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(57) Abstract: The present disclosure relates to a communication
method and system for converging a 5th-Generation (5G) communi-
cation system for supporting higher data rates beyond a 4th-Generati
on (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 technology,
such as smart home, smart building, smart city, smart car, connect-
ed car, health care, digital education, smart retail, security and safe-
ty services. A method of user equipment (UE) for channel state in-
formation (CSI) feedback in a wireless communication system. The
method comprises receiving, from a base station (BS), CSI feedback
configuration information for a pre-coding matrix indicator (PMI)
feedback indicating a linear combination (LC) pre-coding matrix that
corresponds to a linear combination of a plurality of L beams and a
plurality of coefficients, determining the first PMI (i, )and the second

PMI (7»), and transmitting, to the BS, the CSI feedback including the
first PMI (i) and the second PMI (72) over an uplink channel.
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[ DESCRIPTION]

[ Invention Title ]
METHOD AND APPARATUS TO ENABLE MULTI-RESOLUTION CSIREPORTING
IN ADVANCED WIRELESS COMMUNICATION SYSTEMS

[ Technical Field ] |

[0001]  The present application relates generally to CSI reporting operation in advanced
communication systems. More specifically, this disclosure relates to linear combination
precoding matrix indicator (PMI) codebook based CSI reporting in wireless
communication systems.

[ Background Art]

[0002] 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 (RANs), 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 windowAsuperposition
coding (SWSC) as an advanced coding modulatibn (ACM), and filter bank multi carrier
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(FBMC), non-orthogonal multiple access(NOMA), and sparse code multiple access
(SCMA) as an advanced access technology have been developed.

[0003) 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 Intemet of Everything (IoE), which is a combination of the IoT
technology and the Big Data processing technology through connection with a cloud server,
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has 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 (1T) and various industrial
applications.

In line with this, various attempts have been made to apply SG 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.

[0004) 5th generation (5G) mobile communications, initial commercialization of which
is expected around 2020, is recently gathering increased momentum with all the worldwide

technical activities on the various candidate technologies from industry and academia. The
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cendidate enablers for the 5G mobile communications include massive antenna
technologies, from legacy cellular frequency bands up to high frequencies, to provide
beamforming gain and support increased capacity, new waveform (e.g., a new radio access
technology (RAT)) to flexibly accommodate various services/applications with different
requirements, new multiple access schemes to support massive connections, and so on. The
International Telecommunicat.ion Union (ITU) has categorized the usage scenarios for
international mobile telecommunications (IMT) for 2020 and beyond into 3 main groups
such as enhanced mobile broadband, massive machine type communications (MTC), and
ultra-reliable and low latency communications. In addition, the ITC has specified target
requirements such as peak data rates of 20 gigabit per second (Gb/s), user experienced data
rates of 100 megabit per second (Mb/s), a spectrum efficiency improvement of 3X, support
for up to 500 kilometer per hour (km/h) mobility, 1 millisecond (ms) latency, a connection
density of 106 devices/km2, a network energy efficiency improvement of 100X and an
area traffic capacity of 10 Mb/s/m2. While all the requirements need not be met
simultaneously, the design of 5G networks may provide flexibility to support various

applications meeting part of the above requirements on a use case basis.
[ Disclosure ]

[ Technical Problem]
[0005] The present disclosure relates to a pre-5th-Generation (5G) or 5G
communication system to be provided for supporting higher data rates beyond
4th-Generation (4G) communication syétem such as long term evolution (LTE).
Embodiments of the present disclosure provide an advanced CSI reporting based on linear
combination codebook for MIMO wireless communication systems.

[ Technical Solution]
[0006] In one embodiment, a user equipment (UE) for channel state information (CSI)
feedback in a wireless communication system is provided. The UE comprises a transceiver
configured to receive, from a base station (BS), CSI feedback configuration information

for a pre-coding matrix indicator (PMI) feedback indicating a linear combination (LC)
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pre-coding matrix that corresponds to a linear combination of a plurality of L beams and a
plurality of coefficients, wherein: each of the plurality of coefficients comprises at least an
amplitude coefficient and a phase coefficient, and the PMI comprises a first PMI (i;) and a
second PMI (i;) indicating wideband (WB) and subband (SB) components of the LC
pre-coding matrix, respectively, wherein: the first PMI (7)) includes a first set and a second
set of indicators indicating common WB components for all layers of a plurality of layers
and independent WB components for each layer of the plurality of layers, respectively, the
second PMI (i,) includes a set of indicators indicating independent SB components for
each layer of the plurality of layers, and the plurality of layers is determined based on a
value v associated with a rank indicator (RI); and at least one processor configured to
determine the first PMI (i;) and the second PMI (i,), wherein the transceiver is further
configured to transmit, to the BS, the CSI feedback including the first PMI (i;) and the
second PMI (i,) over an uplink channel.

[0007] In another embodiment, a method of user equipment (UE) for channel state
information (CSI) feedback in a wireless communication system is provided. The method
comprises receiving, from a base station (BS), CSI feedback configuration information for
a pre-coding matrix indicator (PMI) feedback indicating a linear combination (LC)
pre-coding matrix that corresponds to a linear combination of a plurality of L beams and a
plurality of coefficients, wherein: each of the pluralify of coefficients comprises at least an
amplitude coefficient and a phase coefficient, and the PMI comprises a first PMI (i) and a
second PMI (i;) indicating wideband (WB) and subband (SB) components of the LC
pre-coding matrix, respectively, wherein: the first PMI (i) includes a first set and a second
set of indicators indicating common WB components for all layers of a plurality of layers
and independent WB components for each layer of the plurality of layers, respectively, the
second PMI (i) includes a set of indicators indicating independent SB components for
each layer of the plurality of layers, and the plurality of layers is determined based on a

value v associated with a rank indicator (RI); determining the first PMI (i,) and the second
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PMI (i,); and transmitting, to the BS, the CSI feedback including the first PMI (i,) and the
second PMI (i) over an uplink channel.

[0008] In yet another embodiment, a base station (BS) for channel state information
(CSI) feedback in a wireless communication system is provided. The BS comprises a
transceiver configured to transmit, to a user equipment (UE), CSI feedback conﬁgﬁration
information for a pre-coding matrix indicator (PMI) feedback indicating a linear
combination (LC) pre-coding matrix that corresponds to a linear combination of a plurality
of L beams and a plurality of coefficients, wherein: each of the plurality of coefficients
comprises at least one of an amplitude coefficient and a phase coefficient, and the PMI
comprises a first PMI (i) and a second PMI (i,) indicating a wideband (WB) and subband
(SB) components of the LC pre-coding matrix, respectively, wherein: the first PMI (i)
includes a first set and a second set of indicators indicating common WB components for
all layers of a plurality of layers and independent WB components for each layer of the
plurality of layers, respectively, the second PMI (i,) includes a set of indicators indicating
independent SB components for each layer of the plurality of layers, and the plurality of
layers is determined based on a value v associated with a rank indicator (RI); and at least
one processor configured to reconstruct the LC pre-coding matrix indicated by the first
PMI (i) and the second PMI (i;), wherein the transceiver is further configured to receive,
from the-UE, the CSI feedback including the first PMI (i,) and the second PMI (i;) over an
uplink channel.

[0009]  Other technical features may be readily apparent to one skilled in the art from
the following figures, descriptions, and claims.

[0010] Before undertaking the DETAILED DESCRIPTION below, it may be
advantageous to set forth definitions of certain words and phrases used throughout this
patent document. The term “couple” and its derivatives refer to any direct or indirect
communication between two or more elements, whether or not those elements are in
physical contact with one another. The tefms “transmit,” “receive,” and “communicate,” as

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

[0011])  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, ihstances, related data, or a portion
thereof adapted for implementation in a suitable computer readable program code. The
phrase “computer readable program code” includes any type of computer code, including
source code, object code, and executable code. The phrase “computer readable medium”
includes any type of medium capable of being accessed by a computer, such as read only
memory (ROM), random access memory (RAM), a hard disk drive, a corhpact 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.
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{0012]  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]
[0013]  According to at least one of embodiments of the present disclosure, a method
and an apparatus for advanced CSI reporting based on linear combination codebook for
MIMO wireless communication systems are provided.

[ Description of Drawings ]
[0014]  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:
[0015] FIGURE 1 illustrates an example wireless network according to embodiments of
the present disclosure;
[0016) FIGURE 2 illustrates an example eNB according to embodiments of the present
disclosure;
[0017)  FIGURE 3 illustrates an example UE according to embodiments of the present
disclosure;
[0018] FIGURE 4A illustrates an example high-level diagram of an orthogonal
frequency division multiple access transmit path according to embodiments of the present
disclosure;
[0019] FIGURE 4B illustrates an example high-level diagram of an orthogonal
frequency division multiple access receive path according to embodiments of the present
disclosure; |
[0020] FIGURE 5 illustrates an example network slicing according to embodiments of
the present disclosure;
[0021] FIGURE 6 illustrates an example number of digital chains according to

embodiments of the present disclosure;
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[0022] FIGURE 7 illustrates an example multiplexing two slices according to
embodiments of the present disclosure;
[0023] FIGURE 8§ illustfates an example CSI reporting framework according to
embodiments of the present disclosure;
[0024] FIGURE 9 illustrates an example dual-resolution CSI reporting framework
according to embodiments of the present disclosure; |
[0025] FIGURE 10 illustrates another example dual-resolution CSI reporting
framework according to embodiments of the present disclosure; |
[0026] FIGURE 11 illustrates an example triple-resolution CSI reporting framework
according to embodiments of the present disclosure;
[0027] FIGURE 12 illustrates an example multiple antenna panels according to
embodiments of the present disclosure; ,
[0028] FIGURE 13 illustrates example basis set .for dimension reduction according to
embodiments of the present disclosure;
[0029] FIGURE 14 illustrates an example parameterized beam group according to
embodiments of the present disclosure; and
[0030] FIGURE 15 illustrates an example flow chart of a method for multi-resolution
CSI reporting according to embodiments of the present disclosure;

[ Mode for Invention ] |
[0031] FIGURES 1 through FIGURE 15, discussed below, and the various
embodiments used to describe the Aprinciples of the present disclosure in this patent
document are by way of illustration only and should not be construed in any way to limit
the scope of the disclosure. Those skilled in the art will understand that the principles of the
present disclosure may be implemented in any suitably arranged system or device.
[0032] The following documents are hereby incorporated by reference into the present
disclosure as if fully set forth herein: 3GPP TS 36.211 v14.2.0, “E-UTRA, Physical
channels and modulation (REF 1);” 3GPP TS 36.212 v14.2.0, “E-UTRA, Multiplexing and
Channel coding; (REF 2);” 3GPP TS 36.213 v14.2.0, “E-UTRA, Physical Layer
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Procedures (REF 3);” 3GPP TS 36.321 v14.2.0, “E-UTRA, Medium Access Control
(MAC) protocol specification (REF 4);” 3GPP TS 36.331 v14.2.0, “Radio Resource
Control (RRC) Protocol Specification (REF 5);” and 3GPP TR 22.891 v1.2.0, “Technical
S.peciﬁcétion Group Services and System Aspects; Feasibility Study on New Services and
Markets Technology; Enablers; Stage 1; (Release 14).”

[0033] 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.”

[0034] 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
. deé_r_e;_ase propaggt‘ionlloss of the radio waves and increase the transmission coverage, the
.bea;nforming; "ﬁiﬁe’i:ssive multiple-input multiple-outp{lt (MIMO), full dimensional MIMO
(FD-MIMO), array antenna, an analog beam forming, large scale antenna techniques and
the like are discussed in 5G communication systems.

[0035] In addition, in 5G communication systems, development for system network
imprdvement is under way based on advanced small cells, cloud radio access networks
(RANS), ultra-dense networks, device-to-device (D2D) communication, wireless backhaul
communication, moving network, cooperative communication, coordinated multi-points
(CoMP) transmission and reception, interference mitigation and cancellation and the like.
[0036] In the 5G system, hybrid frequency shift keying and quadrature amplitude
modulation (FQAM) and sliding window superposition coding (SWSC) as an adaptive
modulation and coding (AMC) technique, 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.

[0037]  FIGURES 1-4B below describe various embodiments implemented in wireless
communications systems and with the use of orthogonal frequency division multiplexing

(OFDM) or orthogonal frequency division multiple access (OFDMA) communication
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techniques. The descriptions of FIGURES 1-3 are not meant to imply physiéal or
architectural limitations to the manner in which different embodiments may be
implemented. Different embodiments of the present disclosure may be implemented in any
suitably-arranged communications system.

[0038] FIGURE 1 illustrates an example wireless network according to embodiments of
the present disclosure. The embodiment of the wireless network shown in FIGURE 1 is for
illustration only. Other embodiments of the wireless network 100 could be used without
departing from the scope of this disclosure. |

[0039]  Asshownin FIGURE 1, the wireless network includes an eNB 101, an eNB 102,
and an eNB 103. The eNB 101 communicates with the eNB 102 and the eNB 103. The
eNB 101 also communicates with at least one network 130, such as the Internet, a
proprietary Internet Protocol (IP) network, or other data network.

