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(57) Abstract: The present disclosure relates to a communication method and system for converging a 5th-Generation (5G) commu-
nication system for supporting higher data rates beyond a 4th- Generation (4G) system with a technology for Internet of Things (IoT).
The present disclosure may be applied to intelligent services based on the 5G communication technology and the IoT-related technol-
ogy, such as smart home, smart building, smart city, smart car, connected car, health care, digital education, smart retail, security and
safety services. Methods and apparatuses for multiplexing channel state information (CSI). A user equipment (UE) includes a trans-
ceiver configured to receive configuration information for CSI reporting. The UE further includes a processor configured to decode
the configuration information and calculate a CSI according to the configuration information. The transceiver is further configured to
transmit the calculated CSI on an uplink (UL) channel. The CSI includes N segments and is transmitted in one slot, where N>1. A

[Continued on next page]



WO 2018/111007 A1 {0000 T

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA,CH, CL,CN, CO,CR, CU, CZ, DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR,KW,KZ,LA,LC,LK,LR,LS,LU,LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:
—  with international search report (Art. 21(3))

first of the N segments includes a rank indicator (RI) and at least one other CSI parameter. A base station (BS) includes a processor
configured to generate contiguration information for CSI reporting. The BS further includes a transceiver configured to transmit, to a
UE, the configuration information via a downlink (DL) channel; and receive, from the UE, a CSI report calculated in accordance with
the configuration information on an uplink UL channel.
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METHOD AND APPARATUS FOR MULTIPLEXING CHANNEL STATE
INFORMATION

Technical Field

The present disclosure relates generally to methods for enabling channel state
information (CSI) multiplexing. Such methods can be used when a user equipment is

equipped with a plurality of transmit antennas and transmit-receive units.

Background Art

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

The Internet, which is a human centered connectivity network where humans
generate and consume information, is now evolving to the Internet of Things (IoT) where
distributed entities, such as things, exchange and process information without human
intervention. The Internet of Everything (IoE), which is a combination of the IoT technology

and the Big Data processing technology through connection with a cloud server, has
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emerged. As technology elements, such as “sensing technology”, “wired/wireless
communication and network infrastructure”, “service interface technology”, and “Security
technology” have been demanded for IoT implementation, a sensor network, a Machine-to-
Machine (M2M) communication, Machine Type Communication (MTC), and so forth have
been recently researched. Such an IoT environment may provide intelligent Internet
technology services that create a new value to human life by collecting and analyzing data
generated among connected things. IoT may be applied to a variety of fields including
smart home, smart building, smart city, smart car or connected cars, smart grid, health care,
smart appliances and advanced medical services through convergence and combination
between existing Information Technology (IT) and various industrial applications.

In line with this, various attempts have been made to apply 5G communication
systems to IoT networks. For example, technologies such as a sensor network, Machine
Type Communication (MTC), and Machine-to-Machine (M2M) communication may be
implemented by beamforming, MIMO, and array antennas. Application of a cloud Radio
Access Network (RAN) as the above-described Big Data processing technology may also be
considered to be as an example of convergence between the 5G technology and the IoT
technology.

Wireless communication has been one of the most successful innovations in modern
history. 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. To meet the high growth in mobile data traffic and support new applications and
deployments, improvements in radio interface efficiency and coverage is of paramount
importance.

A mobile device or user equipment can measure the quality of the downlink channel
and report this quality to a base station so that a determination can be made regarding
whether or not various parameters should be adjusted during communication with the
mobile device. Existing channel quality reporting processes in wireless communications
systems do not sufficiently accommodate reporting of channel state information associated
with large, two dimensional array transmit antennas or, in general, antenna array geometry

which accommodates a large number of antenna elements.
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Therefore, it is needed to provide channel state information (CSI) multiplexing scheme
associated with large, two dimensional array transmit antennas.
Summary
One or more embodiments of the present disclosure provide methods and apparatuses
for CSI multiplexing.
In one embodiment, there is provided a method performed by a terminal in a wireless
communication system, the method comprising;:
receiving, from a base station, channel state information (CSI) report configuration
including first information indicating at least one CSI parameter configured with wideband
reporting or subband reporting and second information indicating a set of subbands for
which CSI is reported, wherein the at least one CSI parameter is reported for entire of the set
of subbands based on the wideband reporting and the at least one CSI parameter is reported
for each subband of the set of subbands based on the subband reporting;
identifying a first CSI part and a second CSI part for the set of subbands based on the
first information and the second information; and
transmitting, to the base station, a CSI report including the first CSI part and the
second CSI part,
wherein the first CSI part comprises a rank indicator (RI) and first channel quality
information (CQI) associated with a first codeword,
wherein the second CSI part comprises a precoding matrix indicator (PMI),
wherein a payload size of the second CSI part is identified based on the first CSI part
including the RI, and
wherein the first CSI part and the second CSI part are encoded separately.
In another embodiment, there is provided a terminal in a wireless communication
system, the terminal comprising:
a transceiver configured to transmit or receive a signal; and
a controller coupled with the transceiver and configured to control the terminal to:
receive, from a base station, channel state information (CSI) report
configuration including first information indicating at least one CSI parameter configured
with wideband reporting or subband reporting and second information indicating a set of

subbands for which CSI is reported, wherein the at least one CSI parameter is reported for
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entire of the set of subbands based on the wideband reporting and the at least one CSI
parameter is reported for each subband of the set of subbands based on the subband
reporting,
identify a first CSI part and a second CSI part for the set of subbands based
on the first information and the second information, and
transmit, to the base station, a CSI report including the first CSI part and the
second CSI part,
wherein the first CSI part comprises a rank indicator (RI) and first channel quality
information (CQI) associated with a first codeword,
wherein the second CSI part comprises a precoding matrix indicator (PMI),
wherein a payload size of the second CSI part is identified based on the first CSI part
including the RI, and
wherein the first CSI part and the second CSI part are encoded separately.
In another embodiment, there is provided a method performed by a base station in a
wireless communication system, the method comprising:
transmitting, to a terminal, channel state information (CSI) report configuration
including first information indicating at least one CSI parameter configured with wideband
reporting or subband reporting and second information indicating a set of subbands for
which CSI is reported, wherein the at least one CSI parameter is reported for entire of the set
of subbands based on the wideband reporting and the at least one CSI parameter is reported
for each subband of the set of subbands based on the subband reporting;
receiving, from the terminal, a CSI report for the set of subbands, wherein the CSI
report comprises a first CSI part and a separate second CSI part;
decoding the first CSI part comprising a rank indicator (RI) and first channel quality
information (CQI) associated with a first codeword; and
decoding the second CSI part comprising a precoding matrix indicator (PMI),
wherein a payload size of the second CSI part depends on the decoded first CSI part
including the R1.
In another embodiment, there is provided a base station in a wireless communication
system, the base station comprising:

a transceiver configured to transmit or receive a signal; and
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a controller coupled with the transceiver and configured to control the base station
to:
transmit, to a terminal, channel state information (CSI) report configuration
including first information indicating at least one CSI parameter configured with wideband
reporting or subband reporting and second information indicating a set of subbands for
which a CSI is reported, wherein the at least one CSI parameter is reported for entire of the
set of subbands based on the wideband reporting and the at least one CSI parameter is
reported for each subband of the set of subbands based on the subband reporting,
receive, from the terminal, a CSI report for the set of subbands, wherein the
CSI report comprises a first CSI part and a separate second CSI part,
decode the first CSI part comprising a rank indicator (RI) and first channel
quality information (CQI) associated with a first codeword, and
decode the second CSI part comprising a precoding matrix indicator (PMI),
wherein a payload size of the second CSI part depends on the decoded first CSI part
including the R1.

The present disclosure relates in particular to a pre-5th-Generation (5G) or 5G
communication system to be provided for supporting higher data rates Beyond 4th-
Generation (4G) communication system such as Long Term Evolution (LTE).

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 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 communication between two
or more elements, whether or not those elements are in physical contact with one another.

EE TS

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
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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 combinations 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.

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 thercof adapted for
implementation in a suitable computer readable program code. The phrase “computer
readable program code” includes any type of computer code, including source code, object
code, and executable code. The phrase “computer readable medium” includes any type of
medium capable of being accessed by a computer, such as read only memory (ROM),
random access memory (RAM), a hard disk drive, a compact disc (CD), a digital video disc
(DVD), or any other type of memory. A “non-transitory” computer readable medium
excludes wired, wireless, optical, or other communication links that transport transitory
electrical or other signals. A non-transitory computer readable medium includes media
where data can be permanently stored and media where data can be stored and later
overwritten, such as a rewritable optical disc or an erasable memory device.

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

phrases.

Advantageous Effects

One or more embodiments of the present disclosure provide methods and apparatuses

for CSI multiplexing.
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Brief Description of Drawings

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

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

FIGURES 2A and 2B illustrate example wireless transmit and receive paths according
to various embodiments of the present disclosure;

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

FIGURE 3B illustrates an example BS according to various embodiments of the
present disclosure;

FIGURE 4 illustrates an example beamforming architecture wherein one CSI-RS port
is mapped onto a large number of analog-controlled antenna elements;

FIGURE 5 illustrates several examples of CSI reporting band configuration according
to embodiments of the present disclosure;

FIGURE 6 illustrates an example for UCI codeword formation according to an
embodiment of the present disclosure;

FIGURE 7 illustrates an example for joint encoding of CSI parameters according to an
embodiment of the present disclosure;

FIGURE 8 illustrates an example for two-segment UCI encoding according to an
embodiment of the present disclosure;

FIGURE 9A illustrates an example for two-segment CSI encoding according to an
embodiment of the present disclosure;

FIGURE 9B illustrates an example for two-segment UCI encoding according to an
embodiment of the present disclosure;

FIGURE 10 illustrates an example for three-segment UCI encoding according to an
embodiment of the present disclosure;

FIGURES 11A-11G illustrate examples for two-segment UCI encoding according to

embodiments of the present disclosure;
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FIGURE 12 illustrates several examples of multiplexing scheme wherein CSI-UCI is
transmitted together with UL-SCH data according to embodiments of the present disclosure;

FIGURE 13 illustrates an example for UCI multiplexing in case of two-segment UCI
encoding according to an embodiment of the present disclosure;

FIGURE 14 illustrates a flowchart for an example method wherein a UE receives CSI
configuration information and reports multi-segment CSI according to an embodiment of the
present disclosure; and

FIGURE 15 illustrates a flowchart for an example method wherein a BS transmits CSI
configuration information and receives multi-segment CSI reporting for a UE (labeled as

UE-k) according to an embodiment of the present disclosure.

Detailed Description of Embodiments of the Invention

FIGURES 1 through 15, discussed below, and the various embodiments used to
describe the principles of the present disclosure in this patent document are by way of
illustration only and should not be construed in any way to limit the scope of the disclosure.
Those skilled in the art will understand that the principles of the present disclosure can be

implemented in any suitably arranged wireless communication system.

List of acronyms

e 2D: two-dimensional

e  MIMO: multiple-input multiple-output
e SU-MIMO: single-user MIMO

e MU-MIMO: multi-user MIMO

e 3GPP: 3rd generation partnership project
e LTE: long-term evolution

e UE: user equipment

e ¢NB: evolved Node B or “eNB”

e BS: base station

e DL: downlink

e UL: uplink

e CRS: cell-specific reference signal(s)

18521801_1 (GHMatters) P111072.AU
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e DMRS: demodulation reference signal(s)

e SRS: sounding reference signal(s)

e UE-RS: UE-specific reference signal(s)

e (CSI-RS: channel state information reference signals

e SCID: scrambling identity

e MCS: modulation and coding scheme

e RE: resource element

e CQI: channel quality information

e PMI: precoding matrix indicator

e RI: rank indicator

e MU-CQI: multi-user CQI

e CSI: channel state information

e CSI-IM: CSI interference measurement

e CoMP: coordinated multi-point

e DCI: downlink control information

e UCI: uplink control information

e PDSCH: physical downlink shared channel

e PDCCH: physical downlink control channel

e PUSCH: physical uplink shared channel

e PUCCH: physical uplink control channel

e PRB: physical resource block

e RRC: radio resource control

e AoA: angle of arrival

e AoD: angle of departure

The following documents and standards descriptions are hereby incorporated by

reference into the present disclosure as if fully set forth herein: 3GPP Technical
Specification (TS) 36.211 version 12.4.0, “E-UTRA, Physical channels and modulation”
(“REF 17); 3GPP TS 36.212 version 12.3.0, “E-UTRA, Multiplexing and Channel coding”
(“REF 27); 3GPP TS 36.213 version 12.4.0, “E-UTRA, Physical Layer Procedures” (“REF
3”); 3GPP TS 36.321 version 12.4.0, “E-UTRA, Medium Access Control (MAC) Protocol
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Specification” (“REF 47); and 3GPP TS 36.331 version 12.4.0, “E-UTRA, Radio Resource
Control (RRC) Protocol Specification” (“REF 57).

To meet the demand for wireless data traffic having increased since deployment of 4G
communication systems, efforts have been made to develop an improved 5G or pre-5G
communication system. Therefore, the 5G or pre-5G communication system is also called a
‘Beyond 4G Network’ or a ‘Post LTE System’.

The 5G communication system is considered to be implemented in higher frequency
(mmWave) bands, e.g., 60GHz bands, so as to accomplish higher data rates. To decrease
propagation loss of the radio waves and increase the transmission distance, the
beamforming, massive multiple-input multiple-output (MIMO), Full Dimensional MIMO
(FD-MIMO), array antenna, an analog beam forming, large scale antenna techniques are
discussed in 5G communication systems.

In addition, in 5G communication systems, development for system network
improvement is under way based on advanced small cells, cloud Radio Access Networks
(RANSs), ultra-dense networks, device-to-device (D2D) communication, wireless backhaul,
moving network, cooperative communication, Coordinated Multi-Points (CoMP), reception-
end interference cancellation and the like.

In the 5G system, Hybrid FSK and QAM Modulation (FQAM) and sliding window
superposition coding (SWSC) as an advanced coding modulation (ACM), and filter bank
multi carrier (FBMC), non-orthogonal multiple access (NOMA), and sparse code multiple
access (SCMA) as an advanced access technology have been developed.

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

The wireless network 100 includes a BS 101, a BS 102, and a BS 103. The BS 101
communicates with the BS 102 and the BS 103. The BS 101 also communicates with at least
one Internet Protocol (IP) network 130, such as the Internet, a proprietary IP network, or
other data network. Instead of “BS”, an option term such as “eNB” (enhanced Node B) or
“oNB” (general Node B) can also be used. Depending on the network type, other well-

known terms can be used instead of “gNB” or “BS,” such as “base station” or “access
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point.” For the sake of convenience, the terms “gNB” and “BS” are used in this patent
document to refer to network infrastructure components that provide wireless access to
remote terminals. Also, depending on the network type, other well-known terms can be

% 66

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

The gNB 102 provides wireless broadband access to the network 130 for a first
plurality of UEs within a coverage area 120 of the gNB 102. The first plurality of UEs
includes a UE 111, which can be located in a small business (SB); a UE 112, which can be
located in an enterprise (E); a UE 113, which can be located in a WiFi hotspot (HS); a UE
114, which can be located in a first residence (R); a UE 115, which can be located in a
second residence (R); and a UE 116, which can be a mobile device (M) like a cell phone, a
wireless laptop, a wireless PDA, or the like. The gNB 103 provides wireless broadband
access to the network 130 for a second plurality of UEs within a coverage area 125 of the
gNB 103. The second plurality of UEs includes the UE 115 and the UE 116. In some
embodiments, one or more of the gNBs 101-103 can communicate with each other and with
the UEs 111-116 using 5G, LTE, LTE-A, WiMAX, or other advanced wireless
communication techniques.

