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(57) Abstract: The disclosure relates to a 5G or 6G communication sys-
tem for supporting a higher data transmission rate. More particularly, the
disclosure relates to apparatuses and methods for channel state information
(CSI) codebook. A method for operating a user equipment (UE) includes
receiving a configuration about a CSI report. The configuration includes in-
formation about N>1 groups of CSI reference signal (CSI- RS) ports and a
codebook. The codebook includes a spatial-domain (SD) basis component,
a frequency-domain (ED) basis component, and a coefficient component.
The SD basis component includes Lt basis vectors for each group r=1,...,N.
The ED basis component includes Mv basis vectors. The coefficient com-
ponent includes coefficients associated with (SD, ED) basis vector pairs.
The method further includes, based on the configuration, measuring the N
groups of CSI-RS ports and determining the SD basis component, the ED
basis component, and the coefficient component such that Ki coef ficients
are non-zero and remaining coefficients are zero, where method further in-
cludes transmitting the CSI report including an indicator indicating locations
of non-zero coefficients.
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Description
Title of Invention: METHOD AND APPARATUS FOR CSI

CODEBOOK
Technical Field

The disclosure relates generally to wireless communication systems. More par-

ticularly, the disclosure relates to a channel state information (CSI) codebook.

Background Art

5G mobile communication technologies define broad frequency bands such that high

transmission rates and new services are possible, and can be implemented not only in

“Sub 6GHz” bands such as 3.5GHz, but also in “Above 6GHz” bands referred to as
mmWave including 28GHz and 39GHz. In addition, it has been considered to

implement 6G mobile communication technologies (referred to as Beyond 5G systems)

in terahertz (THz) bands (for example, 95GHz to 3THz bands) in order to accomplish
transmission rates fifty times faster than 5G mobile communication technologies and
ultra-low latencies one-tenth of 5G mobile communication technologies.
At the beginning of the development of 5G mobile communication technologies, in
order to support services and to satisfy performance requirements in connection with
enhanced Mobile BroadBand (eMBB), Ultra Reliable Low Latency Communications
(URLLC), and massive Machine-Type Communications (mMTC), there has been
ongoing standardization regarding beamforming and massive MIMO for mitigating

radio-wave path loss and increasing radio-wave transmission distances in mmWave,

supporting numerologies (for example, operating multiple subcarrier spacings) for ef-

ficiently utilizing mmWave resources and dynamic operation of slot formats, initial

access technologies for supporting multi-beam transmission and broadbands, definition

and operation of BWP (BandWidth Part), new channel coding methods such as a
LDPC (Low Density Parity Check) code for large amount of data transmission and a

polar code for highly reliable transmission of control information, L2 pre-processing,

and network slicing for providing a dedicated network specialized to a specific service.

Currently, there are ongoing discussions regarding improvement and performance
enhancement of initial 5G mobile communication technologies in view of services to
be supported by 5G mobile communication technologies, and there has been physical
layer standardization regarding technologies such as V2X (Vehicle-to-everything) for

aiding driving determination by autonomous vehicles based on information regarding

positions and states of vehicles transmitted by the vehicles and for enhancing user con-

venience, NR-U (New Radio Unlicensed) aimed at system operations conforming to

various regulation-related requirements in unlicensed bands, NR UE Power Saving,
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Non-Terrestrial Network (NTN) which is UE-satellite direct communication for
providing coverage in an area in which communication with terrestrial networks is un-
available, and positioning.

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

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

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

high-performance communication and computing resources.
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Disclosure of Invention

Solution to Problem

This disclosure relates to wireless communication networks, and more particularly to
a terminal and a communication method thereof in a wireless communication system.

In one embodiment, a user equipment (UE) is provided. The UE includes a
transceiver configured to receive a configuration about a CSI report. The configuration
includes information about (1) N>1 groups of CSI reference signal (CSI-RS) ports and
(i1) 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 group r=1,...,N. The FD basis component
includes M, basis vectors. The coefficient component includes coefficients associated
with (SD, FD) basis vector pairs. The UE further includes a processor operably
coupled to the transceiver. The processor, based on the configuration, is configured to
measure the N groups of CSI-RS ports and determine the SD basis component, the FD
basis component, and the coefficient component such that K, coefficients are non-zero

and remaining coefficients are zero, where p YN (2L.M,)" The transceiver is
1 = Lir=1 ity

further configured to transmit the CSI report including an indicator indicating locations

of non-zero coefficients.

Advantageous Effects of Invention

Aspects of the disclosure are to address at least the above-mentioned problems and/or
disadvantages and to provide at least the advantages described below. Accordingly, an
aspect of the disclosure is to provide efficient communication methods in a wireless
communication system.
Brief Description of Drawings

The above and other aspects, features, and advantages of certain embodiments of the
disclosure will be more apparent from the following description taken in conjunction
with the accompanying drawings, in which:

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

FIGURE 2 illustrates an example gNB according to embodiments of the disclosure;

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

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

FIGURE 6 illustrates a transmitter block diagram for a physical downlink shared
channel (PDSCH) in a subframe according to embodiments of the disclosure;

FIGURE 7 illustrates a receiver block diagram for a PDSCH in a subframe according

to embodiments of the disclosure;
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FIGURE 8 illustrates a transmitter block diagram for a physical uplink shared

channel (PUSCH) in a subframe according to embodiments of the disclosure;
FIGURE 9 illustrates a receiver block diagram for a PUSCH in a subframe according

to embodiments of the disclosure;

FIGURE 10 illustrates an example antenna blocks or arrays forming beams according
to embodiments of the disclosure;

FIGURE 11 illustrates an example distributed multiple-input multiple-output
(D-MIMO) system according to embodiments of the disclosure;

FIGURE 12 illustrates an example D-MIMO system according to embodiments of
the disclosure;

FIGURE 13 illustrates an example antenna port layout according to embodiments of
the disclosure;

FIGURE 14 illustrates a three-dimensional (3D) grid of oversampled discrete Fourier
transform (DFT) beams according to embodiments of the disclosure;

FIGURE 15 illustrates two new codebooks according to embodiments of the
disclosure;

FIGURE 16 illustrates an example D-MIMO where each transmit/receive point
(TRP) has a single antenna panel according to embodiments of the disclosure;

FIGURE 17 illustrates an example D-MIMO where each TRP has multiple antenna
panels according to embodiments of the disclosure;

FIGURE 18 illustrates an example D-MIMO where each TRP can be a single panel
(SP) or multiple panel (MP) according to embodiments of the disclosure;

FIGURE 19 illustrates an example signal flow for uplink (UL)-to-downlink (DL)
channel mapping training according to embodiments of the disclosure;

FIGURE 20 illustrates an example block diagram where a UL channel to DL channel
mapping is trained through over-the-air (OTA) signaling according to embodiments of
the disclosure;

FIGURE 21 illustrates various hardware components of a UE, according to the em-
bodiments as disclosed herein; and

FIGURE 22 illustrates various hardware components of a base station, BS, according
to the embodiments as disclosed herein;

Throughout the drawings, it should be noted that like reference numbers are used to
depict the same or similar elements, features, and structures.

Best Mode for Carrying out the Invention

Aspects of the disclosure are to address at least the above-mentioned problems and/or

disadvantages and to provide at least the advantages described below. Accordingly, an

aspect of the disclosure is to provide a terminal and a communication method thereof
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in a wireless communication system.

This disclosure relates to apparatuses and methods for CSI codebook.

In one embodiment, a user equipment (UE) is provided. The UE includes a
transceiver configured to receive a configuration about a CSI report. The configuration
includes information about (1) N>1 groups of CSI reference signal (CSI-RS) ports and
(i1) 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 group r=1,...,N. The FD basis component
includes M, basis vectors. The coefficient component includes coefficients associated
with (SD, FD) basis vector pairs. The UE further includes a processor operably
coupled to the transceiver. The processor, based on the configuration, is configured to
measure the N groups of CSI-RS ports and determine the SD basis component, the FD
basis component, and the coefficient component such that K; coefficients are non-zero

and remaining coefficients are zero, where p YN_ (2L.M,)" The transceiver is
1 = r=1 Tty

further configured to transmit the CSI report including an indicator indicating locations
of non-zero coefficients.

In another embodiment, a base station (BS) is provided. The BS includes a processor
configured to generate a configuration about a CSI report. The configuration including
information about (i) N>1 groups of CSI-RS ports and (ii) 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 group r=1,...,N. The FD
basis component includes M, basis vectors. The coefficient component includes coef-
ficients associated with (SD, FD) basis vector pairs. The BS further includes a
transceiver operably coupled to the processor. The transceiver is configured to transmit
the configuration; transmit on the N groups of CSI-RS ports; and receive the CSI
report including an indicator indicating locations of non-zero coefficients from among
the SD basis component, the FD basis component, and the coefficient component that
are based on the N groups of CSI-RS ports. K, coefficients are non-zero and remaining

coefficients are zero, where K, < 3N (2L,M,)"

In yet another embodiment, a method for operating a UE is provided. The method
includes receiving a configuration about a CSI report. The configuration includes in-
formation about (i) N>1 groups of CSI-RS ports and (ii) 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 group r=1,...,N. The FD
basis component includes M, basis vectors. The coefficient component includes coef-
ficients associated with (SD, FD) basis vector pairs. The method further includes,

based on the configuration, measuring the N groups of CSI-RS ports and determining
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the SD basis component, the FD basis component, and the coefficient component such
that K; coefficients are non-zero and remaining coefficients are zero, where

K, < XN_ (2L, M,)" The method further includes transmitting the CSI report including

an indicator indicating locations of non-zero coefficients.

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

Before undertaking the DETAILED DESCRIPTION below, it may be advantageous
to set forth definitions of certain words and phrases used throughout this patent
document. The term “couple” and its derivatives refer to any direct or indirect commu-
nication between two or more elements, whether or not those elements are in physical

bR ANYS

contact with one another. The terms “transmit,” “receive,” and “communicate,” as well
as derivatives thereof, encompass both direct and indirect communication. The terms
“include” and “comprise,” as well as derivatives thereof, mean inclusion without
limitation. The term “or” is inclusive, meaning and/or. The phrase “associated with,”
as well as derivatives thereof, means to include, be included within, interconnect with,
contain, be contained within, connect to or with, couple to or with, be communicable
with, cooperate with, interleave, juxtapose, be proximate to, be bound to or with, have,
have a property of, have a relationship to or with, or the like. The term “controller”
means any device, system or part thereof that controls at least one operation. Such a
controller may be implemented in hardware or a combination of hardware and software
and/or firmware. The functionality associated with any particular controller may be
centralized or distributed, whether locally or remotely. The phrase “at least one of,”
when used with a list of items, means that different combinations of one or more of the
listed items may be used, and only one item in the list may be needed. For example, “at
least one of: A, B, and C” includes any of the following combinations: A, B, C, A and
B,Aand C, B and C, and A and B and C.

Moreover, various functions described below can be implemented or supported by
one or more computer programs, each of which is formed from computer readable
program code and embodied in a computer readable medium. The terms “application”
and “program” refer to one or more computer programs, software components, sets of
instructions, procedures, functions, objects, classes, instances, related data, or a portion
thereof adapted for implementation in a suitable computer readable program code. The
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
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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.

This application claims priority under 35 U.S.C. § 119(e) to U.S. Provisional Patent
Application No. 63/305,916 filed on February 2, 2022; U.S. Provisional Patent Ap-
plication No. 63/310,386 filed on February 15, 2022; U.S. Provisional Patent Ap-
plication No. 63/326,621 filed on April 1, 2022; U.S. Provisional Patent Application
No. 63/343,856 filed on May 19, 2022; U.S. Provisional Patent Application No.
63/403,597 filed on September 2, 2022; and U.S. Provisional Patent Application No.
63/412,202 filed on September 30, 2022. The above-identified provisional patent ap-
plications are hereby incorporated by reference in their entirety.

The following description with reference to the accompanying drawings is provided
to assist in a comprehensive understanding of various embodiments of the disclosure as
defined by the claims and their equivalents. It includes various specific details to assist
in that understanding but these are to be regarded as merely exemplary. Accordingly,
those of ordinary skill in the art will recognize that various changes and modifications
of the various embodiments described herein can be made without departing from the
scope and spirit of the disclosure. In addition, descriptions of well-known functions
and constructions may be omitted for clarity and conciseness.

The terms and words used in the following description and claims are not limited to
their bibliographical meanings, but, are merely used by the inventor to enable a clear
and consistent understanding of the disclosure. Accordingly, it should be apparent to
those skilled in the art that the following description of various embodiments of the
disclosure is provided for illustration purpose only and not for the purpose of limiting
the disclosure as defined by the appended claims and their equivalents.

It is to be understood that the singular forms “a,” “an,” and “the” include plural
referents unless the context clearly dictates otherwise. Thus, for example, reference to
“a component surface” includes reference to one or more of such surfaces.

Before undertaking the DETAILED DESCRIPTION below, it can be advantageous
to set forth definitions of certain words and phrases used throughout this patent
document. The term “couple” and its derivatives refer to any direct or indirect commu-

nication between two or more elements, whether or not those elements are in physical
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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, connect to, in-
terconnect with, contain, be contained within, connect to or with, couple to or with, be
communicable with, cooperate with, interleave, juxtapose, be proximate to, be bound
to or with, have, have a property of, have a relationship to or with, or the like. The term
“controller” means any device, system or part thereof that controls at least one
operation. Such a controller can be implemented in hardware or a combination of
hardware and software and/or firmware. The functionality associated with any
particular controller can be centralized or distributed, whether locally or remotely. The
phrase “at least one of,” when used with a list of items, means that different com-
binations of one or more of the listed items can be used, and only one item in the list
can be needed. For example, “at least one of: A, B, and C” includes any of the
following combinations: A, B, C, A and B, A and C, B and C, and A and B and C. For
example, “at least one of: A, B, or C” includes any of the following combinations: A,
B,C,Aand B, Aand C,B and C, and A, 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.

Terms used herein to describe the embodiments of the disclosure are not intended to
limit and/or define the scope of the disclosure. For example, unless otherwise defined,
the technical terms or scientific terms used in the disclosure shall have the ordinary

meaning understood by those with ordinary skills in the art to which the disclosure
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belongs.

It should be understood that “first”, “second” and similar words used in the
disclosure do not express any order, quantity or importance, but are only used to dis-
tinguish different components.

Y <e

As used herein, any reference to “an example” or “example”, “an implementation” or
“implementation”, “an embodiment” or “embodiment” means that particular elements,
features, structures or characteristics described in connection with the embodiment is
included in at least one embodiment. The phrases “in one embodiment” or “in one
example” appearing in different places in the specification do not necessarily refer to
the same embodiment.

As used herein, “a portion of” something means “at least some of” the thing, and as
such may mean less than all of, or all of, the thing. As such, “a portion of” a thing
includes the entire thing as a special case, i.e., the entire thing is an example of a
portion of the thing.

As used herein, the term “set” means one or more. Accordingly, a set of items can be
a single item or a collection of two or more items.

In this disclosure, to determine whether a specific condition is satisfied or fulfilled,
expressions, such as “greater than” or “less than” are used by way of example and ex-
pressions, such as “greater than or equal to” or “less than or equal to” are also ap-
plicable and not excluded. For example, a condition defined with *“greater than or equal
to” may be replaced by “greater than” (or vice-versa), a condition defined with “less
than or equal to” may be replaced by “less than” (or vice-versa), etc.

It will be further understood that similar words such as the term “include” or
“comprise” mean that elements or objects appearing before the word encompass the
listed elements or objects appearing after the word and their equivalents, but other
elements or objects are not excluded. Similar words such as “connect” or “connected”
are not limited to physical or mechanical connection, but can include electrical
connection, whether direct or indirect. “Upper”, “lower”, “left” and “right” are only
used to express a relative positional relationship, and when an absolute position of the

described object changes, the relative positional relationship may change accordingly.

Mode for the Invention

FIGURES 1 through 22, discussed below, and the various embodiments used to
describe the principles of the disclosure in this patent document are by way of 1il-
lustration 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
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reference into the disclosure as if fully set forth herein: 3GPP TS 36.211 v17.0.0, “E
UTRA, Physical channels and modulation” (herein “REF 1”); 3GPP TS 36.212
v17.0.0, “E UTRA, Multiplexing and Channel coding” (herein “REF 2”); 3GPP TS
36.213 v17.0.0, “E UTRA, Physical Layer Procedures” (herein “REF 3); 3GPP TS
36.321 v17.0.0, “E-UTRA, Medium Access Control (MAC) protocol specification”
(herein “REF 4); 3GPP TS 36.331 v17.0.0, “E UTRA, Radio Resource Control
(RRC) protocol specification” (herein “REF 57); 3GPP TS 38.211 v17.0.0, “NR,
Physical Channels and Modulation” (herein “REF 6”); 3GPP TS 38.212 v17.0.0, “NR,
Multiplexing and channel coding” (herein “REF 7”); 3GPP TS 38.213 v17.0.0, “NR,
Physical Layer Procedures for Control” (herein “REF 87); 3GPP TS 38.214 v17.0.0;
“NR, Physical Layer Procedures for Data” (herein “REF 9”); 3GPP TS 38.215 v17.0.0;
“NR, Physical Layer Measurements” (herein “REF 107); 3GPP TS 38.321 v17.0.0;
“NR, Medium Access Control (MAC) Protocol Specification” (herein “REF 117);
3GPP TS 38.331 v17.0.0; “NR, Radio Resource Control (RRC) Protocol Speci-
fication” (herein “REF 127); and RP-213599 “Study on Artificial Intelligence
(AI)/Machine Learning (ML) for NR Air Interface” (herein “REF 13”).

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

To meet the demand for wireless data traffic having increased since deployment of
4G communication systems and to enable various vertical applications, SG/NR com-
munication systems have been developed and are currently being deployed. The
SG/NR communication system 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 di-
mensional MIMO (FD-MIMO), array antenna, an analog beam forming, large scale
antenna techniques are discussed in SG/NR communication systems.

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

backhaul, moving network, cooperative communication, coordinated multi-points
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(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 5G
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.

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

FIGURE 1 illustrates an example wireless network according to embodiments of the
disclosure. The embodiment of the wireless network shown in FIGURE 1 is for il-
lustration only. Other embodiments of the wireless network 100 could be used without
departing from the scope of this disclosure.

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

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

Depending on the network type, the term “base station” or “BS” can refer to any

component (or collection of components) configured to provide wireless access to a
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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 equipment” or “UE” can refer to any component such as “mobile station,”

% <é

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

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

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

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 embodiments 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 con-
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figuration. 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. However, the components of the gNB 102 are not
limited thereto. For example, the gNB 102 may include more or fewer components
than those described above. In addition, the gNB 102 corresponds to the base station of
the FIG. 21.

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 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 dif-
ferently to effectively steer the outgoing signals in a desired direction. As another
example, the controller/processor 225 could support methods for uplink transmission
in full duplex systems. 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.

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
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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 embodiments 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) 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. However, the components of the UE 116 are not limited thereto. For example, the
UE 116 may include more or fewer components than those described above. In
addition, the UE 116 corresponds to the UE of the FIG. 22.

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).
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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 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 1/
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 il-
lustrates the UE 116 configured as a mobile telephone or smartphone, UEs could be

configured to operate as other types of mobile or stationary devices.
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FIGURE 4 and FIGURE 5 illustrate example wireless transmit and receive paths
according to this disclosure. In the following description, a transmit path 400, of
FIGURE 4, may be described as being implemented in a BS (such as the BS 102),
while a receive path 500, of FIGURE 5, may be described as being implemented in a
UE (such as a UE 116). However, it may be understood that the receive path 500 can
be implemented in a BS and that the transmit path 400 can be implemented in a UE. In
some embodiments, the receive path 500 is configured to support CSI codebook as
described in embodiments of the disclosure.