[0040] | The eNB 102 provides wireless broadband access to the network 130 for a first
plurality of user equipments (UEs) within a coverage area 120 of the eNB 102. The first
plurality of UEs includes a UE 111, which may be located in a subband (SB); a UE 112,
which may be located in an enterprise (E); a UE 113, which may be located in a WiF1
hotspot (HS); a UE 114, which may be located in a first residence (R); a UE 115, which
may be located in a second residence (R); and a UE 116, which may be a mobile device
(M), such as a cell phone, a wireless laptop, a wireless PDA, or the like. The eNB 103
provides wireless broadband access to the network 130 for a second plurality of UEs within
a coverage area 125 of the eNB 103. The second plurality of UEs includes the UE 115 and
the UE 116. In some embodiments, one or more of the eNBs 101-103 may communicate
with each other and with the UEs 111-116 using 5G, LTE, LTE-A, WiMAX, WiFi, or
other wireless communication techniques.

[0041] Depending on the network type, the term “base station” or “BS” can refer to any
component (or collection of components) configured to provide wireless access to a
network, such as transmit point (TP), transmit-receivq point (TRP), an enhanced base

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

depending on the network type, the term “user equipment” or “UE” can refer to"any

9% <¢ EEEN1Y

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

[0042]  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 eNBs, such as
the coverage areas 120 and 125, may have other shapes, including irregular shapes,
depending upon the configuration of the eNBs and variations in the radio environment
associated with natural and man-made obstructions.

[0043] As described in more detail below, one or more of the UEs 111-116 include
circuitry, programing, or a combination thereof, for efficient CSI reporting on PUCCH in
an advanced wireless communication system. In certain embodiments, and one or more of
the eNBs 101-103 includes circuitry, programing, or a combination thereof, for receiving
efficient CSI reporting on PUCCH in an advanced wireless communication system.

[0044]  Although FIGURE 1 illustrates one example of a wireless network, various
changes may be made to FIGURE 1. For example, the wireless network could include any

number of eNBs and any number of UEs in any suitable arrangement. Also, the eNB 101

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

[0045] FIGURE 2 illustrates an example eNB 102 according to embodiments of the
present disclosure. The embodiment of the eNB 102 illustrated in FIGURE 2 is for
illustration only, and the eNBs 101 and 103 of FIGURE 1 could have the same or similar
configuration. However, eNBs come in a wide variety of configurations, and FIGURE 2
does not limit the scope of this disclosure to any particular implementation of an eNB.
[0046] As shown in FIGURE 2, the eNB 102 includes multiple antennas 205a-205n,
multiple RF transceivers 210a-210n, transmit (TX) processing circuitry 215, and receive
(RX) Broééssing ciréuitry 220. The eNB 102 also includes a controller/processor 225, a
memory 230, and a backhaul or network interface 235. |

[0047] The RF transceivers 210a-210n receive, from the antennas 205a-205n, incoming
RF signals, such as signals transmitted by UEs in the network 100. The RF transceivers
210a-210n down-convert the incoming RF signals to generate IF or baseband signals. The
IF or baseband signéls are sent to the RX processing circuitry 220, which generates
processed baseband signals by filtering, decoding, and/or digitizing the baseband or IF
signals. The RX processing circuitry 220 transmits the processed baseband signals to the
controller/processor 225 for further processing.

[0048] Insome embodiments, the RF transceiver 210a-201n is capable of transmitting,
to a user equipment (UE), CSI feedback configuration information for a pre-coding matrix
indicator (PMI) feedback indicating a linear combination (LC) pre-coding matrix that
corresponds to a linear combination of a plurality of L beams and a plurality of coefficients.
[0049] The TX processing circuitry 215 receives analog or digital data (such as voice
data, web data, e-mail, or interactive video game data) from the controller/processor 225.

The TX processing circuitry 215 encodes, multiplexes, and/or digitizes the outgoing
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baseband data to generate processed baseband or IF signals. The RF transceivers
210a-210n receive the outgoing processed baseband or IF signals from the TX processing
circuitry 215 and up-converts the baseband or IF signals to RF signals that are transmitted
via the antennas 205a-205n.

[0050] The contfoller/processor 225 can include one or more processors or other
processing devices that control the overall operation of the eNB 102. For example, the
controller/processor 225 could control the reception of forward channel signals and the
transmission of reverse channel signals by the RF transceivers 210a-210n, the RX
processing circuitry 220, and the TX processing circuitry 215 in accordance with
well-known principles. The controller/processor 225 could support additional functions as
well, such as more advanced wireless communication functions. For instance, the
controller/processor 225 could support beam forming or directional routing operations in
which outgoing signals from multiple antennas 205a-205n are weighted differently to
effectively steer the outgoing signals in a desired direction. Any of a wide variety of other
functions could be supported in the eNB 102 by the controller/processor 225.

[0051] The controller/processor 225 is also capable of executing programs and other
processes resident in the memory 230, such as an OS. The controller/processor 225 can
move data into or out of the memory 230 as required by an executing process.

[0052] The controller/processor 225 is also coupled to the backhaul or network
interface 235. The backhaul or network interface 235 allows the eNB 102 to communicate
with other devices or sysfems over a backhaul connection or over a network. The interface
235 could support communications over any suitable wired or wireless connection(s). For
example, when the eNB 102 is implemented as part of a cellular communication system
(such as one supporting 5G, LTE, or LTE-A), the interface 235 could allow the eNB 102 to
communicate with other eNBs over a wired or wireless backhaul connection. When the
eNB 102 is implemented as an access point, the interface 235 could allow the eNB 102 to
communicate over a wired or wireless local area network or over a wired or wireless

connection to a larger network (such as the Internet). The interface 235 includes any
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suitable structure supporting communications over a wired or wireless connection, such as
an Ethernet or RF transceiver.

[0053] The memory 230 is coupled to the controller/processor 225. Part of the memory
230 could include a RAM, and another part of the memory 230 could include a Flash
memory or other ROM.

[0054]  Although FIGURE 2 illustrates one example of eNB 102, various changes may
be made to FIGURE 2. For example, the eNB 102 could include any number of each
component shown in FIGURE 2. As a particular example, an access point could include a
number of interfaces 235, and the controller/processor 225 could support routiﬁg functions
to route data between different network addresses. As another particular example, while
shown as including a single instance of TX processing circuitry 215 and a single instance
of RX processing circuitry 220, the eNB 102 could include multiple instances of each (such
as one per RF transceiver). Also, various components in FIGURE 2 could be combined,
further subdivided, or omitted and additional components could be added according to
particular needs. ’

[0055] FIGURE 3 illustrates an example UE 116 according to embodiments of the
present disclosure. The embodiment of the UE 116 illustrated in FIGURE 3 is for
illustration only, and the UEs 111-115 of FIGURE 1 could have the same or similar
configuration. However, UEs come in a wide variety of configurations, and FIGURE 3
does not limit the scope of this disclosure to any particular implementation of a UE.
[0056]  Asshown in FIGURE 3, the UE 116 includes an antenna 305, a radio frequency
(RF) transceiver 310, TX processing circuitry 315, a microphone 320, and receive (RX)
processing circuitry 325. The UE 116 also includes a speaker 330, a processor 340, an
input/output (I/O) interface (IF) 345, a touchscreen 350, a display 355, and a memory 360.
The memory 360 includes an operating system (OS) 361 and one or more applications 362.
[0057] The RF transceiver 310 receives, from the antehna 305, an incoming RF signal
transmitted by an eNB of the network 100. The RF transceiver 310 down-converts the

incoming RF signal to generate an intermediate frequency (IF) or baseband signal. The IF
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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 signal to the speaker 330 (such
as for voice data) or to the processor 340 for further processing (such as for web browsing
data).

[0058] In some embodiments, the RF transceiver 310 is capable of receiving, from a
~ base station (BS), CSI feedback configuration information for a pre-coding matrix
indicator (PMI) feedback indicating a linear combination (LC) pre-coding matrix that
corresponds to a linear combination of a plurality of L beams and a plurality of _coefﬁcients.
[0059] In some embodiments, the RF transceiver 310 is capable of transmitting, to the
BS, the CSI feedback including the first PMI (i;) and the second PMI (i) over an uplink
channel.

[0060] 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 3 1‘0 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.

[0061] The processor 340 can include one or more processors or other processing
devices and execute the OS 361 stored in the memory 360 in order to control the overall
operation of the UE 116. For example, the processor 340 could control the reception of
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.

[0062]  The processor 340 is also capable of execﬁting other processes and programs

resident in the memory 360, such as processes for CSI reporting on PUCCH. The processor
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340 can move data into or out of the memory 360 as required by an executing process. In
some embodiments, the processor 340 is configured to execute the applications 362 based
on the OS 361 or in response to signals received from eNBs or an operator. The processor
340 is also coupled to the I/O interface 345, which provides the UE 116 with the ability to
connect to other devices, such as laptop computers and handheld computers. The I/O
interface 345 is the communication path between these accessories and the processor 340.
[0063] In some embodiments, the processor 340 is also capable of determining the first
PMI (i;) and the second PMI (i,).

[0064] The processor 340 is also coupled to the touchscreen 350 and the display 355.
The operator of the UE 116 can use the touchscreen 350 to enter data into the UE 116. The
display 355 may be a liquid crystal display, light emitting diode display, or other display
capable of rendering text and/or at least limited graphics, such as from web sites.

[0065]  The memory 360 is coupled to the processor 340. Part of the memory 360 could
include a random access memory (RAM), ahd another part of the memory 360 could
include a Flash memory or other read-only memory (ROM).

[0066]  Although FIGURE 3 illustrates one example of UE 116, various changes may be
made to FIGURE 3. For example, various components in FIGURE 3 could be combined,
further subdivided, or omitted and additional components could be added according to
particular needs. As a particular example, the processor 340 could be divided into multiple
processors, such as one or more central processing units (CPUs) and one or more graphics |
processing units (GPUs). Also, while FIGURE 3 illustrates the UE 116 configured as a
mobile telephone or smartphone, UEs could be configured to operate as other types of
mobile or stationary devices.

[0067] FIGURE 4A is a high-level diagram of transmit path circuitry. For example, the
transmit path circuitry may be used for ah orthogonal frequency division multiple access
(OFDMA) communication. FIGURE 4B is a high-level diagram of receive path circuitry.
For example, the receive path circuitry may be used for an orthogonal frequency division

multiple access (OFDMA) communication. In FIGURES 4A and 4B, for downlink
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communication, the transmit path circuitry may be implemented in a base station (eNB)
102 or a relay station, and the receive path circuitry may be implemented in a user
equipment (e.g. user equipment 116 of FIGURE 1). In other examples, for uplink
communication, the receive path circuitry 450 may be implemented in a base station (e.g.
eNB 102 of FIGURE 1) or a relay station, and the transmit path circuitry may be
implemented in a user equipment (e.g. user equipment 116 of FIGURE 1).

[0068] Transmit path circuitry comprises channel coding and modulation block 405,
serial-to-parallel (S-to-P) block 410, Size N Inverse Fast Fourier Transform (IFFT) block
415, parallel-to-serial (P-to-S) block 420, add cyclic prefix block 425, and up-converter
(UC) 430. Receive path circuitry 450 comprises down-converter (DC) 455, remove cyclic
prefix block 460, serial-to-parallel (S-to-P) block 465, Size N Fast Fourier Transform (FFT)
block 470, parallel-to-serial (P-to-S) block 475, and channel decoding and demodulation
block 480.

[0069] At least some of the components in FIGURES 4A 400 and 4B 450 may be
implemented in software, while other components may be implemented by configurable
hardware or a mixture of software and configurable hardware. In particular, it is noted that
the FFT blocks and the IFFT blocks described in this disclosure document may be
implemented as configurable software algorithms, where the value of Size N may be
modified according to the implementation.

[0070]  Furthermore, although this disclosure is directed to an embodiment that
implements the Fast Fourier Transform and the Inverse Fast Fourier Transform, this is by
way of illustration only and may not be construed to limit the scope of the disclosure. It will
be appreciated that in an alternate embodiment of the disclosure, the Fast Fourier
Transform functions and the Inverse Fast Fourier Transform functions may easily be
replaced by discrete Fourier transform (DFT) functions and inverse discrete Fourier
transform (IDFT) functions, respectively. It will be appreciated that for DFT and IDFT

functions, the value of the N variable may be any integer number (i.e., 1, 4, 3, 4, etc.), while
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for FFT and IFFT functions, the value of the N variable may be any integer number that is
a power of two (i.e.,, 1, 2,4, 8,16, etc.).

[0071] In transmit path circuitry 400, channel coding and modulation block 405
receives a set of information bits, applies coding (e;g., LDPC coding) and modulates (e.g.,
.quadrature phase shift keying (QPSK) or quadrature amplitude modulation (QAM)) the
input bits to produce a sequence of frequency-domain modulation symbols.
Serial-to-parallel block 410 converts (i.e., de-multiplexes) the serial modulated symbois to
parallel data to produce N parallel symbol streams where N is the IFFT/FFT size used in
BS 102 and UE 116. Size N IFFT block 415 then performs an IFFT operation on the N
parallel symbol streams to produce time-domain output signals. Parallel-to-serial block
420 converts (i.e., multiplexes) the parallel time-domain output symbols from Size N IFFT
block 415 to produce a serial time-domain signal. Add cyclic prefix block 425 then inserts
a cyclic prevf'v'lx to the time-domain signal. Finally, up-converter 430 modulates (i.e.,
up-converts) the output of add cyclic prefix block 425 to RF frequency for transmission via
a wireless channel. The signal may also be filtered at baseband before conversion to RF
frequency. |
[0072]  The transmitted RF signal arrives at UE 116 after passing through the wireless
channel, and reverse operations to those at eNB 102 are performed. Down-converter 455
down-converts the received signal to baseband frequency, and remove cyclic prefix block
460 removes the cyclic prefix to produce the serial time-domain baseband signal.
Serial-to-parallel block 465 converts the time-domain baseband signal to parallel
time-domain signals. Size N FFT block 470 then performs an FFT algorithm to produce N
parallel frequency-domain signals. Parallel-to-serial block 475 converts the parallel
frequency-domain signals to a sequence of modulated data symbols. Channel decoding and
demodulation block 480 demodulates and then decodes the modulated symbols to recover
the original input data stream.

