an indicator can be used to indicate each L, forn € S\ {ny;4,} and

L is implicitly determined by {L,}nes \(npign) 304 Leoe = Ynesln and L, = 1 for

MHigh
n €S \ {nyign} where L, is a positive integer and S is a set of selected TRP indexes (i.e.,

a subset of {1,2, -+, Nygpp}) and ny;4p, is the highest index in S.

e In one example, an indicator can be used to indicate each L, forn € § \ {n*} and Ln{n*} is

implicitly determined by {L,}nes\(n*) and Leor = Ynesln and L, = 1forn € S \ {n”}
where L, is a positive integer and S is a set of selected TRP indexes (i.e., a subset of
{1,2,:+,Nrgp}) and n” is a reference TRP index in S, which can be determined by UE or
configured by NW or determined by a pre-defined rule.

e In one example, an indicator can be used to indicate each L, forn =1,---,N —1and Ly
is implicitly determined by {L,,}¥=1 and L;;; = ¥N_,L,and L, = 1,forn=1,---,N—1
where L, is a positive integer.

e In one example, an indicator can be used to indicate each L, forn = 2,---,N and L, is
implicitly determined by {L,}N_, and L, = XN_;L,and L, =1, forn=1,---,N =1
where L,, is a positive integer.

e Inone example, an indicator can be used to indicate each L,, forn € {1,---,N} \ {n*} and
L, is implicitly determined by {Lp}ne(1,....n) \gn*) @0d Lyor = YN (LpandL, =1, forn €
{1,---,N} \ {n*} where L,, is a positive integer.

In one example, L,, SD basis vector selection for each TRP n is reported via a joint

indicator or separate multiple indicators in CSI part 2.
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e In one example, an indicator to indicate (each) L,, SD basis vectors has the payload of
N]_NZ . . . -
[logz ( L ) bits (bit-width), where N; and N, are the values of (N;, N,) configured via
n

higher-layer (RRC) signaling by the NW, wheren € Sorn=1,---,N.

e In one example, a joint indicator to indicate {L,} SD basis vectors has the payload of

[logz N_ (NINZ)] bits or [logz Ynes (N1N2>] bits.

In one example, some of L, s associated with TRPs that are selected are explicitly reported
via a joint indicator or separate multiple indicators in CSI part 2 and the others of L, s associated
with TRPs that are selected are reported implicitly (or determined implicitly hence not explicitly
reported). The remaining part is similar to other examples described herein.

In one example, L,,; SD basis vectors are selected among all candidates of SD basis vectors

across N TRPs. The selection of L,,; SD basis vectors is reported via an indicator with size of
NN
[logz( L )l bits in CSI part 1. In this case, L, is implicitly determined by counting the
tot

number of selected SD basis vectors that belong to the candidate SD basis vectors of each of the
selected TRPs.
In one example, L;,, SD basis vectors are selected among all candidates of SD basis vectors

across N TRPs. The selection of L;,, SD basis vectors is reported via an indicator with size of

NN
[logz( L:;t 2)] bits in CSI part 2. In this case, L, is implicitly determined by counting the

number of selected SD basis vectors that belong to the candidate SD basis vectors of each of the
selected TRPs.

In one embodiment, a bitmap with size of NN; N, is used to indicate SD basis vectors for
selected N TRPs (CSI-RS resources) in CSI part 2. For example, in the bitmap, ‘0’ refers ‘not

selected’ for corresponding SD vector and ‘1’ refers ‘selected’ for corresponding SD vector. In
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this case, L, can be inferred from the bitmap, by counting the number of selected SD vectors
corresponding to each TRP. In this case, a restriction can be described such as “UE shall not report
a CSIwith Lyo; = X Ly > Lipax, where L, is inferred from the bitmap”.

In one embodiment, any combination or some of certain embodiments described herein can
be configured by NW via higher-layer (RRC) signalling. In one example, any combination or some
of examples in embodiments described herein can be configured by NW via higher-layer RRC
signalling.

In one embodiment, in all embodiments/examples under a certain embodiment described

Leot

Ln
v Qtor = 5 (Or
NiN, NTRrpNiN;

herein, Ly, Liot> Linax can be replaced by a;,, @tor, Omax Where a,, =

Lmax
NTRrpN1N;

Lmax )

Ltot _ _
Nz)’ and Qpax = (or Apax = NN,

Otot = Wn,
FIGURE 10 illustrates an example method 1000 performed by a UE in a wireless
communication system according to an embodiment of the disclosure. The method 1000 of
FIGURE 10 can be performed by any of the UEs 111-116 of FIGURE 1, such as the UE 116 of
FIGURE 3, and a corresponding method can be performed by any of the BSs 101-103 of FIGURE
1, such as BS 102 of FIGURE 2. The method 1000 is for illustration only and other embodiments
can be used without departing from the scope of the disclosure.