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

As described in more detail below, one or more of gNB 101, gNB 102, and gNB 103
transmit measurement reference signals to UEs 111-116 and configure UEs 111-116 for
multiplexed CSI reporting as described in embodiments of the present disclosure. In various

embodiments, one or more of UEs 111-116 generate and report multiplexed CSI.
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Although FIGURE 1 illustrates one example of a wireless network 100, various
changes can be made to FIGURE 1. For example, the wireless network 100 could include
any number of gNBs and any number of UEs in any suitable arrangement. Also, the gNB
101 could communicate directly with any number of UEs and provide those UEs with
wireless broadband access to the network 130. Similarly, each gNB 102-103 could
communicate directly with the network 130 and provide UEs with direct wireless broadband
access to the network 130. Further, the gNB 101, 102, and/or 103 could provide access to
other or additional external networks, such as external telephone networks or other types of
data networks.

FIGURES 2A and 2B illustrate example wireless transmit and receive paths according
to the present disclosure. In the following description, a transmit path 200 can be described
as being implemented in a gNB (such as gNB 102), while a receive path 250 can be
described as being implemented in a UE (such as UE 116). However, it will be understood
that the receive path 250 could be implemented in a gNB and that the transmit path 200
could be implemented in a UE. In some embodiments, the receive path 250 is configured to
generate and report multiplexed CSI as described in embodiments of the present disclosure.

The transmit path 200 includes a channel coding and modulation block 205, a serial-
to-parallel (S-to-P) block 210, a size N Inverse Fast Fourier Transform (IFFT) block 215, a
parallel-to-serial (P-to-S) block 220, an ‘add cyclic prefix’ block 225, and an up-converter
(UC) 230. The receive path 250 includes a down-converter (DC) 255, a ‘remove cyclic
prefix’ block 260, a serial-to-parallel (S-to-P) block 265, a size N Fast Fourier Transform
(FFT) block 270, a parallel-to-serial (P-to-S) block 275, and a channel decoding and
demodulation block 280.

In the transmit path 200, the channel coding and modulation block 205 receives a set
of information bits, applies coding (such as convolutional, Turbo, or 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 S-to-P block 210 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 gNB 102 and the UE 116. The
size N IFFT block 215 performs an IFFT operation on the N parallel symbol streams to
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generate time-domain output signals. The P-to-S block 220 converts (such as multiplexes)
the parallel time-domain output symbols from the size N IFFT block 215 in order to
generate a serial time-domain signal. The ‘add cyclic prefix” block 225 inserts a cyclic
prefix to the time-domain signal. The UC 230 modulates (such as up-converts) the output of
the ‘add cyclic prefix’ block 225 to an RF frequency for transmission via a wireless channel.
The signal can also be filtered at baseband before conversion to the RF frequency.

A transmitted RF signal from the gNB 102 arrives at the UE 116 after passing through
the wireless channel, and reverse operations to those at the gNB 102 are performed at the
UE 116. The DC 255 down-converts the received signal to a baseband frequency, and the
‘remove cyclic prefix’ block 260 removes the cyclic prefix to generate a serial time-domain
baseband signal. The serial-to-parallel block 265 converts the time-domain baseband signal
to parallel time domain signals. The size N FFT block 270 performs an FFT algorithm to
generate N parallel frequency-domain signals. The parallel-to-serial block 275 converts the
parallel frequency-domain signals to a sequence of modulated data symbols. The channel
decoding and demodulation block 280 demodulates and decodes the modulated symbols to
recover the original input data stream.

As described in more detail below, the transmit path 200 or the receive path 250 can
perform signaling for multiplexed CSI reporting. Each of the gNBs 101-103 can implement
a transmit path 200 that is analogous to transmitting in the downlink to UEs 111-116 and
can implement a receive path 250 that is analogous to receiving in the uplink from UEs 111-
116. Similarly, each of UEs 111-116 can implement a transmit path 200 for transmitting in
the uplink to gNBs 101-103 and can implement a receive path 250 for receiving in the
downlink from gNBs 101-103.

Each of the components in FIGURES 2A and 2B can be implemented using only
hardware or using a combination of hardware and software/firmware. As a particular
example, at least some of the components in FIGURES 2A and 2B can be implemented in
software, while other components can be implemented by configurable hardware or a
mixture of software and configurable hardware. For instance, the FFT block 270 and the
IFFT block 215 can be implemented as configurable software algorithms, where the value of

size N can be modified according to the implementation.

18521801_1 (GHMatters) P111072.AU



2017374457 28 Feb 2022

14

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

Although FIGURES 2A and 2B illustrate examples of wireless transmit and receive
paths, various changes can be made to FIGURES 2A and 2B. For example, various
components in FIGURES 2A and 2B could be combined, further subdivided, or omitted and
additional components could be added according to particular needs. Also, FIGURES 2A
and 2B are meant to illustrate examples of the types of transmit and receive paths that could
be used in a wireless network. Other suitable architectures could be used to support wireless
communications in a wireless network.

FIGURE 3A illustrates an example UE 116 according to the present disclosure. The
embodiment of the UE 116 illustrated in FIGURE 3A 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 3A does not limit the scope of the
present disclosure to any particular implementation of a UE.

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

The RF transceiver 310 receives, from the antenna 305, an incoming RF signal
transmitted by a gNB of the wireless network 100 of FIGURE 1. The RF transceiver 310
down-converts the incoming RF signal to generate an intermediate frequency (IF) or
baseband signal. The IF or baseband signal is sent to the RX processing circuitry 325,
which generates a processed baseband signal by filtering, decoding, and/or digitizing the

baseband or IF signal. The RX processing circuitry 325 transmits the processed baseband
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signal to the speaker 330 (such as for voice data) or to the processor 340 for further
processing (such as for web browsing data).

The TX processing circuitry 315 receives analog or digital voice data from the
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 315 encodes,
multiplexes, and/or digitizes the outgoing baseband data to generate a processed baseband or
IF signal. The RF transceiver 310 receives the outgoing processed baseband or IF signal
from the TX processing circuitry 315 and up-converts the baseband or IF signal to an RF
signal that is transmitted via the antenna 305.

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

The processor 340 is also capable of executing other processes and programs resident
in the memory 360, such as operations for CQI measurement and reporting for systems
described in embodiments of the present disclosure as described in embodiments of the
present disclosure. 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 program 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 I/O interface 345 is the communication path between these
accessories and the processor 340.

The processor 340 is also coupled to the input 350 (e.g., keypad, touchscreen, button
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 can be a liquid crystal display or other display capable of

rendering text and/or at least limited graphics, such as from web sites.
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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).

As described in more detail below, the UE 116 can perform signaling and calculation
for multiplexed CSI reporting. Although FIGURE 3A illustrates one example of UE 116,
various changes can be made to FIGURE 3A. For example, various components in
FIGURE 3A could be combined, further subdivided, or omitted and additional components
could be added according to particular needs. As a particular example, the processor 340
could be divided into multiple processors, such as one or more central processing units
(CPUs) and one or more graphics processing units (GPUs). Also, while FIGURE 3A
illustrates the UE 116 configured as a mobile telephone or smartphone, UEs could be
configured to operate as other types of mobile or stationary devices.

FIGURE 3B illustrates an example gNB 102 according to the present disclosure. The
embodiment of the gNB 102 shown in FIGURE 3B is for illustration only, and other gNBs
of FIGURE 1 could have the same or similar configuration. However, gNBs come in a wide
variety of configurations, and FIGURE 3B does not limit the scope of the present disclosure
to any particular implementation of a gNB. The gNB 101 and the gNB 103 can include the
same or similar structure as the gNB 102.

As shown in FIGURE 3B, the gNB 102 includes multiple antennas 370a-370n,
multiple RF transceivers 372a-372n, transmit (TX) processing circuitry 374, and receive
(RX) processing circuitry 376. In certain embodiments, one or more of the multiple
antennas 370a-370n include 2D antenna arrays. The gNB 102 also includes a
controller/processor 378, a memory 380, and a backhaul or network interface 382.

The RF transceivers 372a-372n receive, from the antennas 370a-370n, incoming RF
signals, such as signals transmitted by UEs or other gNBs. The RF transceivers 372a-372n
down-convert the incoming RF signals to generate IF or baseband signals. The IF or
baseband signals are sent to the RX processing circuitry 376, which generates processed
baseband signals by filtering, decoding, and/or digitizing the baseband or IF signals. The
RX processing circuitry 376 transmits the processed baseband signals to the controller/

processor 378 for further processing.
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The TX processing circuitry 374 receives analog or digital data (such as voice data,
web data, e-mail, or interactive video game data) from the controller/processor 378. The TX
processing circuitry 374 encodes, multiplexes, and/or digitizes the outgoing baseband data to
generate processed baseband or IF signals. The RF transceivers 372a-372n receive the
outgoing processed baseband or IF signals from the TX processing circuitry 374 and up-
converts the baseband or IF signals to RF signals that are transmitted via the antennas 370a-
370n.

The controller/processor 378 can include one or more processors or other processing
devices that control the overall operation of the gNB 102. For example, the
controller/processor 378 could control the reception of forward channel signals and the
transmission of reverse channel signals by the RF transceivers 372a-372n, the RX
processing circuitry 376, and the TX processing circuitry 374 in accordance with well-
known principles. The controller/processor 378 could support additional functions as well,
such as more advanced wireless communication functions. In some embodiments, the
controller/ processor 378 includes at least one microprocessor or microcontroller.

The controller/processor 378 is also capable of executing programs and other
processes resident in the memory 380, such as an OS. The controller/processor 378 is also
capable of supporting channel quality measurement and reporting for systems having 2D
antenna arrays as described in embodiments of the present disclosure. In some
embodiments, the controller/processor 378 supports communications between entities, such
as web RTC. The controller/processor 378 can move data into or out of the memory 380 as
required by an executing process.

The controller/processor 378 is also coupled to the backhaul or network interface 382.
The backhaul or network interface 382 allows the gNB 102 to communicate with other
devices or systems over a backhaul connection or over a network. The backhaul or network
interface 382 could support communications over any suitable wired or wireless
connection(s). For example, when the gNB 102 is implemented as part of a cellular
communication system (such as one supporting 5G or new radio access technology or NR,
LTE, or LTE-A), the backhaul or network interface 382 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 backhaul or network interface 382 could
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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 backhaul or
network interface 382 includes any suitable structure supporting communications over a
wired or wireless connection, such as an Ethernet or RF transceiver.

The memory 380 is coupled to the controller/processor 378. Part of the memory 380
could include a RAM, and another part of the memory 380 could include a Flash memory or
other ROM. In certain embodiments, a plurality of instructions, such as a BIS algorithm is
stored in memory. The plurality of instructions are configured to cause the
controller/processor 378 to perform the BIS process and to decode a received signal after
subtracting out at least one interfering signal determined by the BIS algorithm.

As described in more detail below, the transmit and receive paths of the gNB 102
(implemented using the RF transceivers 372a-372n, TX processing circuitry 374, and/or RX
processing circuitry 376) receive and decode multiplexed CSI.

Although FIGURE 3B illustrates one example of a gNB 102, various changes can be
made to FIGURE 3B. For example, the gNB 102 could include any number of each
component shown in FIGURE 3A. As a particular example, an access point could include a
number of backhaul or network interfaces 382, and the controller/processor 378 could
support routing functions to route data between different network addresses. As another
particular example, while shown as including a single instance of TX processing circuitry
374 and a single instance of RX processing circuitry 376, the gNB 102 could include
multiple instances of each (such as one per RF transceiver).

Rel.13 LTE supports up to 16 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. Furthermore, up to 32 CSI-
RS ports will be supported in Rel.14 LTE. For next generation cellular systems such as 5G,
it is expected that the maximum number of CSI-RS ports remain more or less the same.

For mmWave bands, although the number of antenna elements can be larger for a
given form factor, the number of CSI-RS ports —which can correspond to the number of
digitally precoded ports — tends to be limited due to hardware constraints (such as the
feasibility to install a large number of ADCs/DACs at mmWave frequencies) as illustrated

in embodiment 400 of FIGURE 4. In this case, one CSI-RS port is mapped onto a large
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number of antenna elements which can be controlled by a bank of analog phase shifters 401.
One CSI-RS port can then correspond to one sub-array which produces a narrow analog
beam through analog beamforming 405. This analog beam can be configured to sweep
across a wider range of angles 420 by varying the phase shifter bank across symbols or
subframes or slots (wherein a subframe or a slot comprises a collection of symbols). The
number of sub-arrays (equal to the number of RF chains) is the same as the number of CSI-
RS ports Nesrporr. A digital beamforming unit 410 performs a linear combination across
Ncseporr 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.

To enable digital precoding, efficient design of CSI-RS is an important factor. For this
reason, three types of CSI reporting mechanism corresponding to three types of CSI-RS
measurement behavior are supported in Rel.13 LTE: 1) ‘CLASS A’ CSI reporting which
corresponds to non-precoded CSI-RS; 2) ‘CLASS B’ reporting with K=1 CSI-RS resource
which corresponds to UE-specific beamformed CSI-RS; and 3) ‘CLASS B’ reporting with
K>1 CSI-RS resources which corresponds to cell-specific beamformed CSI-RS. For non-
precoded (NP) CSI-RS, a cell-specific one-to-one mapping between CSI-RS port and TXRU
is utilized. Here, different CSI-RS ports have the same wide beam width and direction and
hence generally cell wide coverage. For beamformed CSI-RS, beamforming operation,
either cell-specific or UE-specific, is applied on a non-zero-power (NZP) CSI-RS resource
(which includes multiple ports). Here, (at least at a given time/frequency) CSI-RS ports have
narrow beam widths and hence not cell wide coverage, and (at least from the gNB
perspective) at least some CSI-RS port-resource combinations have different beam
directions.

In LTE, depending on the number of transmission layers, a maximum of two
codewords are used for DL and UL data transmissions (on DL data channel such as PDSCH
or PDCH, and UL data channel such as PUSCH or PUCH, respectively) for spatial
multiplexing. For L=1 layer, one codeword is mapped to one layer. For L>1 layers, each of
the two codewords is mapped to at least one layer where L layers (rank-L) are divided
almost evenly across the two codewords. In addition, one codeword can also be mapped to

>] layers especially when only one of the two codewords is to be retransmitted.
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Although beneficial for facilitating modulation-and-coding-scheme (MCS) adaptation
per codeword (CW) and MMSE-SIC (MMSE with successive interference cancellation)
receiver, it costs some significant overhead over a single CW mapping. DL overhead comes
from the additional DCI payload due to 2 fixed MCS fields and 2 fixed NDI-RV (DL HARQ
related) fields. UL overhead comes from the need for two CQIs (full 4-bit + delta 3-bit for
wideband CQI, and 2x overhead for subband CQI) for rank > 1 and two DL HARQ-ACKs
for rank > 1. Added to that is the complexity of having to accommodate more than one layer
mapping schemes in case of retransmission. Furthermore, when distributed MIMO such as
non-coherent joint transmission (NC-JT) is incorporated into design requirements for 5G
NR, the number of codewords (CWs) used for DL and UL transmissions per UE can
increase with the number of TRPs. Therefore, using only one CW per PDSCH/PUSCH
assignment per UE is beneficial for NR, at least for up to rank-2 transmission, or up to rank-
4 transmission. Else, two-CW per PDSCH/PUSCH assignment per UE can be used for
higher ranks. Optionally, one CW per PDSCH/PUSCH assignment per UE can be used for
all ranks.

In addition, periodic CSI (P-CSI) reporting in LTE is reported across multiple
slots/subframes. This results in complex priority rules (due to dropping) and inter-
subframe/slot dependencies which is unsuitable for TDD and LAA (since the availability of
UL subframes/slots is conditional). This mechanism is susceptible to error propagations and
stale CSI. The main reasons are: 1) PUCCH format 2 is too small to carry one-shot CSI
reporting, 2) Rl-dependent CQI payload (due to the use of maximum of 2 CWs), 3) RI-
dependent PMI payload.

Yet another drawback of LTE design lies in separately encoding RI (and CRI) from
CQI and PMLI. This is necessary since the payload for CQI and PMI is rank-dependent. Since
the payload for RI is small and RI needs to be protected more compared to CQI and PMI (to
ensure correct decoding of CQI and PMI), Rl is also mapped differently from CQI and PMI.
But even with such a strong protection, there is no mechanism for the gNB to check whether
RI (and CRI) decoding is successful or not (due to the absence of CRC).