[0073] Each of eNBs 101-103 may implement a transmit path that is analogous to

transmitting in the downlink to user equipment 111-116 and may implement a receive path
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that is analogous to receiving in the uplink from user equipment 111-116. Similarly, each
one of user equipment 111-116 may implement a transmit path corresponding to the
architecture for transmitting in the uplink to eNBs 101-103 and may implement a receive
path corresponding to the architecture for receiving in the downlink from eNBs 101-103.
[0074)  Various embodiments of the present disclosure provides for a high-performance,
scalability with respect to the number and geometry of transmit antennas, and a flexible
CSI feedback (e.g., reporting) framework and strﬁcture for LTE enhancements when
FD-MIMO with large two-dimensional antenna arrays is supported. To achieve high
performance, more accurate CSI in terms MIMO channel is needed at the eNB especially
for FDD scenarios. In this case, embodiments of the present disclosure recognize that the
previous LTE specification precoding framework (PMI-based feedback) may need to be
replaced. In this disclosure, properties of FD-MIMO are factored in for the present
disclosure. For example, the use of closely spéced large 2D antenna arrays that is primarily
geared toward high beamforming gain rather than spatial multiplexing along with
relatively small angular spread for each UE. Therefore, compression or dimensionality
reduction of the channel feedback in accordance with a fixed set of basic functions and
vectors may be achieved. In another example, updated channel feedback parameters (e.g.,
the channel angular spreads) may be obtained at low mobility using UE-specific
higher-layer signaling. In addition, a CSI reporting (feedback) may also be performed
cumulatively.

[0075]  Another embodiment of the present disclosure incorporates a CSI reporting
method and procedure with a reduced PMI feedback. This PMI reporting at a lower rate
pertains to long-term DL channel statistics and represents a choice of a group of precoding
vectors recommended by a UE to an eNB. The present disclosure also includes a DL
transmission scheme wherein an eNB transmits data to a UE over a plurality of
beamforming vectors while utilizing an open-loop diversity scheme. Accordingly, the use
of long-term precoding ensures that open-loop transmit diversity is applied only across a

limited number of ports (rather than all the ports available for FD-MIMO, e.g., 64). This
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avoids having to support excessively high dimension for open-loop transmit diversity that
reduces CSI feedback overhead and improves robustness when CSI measurement quality is
questionable.

[0076] 5G communication system use cases have been identified and described. Those
use cases can be roughly categorized into three different groups. In one example, enhanced
mobile broadband (eMBB) is determined to do with high bits/sec requirement, with less
stringent latency and reliability requirements. In another example, ultra reliable and low
latency (URLL) is determined with less stringent bits/sec requirement. In yet another
example, massive machine type communication (mMTC) is determined that a number of
devices can be as many as 100,000 to 1 millioh per km2, but the
reliability/throughput/latency requirement could be less stringent. This scenario may also
involve power efficiency requirement as well, in that the battery consumption should be
minimized as possible.

[0077] In LTE technologies, a time interval X which can contain one or more of the DL
transmission part, guard, UL transmission part, and a combination of thereof regardless of
they are indicated dynamically and/or semi-statically. Furthermore, in one example, the
DL transmission part of time interval X contains downlink control information and/or
downlink data transmissions and/or reference signals. In another example, the UL
transmission part of time interval X contains uplink control information and/or uplink data
transmissions and/or reference signals. In addition, the usage of DL and UL does not
preclude other deployment scenarios e.g., sidelink, backhaul, relay). In some embodiments
of the current disclosure, “a subframe” is another name to referto “a time interval X,” or
vice versa. In order for the 5G network to support these diverse services are called network
slicing.

[0078] In some embodiments, “a subframe” and “a time slot” can be used
interchangeably. In some embodiments, “a subframe” refers to a transmit time interval
(TTI), which may comprise an aggregation of “time slots” for UE”s data

transmission/reception.
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[0079] FIGURE 5 illustrates a network slicing 500 according to embodiments of the
present disclosure. An embodiment of the network slicing 500 shown in FIGURE 5 is for
illustration only. One or more of the components illustrated in FIGURE 5 can be
implemented in specialized circuitry configured to perform the noted functions or one or
more of the components can be implemented by one or more processors executing
instructions to perform the noted functions. Other embodiments are used without departing
from the scope of the present disclosure.

[0080] As shown in FIGURE 5, the network slicing 500 comprises an operator’s
network 510, a plurality of RANS 520, a plurality of eNBs 530a, 530b, a plurality of small
cell base stations 535a, 535b, a URLL slice 540a, a smart watch 545a, a car 545b, a ,truck
545¢, a smart glasses 545d, a power 555a, a temperature 555b, an mMTC slice 550a, an
eMBB slice 560a, a smart phone (e.g., cell phones) 565a, a laptop 565b, and a tablet 565¢
(e.g., tablet PCs).

[0081]  The operator’s network 510 includes a number of radio access network(s) 520 —
RAN(s) — that are associated with network devices, e.g., eNBs 530a and 530b, small cell
base stations (femto/pico eNBs or Wi-Fi access points) 535a and 535b, etc. The operator’s
network 510 can support various services relying on the slice concept. In one example, four
slices, 540a, 550a, 550b and 560a, are supported by the network. The URLL slice 540a to
serve UEs requiring URLL services, e.g., cars 545b, trucks 545c, smart watches 545a,
smart glasses 545d, etc. Two mMTC slices 550a and 550b serve UEs requiring mMTC
services such as power meters and temperature control (e.g., 555b), and one eMBB slice
560a requiring eMBB serves such as cells phones 565a, laptops 565b, tablets 565c.

[0082] In short, network slicing is a method to cope with various different qualities of
services (QoS) in the network level. For supporting these various QoS efficiently,
slice-specific PHY optimization may also be necessary. Devices 545a/b/c/d, 555a/b are
565a/b/c examples of user equipment (UE) of different types. The different types of user
equipment (UE) shown in FIGURE 5 are not necessarily associated with particular types of
slices. For example, the cell phone 565a, the laptop 565b and the tablet 565¢ are associated
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with the eMBB slice 560a, but this is just for illustration and these devices can be
associated with any types of slices.

[0083]  Insome embodiments, one device is configured with more than one slice. In one
embodiment, the UE, (e.g., 565a/b/c) is associated with two slices, the URLL slice 540a
and the eMBB slice 560a. This can be useful for supporting online gaming application, in
which graphical information are transmitted through the eMBB slice 560a, and user
interaction related information are exchanged through the URLL slice 540a.

[0084] In the current LTE standard, no slice-level PHY is available, and most of the
PHY functions are utilized slice-agnostic. A UE is typically configured with a single set of
PHY parameters (including transmit time interval (TTI) length, OFDM symbol length,
subcarrier spacing, etc.), which is likely to prevent the network from (1) fast adapting to
dynamically changing QoS; and (2) supporting various QoS simultaneously.

[0085] In some embodiments, corresponding PHY designs to cope with different QoS
with network slicing concept are disclosed. It is noted that “slice” is a terminology
introduced just for convenience to refer to a logical entity that is associated with common
features, for example, numerology, an upper-layer (including medium access control/radio
resource control (MAC/RRC)), and shared UL/DL time-frequency resources. Alternative
names for “slice” include virtual cells, hyper cells, cells, etc.

[0086] FIGURE 6 illustrates an example number of digital chains 600 according to
embodiments of the present disclosure. An embodiment of the number of digital chains
600 shown in FIGURE 6 is for illustration only. One or more of the components illustrated
in FIGURE 6 can be implemented in specialized circuitry configured to perform the noted
functions or one or more of the components can be implemented by one or more processors
executing instructions to perform the noted functions. Other embodiments are used without
departing from the scope of the present disclosure.

[0087]  LTE specification supports up to 32 CSI-RS antenna ports which enable an eNB
to be equipped with a large number of antenna elements (such as 64 or 128). In this case, a

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

[0088)] For mmWave bands, although the number of antenna elements can be larger for
a given form factor, the number of CSI-RS ports — which can correspond to the number of
digitally precoded ports — tends to be limited due to hardware constraints (such as the
feasibility to install a large number of ADCs/DACs at mmWave frequencies) as illustrated
in FIGURE 6. In this case, one CSI-RS port is mapped onto a large number of antenna
elements which can be controlled by a bank of analog phase shifters 601. One CSI-RS port
can then correspond to one sub-array which produces a narrow analog beam through
analog beamforming 605. This analog beam can be configured to sweep across a wider -
range of angles 620 by varying the phase shiﬁer bank across symbols or subframes. The
number of sub-arrays (equal to the number of RF chains) is the same as the number of
CSI-RS ports Nesr.porr- A digital beamforming unit 610 performs a linear combination
across Ncsr.porr analog beams to further increase precoding gain. While analog beams are
wideband (hence not frequency-selective), digital precoding can be varied across
frequency sub-bands or resource blocks. v

[0089] Toenable digital precoding, an efficient design of CSI-RS is a‘crucial factor. For
this reason, three types of CSI reporting mechanism corresponding to three types of
CSI-RS measurement behavior are supported in LTE specification) “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, 3) “CLASS B”
reporting with K>1 CSI-RS resources which corresponds to cell-specific beamformed
CSI-RS.

[0090] 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 (consisting of multiple ports). Here, (at least at a given
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time/frequency) CSI-RS ports have narrow beam widths and hence not cell wide coverage,
and (at least from the eNB perspective) at least some CSI-RS port-resource combinations
have different beam directions. |

[0091] In scenarios where DL long-term channel statistics can be measured through UL
signals at a serving eNodeB, UE-specific BF CSI-RS can be readily used. This is typically
feasible when UL-DL duplex distance is sufficiently small. When this condition does not
hold, however, some UE feedback is necessary for the eNodeB to obtain an estimate of DL
long-term channel statistics (or any of representation of the DL- .10ng-term channel

statistics). To facilitate such a procedure, a first BF CSI-RS transmitted with periodicity T1
(ms) and a second NP CSI-RS transmitted with periodicity T2 (ms), where T1 < T2. This

approach 1is termed hybrid CSI-RS. The implementation of hybrid CSI-RS is largely
dependent on the definition of CSI process and NZP CSI-RS resource.

[0092] In LTE specification for eFD-MIMO, MIMO has been identified as an essential
feature in order to achieve high system throughput requirements and MIMO may continue -
to be the same in NR. One of the key components of a MIMO transmission scheme is the
accurate CSI acquisition at the eNB (or TRP). For MU-MIMO, in particular, the
availability of accurate CSI is necessary in order to guarantee high MU performance. For
TDD systems, the CSI can be acquired using the SRS transmission relying on the channel
reciprocity. For FDD systems, on the other hand, it can be acquired using the CSI-RS
transmission from eNB, and CSI acquisition and feedback from UE. In legacy (up to LTE
specification) FDD systems, the CSI feedback framework is “implicit” in the form of
CQI/PMI/RI (and CRI'in the LTE specification) derived from a codebook assuming SU
transmission from eNB. Because of the inherent SU assumption while deriving CSI, this
implicit CSI feedback is inadequate for MU transmission.

[0093]  Since future (e.g. NR) systems are likely to be more MU-centric, this SU-MU
CSI mismatch may be a bottleneck in achieving high MU performance gains. Another
issue with implicit feedback is the scalability with larger number of antenna ports at eNB.

For large number of antenna ports, the codebook design for implicit feedback is quite
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complicated (for example, in the LTE specification, the total number of Class A codebooks
= 44), and the designed codebook is not guaranteed to bring justifiable performance
benefits in practical deployment scenarios (for example, only a small percentage gain can
be shown at the most). Realizing aforementioned issues, RAN1 has agreed to provide
specification support to advanced CSI reporting in the LTE specification of eFD-MIMO,
which, at the very least, can serve as a good starting point to design advanced CSI scheme
in NR MIMO.

[0094] FIGURE 7 illustrates an example multiplexing two slices 700 according to
embodiments of the present disclosure. An embodiment of the multiplexing two slices 700
shown in FIGURE 7 is for illustration only. One or more of the components illustrated in
FIGURE 7 can be implemented in specialized circuitry configured to perform the noted
functions or one or more of the components can be implemented by one or more processors
executing instructions to perform the noted functions. Other embodiments are used witimut
departing from the scope of the present disclosure.

[0095]  To utilize PHY resources efficiently and multiplex various slices (with different
resource allocation schemes, numerologies, and scheduling strategies) in DL-SCH, a
flexible and self-contained frame or subframe design is utilized. Two exemplafy instances
of multiplexing two slices within a common subframe or frame are depicted in FIGURE 7.
In FIGURE 7, a slice can be composed of one or two transmission instances where one
transmission instance consists of a control (CTRL) component (720a, 760a, 760b, 720b,
and 760c) and a data component (730a, 770a, 770b, 730b, and 770c). In FIGURE 7, the
two slides (e.g., 710) are multiplexed in frequency domain whereas slices are multiplexed
in time domain (e.g., 750).