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

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

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

As illustrated in FIGURE 5, the down-converter 555 down-converts the received
signal to a baseband frequency, and the remove cyclic prefix block 560 removes the
cyclic prefix to generate a serial time-domain baseband signal. The serial-to-parallel

block 565 converts the time-domain baseband signal to parallel time domain signals.
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The size N FFT block 570 performs an FFT algorithm to generate N parallel
frequency-domain signals. The parallel-to-serial block 575 converts the parallel
frequency-domain signals to a sequence of modulated data symbols. The channel
decoding and demodulation block 580 demodulates and decodes the modulated
symbols to recover the original input data stream.

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

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

Furthermore, although described as using FFT and IFFT, this is by way of illustration
only and may not be construed to limit the scope of this disclosure. Other types of
transforms, such as discrete Fourier transform (DFT) and inverse discrete Fourier
transform (IDFT) functions, can be used. It may be appreciated that the value of the
variable N may be any integer number (such as 1, 2, 3, 4, or the like) for DFT and
IDFT functions, while the value of the variable N may be any integer number that is a
power of two (such as 1, 2, 4, 8, 16, or the like) for FFT and IFFT functions.

Although FIGURE 4 and FIGURE 5 illustrate examples of wireless transmit and
receive paths, various changes may be made to FIGURE 4 and FIGURE 5. For
example, various components in FIGURE 4 and FIGURE 5 can be combined, further
subdivided, or omitted and additional components can be added according to particular
needs. Also, FIGURE 4 and FIGURE 5 are meant to illustrate examples of the types of
transmit and receive paths that can be used in a wireless network. Any other suitable
architectures can be used to support wireless communications in a wireless network.

A communication system includes a downlink (DL) that conveys signals from
transmission points such as base stations (BSs) or NodeBs to user equipments (UEs)
and an Uplink (UL) that conveys signals from UEs to reception points such as NodeBs.
A UE, also commonly referred to as a terminal or a mobile station, may be fixed or
mobile and may be a cellular phone, a personal computer device, or an automated

device. An eNodeB, which is generally a fixed station, may also be referred to as an
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access point or other equivalent terminology. For LTE systems, a NodeB is often
referred as an eNodeB.

In a communication system, such as LTE system, DL signals can include data signals
conveying information content, control signals conveying DL control information
(DCI), and reference signals (RS) that are also known as pilot signals. An eNodeB
transmits data information through a physical DL shared channel (PDSCH). An
eNodeB transmits DCI through a physical DL control channel (PDCCH) or an
Enhanced PDCCH (EPDCCH) - see also REF 3. An eNodeB transmits acknowl-
edgement information in response to data transport block (TB) transmission from a UE
in a physical hybrid ARQ indicator channel (PHICH). An eNodeB transmits one or
more of multiple types of RS including a UE-common RS (CRS), a channel state in-
formation RS (CSI-RS), or a demodulation RS (DMRS). A CRS is transmitted over a
DL system bandwidth (BW) and can be used by UEs to obtain a channel estimate to
demodulate data or control information or to perform measurements. To reduce CRS
overhead, an eNodeB may transmit a CSI-RS with a smaller density in the time and/or
frequency domain than a CRS. DMRS can be transmitted only in the BW of a re-
spective PDSCH or EPDCCH and a UE can use the DMRS to demodulate data or
control information in a PDSCH or an EPDCCH, respectively. A transmission time
interval for DL channels is referred to as a subframe and can have, for example,
duration of 1 millisecond.

DL signals also include transmission of a logical channel that carries system control
information. A BCCH is mapped to either a transport channel referred to as a broadcast
channel (BCH) when the DL signals convey a master information block (MIB) or to a
DL shared channel (DL-SCH) when the DL signals convey a System Information
Block (SIB). Most system information is included in different SIBs that are transmitted
using DL-SCH. A presence of system information on a DL-SCH in a subframe can be
indicated by a transmission of a corresponding PDCCH conveying a codeword with a
cyclic redundancy check (CRC) scrambled with system information RNTI (SI-RNTTI).
Alternatively, scheduling information for a SIB transmission can be provided in an
earlier SIB and scheduling information for the first SIB (SIB-1) can be provided by the
MIB.

DL resource allocation is performed in a unit of subframe and a group of physical
resource blocks (PRBs). A transmission BW includes frequency resource units referred

to as resource blocks (RBs). Each RB includes yRB sub-carriers, or resource elements

(REs), such as 12 REs. A unit of one RB over one subframe is referred to as a PRB. A

UE can be allocated Mppscy RBs for a total of | ppsen =5 RESs for the
Mg, " Ng¢

= Mppscu

PDSCH transmission BW.



WO 2023/149730 PCT/KR2023/001540

[101]

[102]

[103]

[104]

19

UL signals can include data signals conveying data information, control signals
conveying UL control information (UCI), and UL RS. UL RS includes DMRS and
Sounding RS (SRS). A UE transmits DMRS only in a BW of a respective PUSCH or
PUCCH. An eNodeB can use a DMRS to demodulate data signals or UCI signals. A
UE transmits SRS to provide an eNodeB with an UL CSI. A UE transmits data in-
formation or UCI through a respective physical UL shared channel (PUSCH) or a
Physical UL control channel (PUCCH). If a UE needs to transmit data information and
UClI in a same UL subframe, the UE may multiplex both in a PUSCH. UCI includes
Hybrid Automatic Repeat request acknowledgement (HARQ-ACK) information, in-
dicating correct (ACK) or incorrect (NACK) detection for a data TB in a PDSCH or
absence of a PDCCH detection (DTX), scheduling request (SR) indicating whether a
UE has data in the UE's buffer, rank indicator (RI), and channel state information (CSI)
enabling an eNodeB to perform link adaptation for PDSCH transmissions to a UE.
HARQ-ACK information is also transmitted by a UE in response to a detection of a
PDCCH/EPDCCH indicating a release of semi-persistently scheduled PDSCH (see
also REF 3).

An UL subframe includes two slots. Each slot includes symbols for

transmitting data information, UCI, DMRS, or SRS. A frequency resource unit of an

UL system BW is an RB. A UE is allocated Ngg RBs for a total of . NRB REs for a
SC

Ngp

transmission BW. For a PUCCH, Ngg =1. A last subframe symbol can be used to
multiplex SRS transmissions from one or more UEs. A number of subframe symbols
that are available for data/UCI/DMRS transmission is

if a last subframe symbol is used to

Nyymp = 2 - (Ns(;fﬁb — 1) — Nggs . where Nggpg =1

transmit SRS and Nggs =0 otherwise.

FIGURE 6 illustrates a transmitter block diagram 600 for a PDSCH in a subframe
according to embodiments of the disclosure. The embodiment of the transmitter block
diagram 600 illustrated in FIGURE 6 is for illustration only. One or more of the
components illustrated in FIGURE 6 can be implemented in specialized circuitry
configured to perform the noted functions or one or more of the components can be
implemented by one or more processors executing instructions to perform the noted
functions. FIGURE 6 does not limit the scope of this disclosure to any particular im-
plementation of the transmitter block diagram 600.

As shown in FIGURE 6, information bits 610 are encoded by encoder 620, such as a
turbo encoder, and modulated by modulator 630, for example using quadrature phase
shift keying (QPSK) modulation. A serial to parallel (S/P) converter 640 generates M

modulation symbols that are subsequently provided to a mapper 650 to be mapped to
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REs selected by a transmission BW selection unit 655 for an assigned PDSCH
transmission BW, unit 660 applies an Inverse fast Fourier transform (IFFT), the output
is then serialized by a parallel to serial (P/S) converter 670 to create a time domain
signal, filtering is applied by filter 680, and a signal transmitted 690. Additional func-
tionalities, such as data scrambling, cyclic prefix insertion, time windowing, in-
terleaving, and others are well known in the art and are not shown for brevity.

FIGURE 7 illustrates a receiver block diagram 700 for a PDSCH in a subframe
according to embodiments of the disclosure. The embodiment of the diagram 700 il-
lustrated in FIGURE 7 is for illustration only. One or more of the components il-
lustrated in FIGURE 7 can be implemented in specialized circuitry configured to
perform the noted functions or one or more of the components can be implemented by
one or more processors executing instructions to perform the noted functions. FIGURE
7 does not limit the scope of this disclosure to any particular implementation of the
diagram 700.

As shown in FIGURE 7, areceived signal 710 is filtered by filter 720, REs 730 for
an assigned reception BW are selected by BW selector 735, unit 740 applies a fast
Fourier transform (FFT), and an output is serialized by a parallel-to-serial converter
750. Subsequently, a demodulator 760 coherently demodulates data symbols by
applying a channel estimate obtained from a DMRS or a CRS (not shown), and a
decoder 770, such as a turbo decoder, decodes the demodulated data to provide an
estimate of the information data bits 780. Additional functionalities such as time-
windowing, cyclic prefix removal, de-scrambling, channel estimation, and de-
interleaving are not shown for brevity.

FIGURE 8 illustrates a transmitter block diagram 800 for a PUSCH in a subframe
according to embodiments of the disclosure. The embodiment of the block diagram
800 illustrated in FIGURE 8 is for illustration only. One or more of the components il-
lustrated in FIGURE 6 can be implemented in specialized circuitry configured to
perform the noted functions or one or more of the components can be implemented by
one or more processors executing instructions to perform the noted functions. FIGURE
8 does not limit the scope of this disclosure to any particular implementation of the
block diagram 800.

As shown in FIGURE 8, information data bits 8§10 are encoded by encoder 820, such
as a turbo encoder, and modulated by modulator 830. A discrete Fourier transform
(DFT) unit 840 applies a DFT on the modulated data bits, REs 850 corresponding to an
assigned PUSCH transmission BW are selected by transmission BW selection unit
855, unit 860 applies an IFFT and, after a cyclic prefix insertion (not shown), filtering
is applied by filter 870 and a signal transmitted 880.

FIGURE 9 illustrates a receiver block diagram 900 for a PUSCH in a subframe
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according to embodiments of the disclosure. The embodiment of the block diagram
900 illustrated in FIGURE 9 is for illustration only. One or more of the components il-
lustrated in FIGURE 9 can be implemented in specialized circuitry configured to
perform the noted functions or one or more of the components can be implemented by
one or more processors executing instructions to perform the noted functions. FIGURE
9 does not limit the scope of this disclosure to any particular implementation of the
block diagram 900.

As shown in FIGURE 9, a received signal 910 is filtered by filter 920. Subsequently,
after a cyclic prefix is removed (not shown), unit 930 applies an FFT, REs 940 corre-
sponding to an assigned PUSCH reception BW are selected by a reception BW selector
945, unit 950 applies an inverse DFT (IDFT), a demodulator 960 coherently de-
modulates data symbols by applying a channel estimate obtained from a DMRS (not
shown), a decoder 970, such as a turbo decoder, decodes the demodulated data to
provide an estimate of the information data bits 980.

In next generation cellular systems, various use cases are envisioned beyond the ca-
pabilities of LTE system. Termed 5G or the fifth-generation cellular system, a system
capable of operating at sub-6GHz and above-6 GHz (for example, in mmWave regime)
becomes one of the requirements. In 3GPP TR 22.891, 74 5G use cases have been
identified and described; those use cases can be roughly categorized into three different
groups. A first group is termed “enhanced mobile broadband (eMBB),” targeted to
high data rate services with less stringent latency and reliability requirements. A
second group is termed “ultra-reliable and low latency (URLL)” targeted for ap-
plications with less stringent data rate requirements, but less tolerant to latency. A third
group is termed “massive MTC (mMTC)” targeted for large number of low-power
device connections such as 1 million per km2 with less stringent the reliability, data
rate, and latency requirements.

The 3GPP NR specification supports up to 32 CSI-RS antenna ports which enable a
gNB to be equipped with a large number of antenna elements (such as 64 or 128). In
this case, a plurality of antenna elements is mapped onto one CSI-RS port. For next
generation cellular systems such as 5G, the maximum number of CSI-RS ports can
either remain the same or increase.

FIGURE 10 illustrates an example antenna blocks or arrays 1000 according to em-
bodiments of the disclosure. The embodiment of the antenna blocks or arrays 1000 il-
lustrated in FIGURE 10 is for illustration only. FIGURE 10 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
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feasibility to install a large number of ADCs/DACs at mmWave frequencies) as il-
lustrated in FIGURE 10. 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 1001.
One CSI-RS port can then correspond to one sub-array which produces a narrow
analog beam through analog beamforming 1005. This analog beam can be configured
to sweep across a wider range of angles 1020 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 NCSI-PORT. A digital beamforming unit
1010 performs a linear combination across NCSI-PORT analog beams to further
increase precoding gain. While analog beams are wideband (hence not frequency-
selective), digital precoding can be varied across frequency sub-bands or resource
blocks. Receiver operation can be conceived analogously.

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

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 FR1 or particularly sub-1 GHz band, on the other
hand, the number of antenna elements cannot be increased in a given form factor due
to large wavelength. As an example, for the case of the wavelength size (1) of the
center frequency 600 MHz (which is 50 cm), it requires 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 required size for antenna panels at
gNB to support a large number of antenna ports, €.g., 32 CSI-RS ports, becomes very
large in such low frequency bands, and it leads to the difficulty of deploying 2-D
antenna arrays within the size of a conventional form factor. This can result in a
limited number of physical antenna elements and, subsequently CSI-RS ports, that can

be supported at a single site and limit the spectral efficiency of such systems.
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FIGURE 11 illustrates an example system for D-MIMO 1100 according to em-
bodiments of the disclosure. The embodiment of the example system for D-MIMO
1100 illustrated in FIGURE 11 is for illustration only. FIGURE 112 does not limit the
scope of this disclosure to any particular implementation of the example system for D-
MIMO.

As illustrated in FIGURE 11, one approach to resolving the issue described above 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, the concept of distributed MIMO (D-MIMO), is shown in FIGURE 11.

FIGURE 12 illustrates an example system for D-MIMO 1200 according to em-
bodiments of the disclosure. The embodiment of the example system for D-MIMO
1200 illustrated in FIGURE 12 is for illustration only. FIGURE 12 does not limit the
scope of this disclosure to any particular implementation of the example system for D-
MIMO.

As illustrated in FIGURE 12, 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 low frequency band systems (sub-1GHz band) have been
mentioned 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.

In the disclosure, the frequency resolution (reporting granularity) and span (reporting
bandwidth) of CSI or calibration coefficient reporting can be defined in terms of
frequency “subbands” and “CSI reporting band” (CRB), respectively.

A subband for CSI or calibration coefficient reporting is defined as a set of
contiguous PRBs which represents the smallest frequency unit for CSI or calibration
coefficient 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
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signaling, or dynamically via L.1 DL control signaling or MAC control element (MAC
CE). The number of PRBs in a subband can be included in CSI or calibration co-
efficient reporting setting.

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

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

In terms of UE configuration, a UE can be configured with at least one CSI or cal-
ibration coefficient 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 (N) CSI or calibration coefficient 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 or calibration co-
efficient 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.

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 Mn subbands when one CSI parameter for all the Mn subbands
within the CSI reporting band. A CSI parameter is configured with “subband” for the
CSI reporting band with Mn subbands when one CSI parameter is reported for each of
the Mn subbands within the CSI reporting band.

FIGURE 13 illustrates an example antenna port layout 1300 according to em-
bodiments of the disclosure. The embodiment of the antenna port layout 1300 il-
lustrated in FIGURE 13 is for illustration only. FIGURE 13 does not limit the scope of
this disclosure to any particular implementation of the antenna port layout.

As illustrated in FIGURE 13, 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, N1 > 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
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2N1N2 when each antenna maps to an antenna port. An illustration is shown in
FIGURE 13 where “X” represents two antenna polarizations. In this disclosure, the
term “polarization” refers to a group of antenna ports. For example, antenna ports
erme comprise a first antenna polarization, and
JEXH0X+1,., X+ 7S g P P

antenna ports comprise a second

j = X + PC;IRS,X +PCSZIRS + 1, ...,X + PCSIRS - 1

antenna polarization, where Pcsirs is @ 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 13. Note that the
antenna port layouts may or may not be the same in different antenna panels.

In the disclosure CSI codebook designs to support distributed MIMO or multi-TRP
(mTRP) operations are provided

Various embodiments for CSI codebook designs and reporting for distributed MIMO
or multi-TRP operations in wireless networks are described herein.

CSI enhancement described in Rel-18 MIMO considers Rel-16/17 Type-11 CSI
codebook refinements to support mTRP coherent joint transmission (C-JT) operations
by considering performance-and-overhead trade-off. The Rel-16/17 Type-1I 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. In
the disclosure, several embodiments relating to W, in addition to W, and W; are
provided to alleviate amount of CSI reporting overhead to have good performance-
and-overhead trade-off for C-JT operations.

In one example, the antenna architecture of a D-MIMO or CJT system is structured.
For example, the antenna structure at each RRH (or TRP) is dual-polarized (single or
multi-panel as shown in FIGURE 13. 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,=Nggry, a number of RRHs/TRPs in the D-MIMO
transmission.

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

A structured antenna architecture is assumed in the rest of the disclosure. For

simplicity, it is assumed that each RRH/TRP is equivalent to a panel, although, an
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RRH/TRP can have multiple panels in practice. The disclosure however is not re-
strictive 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.

@ In one example, an RRH or TRP corresponds to a CSI-RS resource. A UE is
configured with K=Ngry>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.

@® 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>Nggri>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 Nggy 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 as-
sociated 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
herein depending on a configuration. For example, this configuration can be explicit
via a parameter (e.g., an RRC parameter). Alternatively, it can be implicit.

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

described above.
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b. 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 RRHs (resources or resource groups), the selected
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 RRHs (port groups) and report the CSI for the selected
RRHs (port groups), the selected 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 Nggy
RRHs, a decoupled (modular) codebook is used/configured, and when a single (K=1)
CSI-RS resource for Ngry RRHs, a joint codebook is used/configured.

As described in U.S. Patent No. 10,659,118, issued May 19, 2020, and titled
“Method and Apparatus for Explicit CSI Reporting in Advanced Wireless Commu-
nication 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 com-
bination-based Type II CSI reporting framework is extended to include a frequency
dimension in addition to the first and second antenna port dimensions.

FIGURE 14 illustrates a 3D grid of oversampled DFT beams 1400 according to em-
bodiments of the disclosure. The embodiment of the 3D grid of oversampled DFT
beams 1400 illustrated in FIGURE 14 is for illustration only. FIGURE 14 does not
limit the scope of this disclosure to any particular implementation of the 3D grid of
oversampled DFT beams.

As illustrated, FIGURE 14 shows a 3D grid 1400 of the oversampled DFT beams
(1st port dim., 2nd port dim., freq. dim.) in which

@ st dimension is associated with the 1st port dimension,

@® 2nd dimension is associated with the 2nd port dimension, and

@ 3rd dimension is associated with the frequency dimension.

The basis sets for 15 and 2™ port domain representation are oversampled DFT
codebooks of length-N1 and length-N 2, respectively, and with oversampling factors
Ol and O2, respectively. Likewise, the basis set for frequency domain representation

(i-e., 3rd dimension) is an oversampled DFT codebook of length-N3 and with over-
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sampling factor O3. In one example, Ol = O2 = O3 =4. In one example, O1 =02 =4
and O3 = 1. In another example, the oversampling factors Oi belongs to {2, 4, 8}. In
yet another example, at least one of O1, O2 , and O3 is higher layer configured (via
RRC signaling).