The method 1000 begins with the UE receiving information about a CSI report (1010). For
example, in 1010, the information can indicate N > 1 CSI-RS resources, a codebook, and
codebook parameters. In this example, the codebook includes a SD basis component, a FD basis
component, and a coefficient component. The SD basis component includes L, basis vectors for

each CSI-RS resource r = 1,::-,N. The FD basis component includes M,, basis vectors. The

coefficient component includes coefficients associated with (SD, FD) basis vector pairs. The
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Zforv=12
codebook parameters include p, = f , (L1, Ly, +++,Ly), and B where py is a
= forv = 3,4

parameter to determine a value of M,, based on a total number of precoding matrices N3, v is a
number of layers, and f < 1 is a parameter to determine an upper bound K|, of a number of non-

zero coefficients of the coefficient component.

In various embodiments, when N =2, § = % and (L,,L,) = (2,2), (L1, L,) = (2,4), or
(Ly,L,) = (4,2). In another embodiment, when N = 2, § = % and (L, L,) = (4,4). In various

embodiments, when N =3, f == or = and (Ly, Lz, L3) = (22,2) , (Ly Lz, Ls) = (224),
(Ly, Ly, L3) = (2,4,2), (Ly, Ly, L3) = (4,2,2), or (Ly, Ly, L3) = (4,4,4). In various embodiments,

when N =4, = i and (L, Ly, L3, Ly) = (2,2,2,2), or (Ly, Ly, L3, Ly) =(2,2,2,4). In another

embodiment, when N = 4, 8 = % and (L, L,, L3, Ly) = (44/4,4).

The UE then measures the N CSI-RS resources (1020). For example, in 1020, the
measurement is based on the information received about the CSI report. The UE then determines
the SD basis component, the FD basis component, and the coefficient component (1030). For
example, in 1030, the determination may be based on the codebook parameters and information
received about the CSI report. In various embodiments, the codebook parameters further include
Lmax, Where Lo, = YN L. In one example, the UE further determines L, forr = 1,2,---,N
under a constraint of L,,,4, = YN_, L,, and the CSI report further includes an indicator indicating
L. forr=12,-,N.

The UE then transmits the CSI report (1040). For example, in 1040, the CSI report may
include or indicate the determined SD basis component, the FD basis component, and the

coefficient component.
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Any of the above variation embodiments can be utilized independently or in combination
with at least one other variation embodiment. The above flowcharts illustrate example methods
that can be implemented in accordance with the principles of the disclosure and various changes
could be made to the methods illustrated in the flowcharts herein. For example, while shown as a
series of steps, various steps in each figure could overlap, occur in parallel, occur in a different
order, or occur multiple times. In another example, steps may be omitted or replaced by other steps.

Although the figures illustrate different examples of user equipment, various changes may
be made to the figures. For example, the user equipment can include any number of each
component in any suitable arrangement. In general, the figures do not limit the scope of this
disclosure to any particular configuration(s). Moreover, while figures illustrate 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 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 disclosure
encompasses such changes and modifications as falls within the scope of the appended claims.
None of the descriptions in this application should be read as implying that any particular element,
step, or function is an essential element that must be included in the claims scope. The scope of

patented subject matter is defined by the claims.
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[cLAIMS]
[Claim 1]

A user equipment (UE) comprising:
a transceiver; and
a processor coupled with the transceiver and configured to:
receive information about a channel state information (CSI) report, the information
indicating N > 1 CSI reference signal (CSI-RS) resources and a codebook, wherein:
the codebook includes a spatial-domain (SD) basis component, a frequency-domain
(FD) basis component, and a coefficient component,

the SD basis component includes L, basis vectors for each CSI-RS resource r =

the FD basis component includes M,, basis vectors,

the coefficient component includes coefficients associated with (SD, FD) basis
vector pairs,

the information includes codebook parameters, and

the codebook parameters include:

1 forv=1,2
8

Dy = , (L1, Ly, +++, Ly), and 8 where:

L forv= 3,4
16

pv is a parameter to determine a value of M,, based on a total number
of precoding matrices N3,

v is a number of layers, and

B < 1is a parameter to determine an upper bound K, of a number

of non-zero coefficients of the coefficient component;
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based on the information, measure the N CSI-RS resources;

determine, based on the codebook parameters, the SD basis component, the FD basis
component, and the coefficient component; and

transmit the CSI report.

[Claim 2]

The UE of Claim 1, wherein, in case that N = 2, § = i: and
(L1, L) = (2,2),

(Ll' LZ) = (2'4)5 or

(L1, L) = (4,2).

[Claim 3]

The UE of Claim 1, wherein, in case that N = 2, § = ~and (Ly, L,) = (4,4).