[0096] FIGURE 8§ illustrateé an example CSI reporting framework 800 according to
embodiments of the present disclosure. An embodiment of the CSI reporting framework
800 shown in FIGURE 8 is for illustration only. One or more of the components illustrated
in FIGURE 8 can be implemented in specialized circuitry configured to perform the noted

functions or one or more of the components can be implemented by one or more processors
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executing instructi.ons to perform the noted functions. Other embodiments are used without
departing from the scope of the present disclosure.
[0097]  In the following, for brevity, both FDD and TDD are considered as the duplex
method for both DL and UL signaling. Although exemplary descriptions and embodiments
to follow assume orthogonal frequency division multiplexing (OFDM) or orthogonal
frequency division multiple access (OFDMA), the present disclosure is can be extended to
other OFDM-based transmission waveforms or multiple access schemes such as filtered
OFDM (F-OFDM).
[0098] In some embodiments 0, a multi-resolution CSI reporting framework is
supported in 5G or NR or future generation of communication systems', an illustration of
which is shown in FIGURE 8. In this framework, a UE receives a CSI reporting
configuration about the CSI resolution or CSI type, for example, via higher-layer (e.g.
RRC) or MAC layer (e.g. MAC CE) signalling. A few examples of CSI resolution or type
include the following: low-res. or implicit where PMI/CQI/RI is reported using a codebook;
high-res or explicit where a form of channel or/and interference is reported; semi-dynamic
or beam cycling where a beam group is reported for pre-coder cycling; and partial port
where the CSI corresponding to a subset of antenna ports is reported. |
[0099] The UE may be configured with multiple CSI types or resolutions. For examplé,
the UE may be configured with both high-res (or explicit) and partial port CSI reporting.
| According to the conﬁgurat‘ion, the UE reports explicit CSI for the partial antenna ports.
Based on the configured CSI resolution(s) or type(s), the UE reports CSI which includes at
least one or a combination of the following CSI components: beam index (BI) or beam
group index (BGI); RI; PMI/CQIL channel; eigenvector(s); covariance matrix; and
interference. The UE uses either a configured or a fixed multi-resolution codebook to
report the CSIL.
[0100]  Such a framework provides more flexible CSI acquisition at gNB by supporting
different use cases such as users with different CSI reporting capabilities (e.g. CSI

resolution (implicit, explicit), number of ports (all-port, partial-port) etc.) and low to high
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mobility users (e.g. 0 — 500 kmph). In one example, a set (S1) of UEs may be capable of
reporting implicit or low-resolution CSIs only and another set (S2) of UEs may be capable
of reporting both low-res (e.g. codebook-based implicit CSI) and high-res (e.g. explicit
channel reporting). An example of S1 is LTE UEs and an example of S2 is 5G or NR
eMBB UEs. The gNB serving two types ‘of UEs (S1 and S2) can use the proposed
multi-resolution CSI reporting framework and configure a CSI reporting resolution to each
UE depending on its CSI reporting capabilities. In another example, the set S1 of UEs may
be low-mobility UEs and another set S2 of UEs may be high-mobility UEs. The gNB can
then cqnﬁgure low-res CSI reporting to UEs in set S1 and semi-dynamic or beam cycling
to UEs in set S2. |

[0101] FIGURE 9 illustrates an example dual-resolution CSI reporting framework 900
according to embodiments of the present disclosure. An embodiment of the dual-resolution
CSI reporting framework 900 shown in FIGURE 9 is for illustration only. One or more of
the components illustrated in FIGURE 9 can be implemented in specialized circuitry
configured to perform the noted functions or one or more of the components can be
implemented by one or more précessors executing instructions to perform the noted
functions. Other embodiments are used without departing from the scope of the present
disclosure.

{0102]  In some sub-embodiments 0, a dual-res or dual-type CSI reporting framework is
shown in FIGURE 9 in which the CSI has two components. The first CSI component (i.e.,
CSI 1) is common to both resolutions and indicates the selection of a beam group
(comprising of L beams). CSI 1 may also include a rank indicator (i.e., RI) associated with
the selected beam group. The second CSI component (i.e., CSI 2) is specific to the
configured CSI reporting resolution. | _

[0103]  In one example of Type I Low-resolution CSI reporting, CSI 2 is derived based
implicit CSI reporting framework (e.g. LTE specification) and includes CSI components

such as PMI/CQI. This CSI type can be configured to users who are not capable of
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reporting high-resolution (explicit) CSI or users who are scheduled for SU transmission.
Also, this CSI reporting type can be the default CSI reporting type for all NR UEs.

[0104]  Inanother example of Type II High-resolution CSI reporting, CSI 2 is derived to
report a form of quantized DL channel explicitly in order to facilitate more accurate CSI to
the eNB. This CSI type can be configured to users who are capable of reporting
high-resolution CSI or/and can be scheduled for MU transmission.

[0105] FIGURE 10 illustrates another example dual-resolution CSI reporting
framework 1000 according to embodiments of the present disclosure. An embodiment of
the dual-resolution CSI reporting framework 1000 shown in FIGURE 10 is for illustration
only. One or more of the components illustrated in FIGURE 10 can be implemented in
specialized circuitry configured to perform the noted functions or one or more of the
components can be impleménted by one or more processors executing instructions to
perform the noted functions. Other embodiments are used without departing from the
scope of the present disclosure.

[0106] Dual-type CSI reporting is shown in FIGURE 10 in which (e.g., Type II)
corresponds to high-res or explicit CSI reporting for partiél antenna ports. The two CSIs,
CSI1 and CSI2, are then reported for partial antenna ports.

[0107) FIGURE 11 illustrates an example triple-resolution CSI reporting framework
1100 according to embodiments of the present disclosure. An embodiment of the
triple-resolution CSI reporting framework 1100 shown in FIGURE 11 is for illustration
only. One or more of the components illustrated in FIGURE 11 can be implemented in
specialized circuitry configured to perform the noted functions or one or more of the
components can be implemented by one or more processors executing instructions to
perform the noted functions. Other embodiments are used without departing from the
scope of the present disclosure.

[0108] In some sub-embodiments 1, a triple-res or triple-type CSI feedback framework
is shown in FIGURE 11 in which the CSI has two components. The first CSI component

(i.e., CSI 1) is common to all CSI types and indicates the selection of a beam group
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(comprising of L beams) from a master beam group. CSI 1 may also include a rank
indicator (i.e., RI) associated ‘With the selected beam group in some CSI reporting types.
The second CSI component (i.e., CSI 2) is specific to the configured CSI reporting
resolution.

[0109] In one example of Type I CSI reporting, low-resolution CSI feedback as
explained in sub-embodiment 0 is configured. In another example of Type II CSI reporting,
high-resolution CSI feedback as explained in sub-embodiment 0 is configured. In yet
another example of Type III CSI reporting, semi-dynamic beamforming is configured. In
such example, CSI 2 is derived to report CQI assuming semi-dynamic beamforming or
pre-coder cycling using L beams reported in CSI1. Note that PMI is not reported in CSI 2.
This type can be configured to high mobility users.

[0110]  In some sub-embodiments 2, the codebook for the proposed multi-resolution or
multi-type CSI reporting framework is a dual-stage codebook: W = W, W,, where the first
stage W, codebook is common to all or some of the types or resolutions (e.g. similar to
LTE specification Class A W, codebook for beam groups) and the second stage W,
codebook depends on the configured resolution or type.

[0111] FIGURE 12 illustrates an example multiple antenna panels 1200 according to
embodiments of the present disclosure. An embodiment of the multiple antenna panels
1200 shown in FIGURE 12 is for illustration only. One or more of the components
illustrated in FIGURE 12 can be implemented in specialized circuitry configured to
perform the noted functions or one or more of the components can be implemented by one
or more processors executing instructions to perform the noted functions. Other
embodiments are used without departing from the scope of the present disclosure.

[0112] In the following, N, and N, are assumed as the number of antenna ports with the
same polarization in the first and second dimensions, respectively. For 2D antenna port
layouts, we have N; > 1, N,> 1, and for 1D antenna port layouts ¥, > 1 and N2F= 1. So, for

a dual-polarized antenna port layout, the total number of antenna ports is 2NV, N,.
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[0113] Also, the embodiments of the present disclosure is applicable to a setup in which
we have multiple antenna panels where each panel is a dual—polarized antenna ports with
Ny and N, ports in two dimensions. An illustration is shown in FIGURE 12 in which there
are M antenna panels. Note that the antenna port layouts may or may not be the same in
different antenna panel.

[0114] In some embodiments 1, a UE is configured with a W, codebook which
comprises of the following components, basis set and beam group selection, each of which
can be configurable via higher-layer signalling, e.g. RRC.

[0115] In one example of the first W; codebook component, basis set is configured,
‘where depending on whether the UE is configured with CSI reporting with or without
dimension reduction, the UE is configured with a basis set of one of the following
examples. v '
[0116] In one example, full dimension basis set is configured. In such examl;lé, the

In,n, 0

basis set is given by: B = [ ], where Iy_y, is an N; N, X N;N, identity matrix.

0 Iy,
In one example, the UE can be configured with the full dimension basis for Type II
(explicit) CSI reporting. In another example, the UE can be configured with the full
dimension basis if the number of ports is at most X, e.g. X = 8.

[0117]  In another example, port selection basis set is configured. In such example, the

Ei;—xL

basis set is given byB - E

, ngL is a port selection matrix, where
XxL
2

L>1,eg,L €{2,3,4}, is configurable, and X>= 2L. In one alternative, X = P= 2N|N,
€ {4,8,12,16, 24,32} the number of ports. In another alternative, X € {2,4, 8}.
[0118] In yet another example, reduced dimension basis set is configured. In such

example, the basis set is a 2 x 2 block diagonal matrix whose diagonal blocks are of size

N;N, X L,L,. The two diagonal blocks may or may not be identical. Assuming identical

diagonal blocks, the basis set has the following structure: B = [V(l)/ V(l)/]’ where W is
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N;N, x L,;L,,L, € {1,2,..,N;, =1}, and L, € {1,2, ..., N, — 1} for 2D port layouts, and
L, = 1 for 1D port layouts. In one example, the UE can be configured with the reduced
dimension basis set for both Type I (implicit) and Type II (explicit) CSI reporting. In
another example, the UE can be configured with the reduced dimension basis set if the
number of ports is larger than X, e.g. X = 8. An example of basis set for dimension
| reduction is shown in FIGURE 13.
[0119] FIGURE 13 illustrates example basis set for dimension reduction 1300
according to embodiments of the present disclosure. An embodiment of the basis set for
dimension reduction 1300 shown in FIGURE 13 is for illustration only. One of more of the
components illustrated in FIGURE 13 can be implemented in specialized circuitry
configured to perform the noted functions or one or more of the components can be
implemented by one or more processors executing instructions to perform the noted
functions. Other embodiments are used without departing from the scope of the present
disclosure.
[0120]  An oversampled DFT codebook serves as the basis set comprising of O\N; x
O,N, DFT beams, where O, and O, are oversampling factors in first and second dimensions,
respectively. A basis set comprises of L; and L, uniformly spaced beams in the two
dimensions. So, the number of beams in a basis set is L;L,. The basis set is further
parameterized by beam spacing parameters (p,, p,) which represent spacing between two
adjacent beams in two dimensions. A few example values for Ly and py, where d = 1, 2
belongto {1, 2,..., Ny} and {1, 2,..., O4}, respectively. An illustration of two types of basis
set is shown in FIGURE13, where each small sqﬁare represents a 2D DFT beam. When (p;,
p2)=(1, 1), the basis set corresponds to L,L, closely spaced beams, and when (p;, p,) = (O,
0,), it corresponds to L;L, orthogonal beams. A UE is configured with one of the basis set
types by configuring (L, L,) and (p1, p,).
[0121]  In one example of the second W, codebook component, beam group selection is
configured. In such example, L out L,L, beams are selected from the reported basis set. A

few examples of L values belong to {1, 2,..., L|L,}. Two alternatives for the beam
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selection are as follows. A UE is configured with one of these alternatives. In one example
of parameterized, the selection of L beams is fixed and is parameterized by a codebook
- parameter Config. A few examples are shown in FIGURE 14. In another example of
unconstrained, the selection of L beams is unconstrained and any L out of L,L, beams can
be reported. The basis after beam selection is given by W,, where I = {(i;,j,):l =
0,1,..,L — 1} is the index set of L selected beams, and i; € {0,1,...,L; — 1} and j, €
{01,..,L,—1}.

[0122] FIGURE 14 illustrates an example parameterized beam group 1400 according to
embodiments of the present disclosure. An embodiment of the parameterized beam group
1400 shown in FIGURE 14 is for illustration only. One or more of the components
illustrated in FIGURE 14 can be implemented in specialized circuitry configured to
perform the noted functions or one or more of the components can be implemented by one
or more processors executing instructions to perform the noted functions. Other
embodiments are used without departing from the scope of the present disclosure.

[0123]  In some sub-embodiments 3, a UE is configured with one 6f the following two

types of basis, where W, is defined in the aforementioned embodiments 1. In one example

of basis 0, B; = MO/’ I/(l)/] which is configured if W, is orthogonal (i.e., has orthogonal
I
columns). In another example of basis 1 : B; = Wiwi w)™ 0 ] which is
| ’ Lo W, W wy)

configured if W, is non-orthogonal (i.e., has non-orthogonal columns). Note that if W, has
orthogonal columns, then Basis 0 and Basis 1 are identical because BB = I.