Therefore, there is a need for a different design for CSI and its associated uplink
control information (UCI) multiplexing schemes when a single codeword (CW) is mapped

to all the L>1 transmission layers. The present disclosure includes several components.
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Here, UCI includes reporting parameters associated with CSI acquisition, such as CQI
(channel quality indicator), PMI (precoding matrix index), RI (rank indicator), and CRI
(CSI-RS resource index/indicator). Other CSI parameters can also be included. Unless
otherwise stated, this UCI does not include HARQ-ACK. In the present disclosure, this UCI
can also be referred to as CSI-UCI for illustrative purposes.

The present disclosure includes the following components for enabling UCI generation
and multiplexing as well as CSI reporting. A first component of the present disclosure
pertains to CSI reporting unit in frequency domain. A second component pertains to CRI. A
third component pertains to periodic and/or semi-persistent CSI reporting (P-CSI and/or SP-
CSI, respectively). A fourth component pertains to aperiodic CSI reporting (A-CSI).

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 include one or multiple slots) or one slot.

For the first component (that is, CSI reporting unit), the frequency resolution
(reporting granularity) and span (reporting bandwidth) of CSI reporting can be defined in
terms of frequency “subbands” and “CSI reporting band” (CRB), respectively. The term
“CSI reporting band” is used for illustrative purposes. Different terms which represent a
same set of functions can be used as well.

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

“CSI reporting band” is defined as a set/collection of subbands, either contiguous or
non-contiguous, wherein CSI reporting is performed. For example, CSI reporting band can
include all the subbands within the DL system bandwidth. This can also be termed “full-
band”. Optionally, CSI reporting band can include only a collection of subbands within the
DL system bandwidth. This can also be termed “partial band”.
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The term “CSI reporting band” is used only as an example for representing a function.
Other terms such as “CSI reporting subband set” or “CSI reporting bandwidth” can also be
used.

In terms of UE configuration, a UE can be configured with at least one CSI reporting
band. This configuration can be semi-static (via higher-layer signaling or RRC) or dynamic

(via. MAC CE or L1 DL control signaling). When configured with multiple (V) CSI

reporting bands (e.g. via RRC signaling), a UE can report CSI associated with n < N CSI

reporting bands. For instance, >6GHz, large system bandwidth may require multiple CSI
reporting bands. The value of n can either be configured semi-statically (via higher-layer
signaling or RRC) or dynamically (via MAC CE or L1 DL control signaling). Optionally,
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 M, subbands when one CSI parameter for all the M, subbands within the CSI reporting
band. A CSI parameter is configured with “subband” for the CSI reporting band with M,
subbands when one CSI parameter is reported for each of the M, subbands within the CSI
reporting band.

FIGURE 5 illustrates several examples of CSI reporting band configuration. In these
examples, one subband including 4 PRBs. In CSI reporting band configuration 500, a UE is
configured with one CSI reporting band 0 (501) which spans the entire DL system
bandwidth (including Nss subbands). In CSI reporting band configuration 550, a UE is
configured with two CSI reporting bands. The first CSI reporting band 0 (551) including 3
subbands while the second CSI reporting band 1 (552) includes 2. For CSI reporting band
configuration 550, a UE can be further configured or requested to report CSI for either
reporting band (551 or 552) or both. The two reporting bands can be associated with one
common/joint CSI reporting setting or two separate CSI reporting settings. Consequently,
the two CSI reporting bands can be associated with different configurations (such as
frequency granularity, periodic/semi-persistent/aperiodic) or different RS settings for CSI
acquisition.

For the second component (that is, CRI or CSI-RS resource index reporting), a UE can

be configured with K > 1 NZP (non-zero-power) CSI-RS resources within one CSI-RS or
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RS setting. When K > 1, the UE can be configured with CRI reporting. CRI can be
configured as “single” reporting, that is, one CRI for a CSI reporting band. Here, CRI is an
indicator which recommends a selection of K4 (< K) out of K CSI-RS resources. CRI can be
used for the purpose of CSI acquisition as well as beam management. CRI reporting can also
be accompanied with at least one CSI-RSRP (CSI-RS received power, or, optionally termed
“beam strength indicator” or “beam-RSRP”’) wherein each CSI-RSRP corresponds to at least
one CSI-RS resource.

When a UE is configured with CRI reporting, some embodiments (Alt 1-1, 1-2, 2-1, 2-
2, 3-1, and 3-2) on configuring CSI-RS resource subset for CRI reporting can be described
in TABLE 1. Each of these embodiments can be utilized independently. Optionally, at least
two of these embodiments can be used in combination with each other (such as either Alt 1-
1 or 1-2 with either Alt 2-1 or 2-2). The option embodiments start with a UE configured
with Kror NZP CSI-RS resources via higher-layer (RRC) signaling in one RS setting.
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TABLE 1. CRI reporting configuration

Semi-static

(RRC)
configurati MAC CE configuration CRI reporting
on
K < Krorresources are activated CRI indicates (recommended) selection of K4
(selected). Two options: < K resources. Two options:
e Altl-1- K is fixed in e Alt2-1: K4 1s configured in higher-
higher-layer RS setting, layer RS setting or fixed in
specification, hence [log,(K,)]-bit
Ko s o (00 | e
resources indicator via MAC CE e Alt2-2: K4 can vary from 1 to K,
are or, optionally, L1 DL hence K-bit bitmap CRI is used.
configured control signaling (via » Alt 2-3: K4 is signaled dynamically
via RRC IE DC). via L1 DL control channel and

(RS setting)

Alt 1-2: K can vary from
1 to Ko, hence Kppr—
bit bitmap via MAC CE
or, optionally, L.1 DL
control signaling (DCI)

can be used.

included in an UL-related DCI (for
example, as a [log,K]-bit DCI field),
hence [log, (K,4)]-bit CRI is used.
This UL-related DCI can be a DCI
used for CSI request (which include
CRI reporting request).

Kror
resources
are
configured
via RRC IE
(RS setting)

(not used) K = Kror

CRI indicates (recommended) selection of K4
< Kror resources. Two options:

e Alt3-1: K4 1s configured in higher-
layer RS setting or fixed in
specification, hence [log,(K,)]-bit
CRI is used.

* Alt3-2: K4 can vary from 1 to Kpop,
hence Ky or-bit bitmap CRI is used.

* Alt 3-3: K4 s signaled dynamically
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via L1 DL control channel and
included in an UL-related DCI (for
example, as a [log, Ko |-bit DCI
field), hence [log,(K4)]-bit CRI is
used. This UL-related DCI can be a
DCT used for CSI request (which
include CRI reporting request).

When a UE is configured with CRI reporting, a CRI report can be multiplexed with
other CSI parameters such as CQI, PMI, and/or RI. Several embodiments pertaining to this
issue can be described below.

In one embodiment (MUX-0), CRI is reported alone (separately from other CSI
parameters) and measured from a different RS/CSI-RS setting (analogous to CSI-RS
resource configuration in LTE) from that associated with CQI/PMI/RI. The RS setting used
for CRI calculation/reporting can include K>1 NZP CSI-RS resources. The separate RS
setting used for CQI/PMI/RI calculation/reporting can include only 1 NZP CSI-RS resource.
In this case, CRI is reported in different subframes/slots from at least one of CQI, PMI, and
RI.

In another embodiment (MUX-1), CRI is multiplexed (reported together) with CQI,
PMI, and/or RI, and measured from a RS/CSI-RS setting associated with CQI/PMI/RI. This
RS/CSI-RS setting can include K>1 NZP CSI-RS resources. In this case, CRI can be
reported in same subframes/slots as CQI/PMI/RI. CQI/PMI/RI is calculated by measuring
only one of the K>1 NZP CSI-RS resources — if CRI is configured with K4 = 1. Optionally,
if Ka> 1, K4 sets of CQI/PMI/RI are included in the CSI report.

Compared to MUX-1, MUX-0 allows UE to measure fewer number of CSI-RS
resources (“beams’) on average.

As previously mentioned, for each of K4 CSI-RS resource indices indicated in CRI, at
least one CSI-RSRP (or beam-RSRP) can also be reported. This CSI-RSRP can be treated as
a type of CQI or CSI parameter. When a UE is configured with CSI-RSRP reporting in
addition to CRI reporting, several embodiments can be described as follows. In one

embodiment, K4 CSI-RSRPs associated with K4 CSI-RS resources (“beams”) are reported in
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conjunction with CRI. In another embodiment, out of the K4 CSI-RS resources indicated by
CRI, CSI-RSRPs are given only for a subset of these resources (e.g. M < K4 CSI-RS
resources, wherein M can be either fixed or configured by the network or chosen by the UE).
In another embodiment, only one CSI-RSRP representing all the K4 CSI-RS resources
(“beams”™), e.g. average RSRP, minimum RSRP, or median RSRP across K1 CSI-RS
resources are reported in conjunction with CRI. In another embodiment, only two CSI-
RSRPs representing maximum and minimum CSI-RSRPs, maximum and mean CSI-RSRPs,
or mean and minimum CSI-RSRPs are reported in conjunction with CRI.

When a UE is configured to report CRI in conjunction with M < K4 CSI-RSRPs
associated with M < K4 CSI-RS resources (where the value of M is either fixed or
configured by the network), CRI and the M CSI-RSRPs can be concatenated to form a UCI
codeword as illustrated in FIGURE 6. This UCI codeword 600 is a bit sequence (which
includes the bit sequence for CRI 601 and the bit sequences for the M CSI-RSRPs 602)
ay, a4, ay, Az, ..., A4, With ay corresponding to the first bit of the CRI field in the UCI
codeword 600, a, corresponding to the second bit of the CRI field in the UCI codeword 600,
and a4 _; corresponding to the last bit of the last CSI-RSRP field (CSI-RSRP M-1) in the
UCI codeword 600.

For the third component (that is, periodic and semi-persistent CSI), semi-persistent
CSI (SP-CS]) is functionally the same as P-CSI except that SP-CSI requires an activation
(whether via RRC signaling, MAC CE, or L1 DL control signaling) to start and a
deactivation/release to stop.

In the present disclosure, P-CSI/SP-CSI is designed in such a way to avoid or
minimize inter-subframe/slot dependencies. When single-CW layer mapping is utilized, one
CQI representing all the layers in one CW can be used for a given reporting unit in
frequency domain. Therefore, CQI payload (whether it is one CQI per CSI reporting band or
subband CQI) is independent of the RI value. Furthermore, if P-CSI/SP-CSI is utilized for
low-resolution feedback (e.g. link maintenance) — such as Type I CSI in NR with one CQI
and one PMI for all the subbands in the CSI reporting band — the total CSI payload can be
readily fitted within one UL reporting subframe/slot.

In one embodiment, P-CSI/SP-CSI includes a single CSI reporting per CSI reporting

band which comprises a single RI representing all subbands in a configured CSI reporting

18521801_1 (GHMatters) P111072.AU



2017374457 28 Feb 2022

27

band, a single CQI representing all the L layers (where RI indicates a recommended rank of
L) and all the subbands in the configured CSI reporting band, and a single set of PMI
representing all the subbands in the configured CSI reporting band. The single PMI set can
be composed of one precoder index parameter i, or two precoder indices (first and second
PMI) i; and i,, or even more precoder indices. Furthermore, the first PMI can be composed
of one precoder index, two precoder indices i;; and i;, (e.g. for two-dimensional
codebooks). The aforementioned CQI, PMI, and RI are reported in one UL subframe/slot.
The UE calculates PMI conditioned on the reported RI in a same subframe/slot. Likewise,
the UE calculates CQI conditioned on the reported PMI and RI in a same subframe/slot.

In a variation of the above embodiment, a single CSI reporting parameter is used to

represent joint hypotheses for PMI and RI. For illustrative purposes, this CSI reporting

parameter can be termed R-PMI whose payload is [logZ(Zf’z"’fX Hr)] bits, where H,. is the
number of precoder hypotheses associated with rank-r and Ry, 1s the maximum number of

layers (value of rank) configured for the UE. An example of R-PMI is given in TABLE 2

where [logz(ZRMAX H,.)] bits are used and the remaining (2[1°g2(zfiwlAX Hr)| (ZRMAX H,) )

r=1 r=1
hypotheses, if any, are reserved, possibly for other/future usage. The single PMI set can be
composed of one precoder index parameter i, or two precoder indices (first and second PMI)
i; and i,, or even more precoder indices. Furthermore, the first PMI can be composed of one
precoder index, two precoder indices i, and i;, (e.g. for two-dimensional codebooks).
Therefore, a PMI hypothesis in TABLE 2 can represent a hypothesis for i, (iy,i;), or
(i11,842,15). This approach of using joint hypotheses allows a potentially more efficient
manner in minimizing P-CSI/SP-CSI payload especially when the number of PMI

hypotheses varies across different values of RI (which is usually the case).
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TABLE 2. Example of R-PMI definition

R-PMI
RI hypothesis PMI hypothesis
hypothesis
0 RI=1 Precoder 0 for RI=1
1 RI=1 Precoder 1 for RI=1
H —1 RI=1 Precoder H; — 1 for RI=1
(fo{‘x‘l H,) RI=Ry4x Precoder 0 for RI=Ry, 4
(XRuax-1 g 41 | RI=Ryax Precoder 1 for RI=R,, 45
Precoder Hg,, ,, — 1 for
(fofx Hr) RI=Rp4x
RI=Ryax
2[10g2 (Zfi"lAX Hr)] _ Reserved
1

In a variation of the above embodiment, when 2-CW layer mapping is utilized for
higher ranks (such as rank 5-8, or, optionally, rank 3-8) in addition to 1-CW layer mapping
for lower ranks (such as rank 1-4, or, optionally, rank 1-2, respectively), one CQI
representing all the layers in one CW or two CWs can be used for a given reporting unit in
frequency domain. Therefore, CQI payload (whether it is one CQI per CSI reporting band or
subband CQI) can still be independent of the RI value regardless of the number of CWs. In
this case, a single CSI reporting parameter, as described above in the previous paragraph, is
used to represent joint hypotheses for PMI and RI. For P-CSI/SP-CSI, the CSI report
includes a single CSI reporting per CSI reporting band which comprises a single RI
representing all subbands in a configured CSI reporting band, a single CQI representing all
the L layers (where RI indicates a recommended rank of L) and all the subbands in the
configured CSI reporting band, and a single set of PMI representing all the subbands in the
configured CSI reporting band.
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In another embodiment, when a UE is configured with CRI reporting, two options
exist regardless whether CRI and CQI/PMI/RI are calculated using a same CSI-RS resource
(MUX-1 in component 2) or two different CSI-RS resources (MUX-0 in component 2). In
the first option (Alt 0), CRI can be reported separately (for example, in a different set of
subframes/slots) from CQI/PMI/RI. This option is more natural for MUX-0. In the second
option (Alt 1), CRI is reported together with CQI/PMI/RI (in a same set of subframes/slots).
As previously mentioned for component 2, for each of K4 CSI-RS resource indices indicated
in CRI, at least one CSI-RSRP (or beam-RSRP) can also be reported.

In another embodiment when a UE is configured with DL or UL assignment which
indicates 2 CWs, the total payload for this case (including RI, PMI, and CQI) can be kept
the same. Here the number of bits allocated for reporting RI remains the same. However,
since one CQI is used per CW, only one field of CQI is included when L < 4 (CQI-1).
However, as the number of CWs is two, two CQI fields can be included (CQI-1 and CQI-2).
The second CQI CQI-2 can be reported as a full CQI or a differential CQI relative to the
first CQI CQI-1. An example is illustrated in diagram 610 of FIGURE 6. To maintain the
same payload for P-CSI, the PMI reporting for lower ranks can be decreased (since the
codebooks associated with higher ranks tend to be of smaller size). Therefore, the number of
bits for CQI-1 plus PMI when RI<4 is the same as the number of bits for CQI-1 plus CQI-2
plus PMI when RI>4.This is beneficial since precoding tends to perform better for lower
ranks.