As explained in Section 5.2.2.2.6 of REFS8, a UE is configured with higher layer
parameter codebookType set to ' typell-PortSelection-r16 ‘ for an enhanced Type 11
CSI reporting in which the pre-coders for all SBs and for a given layer 1=1,..,v, where v

is the associated RI value, is given by either

Croo Croa o CLoM-1
CLi0 Cr11 o CLiM—1
l o H — R =N 24 H —
W' = AC,B" ={aya, ..a;_4] . : . . [boby ..by 1" =
Cir-10 Crr-11 " CLr-1,M-1

e i Cz,i,f(aéb}{) =i Xfso Cl,i,f(aib;l), (Eg. 1)

or
A 0
wi = [ ] C,BY =
0 Al
€00 CLoa o CLoM-1
Ay .04 0 ] 10 CLia o CaM-1 H
[ 0 asa; ...a; 4 i : ; : [bo by ... by—4]" =
Cr-10 Cr-11 7 CLi-i,M-1
M—1L- o
Zf:o1 i=01 Cl,i,f(aibf)
M—1vyL—1 m | (E9- 2)
Zf:o 2ico Cl,i+L,f(aibf)
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),

@ P s 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),
@®3aisa 2NN, x 1 (Eq. 1) or NyN, x 1 (Eq. 2) column vector, or a; is a

CSIRS port selection column vector, where a port selection

PCSIRS x1 (bq 1) OI'E—E— X1

vector 1s a defined as a vector which contains a value of 1 in one element and zeros
elsewhere

® b;is a N;x1 column vector,
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® c;;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 c;¢ in
precoder equations Eq. 1 or Eq. 2 is replaced with x,;¢Xc;; ¢, where

@ x; =1 if the coefficient ¢,;; is reported by the UE according to some embodiments
of this disclosure.

® x,; =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

wh =Yg 1}4._{51 Cl,i,f(aibgf) (Eq. 3)

and

—_ M;—1
. Yiso Xrlo cuip(aibly) a4
Ty eMi-t u | B9,
2ico =0 Cl,i+L,f(aibi,f)

where for a given 7, the number of basis vectors is M; and the corresponding basis vectors are
{bi’ f}. Note that M; is the number of coefficients ¢;; r reported by the UE for a given i, where
M; < M (where {M;} or ), 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 . Eq. 2 is assumed in

1
W(R):\/—E[Wl w2z - WR]

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.

Here Pcsi—rs, then A is an identity matrix, and hence not

Lsﬂc—s—;—“iand M<Ns.IfL=

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=w;, where the quantity w; is given by:

T
We = [ jZHngI) j2n.2ng§) j217:.(N3 -1)ngl)] .
f 1 e’ 0sNs e T03n; . e O3N3

When O:=1, the FD basis vector for layer I€{1,..,u} (where v is the RI or rank value)



WO 2023/149730 PCT/KR2023/001540

[173]

[174]

[175]
[176]

[177]

[178]

[179]

[180]

[181]

30
_ [0 » 1"
Wy = [yo,z BCW A yN3—1,l] ’
2nen) ‘
where yt(’{) =¢’ M and Ng; = ["g,)z)' ...,ngf—l)] where ngl) €{0,1,..,N; —1}.

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
(W] e = d K = N3, and 0,..,N; — 1
/¢ = ,and K = Nz,andm = 0,...,N; — 1.
nm ﬁcos%, 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. Alter-
natively, 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
purpose 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,Bf =w,W,w{, (Eq. 5)

where A=W, corresponds to the Rel. 15 W, in Type II CSI codebook [REFS], and
B:Wf.

The C - W matrix consists of all the required linear combination coefficients
[ 2

(e.g., amplitude and phase or real or imaginary). Each reported coefficient (ci;=pi; ;¢

) in W is quantized as amplitude coefficient (p,;¢) and phase coefficient (¢y;¢). In one
2

example, the amplitude coefficient (p,;¢) is reported using a A-bit amplitude codebook
where A belongs to {2, 3, 4}. If multiple values for A are supported, then one value is
configured via higher layer signaling. In another example, the amplitude coefficient (p
1i¢) 1s reported as () (2y Where
Prif = PrifPriy
® ,, isareference or first amplitude which is reported using an Al-bit amplitude
Piir

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

® _(») is adifferential or second amplitude which is reported using a A2-bit
Li,f

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

For layer 1, let us denote the linear combination (LC) coefficient associated with
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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 ¢, and the strongest coefficient as ¢
i+ The strongest coefficient is reported out of the Ky, non-zero (NZ) coefficients that

is reported using a bitmap, where and {3 is higher layer

Kyz < Ko = [B X 2LM] < 2LM

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
Kz NZ coefficients.

@ UE reports the following for the quantization of the NZ coefficients in W
2

a. A X-bit indicator for the strongest coefficient index
(i*, f*), where X = [log, Ky or [log, 2LT

1. Strongest coefficient ¢;;" =1 (hence its amplitude/phase are not reported)
b. Two antenna polarization-specific reference amplitudes are used.
1. For the polarization associated with the strongest coefficient ¢;;"s'=1, since the

reference amplitude 4y =1, it is not reported
Lif

ii. For the other polarization, reference amplitude (4, is quantized to 4 bits
Priy

1. The 4-bit amplitude alphabet is

¢ For {Cl,i,f' (irf) * (i*'f*)}:

1. For each polarization, differential amplitudes _(z) i. of the coefficients calculated
Lif

relative to the associated polarization-specific reference amplitude and quantized to 3
bits
1. The 3-bit amplitude alphabet is { 11 01 01 1 1 1 }
1= 1 2 2

2. Note: The final quantized amplitude py;¢is given by (4 )
Prir X Prir
ii. Each phase is quantized to either 8PSK (N;=8) or 16PSK (N,,=16) (which is con-
figurable).
For the polarization r*e{0,1} associated with the strongest coefficient c;;«¢+, we have r

_ ll—J and the reference amplitude 4y 4y . For the other polarization
Lif ~ Pur

L
re{0,1} and r#1*, we have ;= (llZJ n 1) mod 2 and the reference amplitude

p(l) _ p(l) is quantized (reported) using the 4-bit amplitude codebook mentioned
Li.f = Pir
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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 &l , where R is

higher-layer configured from {1,2} and p is higher-layer configured from {1 1}. In one

4’2}
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,vo) is jointly configured from

{G,%) s G,%) B G,%)}, ie, M = [p X %] forrank 1-2and M = [vo X %] for rank 3-4
In one example, N;=NggxR where Ngg 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,,ue{1,2} and v, is replaced with p,,ve{3,4}.

A UE can be configured to report M, FD basis vectors in one-step from N5 basis
vectors freely (independently) for each layer le{1,..,u} of a rank v CSI reporting. Al-
ternatively, a UE can be configured to report M, FD basis vectors in two-step as
follows.

@® In step 1, an intermediate set (InS) comprising N';<Nj, basis vectors is selected/
reported, wherein the InS is common for all layers.

@ In step 2, for each layer le{1,..,u} 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 N;<19 and two-step method is used

when N;>19. In one example, 1 where o>1 is either fixed (to 2 for example)

N = [aM,

or configurable.
The codebook parameters used in the DFT based frequency domain compression

(Eq. 5) are . The set of values for these
Npp)

(L,pu forv € {1,2},p, forv € {3,4}, 5, a,

codebook parameters are as follows.
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[201] 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

o (p,forve{1,2},p,forve{34}) € {(-Z-,Z),G,i-), G,.;.)}.

11 3
« Belisi)
o =2
L] Nph:16’

The set of values for these codebook parameters are as in Table 1.

[202] [Table 1]

Pv
paramCombination | L v v B
€{1,2} |€ {34}
1 2 Va 1/8 YVa
2 2 YVa 1/8 Vo
3 4 Ya 1/8 Ya
4 4 Va 1/8 Ya
5 4 Ya Va Ya
6 4 Va Va Ya
7 6 Ya - Va
8 6 Ya - ¥

[203] In Rel. 17 (further enhanced Type II port selecting codebook),

Me {12}, L= 521- where K, = @ % Pesirs’ and codebook parameters (M,a.,[3) are

configured from Table 2.
[204] [Table 2]
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34
paramCombination
-rl7 M “ d
1 | Ya ¥
2 1 1 Vs
3 1 1 Ya
4 | 1 1
5 2 VZ: Y2
6 2 Ya bz
7 2 1 iz
8 2 1 Y4

The above-mentioned framework (Eq. 5) represents the precoding-matrices for
multiple (N;) FD units using a linear combination (double sum) over 2L (or K;) SD
beams/ports and M, FD beams. This framework can also be used to rethe precoding-
matrices in time domain (TD) by replacing the FD basis matrix W, with a TD basis
matrix W,, wherein the columns of W, comprises M, TD beams that resome form of

delays or channel tap locations. Hence, a precoder W' can be described as follows.
W = A,C,B} =W, W,Wwl, (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., N; 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.

FIGURE 15 illustrates an example of two new codebooks 1500 according to em-
bodiments of the disclosure. The embodiment of the two new codebooks 1500 il-
lustrated in FIGURE 15 is for illustration only. FIGURE 15 does not limit the scope of
this disclosure to any particular implementation of the two new codebooks.

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

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.
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5.2.2.2.2, TS 38.214).

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

[213] In one example, the codebook can be a Rel. 15 port selection Type II codebook (cf.
5.2.2.2.4, TS 38.214).

[214] In one example, the codebook can be a Rel. 16 enhanced Type II codebook (cf.
5.2.2.2.5, TS 38.214).

[215] In one example, the codebook can be a Rel. 16 enhanced port selection Type 11
codebook (cf. 5.2.2.2.6, TS 38.214).

[216] 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).

[217] In one example, the codebook is a new codebook for C-JT CSI reporting.

[218] a. In one example, the new codebook is a decoupled codebook comprising the
following components: (called ‘CB1’ hereafter)

[219] 1. Intra-TRP: per TRP Rel. 16/17 Type II codebook components, i.e., SD basis
vectors (W1), FD basis vectors (Wf), W2 components (e.g., SCI, indices of NZ coef-
ficients, and amplitude/phase of NZ coefficients).

[220] ii. Inter-TRP: co-amplitude and co-phase for each TRP.

[221] b. In one example, the new codebook is a joint codebook (called ‘CB2’ hereafter)
comprising following components

[222] 1. Per TRP SD basis vectors (W1)

[223] ii. Single joint FD basis vectors (Wf)

[224] ii1. Single joint W2 components (e.g., SCI, indices of NZ coefficients, and amplitude/
phase of NZ coefficients)

[225] In the disclosure, 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 resource comprises CSI-RS antenna ports for all TRPs/

RRHs, i.e. is the total number of antenna ports, and P, is the

*P =Y%M, P, where P

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.

[226] In the disclosure, when the codebook is a new codebook (e.g., mTRP/CJT
codebook), then the CSI reporting is based on a CSI resource set comprising one or
multiple NZP CSI-RS resource(s).

[227] @ In one example, each NZP CSI-RS resource comprises CSI-RS antenna ports for

all TRPs/RRHs. i.e. is the total number of antenna ports, and P,

*P =Y%M P, where P
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is the number of antenna ports associated with r-th TRP. In this case, a TRP cor-
responds 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 as-
sociated with) a TRP/RRH.

In one embodiment, a UE is configured with an mTRP (or D-MIMO) codebook,
which is designed based on Rel-16/17 Type-1I codebook. The mTRP codebook has a

triple-stage structure which can be represented as n, where the

W — W1W2Wf

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.

FIGURE 16 illustrates an example D-MIMO 1600 where each TRP has a single
antenna panel according to embodiments of the disclosure. The embodiment of the
example D-MIMO 1600 where each TRP has a single antenna panel illustrated in
FIGURE 16 is for illustration only. FIGURE 16 does not limit the scope of this
disclosure to any particular implementation of the example D-MIMO where each TRP
has a single antenna panel.

In one embodiment as illustrated in FIGURE 16, each TRP has a single antenna
panel. The component W, has a block diagonal structure comprising X diagonal
blocks, where 1 (co-pol) or 2 (dual-pol) diagonal blocks are associated with each TRP.

In one example, X=Nrgp assuming co-polarized (single polarized) antenna structure
at each TRP. In one example, when Ngp=2, the components W, is given by:

where B, is a basis matrix for the 1t TRP, and B, is a basis matrix

mefl ]

0 B,

for the 2 TRP. In one example, comprises L, columns

BT = [br,Ovbr,l:"-vbr,Lr—l]

or beams (or basis vectors) for r-th TRP. In one example, L,=L for all r values
(TRP-common L value), for example, Le{2,3,4,6}. In one example, L, can be different
across TRPs (TRP-specific L value), for example, L, can take a value (fixed or
configured) from {2,3,4,6}.

In one example, X=2Nrzp assuming dual-polarized (cross-polarized) antenna
structure at each TRP.

In one example, when Ngp=2, the components W, is given by:

where B, is a basis matrix for the 1st TRP and is

B, 0 0 0
o B, 0 o0
W, = 0 0 B, O

00 0 B,
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common (the same) for the two polarizations, which correspond to the first and second
diagonal blocks, and B, is a basis matrix for the 2" TRP and is common (the same) for
the two polarizations, which correspond to the third and fourth diagonal blocks. In
general, (2r-1)-th and (2r)-th diagonal blocks correspond to the two antenna polar-

izations for the r-th TRP. In one example, comprises L

Br - [bT,OrbT,ll'"rb’r,Lr—l]

columns or beams (or basis vectors) for r-th TRP. In one example, L.=L for all r values
(TRP-common L value), for example, Le{2,3,4,6}. In one example, L, can be different
across TRPs (TRP-specific L value), for example, L, can take a value (fixed or
configured) from {2,3,4,6}.

In one example, when Ngp=2, the components W, is given by:

where B, is a basis matrix for the 15t TRP and is

B, 0 0 0
1o B 0 0
W= 0 0 B O
00 0 B

common (the same) for the two polarizations, which correspond to the first and third
diagonal blocks, and B, is a basis matrix for the 2" TRP and is common (the same) for
the two polarizations, which correspond to the second and fourth diagonal blocks. In
general, r-th and (r+Nrgp)-th diagonal blocks correspond to the two antenna polar-

izations for the r-th TRP. In one example, comprises L,

BT' _— [bT,O’bT,l""’bT,LT—l]

columns or beams (or basis vectors) for r-th TRP. In one example, L=L for all r values
(TRP-common L value), for example, Le{2,3,4,6}. In one example, L, can be different
across TRPs (TRP-specific L value), for example, L, can take a value (fixed or
configured) from {2,3,4,6}.

In one example, when Ngp=2, the components W, is given by:

where B, and B, are basis matrices for the

first and second antenna polarizations of the 1% TRP, which correspond to the first and
second diagonal blocks, and B, ; and B,, are basis matrices for the first and second
antenna polarizations of the 2% TRP, which correspond to the third and fourth diagonal
blocks. In general, (2r-1)-th and (2r)-th diagonal blocks correspond to the two antenna

polarizations for the r-th TRP. In one example, By = [BrposBripts s brpsy 1]

comprises L, columns or beams (or basis vectors) for p-th polarization of r-th TRP. In

one example, L, =L for all r and p values (TRP-common and polarization-common L
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value), for example L€{2,3,4,6}. In one example, L, =L, for all p values (TRP-specific
and polarization-common L value). In one example, L, =L, for all r values
(TRP-common and polarization-specific L value). In one example, L, , can be different
across TRPs (TRP-specific and polarization-specific L value).

In one example, when Ngp=2, the components W, is given by:

where B, ; and B,, are basis matrices for the
By O 0 0 . -

0 By, 0 0
B, 0
0 B,

W1 =
0 0
0 0
first and second antenna polarizations of the 1% TRP, which correspond to the first and
third diagonal blocks, and B, ; and B, , are basis matrices for the first and second
antenna polarizations of the 2" TRP, which correspond to the second and fourth
diagonal blocks. In general, r-th and (r+Nrgp)-th diagonal blocks correspond to the two

antenna polarizations for the r-th TRP. In one example,

comprises L., columns or beams (or basis vectors
B,y = [brpo. brpa, ---'br.p.Lr,p—l] p P ( )

for p-th polarization of r-th TRP. In one example, L, =L for all r and p values
(TRP-common and polarization-common L value) , for example Le{2,3,4,6}. In one
example, L, =L, for all p values (TRP-specific and polarization-common L value). In
one example, L, =L, for all r values (TRP-common and polarization-specific L value).
In one example, L, can be different across TRPs (TRP-specific and polarization-
specific L value).

In one example, X = yNtee g where a,=1 for co-polarized (single polarized)
T Lr=1 T

antenna structure at r-th TRP, and a,=2 for dual-polarized (cross-polarized) antenna
structure at r-th TRP.
In one example, when Ngp=2, the components W, is given by:

where B, is a basis matrix for the 1 TRP, and B, is a

By 0 0
W1 - 0 BZ O
0 0 B,

basis matrix for the 2 TRP and is common (the same) for the two polarizations, which
correspond to the second and third diagonal blocks.
In one example, when Ngp=2, the components W, is given by:

where B, is a basis matrix for the 1% TRP, and B, and

By 0 0
W,=10 By, 0
0 0 By,

B, are basis matrices for the first and second antenna polarizations of the 2" TRP,

which correspond to the second and third diagonal blocks.
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FIGURE 17 illustrates an example D-MIMO where each TRP has multiple antenna
panels according to embodiments of the disclosure. The embodiment of the example
D-MIMO 1700 where each TRP has a multiple antenna panels illustrated in FIGURE
17 is for illustration only. FIGURE 17 does not limit the scope of this disclosure to any
particular implementation of the example D-MIMO where each TRP has multiple
antenna panels.

As illustrated in FIGURE 17, in one embodiment, each TRP has multiple antenna
panels. The component W, has a block diagonal structure comprising X diagonal
blocks, where N, (co-pol) or 2N,, (dual-pol) diagonal blocks are associated with r-th
TRP comprising N, panels and N,,>1 for all values of r. Note N, ,=2 for both TRPs in
FIGURE 17.

One or more of the examples described above can be extended in a straightforward
manner in this case (of multiple panels at TRPs) by adding the diagonal blocks corre-
sponding to multiple panels in W;.

FIGURE 18 illustrates an example D-MIMO 1800 where each TRP can be an SP or
MP according to embodiments of the disclosure. The embodiment of the example D-
MIMO 1800 where each TRP can be an SP or MP example illustrated in FIGURE 18
is for illustration only. FIGURE 18 does not limit the scope of this disclosure to any
particular implementation of the example D-MIMO where each TRP can be an SP or
MP.

As illustrated in FIGURE 18, in one embodiment, each TRP can have a single
antenna panel or multiple antenna panels (cf. Fig. 11). The component W, has a block
diagonal structure comprising X diagonal blocks, where N,, (co-pol) or 2N, (dual-pol)
diagonal blocks are associated with r-th TRP comprising N, , panels, and N,,=1 when
r-th TRP has a single panel and N,,>1 when r-th TRP has multiple panels.

One or more examples described above can be extended in a straightforward manner
in this case (of multiple panels at TRPs) by adding the diagonal blocks corresponding
to multiple panels in W;.