[0124]  In some sub-embodiments 4, a UE is configured with W1 basis for Type I and
Type I CSIs (FIGURE 9 and FIGURE 10) according to at least one of the following
alternatives. In one example of Alt 0, both Basis 0 and Basis 1 can be configured for both
Type I and Type II CSIs. In one example of alt 1, only Basis 0 can be configured for Type
I CSI and both Basis 0 and Basis 1 can be configured for Type II CSI. In one example of
Alt 2, only Basis 1 can be configured for Type I CSI and both Basis 0 and Basis 1 can be
configured for Type II CSI. In one example of Alt 3, only Basis 0 can be configured for
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- Type 1 CSIand both Basis 0 and Basis 1 can be configured for Type ICSI. In one example
of Alt 4, only Basis 1 can be configured for Type II CSI and both Basis 0 and Basis 1 can be
configured for Type I CSL In one example of Alt 5, only Basis 0 can be cdnﬁgured for
Type 1 CSI and only Basis 0 can be configured for Type II CSL In one example of Alt 6,
only Basis 0 can be configured for Type I CSI and only Basis 1 can be configured for Type
IT CSI In one example of Alt 7, only Basis 1 can be configured for Type I CSI and only
Basis 0 can be configured for Type II CSI. In one example of Alt 8, only Basis 1 can be
configured for Type I CSI and only Basis 1 can be configured for Type II CSL

[0125] In some embodiments 2, a UE is configured with W, codebook for multiple
antenna panels (as shown in FIGURE 12) with M = 1 panels, which has a block diagonal
structure with 2M blocks, where the first 2 consecutive blocks are associated with the two
polarizations of the 1* antenna panel, the next 2 consecutive blocks are associated with the
two polarizations of the 2™ antehna panel, and so on.

[0126] In one example of M =2 antenna panels, the W1 basis is according to one of the
following alternatives. In the following, the subscript I may be dropped for brevity.

[0127]  For Basis 0 only, some examples may be configured as follows. In one example

By, O 0 O
. 0 B, 0 O . . ) D
of Basis 0-0, W = o0 B, 0 By is a basis of type Basis 0, which is common to
0
0 0 0 B,
both panels. Such a basis can be configured if port layouts of both panels are identical. In
By, 0 0 0
' . 0 B, 0 O .
another example of Basis 0-1, W = 0o 0 B, 0} By and B, are two basis of type
1
0 0 0 B;

Basis 0 for panels 0 and 1, respectively. Such a basis can be configured if port layouts of

the two panels are different.
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[0128] For Basis 1 only, some examples may be configured as follows: In one example

Bo(B{By) ! 0 0 0
H -1 0 0
of Basis 1-0, W = 0 Bo(By Bo) Ho N1 , By is a
0 O By(By By) 0
| 0 0 0 B, (B! B,

basis of type Basis 1, which is common to both panels. Such a basis can be configured if

port layouts of both panels are identical. In another example of Basis 1-1, W =

[BO(BgBO)_l 0 0 0
0 Bo(B§Bp) ™ 0 0 '
[ 0 0 B,(BiB;)! 0 o and B, are two basis o
0 0 0 B,(BYB,)?

type Basis 1 for panels 0 and 1, respectively. Such a basis can be configured if port layouts
of the two panels are different.

[0129]  For both Basis 0 and Basis 1, there may be some alternatives. In one example of

B, 0 0 0
B'OI-W—[O %o 90 ]B'b'f Basis 0 £
asis Ul: =l o o Bl(BfBl)_l : 0 , Bp 18 a basis ol type Basis O for
0 0 0 Bl(B{’Bl)-lJ
panel 0, and B, is a basis of Type Basis 1 for panel 1. In another example of Basis 10:
Bo(B{By) ™! 0 0 0
Hp y-1
W= 0 Bo(Bq Bo) 0 0 , By is a basis of type Basis 0 for panel 0, and
0 0 B, 0
| 0 0 0 B,

B, is a basis of Type Basis 1 for panel 1. It is straightforward to extend this example to
more than 2 antenna panels, for example 4 panels. |

[0130]  In some embodiments 3, a UE is configured with W, codebook for single panel
and Type I and IT CSIs (as shown in FIGURE 9 and FIGURE 10) according to at least one
ofthe following alternatives. In one example of Type I CSI (implicit), the Type I pre-coder

represents ecither beam selection or combination and has the following expression:

BIC

13 c Where for selection, c = [e; e;¢,]" where e; is a selection vector of length L
1

p:

whose i-th entry is 1 and the rest all are zero, where i =0, 1,..., L-1. An example of such
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selection is LTE Release 13 and 14 Class A codebook and where for combination,
c=[1 ¢ - €2-1]" where c; are quantized a coefficient codebook. Two examples
of which are QPSK or 8-PSK codebook for phase and N-bit uniform for amplitude. An
example of such a codebook is LTE Release 14 advanced CSI codebook.

[0131]  In another example of Type II CSI (explicit), the Type II pre-coder represents
beam combination to report channel/eigenvectors/covariance matrix as follows: Channel:

Hy, ~[YiZgcb Yiiteb]" for receive antenna r ; Covariance matrix: K =

ﬁZkEf((Hk)(Hk)H) =~ BICBIH; Eigenvector.‘ e~ [ f’;ol Clbl ZlZ:I:ZlClbl]T N bl are

columns of B;; and Coefficients {c;}j%;" for channel and eigenvector reporting and {c; ;}

for covariance matrix reporting are quantized using the W, codebook.

{0132] In some embodiments 4, a UE is configured with W, codebook for multiple
panels and Type [ and II CSIs (FIGURE 9 and FIGURE 10) according to at least one of the
following alternatives: In one example, the pre-coder has the structure, kron(c, d), where
c is for intra-panel CSI, and d is for inter-panel CSI (Basis 0-0 and Basis 1-0), where
kron(c,d) represents the Kronecker product of candd. In another example, the
pre-coder has the structure [€o  €1]7, where ¢, and ¢, are W2 for two panels (for all types
of basis).

[0133] In some embodiments 5, a UE is configured with an UL codebook which is the
same as the DL codebook for Type I CSIin Embodiment 3 for 2, 4, and 8 antenna ports at
the UE. Unlike DL codebook, which is parameterized by parameters such as number of
ports in two dimensions, (N}, V,), oversampling factors in two dimensions, (O, O,), one of
non-orthogonal or orthogonal basis set, and number of beams (L = 1, 2, or 4) for beam
group selection from the basis set, for the proposed UL codebook, (N, N,), (O, O,) (e.g. (8,
8)), and basis set type (e.g. non-orthogonal) are fixed. However, the number of beams (L
value) is configured to the UE via UL transmission related configuration in UL or DL DCL.
[0134]  In some embodiments 6, a UE is configured with the DL codebook for Type II
CSI (Embodiments 3) such that the W, codebook performs separate quantization of

amplitude and phase of each beam combination coefficients, {¢;} or {c; ;}, where phase
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quantization is reported SB and amplitude quantization is reported either wideband (WB)

only (Alt. 6-0) or, SB only (Alt. 6-1) or, both WB and SB (Alt. 6-2), where WB reporting is

used to report the WB component of amplitude (that is common to all SBs) and SB

reporting is used to report per SB component of amplitude. In such embodiments, one of-
alternatives may be fixed in specification. Alternatively, one of alternatives (Alt.6-0

through 6-22) is configured to the UE via higher-layer (e.g. RRC) or more dynamic (MAC

CE based or DCI) signalling. For this later alternative, either all three (Alt. 6-0 through 6-2)

alternatives are supported or two of them are supported, which correspond to either Alt. 6-0

and 6-1 or Alt. 6-0 and 6-2 or Alt. 6-1 and 6-2.

[0135]  In some embodiments, the amplitude quantization type is according to one of the

following four alternatives. In one example, Amplitude Type 0 corresponds to the case in

which for each of the L beams, the reported amplitude is the same for the two antenna ...

polarizations, and the same for a plurality of layers, for example, for two layers, the

coefficient amplitude for two layers can be expressed as

i Zi Zij 1 Zi Zi:i T. In another example, Amplitude Type 1
corresponds to the case in which for each of the L beams, the reported amplitude is the
same for the two antenna polarizations, and different for the plurality of layers, for example,
for two layers, the coefficient amp'litude for two layers can be expressed as

1 a1 oo aL—l 1 al vee aL—>1 T )
; , , + | .In yet another example, Amplitude Type 2
1 a1 aee aL_1 1 al vee aL—l
corresponds to the case in which for each of the L beams, the reported amplitude is
different for the two antenna polarizations, and the same for the plurality of layers, for

example, for two layers, the coefficient amplitude for two layers can be expressed as

1 N a a R T C .
[ a, L-1 L Fl+1 2L 1] . In yet another example, Amplitude Type 3

1 a - a1 a Qg - Az
corresponds to the case in which for each of the L beams, the reported amplitude is

different for the two antenna polarizations, and different for a plurality of layers, for
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example, for two layers, the coefficient amplitude for two layers can be expressed as
1 a; = @1 4 Qg 0 Gy
1oa, = apy a gy - azlL—1] .
[0136] One of the aforementioned examples will be discussed and fixed in the present
disclosure. Alternétively, one of the aforementioned examples is configured to the UE via
higher-layer (e.g. RRC) or more dynamic (MAC CE based or DCI) signalling.
Alternatively, one of the afofementio_ned examples (e.g., Amplitude Type 0 — 3) is either
fixed or configured if amplitude is reported WB, another one of the aforementioned
examples (e.g., Amplitude Type 0 — 3) is either fixed or configured if amplitude is reported
SB, and another one of the aforementioned examples (e.g., Amplitude Type 0 — 3) is either
fixed or configured if amplitude is reported both WB and SB.
[0137]  In some embodiments, the amplitude quantization codebook for either WB or
SB reporting (Alt. 6-0 and 6-1 above) is according to one of the following: Cy o =

1. 1, .
‘ {ﬁ:l =012,..,N, - 1}; and (4, = {0}V {\/_Z:i:l =0,12,.. Ny, — 2}, where N, is the

number of bits to quantize each amplitude. For example, if Ny =2, then (4o =

{1,¥0.5,+/0.25,Y0.125} and C,, = {1,v0.5,0.25,0}, and if Ny =3, then Cyo =
and C4, = {1,¥0.5,v¥0.25,4/0.125,v0.0625,vV0.0313,Y0.0156,0}. Let N,y and

N, sg be number of bits to report quantized WB and SB amplitudes, respectively.

[0138] In some embodiments, the amplitude quantization codebook for both WB and
SB reporting (e.g., Alt. 6-2 above) is as follows. Let a5 and asp denote the quantized
WB and SB amplitude of a coefficient, respectively.

[0139]  For WB reporting, the WB amplitude of each coefficient (a5 ) is reported using
one of N, yp-bit codebooks C, g and Cy ;.

[0140]  For SB reporting, the SB amplitude of each coefficient (asg) is reported using

the corresponding WB amplitude ay, 5 and one of the following N, ¢5-bit codebooks. In

SN .. SN
one example, CA,SB,(,:[— ASE_q —S1 —So So Si —éz'S—B—1], where
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1

5 = T The reconstructed amplitude using both WB and SB amplitude components is
given by ays(1+ agp). In another example,
CA,SB,l = [_SNAZJ—-l "T85 —So O So S1 e SNAZ’SB—Z], Where Si = \/_%. The

reconstructed amplitude using both WB and SB amplitude components is given by
awg(1 + agp). In yet another example, C, 5, is a Ny sp-bit codebook which is a subset
D(ayp) of the N,-bit full codebook Cy ;, where N is ﬁxéd and the subset D(ayg) is
determined based on the reported WB component ay 5.

[0141]  For example, if N, =3, then
Ca1 = {1,V/0.5,1/0.25,4/0.125,v0.0625,V0.0313,V0.0156,0} and N,gp -bit subset

codebook D(ay, ) for SB amplitude reporting is determined as follows. In step 0, the
index of the codeword is found in the full codebook C, ; which is closest to the reported
WB amplitude a5 in Euclidean distance. Let ] be the corresponding codeword index. In
step 1, the subset codebook D(ay ) is determined as follows: If J < 2N4s8~1 — 1 then
the selected codeword indices of C, ; that comprise D(ay ) are @ = 1 to 2V4s; else if
2Na — J < 2Nase=1 then the selected codeword indices of C4 ; that comprise D (ay ) are
& = 2Ma —2Nase 1 to 2V4l;and else the selected codeword indices of C, that
comprise D(ay ) are ® = J — 2Vass~1 4 1 to J 4 2¥4s8~1 In other words, the N, ¢z-bit
subset codebook D(ayg) for SB amplitude reporting is given by C 4,1(®) where @ is the
set of indices of thé selected codewords in Cy ;.

[0142] In some embodiments, the number of bits for both WB and SB amplitude
quantization is according to at least one of the following alternatives: Ny yp = 2 and
Nysg =1; Nywp=2 and Nygp=2; Nywp =3 and Nygg=1; Nyyp =3 and
Nysg =2; Nywp =4 and Nygp = 1;and Ny p = 4 and N, g5 = 2. Either one of the
aforementioned alternatives is supported in the present disclosure and one of the
aforementioned alternatives is configured via higher-layer RRC or more dynamic MAC

CE based or DCI signaling.
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(0143]  In some embodiments, when both WB and SB amplitude are reported (Alt. 6-2
above), then it is according to at least one of the following alternatives. In one example, for
each coefficient, one WB and one SB amplitude are reported. In another example, for each
beam (out of L W, beams), amplitudes of the two coefficients associated with two
polarizations are reported using a common WB amplitude and two different SB amplitudes.
In yet another example, for each beam (out of L W, beams), amplitudes of the two
coefficients associated with two layers are reported using a common WB amplitude and
two different SB amplitudes. For more than 2 layers, a common WB amplitude and SB
amplitude for each layer are reported. In yet another example, for each beam (out of L W,
beams), amplitudes of the four coefficients associated with two layers and two
polarizations are reported using a common WB amplitude and four different SB
amplitudes. For more than 2 layers, a common WB amplitude and SB amplitude for each
layer and each polarization are reported. Either one of the aforementioned examples is
supported in the present disclosure and one of the aforementioned examples is configured
via higher-layer RRC or more dynamic MAC CE based or DCI signaling.