When a UE is configured to report CSI for more than one (M>1) DL component
carriers (CCs) in case of carrier aggregation (CA), the bit sequences associated CSI-UClIs
for M different DL CCs can be concatenated (CCo | CCi | ... | CCum-1) into one UCI
codeword to be encoded with a channel coding block.

Each of the embodiments described for Component 3 applies (in general) for CSI
reporting with reasonably small payload — either periodic, semi-persistent, or aperiodic;
either wideband/partial-band (one report per a configured CSI reporting band) or subband
(one report per subband within a configured CSI reporting band). The associated CSI-UCI
can be transmitted via either a separate UL control channel from PUSCH (analogous to
PUCCH for LTE) or PUSCH itself by allocating a small number of PRBs or a fraction of
PRB (a set of sub-carriers within one PRB and/or a set of OFDM symbols within one slot).
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The second option (transmission on PUSCH) can be done whether CSI-UCI is multiplexed
with UL-SCH data or not.

For the fourth component (that is, aperiodic CSI), aperiodic CSI (A-CSI)
accommodates reporting with different frequency granularities (one report for all the Ngp
subbands in a configured CSI reporting band, or one report per subband in a configured CSI
reporting band) for CQI and PMI. RI and CRI (and its associated CSI-RSRP(s)), however,
are only reported with one frequency granularity (one report for all the Ngg subbands in a
configured CSI reporting band).

In addition, if single-CW layer mapping is used, CQI payload is independent of RI
value. PMI payload, however, can be dependent on RI value. For example, for Type I
(normal) CSI with lower spatial resolution, PMI payload can be made Rl-independent or
less dependent on RI value. For Type II (enhanced) CSI with higher spatial resolution, PMI
payload can be RI-dependent (for instance, PMI payload can be proportional to RI value
with per-layer quantization/feedback). The following embodiments, however, can be utilized
whether single-CW layer mapping is used or not. For example, they are also applicable for a
layer mapping where the maximum of 2 CWs are used (such as that used for LTE).

In one embodiment of the present disclosure (Scheme 0), all the reported CSI
parameters are jointly encoded into one codeword. This codeword, after code block (CB)
CRC insertion (or potentially CB segmentation), is an input to a channel coding block. This
embodiment is illustrated in diagram 700 of FIGURE 7 when CQI, PMI, and RI are
reported. An example use case for this embodiment is when only one PMI is reported for the
entire CSI reporting band (CRB), i.e. “wideband” or “partial-band” PMI reporting (either for
Type 1 CSI, Type II CSI, or both types). In this case, PMI and RI can be jointly indicated as
discussed in Component 3. Therefore, CQI can be jointly encoded with PMI and RI. Scheme
0 can also be used when a UE is configured with CRI reporting or CRI reporting in
conjunction with at least one CSI-RSRP or, in general, a quality metric for beam
management (including CQI).

In another embodiment of the present disclosure (Scheme 1), when a UE is configured
with RI reporting, Rl is separately encoded (codeword segment 1) while other reported CSI
parameters are jointly encoded into one codeword segment (codeword segment 2). This

codeword segment 2, after code block (CB) CRC insertion (or potentially CB segmentation),
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is an input to a channel coding block. Codeword segment 1 is an input to another channel
coding block. Since codeword segment 1 is short, a CRC can either be added or not. This
embodiment is illustrated in diagram 800 (where modulation mapper is applied on each
segments before multiplexing) and diagram 850 (where modulation mapper is applied after
multiplexing the two segments) of FIGURE 8.

In another embodiment of the present disclosure (Scheme 2), when a UE is configured
with RI reporting, RI and at least one other CSI parameter whose payload is independent of
the value of RI are jointly encoded to form a codeword segment 1. This codeword segment 1,
after code block (CB) CRC insertion (or potentially CB segmentation), is an input to a
channel coding block. Other remaining CSI parameters are jointly encoded to form another
codeword segment 2. This codeword segment 2, after code block (CB) CRC insertion (or
potentially CB segmentation), is an input to a channel coding block.

Compared to Scheme 1 and Scheme 3 (described later) wherein RI is also separately
encoded from at least one other CSI parameter, Scheme 2 allows RI (whose payload is
typically small) to be jointly encoded with at least one other CSI parameter such as the
payload of codeword segment 1 is large enough for justifying CRC insertion after channel
coding. With CRC, the gNB, upon receiving CSI-UCI transmission from the UE, can
perform error detection to reliably check whether the CSI-UCI is successfully decoded or
not. Erroneous detection of RI can be catastrophic as explained before.

In a variation of the previous embodiment (Scheme 2) of the present disclosure
(Scheme 2A), when a UE is configured with RI reporting, RI and CQI are jointly encoded to
form a codeword segment 1. This codeword segment 1, after code block (CB) CRC insertion
(or potentially CB segmentation), is an input to a channel coding block. PMI (all parameters
pertaining to PMI) is jointly encoded to form another codeword segment 2. This codeword
segment 2, after code block (CB) CRC insertion (or potentially CB segmentation), is an
input to a channel coding block. This embodiment is illustrated in diagram 900 (where
modulation mapper is applied on each segments before multiplexing) and diagram 901
(where modulation mapper is applied after multiplexing the two segments) of FIGURE 9A.
An example use case for this embodiment is when Type II CSI is reported with one PMI
report for all the subbands in the CSI reporting band (i.e. either “wideband” or “partial-band”
PMI). In this case, the PMI payload, albeit one report, is still reasonably large and can be
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encoded separately from CQI and RI (as codeword segment 2). Another example use case
for this embodiment is when subband PMI is reported (regardless of Type VI, single- or
dual-stage PMI).

In a variation of the previous embodiment (Scheme 2) of the present disclosure
(Scheme 2B), the CSI parameters included in PMI are partitioned into two parts: PMI part 1
and PMI part II. When a UE is configured with RI reporting, RI, CQI, and PMI part I are
jointly encoded to form a codeword segment 1. This codeword segment 1, after code block
(CB) CRC insertion (or potentially CB segmentation), is an input to a channel coding block.
PMI part II is jointly encoded to form another codeword segment 2. This codeword segment
2, after code block (CB) CRC insertion (or potentially CB segmentation), is an input to a
channel coding block. This embodiment is illustrated in diagram 910 (where modulation
mapper is applied on each segments before multiplexing) and diagram 911 (where
modulation mapper is applied after multiplexing the two segments) of FIGURE 9B.

Some sub-embodiments of Scheme 2B can be described as follows.

In a first sub-embodiment of Scheme 2B, PMI part I comprises the PMI reporting
parameters associated with the first layer whereas PMI part II comprises PMI reporting
parameters associated with the second to the last layer (with RI=L, this layer corresponds to
the L™). This embodiment is relevant especially for Type II CSI when PMI can be defined
per layer.

In a second sub-embodiment of Scheme 2B, PMI part I comprises the PMI reporting
parameters associated with the first or first stage (wideband) PMI parameter i, or (iyq1,i12)
which is common for all the layers, whereas PMI part I comprises PMI reporting
parameters associated with the second or second stage PMI parameter i, (which is RI-
dependent). This embodiment is relevant for both Type I and Type II CSI when PMI
payload depends on the value of RI. In one example use case of this sub-embodiment where
PMI frequency granularity is per subband, RI and the first or first stage (wideband) PMI
parameter i,, or (i,4,1;,) —one i; report per CSI reporting band regardless of PMI frequency
granularity —can be jointly indicated as described in Component 3. The second or second
stage PMI parameter i, (which is RI-dependent) can be reported per subband.

In a third sub-embodiment of Scheme 2B, PMI part I comprises the PMI reporting

parameters associated with the first or first stage (wideband) PMI parameter i, or (i11,i12)
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which is common for all the layers, as well as the second or second stage PMI parameter i,
associated with the first layer. PMI part I comprises PMI reporting parameters associated
with the second or second stage PMI parameter i, associated with the second to the last
layer (with RI=L, this layer corresponds to the L*). This embodiment is relevant especially
for Type 11 CSI when PMI can be defined per layer.

For Scheme 2/2A/2B, it is expected that each of the two codeword segments is
sufficiently large. Hence, a polar code or a TBCC can be used. In regard of CRC insertion
for the two codeword segments, a Lcrc-bit CRC can be inserted into each of the two
codeword segments (which results in two separate CRC insertions) before channel coding. If
the size of a segment is sufficiently large that code block/CB segmentation needs to be
performed, a Lcre-bit CRC can be inserted into each of the CBs. Optionally, only one Lcrc-
bit CRC can be used for both codeword segments (hence a joint CRC for segments 1 and 2).
In this case, CRC insertion is performed prior to segmenting the CSI-UCI codeword into
two. Likewise, if the size of a CSI-UCI codeword is sufficiently large that code block/CB
segmentation needs to be performed, a Lcre-bit CRC can be inserted into each of the CBs.

For Scheme 2/2A/2B, a gNB can first decode codeword segment 1 (which includes RI)
before segment 2 (whose size is RI-dependent). Based on the decoded RI value, the payload
size of segment 2 is known. In addition, if at least one Lcrc-bit CRC is inserted into
codeword segment 1, the gNB can check whether segment 1 is successfully decoded or not.
This increases the reliability of the gNB inference of the payload size of segment 2.

For Scheme 2/2A/2B, when a UE is configured with CRI reporting (with or without
CSI-RSRP), CRI or CRI+CSI-RSRP can be included in codeword segment 1, that is, jointly
encoded with RI and at least one other CSI parameter whose payload size is independent of
RI value.

In another embodiment of the present disclosure (Scheme 3), when a UE is configured
with RI reporting, RI is encoded to form a codeword segment 1, CQI is encoded to form a
codeword segment 2, and PMI is encoded to form a codeword segment 3. Each of the three
codeword segments, potentially after code block (CB) CRC insertion and/or CB
segmentation, is an input to a channel coding block. This embodiment is illustrated in
diagram 1000 (where modulation mapper is applied on each segments before multiplexing)

and diagram 1001 (where modulation mapper is applied after multiplexing the two segments)
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of FIGURE 10. Channel coding and CRC insertion for Scheme 3 follow those for Scheme
2/2A/2B by extension the descriptions for 3 codeword segments.

In a variation of any of the above embodiments 0/1/2/2A/2B/3, when 2-CW layer
mapping is utilized for higher ranks (such as rank 5-8, or, optionally, rank 3-8) in addition to
I-CW layer mapping for lower ranks (such as rank 1-4, or, optionally, rank 1-2,
respectively), one CQI representing all the layers in one CW or two CWs can be used for a
given reporting unit in frequency domain. Therefore, CQI payload (whether it is one CQI
per CSI reporting band or subband CQI) can still be independent of the RI value regardless
of the number of CWs. In this case, a single CSI reporting parameter, as described above in
the previous paragraph, is used to represent joint hypotheses for PMI and RI. For P-CSI/SP-
CSI, the CSI report includes a single CSI reporting per CSI reporting band which comprises
a single RI representing all subbands in a configured CSI reporting band, a single CQI
representing all the L layers (where RI indicates a recommended rank of L) and all the
subbands in the configured CSI reporting band, and a single set of PMI representing all the
subbands in the configured CSI reporting band.

Another embodiment of the present disclosure (Scheme 4) can be used when 2-CW
layer mapping is utilized for higher ranks (when RI > x, such as RI > 4, or, optionally, RI >
2) in addition to 1-CW layer mapping for lower ranks (when RI < x, such as RI < 4, or,
optionally, RI < 2, respectively). In this case, depending on the value of RI, the number of
CWs can change between 1 and 2, different CQIs can be used for the two different CWs
when the RI value implies the use of 2 CWs (that is, CQI-1 for the first CW and, when
RI>x, CQI-2 for the second CW). In other words, when RI < x (such as RI < 4, or,
optionally, RI < 2), one CQI (CQI-1) representing one CW is reported. Else, RI > x (such as
RI > 4, or, optionally, RI > 2), two CQIs (CQI-1 and CQI-2) representing two CWs are
reported. Two sub-embodiments of Scheme 4 are illustrated in FIGURE 11A and 11B.

In the sub-embodiment illustrated in FIGURE 11A, the CSI parameters included in
PMI are partitioned into two parts: PMI part I and PMI part 1. Therefore, the descriptions of
different examples for PMI part I and part II from Scheme 2/2A/2B can apply. When a UE
is configured with RI reporting, RI, CQI-1, and PMI part I are jointly encoded to form a
codeword segment 1. This codeword segment 1, after code block (CB) CRC insertion (or

potentially CB segmentation), is an input to a channel coding block. When RI > x (see
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above), PMI part 1I is jointly encoded with CQI-2 to form another codeword segment 2.
Otherwise, when RI < x, PMI part Il is encoded (by itself) to form another codeword
segment 2. This codeword segment 2, after code block (CB) CRC insertion (or potentially
CB segmentation), is an input to a channel coding block. This embodiment is illustrated in
diagram 1100 (where modulation mapper is applied on each segments before multiplexing)
and diagram 1101 (where modulation mapper is applied after multiplexing the two
segments) of FIGURE 11A.

In the sub-embodiment illustrated in FIGURE 11B, the CSI parameters included in
PMI are encoded together. When a UE is configured with RI reporting, RI and CQI-1 are
jointly encoded to form a codeword segment 1. This codeword segment 1, after code block
(CB) CRC insertion (or potentially CB segmentation), is an input to a channel coding block.
When RI > x (see above), PMI is jointly encoded with CQI-2 to form another codeword
segment 2. Otherwise, when RI < x, PMI is encoded (by itself) to form another codeword
segment 2. This codeword segment 2, after code block (CB) CRC insertion (or potentially
CB segmentation), is an input to a channel coding block. This embodiment is illustrated in
diagram 1110 (where modulation mapper is applied on each segments before multiplexing)
and diagram 1111 (where modulation mapper is applied after multiplexing the two
segments) of FIGURE 11B.

In another sub-embodiment which is applicable to Type II with rank 1-2, beam
amplitude/power coefficients can be reported separately in addition to the first PMI (PMI
part 1) 71. Based on the value of such (wideband) beam amplitude/power coefficients, the
subband reporting payload can be adjusted. In one example, when some of the beam
amplitude/combining coefficients are zero, the total subband reporting payload can be
reduced by not reporting, for instance, the subband part of the amplitude/power coefficients
(when the UE is configured to report subband beam amplitude/power coefficients in
addition to wideband beam amplitude/power coefficients). Here, the value of L can be
configured via higher layer signaling or MAC CE. However, when some of the wideband
amplitude/power coefficients can be zero, the total reported CSI varies dynamically.

Therefore, the first segment can carry CSI parameters which are not affected by RI
and/or the number of non-zero wideband amplitude/power coefficients, such as the

wideband amplitude/power coefficients for the first layer (Amp-1, which includes the
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indicator for the strongest/leading coefficient for the first layer), along with RI (maximum of
2), CQI (only one CQI is reported since the maximum rank is 2), and the first PMI (i1 which
is reported as a wideband CSI parameter, denoted as PMI part 1). The second segment
includes the second PMI (i2 which can be reported per subband and per layer, denoted as
PMI part 2), the wideband amplitude/power coefficients for the second layer (Wideband
Amp-2, if RI=2, which includes the indicator for the strongest/leading coefficient for the
second layer), and the subband part of the amplitude/power coefficients (Subband Amp-1
for the first layer and, if RI=2, Subband Amp-2 for the second layer, when the UE is
configured to report subband beam amplitude/power coefficients in addition to wideband
beam amplitude/power coefficients). This is illustrated in diagram 1120 of FIGURE 11C.

Optionally, the wideband amplitude/power coefficients for the second layer
(Wideband Amp-2, which includes the indicator for the strongest/leading coefficient for the
second layer) can be included in the first segment as illustrated in diagram 1121 of FIGURE
11C (since the payload of this wideband reporting). In this case, since the payload for the
first segment is to be kept the same regardless of the value of RI (1 or 2), the payload of the
first segment is determined or provisioned assuming RI=2.