In one embodiment, the basis matrices comprising the diagonal blocks of the
component W, have columns that are selected from a set of oversampled 2D DFT
vectors. When the antenna port layout is the same across TRPs, for a given antenna

port layout (N;,N,) and oversampling factors (O,,0,) for two dimensions, a DFT vector
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. 2ml 2ml(N,—1) T
YVim = [um e/OiNy,, ... e 0N m]
.2rem 2mtm(No—1)
Um = [1 e, . ¢l Ol ]

where | € {0,1,...,0{N; —1}and m € {0,1,...,0,N, — 1}.

[248] When the antenna port layout can be different across TRPs, for a given antenna port
layout (N, ,N,,) and oversampling factors (O, ,,0,,) associated with r-th TRP, a DFT

vector 5, can be expressed as follows.
Tatity

2ml, 2nl =) T
Vim, = [umr e 01,rN1,rumr ... e OurNyyr umr]
. 2nm, 2tMy(Np r—1)
umr = []_ e”OZ,TNZ,r . e] O2+N3 r ]

where I, € {0,1,...,0, N, — 1} and m, € {0,1, ..., 05, N, — 1}.

[249] In one example, the oversampling factor is TRP-common, hence remains the same
across TRPs. For example, e.g., O,,=0,=0,,=0,=4. In one example, the oversampling
factor is TRP-specific, hence is independent for each TRP. For example, O,,=0,,=x
and x is chosen (fixed or configured) from {2,4,8}.

[250] In one embodiment, the basis matrices comprising the diagonal blocks of the
component W, have columns that are selected from a set of port selection vectors.
When the antenna port layout is the same across TRPs, for a given number of CSI-RS
port Pegi rs, a port selection vector vy, is a Pcg; rs/2-element column vector containing a

value of 1 in element

Pesior S) and zeros elsewhere (where the first element is

(m mod

element 0).
[251] When the antenna port layout can be different across TRPs, for a given number of
CSI-RS port Pegy rs s, @ port selection vector v, is a Peg s, /2-element column vector

containing a value of 1 in element and zeros elsewhere (where the

P —
(mr mod 0512 RS,r)

first element is element 0).

[252] In one embodiment, each TRP can have a single antenna panel or multiple antenna
panels (cf. Fig. 9). The component W, has a block diagonal structure comprising X=2
diagonal blocks, where N, (co-pol) or 2N, (dual-pol) diagonal blocks are associated
with r-th TRP comprising N,, panels, and N, =1 when r-th TRP has a single panel and
N,,>1 when r-th TRP has multiple panels.

[253] In one embodiment, the component W; is according to at least one of the following
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examples.

In one example, the component W; is TRP-common and layer-common, i.e., one
common W, is reported for all TRPs and for all layers (when number of layers or rank
> 1).

In one example, the component W; is TRP-common and layer-specific, i.e., for each
layer 1€{1,...,u}, where v is a rank value or number of layers, one common W; is
reported for all TRPs.

In one example, the component W; is TRP-specific and layer-common, i.e., for each
TRP re{l,...,Ngp}, one common W; is reported for all layers.

In one example, the component W; is TRP-specific and layer-specific, i.e., for each
TRP re{l,...,Ngp} and for each layer I{1,...,v}, one W; is reported.

In one embodiment, let W; comprise M, columns for a given rank value v. The value
of M, can be fixed (e.g., ¥2). or configured via higher layer (RRC) signaling (similar to
R16 enhanced Type II codebook) or reported by the UE as part of the CSI report). The
value of M, is according to at least one of the following examples.

In one example, the value of M, is TRP-common, layer-common, and RI-common.
The same M, value is used common for all values of Nigp, v, and layers =1,...,v.

In one example, the value of M, is TRP-common, layer-common, and RI-specific.
For each RI value v, the same M, value is used common for all values of Ngp and
layers =1,...,v.

In one example, the value of M, is TRP-common, layer-specific, and RI-common.
For each layers =1,...,v, the same M, value is used common for all values of Ngp and
.

In one example, the value of M, is TRP-specific, layer-common, and RI-common.
For each TRP re{1,...,Np}, the same M, value is used common for all values of v
and layers =1,...,v.

In one example, the value of M, is TRP-common, layer- specific, and RI-specific.

In one example, the value of M, is TRP- specific, layer-specific, and RI-common.

In one example, the value of M, is TRP-specific, layer-common, and RI-specific.

In one example, the value of M, is TRP-specific, layer- specific, and RI-specific.

In one embodiment, the columns of W; are selected from a set of oversampled DFT
vectors. When the antenna port layout is the same across TRPs, for a given N; and

oversampling factors O;, a DFT vector y; can be expressed as follows.

_ . 2nf 21f(N3—1)
y=l oot S

where f € {0,1, ...,03N3 — 1}.
When Nj; value can be different across TRPs, for r-th TRP, a DFT vector y, can be
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expressed as follows.

Y = 1 e 93rNsr = " O3rN3y

where f. € {0,1,...,03,N3, —1}..

In one example, the oversampling factor is TRP-common, hence remains the same
across TRPs. For example, e.g., O;,=0;. In one example, the oversampling factor is
TRP-specific, hence is independent for each TRP. For example, O;,=x and x is chosen
(fixed or configured) from {1,2,4,8}. In one example, the oversampling factor = 1.
Then, the DFT vector y; can be expressed as follows.

2nf ].27rf(N3—1)

yf=[1 Vs .. el N |

In one embodiment, the columns of W; are selected from a set of port selection
vectors. When Nj; value is the same across TRPs, for a given Nj; value, a port selection
vector vy, is a N;-element column vector containing a value of 1 in element (m mod Nj)
and zeros elsewhere (where the first element is element 0).

When N; value can be different across TRPs, for a given Nj;, value, a port selection

vector . is a Nj-element column vector containing a value of 1 in element (m, mod N
‘s

3 ) and zeros elsewhere (where the first element is element 0).

In one embodiment, a maximum value of the (i.e., an upper bound on) number of
non-zero coefficients in component W, is common for TRPs (i.e., TRP-common upper
bound). In one example, a ratio [3 of a maximum value of the non-zero coefficients (K,
) to a total number (K) of elements in component W, is common for TRPs, i.e., B=K, /

K is a same for all TRPs. In one example, K, = [BK]" In one example, the value of 3

can be fixed or configured via higher-layer parameter, MAC-CE, or DCI. In one

example, B e {% % ‘% 1) In another example, 3€ 1 3 In one example, the value of

274’ 1}
(3 is layer-common, i.e., it is the same for all layers. In another example, the value of §
is layer-specific. In one example the value of 3 is layer-pair-specific, and it can be
different for different layer pairs (1,1+1), e.g., similar to {3 in Rel-16 codebook)
In one example, [} and other parameter(s) are jointly indicated by a parameter (e.g.,
an RRC parameter). For example, a parameter to jointly indicate 3, L and/or M, (as in
Rel. 16 codebook) or jointly indicate M,a.,f3 (as in Rel. 17 codebook) can be used.

In one embodiment, g = Kotot» @ Tatio of a maximum value of (i.e., an upper bound

Ktot
on) the number of non-zero coefficients (Ky,,) across TRPs to the total number of non-

zero coefficients (K,,) across TRPs is fixed or configured via higher-layer parameter,
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MAC-CE, or DCI. In this case, since [} for each TRP is not restricted, any number of
non-zero coefficients for each TRP can be allocated under the constraint that
Kocor = [BKeorl In one example, g e é'%’ %‘ 1y In another example, 3¢ {1’ e} 1)’ In
- 24

one example, the value of {3 is layer-common, i.e., it is the same for all layers. In
another example, the value of 3 is layer-specific. In one example the value of f3 is
layer-pair-specific, and it can be different for different layer pairs (1,1+1), e.g., similar
to 3 in Rel-16 codebook)

In one example, [} and other parameter(s) are jointly indicated by a parameter (e.g.,
an RRC parameter). For example, a parameter to jointly indicate 3, L and/or M, (as in
Rel. 16 codebook) or jointly indicate M,a.,f3 (as in Rel. 17 codebook) can be used.

In one example, a ratio of a maximum value of (i.e., an upper bound on) the number
of non-zero coefficients (Ky) for a TRP (per TRP) to the total number of non-zero coef-
ficients (K,) across TRPs is 3xs, where s is a scaling factor. In one example, the

scaling factor is fixed, . 1 . In another example, s is configured via higher-

eFmra b

Nrrp
layer parameter, MAC-CE, or DCI. In another example, s can be TRP-specifically
configured/fixed.

In one embodiment, (3; and 3, can be fixed or configured via higher-layer parameter,
MAC-CE, or DCI, where f3, is per TRP restriction as described above, and {3 is for all
TRP restriction as described above:

@ In one example, [3; is configured and 3, is determined based on {3, e.g., Kq«=2f3
K or af K in general, where a can be fixed, configured, or reported. For example, a is
fixed to Ngp.

@ In one example, [3, is configured, and f3, is determined based on [3.

@® In one example, both of (3, and 3., are configured via higher-layer parameter,
MAC-CE, or DCI.

@ In one example, both of (3; and 3, are fixed.

@ In one example, one of them is reported by the UE, and the other is fixed/
configured.

In one example, for rank in S, 3, and/or 3, are designed based on the above, and for
rank in S,, 3; and/or B are designed based on a further restriction of the above.

@ In one example, S;={1,2} and S,={3,4}.

@® For rank in S,, 3 and P can be designed in a manner that combines the approach
for rank 3-4 design from Rel. 16 codebook with the above design principle. For
example, Ky.,=2f; K for rank in S,

In one example, when Nzp<x, [3; and/or 3, is a first value (or pair), and when Nigp

>X, (3 and/or B is a second value (or pair), where x is a threshold value, which can be
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fixed e.g., 2 or configured. In one example, (the first value, the second value) or (the
first pair or the second pair) are configured or fixed.

[287] For example, if x is fixed to 2, f3, is configured or fixed, and

[288] ® 3.,= af,K when Np=2. In one example, a=2 or can be configured or reported.

[289] ® 3.,= b K when Nip=3 or 4. In one example, b=3 or can be configured or

reported.
[290] In one example, 3; and/or B, is Nygp-specific, rank-specific, and layer-specific.
[291] In one example, 3; and/or P, is Ngp-specific, rank-specific, and layer-common.
[292] In one example, 3; and/or P, is Ngp-specific, rank-common, and layer-specific.
[293] In one example, 3; and/or (3, is Nygp-specific, rank-common, and layer-common.
[294] In one example, 3; and/or B, is Nigp-common, rank-specific, and layer-specific.
[295] In one example, 3; and/or (3 is Ntgp-common, rank-specific, and layer-common.
[296] In one example, 3; and/or (3 is Nigp-common, rank-common, and layer-specific.
[297] In one example, ; and/or P is Nrgp-common, rank-common, and layer-common.
[298] In one embodiment, a maximum value of the (i.e., an upper bound on) number of
non-zero coefficients in component W, is TRP-specific (i.e., one separate value for
each TRP). In one example, a ratio [3 of a maximum value of the non-zero coefficients
to a total number of elements in component W, is TRP-specific, i.e., the value of f3 is
independent for each TRP.
[299] In one example, when Ngp=4, the component W, can be expressed as

w,, where W,, is a coefficient matrix for TRP r, and the value of (3, is a
W,

Wial

Wi

W2:

ratio of a maximum value of (i.e., an upper bound on) the number of non-zero coef-
ficients (K,) to a total number (K,) of elements of in W, , i.e., §,=K,./K, is TRP-

specific. In one example, K., = [5.K, 1.

[300] In one example, for each TRP r={1,...,Ngp}, 3; is configured via higher-layer

parameter, MAC-CE, or DCI. In one example, B, € {%‘ % z 1}- In another example,

g, € {1 3 4 ¥ In one example, the value of f3, is layer-common, i.e., it is the same for
r 2’4’

all layers. In another example, the value of f3, is layer-specific. In another example, 3,
can be fixed.

[301] In one example, some rules on choosing/indicating {[3,} are pre-defined. For
example, 3;>[3,>...>Pxrrp Where [3, is a ratio of non-zero coefficients for the r-th
strongest TRP.

[302] In one example, when for the stronger TRP

Nrgp = 2, (B1, B2) = (1,3), ie., 1 = 1
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and 3= 3 for the weaker TRP.
4

[303] In another example, when 3 2 1.-
Nrgp = 4, (B1, B2, B3, Bs) = (1,2,5, )

N

[304] In one example, 3, is configured via higher-layer parameter, MAC-CE, or DCI. In

one example, B, € {%%% 1} for r-th strongest TRP for r=1,...,Np. In another

example, B, € {%' z’ 1 for r-th strongest TRP for r=1,...,Ngp.

[305] In one example, (3, can be configured for each TRP r.
[306] In one example, {3, can be configured for each TRP pair (r,r+1), i.e., one value for
TRP pair (1,2) and another value TRP pair (3,4). For example, when Nygp=4, 31:=0:= 3

»=1 and Bs:=Ps=P.= 3. Here, 31, and f3;4 are configured or fixed or reported by UE.
4

[307] In another example, {[3,} are jointly indicated by a parameter. For example, in the
case of 2 TRPs, a parameter to indicate ([3;,3,) pair can be designed, as shown in the

following table.

[308] .
index (ﬁlt BZ)
0 (LD
1 (1,3/4)
2 (1,2/3)
3 (3/4,3/4)
4 (3/4,2/3)
5 (3/4,1/2)
6 (2/3,2/3)
7 (2/3,1/2)

[309] In one example, {f3;} are jointly indicated by a parameter for some case, but are inde-
pendently indicated by multiple parameters each for {3,. For example, {3,} are jointly
indicated by a parameter for the case of 2 TRPs (i.e., Nigp=2) , and are independent
indicated for the cases of 3 and 4 TRPs (i.e., Ngp=3,4).

[310] In another example, {f3,} and other parameter(s) are jointly indicated by a parameter

(i.e., a parameter indicating combinations of multiple parameters). For example, a

parameter to indicate {f3,}, L, and/or M, (similar to Rel-16 codebook) jointly can be
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[313]

[314]

[315]

[316]
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used. In another example, a parameter to indicate {[3,}, a, and/or M, (similar to Rel. 17
codebook).

In another example, [3,=Pa"!, where a<1 is a scaling factor. For example, a can be
fixed (e.g., 1/2) or configured via higher-layer parameter, MAC-CE, or DCI. In one

example, ac {% E}. In another example, {Z 13 In this case, [3 and a are configured to

the UE. In one example, a is reported by the UE, as part of the CSI report. Such a
reporting can be via a UCI parameter (new or existing) in UCI part 1 of a two-part UCI
to report CSI.

In another example, when f3; is configured for each TRP pair (r,r+1), i.e., one value
for TRP pair (1,2) and another value TRP pair (3.,4), the values of 3;; and f3;4 can be
jointly indicated by a parameter (for the case of 4 TRPs), where [3,,=0=0, and P;:=[3;
=f4. For example, a parameter to indicate (31,,334) pair can be designed, as shown in

the following table.

index (B12, B34)
0 (LD

1 (1,3/4)

2 (1,2/3)

3 (3/4,3/4)

4 (3/4,2/3)

5 (3/4,1/2)

6 (2/3,2/3)

7 (2/3,1/2)

In one example, {[3,.,} are jointly indicated by a parameter for some case, but are in-
dependently indicated by multiple parameters each for {3,. For example, {,..} are
jointly indicated by a parameter for the case of 4 TRPs (i.e., Nrgp=4).

In another example, {[3,..:} and other parameter(s) are jointly indicated by a
parameter (i.e., a parameter indicating combinations of multiple parameters). For
example, a parameter to indicate {[3.:}, L, and/or M, (similar to Rel-16 codebook)
jointly can be used. In another example, a parameter to indicate {[3;,.:}, a, and/or M,
(similar to Rel. 17 codebook).

In another example, .. 1»=Pa"!, where a<l is a scaling factor. For example, a can be
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fixed (e.g., 1/2) or configured via higher-layer parameter, MAC-CE, or DCI. In one

example, ac {% E}. In another example, , - {% 1) In this case, [3 and a are configured to

the UE. In one example, a is reported by the UE, as part of the CSI report. Such a
reporting can be via a UCI parameter (new or existing) in UCI part 1 of a two-part UCI
to report CSI.

In one example, the UE reports information on the order of strongest TRPs (or
weakest TRPs) for NW to identify which TRP corresponds to r-th strongest TRP. In

this case, an indicator with Mog, Nyrp!] is used to indicate/report the order of strongest

TRPs in CSI reporting.

In one example, the UE does not report information on the order of strongest TRPs
(or weakest TRPs) and the UE reports non-zero coefficients for each TRP in the order
of original TRP index r, when {[3,} are different across TRPs. In this case, the NW can
identify which TRP corresponds to r-th strongest TRP by counting the number of non-
zero coefficients in W, or based on the sum power of the non-zero coefficients for each
TRP or other implementation methods.

In one example, the value of 3, is layer-common, i.e., it is the same for all layers.

In one example, the value of f3, is layer-specific, and it can be different for different
layer.

In one example, the value of f3, is layer-pair-specific, and it can be different for
different layer pairs (L1+1), e.g., similar to 3 in Rel-16 codebook)

In one example, {3, is layer-common for Type-II port selection-based codebook
extension for multi-TRPs (similar to Rel7), and is layer-specific or layer-pair-specific
for regular Type-II (similar to Rel-16).

In one embodiment, a bitmap (or multiple bitmaps) is used to indicate the location
(or index) of the non-zero coefficients of the component W,. In one example, this
bitmap is common for all layers, i.e., one bitmap is reported for all layers. In another
example, this bitmap is layer-specific, i.e., one bitmap is reported for each layer value.

In one example, a bitmap is used to indicate the location (or index) of the non-zero
coefficients corresponding to each of the Ngp TRPs (bit-map partitioning). In this case,
Nygp bitmaps are defined.

In one embodiment, a strongest coefficient indicator (SCI) is used to indicate the
location (or index) of the strongest coefficient of the component W,. In one example,
the SCI is common for all layers, i.e., one SCI is reported for all layers. In another
example, the SCI is layer-specific, i.e., one SCI is reported for each layer value.

In one example, a SCI is used for each TRP (i.e., TRP-specific). For example, the
location (or index) of the strongest coefficient for each TRP is defined based on a

number of coefficients for the associated TRP (e.g., for the case that a bitmap is
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defined for each TRP in such case of one or more examples described above).

In another example, Ntgp locations (or indices) corresponding to the strongest coef-
ficients for Nzp TRPs are defined based on the whole (total) number of coefficients for
the Nigp TRPs.

In one example, a SCI for each TRP indicates a SD beam index for a strongest co-
efficient and the FD beam index corresponding to the strongest coefficient is fixed to O
(similar to Rel-16 Type-II codebook).

In one example, a SCI for each TRP indicates SD and FD beam indices for a
strongest coefficient (similar to Rel-17 Type-II codebook).

In one embodiment, amplitude and phase of the non-zero coefficients of the
component W, are reported using respective codebooks. In one example, the phase
codebook is fixed, e.g., 16PSK. In one example, the phase codebook with n,-bit is
configured, e.g., from 8PSK (n,=3-bit per phase) and 16PSK (n,=4-bit per phase). In
one example, an n,-bit amplitude codebook comprising equidistance points in [0,1] in
dB-scale (or log, or linear-scale) is used (similar to Rel-15/16/17 codebooks for am-
plitudes). In one example, the amplitude codebook can be fixed or configured via
higher-layer parameter, MAC-CE, or DCI.