[0144]  In some embodiments 7, a UE is configured with the DL codebook for Type 11
CSI (Embodiment 3) in which W beam are selected freely or unconstrained accordin.g to
one of the following alternatives. In one example of Alt 7-0, similar to LTE specification
advanced CSI codebook, beam (0, 0) is always selected, and remaining L — 1 beams are
selected freely from remaining L,L, — 1 beams. In another example of Alt 7-1, any L out of
L\L, beams can be selected. For higher rank Type II CSI reporting, the nested property in
W, beam groups in maintained, i.e., the W; beam groups is the same for all layers.

[0145]  In some embodiments 8, a UE is configured with the DL codebook for Type 11
CSI (Embodiment 3) in which the W, codebook for Type II CSI is based on beam
combination and is used to report at least one of the following two CSI sub-types. In one
example of Type II-A, the W, codebook is used to quantize pre-coders, which can be an

estimate of channel eigenvectors or any general beamforming vectors. In such example,

. . . . B
the linear combination based quantization of pre-coder is given by p = ﬁB'_zll' where
1
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c=[co €1 = €1 € Cer v Cz-1]7, and ¢; is a complex coefficient for i-th

beam in basis B; and to report rank » CSI, » dominant pre-coders are reported

independently using linear combination of L beams. For r layers, either » separate PMIs or

a single PMI is reported. In another example of Type II-B, the W, codebook is used to

quantize a matrix, a 2NN, x 2NN, matrix, as Type II CSI, where the linear combination

based quantization is given by P = B,CB¥, where C is a 2L x 2L Hermitian matrix. The

matrix is therefore Hermitian and non-negative definite. An example is an estimate of
channel covariance matrix E(H?H).

[0146]  For CSI Type II-A, the number of coefficients is K= 2L, and for CSI Type 1I-B,

the number of coefficients is K = 2L(2L+1)/2 = L(2L+1), because of C is a Hermitian

matrix. The W, codebook 1s used to quantize K coefficients as follows. In one embodiment

of strongest beam/coefficient selection, the strongest beam/coefﬁcient_corresponding to

the coefficient with the largest amplitude is selected and reported, and the rest of the K — 1

coefficients are normalized by dividing them by the strongest coefficient and the

normalized K - 1 coefficients are reported. Two alternatives of the strongest
beam/coefficient selection are as follows. In one alternative (Alt 8-0), beam (0, 0) of the

basis set is the strongest beam. Note that in case of Type [I-B CSI, this corresponds to the

diagonal coefficients corresponding to Beam (0, 0). In one example (Alt 8-0-0), beam (0, 0)
at a fixed antenna polarization, e.g. +45, is the strongest beam. In this case, no indication of
the strongest beam is needed. In yet another example (Alt 8-0-1), beam (0, 0) at any one of
the two antenna polarizations can be the strongest beam. In this case, 1-bit indication is

needed to indicate the polarization of the strongest beam. In another alternative (Alt 8-1),

any one of the L beams can be the strongest beam. Note that in case of Type II-B CSI, this

corresponds to the diagonal coefficients corresponding to 2L beams. In one example (Alt

8-1-0), the strongest beam is selected from a fixed antenna polarization, e.g. +45. In this

case, log,[L]-bit indication is needed to indicate the strongest beam. In another example
(Alt 8-1-1), the strongest beam is selected from any of the two polarizations. In this case,

log,[2L]-bit indication is needed to indicate the strongest beam
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[0147]  The selection of the strongest beam/coefficient can be reported in a WB manner
(e.g., one common report for all SBs) or in a SB manner (e.g., independent report for each
SB). If it is WB, it can be reported with PMI1 either jointly with at least one WB CSIreport
or separately as a separate WB report. Alternatively, it can be reported as a WB component
of PMI2. |
[0148] In one enibodiment of Quantization, after normélization, the strongest
coefficient becomes one, hence need not be reported. The normalized remaining X - 1
coefficients are quantized using scalar quantization of amplitude and phase separately. In
one example of amplitude quantization, the codebook for amplitude quantization is a B,
bit scalar codebook over [0, 1], where B, = 2, 3, or 4. The amplitude quantization is either
WB or SB or both WB and SB (Alt. 6-0 through 6-2 in Embodiment 6). There are two
alternatives for amplitude quantization across two polarizations. In another example of Alt
-8-2-0, the amplitudes of the two coefficients (associated with two polarizations) for e‘ééh
one of L beams are the same (Amplitude Type 0 and / in Embodiment 6). In yet another
example of Alt 8-2-1, the amplitudes of the two coefficients (associated with two
polarizations) for each one of L beams are different and are independently quantized
(Amplitude Type 2 and 3 in Embodiment 6).
[0149] In one embodiment of phase quantization, the codebook for phase quantization
is a Bp bit 287 -PSK codebook, where B, = 2, 3, or 4. The phase quantization is reported
in a SB manner.
[0150]  For higher layer Type II-A CSI reporting, the W, codebook is according to the
following. In one example, the strongest beam/coefficient selection for all layers is
according to one of the following two alternatives. In one instance of Alt 8-3-0, the
strongest beam is the same for all layers. In another instance of Alt 8-3-1, the strongest
beam can be different (independent selection) for all layers. In another example, the
amplitude quantization for all layers is according to one of the following two alternatives.
In one instance of Alt 8-4-0, the quantized amplitudes are the same for all layers

(Amplitude Type 0 and 2 in Embodiment 6). In another instance of Alt 8-4-1, the quantized
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amplitudes are different (independent quantization) for all layers (Amplitude Type 1 and 3
in Embodiment 6). The phase quantization is independent for all layers.

[0151] In some embodiments, a UE is configured to report a dual-stage W = W, W,
codebook for Type II CSI reporting wherein the PMI to report the LC pre-coding matrix
comprises at least two PMIs, a first PMI (i;) and a second PMI (i,) indicating wideband
(WB) and subband (SB) components of the LC pre-coding matrix, respectively. Also, the
first PMI (i)) includes a first set and a second set of indicators indicating common WB
components for all layers of a plurality of layers and independent WB components for each
layer of the plurality of layers, respectively, the second PMI (i) includes a set of indicators
indicating independent SB components for each layer of the plurality of layers, and the
plurality of layers is determined based on a value v associated with a rank indicator (RI).
In one example, the first PMI (7,) includes the first set of indicators indicating the plurality
of L beams that comprise common WB components for all layers of the plurality of layers,
and the second set of indicators to indicate independent WB compbnents for each layer of
the plurality of v layers, where the independent WB components for each layer comprise
at least a strongest coefficient among the plurality of coefficients and WB amplitude
coefficients for the remaining coefficients (all coefficients except the strongest). In another
example, the second PMI (i,) includes the set of indicator to indicate independent SB
components for each layer of the plurality of v layers, where the independent SB
components for each layer comprise at least SB phase and SB amplitude coefficients for
the remaining coefficients (all coefficients except the strongest).

[0152] In some embodiments 9, a UE is configured with a dual-stage W = W|W,
codebook for Type II CSI reporting for single-panel in which W, codebook is used to select
an orthogonal basis set comprising of uniformly spaced (L;, L,) DFT beams, and to select
L € {2,3,4,6,8} beams freely out of the L;L, DFT beams in a basis set group, where L is
either (e.g. RRC) configurable or UE reports a preferred L value. This selection is WB.
Two examples of basis set sizes are (L}, L,) = (4,2) and (N},N>), one of which is either fixed

or configured. For layer / the basis comprising of L W, beams is given by B; =
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: Hp —
[bk(o) ROy bkgﬁq)'kgﬁ_l)] ,where, bkllk2 isa 2D DFT beam,B;B; =1 and

1,172,

{(kill),kg :1,0,1...,L — 1} are indices of L beams after sorting them so that beam

(kiol), k(o)) is the strongest beam for layer /. Note that for rank > 1, the strongest beam
index can be different for different layers, hence the index of the strongest beam is
indicated per layer and this indication is WB.

[0153] In some embodiments 9, a UE is configured with a dual-stage W = W, W,
codebook for Type II CSI reporting for single-panel in which W, codebook is used to
combine L beams independently per layer with a common W; beam group, i.e., the
selected L beams are the same for all layers. The amplitude and phase of the combining
coefficients are reported separately where phase is reported per SB and amplitude is
reported WB or SB or both WB and SB according to at least one of the alternatives in
Embodiment 6. The amplitude scaling matrix A,; is a L X L diagonal matrix with diagonal

elements in [0,1] which correspond to amplitudes of L coefficients for polarization r and

layer I The phase of coefficients for polarization » and layer / is given by c,; =

[Cr,l,O:-- Cr1L— 1] wherecr“—exp( )VT‘ll N € {2,3,4}.

. w
[0154]  For rank 1 and rank 2, the precoders are given by W = [WO’O] and W =
1,1

gjz ;zj , where W,; = B/P,c., = XiZg bkill)kgl) "PriiCrpi > =01 ,1=01,
k,=0mn,+q,n,=01..N,-19,=01,..,0, -1 ; and k, =0,n,+q,n;, =
01,..N,-1,9q,=01,..,0, — 1.

[0155] In some embodiments of joint reporting of L beams, assuming the full
orthogonal basis set of size (L,L,) = (N1,V,), the number of bits to report a basis set is
B, = log,(0,0,), that to report the strongest beam is either B; , = log,(L;L,) if the
strongest beam is selected common for all R layers or B; , = log,(RL,L,) if the strongest

beam is selected per layer, and that to report the remaining L - 1 beams is By; =

log, (" 1bz= 1) So, the total number of bits to report the first PMI (PMI1) is By = By, +
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B, + B3z = [10g2(0102) + log,(LyL,) + logz(LlLL_ZII)] or [logz (0,0,) +

log, (RLL,) +log,(“1271)).

[0156] In some embodiments, alternatively, the number of bits to report a basis set is
B, = log,(0,0,), that to report L beams from the selected basis set is By , = logz(LlLLZ),
and that to report the strongest beam is either B; 3 = [log, L] if the strongest beam is
selected common for all R layers or B; 3 = log,(RL) if the strongest beam is selected per
layer. So, the total number of bits to report the first PMI (PMIl) is By = B;; + By, +
B3 = [log2(0102) + logz(LlLLZ) + log,(L)] or [logz(OIOZ) + log, (LlLLZ) + log,(RL)].
[0157]  In some embodiments of independent reporting of L beams, alternatively, the
number of bits to report a basis set is B, ; = log,(0,0,), that to report L beams from the
selected basis set is By , = Llog,(L,L,), and that to report the strongest beam is either
B, ; = [log, L] if the strongest beam is selected common for all R layers or By ; =
log, (RL) if the strongest beam is selected per layer. So, the total number of bits to report
the first PMI (PMIl) is B; = B;; + By, + By3 = [log,(0,0,) + Llog,(L,L,) +
log,(L)] or [log,(0,0,) + Llog,(L,L,) + log,(RL)].

[0158] In some embodiments 9-0, a UE is configured with a 1 layer and a 2 layer
codebooks for Type II (high-resolution) CSI reporting as follows. For 4 antenna ports (e.g.
{15,16,17, 18}), 8 antenna ports (e.g. {15, 16, ...,22}), 12 antenna ports (e.g. {15, 16, ...,
26}), 16 antenna ports (e.g. {15, 16, ..., 30}), 24 antenna ports (e.g. {15, 16, ..., 38}),and
32 antenna ports (e.g. {15, 16, ... 46}), when the UE is configured with higher layer
parameter TypellCodebookEnabled; the values of N, and N, are configured with the
higher-layer parameters CodebookConfig-NI and CodebookConfig-N2, respectively. The
supported configurations of (v,N,) for a given number of CSI-RS ports and the
corresponding values of (0,,0,) are given in TABLE 1. The number of CSI-RS ports,

Pgrs » 18 2NN, ; the value of L is configured with the higher-layer parameter -

CodebookConfig-L, where Le{2,3,4}. When Fogps =4, L>2 is not supported; the value of
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Npgx 18 configured with the higher-layer parameter CodebookConfig-Phase, where
Npsk €{4,8} ; and the UE is configured with the higher-layer parameter
CodebookConfig-Amp set to WB-Amplitude or WBPlusSB-Amplitude.