The embodiments illustrated in diagrams 1120 and 1121 can be extended when Type 1
is supported for rank 1, 2, 3, and 4. The extension can be inferred by those skilled in the art.

In another sub-embodiment illustrated in diagram 1122 (a variation of the previous
embodiment illustrated in diagram 1121) which is applicable to Type II with rank 1-2, beam
amplitude/power coefficients can be reported separately in addition to the first PMI (PMI
part 1) 71. Based on the value of such (wideband) beam amplitude/power coefficients, the
subband reporting payload can be adjusted. In one example, when some of the beam
amplitude/combining coefficients are zero, the total subband reporting payload can be
reduced by not reporting, for instance, the subband part of the amplitude/power coefficients
(when the UE is configured to report subband beam amplitude/power coefficients in
addition to wideband beam amplitude/power coefficients). Here, the value of L can be
configured via higher layer signaling or MAC CE. However, when some of the wideband
amplitude/power coefficients can be zero, the total reported CSI varies dynamically.

In this example sub-embodiment, the wideband amplitude/power coefficients

associated with both the first and the second layer (Wideband Amp-1, which includes the
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indicator for the strongest/leading coefficient for the first layer, Wideband Amp-2, which
includes the indicator for the strongest/leading coefficient for the second layer) can be
included in the first segment as illustrated in diagram 1122 of FIGURE 11C (since the
payload of this wideband reporting). Here both sets of coefficients are included regardless of
the value of RI. However, RI is not included or reported — but instead can be inferred from
the values of Wideband Amp-1 and/or Wideband Amp-2. For example, if the 2L amplitude
coefficients corresponding to Wideband Amp-2 are zero, it can be assumed that RI=1. Or
similarly if the 2L amplitude coefficients corresponding to Wideband Amp-1 are zero, it can
be assumed that RI=1.

In this case, since the payload for the first segment is to be kept the same regardless of
the value of RI (1 or 2), the payload of the first segment is determined or provisioned
assuming RI=2.

In another sub-embodiment illustrated in diagram 1130 in FIGURE 11D (a variation
of the previous embodiment illustrated in diagram 1121 in FIGURE 11C) which is
applicable to Type II with rank 1-2, three-part UCI multiplexing is used wherein CQI, RI,
and PMI part 1 are multiplexed and encoded together in part 1, but separately from
Wideband Amp-1 and/or Wideband Amp-2 (Wideband Amp-2 is included only if RI=2,
otherwise only Wideband Amp-1 is included) in part 2. The other parameters (PMI part 2,
Subband Amp-1, and, if RI=2, Subband Amp-2) are multiplexed in part 3, which is
separately encoded from Part 1 and Part 2, Based on the value of such (wideband) beam
amplitude/power coefficients, the subband reporting payload can be adjusted. In one
example, when some of the beam amplitude/combining coefficients are zero, the total
subband reporting payload can be reduced by not reporting, for instance, the subband part of
the amplitude/power coefficients (when the UE is configured to report subband beam
amplitude/power coefficients in addition to wideband beam amplitude/power coefficients).
Here, the value of L can be configured via higher layer signaling or MAC CE. However,
when some of the wideband amplitude/power coefficients can be zero, the total reported CSI
varies dynamically.

In this example sub-embodiment, the wideband amplitude/power coefficients
associated with both the first and the second layer (Wideband Amp-1, which includes the
indicator for the strongest/leading coefficient for the first layer, Wideband Amp-2, which
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includes the indicator for the strongest/leading coefficient for the second layer) can be
included in the second segment (part 2) as illustrated in diagram 1130 of FIGURE 11D
(since the payload of this wideband reporting varies with reported RI).

Optionally, as illustrated in diagram 1131 of FIGURE 11D, part 1 included RI and
CQI whereas part 2 includes PMI part 1, Wideband Amp-1, and Wideband Amp-2
(Wideband Amp-2 is included only if RI=2, otherwise only PMI part 1 and Wideband Amp-
I are included) in part 2.

In another sub-embodiment illustrated in diagram 1132 in FIGURE 11D (a variation
of the previous embodiment illustrated in diagram 1121 in FIGURE 11C) which is
applicable to Type II with rank 1-2, three-part UCI multiplexing is used wherein CQI, RI,
PMI part 1, and Wideband Amp-1 are multiplexed and encoded together in part 1, and
Wideband Amp-2 (Wideband Amp-2 is reported only if RI=2) in part 2. The other
parameters (PMI part 2, Subband Amp-1, and, if RI=2, Subband Amp-2) are multiplexed in
part 3, which is separately encoded from part 1 and part 2, Based on the value of such
(wideband) beam amplitude/power coefficients, the subband reporting payload can be
adjusted. In one example, when some of the beam amplitude/combining coefficients are
zero, the total subband reporting payload can be reduced by not reporting, for instance, the
subband part of the amplitude/power coefficients (when the UE is configured to report
subband beam amplitude/power coefficients in addition to wideband beam amplitude/power
coefficients). Here, the value of L can be configured via higher layer signaling or MAC CE.
However, when some of the wideband amplitude/power coefficients can be zero, the total
reported CSI varies dynamically.

In this example sub-embodiment, the wideband amplitude/power coefficients
associated with the first layer (Wideband Amp-1, which includes the indicator for the
strongest/leading coefficient for the first layer), is included in the first segment (part 1). The
payload of part 1 reporting is hence fixed. The wideband amplitude/power coefficients
associated with the second layer (Wideband Amp-2, which includes the indicator for the
strongest/leading coefficient for the second layer) is included in the second segment (part 2)
as illustrated in diagram 1132 of FIGURE 11D. Since the payload of this wideband
reporting (part 2) varies depending on the reported RI. If RI=1, part 2 is not reported, and if
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RI=2, the Wideband amp-2 for the second layer (included in part 2) is reported. Part 3, on
the other hand, is reported.

Optionally, as illustrated in diagram 1133 of FIGURE 11E, part 1 includes RI, CQI,
and Wideband Amp-1 whereas part 2 includes PMI part 1 and Wideband Amp-2 (Wideband
Amp-2 is included only if RI=2, otherwise only PMI part 1 is included) in part 2.

In the previous embodiments (illustrated in diagrams 1121 — 1133) on Type II CSI
reporting, the PMI part 1 (71) indicates the following two components: 1) The rotation factor
(q1,92) where q4,q, € {0,1,2,3}, which corresponds to 16 combinations (hence requires 4-

bits reporting), and 2) The selection of L orthogonal beams, which is either joint,

[10g2<N1LN2>] bits, or independent per beam, L[log,(N;N,)] bits. The two components are

reported either jointly or separately as two components of PMI part 1.

In the above embodiments (illustrated in diagrams 1121 — 1133) on Type II CSI
reporting, the Wideband Amp-1 and Wideband Amp-2 can also be referred to as RPIo and
RPI: where RPI stands for relative power indicator. Furthermore, RPlo indicates the

strongest/leading coefficient for the first layer and Wideband (WB) amplitudes

pSAO/B), ...,p(()f/lzjsz of remaining (2L — 1) coefficients for the first layer, meanwhile RPIi

indicates the strongest/leading coefficient for the second layer and WB amplitudes

p%/B), s PiZLB—)z of remaining (2L — 1) coefficients for the second layer.

The strongest/leading coefficients for the first layer and second layer can also be
referred to as SClo and SCIi, SCI stands for strongest coefficient indicator. In a variation,
SCIo and SCI can also be reported separately from Wideband (WB) amplitudes for the two
layers. In this case, RPIo and RPIi indicate the WB amplitude of the remaining (2L — 1)
coefficients for the two layers.

In the above embodiments (illustrated in diagrams 1121 — 1133) on Type II CSI
reporting, the Subband Amp-1 and Subband Amp-2 can also be referred to as SRPIo and
SRPIi where SRPI stands for subband relative power indicator. Furthermore, SRPIo

indicates the Subband (SB) amplitudes p(g_SOB ), ...,péi?_Z of remaining 2L-1 coefficients for

the first layer, and SRPI indicates the Subbband (SB) amplitudes pﬁ)B), ...,pgl?_z of

remaining 2L-1 coefficients for the second layer.
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In the above embodiments (illustrated in diagrams 1121 — 1133) on Type II CSI
reporting, the PMI part 2 (i2) indicates the SB phase of 2L -1 coefficients for each layer. So,
if RI=1, then PMI part 2 corresponds to i2= i20 for one layer, and if RI=2, then PMI part 2
corresponds to i2 = (i20, i2,1) for two layers.

For each layer, the SB phase and SB amplitude can also be reported jointly as PMI
part 2-1 (comprising i2,0 and SRPIy for the first layer) and PMI part 2-2 (comprising i2,1 and
SRPI: for the second layer). Two examples are illustrated in FIGURE 11E (diagrams 1134
and 1135).

In the embodiments on Type II CSI reporting, the PMI comprises a first (WB) PMI i
and a second (SB) PMI i2. The first PMI i1 = [i1,1, 1.2, 71,3, i1.4] comprises two layer-common
(i.e., reported common for two layers if UE reports RI = 2) components: 1) Orthogonal basis
set (indicated using index 71,1 indicating the rotation factors (g1, g2)) and 2) L beam selection
(indicated using index i12). In addition, two layer-specific (i.e., reported for each of the two

layers if UE reports RI = 2) components are reported: 1) Strongest coefficient (indicated

using index 713) and 2) WB amplitudes Pz(,? (indicated using index 71.4).

[i134] RI=1

. . and
[t131 Ugzz2] RI=2

The indices 71,3 and 714 can be further described as i 3 = {

i _ {[i1,4,1] RI=1
1,4 —

lisss i142] RI=2 The second PMI iz = [i2,1, i22] comprises two layer-specific
components: 1) SB phase ¢, ; indicated using index i2,1 and 2) SB amplitude Pz(,? (which can
be turned ON or OFF by RRC signaling) indicated using index i»2, wherein i, =
ghm] RI = _ :ghm] RI=1
[i211 f212] RI=2 ' [i221 l222] RI=2
Note that iy 35, i1 42, 212 and iy, , are reported only when RI = 2 is reported. The
subscript [ € {0,1} is used for layers, and the subscript i € {0,1,..,2L — 1} is used for
coefficients. The first PMI is reported in a wideband (WB) manner and the second PMI can
be reported in a wideband or subband (SB) manner.
In the embodiment illustrated in diagram 1140 which is applicable to Type II with
rank 1-2, as shown in FIGURE 11F, two-part UCI multiplexing is used wherein CQI, RI,

and (Ngi,Ng,) are multiplexed and encoded together in part 1, where Ny; and Ny,

respectively indicate (DEF A) the number of reported WB amplitudes that are zero for layer
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1 and layer 2 respectively, i.e., pl(}) = 0; or optionally, they indicate (DEF B) the number of

reported WB amplitudes that are non-zero for layer 1 and layer 2 respectively, i.e., pl(}) * 0;
The remaining CSI parameters are multiplexed and encoded together in part 2, where the
remaining CSI includes the first PMI 71 and the second PMI (i2).

Based on the value of the reported (Ny 1, No,) in part 1, the CSI reporting payload
(bits) for part 2 is determined. In particular, the components of the second PMI i, are
reported only for the coefficients whose corresponding reported WB amplitudes are non-
Zero.

In the embodiment illustrated in diagram 1141 which is applicable to Type II with
rank 1-2, three-part UCI multiplexing is used wherein part 1 is the same as in the
embodiment illustrated in diagram 1140, part 2 and part 3 comprise the components of the
first PMI i; and the second PMI i, according to at least one of the options shown in TABLE
3 An illustration (for diagram 1141 in TABLE 3) is shown in FIGURE 11F.

TABLE 3: Options for part 2 and part 3 for the embodiment illustrated in diagram 1141

Options Part 2 Part 3
1141-0 i Iy
1141-1 I13,014 {11, l1,2, Iz
1141-2 i13 {11, l1,2, {145 L2
1141-3 i14 l1,15 l1,25 l1,35 L2

The number of candidate values for (Ny,, Ny ,) reporting depends on the value of L
which is configured (via RRC). At least one of the following options is used to report
(No,1,Np,2). In one option (Alt A), wherein we assume DEF A for (Ng 1,Ng ), No 1 and Ny,
takes a value from {0,1, ...,2L — 1}. In another option (Alt B), wherein we assume DEF A
for (Ny 1,Ng2), Ng1 and Ny, takes a value from {0,1,...,2L — 2}, since the WB amplitude
for the strongest coefficient (indicated by i, 3) can’t be zero, it is excluded in reporting N 4
and Ny, and hence the range of values for Ny and Ny, can be reduced by 1. In another
option (Alt C), wherein we assume DEF B for (N, ;,Ng ), No 1 and Ny , takes a value from
{0,1,...,2L — 1}. In another option (Alt D), wherein we assume DEF B for (N, 1,Ng ), No 1
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and Ny, takes a value from {0,1, ...,2L — 2} (or optionally {1,2,...,2L — 1}), since the WB
amplitude for the strongest coefficient (indicated by i; 3) is always non-zero, it is excluded
(or optionally always included) in reporting Ny ; and Ny, and hence the range of values for
Ny, and Ny, can be reduced by 1. In one option (Alt E), wherein we assume DEF A for
(No1-No2), Ngq takes a value from {0,1,...,2L — 1}, and Ny, = 2L if RI=1 and takes a
value from {0,1, ...,2L — 1} if RI=2. In one option (Alt F), wherein we assume DEF B for
(No1,No,2), Ny 1 takes a value from {1, ...,2L}, and Ny, = 0 if RI=1 and takes a value from
{1, ...,2L} if RI=2. Note that the minimum value that Ny ; and N, , can take is 1 since the
strongest coefficient (indicated by i; 3) is always non-zero (equals 1). Optionally, if the
strongest coefficient is excluded in determining (Ngq,Np ), then Ny, takes a value from
{0,....,2L — 1}, and Ny, = —1if RI=1 and takes a value from {0, ...,2L — 1} if RI=2. The
former values for (Ny;,Np,) are assumed in later embodiments involving Alt F. The
embodiments are however general and are applicable to the later values. In one option (Alt
G), wherein we assume DEF A for (Ny 1,Ny »), No 1 takes a value from {0,1, ..., P — 1}, and
Ny, = P if RI=1 and takes a value from {0,1, ..., P — 1} if RI=2, where 0 < P < 2L. In one
option (Alt H), wherein we assume DEF B for (Ny1,Ng ), No 1 takes a value from {2L —
P+1,..,2L}, and Ny, = 0 if RI=1 and takes a value from {2L — P + 1, ...,2L} if RI=2,
where 0 < P < 2L. Note that the minimum value that Ny ; and N; , can take is 1 since the
strongest coefficient (indicated by i; 3) is always non-zero (equals 1). Optionally, if the
strongest coefficient is excluded in determining (Ny 1,Np2), No; takes a value from {2L —
P,..,2L —1}, and Ny, = —1if RI=1 and takes a value from {2L — P, ...,2L — 1} if RI=2.
The former values for (Ng1,Np ) are assumed in later embodiments involving Alt H. The
embodiments are however general and are applicable to the later values.

An example value for P in Alt G and Alt H is fixed to P = L. Optionally, P is
configured via higher layer (RRC) signaling or more dynamic MAC CE based or DCI based
signaling.

In one sub-embodiment of this embodiment, the RI and (Ny4,Np,) are reported
separately using 1-bit for RI reporting, and [log,(2L)] bits (for Alt A, Alt C, Alt E, and Alt
F) or [log,(2L — 1)] bits (for Alt B and D) or [log,(P)] bits (for Alt G and H) if R =1 is
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reported, and using 2[log, (2L)] bits (for Alt A, Alt C, Alt E, and Alt F) or 2[log,(2L — 1)]
bits (for Alt B and D) or 2[log,(P)] bits (for Alt G and H) if RI =2 is reported.