[Claim 4]

The UE of Claim 1, wherein, in case that N = 3, § = % or% and
(L1'L2»L3) = (2'2'2),

(L1, Ly, L3) = (2,2,4),

(L1, La, L3) = (2/42),

(Ly, Ly, L3) = (4,2,2), or

(leLZ'L3) = (4'4'4)'

[Claim 5]

The UE of Claim 1, wherein, in case that N = 4, § = % and
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(Ll’ L2, L3, L4) = (2,2,2,2), or
(L, Ly, Lay Ly) = (2,2,2,4).

[Claim 6]

The UE of Claim 1, wherein, in case that N = 4, § = %and (L, Ly, L3, Ly) = (4444).

[Claim 7]

The UE of Claim 1, wherein the codebook parameters further include L,,,,,, Where L5, =
ML,

[Claim 8]

The UE of Claim 7, wherein:

the processer is further configured to determine L, for r = 1,2, -, N under a constraint of
Linax = X7=1 Ly, and

the CSI report further includes an indicator indicating L, forr = 1,2,--+, N.

[Claim 9]

A base station (BS) comprising:
a transceiver; and
a processor coupled with the transceiver and configured to:
identify information about a channel state information (CSI) report, the information
indicating N > 1 CSI reference signal (CSI-RS) resources and a codebook, wherein:
the codebook includes a spatial-domain (SD) basis component, a frequency-domain
(FD) basis component, and a coefficient component,

the SD basis component includes L, basis vectors for each CSI-RS resource r =
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the FD basis component includes M,, basis vectors,

the coefficient component includes coefficients associated with (SD, FD) basis
vector pairs,

the information includes codebook parameters, and

the codebook parameters include:

% forv=1,2

Py = , (Ly,Ly,+++,Ly), and B where:

L forv = 3,4
16

pv is a parameter to determine a value of M, based on a total number of
precoding matrices N,
v is a number of layers, and
B < 1is a parameter to determine an upper bound K of a number of non-
zero coefficients of the coefficient component;
transmit the information about the CSI report; and
receive the CSI report.

[Claim 10]

The BS of Claim 9, wherein, in case that N = 2, f§ = % and

(L1, Ly) = (2,2),
(Llr LZ) = (2v4‘)a or
(Ly, Ly) = (4.2), and

wherein, in case that N = 2, = %and (Ly,Ly) = (44).

[Claim 11]
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The BS of Claim 9, wherein, in case that N = 3, f = i or % and
(L1, Ly, L3) = (2,2,2),

(L1' Ly, L3) = (2‘2'4),

(L1, Ly, L3) = (24,2),

(Ly, Ly, L3) = (4,2,2), 0r

(L1, Lz, L3) = (44.4).

[Claim 12]

The BS of Claim 9, wherein, in case that N = 4, § = i and

(L, Ly, Ly, Ly) = (2,2,2,2), 0r

(Ly, Ly, L4, Ly) =(2,2,2,4), and

wherein, in case that N = 4, 8 = %and (Ly, Ly, L3, Ly) = (4444).

[Claim 13]

The BS of Claim 9, wherein the codebook parameters further include L,,,,, where L4, =
N L., and
wherein:

L, forr = 1,2,--, N is under a constraint of L4, = YN_; L,, and

the CSI report further includes an indicator indicating L, forr = 1,2, -+, N.
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[Claim 14]

A method performed by a user equipment (UE), the method comprising:
receiving information about a channel state information (CSI) report, the information
indicating N > 1 CSI reference signal (CSI-RS) resources and a codebook, wherein:
the codebook includes a spatial-domain (SD) basis component, a frequency-domain
(FD) basis component, and a coefficient component,

the SD basis component includes L, basis vectors for each CSI-RS resource r =

the FD basis component includes M,, basis vectors,

the coefficient component includes coefficients associated with (SD, FD) basis
vector pairs,

the information includes codebook parameters, and

the codebook parameters include:

Lforv= 1,2
8

pV = ’ (Lll LZ; 'ty LN), and ﬁ Where.

% forv = 3,4
pv is a parameter to determine a value of M,, based on a total number
of precoding matrices N3,
v is a number of layers, and
B < 1is a parameter to determine an upper bound K, of a number
of non-zero coefficients of the coefficient;
based on the information, measuring the N CSI-RS resources;
determining, based on the codebook parameters, the SD basis component, the FD basis

component, and the coefficient component; and
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transmitting the CSI report.