[TABLE 1] Supported configurations of (»,,»,) and (0,,0,)

Number of
CSI-RS antenna ports, (N, N,) (01,0,)
PCSI-RS |
4 2,1 CRY
. (2,2) 4.4)
4,1) 4,1
(3,2) 4,4)
12
(6,1) (4,1)
(4,2) 4,4
16
8,1) 4,1)
(4,3) 4,4)
24 (6,2) 4,4)
(12,1) “4,1)
4,4) 4,4)
32 (8,2) 4,4)
(16,1) “4,1)
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[0159] When v<2, where v is the associated RI value, each PMI value corresponds to

the codebook , indices i and i where
r[q n H5 kl(WB)] N,=1 v=1
|l n BT VB pmas K" ] Ny=1, v=2
") [q n, n, b™ kl(WB):| N,>1, v=1
L[q n ny, b VB pmax kéWB)] N,>1, v=2
r[cl] ’ [WB — amplitude], v=1
[c1 e | [WB — amplitude], v=2
b= (e K] [WBPIusSB — amplitude)], v =1
[cl c, k&9 kgSB)jI [WBPIlusSB — amplitude], v =2

[0160] The L vector (or DFT beams) for linear combination are identified by the

=[O ]

' q=[a 4] ny = [n§0),m’n§L—1):l
quantities ¢, n,, and n,, where 4 e{O,l,...,Ol—l} and
q; € {0,1,...,02 -1

n e {0,1,... N, —1) * " One

ny €{0,1,...,N, 1)
example, if N, =1, ¢,=0 and »” =0 for i=0,1,...,L-1, and neither ¢, nor », are reported.
In another example, when (N,N,)=(2,1), » =[0,1] and n, =[0,0], and », is not reported. In
yét another example, when (N,,N,)=(4,1) and L=4, n =[0,1,2,3] and », =[0,0,0,0], and =, is
not reported. In yet another example, when (N,,N,)=(2,2) and L=4, »,=[0,0,1,1] and
n, =[0,1,0,1], and n, 1s not reported. The strongest beam (or coefficient) on layer 1,7=1,...,v

-max

is identified by b = [11 ,”lmax] where i" €{0,1,...,L -1} is the vector (or beam

index and ™ €{0,1} identifies the polarization. i and #™ are reported for

I=1,...,u.
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kl(w B) kl(SB)

[0161] The beam (or coefficient) amplitude indicators and are

(WB) _ [ 1(WB) 7(WB) (WB) (WB)
k; _|:k0,1,0 ’kl,l,O ’“"kO,l,L—l’kl,l,L—l:|
(SB) _ [ 1.(SB) 7(SB) (SB)  1.(SB)
k™ = [ko,/,o ’kl,l,O ”"’kO,l,L—l’kl,l,L—l:|

rWB) e{O L 7} for /=1,..,0. The mapping from kf?lv,?) to the
0

rli
1}

beam (or coefficient) amplitude Pf\,)lv,?) is given in TABLE 2 and the mapping from kf,s,ﬁ’

(SB)
kr,l S €

to the beam amplitude Pi,szl?i) is given in TABLE 3.

WB
[TABLE 2] Mapping of 41 to p*\®
WB WB
kr(,l,i : Pi,l,i :
0 0
] J/64
2 Ji732
3 J16
R T
5 1/4
5 7
7 1
[TABLE 3] Mapping of ¥ to p®F)
SB) (SB)
kr(,l,i Pryi
0 12

1 1
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[0162) The beam (or coefficient) amplitudes are represented by

(WB) _[_(WB) _(WB) (WB) _(WB)
P —[Po,l,o » P10 ""’pO,l,L—l’pl,l,L—l:I

(SB) _(SB) (SB) (SB)

(SB) for 1=1,..,v.
P = |:p0,l,0 Do ""’pO,l,L—l’pl,l,L-l}

[0163] The beam (or coefficient) phase indicators are ¢; = [Co,z,o €110+ -5€0.0,L-1>CL 1 L1 ]
for /=1,..,v.

[0164] When CodebookConfig-Amp is set to WB-Amplitude, k,(?x?) €{0,1,...,7} and

SB SB) .
k,(,,,,-) =1 for r=0,1, /=1,...,0, and i=0,1,...,L-1. k,( ' is not reported for /=1,...,0. The
. . k(WB) = 7 =0 (X(B) -max max l jmax
indicators l’}max,l,i[max and cr[max’[’ilmax = (l:l,...,l)). y ?l’ll and v bl
_ .. VB
are not reported for /=1,...,0. The remaining 2L-1 elements of %; (71=1,..,0) are

reported. The elements of ¢, (/=1,...,0) corresponding to the coefficients pf}’x?) >0, as

WB
determined by the reported elements of kl( : , are reported, where
¢, 15 €{0,1,..., Npg —1} .
[0165] When  CodebookConfig-Amp  is  set  to WBPIlusSB-Amplitude,

WB)
WB . . ( =
kr(,l,,-) €{0,1,...,7} ,-o1, I=1,..,0, and i=0,1,...,L-1. The indicators kr]m ] jmex 7,

st sty

KD o =1

r}max ] jmax - , and

A A

_ (WB) (SB)
Crpmx 1 i 0 (1=10 ). kr,ma*,l,i;"a* : kr,'““*,l,i;““ , and

(64 . ‘ .. WB
1™ L™ are not reported for 7=1,...,0. The remaining 2L-1 elements of k,( )

WB)
(1=1,..,v) are reported. Let M, (/=1,...,0) be the number of elements of kl( ) that satisfy
WB) S o (SB) ~ ~ (sB)
Pry; >V . The elements of k> and ¢ (/=1...,0) corresponding to the min(a,,K*)-1

strongest beams (or coefficients) in the reported elements of k,(WB) , as determined by the
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i we) kS e 0,1
corresponding elements of pf , are reported, where KX,;; E{ ’ } and

¢, €{0,1,...,Npgx =1} . When two or more elements of »™® are identical, then the
element with lower indices (starting from the left-hand-size of p™®) have higher priority
for k*® and ¢ (7=1,..,0) reporting. The values of k®® are given in TABLE 4. The

remaining 2L—min(M,,K(SB)) elements of k¥ (/=1,..,0) are not reported. The remaining

2L-min(M,,K®) elements of ¢, (/=1,...,0) are reported, where ¢, ; € {0,1,2,3} .

[TABLE 4] Full resolution subband coefficients when WBPIlusSB-Amplitude is configured

L K®®

2 4

3 4

4 6

.\
0166] The codebook entry for v=1 is we) 8 . and the codebook entry for
ry q,n,1, P >Py 701 ry
(2)
—71 S WB SB
v= 2 18 q’nl 1”2 7P1(WB) 7p1( B) acl ,Pé ) ’pé ) ,02 Where
-1 we)
(WB)  (SB)
1 zvml(i).m;i)po,l.i Po1iPoi

w! - =0 , [=1,2

L-1 ’

g pf 0P ol 2 2 (WB) (SB)
i (WB) _,(SB) (WB) __(SB) .
NINZZl:(pO.I,i pO.I.i) +(P1.1,i P ) } zvm}”,m;”pl.u Prii P |

i=0 i=0
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(1) — !
WB) _(SB - WB) _(SB
q,m M an( )’Pl( )’C] qs”l’"z’Pl( )al’l( )701 ’ and

(2) _ 1 1 2
W (WB) _(SB) (WB) _(SB) c - W (WB) _(SB) c W (WB) _(SB) ¢

OMsMs00 P sGsPy Py 56 /2 q,7,M,.P P G q,n,M,0, 5D
@) ()
o\ (@) ) ) m"” =0n" +g,
[0167]  The quantities 7 " and m,  are given by 0 for i=o0,1,..,L-1.
my =01y +4q,
The quantities Prri , Uy , and Vim are given by

2N g _ Amplitude
@, =1 :/Nox  WBPlusSB - Amplitude, K®® ~1 strongest beams (coefficients)
eﬂﬂcnu/“ WBPIusSB - Amplitude, 2L — K®B weakest beams (coefficients)

L

j 27rm j27rm(N2—1) . L
{1 e &N o O ] No>1
u, = .
1 N2=1
2l ;27N Y T
Vim —|:um e OM u, e oM, um}

[0168] In some embodiments 9-1, a UE is configured with a 1 layer and a 2 layer
codebooks for Type II (high-resolution) CSI reporting as follows. In one example, for 4
antenna ports (e.g. {3000, 3001, 3002, 3003}), 8 antenna ports (e.g. {3000, 3001,
...,3007}), 12 antenna ports (e.g. {3000, 3001, ..., 3011}), 16 antenna ports (e.g. {3000,
3001, ..., 3015}), 24 antenna ports (e.g. {13000, 3001, ..., 3023}), and 32 antenna ports
(e.g. {3000, 3001, ..., 3031}), when the UE is configured with higher layer parameters
CodebookType set to Typell and CodebookParameters set to Type2 Parameters, where
Type2 Parameters contains parameters {CodebookConfig-N1, CodebookConfig-N2,
NumberOfBeams, PhaseAlphabetSize, SubbandAmplitude}: The values of N, and N, are

configured with the  higher-layer  parameters  CodebookConfig-NI ~ and
CodebookConfig-N2, respectively. The supported configurations of (N,,N,) for a given
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number of CSI-RS ports and the corresponding values of (0,,0,) are given in TABLE 1.
The number of CSI-RS ports, Bggs, IS 2NN, ; the value of L is configured with the
higher-layer parameter NumberOfBeams, where L=2 when By s =4 and Lbe{2,3,4} when
Fsips >4 5 the value of Ny is configured with the higher-layer parametér
PhaseAlphabetSize, where Nyg €{4,8}; and the UE is configured with the higher-layer
parameter SubbandAmplitude set to OFF or ON.

[0169] When v<2, where v is the associated RI value, each PMI value corresponds to

the codebook indices i and i where

Jl:ll,l ho 43 hap ’1,5,1] v=1

[11,1 ho 4h3 hay 451 W42 11,4,2] v=2

i = and

[i2,1,1] SubbandAmplitude = OFF, v=1
_ [iz’u i2’1’2] SubbandAmplitude = OFF, v=2
Iy =
? [iz’u i2,2,1] SubbandAmplitude = ON, v =1

[iz,u oy b iz,z,z] SubbandAmplitude = ON, v =2

[0170])  The L vectors for combination are identified by the indices i, ,,and i, where

~[ . ~
and "2 =M ol ] In one example, if N, =1, i, =0 and #{” =0 for

i=0,1,..,L-1, and neither i, nor n, are reported. In another example, when (¥,N,)=(2,)),
n, =[0,1] and n, =[0,0], and i ; is not reported. In yet another example, when (N,,N,)=(4,1)
and L=4, »,=[0,123] and »,=[0,0,0,0], and i, 1s not reported. In yet another example,

when (N, N,)=(2,2) and L=4, »,=[0,0,1,1] and n,=[0,1,0,1], and i, is not reported.
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[0171]  Two alternatives to report [», »,] are as follows. In one example of Alt 9-1-0
(independent reporting), (»”,n{”) for i=o,,..,2-1 are reported independently using
[log, (N,V,)] bits per vector (beam). In another example of Alt 9-1-1 (joint reporting),

(n{"),n;“)) for i=0,1,..,L-1 are reported jointly in accordance with a combinatorial index

(®

—1/NyNp-1-5; i
LYNN2m1=8)) yhere s = Npnl? 4+
i 2™ 2

r=2isol Vi are (sorted) orthogonal beam indices

(where the corresponding oversampled DFT beam indices k= O;n{” + q,j = 1,2) and
X * >

< >= y *=Y is the extended binomial coefficient.

0 x<y

[0172] The strongest coefficient on layer 11=1..,0 is identified by

i4; =B"™ €{0,...,2L~1} . The amplitude coefficient indicators #5; and i, are
1 1 1

[0 0 kD, ]

, 2 2 2

122 |:k1(,0) ) k1(,1 s kl(,Z)L—l ]

kD e{o,L,...,7}

K <o)

(0
!

hs1= k

e |
for /=1...,0. The mapping from kz(,i') to the amplitude

2
coefficient p{) is given in TABLE 5 and the mapping from k,(,l.) to the amplitude

coefficient pl(f) is given in TBALE 6. The amplitude coefficients are represented by

m_1,0 O (1)
Py = ProsPrys s Prar-
[ ] for 1=1,...,v.

@ _f,2 ,@ (2)
p —[Pz,o 2P ""7pl,2L—l:|
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[TABLE 5] Mapping of elements of 15, : kl(,li) to py;

KD bl
0 0
G
2 e
3 V1716
PR N T
5 1/4
6 1/2
7 1

[TABLE 6] Mapping of elements of i,,;: kl(f) to p,(,%)

2 2
kl(,i) pg,i)
0 /2
1 1

[0173]  The phase coefficient indicators are i ;; =¢ =[c,,0,c,’1,...,c,,2L_1] for 1=1,...,0.

The amplitude and phase coefficient indicators are reported as follows. In one example, the

o ) _ 2 _ ) (2)
indicators kl(,b)lm =7, kl(’b?“ax =1, and € pm= =0 (I=1,...,v). kl,blmax , kl,b;m* , and Cl,b,“‘""

are not reported for 7=1,...,0. In another example, the remaining 2 -1 elements of "

I=1,..,0) are reported, where £V €{0,1,...,7} . Let M, (1=1,...,0) be the number of elements
p l,

of k¥ that satisfy & >0. In yet another example, the remaining 2.1 elements of &{®



WO 2018/097600 PCT/KR2017/013354

54

and ¢ (I=1,..,0) are reported as follows. In one instance, when SubbandAmplitude = OFF,

K2 =1 for 1=1,..,0 and i=0,1,...,2-1. k” is not reported for /=1,...,v; and for /=1...,v,

the M,-1 elements of ¢, corresponding to the coefficients that satisfy kl(,l,-) >0, as
: 1

determined by the reported elements of kl( ) , are reported, where ¢;; €{0,1,...,Npg¢ —1},
and the remaining 2L- M, elements of ¢, are not reported and are set to ¢;; =0. In another
instance, when SubbandAmplitude = ON, for /=1,...,0, the elements of k}z') and ¢
corresponding to the min(M,,k®)-1 strongest coefficients, as determined by the
corresponding elements of £V, are reported, where k,(? €{0,1} and ¢ €{0,1,..., Npsg —1}.
The values of k@ are given in TABLE 7. The remaining 2L—min(M,,K(2)) elements of

2 .
are not reported and are set to k,(,,.) =1. The remaining 2L-min(M,,k®) elements of ¢, are

. 1 1
reported, where ¢;; €{0,1,2,3} . In another instance, when two elements, kl(x) and kz(y) , of

the reported k(" are identical (ki =k{,), then the element min(x,y) is prioritized to be

. . . 2
included in the set of the min(M,,K(z’)—lstrongest coefficients for»kl( ) and ¢ (1=1...,v)

reporting. In another alternative, max(x,y) is prioritized to be included in the set of the

min(M;,K®)~1strongest coefficients for k® and ¢ (i=1,...,0) reporting.