In another sub-embodiment of this embodiment (based on Alt A to Alt D), the RI and
(No1.Ny ) are reported joint according to at least one of the following options. In one
option, wherein we assume Alt A or Alt C for (Ny,,N, ) reporting, Ny, and Ny, takes a
value from {0,1, ...,2L — 1}. The corresponding joint RI and (N, ;,N, ») reporting table is as
shown in TABLE 4. Optionally, the joint reporting is according to separate tables as shown
in TABLE 5, TABLE 6, and TABLE 7 for L = 2, 3, and 4, respectively. The number of bits
to report (/) for this joint report is [log,(4L* + 2L)] which corresponds to 5, 6, and 7 bits for
L =2, 3, and 4, respectively. In one option, wherein we assume Alt B or Alt D for
(Ng 1.Ny ») reporting, Ny ; and N, , takes a value from {0,1,...,2L — 2}. The corresponding
joint RI and (Ngy4,Np ) reporting table is as shown in TABLE 8. Optionally, the joint
reporting is according to separate tables as shown in TABLE 9, 10, and 11 for L =2, 3, and
4, respectively. The number of bits to report (/) for this joint report is [log,(4L* — 2L)]
which corresponds to 4, 5, and 6 bits for L =2, 3, and 4, respectively.

TABLE 4: Joint RI and (N 1,Np 2) reporting table for all L

Index (/) RI (No,1,Np 2) or (Ng2,Ng 1)
0to2L-1 1 (0,0), (1,0), (2,0),...(2L-1,0)
2L to4L-1 (0,0), (1,0), (2,0),...(2L-1,0)
41 to 6L-1 5 (0,1), (1,1), (2,1),...(2L-1,1)
AL% to AL*+2L-1 (0,2L-1), (1, 2L-1), (2, 2L-1),...(2L-1, 2L-1)

TABLE 5: Joint RI and (N 1,Np 2) reporting table for L =2

Index (1) RI (No,1,No,2) or (Np2,Ng 1)
Oto3 1 (0,0), (1,0), (2,0),(3,0)
4107 (0,0), (1,0), (2,0),(3,0)
8to 11 5 (0,1), (1,1), (2,1),(3,1)

12to 15 (0,2), (1,2), (2,2),(3,2)

16 to 19 (0,3), (1,3), (2,3),(3,3)
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TABLE 6: Joint RI and (N 1,Ng 2) reporting table for L =3

Index (1) RI (No,1,No,2) or (Ng2,Np 1)
0105 1 (0.0, (10), (2,0)....(5.0)
61011 (0.0, (1,0), (2.0)....(5.0)

1210 17 , 0.1, (1,1), 2.1)....(5.1)

36 t0 41 0,5, (1,5),(2.5)....(5. 5)

TABLE 7: Joint RI and (N 1,Np 2) reporting table for L = 4

Index (1) RI (No,1,No,2) or (Np2,Ng 1)
0to7 1 (0.0, (1,0), (2.0....(7.0)
8o 15 (0.0, (1,0), (2.0)....(7.0)
16 t0 23 , ©.1), (1.1), 21)....(7.1)

64 to 71 ©, 7). (L, 1), 2. T (T, 7)

TABLE 8: Joint RI and (N 1,Np 2) reporting table for all L

Index (1) RI (No,1,Np2) or (Np2,Np,1)

0to2L-2 1 (0,0), (1,0), (2,0),...(2L-2,0)
2L-1to 4L-3 (0,0), (1,0), (2,0),...(2L-2,0)
4L-2 to 6L-4 5 (0,1), (1,1), (2,1),...(2L-2,1)

4L*-4L+1 to 4L2-2L-1

(0,2L-2), (1, 2L-2), (2, 2L-2),...(2L-2, 2L-2)

TABLE 9: Joint RI and (N 1,Nj ») reporting table for L =2

Index (/) RI (No,1-Np 2) or (Ng2,Ng 1)
0 to 2 1 (0,0), (1,0), (2,0)
3105 (0,0), (1,0), (2,0)
6108 2 (0,1), (1,1), (2,1)
9to 11 (0,2), (1,2), (2,2)

18521801_1 (GHMatters) P111072.AU




2017374457 28 Feb 2022

45

TABLE 10: Joint RI and (Ng 1,Np 2) reporting table for L =3

Index (/) RI (No,1,No,2) or (Ng2,Np 1)
Oto4 1 (0,0), (1,0, (2,0),...(4,0)
5t09 (0,0), (1,0), (2,0),...(4,0)

10 to 14 ) (0,1), (1,1), (2,1),...(4,1)

25 to0 29 0,4),(1,4),(2,4),...4,4)

TABLE 11: Joint RI and (Ny 4,Ny ) reporting table for L = 4

Index (1) RI1 (No.1.Ng 2) or (Ny2.Np 1)
0to6 1 0.0), (1.0), (2.0)... (6.0
7o 13 0.0), (1.0), (2.0)... (6.0
14 10 20 , O.1), (L1, 2.1, (6.1

49 10 55 0, 6), (1. 6), (2, 6)....(6. 6)

In another sub-embodiment of this embodiment (based on Alt E and Alt F), the RI and
(No,1,Ny») are reported joint according to at least one of the following options. In one
option, wherein we assume Alt E for (Ng1,Ny,) reporting, the joint RI and (N ;,Np2)
reporting table is as shown in TABLE 12. Optionally, the joint reporting is according to
separate tables as shown in TABLE 13, 14, and 15 for L = 2, 3, and 4, respectively. The
number of bits to report () for this joint report is [log, (4L* + 2L)] which corresponds to 5,
6, and 7 bits for L = 2, 3, and 4, respectively. In one option, wherein we assume Alt F for
(No,1,Ng 2) reporting, the joint RI and (Ny 1,Np 2) reporting table is as shown in TABLE 16.
Optionally, the joint reporting is according to separate tables as shown in TABLE 17, 18,
and 19 for L = 2, 3, and 4, respectively. The number of bits to report (/) for this joint report
is [log, (4L? + 2L)] which corresponds to 5, 6, and 7 bits for L = 2, 3, and 4, respectively.
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TABLE 12: Joint RI and (Ng 1,Ny ») reporting table for all L

417 to 4L*+2L-1

Index (1) RI (No,1,No,2) or (Np 2.Np 1)
0to2L-1 1 (0,2L0), (1,2L), (2,2L),...(2L-1,2L)
2L to 4L-1 (0,0), (1,0), (2,0),...(2L-1,0)
4L to 6L-1 5 (0,1), (1,1), (2,1),...(2L-1,1)

(0,2L-1), (1,2L-1), (2,2L-1),...(2L-1,2L-1)

TABLE 13: Joint RI and (Ny 4,Ny ) reporting table for L =2

Index (1) RI (No,1,Np,2) or (N 2,Ng 1)
0to3 1 (0,4), (1,4), (2,4),3.4)
4107 (0,0), (1,0), (2,0).(3,0)
8to 1l ) (0,1), (1,1), (2,1),3,1)
12to 15 (0,2), (1,2), (2,2),(3.,2)
16 to 19 (0,3), (1,3), (2,3),(3,3)

TABLE 14: Joint RI and (Ng 1,Np 2 ) reporting table for L =3

Index (/) RI (No,1,Np 2) or (Ng 2,Ng 1)
Oto5 1 (0,6), (1,6), (2,6),...(5,6)
6toll (0,0), (1,0), (2,0),...(5,0)

12to 17 5 (0,1), (1,1), (2,1),...(5,1)

36to 41 (0,5), (1,5), (2,5),...(5,5)
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TABLE 15: Joint RI and (Ny 1,Ny ») reporting table for L = 4

Index (1) RI (No,1,No 2) or (Ny 2,Np 1)
Oto7 1 (0,8), (1,8), (2,8),...(7,8)
8to 15 (0,0), (1,0), (2,0),...(7,0)

16 to 23 5 (0,1), (1,1), (2,1),...(7,1)

64t071 0,7, (1,7, 2,7),...(7,7)

TABLE 16: Joint RI and (Ng 1,Ny ») reporting table for all L

417 to 4L*+2L-1

Index (1) RI (No,1,Np2) or (Np2,Np,1)
0to2L-1 1 (1,0), (2,0), (3,0),...(2L,0)
2L to 4L-1 (1,1), (2,1), (3,1),...(2L,1)
4L to 6L-1 5 (1,2), (2,2), (3,2),...(2L,2)

(1,2L), (2,2L), 3,2L),...(2L,2L)

TABLE 17: Joint RI and (Ny 1,Ny ) reporting table for L =2

Index (1) RI (No,1-No,2) or (No2, No 1)
0to3 1 (1,0, (2,0, (3,0),(4,0)
4107 (LD, (2,1), 3,1),(4,1)
8to 11 ) (1,2),(2,2), (3,2),(4.2)

12 to 15 (1,3),(2,3), 3,3),(4,3)

16 to 19 (1.4), (2,4), 3.4),(4.4)
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TABLE 18: Joint RI and (Ng 1,Np 2 ) reporting table for L =3

Index (1) RI (No,15Np 2) or (Ng2,Ng 1)
0to5 1 (1,0), (2,0), ...,(6,0)
6to 1l (151)5 (2a1)a a(651)
12to0 17 ) (1,2), (2,2), ...,(6,2)

36 to 41 (1,6), (2,6), ...,(6,6)

TABLE 19: Joint RI and (Ny 1,Ny ») reporting table for L = 4

Index (1) RI (No,1,Np 2) or (Np2,Np,1)
Oto7 1 (1,0), (2,0), ...,(8,0)
8to 15 (1,1), (2,1), ....,(8,1)

16 to 23 5 (1,2), (2,2), ....,(8,2)

64 to 71 (1,8), (2,8), ...,(8,8)

In another sub-embodiment of this embodiment (based on Alt G and Alt H), the RI
and (Ny 1,Ny 2) are reported joint according to at least one of the following options. In one
option, wherein we assume Alt E for (Ng1,Ny,) reporting, the joint RI and (N ;,Np2)
reporting table is as shown in TABLE 20. Optionally, the joint reporting is according to
separate tables as shown in TABLE 21, 22, and 23 for L = 2, 3, and 4, respectively. The
number of bits to report () for this joint report is [log, (P% + P)] which corresponds to 3, 4,
and 5 bits for L = 2, 3, and 4, respectively. In one option, wherein we assume Alt F for
(No,1,Ng 2) reporting, the joint RI and (Ng 1,Np 2) reporting table is as shown in TABLE 24.
Optionally, the joint reporting is according to separate tables as shown in TABLE 25, 26,
and 27 for L = 2, 3, and 4, respectively. The number of bits to report (/) for this joint report
is [log, (P? + P)] which corresponds to 3, 4, and 5 bits for L = 2, 3, and 4, respectively.
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TABLE 20: Joint RI and (Ng 1,Ny ») reporting table for all L

Index (/) RI (NO,laNO,Z) or (No,z ,No,l)
0to P-1 1 (0,P), (1,P), (2,P),...(P-1,P)
Pto 2P-1 (0,0), (1,0), (2,0),...(P-1,0)
2P to 3P-1 5 (0,1), (1,1), (2,1),...(P-1,1)
P?to P*+P-1 (0,P-1), (1,P-1), (2,P-1),...(P-1,P-1)

TABLE 21: Joint RI and (Ng 1,Ny ») reporting table for P =L =2

Index (1) RI (No,1,Np,2) or (Ng 2,Ng 1)
0,1 1 (0,2), (1,2)
2,3 ) (0,0, (1,0)
4,5 (0,1), (L,1)

TABLE 22: Joint RI and (Ng 1,Np 2) reporting table for P=L =3

Index (1) RI (No,1-No,2) or (Np2,Np 1)
0to2 1 (0,3), (1,3), (2,3)
3t05 (0,0, (1,0), (2,0)
6to8 2 (0,1), (1,1), (2,1)
9to 11 (0,2), (1,3),(2,2)
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TABLE 23: Joint RI and (Ny 1,Ny ) reporting table for P = L = 4

Index (/) RI (No,1,No,2) or (Ng2,Np 1)
0to3 1 (0,4), (1,4), (2,4),(3,4)
4107 (0,0, (1,0), (2,0),(3,0)
8to 11 ) (0,1), (1,1), (2,1),(3.1)

12to 15 (0,2), (1,2), (2,2),(3.,2)

16 to 19 (0,3), (1,3), (2,3),(3,3)

TABLE 24: Joint RI and (Ng 1,Ny ») reporting table for all L

Index () RI (No,1,No,2) or (Ny2,Np 1)
0to P-1 1 (2L-P+1,0),...(2L,0)
Pto2P-1 (2L-P+1, 2L-P+1),...2L, 2L-P+1)
2
P? to P>+P-1 (2L-P+1,2L),...(2L, 2L)

TABLE 25: Joint RI and (Ng 1,Ny ) reporting table for P =L =2

Index (/) | RI (No,1,No 2) or (Ny 2,Np 1)
0,1 1 (3,0), (4,0)
2,3 ) (3,3), (4.3)
4,5 3.4, (4.4)

TABLE 26: Joint RI and (N 1,N; ») reporting table for P=L =3

Index (/) RI (No,15Np 2) or (Ng2,Ng 1)
0to2 1 (4,0), (5,0), (6,0)
3105 (4.4), (5.4), (6,4)
6108 2 (4.5), (5.5), (6,5)
910 11 (4.,6), (5.6), (6,6)
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TABLE 27: Joint RI and (Ng 1,Ny ») reporting table for P = L = 4

Index (/) RI (No,1,No,2) or (Ng2,Np 1)
Oto3 1 (5,0), (6,0), (7,0),(8,0)
4to07 (5,5), (6,5), (7,5),(8,5)
8to 11 5 (5,6), (6,6), (7,6),(8,6)

12to 15 (5,7), (6,7), (7,7),(8,7)

16 to 19 (5,8), (6,8), (7,8),(8,8)

In the embodiment illustrated in diagram 1150 which is applicable to Type II with
rank 1-2, as shown in FIGURE 11G, two-part UCI multiplexing is used wherein the two
parts are the same as in the embodiment illustrated in diagram 1140 except that RI is not
reported explicitly in part 1. RI is derived implicitly using reported (Ng 1, Ny »). In particular,
the reported Ny , value is used to derive RI value according to at least one of the following
options. In one option, assuming Alt E for (Ny 4, Ny ») reporting, if Ny, = 2L, then RI=1,
otherwise (N, , € {0,1,..,2L — 1},) RI=2. In another option, assuming Alt F for (Ny,, Ny »)
reporting, if Ny, = 0, then RI=1, otherwise (N, € {1,2,..,2L}), RI=2. In another option,
assuming Alt G for (Ngi,Ny,) reporting, if Ny, = P, then RI=1, otherwise (Ny, €
{0,1,.., P — 1}), RI=2. In another option, assuming Alt H for (N ;, Ny ) reporting, if Ny, =
0, then RI=1, otherwise (Ny, € {2L — P + 1,..,2L}), RI=2.

In the embodiment illustrated in diagram 1151 which is applicable to Type II with
rank 1-2, as shown in FIGURE 11G, three-part UCI multiplexing is used wherein the three
parts are the same as in the embodiment illustrated in diagram 1141 (with four options in
TABLE 3) except that RI is not reported explicitly in part 1. RI is derived implicitly using
reported (Nyq,Ny,). In particular, the reported Ny, value is used to derive RI value
according to at least one of the options in the embodiment illustrated in diagram 1150.