In one example, the amplitude codebook is TRP-common, i.e., a same amplitude
codebook is used for coefficients associated with all TRPs.

In one example, for reference amplitude values, i.e., on p®, a lower-bit (say n, bit)
amplitude codebook (compared to Rel-16 codebook for amplitude) is configured/fixed
when Nygp>a or N>a where N is the number of cooperating TRPs N<Ngp. (N can be
configured via RRC, MAC-CE, or DCI or determined by UE and reported).

@ In one example, a is fixed e.g., a=1,2,or 3. In another example, a is configured via
RRC, MAC-CE, or DCI, e.g., a{1,2,3}.

@ In one example, n,=3, 2 or 1 (fixed) when Ngp>a or N>a.

@ In one example, n,e{1,2,3} is configured via RRC, MAC-CE, or DCI when Ngp
> or N>a.

@ In one example, n,c{1,2,3} is determined by the UE and reported.

In one example, for differential amplitude values, i.e., on p®, a lower-bit (say n, bit)
amplitude codebook (compared to Rel-16 codebook for amplitude) is configured/fixed
when Nygp>a or N>a where N is the number of cooperating TRPs N<Ngp. (N can be
configured via RRC, MAC-CE, or DCI or determined by UE and reported).

@ In one example, a is fixed e.g., a=1,2,or 3. In another example, a is configured via
RRC, MAC-CE, or DCI, e.g., a{1,2,3}.

@ In one example, n,=2 or 1 (fixed) when Ngp>a or N>a.

@ In one example, n,e{1,2} is configured via RRC, MAC-CE, or DCI when Nrgp>a
or N>a.
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@® In one example, n,e{1,2} is determined by the UE and reported.

In one example, for both reference and differential amplitude values, lower-bit (say n
aret-Na g DIts) amplitude codebooks (compared to Rel-16 codebook for amplitude) are
configured/fixed when Ngp>0 or N>a where N is the number of cooperating TRPs
N<Ngp. (N can be configured via RRC, MAC-CE, or DCI or determined by UE and
reported).

In one example, the amplitude codebook is TRP-specific, i.e., a different amplitude
codebook can be used for coefficients associated with each TRP.

In one example, for reference amplitude values, i.e., on p®", an n,,-bit amplitude
codebook is configured to use for r-th strongest TRP. In one example, n,,€{3,4} or n,,
€{2,3,4} and one of the values is configured to the UE for each r. In one example, n,
>N,5>...20,,n1rp OF N, >0, 5>...2>1, y (N<Nygp) can be configured to the UE and n,; is for
the r-th strongest TRP.

In one example, for differential amplitude values, i.e., on p®, an n,,-bit amplitude
codebook is configured to use for r-th strongest TRP. In one example, n,,€{2,3} or n,,
€{1,2,3} and one of the values is configured to the UE for each r. In one example, n,;
>N,,>...20, NTRP OF N, 1>N,2>...210, 5 (N<Nrgp) can be configured to the UE and n,, is for
the r-th strongest TRP.

In one embodiment, for reference amplitude values, i.e., on pV, two amplitude
codebooks (with n,; and n,, bits) for non-zero coefficients in two groups G1 and G2,
respectively, are used when Nygp>a or N>a.

@ In one example, G1 and G2 are configured by NW via RRC, MAC-CE, or DCL

@® In one example, G1 and G2 are determined by UE and reported.

@ In one example, G1 and G2 are determined implicitly. For example, G1 includes
the strongest TRP and G2 includes the other TRPs)

@ In one example, a is fixed e.g., a=1,2,or 3. In another example, a is configured via
RRC, MAC-CE, or DCI, e.g., a{1,2,3}.

® 1, and n,, are fixed or configured or determined by UE and reported.

@ In one example, n,;>n,,, where n, €{3,4} and n,,€{2,3}.

In one embodiment, for differential amplitude values, i.e., on p®, two amplitude
codebooks (with n,; and n,, bits) for non-zero coefficients in two groups G1 and G2,
respectively, are used when Nygp>a or N>a.

@ In one example, G1 and G2 are configured by NW via RRC, MAC-CE, or DCL

@® In one example, G1 and G2 are determined by UE and reported.

@ In one example, G1 and G2 are determined implicitly. For example, G1 includes
the strongest TRP and G2 includes the other TRPs)

@ In one example, a is fixed e.g., a=1,2,or 3. In another example, a is configured via
RRC, MAC-CE, or DCI, e.g., a{1,2,3}.
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® 1, and n,, are fixed or configured or determined by UE and reported.

@ In one example, n,;>n,,, where n,;€{2,3} and n,,€{1,2}.

In one embodiment, for reference amplitude values, i.e., on p(V, two amplitude
codebooks (with n,; and n,, bits) for non-zero coefficients in two groups G1 and G2,
respectively, are used regardless of the value of Nigp or N.

® In one example, G1 includes 1 TRP, and G2 includes Ngp-1 or N-1 TRPs.

@ In one example, G1 includes |Nyrp/2] or IN/2) TRP, and G2 includes

[Nrrp/2] OF [N/2] TRPs.

@® In one example, Gl includes [N, /2] or [N/2] TRP, and G2 includes

|Nyrp/2] OF IN/2] TRPS.

@ In one example, G1 includes one TRP, and G2 includes one TRP for the case
when Nygp=2 or when the number of co-operating TRPs N=2, where N<Ngp.

@ In one example, G1 includes one TRP, and G2 includes two TRPs for the case
when Nygp=3 or when the number of co-operating TRPs N=3, where N<Np.

@ In one example, G1 includes one TRP, and G2 includes three TRPs for the case
when Ngp=4 or when the number of co-operating TRPs N=4, where N<N1gp.

@ In one example, G1 includes two TRPs, and G2 includes one TRP for the case of
Nrrp=3 or when the number of co-operating TRPs N=3, where N<Nrgp.

@ In one example, G1 includes two TRPs, and G2 includes two TRPs for the case of
Nrrp=4 or when the number of co-operating TRPs N=4, where N<Nrgp.

@ In one example, G1 includes three TRPs, and G2 includes one TRP for the case of
Nrrp=4 or when the number of co-operating TRPs N=4, where N<Nrgp.

® 1, and n,, are fixed or configured or determined by UE and reported.

@ In one example, n,;>n,,, where n, €{3,4} and n,,€{2,3}.

In one embodiment, for differential amplitude values, i.e., on p®, two amplitude
codebooks (with n,; and n,, bits) for non-zero coefficients in two groups G1 and G2,
respectively, are used regardless of the value of Nigp or N.

® In one example, G1 includes 1 TRP, and G2 includes Ngp-1 or N-1 TRPs.

@ In one example, G1 includes |Nyrp/2] or IN/2) TRP, and G2 includes

[NTRP/2] or [NTRP/2] TRPs.
@® In one example, Gl includes [N, /2] or [N/2] TRP, and G2 includes

|Npgp/2] ©F [N/2] TRPs.

@ In one example, G1 includes one TRP, and G2 includes one TRP for the case
when Nygp=2 or when the number of co-operating TRPs N=2, where N<Ngp.

@ In one example, G1 includes one TRP, and G2 includes two TRPs for the case
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when Nygp=3 or when the number of co-operating TRPs N=3, where N<Np.

@ In one example, G1 includes one TRP, and G2 includes three TRPs for the case
when Nygp=4 or when the number of co-operating TRPs N=4, where N<Np.

@ In one example, G1 includes two TRPs, and G2 includes one TRP for the case of
Nygp=3 or when the number of co-operating TRPs N=3, where N<Ngp.

@ In one example, G1 includes two TRPs, and G2 includes two TRPs for the case of
Nygp=4 or when the number of co-operating TRPs N=4, where N<Ngp.

@ In one example, G1 includes three TRPs, and G2 includes one TRP for the case of
Nygp=4 or when the number of co-operating TRPs N=4, where N<Ngp.

® 1, and n,, are fixed or configured or determined by UE and reported.

@ In one example, n,;>n,,, where n, €{3,4} and n,,€{2,3}.

In one example, the phase codebook is TRP-common, i.e., a same phase codebook is
used for coefficients associated with all TRPs.

In one example, a lower-bit (say n, bits) phase codebook (compared to Rel-16
codebook for phase) is configured/fixed when Ngp>a or N>a where N is the number
of cooperating TRPs N<Ngp. (N can be configured via RRC, MAC-CE, or DCI or de-
termined by UE and reported).

@ In one example, a is fixed e.g., a=1,2,or 3. In another example, a is configured via
RRC, MAC-CE, or DCI, e.g., a{1,2,3}.

@ In one example, n,=2 or 1 (fixed) when Nrgp>0 or N>a..

@® In one example, n,e{1,2} is configured via RRC, MAC-CE, or DCI when Ngp>a
or N>a.

@® In one example, n,e{1,2} is determined by the UE and reported.

In one example, the phase codebook is TRP-specific, i.e., a different phase codebook
can be used for coefficients associated with each TRP. In one example, an n,,-bit phase
codebook is configured to use for r-th strongest TRP. In one example, n,,€{3,4} orn,,
€{2,3,4} and one of the value is configured to the UE for each r. In one example, n,;
>n,,>...2n,,ntre can be configured to the UE and n,, is for the r-th strongest TRP.

In one embodiment, two phase codebooks (with n,;, n,, bits) for non-zero coef-
ficients in two groups G1 and G2, respectively, are used when Ngp>a or N>a.

@ In one example, G1 and G2 are configured by NW via RRC, MAC-CE, or DCL

@® In one example, G1 and G2 are determined by UE and reported.

@ In one example, G1 and G2 are determined implicitly. For example, G1 includes
the strongest TRP and G2 includes the other TRPs)

@ In one example, a is fixed e.g., a=1,2,or 3. In another example, a is configured via
RRC, MAC-CE, or DCI, e.g., a{1,2,3}.

® n,, and n,, are fixed or configured or determined by UE and reported.

@ In one example, n,;>n,,, where n,;€{3,4} and n,,€{1,2}.
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In one embodiment, two phase codebooks (with n,;, n,, bits) for non-zero coef-
ficients in two groups G1 and G2, respectively, are used regardless of the value of Ngp
or N.

® In one example, G1 includes 1 TRP, and G2 includes Ngp-1 or N-1 TRPs.

@ In one example, G1 includes |Nyrp/2] or IN/2) TRP, and G2 includes

[Nrrp/21 T [N/2] TRPs.

@® In one example, Gl includes [N, /2] or [N/2] TRP, and G2 includes

|Nyrp/2] OF IN/2] TRPS.

@ In one example, G1 includes one TRP, and G2 includes one TRP for the case
when Nygp=2 or when the number of co-operating TRPs N=2, where N<Ngp.

@ In one example, G1 includes one TRP, and G2 includes two TRPs for the case
when Nygp=3 or when the number of co-operating TRPs N=3, where N<Np.

@ In one example, G1 includes one TRP, and G2 includes three TRPs for the case
when Nygp=4 or when the number of co-operating TRPs N=4, where N<Np.

@ In one example, G1 includes two TRPs, and G2 includes one TRP for the case of
Nrrp=3 or when the number of co-operating TRPs N=3, where N<Nrgp.

@ In one example, G1 includes two TRPs, and G2 includes two TRPs for the case of
Nrrp=4 or when the number of co-operating TRPs N=4, where N<Nrgp.

@ In one example, G1 includes three TRPs, and G2 includes one TRP for the case of
Nrrp=4 or when the number of co-operating TRPs N=4, where N<Nrgp.

® n,, and n,, are fixed or configured or determined by UE and reported.

@ In one example, n,;>n,,, where n,;€{3,4} and n,,€{1,2}.

In one embodiment, the codebook includes additional components due to Nygp>1
TRPs.

In one example, the additional components include inter-TRP phase. In one example,
the inter-TRP phase values correspond to Nigp-1 phase values (e.g., assuming one of
the TRPs is a reference and has a fixed phase value = 1). In another example, the inter-
TRP phase values correspond to Nigp phase values. The inter-TRP phase values can be
quantized/reported as scalars using a scalar codebook (e.g., QPSK, 2 bits per phase or
8PSK, 3 bits per phase) or as a vector using a vector codebook (e.g., a DFT codebook).
Also, for a dual-polarized antenna at an TRP, the inter-TRP phase can be the same for
two polarizations of the TRP. Alternatively, it can be independent for two polarizations
for the TRP. At least one of the following example is used for the inter-TRP phase
reporting.

@ In one example, the inter-TRP phase is reported in a wideband (WB) manner, i.e.,

one value is reported for all SBs in the configured CSI reporting band. Due to WB
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reporting, it can be included in the W, component of the codebook. Alternatively, it
can be included in a new component, say W; of the codebook.

@ In one example, the inter-TRP phase is reported in a subband (SB) manner, i.e.,
one value is reported for each SB in the configured CSI reporting band. Due to SB
reporting, it can be included in the W, component of the codebook. Alternatively, it
can be included in a new component, say W; of the codebook.

@ In one example, the inter-TRP phase is reported in a WB plus SB manner, i.e., one
WB phase value is reported for all SBs in the configured CSI reporting band, and one
SB value is reported for each SB in the configured CSI reporting band. Due to WB
plus SB reporting, the WB part can be included in the W; component of the codebook
and the SB part can be included in the W, component of the codebook. Alternatively,
both WB and SB parts can be included in a new component, say W; of the codebook.

In one example, the additional components include inter-TRP phase and inter-TRP
amplitude, wherein the details about the inter-TRP phase are as explained in example
0.18.1. Note that inter-TRP amplitude is needed due to unequal distance of the UE
from TRPs. In one example, the inter-TRP amplitude values correspond to Nygp-1
amplitude values (e.g., assuming one of the TRPs is a reference and has a fixed
amplitude value = 1). In another example, the inter-TRP amplitude values correspond
to Nrgp amplitude values. The inter-TRP amplitude values can be quantized/reported as
scalars using a scalar codebook (e.g., 2 bits per amplitude or 3 bits per amplitude) or as
a vector using a vector codebook. Also, for a dual-polarized antenna at an TRP, the
inter-TRP amplitude can be the same for two polarizations of the TRP. Alternatively, it
can be independent for two polarizations for the TRP. At least one of the following
example is used for the inter-TRP amplitude and phase reporting.

@ In one example, the inter-TRP amplitude is reported in a wideband (WB) manner,
i.e., one value is reported for all SBs in the configured CSI reporting band. Due to WB
reporting, it can be included in the W, component of the codebook. Alternatively, it
can be included in a new component, say W; of the codebook. At least one of the
following example is used for the inter-TRP phase.

O In one example, the inter-TRP phase is reported according to one or more
examples described above.

@ In one example, the inter-TRP amplitude is reported in a subband (SB) manner,
i.e., one value is reported for each SB in the configured CSI reporting band. Due to SB
reporting, it can be included in the W, component of the codebook. Alternatively, it
can be included in a new component, say W3 of the codebook. At least one of the
following example is used for the inter-TRP phase.

O In one example, the inter-TRP phase is reported according to one or more

examples described above.
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@ In one example, the inter-TRP amplitude is reported in a WB plus SB manner, i.e.,
one WB amplitude value is reported for all SBs in the configured CSI reporting band,
and one SB value is reported for each SB in the configured CSI reporting band. Due to
WB plus SB reporting, the WB part can be included in the W, component of the
codebook and the SB part can be included in the W, component of the codebook. Al-
ternatively, both WB and SB parts can be included in a new component, say W; of the
codebook. At least one of the following example is used for the inter-TRP phase.

O In one example, the inter-TRP phase is reported according to one or more
examples described above.

In one example, the additional components include inter-TRP amplitude, wherein the
details about the inter-TRP amplitude are as explained according to one or more
examples described above.

In one example, the additional components include inter-TRP power, wherein the
details about the inter-TRP power are as explained according to one or more examples
described above by replacing amplitude with power. In one example, a square of inter-
TRP amplitude equals inter-TRP power.

In one example, the additional components include inter-TRP phase and inter-TRP
power, wherein the details about the inter-TRP phase are as explained according to one
or more examples described above, and the details about the inter-TRP power are as
explained according to one or more examples described above by replacing amplitude
with power. In one example, a square of inter-TRP amplitude equals inter-TRP power.

In one example, an inter-TRP phase codebook is TRP-common, i.e., a same inter-
TRP phase codebook is used for all TRPs. It can be fixed or configured via higher-
layer parameter, MAC-CE, or DCI. In one example, a 3-bit PSK codebook is used to
select each of the Ngp-1 inter-TRP phases.

In one example, an inter-TRP phase codebook is TRP-specific, i.e., a different inter-
TRP phase codebook can be used for each TRP. It can be fixed or configured via
higher-layer parameter, MAC-CE, or DCI. In one example, a 3-bit PSK codebook is
used to select each of some inter-TRP phases and a 4-bit PSK codebook is used to
select each of the other inter-TRP phases.

In one example, an inter-TRP amplitude (power) codebook is TRP-common, i.e., a
same inter-TRP amplitude (power) codebook is used for all TRPs. It can be fixed or
configured via higher-layer parameter, MAC-CE, or DCI. In one example, a 3-bit
inter-TRP amplitude (power) codebook is used to select each of the Ngp-1 inter-TRP
amplitudes (powers).

In one example, an inter-TRP amplitude (power) codebook is TRP-specific, i.e., a
different inter-TRP amplitude (power) codebook can be used for each TRP. It can be

fixed or configured via higher-layer parameter, MAC-CE, or DCI. In one example, a
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3-bit inter-TRP amplitude (power) codebook is used to select each of some inter-TRP
amplitudes (powers) and a 4-bit inter-TRP amplitude (power) codebook is used to
select each of the other inter-TRP amplitudes (powers).

In one example, inter-TRP amplitude (power) values are computed in a differential
manner. For example, inter-TRP amplitude value can be computed as follows:

b, = [1l_, b; is the inter-TRP amplitude value for r-th strongest TRP, and p. for i>2 is
T I= L 14

selected from an inter-TRP amplitude codebook and 7, =1. In another example, p can

be selected from a different inter-TRP amplitude codebook for each i>2. In this case, {

b, } for i=2 are selected and reported and the NW computes inter-TRP amplitude using

by =Ili=1 bi"

In one example, the additional components include an indicator indicating the
strongest TRP (for reference). Due to distributed architecture, the strongest TRP can be
reported in order to indicate the reference TRP with respect to which the inter-TRP
components (such as amplitude and/or phase) are reported. The inter-TRP amplitude
and phase associated with the strongest TRP can be set to a fixed value, for example 1.
At least one of the following example is used for the strongest TRP reporting.

@ In one example, the strongest TRP (indicator) is reported in a WB manner, i.e.,
one value (indicator) is reported for all SBs. Due to WB reporting, it can be included in
the W, component of the codebook. Alternatively, it can be included in a new
component, say W of the codebook.

@ In one example, the strongest TRP (indicator) is reported in a SB manner, i.e., one
value (indicator) is reported for each SB. Due to SB reporting, it can be included in the
W, component of the codebook. Alternatively, it can be included in a new component,
say W3 of the codebook.

In one example, the strongest TRP is reported in a layer-common manner, i.€., one
strongest TRP is reported common for all layers when number of layers > 1 (or rank >
D).

In one example, the strongest TRP is reported in a layer-specific manner, i.e., one
strongest TRP is reported for each layer of the number of layers when number of layers
> 1 (or rank > 1).

The amplitude/phase associated with the strongest TRP can be fixed, e.g., to 1. In an
alternate design, the strongest TRP can be configured (e.g., via RRC signaling), or can
be fixed (e.g., TRP 1 is always strongest).