[Claim 15]

A method performed by a base station, the method comprising:
identifying information about a channel state information (CSI) report, the information
indicating N > 1 CSI reference signal (CSI-RS) resources and a codebook, wherein:
the codebook includes a spatial-domain (SD) basis component, a frequency-domain
(FD) basis component, and a coefficient component,

the SD basis component includes L, basis vectors for each CSI-RS resource r =

the FD basis component includes M,, basis vectors,

the coefficient component includes coefficients associated with (SD, FD) basis
vector pairs,

the information includes codebook parameters, and

the codebook parameters include:

Lforv= 1,2
8

L forv=3,4
16

py = ,(Ly,Ly, -, Ly), and 8 where:

pv is a parameter to determine a value of M,, based on a total number of
precoding matrices N,
v is a number of layers, and
B < 1is a parameter to determine an upper bound K, of a number of non-
zero coefficients of the coefficient component;
transmitting the information about the CSI report; and

receiving the CSI report.



WO 2023/204551 PCT/KR2023/005171

1/10

[DRAWINGS]
[Figure 1]
/‘1/0 u
101
(.,
15— 120
/ 12’
~

103
\\ 3/




WO 2023/204551 PCT/KR2023/005171
2/10
[Figure 2]
/LO 2
2092 910 2090 9¢gp 2000 940p
Y — A — v —
Yo | tawscaver | V| TRANSCENER + 0| TRANSCENVER
A L A
| contRouers |
% | PROCESSOR 225
BACKHAUL/ '
NETWORK IF
1
MEMORY ~230




WO 2023/204551 PCT/KR2023/005171

3/10
[Figure 3]
116
a0 305
330 !
{ TRANSCEIVER(S]
SPEAKER [
300
!
MICROPHONE
300 350
345 , ;) %
, - INPUT
NF | PROGESSOR
L DispLay
360 ‘ )
2 | 355
MEMORY
OPERATING SYSTEM ||~ 361
APPLICATIONS ||~ 362




PCT/KR2023/005171

4/10

WO 2023/204551

[Figure 4]

18 PUGAH
/ g 14 [RIBI
\ 4
| ﬂ o
| W0 [~ §/d |
/ \ .
\ N\ \
\
p sIyus . SUIEUD 44 13p0931q
v : RYBI]
A aseyd 6ojeuy . 06180 o
> . ‘ ) DUEQ3sEg
\ // \. ) /
BSS 0000 o i
=009 X=— oo $/d 14
\ A gPO00L " . o | _
\ 0000 ) \
~ / fee —
0 N \M L RULBIY ) DY
( Bofeu
oy H800RW "
00¥



WO 2023/204551

[Figure 5]

5/10

MXHXRXNX
MHHXRRNEK
RNEHHRXXX
XEIKKKXN

MK KX
MHXX

Base unit

PCT/KR2023/005171

600

MHKKX
MXXX

Base unit

XX XK
XXX

XXX
XXX




PCT/KR2023/005171

WO 2023/204551

6/10

[Figure 6]

X X X X

gase unit




WO 2023/204551 PCT/KR2023/005171

7/10
[Figure 7]
) 700
Port layout in 2 panel /_/
N2-1 X X X X X
E| XX XXX
1= XX XX X
X X XX X
0 N]'1
w0
17 dim.
Single panel Muiti-panel

Ng=1 Ng=2 Ng=4




WO 2023/204551 PCT/KR2023/005171

8/10

[Figure 8]

3D grid of beams in /
(1 port dim, 2" port dim, freq. dim.)

Ga N3"1

Frequency dim.




PCT/KR2023/005171

WO 2023/204551

9/10

[Figure 9]

U0ISS1WOd 04 Juof : 289

L0ISSa1awod 08

Xew X d: "

UoISS1awod s

w0l [ I — e
imiul M d|_ . = Jd00 Ye3M ] Ve =
g O 1 9] 24 impo-aig| | M
R ] Ly d: 13p03-2d | 14309 o s 193jag OSaID)
JU3PPIA0Y | SIL3IDLI30J (g4 ‘0S)
e WX g
YITRUW B XEN: P
LOJSSAINIO) 04 1ulof
ﬁl-llllllJ
1
0=1300 YEOM 13 | qummmmm | MM =T b WOm=Ta
PN =y« |90 BUOLIS Y091ES |y gy susoysoo gy gg | CHEUHIH R : S
MR M= Wsia0g | WoSaI0w0I [ § L—
T T HL : Huw-enu| Xinew W x ¢ —xEmE NXTe
i
[%'n] - Hag-sam !
)4 ool IET
) 0= 203 YeaM 18§ 0 =y - 1| Huh=TN
300 BUOLIS J9918S | e - I
} 1S 139188 |yojg5a10u00
Waryeuy | SUee00 0 )| (AR M YN 1 | swapuann o
XWX 7 U0jSS3I0W0d 04 mypnewSy ¥ 1z

U0|SS8.W09 (4 (HYY 130) PAIAN0IIAD : 189

rIIIIIIIIL

N
CHuY 10} [ouLey)

=

XNeWEN X d quum 1)

H
I/ 10} [BUUBLY

[ ]

YINRW®N X § quem (14



WO 2023/204551

10/10

[Figure 10]
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