In another embodiment which is a variation of the embodiment illustrated in diagram
1140, instead of reporting (Ny 4, Ny ») for number of WB amplitudes that are zero or non-
zero, an indicator is reported for each WB amplitude using a bitmap B which is a
concatenation of two bitmaps, i.e., B = ByB; or B;B,, where each of bitmap B, =

b0,0bO,l' . bO,ZL—l and bltmap Bl = bl,Obl,l' vy bl,ZL—l IS Of length 2L. If a blt bl,] = O, thel’l
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the corresponding WB amplitude is zero, and if a bit b; ; = 1, then the corresponding WB
amplitude is non-zero. Optionally, if a bit b; ; = 0, then the corresponding WB amplitude is
non-zero, and if a bit b; ; = 1, then the corresponding WB amplitude is zero. An example of
the bitmap for RI = 1 and 2 is illustrated in TABLE 28. So, the number of bits to report RI=1
or 2 and WB amplitude bitmap B is 4L + 1, which corresponds to 9, 13, and 17 bits for L =
2, 3, and 4, respectively. The PMI payload to reporting components of the PMI (i1 and i2) in
CSI part 2 is fixed once the CSI part 1 is decoded since only the components of the PMI
corresponding to non-zero WB amplitudes need to be reported.

This embodiment is also applicable to the variations of embodiments illustrated in
diagrams 1140, 1141, 1150, and/or 1151, by replacing (Ng 1, Ny ) reporting with the WB
amplitude bitmap B reporting.

Also, for a given beam, all four WB amplitude indicators (2 polarizations and 2 layers)
indicate zero WB amplitude, then the corresponding beam is not reported using the PMI
index i ,. Optionally, L beams are reported regardless of the reported WB amplitude
bitmap.

TABLE 28: RI and WB amplitude bitmap B reporting

RI By = bo,o: b0,1: sy bO,ZL—l B, = b1,0: b1,1: sy b1,2L—1

All possible bitmaps of length 2L
1 P P 8 00...0

except all-zero bitmap 00...0

All possible bitmaps of length 2L All possible bitmaps of length 2L
except all-zero bitmap 00...0 except all-zero bitmap 00...0

In another embodiment, (Ny4,Ny,) is reported according to at least one of the
following options. In one option, Ny ; and N, ,, respectively are reported separately using
the first PMI components iy s, and iy 5, or i;33 and iy 34, Or i;43 and i; 44. In another
option, Ny ; and Ny ,, respectively are reported jointly using the first PMI components i; 3 4
and i;3,. Note that in this case, i;3, and i;3, are reported in CSI part 1. i;3; =
[i1,3,1:N0,1] and i3, = [i{,g,z,NO,z] , where ij 5, and ij 3, correspond to i3, and i;3,,
respectively defined earlier in the present disclosure. In another option, Ny, and Ny,

respectively are reported jointly using the first PMI components i; 4; and i 4 ,. Note that in
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this case, {41 and i;4, are reported in CSI part 1.i5,4 = [i1,4,1:N0,1] and iy 4, =
[i1 42, No2], where i 44 and if ,, correspond 1o i 4 and iy 4, respectively defined earlier
in the present disclosure. In another option, Ny ; and Ny ,, respectively are reported jointly
using the first PMI components iy 3 1, i1 32, i1 49 and i; 4 ,. Note that in this, case, i1 31, i1 32,
i1 41 and iy 4, are reported in CSI part 1.

In another embodiment, the WB amplitude bitmap B is reported according to at least
one of the options in the previous embodiment by replacing (Ng 1, Ny ) with the bitmap B,
or (By, By).

For any of the above embodiments with at least two CSI-UCI codeword segments or
parts, when a UE is configured to report CSI for more than one (M >1) DL component
carriers (CCs) in case of carrier aggregation (CA), each of the codeword segments can be
formed as follow. For codeword segment k, the bit sequences associated CSI-UCIs of
segment £ for the M DL CCs can be concatenated (CCo | CC1 | ... | CCum-1) into one UCI
codeword segment £ to be encoded with a channel coding block. For Scheme 0 wherein only
one codeword segment is used, the bit sequences associated CSI-UCIs for M different DL
CCs can be concatenated (CCo | CCi1 | ... | CCau-1) into one UCI codeword to be encoded
with a channel coding block.

For any of the above embodiments, the channel coding block can include other bit-
level functions such as CRC insertion, interleaving, and/or rate matching. The multiplexing
block can either include or be followed with channel interleaver. In addition, some
additional error protection (for example, for RI) can be introduced by, for instance,
repetition or block coding before multiplexing or channel coding.

For any of the above embodiments, if some additional coding gain (or error protection)
is needed for at least one CSI parameter, an extra coding (such as repetition, simplex, or
block coding) can be applied prior to multiplexing the CSI parameter with at least a second
CSI parameter and/or joint encoding of the aforementioned CSI parameter with at least the
second CSI parameter. For example, a repetition, simplex, or short block coding can be
applied to RI prior to multiplexing and channel coding. By doing so, the BLER requirement
for RI can be set lower than at least another CSI parameter. In embodiments 900 or 901 of

FIGURE 9A, a repetition, simplex, or short block coding can be applied to RI prior to

18521801_1 (GHMatters) P111072.AU



2017374457 28 Feb 2022

54

multiplexing it with CQI. In embodiments 910 or 911 of FIGURE 9B, a repetition, simplex,
or short block coding can be applied to RI prior to multiplexing it with CQI and PMI part 1.
In diagrams 1100 or 1101 of FIGURE 11A, a repetition, simplex, or short block coding can
be applied to RI prior to multiplexing it with CQI-1 and PMI part 1. In diagrams 1110 or
1111 of FIGURE 11B, a repetition, simplex, or short block coding can be applied to RI prior
to multiplexing it with CQI-1.

For any of the above embodiments, RI includes one report per CSI reporting band.
Likewise, CRI (which can be accompanied by at least one CSI-RSRP) including one report
per CSI reporting band. CQI, depending on the UE configuration, can include one report or
Ngp reports per CSI reporting band where Ngp is the number of subbands within the
configured CSI reporting band. Likewise, PMI, depending on the UE configuration, can
include one report or Ngg reports per CSI reporting band where Ngg is the number of
subbands within the configured CSI reporting band.

For any of the above embodiments wherein CSI includes multiple segments reported
in one slot, whenever RI is reported in the first segment, CRI can also be reported in the first
segment just as RI.

For any of the above embodiments, the CSI-UCI content of A-CSI can be transmitted
either within one subframe/slot or partitioned into multiple subframes/slots. If CSI-UCI is
transmitted with UL-SCH data, CSI-UCI can be treated “similar to data” but more heavily
coded, e.g. via configurable MCS or beta offset similar to LTE. Here, “similar to data”
includes the use of a same RE mapping scheme and/or a same layer mapping scheme (that
is, the mapping of across layers, REs, and OFDM symbols) as data. But channel coding for
control information can be different from data (for example, data uses LDPC while control
uses polar code or tail-biting convolutional code/TBCC).

Any of the above embodiments and sub-embodiments can be utilized independently or
in combination with at least another one. If used with at least one other embodiment/sub-
embodiment, a certain set of conditions of use can be specified. For example, Scheme 0 can
be used in combination with Scheme 2A or 2B. Scheme 0 can be used when only one PMI is
reported for the entire CSI reporting band (CRB), i.e. “wideband” or “partial-band” PMI
reporting (either for Type I CSI, Type II CSI, or both types). Scheme 2A or 2B can be used
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for other cases, i.e. when subband PMI is reported. In this case, one of the conditions entails
PMI frequency granularity.

For layer mapping, an example same scheme applied to data symbols and control
symbols can be described as follows.

When a UE is granted a 1-layer transmission on PUSCH, the stream of modulated
symbols {d(i)} (indexed by i) is formed by serially concatenating all the modulated
symbols. When more than one code blocks (CBs) are associated with the codeword, symbols
associated with multiple CBs are concatenated. This symbol stream {d (i)} serves as an input
to layer mapping. For frequency-first mapping, a stream of modulated symbols is first
mapped across frequency sub-carriers (REs) within a set of allocated PRBs, then across
OFDM symbols within a scheduling time unit (slot or subframe). To illustrate, given a
stream of modulated symbols {d(i)} mapped to a “set of available REs” indexed {(k, )}
(where k and / denote frequency/sub-carrier and time/OFDM symbol indices, respectively),
as index i is increased, frequency-first mapping maps d (i) by first increasing index k from 0
to kyax — 1 (for a fixed 1), then increasing index /. That is, k = mod(i, ky4x) and I =
li/kpax] where kpax is the number of frequency sub-carriers (REs) in the allocated PRBs.
The “set of available REs” is defined as those not occupied by UL RSs or other UL
signals/channels taking precedence over UL-SCH data and CSI-UCI.

When a UE is granted an L-layer transmission on PUSCH where L>1, the stream of
modulated symbols {d (i)} (indexed by i) is also mapped across L layers in addition to REs
(frequency/sub-carrier and time/OFDM symbol indices). The manner in which {d(i)} is
mapped depends on whether vertical, horizontal, or diagonal spatial mapping is used, as well
as whether the spatial mapping (across layers) is performed in the granularity of modulated
symbol or CB. But for a given layer, the mapping across REs is performed in the same
manner as that for 1-layer transmission. For example, if symbol-level vertical spatial
mapping is used, the stream of symbols is mapped first across L layers, then across

frequency sub-carriers (REs) within a set of allocated PRBs, then across OFDM symbols

within a scheduling time unit (slot or subframe). Denoting Msl;l,%e; , MSCJ‘,/',/nb, x(l)(i), and d (i)
as the number of symbols per layer, the number of symbols in one CW, symbol stream for

layer /, and symbol stream for the CW, respectively, the CW-to-layer mapping can be
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described as follows. Here, CB segmentation and/or rate matching ensure that MSCJ‘,/',’nb is

divisible by L.
O =d@i+0, i=01,. M —1, 1=01,..,L—1
l (Equation 1)
ayer
Msyjr;lb = Mgz/lr/nb/l‘

If CB-level vertical spatial mapping is used, given a stream of modulated symbols
{d (i)} (indexed by i) formed by serially concatenating all the modulated symbols from [JL
CBs (which is associated with the single CW), the total number of modulated symbols
equals Bul = kyaxlyaxL where B is the number of modulated symbols per CB and

kuyaxlyax the total number of REs within the entire set of allocated PRBs across all the

OFDM symbols within one scheduling time unit (slot or subframe). Hence, B = %.

All the CBs are of equal size and employ the same MCS. That is, {CB n, CB nt1, ..., CB n
+ L — 1} share the same CB size B for different values of n. Here, the modulated symbol

d(i) is mapped to the stream of modulated symbols associated with layer / as follows:

i
xOW) =d (i +1B+ (L —1)B x [EJ)' i=01,..,Mgry —1, 1

=01,..,L-1 (Equation 2)
MEYe = MG, /L = Bu

symb

For all the above layer mapping schemes, the starting point for the RE mapping
({(k,D)} where k and [ denote frequency/sub-carrier and time/OFDM symbol indices,
respectively) can depend on various factors such as whether the CSI-UCI symbols are
multiplexed with data symbols or not, or whether some other signals (such as UL DMRS,
UL SRS, HARQ-ACK symbols) are present. Furthermore, if two or more codeword
segments for CSI-UCI are used, the starting point for RE mapping associated with different
codeword segments can be different.

The following embodiments pertain to the multiplexing of CSI-UCI modulated
symbols in the presence of UL-SCH data symbols.

When CSI-UCI is transmitted without UL-SCH data, it is trecated “similar to data

transmission” in the sense previously explained.
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When CSI-UCI is transmitted with UL-SCH data (that is, UL grant including request
for both data and CSI transmissions), after channel coding and modulation mapping, the
modulated symbols associated with CSI-UCI (UL control symbols) are multiplexed with
modulated symbols associated with data (UL data symbols).

For the schemes with two segments (two parts), a gNB can first decode codeword
segment 1 (which includes RI) before the other segment(s). For instance, when RI is
included in segment 1, once segment 1 is successfully decoded, the payload size of segment
2 (whose size is RI-dependent) is known based on the decoded RI value. To facilitate lower
latency decoding (for both data and CSI-UCI), CSI-UCI segment 1 can be placed as early as
possible in time within the UL subframe/slot which includes CSI-UCI (hence frequency-first
mapping in the first few available OFDM symbols). The modulated symbols associated with
codeword segment 2, on the other hand, can be multiplexed with data symbols in various
manners. Some examples include distributed mapping and localized mapping (in time and/or
frequency).

FIGURE 12 illustrates several examples of multiplexing scheme wherein CSI-UCI is
transmitted together with UL-SCH data. Two-layer transmission is requested with 2-PRB
(one PRB includes 12 sub-carriers and one slot 7 OFDM symbols) resource allocation.
Symbol-level vertical layer mapping is assumed for illustrative purposes. UL DMRS is
assumed to be located in the first OFDM symbol. In the first example multiplexing scheme
1200, segment 2 is mapped toward the end of the slot to allow the gNB some decoding time
for segment 1 before segment 2 can be decoded. In the second example multiplexing
scheme 1210, segment 2 is mapped on the next OFDM symbol used for segment 1.
Alternatively, segment 2 can be mapped right (consecutively) after segment 1. In the third
example multiplexing scheme 1220, segment 2 is mapped in a distributed manner across the
slot and PRBs. Other mapping schemes (patterns) can be inferred from the disclosed
descriptions and examples in a straightforward manner by those skilled in the art.

In the examples illustrated in FIGURE 12, segment 1 is mapped on the second OFDM
symbol across a set of adjacent (contiguous) sub-carriers. Although such a localized
mapping frequency domain allows a compact location of segment 1, it can lack frequency
diversity. In a variation of the examples in FIGURE 12, segment 1 is mapped in a

distributed manner across the allocated set of PRBs. For example, the resulting symbols of
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segment 1 can be distributed more or less evenly across all the allocated set of PRBs.
FIGURE 13 illustrates several examples of segment 1 mapped on one OFDM symbols (in
this illustration, in the second OFDM symbol) in this manner. Segment 2 is not depicted in
this illustration. Two-layer transmission is requested with 2-PRB (one PRB including 12
sub-carriers and one slot 7 OFDM symbols) resource allocation. Symbol-level vertical layer
mapping is assumed for illustrative purposes. UL DMRS is assumed to be located in the first
OFDM symbol and segment 1 in the second OFDM symbol. In the example multiplexing
scheme 1300, segment 1 occupies half of the allocated PRBs and is distributed evenly across
the 2 allocated PRBs. In the example multiplexing scheme 1310, segment 1 occupies two
third of the allocated PRBs and is distributed evenly across the 2 allocated PRBs. The
portion of the allocated PRBS used for segment 1 can depend on the CSI-UCI payload as
well as the MCS used for UCI (e.g. to meet the required BLER). Other mapping schemes
(patterns) can be inferred from the disclosed descriptions and examples in a straightforward
manner by those skilled in the art.

In the above examples, segment 1 is mapped on only one OFDM symbol and,
furthermore, the earliest possible OFDM symbol (in this example, the second OFDM
symbol since the first OFDM symbol is used for UL DMRS). When the payload of segment
1 CSI-UCI is large enough that more than one OFDM symbol is needed, n>1 earliest OFDM
symbols can be used. If the first OFDM symbol in the slot is used for UL DMRS, the n
OFDM symbols after the first symbol are used for segment 1. Both the localized and
distributed mapping across sub-carriers within the allocated PRBs can be extended
accordingly when n>1 OFDM symbols are used.

Each of the embodiments described for Component 4 applies (in general) for CSI
reporting with reasonably large payload which involves at least one CSI parameter with RI-
dependent payload size — either periodic, semi-persistent, or aperiodic; either
wideband/partial-band (one report per a configured CSI reporting band) or subband (one
report per subband within a configured CSI reporting band). The associated CSI-UCI can be
transmitted via PUSCH by allocating a small number of PRBs or a fraction of PRB (a set of
sub-carriers within one PRB and/or a set of OFDM symbols within one slot) of that
allocated for UL-SCH data transmission (as indicated by resource allocation field in an UL-

related DCI). Alternatively, the associated CSI-UCI can be transmitted via PUSCH by
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mapping it across using the same number of PRBs and/or OFDM symbols as that allocated
for UL-SCH data transmission (as indicated by resource allocation field in an UL-related
DCI) - the amount of time-frequency resource used for CSI-UCI transmission depends on
the payload size and multiplexing scheme. As mentioned before, this can be done whether
CSI-UCT is multiplexed with UL-SCH data or not.