In one example, the additional components include an indicator indicating in-
formation on the order of strongest TRPs (or the order of weakest TRPs). At least one

of the following example is used for the strongest TRP order reporting.
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@ In one example, an indicator to indicate the strongest TRP order is reported in a
WB manner, i.e., one indicator is reported for all SBs. Due to WB reporting, it can be
included in the W, component of the codebook. Alternatively, it can be included in a
new component, say W; of the codebook.

@ In one example, an indicator to indicate the strongest TRP order is reported in a
SB manner, i.e., one indicator is reported for each SB. Due to SB reporting, it can be
included in the W, component of the codebook. Alternatively, it can be included in a
new component, say W; of the codebook.

In one example, the strongest TRP order is reported in a layer-common manner, i.e.,
one strongest TRP order is reported common for all layers when number of layers > 1
(or rank > 1).

In one example, the strongest TRP order is reported in a layer-specific manner, i.e.,
one strongest TRP order is reported for each layer of the number of layers when
number of layers > 1 (or rank > 1).

The amplitude/phase associated with the strongest TRP can be fixed, e.g., to 1. In an
alternate design, the strongest TRP or the strongest TRP order can be configured (e.g.,
via RRC signaling), or can be fixed (e.g., TRP 1/2/3/4 is always in the order of
strongest TRPs)

In the disclosure, the codebook component W, and W, refer to pre-coder (or pre-
coding matrix) components that are indicated via the components of the first PMI
indicator 1;. Likewise, the codebook component W, refers to pre-coder (or pre-coding
matrix) components that are indicated via the components of the second PMI indicator
1,. Likewise, the new codebook component W; refers to pre-coder (or pre-coding
matrix) components that are indicated via the components of the third PMI indicator i,.

In one embodiment, a UE is configured with a CSI report for Nigp=>1 TRPs (or Nygp
NZP CSI-RS resources) based on a codebook, where the codebook is configured
according to one or more embodiments described above. When Nygp=1, a bit-map

indicator for indicating non-zero coefficients for the codebook can be defined as the
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Let Ky = [f2LM;]. The bitmap whose nonzero bits identify which coefficients in i, ,; and

I 5, are reported, is indicated by iy 7,
; 11,3 (3)
ly71 = [kl,O '"kl,Mv—l]
3 _[,® (3)
kl,f - [kt,o,f "‘kl,ZL—-l,f]

k(3)

iy €101}

for I=1,..,v, such that KINZ=2§iglzfg;1kﬁff < Ky is the number of nonzero

coefficients for layer I = 1, ...,v and KN? = ¥1_, KM* < 2K, is the total number of nonzero
coefficients.

[444] In one embodiment, when Ntgp>1, a bitmap indicator whose nonzero bits identify
which coefficients are reported (e.g., i,4; and i,5;) can be determined according to at
least one of the following examples.

[445] In one example, the bitmap indicator is polarization-specific (one for each po-
larization), layer-specific (one for each layer), and TRP-specific (one for each TRP).
For example, the bitmap i, 7, can be expressed as

[446]

) G (3
li71 — [kl,o,r kl,Mv—l'T]

3 _[,.® 3)
kl.f - [kl,o,f kl,ZL—l,f]

3 _ 1.3 (3)
kl.i.f - [kl.i.f.l "'kl.i.f,NTRP]
3
ke, €01}

[447] for 1=1,...,v.
[448] In one example, the bitmap indicator is polarization-common (one for both polar-
izations), layer-specific (one for each layer), and TRP-specific (one for each TRP). For

example, the bitmap i, 7; can be expressed as K@ ®

70 = [ Lor " l,Mv-l,r]
(3) _ [, (3)
K = [kw ku_u]
3 _[,® (3
kl,i,f - [kl,i,f,l kl,i,f,NTRp]

k(3)

Lifr €101}
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[449] for I=1,...,u, which is common for both polarizations. That is, the bitmap i, ,,
common for both polarizations is reported.

[450] In one example, the bitmap indicator is polarization-specific (one for each po-
larization), layer-common (one for all layers), and TRP-specific (one for each TRP).

For example, the bitmap i, ; can be expressed as
S PR GO R C)
17 = [ko’r ...ka_l’r]

@ _[,® @
kD = [k k5 ]

3 _ 1,3 3)
kD = [ki,f,l ...ki’f‘NTRP]

k2. € {01}
[451] which is common for all layers 1=1,...,v. That is, the bitmap i, ; common for all
layers is reported.
[452] In one example, the bitmap indicator is polarization-common (one for both polar-

izations), layer-common (one for all layers), and TRP-specific (one for each TRP). For

example, the bitmap i, ; can be expressed as
o= k®  ®
b7 = [ or Mv—l,r]

@ _[,3 LG
kS _[kof...kL_Lf]

@ _[.6 L6
kS = [ki‘m kl.f,NTRP]

® e 0,1}

s

[453] which is common for all layers 1=1,...,u and for both polarizations. That is, the
bitmap i, ; common for all layers and for both polarizations is reported.

[454] In one example, the bitmap indicator is polarization-specific (one for each po-
larization), layer-specific (one for each layer), and TRP-common (one for all TRPs).

For example, the bitmap i, 7, for each 1=1,...,v can be expressed as
: _ [, ® 3
l1,7,l = [kl,O "'kl,MU—l]

3 _|,® ©)
kl,f - [kl,(),f ‘“kl,ZL—l,f]

JAC)

Lif € 10,1}

[455] which is common for all TRPs r=1,...,Ngp. That is, the bitmap i,,, common for all
TRPs is reported.
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[456] In one example, the bitmap indicator is polarization-common (one for both polar-
izations), layer-specific (one for each layer), and TRP-common (one for all TRPs). For
example, the bitmap i, 7, for each I=1,...,u can be expressed as

L0 = [k(s)- kz(?v)zv—1]

G _[,6) LG
kwf—[h&fmku_”]

k(3)

llf € {Oll}

[457] which is common for all TRPs r=1,...,Ntgp and for both polarizations. That is, one
bitmap 1,7, common for all TRPs and both polarizations are reported.

[458] In one example, the bitmap indicator is polarization-specific (one for each po-
larization), layer-common (one for all layers), and TRP-common (one for all TRPs).

For example, the bitmap i, ; can be expressed as
- [k (3) k(3) ]
17 My—1

k(z) [k(s) kéi) 1f]

kY € (0,1}

[459] which is common for all layers 1=1,...,v and for all TRPs r=1,...,Ngp. That is, one
bitmap 1, ; common for all layers and for all TRPs is reported.

[460] In one example, the bitmap indicator is polarization-common (one for both polar-
izations), layer-common (one for all layers), and TRP-common (one for all TRPs). For

example, the bitmap i, ; can be expressed as i (3) (3)
’ L7 = [k kMU—1]

k(?») [k(s) k£3)1 f]

k7 € (0,1}

[461] which is common for all layers 1=1,...,u and for all TRPs r=1,...,Ngp and for both po-
larizations. That is, one bitmap i, ; common for all layers and for all TRPs and for both
polarizations is reported.

[462] When the number of FD basis vectors M, is independent for each TRP r (and L is
common for all TRPs), M, can be replaced by M,,.

[463] @ In one example, the bitmap can be determined according to one or more examples
described above replacing M, by M,,,.

[464] When the number of SD basis vectors L is independent for each TRP r (and M, is
common for all TRPs), L can be replaced by L,.
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@ In one example, the bitmap can be determined according to one or more examples
described above replacing L by L.

When the numbers of SD/FD basis vectors L. and M, are independent for each TRP r,
L and M, can be replaced by L, and M, ,, respectively.

@ In one example, the bitmap can be determined according to one or more examples
described above replacing L and M, by L, and M,,,, respectively.

In one embodiment, an upper bound of the number of non-zero coefficients can be

defined as at least one of the following examples.

In one example, the upper bound can be given by K/Y* = ZZL”lZM”—l z(:)fr < Ko per
layer [ per TRP r.

e In another example, KVZ = ¥2k1 M’” 1kl(?)fr < Ko1r-

e In another example, K/\? = 22”"] ZM“_1 kﬁ)fr < Ko

e In another example, KN% = Y 2.1 M"_l kl(?)fr < Kopp-

In one example, K, is common for all TRPs, i.e., Ky, =K, for Vr.
In one example, K, is common for all layers, i.e., Kq;,=K,, for V1.
In one example, K, is common for all layers and all TRPs, i.e., K, =K, for V1.

In one example, K, can be computed using parameters
B (or By, or Br,or By, ...), L (or L.),M (or My, or M,, )’ similar to the K, of Rel-

16 codebook. Here the [3 can be given by at least one of the examples in one or more

embodiments described above.

e Inoneexample, Ky, = [f2L 4]

e 1Inoneexample, Ky = [B2LM, ..
e Inoneexample, Ky, = [F2L,M,].

e Inoneexample, Ky;, = [ﬁZLrMU].
e Inoneexample, K, ,;, = [$;2LM,].

e In one example, Ko, = [BIZLMM].
e Inoneexample, Ky, = [f,2L,M,].
e Inone example, Ky, = [ﬁIZLrMLr].

e Inoneexample, Ky;, = [, 2LM,].
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In one example, Kq

In one example, Kq;, =

In one example, Ky

In one example, Ky, =

In one example, Ky,

In one example, Ky, =

In one example, Ky, =

In one example, Ky ,
In one example, Ko,
In one example, Kq

In one example, K »

In one example, Ky »
In one example, Ky,
In one example, Ky ;
In one example, Kq; ,
In one example, Ky -
In one example, K ; »
In one example, Ky ,
In one example, Ky ;
In one example, Kq;

In one example, Kq; ,

61

_ | Btot

== 2LM1].
 Beo

= —ItthLMLr].

= Bt an, .

= [B2LM,].

= [B2LM,,].
= [B2L,M,].
= [g2L,.M,,].
= [B,2LM,].
= [B.2LM,,,].
= [B,2L,M,].
= [Bi2L.M, ..
= [B,2LM,].

= [p.2LM,,].

[Bto
- %ZLrMLT].

PCT/KR2023/001540
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[476]
e Inoneexample, Ko, = [5,2LM,].
e Inoneexample, Ky, = [,GrZLrM,,’r [
e Inone example, Ky, = [ﬂl’TZLM,,].
e Inoneexample, Ky, = [ﬁl’TZLMW].
o Inoneexample, Ky, = [ﬂl,TZLTMv].
e Inonc cxample, Ky, = [ﬁl r2L.M, T]
e Inone example, Ky, = % ZLMU].
e Inoneexample, Ky, = % ZLMW].
e Inone example, Ky, = % 2LTMUl.
e Inoneexample, Ko, = % 2LTMW].
[477] In one example, the upper bound can be given by KV¢ ZNTRP ZZL’ -t ZMW ! kl(sz)fr < aKy,
per layer [. For example, a = 1, a = 2 or a = min(2, Nygp).
e In another example, KV = ZNTRP Xt JA:I:; kl(::)fr < aKy,.
e In another example, K}'* ZNTRP ZZLr_l ZM"—l kl(f)fr < aKy,.
o In another example, K4 = ZNIRP YLt Mt_l kl(f)fr < aKp.
[478] In one example, K, is common for all layers, i.e., K, =K, for V1.
P , y ,
[479] In one example, Ky, can be computed using parameters 3 (or 3,01 ... ),L (or L,
P , P gPp

),M (or M,,or M, ), similar to the K, of Rel-16 codebook. Here the 3 can be given by at

least one of the examples in one or more embodiments described above.
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In one example, Ko ; = [f2LM,].
In one example, Ko; = [f2LMN1].
In one example, Ko; = [B2L 5N_, M, ..

In one example, Ko, = [B2My 8-, L, ].

In one example, Ko; = [B2 XN, L, My ..

In one example, Ko; = [5;2LM,].

In one example, Ko ; = [,2LM;N].

In one example, K; = [ﬁlZL v Ml,r]~

In one example, Ko; = [B2M; Y-, L, 1.

PCT/KR2023/001540
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In one example, Ko, = [£2 5N, L, M, ..
In one example, Ko ; = [fror2LM,].

In one example, Ko ; = [Bro:2LMN].

In one example, Ko; = [Bror2L TN-q My ..

In one example, Ko; = [Bio2My Yn=1 L, 1.

In one example, Kq; = [ﬁtotz Y1 Ler,r]-

In one example, Ky; = [B2LM,].

In one example, Kq; = [F2LM,N].

In one example, Ky; = [[?ZL pyra MW].
In one example, Ko; = [2M,, XN_; L,|.
In one example, Ky; = [/3 2¥N LTMW].
In one example, Ko; = [;2LM,,].

In one example, Ko; = [$;2LM,N].

In one example, Ko; = [8,2L Ty M,, |-
In one example, Ko; = [8,;2M, ¥, L, ].
In one example, Ko; = [ﬁIZ N L,,MW].
In one example, Kq; = [Bror2LM,].

In one example, Ko; = [Broe2LM,N].

In one example, Ko ; = [Bror2L XN—q My .

Tn one example, Ko; = [Broe2My, X0y Ly ]

In one example, Kg; = [ﬁmtz Y1 LrMu,r]-

PCT/KR2023/001540
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[482]
In one example, the upper bound can be given by KM = ¥_, Zur_lZM” ! kﬁ)fr < bKy,
per TRP r. For example, b = 1,b = 2 or b = min(2,v).
e In another example, KNZ = 317, 202 M”’ - kl(f)fr < bKy .
e In another example, KN = ¥V_, ZZL’_l ZM"-l kl(f)f » < bKy,.
e In another example, KNZ = Y7 Y21 M”—l kl(?)f » < bKy .
[483] In one example, K,, is common for all TRPs, i.e., K=K, for V1.
[484] In one example, K, can be computed using parameters [3 (or (3,01 P, ...),L (or L,

),M (or M,,or M,,), similar to the K, of Rel-16 codebook. Here the 3 can be given by at
least one of the examples in one or more embodiments described above.

[485] o Inone example, K, = [F2LM,].

e Inone example, Ko, = [B2LM, ,|.

e Inoneexample, Ky, = [F2L, Mq].

e Inoneexample, Ky, = [BZLer,T]~
e Inone example, Ky, = [,2LM,].

e Inone cxample, Ky, = [,BTZLMLT].
e Inone example, Ky, = [-2L,M;].
e Inoneexample, Ky, = [,BrZLrMM].

e Inone example, K, , = % 2LM1].

e Inoneexample, K, , = % ZLMl,r].

e Inone example, Ky, = -ﬁ;\;’t ZLTMI]'

o Inone example, Ky, = E ItVOt 2LTM1,l.
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[486]
e Inoneexample, Ky, = [B2LM,].
» Inoneexample, Ky, = [BZLMW].
e Inoneexample, Ko, = [F2L,M,].
e Inone example, K, = [ﬁZLTMW].
e Inone example, Ky, = [B,2LM,].
e Inoneexample, Ky, = [[)’TZLMW].
e Inoneexample, Ko, = [(,2L-M,].
e Inone example, K, = [ﬁTZLTMU r]
_ {Beot
¢ Inone example, K, = [ ~ 2LM1,]
_ [Btot
e Inoneexample, Ky, = [ y 2LMW].
_ {Brot
e Inone example, K, = [ N 2LrM,,]
_ {Brot
¢ Inonc cxample, Ky, = [ " 2L,.MW].
[487] In one example, the upper bound can be given by KNZ =37 KN < oK, For

example, c=1,c=2 or c=min(2,v).
[488] In one example, K, can be computed using parameters f3 (or Bs...),L (or L, ),M (or
M,,or M, ), similar to the K, of Rel-16 codebook. Here the 3 can be given by at least

one of the examples in one or more embodiments described above.
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In one example, K, = [B2LM,].

In one example, Ky = [f2LM;N].

In one example, Ky = [ﬁZL ¥y, Ml,r]'
In one cxample, Ko = [f2M; TV, L,].
In one example, Ko = [B2¥N_, L, M, |-
In one example, Ky = [B,2LM,].

In one example, Ky = [;2LMN].

In one example, Ko = [32L T My |-
In one example, K, = [£;2M, ¥N_, L,].
In one example, Ky = |2 5N L. M, |.
In onc example, Ky = [Boe 2L M, 1.

In one example, Ky = [Beor 2LMN].

In one example, Ko = [Broc 2L X0y My ..

In one example, Ko = [Broe2My XN_, L,].

In one example, Ko = [Bror2 XN_; LMy ..

In one example, K, = [f2LM,].

In one example, K, = [B2LM,N].

In one example, K, = [,6’2L pra Mv’,.].
In one example, K, = [B2M; XN, L.].

In one example, K, = [,82 N, Ler,r]-

PCT/KR2023/001540
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[490]
e Inoneexample, K, = [5;2LM,].
e Inoneexample, K, = [;2LM,N1].
e Inoneexample, Ky = [ﬁIZL P Mv,r]-
e Inoneexample, K, = [5,2M, ¥, L,].
 Inoneexample, Ko = [32XN LM, ].
o Inoneexample, Ky = [Bro:2LM,].
e Inoneexample, Ky = [Bo:2LM,N].
o Inoneexample, Ky = [Bro:2L XN_4 M, ..
e Inoneexample, Ky = [Br0:2M, 2N_; L, ].
o Inoneexample, Ko = [Bro:2 XM LM, |-

[491] In one example, any combination (or joint constraint) of upper bounds described in
one or more examples described above can be an upper bound for the number of non-
zero coefficient.

[492]  For example, the upper bound can be given by K/3* ZZL’—l ZM” ! k,(f)fr < Ko and

6 ZNTRP ZZL’”ﬂZM“-l kl(z)fr < aKy; (i.e., the upper bound that intersects both of
an upper bound described in examples described above).

o For example, the upper bound can be given by K% = Yr™" ZM” ! kﬁ)fr < Ky, and

K,I-VZ — 122LT—1 ZMvr_l k(3)

Lifr S bK, ;- (i.e., the upper bound that intersects both of an

upper bound described in examples described above).
o For example, the upper bound can be given by K% = y7or* ZM”T—l l(f)fr < Ky, and

KN2 =%V KM% <K, (ie., the upper bound that intersects both of an upper bound

described in examples described above).
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 For example, the upper bound can be given by KN? = YT Zur-lZMw 1kl(?)l L <
aKy, and K% = 3p_ »olrt ZM“ 1kl(7)f7" < bK,, (i.e., the upper bound that intersects

both of an upper bound described in examples described above).
s For example, the upper bound can be given by K4 = ZNTRP ZZLrnle“ 1kﬁ)fr <
aky;and KN =37 KN? < K, (i.e., the upper bound that intersects both of an upper

bound described in examples described above).

o For example, the upper bound can be given by KN? = ¥7_ | ZZLT“l ZM"T ' l(?)fr < bKy

and KV? =3V KN% < K, (i.e., the upper bound that intersects both of an upper bound

described in examples described above).

In one example, the upper bound can be rank-dependent v, i.e., an independent upper
bound for each rank v. For example, an upper bound described in one or more
examples described above is the upper bound for a rank v.

In one example, an upper bound can be rank-pair-specific, i.e., an independent upper
bound for each rank-pair. For example, an upper bound described in one or more

examples described above is the upper bound for a rank pair (e.g., v=1,2 or v=3,4).
e For example, for rank pair v = 1,2, the upper bound can be given by K% =

ENTRP ZZLr—l ZMvr -1 k(3)

Lifr = < aKy; (i.e., an upper bound described in one or more

examples described above). For rank pair v = 3,4, the upper bound can be given by KV =
SRR ZZLT"le”r Yk l(?)fr < akKy; and K% =¥}, K" < K, (i.e., un upper bound

described in one or more examples described above).