Several variations of the above scheme can be as follows.

In one variation embodiment, both UL data and CSI-UCI are transmitted with a same
number of layers (rank) wherein the number of layers is indicated in an associated UL-
related DCI. The MCS used for CSI-UCI transmission is determined by the MCS assigned
for UL data transmission with a certain offset (analogous to beta offset for LTE). This offset
can be fixed in specification or can be configured either via higher-layer signaling, MAC
CE, or L1 DL control signaling. When this offset is signaled via L1 control signaling, this
offset can be included in the same UL-related DCI scheduling the UL data transmission.
When this offset is fixed in the specification or configured via higher-layer signaling or
MAC CE, the value of the offset can be either rank-dependent or rank-independent. For
example, the offset can be larger or smaller for higher rank values. In addition, a minimum
(lower bound) MCS for CSI-UCI can be defined to ensure that the MCS for CSI-UCI
transmission does not fall below a certain value. Alternatively, instead of a minimum (lower
bound) MCS, the MCS for CSI-UCI can be lowered, when necessary, using repetition
coding.

In another variation embodiment, CSI-UCI can be transmitted with a different number
of layers (rank) from UL data. For example, the number of layers used for CSI-UCI
transmission is less than or equal to that used for UL data. In this case, both the number of
layers and the MCS used for CSI-UCI transmission are determined by the number of layers
and the MCS used for UL data transmission as indicated in an associated UL-related DCI,
along with at least one offset value (analogous to beta offset for LTE). Here, the number of
layers and the MCS used for CSI-UCI transmission can be either jointly or separately
determined. An example procedure is as follows. For a given offset value, the MCS used for
CSI-UCT transmission is first determined from the MCS used for UL data transmission. If
the lowest MCS is still insufficiently low for the offset (e.g. not low enough to ensure that a

required BLER target for CSI-UCI reception is attained), the rank for CSI-UCI transmission
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can be lowered. The process of determining MCS is then repeated for the lower rank value.
Therefore, MCS and rank for CSI-UCI transmission are jointly determined based on the
MCS and rank for UL data transmission as well as the offset(s).

In another variation embodiment, CSI-UCI can be transmitted with rank > 1 only
when the total payload for CSI-UCI is larger than X (where X can be fixed in specification
or configured via higher-layer signaling). When CSI-UCI is transmitted together with data, a
condition which can also be used (either in conjunction with another condition or separately)
is when the data is transmitted with rank > 1. Otherwise, CSI-UCI is transmitted with rank-
1. Alternatively, this payload-dependent criterion can be linked (or implicitly used) with the
channel coding scheme. That is, CSI-UCI can be transmitted with rank >1 only when
channel coding scheme A is used (e.g. LDPC).

In another variation embodiment, when CSI-UCI is transmitted with rank-1 (one
layer), several alternatives are applicable. In a first alternative, CSI-UCI symbols (after
modulation mapping) can be repeated across all the layers used for UL data transmission. In
a second alternative, CSI-UCI symbols (after modulation mapping) can be transmitted
across all the layers with specification-transparent transmit diversity scheme. In a third
alternative, CSI-UCI symbols (after modulation mapping) can be transmitted across all the
layers with RE-level or PRB-level precoder cycling. In a fourth alternative, CSI-UCI
symbols (after modulation mapping) can be transmitted across all the layers with an
assigned rank-1 precoder (signaled to the UE via an UL-related UCI which includes the
associated UL grant and CSI request). In a fifth alternative, CSI-UCI symbols (after
modulation mapping) can be transmitted across all the layers with a rank-1 precoder
determined by the UE.

Any of the above embodiments pertaining to aperiodic CSI (A-CSI) —such as the
multi-segment UCI/CSI — can also be used for semi-persistent CSI (SP-CSI).

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

FIGURE 14 illustrates a flowchart for an example method 1400 wherein a UE receives
CSI configuration information and reports multi-segment CSI according to an embodiment

of the present disclosure. For example, the method 1400 can be performed by the UE 116.
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The method 1400 begins with the UE receiving and decoding CSI configuration
information (step 1401). The UE then calculates a CSI according to the configuration
information (step 1402) and transmits the CSI on an uplink (UL) channel (step 1403).

In this method, the CSI includes N>1 segments and is transmitted in one slot, and a
first segment includes at least a rank indicator (RI) and at least one other CSI parameter. For
example, N can be two where a first segment also includes a channel quality indicator (CQI)
for a first codeword (CW). In another example, in addition to a CQI for a first CW, the first
segment also includes two indicators that correspond to a number of reported wideband
amplitude coefficients for a first and a second layer, respectively. This is prevalent for Type
IT CSI supported in NR. For both of these examples, a second segment includes CSI
parameters associated with precoding matrix indicator (PMI). If the UE is configured for
receiving up to 8 layers, the second segment also includes a CQI for a second CW when the
reported RI in the first segment is greater than four. For all these examples, the first segment
also includes CSl-reference-signal resource indicator (CRI).

FIGURE 15 illustrates a flowchart for an example method 1500 wherein a BS
transmits CSI configuration information and receives multi-segment CSI reporting for a UE
(labeled as UE-k) according to an embodiment of the present disclosure. For example, the
method 1500 can be performed by the BS 102.

The method 1500 begins with the BS generating CSI configuration information for a
UE (termed UE-k) (step 1501), followed by transmitting the CSI configuration information
to UE-k (step 1502). The BS then receives CSI reporting from UE-k (step 1503).

In this method, the CSI includes N>1 segments and is transmitted in one slot, and a
first segment includes at least a rank indicator (RI) and at least one other CSI parameter. For
example, N can be two where a first segment also includes a channel quality indicator (CQI)
for a first codeword (CW). In another example, in addition to a CQI for a first CW, the first
segment also includes two indicators that correspond to a number of reported wideband
amplitude coefficients for a first and a second layer, respectively. This is prevalent for Type
IT CSI supported in NR. For both of these examples, a second segment includes CSI
parameters associated with precoding matrix indicator (PMI). If the UE is configured for

receiving up to 8 layers, the second segment also includes a CQI for a second CW when the
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reported RI in the first segment is greater than four. For all these examples, the first segment
also includes CSl-reference-signal resource indicator (CRI).

Although FIGURES 14 and 15 illustrate examples of methods for receiving
configuration information and configuring a UE, respectively, various changes could be
made to FIGURES 14 and 15. For example, while shown as a series of steps, various steps
in each figure could overlap, occur in parallel, occur in a different order, occur multiple
times, or not be performed in one or more embodiments.

Although the present disclosure has been described with an example embodiment,
various changes and modifications can be suggested by or to one skilled in the art. It is
intended that the present disclosure encompass such changes and modifications as fall
within the scope of the appended claims.

It is to be understood that, if any prior art publication is referred to herein, such
reference does not constitute an admission that the publication forms a part of the common

general knowledge in the art, in Australia or any other country.
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CLAIMS

1. A method performed by a terminal in a wireless communication system, the
method comprising:

receiving, from a base station, channel state information (CSI) report configuration
including first information indicating at least one CSI parameter configured with wideband
reporting or subband reporting and second information indicating a set of subbands for
which CSI is reported, wherein the at least one CSI parameter is reported for entire of the set
of subbands based on the wideband reporting and the at least one CSI parameter is reported
for each subband of the set of subbands based on the subband reporting;

identifying a first CSI part and a second CSI part for the set of subbands based on the
first information and the second information; and

transmitting, to the base station, a CSI report including the first CSI part and the
second CSI part,

wherein the first CSI part comprises a rank indicator (RI) and first channel quality
information (CQI) associated with a first codeword,

wherein the second CSI part comprises a precoding matrix indicator (PMI),

wherein a payload size of the second CSI part is identified based on the first CSI part
including the RI, and

wherein the first CSI part and the second CSI part are encoded separately.

2. The method of claim 1, wherein the second CSI part further comprises second
CQI associated with a second codeword in case that the RI is larger than 4, and
wherein the second CSI part does not comprise the second CQI associated with the

second codeword in case that the RI is equal to or less than 4.

3. The method of claim 1, further comprising receiving, from the base station,
uplink-related downlink control information (DCI) scheduling an uplink transmission,

wherein the CSI report is multiplexed with an uplink shared channel (UL-SCH) data
and is transmitted to the base station on a physical uplink shared channel (PUSCH) based on

resource allocation information included in the uplink-related DCI.
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4. A terminal in a wireless communication system, the terminal comprising;:
a transceiver configured to transmit or receive a signal; and
a controller coupled with the transceiver and configured to control the terminal to:
receive, from a base station, channel state information (CSI) report
configuration including first information indicating at least one CSI parameter configured
with wideband reporting or subband reporting and second information indicating a set of
subbands for which CSI is reported, wherein the at least one CSI parameter is reported for
entire of the set of subbands based on the wideband reporting and the at least one CSI
parameter is reported for each subband of the set of subbands based on the subband
reporting,
identify a first CSI part and a second CSI part for the set of subbands based
on the first information and the second information, and
transmit, to the base station, a CSI report including the first CSI part and the
second CSI part,
wherein the first CSI part comprises a rank indicator (RI) and first channel quality
information (CQI) associated with a first codeword,
wherein the second CSI part comprises a precoding matrix indicator (PMI),
wherein a payload size of the second CSI part is identified based on the first CSI part
including the RI, and
wherein the first CSI part and the second CSI part are encoded separately.

5. The terminal of claim 4, wherein the second CSI part further comprises second
CQI associated with a second codeword in case that the RI is larger than 4, and
wherein the second CSI part does not comprise the second CQI associated with the

second codeword in case that the RI is equal to or less than 4.
6. The terminal of claim 4, wherein the controller is further configured to control the

terminal to receive, from the base station, uplink-related downlink control information (DCI)

scheduling an uplink transmission, and
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wherein the CSI report is multiplexed with an uplink shared channel (UL-SCH) data
and is transmitted to the base station on a physical uplink shared channel (PUSCH) based on

resource allocation information included in the uplink-related DCI.

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

transmitting, to a terminal, channel state information (CSI) report configuration
including first information indicating at least one CSI parameter configured with wideband
reporting or subband reporting and second information indicating a set of subbands for
which CSI is reported, wherein the at least one CSI parameter is reported for entire of the set
of subbands based on the wideband reporting and the at least one CSI parameter is reported
for each subband of the set of subbands based on the subband reporting;

receiving, from the terminal, a CSI report for the set of subbands, wherein the CSI
report comprises a first CSI part and a separate second CSI part;

decoding the first CSI part comprising a rank indicator (RI) and first channel quality
information (CQI) associated with a first codeword; and

decoding the second CSI part comprising a precoding matrix indicator (PMI),

wherein a payload size of the second CSI part depends on the decoded first CSI part
including the R1.

8. The method of claim 7, wherein the second CSI part further comprises second
CQI associated with a second codeword in case that the RI is larger than 4, and
wherein the second CSI part does not comprise the second CQI associated with the

second codeword in case that the RI is equal to or less than 4.

9. The method of claim 7, further comprising transmitting, to the terminal, uplink-
related downlink control information (DCI) scheduling an uplink transmission,

wherein the CSI report is multiplexed with an uplink shared channel (UL-SCH) data
and is received from the terminal on a physical uplink shared channel (PUSCH) based on

resource allocation information included in the uplink-related DCI.
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10. The method of claim 7, wherein the second CSI part is decoded separately from
the first CSI part, based on the decoded first CSI part.

11. A base station in a wireless communication system, the base station comprising:
a transceiver configured to transmit or receive a signal; and
a controller coupled with the transceiver and configured to control the base station
to:
transmit, to a terminal, channel state information (CSI) report configuration
including first information indicating at least one CSI parameter configured with wideband
reporting or subband reporting and second information indicating a set of subbands for
which a CSI is reported, wherein the at least one CSI parameter is reported for entire of the
set of subbands based on the wideband reporting and the at least one CSI parameter is
reported for each subband of the set of subbands based on the subband reporting,
receive, from the terminal, a CSI report for the set of subbands, wherein the
CSI report comprises a first CSI part and a separate second CSI part,
decode the first CSI part comprising a rank indicator (RI) and first channel
quality information (CQI) associated with a first codeword, and
decode the second CSI part comprising a precoding matrix indicator (PMI),
wherein a payload size of the second CSI part depends on the decoded first CSI part
including the R1.

12. The base station of claim 11, wherein the second CSI part further comprises
second CQI associated with a second codeword in case that the RI is larger than 4, and
wherein the second CSI part does not comprise the second CQI associated with the

second codeword in case that the RI is equal to or less than 4.
13. The base station of claim 11, wherein the controller is further configured to

control the base station to transmit, to the terminal, uplink-related downlink control

information (DCI) scheduling an uplink transmission, and
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wherein the CSI report is multiplexed with an uplink shared channel (UL-SCH) data
and is received from the terminal on a physical uplink shared channel (PUSCH) based on

resource allocation information included in the uplink-related DCI.

14. The base station of claim 11, wherein the second CSI part is decoded separately

from the first CSI part, based on the decoded first CSI part.

18521801_1 (GHMatters) P111072.AU



WO 2018/111007 PCT/KR2017/014739

1/ 22
[DRAWINGS]
[Figure 1]
| 13
101
N
1@\ BS J———=(  NETWORK
N 1
125 - ~ N 120
g SB ¢
W 7/ 12\
5 =
/ "/
Y A TTR e
\\\\ // /h/ Hs ////
\\\ \/\//\ R /////



PCT/KR2017/014739

WO 2018/111007

2/ 22

[Figure 2a]

|auueuy
01

——]

N

0€¢

Xyold
9
ppY

LR
buIpo)
|auueyy

\{\
144

14
S-01-d f«— N d-0%-§
a2
~ ~ ~
0% iz 012

\I\
G0e

Ul
eleq

\,\
002




PCT/KR2017/014739

WO 2018/111007

3/ 22

[Figure 2b]

ng
eleg

‘powaq

R P0J30 fw—

[auueyy

\I\
082

a0

144 Xa.d
S-01- N d-01-§ olj9k9
CHN anoWwayY
~ ~ ~ ~
GLe 0L¢ Ga¢ 09¢

foal——

\I\
GGe

jauueyy
woi4

\,\
0S¢




WO 2018/111007 PCT/KR2017/014739

4/ 922
[Figure 3al
/_U 6
310 305
330 395 ¢
} } RF
RX PROCESSING TRANSCEIVER
SPEAKER CIRCUITRY |
320 315
/ }
TX PROCESSING
MICROPHONE s AT
300 350
345 | v/ }
{ - INPUT
0F | PROCESSOR
| - - mispLay
3 S
o3 | 355
MEMORY
OPERATING SYSTEM  }—{~361
APPLICATIONS |~ 362




WO 2018/111007 PCT/KR2017/014739
5/ 22
[Figure 3b]
/J/U 2
1[I 71 S 3100 g9
} } }
RF RF _ RF
TRANSCEIVER TRANSCEIVER TRANSCEIVER
4 A l A
s 2
| Yy
[ TXPROCESSG RX PROCESSING | __
3 CIRCUITRY CIRCUITRY 316
A A
Yy ;
[ cowmoER/ |
362 ~|  PROCESSOR 318
— '}
BACKHAUL
NETWORK IF
]
MEMORY 380




PCT/KR2017/014739

WO 2018/111007

6 / 22

[Figure 4]

[

38 PUGAH

/ 48 1eubin
\\ ¥ 4
N,
== N [~ $/d 14
,/ \
\ \ \
N : SIBYNS  _~ g : Sufey?
. aseyd 6ojeuy . SO 4
/ N 7 ) N\
/ NRNXO000 o
_, —~ 000 < |
S X=— 0 |1 N 14
_, &\ OO0 |
wv COOQ ¥d s
N feLe ofs
\r RULBILY )
i Bojeu
oy 18 Bojeuy

00¥




PCT/KR2017/014739

WO 2018/111007

7/ 22

[Figure 5]
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[Figure 6]
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[Figure 12]
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[Figure 14]
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