In frequency division duplex (FDD) systems, DL channel state information is
acquired at NW via a CSI feedback mechanism in 5G NR, wherein the NW transmits
CSI-RS to a UE, the UE measures the CSI-RS, estimates DL channels, and reports DL
CSI to the NW. This CSI feedback mechanism is essential for NW to acquire DL CSI,
which is only available at the UE side in FDD, since the NW requires the DL CSI to
design SU- or MU-MIMO beamforming.

Currently, AI/ML-based approaches have been developed in many research areas
including image processing, robotics, and wireless communications, because Al/
ML-based algorithms can develop/identify underlying mapping/function or rela-
tionship, (which usually cannot be mathematically modelled) between input and output

based on given data, and have already been validated in several areas about their prac-



WO 2023/149730 PCT/KR2023/001540

[499]

[500]

[501]

[502]

[503]

70

ticality. Due to the favorable aspect, 3GPP adopts AI/ML for air interface as a study
item in Rel-18 in order to find useful use cases for AI/ML-based air-interface.

So far, in FDD, UL channels can be partially exploited to infer DL channels based on
channel modeling in a mathematical form, and other remaining information that cannot
be inferred based on the modeling is obtained via the CSI feedback mechanism in NR
(e.g., using Rel-17 CSI codebook). Or the NW fully relies on the CSI feedback from
the UE to acquire DL CSI, e.g., using Rel-15/16 CSI codebook. With AI/ML ap-
proaches, however, an underlying function/mapping/relationship between UL and DL
channels in a given environment can be trained using UL and DL channel data. This
disclosure proposes an air-interface framework wherein NW and UE exchange signals
for NW to be able to train an AI/ML-based algorithm such as UL-to-DL channel
mapping. In one aspect UL channels are available at NW, but DL channels are
available at UE. In order to train an AI/ML-based algorithm for UL-to-DL channel
mapping operation, a loss function should be computed based on inferred DL channels
(through the AI/ML-based algorithm) and actual DL channels to update parameters of
the algorithm in minimizing the loss function. However, the NW is not able to directly
access actual DL channels, and thus, several signaling procedures need to be defined to
resolve the issue.

This disclosure proposes a framework wherein NW signals the UE to measure DL
RS and compute a loss function based on the measured DL RS and some configured/
indicated target information, and perform reporting of information for the NW to train
its own algorithm.

The framework proposed in the disclosure can be applicable in both TDD and FDD
scenarios. Note that even in TDD scenarios, due to hardware impairments in the
circuitry of transmit and receive antenna RF chains, UL and DL channel reciprocity
may not hold, and thus, NW may need those approaches and can use the framework of
this disclosure to train its AI/ML-based UL-to-DL channel mapping algorithm.

FIGURE 19 illustrates an example signal flow 1900 for UL-to-DL channel mapping
training according to embodiments of the disclosure. The embodiment of the example
signal flow 1900 for UL-to-DL channel mapping training illustrated in FIGURE 19 is
for illustration only. FIGURE 19 does not limit the scope of this disclosure to any
particular implementation of the example signal flow for UL-to-DL channel mapping
training.

In one embodiment, a UE is configured with a "UL-to-DL channel mapping
training", wherein the UE is configured to perform UL RS transmission(s), perform
DL RS reception(s), receive associated target information, and/or report information
for UL-to-DL channel mapping training. This configuration can be performed via

higher-layer (RRC) signaling. Optionally, DL RS reception, target information
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reception, and training information reporting can be dynamically triggered via L1 or
L2 signaling (PDCCH or MAC-CE). Figure 5 shows an illustration of signal flow for
the UL-to-DL channel mapping training between NW and UE.

The three steps depicted in the flow diagram of FIGURE 19 (UE transmission of UL
RS, UE reception of DL RS and associated target information, and UE reporting of
training information) can be configured or activated jointly. Optionally, at least one of
the three steps can be configured or activated separately. Optionally, all the three steps
can be configured or activated separately. For instance, the UE can be configured or
triggered (in case of semi-persistent and aperiodic SRS) to transmit SRS separately (as
it normally is). But the reception of the DL RS (such as aperiodic CSI-RS) and target
information can be configured and/or triggered jointly with the reporting of the in-
formation for the UL-to-DL channel mapping training. In one example, this joint
triggering can be performed via one or more dedicated triggering states (higher-layer
configured) using the CSI request DCI field. Any combination of the three steps can be
configured periodically, semi-persistently, or aperiodically.

In one embodiment, target information X includes quantity(-ies), which is used for
UE to determine information (e.g., on loss values) for UL-to-DL channel mapping
training.

In one example, target information X includes (target or expected) channel
magnitudes (or channel powers or channel coefficient amplitudes). The channel
magnitudes are indicated/configured with at least one of the following examples.

@ In one example, channel magnitudes are indicated in a subband (SB) (or other
granularity) manner, i.e., each channel magnitude is associated with one corresponding
SB. Each of the channel magnitude is selected from a set (e.g., amplitude codebook)
and indicated/configured to the UE.

@ In one example, a channel magnitude is indicated in a wideband (WB) manner,
i.e., one channel magnitude is associated with one whole configured WB or CSI
reporting band. The channel magnitude is selected from a set (e.g., amplitude
codebook) and indicated/configured to the UE.

@ In one example, channel magnitudes are indicated in a WB plus SB manner, i.e.,
one channel magnitude is associated with one whole configured WB, and other
channel magnitudes are associated with SBs.

O In one example, the channel magnitude associated with the whole configured WB
is a reference channel magnitude and the other channel magnitudes associated with
SBs are determined in a differential manner based on the reference channel magnitude.
For example, the reference channel magnitude Xy is selected/indicated from a set Cgef,

and each SB channel magnitude X; for SB i is defined as X=X+ p X where AX; is
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selected/indicated from another set Cgg. In this example, Xy and (AX;) are configured/

indicated to the UE.

In this example, the UE can be configured with at least one DL RS (e.g., NZP CSI-
RS resource or SSB) that is associated with or linked to the target information X.

In one example, target information X includes (target or expected) SNR value(s). The
SNR values are indicated/configured with at least one of the following examples.

@ In one example, SNR values are indicated in a SB (or other granularity) manner,
i.e., each SNR value is associated with one corresponding SB. Each of the SNR value
is selected from a set and indicated/configured to the UE.

@ In one example, a SNR value is indicated in a WB manner, i.e., one SNR value is
associated with one whole configured WB. The SNR value is selected from a set and
indicated/configured to the UE.

@ In one example, SNR values are indicated in a WB plus SB manner, i.e., one SNR
value is associated with one whole configured WB, and other SNR values are as-
sociated with SBs.

O In one example, the SNR value associated with the whole configured WB is a
reference SNR and the other SNR values associated with SBs are determined in a dif-
ferential manner based on the reference SNR. For example, the reference SNR Xy is
selected/indicated from a set Cg.s, and each SB SNR X, for SB i is defined as X=X+

_, where _ is selected/indicated from another set Csg. In this example, Xy and
AX; AX;
[AX,} are configured/indicated to the UE.

In this example, the UE can be configured with at least one DL RS (e.g., NZP CSI-
RS resource or SSB) for signal part of the SNR values that is associated with or linked
to the target information X.

In one example, target information X includes (target or expected) SINR value(s).
The SINR values are indicated/configured with at least one of the following examples.
@ In one example, SINR values are indicated in a SB (or other granularity) manner,
i.e., each SINR value is associated with one corresponding SB. Each of the SINR value

is selected from a set and indicated/configured to the UE.

@ In one example, a SINR value is indicated in a WB manner, i.e., one SINR value is
associated with one whole configured WB. The SINR value is selected from a set and
indicated/configured to the UE.

@ In one example, SINR values are indicated in a WB plus SB manner, i.e., one
SINR value is associated with one whole configured WB, and other SINR values are
associated with SBs.

O In one example, the SINR value associated with the whole configured WB is a
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reference SINR and the other SINR values associated with SBs are determined in a dif-
ferential manner based on the reference SINR. For example, the reference SINR X is
selected/indicated from a set Cg., and each SB SINR X for SB i is defined as X;=Xx+

_, where _ is selected/indicated from another set Csg. In this example, Xy and
AX; AX;
[AX,} are configured/indicated to the UE.

In this example, the UE can be configured with at least one DL RS (e.g., NZP CSI-
RS resource or SSB) for signal part of the SINR value, and at least one interference RS
(e.g., NZP CSI-RS resource or CSI-IM resource) for signal part of the SINR value, that
are associated with or linked to the target information X.

In one example, target information X includes (target or expected) RSRP value(s).
The RSRP values are indicated/configured with at least one of the following examples.
@® In one example, RSRP values are indicated in a SB (or other granularity) manner,
i.e., each RSRP value is associated with one corresponding SB. Each of the RSRP

value is selected from a set and indicated/configured to the UE.

@ In one example, a RSRP value is indicated in a WB manner, i.e., one RSRP value
is associated with one whole configured WB. The RSRP value is selected from a set
and indicated/configured to the UE.

@ In one example, RSRP values are indicated in a WB plus SB manner, i.e., one
RSRP value is associated with one whole configured WB, and other RSRP values are
associated with SBs.

O In one example, the RSRP value associated with the whole configured WB is a
reference RSRP and the other RSRP values associated with SBs are determined in a
differential manner based on the reference RSRP. For example, the reference RSRP Xz
is selected/indicated from a set Cges, and each SB RSRP X for SB i is defined as X=Xy

+ Av., where _ is selected/indicated from another set Csg. In this example, Xz and
AX; AX;
[AX,) are configured/indicated to the UE.

In one example, target information X includes (target or expected) RSRQ value(s).
The RSRQ values are indicated/configured with at least one of the following examples.
@ In one example, RSRQ values are indicated in a SB (or other granularity) manner,
i.e., each RSRQ value is associated with one corresponding SB. Each of the RSRQ

value is selected from a set and indicated/configured to the UE.

@ In one example, a RSRQ value is indicated in a WB manner, i.e., one RSRQ value
is associated with one whole configured WB. The RSRQ value is selected from a set
and indicated/configured to the UE.

@ In one example, RSRQ values are indicated in a WB plus SB manner, i.e., one

RSRQ value is associated with one whole configured WB, and other RSRQ values are
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associated with SBs.

O In one example, the RSRQ value associated with the whole configured WB is a
reference RSRQ and the other RSRQ values associated with SBs are determined in a
differential manner based on the reference RSRQ. For example, the reference RSRQ X
r 18 selected/indicated from a set Cg., and each SB RSRQ X, for SB i is defined as X

=Xzt p X, where 5 X; is selected/indicated from another set Csg. In this example, Xg
and (AX;) are configured/indicated to the UE.

In one embodiment, target information X is indicated/configured via higher-layer
parameter, or MAC-CE, or DCI (PDCCH), or PDSCH, or a combination of at least two
of RRC, MAC CE, and DCI.

In one embodiment, target information X is associated with the DL RS (e.g., NZP
CSI-RS or SSB), and the number of values in the target information X is determined
based on report configuration for the DL RS (e.g., CSI report). For example, a CSI
report configuration includes reportFreqConfiguration to configure a plurality of SBs
or WB CQIs/PMIs report. Similarly, the number of values in target information X cor-
responds to the number of SBs configured in a report configuration for the DL RS as-
sociated with the ‘UL-to-DL mapping training’ operation.

FIGURE 20 illustrates an example block diagram 2000 where a UL channel to DL
channel mapping is trained through over-the-air (OTA) signaling according to em-
bodiments of the disclosure. The embodiment of the example block diagram 2000
where a UL channel to DL channel mapping is trained through over-the-air (OTA)
signaling illustrated in FIGURE 20 is for illustration only. FIGURE 20 does not limit
the scope of this disclosure to any particular implementation of the example block
diagram 2000 where a UL channel to DL channel mapping is trained through over-
the-air (OTA) signaling.

In one embodiment, a UE is configured to perform DL RS reception (e.g., NZP CSI-
RS or SSB) with N+1 antenna ports, where N is a number of (e.g., CSI-RS) antenna
ports of the DL RS for UL-to-DL channel training. In one example, the N+1 ports can
be partitioned into two groups, one group having N ports and the other group having
one port. The group having N ports is for measuring (pure) DL channel, and the other
group having one port is for measuring DL channel, which is the resultant DL channel
when NW designs beamformed DL RS based on inferred DL channel from its AI/ML
UL-to-DL channel mapping algorithm. In one example, N+1 antenna ports (e.g., CSI-
RS ports) can belong two separate CSI-RS resources, one with N ports and another
with 1 port. The configuration of the two resources can be separate (e.g., via two
separate RRC configuration) or joint (e.g., one joint RRC configuration). In one

example, two separate CSI-RS resources are linked or associated for UE to compute
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(pure) DL channels and beamformed DL channels correctly.

In one example, for the group having N ports, the NW transmits (non-beamformed)
CSI-RS, and the UE measures the CSI-RS and estimates DL channel hy, , for SB k (or
other frequency unit k), (we assume that the UE has one antenna port for the sake of
simplicity but it can be extended to the case of multiple antenna ports at the UE), and
for the group having one port, the NW transmits beamformed CSI-RS where matched-
filter (MF) beamforming is designed based on the inferred DL channel, i.e.,

— a R, .» Where oy is a power scaling factor and 7 is the inferred DL channel
Vg = AflpLk DLk

from an AI/ML algorithm at the NW, and the UE measures the beamformed CSI-RS

and estimates the resultant DL channel . Note that once the UE estimates
.
Ay hDL,thL,k

hpx and , the UE can compute cosine similarity between hp; x and Rpp
H ,
Ay hDL,thL,k
based on simple manipulation, provided

- |hE L hpL ]
CS(hp i, hpLi) = —
Hhppill - Hhppkll

that a magnitude value of | el (i.e., a form of channel magnitude in example

lakﬁDL,
I.1.1) is informed by NW.

Note that the cosine similarity is one of the popular loss functions being used in Al/
ML-based algorithm in order to update parameters. Therefore, for example, once the
UE computes the cosine similarities for all SBs as loss values, the UE reports those
values (or gradient values corresponding to those values) to the NW, and the NW can
update parameters of its own AI/ML-based algorithm based on the loss values.

In another example, a mean-squared error (MSE) can be used for loss function and
the UE computes loss values based on the DL-RS measurement and/or target in-
formation. For example, for the MSE of SNR for loss function, the UE may compute

it: 2 where N

— 2
Hholl? |RDLchoLx]
MSE(SNRactual DL’SNRinferred DL) - ( N - N

is a noise power. Once the UE compute the loss function, the UE reports the loss value
(or gradient corresponding to the loss value) to the NW to update its parameters in
minimizing loss function. As an example, a relevant block diagram to update a deep
neural network (DNN) in the NW through over-the-air (OTA) signaling is described in
FIGURE 20. As shown in FIGURE 20, a mapping f; (UL CH;0,) from UL channel to
DL channel using a DNN can be trained using reported information from the UE, for
example, an MSE of SNR between the SNR based on the actual DL channel and the
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SNR based on the inferred DL channel (or gradient value(s) of an MSE of SNR). Since
the NW transmits N+1-port CSI-RS to the UE in this example, the UE can compute
o= to find the MSE of SNR between them, and report the MSE of

hpp j and hDL,thL,k
SNR (or the gradient of it) to the NW.

In another embodiment, a UE is configured to perform DL RS reception with one
antenna port for AI/ML training. In one example, a NW transmits beamformed DL RS
(e.g., CSI-RS) where matched-filter (MF) beamforming is designed based on the

inferred DL channel, i.e., , where oy is a power scaling factor, and the UE

v = aihp i
measures the beamformed CSI-RS and estimates the resultant DL channel

. Note that once the UE estimates , the UE can compute

H N H -
OfthL,k hppk arhp, chpk

(approximate) cosine similarity between based on simple ma-

hp . and hp; g

nipulation o provided that a channel power
f:?(h 7 Y= IhDL,thL,kl
pLk pLEk) = % =
Hhppill - 1hppkll
value of -~ , (i.e., a form of channel power as described above) is
Hawll - [Hhpp

informed by NW. Although |7, , || 18 used for the normalized factor for hp,  in the
denominator instead of Hhpo el the (approximate) cosine similarity between hp, x and

A can be utilized assuming h ~ IR . This embodiment is useful in
DLk Hhppiell = lHhpLill

terms of resource overhead for DL RS, since the DL RS only associates with one port
(cf. N+1 ports in the previous embodiment).

In one embodiment, a UE computes loss value(s) (or gradient values of loss function)
based on the DL RS measurement and target information, and performs reporting of in-
formation for (AI/ML) training. In one example, the training information in the report
includes the loss value(s). In one example, the training information in the report
includes DL CSI similar to CSI report. In another example, the training information in
the report includes assistance information such as UE position, UE speed, and/or local
information available at the UE. In one example, any combination of the above in-
formation is included in the training information of the report.

In one example, a loss value (or gradient values corresponding a loss value) is
reported in a WB manner, i.e., one value is reported for all SBs in the configured
reporting band (or CSI reporting band).

In one example, loss values (or gradient values corresponding loss values) are

reported in a SB manner, i.e., one value is reported for each SB in the configured
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reporting band (or CSI reporting band).

In one example, loss values (or gradient values corresponding loss values) are
reported in another frequency unit (other than SB) such as subcarrier or multiple of
subcarriers, i.e., one value is reported for each frequency unit in the configured
reporting band (or CSI reporting band).

In one example, loss values (or gradient values corresponding loss values) are

selected from a set S comprising 27« points in [0,1], where the set S is represented

using a n,-bit indicator. In one example, n,-bit is fixed. In another example, n,-bit is
configured via higher-layer parameter, MAC-CE, or DCI.

@® In one example, the set includes equidistance points in [0,1] in log-scale
(dB-scale).

@ In one example, the set includes equidistance points in [0,1] in linear-scale.

In one example, the loss value is computed based on cosine similarity (e.g., as
described above), which belongs to the interval [0,1].

In one example, loss values (or gradient values corresponding loss values) are

selected from a set S comprising 27« points in [-1,1], where the set S is represented

using a n,-bit indicator. In one example, n,-bit is fixed. In another example, n,-bit is
configured via higher-layer parameter, MAC-CE, or DCI.

® In one example, the set includes 5n,-1 equidistance points in [0,1] in log-scale
(dB-scale) and the points that derive from -1 times ong—1 equidistance points in [0,1]

in log-scale (for getting the points in the interval [-1,0]).

@ In one example, the set includes equidistance points in [-1,1] in linear-scale.

In one embodiment, a UE is configured to report information for validation, and the
UE computes loss value(s) or other metric based on the measured DL RS and target in-
formation, and performs reporting of information for validation. Based on a criterion,
the UE determines the information in the reporting. In one example, the criterion is
fixed or configured via higher-layer parameter, MAC-CE, or DCI. As an example, the
criterion is given by that cosine similarity (or loss value) is greater than or equal to Xy
, where X1u<1 is a threshold value. In one example,

Xru is fixed or configured.

In one example, the validation information in the report includes a 1-bit indicator to
inform the loss value(s) is satisfied with a criterion or not. Optionally, if the loss value
is not satisfied with the criterion, the validation information includes the loss value(s),
where the loss value(s) is determined in examples of embodiments as described above.

In another example, the validation information in the report includes DL CSI similar
to CSI report. In another example, the validation information in the report includes as-

sistance information such as UE position, UE speed, and/or local information available
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at the UE. In one example, any combination of the above information is included in the
validation information of the report.

FIGURE 21 illustrates a structure of a base station according to an embodiment of
the disclosure.

As shown in FIGURE 21, the base station according to an embodiment may include
a transceiver 2110, a memory 2120, and a processor 2130. The transceiver 2110, the
memory 2120, and the processor 2130 of the base station may operate according to a
communication method of the base station described above. However, the components
of the base station are not limited thereto. For example, the base station may include
more or fewer components than those described above. In addition, the processor 2130,
the transceiver 2110, and the memory 2120 may be implemented as a single chip.
Also, the processor 2130 may include at least one processor. Furthermore, the base
station of FIGURE 21 corresponds to the gNB 102 of the FIGURE 2.

The transceiver 2110 collectively refers to a base station receiver and a base station
transmitter, and may transmit/receive a signal to/from a terminal(UE) or a network
entity. The signal transmitted or received to or from the terminal or a network entity
may include control information and data. The transceiver 2110 may include a RF
transmitter for up-converting and amplifying a frequency of a transmitted signal, and a
RF receiver for amplifying low-noise and down-converting a frequency of a received
signal. However, this is only an example of the transceiver 2110 and components of
the transceiver 2110 are not limited to the RF transmitter and the RF receiver.

Also, the transceiver 2110 may receive and output, to the processor 2130, a signal
through a wireless channel, and transmit a signal output from the processor 2130
through the wireless channel.

The memory 2120 may store a program and data required for operations of the base
station. Also, the memory 2120 may store control information or data included in a
signal obtained by the base station. The memory 2120 may be a storage medium, such
as read-only memory (ROM), random access memory (RAM), a hard disk, a CD-
ROM, and a DVD, or a combination of storage media.

The processor 2130 may control a series of processes such that the base station
operates as described above. For example, the transceiver 2110 may receive a data
signal including a control signal transmitted by the terminal, and the processor 2130
may determine a result of receiving the control signal and the data signal transmitted
by the terminal.

FIGURE 22 illustrates a structure of a UE according to an embodiment of the
disclosure.

As shown in FIGURE 22, the UE according to an embodiment may include a

transceiver 2210, a memory 2220, and a processor 2230. The transceiver 2210, the
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memory 2220, and the processor 2230 of the UE may operate according to a commu-
nication method of the UE described above. However, the components of the UE are
not limited thereto. For example, the UE may include more or fewer components than
those described above. In addition, the processor 2230, the transceiver 2210, and the
memory 2220 may be implemented as a single chip. Also, the processor 2230 may
include at least one processor. Furthermore, the UE of FIGURE 22 corresponds to the
UE 116 of the FIGURE 3.

[565] The transceiver 2210 collectively refers to a UE receiver and a UE transmitter, and
may transmit/receive a signal to/from a base station or a network entity. The signal
transmitted or received to or from the base station or a network entity may include
control information and data. The transceiver 2210 may include a RF transmitter for
up-converting and amplifying a frequency of a transmitted signal, and a RF receiver
for amplifying low-noise and down-converting a frequency of a received signal.
However, this is only an example of the transceiver 2210 and components of the
transceiver 2210 are not limited to the RF transmitter and the RF receiver.

[566] Also, the transceiver 2210 may receive and output, to the processor 2230, a signal
through a wireless channel, and transmit a signal output from the processor 2230
through the wireless channel.

[567] The memory 2220 may store a program and data required for operations of the UE.
Also, the memory 2220 may store control information or data included in a signal
obtained by the UE. The memory 2220 may be a storage medium, such as read-only
memory (ROM), random access memory (RAM), a hard disk, a CD-ROM, and a
DVD, or a combination of storage media.

[568] The processor 2230 may control a series of processes such that the UE operates as
described above. For example, the transceiver 2210 may receive a data signal including
a control signal transmitted by the base station or the network entity, and the processor
2230 may determine a result of receiving the control signal and the data signal
transmitted by the base station or the network entity.

[569] In one embodiment, a user equipment (UE) comprising: a transceiver configured to
receive a configuration about a channel state information (CSI) report, the con-
figuration including information about (i) N>1 groups of CSI reference signal
(CSI-RS) ports and (i1) 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 group r=1,...,N,
the FD basis component includes M, basis vectors, and the coefficient component
includes coefficients associated with (SD, FD) basis vector pairs; and a processor
operably coupled to the transceiver, the processor, based on the configuration,

configured to: measure the N groups of CSI-RS ports, and determine the SD basis
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component, the FD basis component, and the coefficient component such that K; coef-

ficients are non-zero and remaining coefficients are zero, where N
& : K, < ¥, (2L M)

wherein the transceiver is further configured to transmit the CSI report including an
indicator indicating locations of non-zero coefficients.

In one embodiment, wherein each of the N groups of CSI-RS ports is associated with
a respective non-zero power (NZP) CSI-RS resource.

In one embodiment, wherein the M, basis vectors are either common for all groups or

independent for each group r=1,...,N.
In one embodiment, wherein the indicator is a bitmap indicator whose non-zero bits identify
which coefficients are non-zero, and is given by, for
— i = f® 3 3 _[,® @ @ _[.® 3
l=1.,v: 07 = [kl,o "'kl,Mu——l} s kp = [ LO.f "'kl,ZLT-l,f] s kyir = [kl,i,f,l "'kl,i,f,N] ’

k(3)

Lifr € {0,1}, where for an r-th group: L, is a number of SD basis vectors, M,, is a number of

FD basis vectors, v is a number of layers, and { = 0,1,++,2L, — 1land f = 0,1, ..., M, — 1.
In one embodiment, wherein a maximum number of non-zero coefficients across all groups is

constrained by K,, and is given by: Ky, = XL Zfﬁg_l 2}2; ! kl(j,)f,r < K, for layer | =

1, ...,v, where the constrained value of K, is given by either Ky = [B2M; ¥V_, L] or Ky =

[B2M, ¥N_, L], where B < 1 is a ratio value.

In one embodiment, wherein a total number of non-zero coefficients summed across all layers

is constrained by 2K, and is given by: 2/ K1 < 2K,.

In one embodiment, wherein a maximum number of non-zero coefficients for cach group 7 is

2Lp=1 51 My—1 1, (3 _
im0 Zfeo kl(,i}‘,. < Ky, for layer [ =

constrained by a value Kg,, given by: KLN;Z =3
1,..,u, where the constrained value of K, is given by either Ky, = [B,2M;L,] or Ky =

[B,2M,,L,], where 8, < 1 is a ratio value.

In one embodiment, wherein: a total number of non-zero coettficients summed across all layers
for each group r is constrained by a value 2K, given by KN? = YV_ K['2 < 2K, ., and 3,
valucs arc common for all groups, §, = £,vr =1, ..., N.

In one embodiment, a base station (BS) comprising: a processor configured to
generate a configuration about a channel state information (CSI) report, the con-

figuration including information about (i) N>1 groups of CSI reference signal
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(CSI-RS) ports and (i1) 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 group r=1,...,N,
the FD basis component includes M, basis vectors, and the coefficient component
includes coefficients associated with (SD, FD) basis vector pairs; and a transceiver
operably coupled to the processor, the transceiver configured to: transmit the con-
figuration; transmit on the N groups of CSI-RS ports; and receive the CSI report
including an indicator indicating locations of non-zero coefficients from among the SD
basis component, the FD basis component, and the coefficient component that are
based on the N groups of CSI-RS ports, wherein K| coefficients are non-zero and

remaining coefficients are zero, where K, < 3N_.(2L,M,)"
= Lir= rivly

In one embodiment, wherein each of the N groups of CSI-RS ports is associated with
a respective non-zero power (NZP) CSI-RS resource.
In one embodiment, wherein the M, basis vectors are either common for all groups or

independent for each group r=1,...,N.

In one embodiment, wherein the indicator is a bitmap indicator whose non-zero bits identify

which coefficients are non-zero, and is given by, for
= . g _ . ® (3 3 _ [, 3 3 @ _ 3 (3)
L= 1,00 by = [k kg o |s K = [k ki o p]s iy = [Ty ke pn]

K@

1ifr € {0,1} where for an r-th group: L, is a number of SD basis vectors, M, is a number of

FD basis vectors, v is a number of layers, and i = 0,1,---,2L, —1and f = 0,1, ..., M, — 1.

In one embodiment, wherein a maximum number of non-zero coefficients across all groups is
constrained by K,, and is given by: Ky, = DN, Zizi’g_l Zyﬁglk{j’)ﬁr < K, for layer | =
1, ..., v, where the constrained value of K, is given by either K, = [p2M; ¥)_, L] or Ky =
[B2M, >N_, L,], where § < 1 is a ratio value.

In one embodiment, wherein a total number of non-zero coefficients summed across all layers

is constrained by 2Ky, and is given by: 2;7_, K1; < 2K,.

In one embodiment, wherein a maximum number of non-zero coefficients for each group r is
constrained by a value K, , given by: Kl{\i.z = Zizig_l prdﬁg ! kl(?)fr < Ko for layer [ =
1,...,v, where the constrained value of K, is given by either Ky, = [5,2M;L,] or Ky =

[B,-2M,,L,], where B, < 1 is a ratio value.
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In one embodiment, wherein: a total number of non-zero coefficients summed across all layers

for each group r is constrained by a value 2K, given by KN¥? = ¥7_, KV < 2K, and B,

values that are common for all groups, 8, = 5,vr =1, ..., N.

In one embodiment, a method for operating a user equipment (UE), the method
comprising: receiving a configuration about a channel state information (CSI) report,
the configuration including information about (i) N>1 groups of CSI reference signal
(CSI-RS) ports and (i1) 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 group r=1,...,N,
the FD basis component includes M, basis vectors, and the coefficient component
includes coefficients associated with (SD, FD) basis vector pairs; based on the con-
figuration: measuring the N groups of CSI-RS ports; and determining the SD basis
component, the FD basis component, and the coefficient component such that K; coef-

ficients are non-zero and remaining coefficients are zero, where N ;
& : Ky < 3Y_(2LM,)°

and transmitting the CSI report including an indicator indicating a location of non-zero
coefficients.

In one embodiment, wherein each of the N groups of CSI-RS ports is associated with
a respective non-zero power (NZP) CSI-RS resource.

In one embodiment, wherein the M, basis vectors are either common for all groups or

independent for each group r=1,...,N.

In one embodiment, wherein the indicator is a bitmap indicator whose non-zero bits identify

which coefficients are non-zero, and is given by, for

_ L L® e @ _ @ _[® ) 3
I=1,.,0: 055, = [kw ...kl,MU_I], kS =, k [ku_f'l ...kl,i,f’N], k

i = Lifr € {0,1} where

for an r-th group: L, is a number of SD basis vectors, M, is a number of FD basis vectors, and

v is a number of layers, andi = 0,1, ,2L, —1and f =0,1,..., M, — 1.

Any of the above variation embodiments can be utilized independently or in com-
bination with at least one other variation embodiment.

Those skilled in the art will understand that the various illustrative logical blocks,
modules, circuits, and steps described in this application may be implemented as
hardware, software, or a combination of both. To clearly illustrate this inter-
changeability between hardware and software, various illustrative components, blocks,
modules, circuits, and steps are generally described above in the form of their
functional sets. Whether such function sets are implemented as hardware or software

depends on the specific application and the design constraints imposed on the overall
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system. Technicians may implement the described functional sets in different ways for
each specific application, but such design decisions should not be interpreted as
causing a departure from the scope of this application.

The above flowcharts illustrate example methods that can be implemented in ac-
cordance 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 il-
lustrate operational environments in which various user equipment features disclosed
in this patent document can be used, these features can be used in any other suitable
system.

Although the 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 encompass such changes and modifications as fall within the scope of
the appended claims. None of the description in this application should be read as
implying that any particular element, step, or function is an essential element that must
be included in the claims scope. The scope of patented subject matter is defined by the
claims.

The various illustrative logic blocks, modules, and circuits described in this ap-
plication may be implemented or performed by a general purpose processor, a Digital
Signal Processor (DSP), an Application Specific Integrated Circuit (ASIC), a Field
Programmable Gate Array (FPGA) or other programmable logic devices, discrete gates
or transistor logics, discrete hardware components, or any combination thereof
designed to perform the functions described herein. The general purpose processor
may be a microprocessor, but in an alternative, the processor may be any conventional
processor, controller, microcontroller, or state machine. The processor may also be im-
plemented as a combination of computing devices, such as a combination of a DSP and
a microprocessor, a plurality of microprocessors, one or more microprocessors co-
operating with a DSP core, or any other such configuration.

The steps of the method or algorithm described in this application may be embodied
directly in hardware, in a software module executed by a processor, or in a com-
bination thereof. The software module may reside in RAM memory, flash memory,
ROM memory, EPROM memory, EEPROM memory, register, hard disk, removable
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disk, or any other form of storage medium known in the art. A storage medium is
coupled to a processor to enable the processor to read and write information from/to
the storage media. In an alternative, the storage medium may be integrated into the
processor. The processor and the storage medium may reside in an ASIC. The ASIC
may reside in a user terminal. In an alternative, the processor and the storage medium
may reside in the user terminal as discrete components.

In one or more designs, the functions may be implemented in hardware, software,
firmware, or any combination thereof. If implemented in software, each function may
be stored as one or more pieces of instructions or codes on a computer-readable
medium or delivered through it. The computer-readable medium includes both a
computer storage medium and a communication medium, the latter including any
medium that facilitates the transfer of computer programs from one place to another.
The storage medium may be any available medium that can be accessed by a general
purpose or special purpose computer.

While the disclosure has been shown and described with reference to various em-
bodiments thereof, it will be understood by those skilled in the art that various changes
in form and details may be made therein without departing from the spirit and scope of

the disclosure as defined by the appended claims and their equivalents.
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Claims

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

a transceiver configured to receive a configuration about a channel state
information (CSI) report, the configuration including information about
(1) N>1 groups of CSI reference signal (CSI-RS) ports and (ii) 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 group
r=1,...,N,

the FD basis component includes M, basis vectors, and

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

a processor operably coupled to the transceiver, the processor, based on
the configuration, configured to:

measure the N groups of CSI-RS ports, and

determine the SD basis component, the FD basis component, and the
coefficient component such that K, coefficients are non-zero and

remaining coefficients are zero, where K, < N_ (2L, M,)’

wherein the transceiver is further configured to transmit the CSI report
including an indicator indicating locations of non-zero coefficients.
The UE of Claim 1, wherein each of the N groups of CSI-RS ports is
associated with a respective non-zero power (NZP) CSI-RS resource.
The UE of Claim 1, wherein the M, basis vectors are either common
for all groups or independent for each group r=1,...,N.

The UE of Claim 1, wherein the indicator is a bitmap indicator whose
non-zero bits identify which coefficients are non-zero, and is given by,

for 1=1,...,u:

; — 11,3 (3)
170 = [kiy ko ]

3 _};,3 3
kl,f - [kl,o,f “‘kl,ZLr—l,f]
B _],® 3)
kl.i.f - [kl,i,f,l "'kl,i,f,N]
k& e {013

Lifr
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where for an r-th group:
L, is a number of SD basis vectors,
M, is a number of FD basis vectors,
v is a number of layers, and
1=0,1,...,2L,-1 and =0,1,...,M,-1.
[Claim 5] The UE of Claim 4, wherein a maximum number of non-zero coef-
ficients across all groups is constrained by K,, and is given by:
Kiy = S0 2 B Yy, < Ko for layer L= 1,...,v,
where the constrained value of K, is given by either Ky = [f2M, 3V_ L] or Ky =

[B2M, TN_; L], where § < 1is a ratio value.

[Claim 6] The UE of Claim 5, wherein a total number of non-zero coefficients

summed across all layers is constrained by 2K,, and is given by:
Yi-1Ki < 2Ko

[Claim 7] The UE of Claim 4, wherein a maximum number of non-zero coef-
ficients for each group r is constrained by a value Ky,, given by:
KN = Z?igflzl;lﬁal kl(f)fr < Ky, forlayerli =1, ..,v,

where the constrained value of Ko, is given by either Ky, = [$,2M;L,] or Ky =

[Br2M, L}, where B, < 1 is a ratio valuc.

[Claim 8] The UE of Claim 7, wherein:
a total number of non-zero coefficients summed across all layers for
each group r is constrained by a value 2K, given by

, and
KNZ =3V KNE < 2K,

f: values are common for all groups, f=[3,Vr=1,...,N.

[Claim 9] A base station (BS) in wireless communication system, the BS
comprising:
a processor configured to generate a configuration about a channel state
information (CSI) report, the configuration including information about
(1) N>1 groups of CSI reference signal (CSI-RS) ports and (ii) 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 group
r=1,...,N,
the FD basis component includes M, basis vectors, and

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

a transceiver operably coupled to the processor, the transceiver
configured to:

transmit the configuration;

transmit on the N groups of CSI-RS ports; and

receive the CSI report including an indicator indicating locations of
non-zero coefficients from among the SD basis component, the FD
basis component, and the coefficient component that are based on the N
groups of CSI-RS ports,

wherein K, coefficients are non-zero and remaining coefficients are
zero, where K, < SN_. (2L, M,)"
The BS of Claim 9, wherein each of the N groups of CSI-RS ports is

associated with a respective non-zero power (NZP) CSI-RS resource.
The BS of Claim 9, wherein the M, basis vectors are either common for
all groups or independent for each group r=1,...,N.

The BS of Claim 9, wherein the indicator is a bitmap indicator whose
non-zero bits identify which coefficients are non-zero, and is given by,

for 1=1,...,u:
: _|,® (3)
11’7’1 - [kl,O kl,Mv—l]
3 _ ], (3)
kl,f - [kz,o,f '“kl,ZLn—l,f]

@ _ [, (3)
kl,i,f = [kl,i,f,l “'kl,i,f,N]

k2 €101}

where for an r-th group:

L, is a number of SD basis vectors,

M, is a number of FD basis vectors,

v is a number of layers, and

i=0,1,...2L;-1 and £=0,1,...,M,-1.

The BS of Claim 12, wherein a maximum number of non-zero coef-

ficients across all groups is constrained by K,, and is given by:
Kyp =2y Zfﬁg“lzﬁ’ggl kl(?)fr < K, forlayer I = 1, ..., v,

where the constrained value of Ky is given by either K, = [B2M, XN_, L] or Ko =

[B2M, ¥, L], where B < 1 is a ratio value.

The BS of Claim 13, wherein a total number of non-zero coefficients
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summed across all layers is constrained by 2K,, and is given by:
D=1 Kag < 2Ky
[Claim 15] The BS of Claim 12, wherein a maximum number of non-zero coef-
ficients for each group r is constrained by a value K, given by:
KNZ = Z?:B_l Z}";alkﬁ}‘r < Ky, forfayerl = 1,...,v,
where the constrained value of Ky, is given by either Ko, = [.2M;L,] or K¢ =

[B,2M, L], where B, < 1is aratio value.
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[Fig. 19]
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Configure UE with'UL-to-DL channel mapping training')

< UE transmits UL RS (e.0., SRS)

NW measures the UL RS and infers DL
channel via an AI/ML-based UL-DL mapping
based on the UL RS measurement.

NW transmits (beamformed) DL RS (e.g., CSI-RS) and
informs target information (e.g., expected SNR)

UE measures DL RS and computes loss
value(s) (or gradient of loss values) using
the target information and the DL RS
measurement.

UE performs reporting for training.

NW updates parameters of the AI/ML mapping
based on the loss value in reporting.
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