[TABLE 7] Full resolution subband coefficients when SubbandAmplitude = ON

L K®
2 4
3 4
4 6
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[0174]  The codebook for 1-2 layers is given in TABLE 8, where the quantities m{" and

i =0p0 +q

0 0 for i=o,1,..,L-1, and the quantities @;;, u,,, and v,
my’ =0,ny" +4,

mé"’ are given by
are given » ‘ by

/2" ulNesk . SubbandAmplitude = OFF
Q= e/ 2 Nrsx SubbandAmplitude = ON, min(M K (2))—-1 strongest coefficients

o) 27 /4 SubbandAmplitude = ON, 2L — min(M, ,K(z)) weakest coefficients

1 ; 2m 27am(N,-1)
1 e %M e O Ny>1
u, =
1 N2 = 1
2l ;27D T
Vim=|Y, € OlNlum e @ O\N, U,

[TABLE 8] Codebook for 1-layer and 2-layer CSI reporting using antenna ports [3000 to
2999+Pcsrs]
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=9 =01..,0 -1

i1.2 =q2 =0717"-a02 -1 lf N2 >1, i1,2 =q2 =0 OtheI'WISe

3= [”1 ”2]

i1,4,l = bln'\ax = 0, 1,...,2L -1

o _ M Q) ; - = ; — 1+ _| (2 (2)
hsp =k = [kl,o""=kl,2L—1] hil=¢ = |:cl,0"“’cl,2L—1:| b=k = |:kl,0 ""’kl,ZL—l:l

The range of values of The range of values of k,(ff)
1 _ 1 The range of values of ¢, as
k¥ and mapping to p" . and mapping to p® as
' explained above
as explained above explained above

[ L1
: @
i val(i),mgi)pl,i PP
— }
Wl = l, s l= 1,2

a1.92m .m0 P 2L-1 2 | & D)
m,,2
NN, Z (pz,f P ) zvm,(”,mé")pl,i+Lp1,i+L¢1,i+L
i=0 L i=0

W(l) ' = I/I/1 )

. 1 2
1 layer (U=1). ql ,(]2,’11 ,}12 9p§ )’p]( .),cl ql sq2 anl ,"2,P1 )apl ,Cl

2 layers (v=2):

2) 1 [ 1 2 }
1 2 1 2 - ( 1 2 1 2
qth”’ll,"z ,Pl( );P{ ):C];pg )3p§ ),Cz 2 ql ’qZ anlanZ ’pl( ),Pg )9Cl q1,9> anl’n25p§ ),Pg ):CZ

[0175] In some embodiments 9-2, a UE is configured with a 1 layer and a 2 layer
codebooks for Type II (high-resolution) CSI reporting as follows. For 4 antenna ports (e.g.
{3000, 3001, 3002, 3003}), 8 antenna ports (e.g. {3000, 3001, ...,3007}), 12 antenna ports
(e.g. {3000, 3001, ...,3011}), 16 antenna ports (e.g. {3000, 3001, ..., 3015}), 24 antenna
ports (e.g. {13000, 3001, ..., 3023}), and 32 antenna ports (e.g. {3000, 3001, ..., 3031}),
when the UE is configured with higher layef parameters CodebookType set to
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Type2 Parameters, where Type2 Parameters contains parameters {CodebookConfig-N1,
CodebookConfig-N2, NumberOfBeams, PhaseAlphabetSize, SubbandAmplitude}: the
values of N, and N, are configured with the higher-layer parameters CodebookConfig-NI
and CodebookConfig-N2, respectively. The supported configurations of (N,,N,) for a given
number of CSI-RS ports and the corresponding values of (0,,0,) are given in TABLE 1.
The number of CSI-RS ports, Prs, IS 2NN, ; the value of L is configured with the
higher-layer parameter NumberOfBeams, where Le{2,3,4}. When Fgps=4, L>2 1S not
supported; the value of N,y is configured with the .higher-layer parameter
PhaseAlphabetSize, where Nyg <{4,8}; and the UE is configured with the higher-layer
- parameter SubbandAmplitude set to OFF or ON.

[0176) When v<2, where v is the associated RI value, each PMI value corresponds to

o _ . I:il,l ha D3 i1,4,1:l v=1
the codebook indices i, and i, where 4 =

.. . . . . and
[’1,1 ha bzl har hse2 ’1,4,2] v=2
IEn SubbandAmplitude = OFF, v =1
B 2] SubbandAmplitude = OFF, v =2
Iy =1
e SubbandAmplitude = ON, v =1
I:i2,1,1 i2’2,1 i2,1,2 12,2’2] SubbandAmplllude = ON, D= 2

[0177]  The L vectors combined by the codebook are identified by the indices i, and i,,

b1 =[Q1 Q2] " :[n{m’ "nl(L—l)]
where ¢ €{0.1....0 -1} and nzz[ng))"“’ngbl)]. In one example, if N,=1, ¢,=0 and

4, €{0,1,...,0,~1} n e{0,1,...,N, -1}

n €{0,1,...,N, -1}

n) =0 for i=0,1,..,L-1, and neither ¢, nor n, are reported. In another example, when
(N, N,)=(2,1), n =[0,1] and n, =[0,0], and j, is not reported. In yet another example, when

(N,N,)=(4,1) and L=4, n =[0,1,2,3] and », =[0,0,0,0], and i, is not reported. In yet another
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example, when (N,,N,)=(2,2) and L=4, n,=[0,0,11] and n, =[0,1,0,1], and i, is not reported.

In yet another example, two alternatives to report [¢, ¢,] are as follows.

[0178] In one example of Alt 9-2-0 (independent reporting), ¢, and ¢, are reported

independently using [log, (0,)]=2 bits and [liog,(0,)]=2 bits only if N, = 1), respectively. In

another example of Alt 9-2-1 (joint reporting), ¢, and ¢, are reported jointly in accordance

with one of the two methods: (1) for a given ¢, and ¢,, i1, = 0,q; + g, is réported which

belongs to {0,1, ..., 0,0, — 1} hence requires [log, (0,0,)]= 4 bits (if N, > 1) or 2 bits only

if N;=1). Foragiveniy,, q; = [l;—:] and q, = i; ; mod Oy; and (2) for a given ¢, and ¢,,

i1 = 019, + q1 is reported “which belongs to {0,1,..,0,0, — 1} hence requires

[10g (0,0,)]= 4 bits (if N, > 1) or 2 bits only if N; = 1). For a given iy 4, g, = ll“ and

g1 = iy; mod 0,. o

[0179] The strongest coefficient | on layer i/=1..,0 1s identified by

i3, €{0,1,....,2L-1} . The amplitude coefficient indicators #4; and i,,, are

i a0 = [ QKD k 5L |

in2s = | kG kD kD |

kD efol,....7) for 71=1...,0 . The mapping from k,(}) to the amplitude
e{0

K

1

coefficient Pf,l,-) is given in TABLE 5 and the mapping from kl(f) to the amplitude

coefficient pﬁ) is given in TABLE 6. The amplitude coefficients are represented by

m 1,0 M (1)
p [Plo’Pn’ ’pIZLl]

for 1=1,..,v
(2) _ 2) () (2) e
P [P/(o 2Diy s Prop- 1]

[0180]  The phase coefficient indicators are i,; =¢; =[c,,o,c,’l,...,c,’2L_1] for i1=1,....0.

The amplitude and phase coefficient indicators are reported as follows. In one example, the
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.- 1 2 _ (D 2 .
indicators kl(,il),3,1 =7, k,(,i])‘“ =1, and ¢, = 0 (1=1,...,0). k,,im‘, , kl(,il),3,1 , and ¢; are not
reported for /=1,...,v. In another example, the remaining 22-1 elements of 441 (I=1...,0)
kD efo,,...,7 - i
are reported, where «;; G{ ,L.... 77 . Let M, (I1=1,...,0) be the number of elements of 4 4

that satisfy k,(,li) >0. In another example, the remaining 2.-1 elements of &1/ and 2

(1=1,..,v) are reported as follows. In one instance, when SubbandAmplitude = OFF,
kl(f) =1 for 1=1,..,0 and i=0,1,...,2L-1. i,, is not reported for /=1,...,0 and for .l=1,...,u,
the M,-1 elements of i,;, corresponding to the coefficients that satisfy kl(j-) >0, as
determined by the reported elements of i 4, are report'ed, where ¢;; € {O,l,...,NPSK -1},
and the remaining 2L-M, elements of &1, are not reported and are set to C; =0. In

another instance, when SubbandAmplitude = ON, for 1=1,...,v, the elements of i,,, and

Iy, corresponding to the min(M,,K(z))—l strongest coefficients, as determined by the
corresponding elements of 4/, are reported, where k,(? e{0,1} and ¢ €{0,1,...,Npsg —1}.
The values of k@ are given in TABLE 7. The remaining 2L—min(M,,K‘2)) elements of
" are not reported and are set to kl(f) =1. The remaining 2L—min(M,,K(2)) elements of iy,
are reported, where ¢;; €{0,1,2,3} . In yet another instance of SubbandAmplitude = ON
when two elements, kl(lx) and kl(ly) , of the reported i 4 are identical (k,(,lx) = k,(,ly)), then the
element min(x,y) is prioritized to be included in the set of the min(M,,K(z))—l strongest
coefficients for iz,é,, and D1 (I=1..,0) reporting. In another alternative, max(x,y) is
prioritized to be included in the set of the min(M,,K(z))—l strongest coefficients for 2 and

L1 (I=1...,0) reporting.
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[0181] The codebook for 1-2 layers is given in TABLE 9, where the quantities ml(i) and

(i) mfl) =01"1([)‘“]1

my° are given by for i=0,1,...,L-1, and the quantities ¢;;, 4, , and V;

my) =0+,
are given by
o/ 2l Ness SubbandAmplitude = OFF

@ = ¢! 276 Nesk SubbandAmplitude = ON, min (M K (2)) —1 strongest coefficients

|/l SubbandAmplitude = ON, 2L — min(M K (2)) weakest coefficients

j 2mm 2rm(N,-1)
1 e %M e O Ny>1
u, =
1 . N2 = 1
27l 2N~y F
— jOlNl OIN]
Vim=|Un € u, e u,

[TABLE 9] Codebook for 1-layer and 2-layer CSI reporting using antenna ports [3000 to
2999+Pcsirs]

Layer

S
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) ~ 1
v=1 W O @ - W 1 @
1,97 10,01 7 5P1 sl 99215101 5Py sl g
) _ 1 1 . 2
v=2 G192 1,1 aP1(l) ,PI(Z) B4 ,pé” -P;z) 212 /2 41,92,M 1 ,Pl(l) ,le 01 492,11, ,pﬁ” ,sz) S22
where
- -
1 .2
ZV @ ) Pri Pri Pry
; 1 P
w mo@ = , 1=12
0y .42, 0,0, " Py ¢ 2L-1 2 L-1 (1 @) )
. M .2 :
NN, Z (p,,i |28 ) val(i),my)pl,i+Lpl,i+L¢l,i+L
i=0 L i=0 .
and the mappings from i to q,, q,, 1, n,, p,and p{ , and fromi, to iy, iy, A%
and p{ are as described above, including the ranges of the constituent indices of j and
i2 0

[0182] In some embodiments 10, a UE is configured with a dual-stage W = W,;W,
codebook for rank 1 and 2 as follows. In one example, the supported number of ports 1s up
to 32 ports, i.e., X = P € {4,8,12, 16, 24, 32}. In another example, the W, codebook is a
port selection codebook (e.g., embodiment 1). In yet another example, the rank-R

dual-stage precoding matrix structure is as follows: W = W;W,, each column of W is

Ex 0
i Lowo=| 2 ;
normalized to 7 W, = 0 Ex | where L € {2,3,4} or L€ {1,2,3,4} is
2
. configurable, and X = 2L, and
r (WB) . (SB) (wB) _ (SB) 7
00,0 "Pooo €000 Po1,0 "Po1o " Co1,0
WB) _(sB) WB) __(SB)
W, = Poor-1 " Poor-1 Coo0L-1 Poir-1" Poar-1 CoiL-1 P K2 (R =92). wh
2= | ws) (SB) WB) SB) or ran (R = 2), where
Pior-1 " PioL-1 CroL-1 P1i11-1 " PriL-1° C11L1-1
WB) __(B) WwB) __(SB)

[P10.-1 " P1oi-1 €10L-1 P111-1° P1ii-1" C11L-1l
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pﬁ‘?’f ) wideband (WB) coefficient amplitude scaling factor for coefficient i and on

(SB

rli

polarization r and layer [, p ) subband (SB) coefficient amplitude scaling factor for

coefficient i and on polarization r and layer [, and c,;; combining coefficient (phase) for
coefficient i and on polarization r and layer [.

[0183] In yet another example, the codebook for phase reporting is configurable (via
RRC) between QPSK (2 bits) and 8PSK (3 bits). In yet another example, the amplitude
scaling mode is configurable (via RRC) between WB+SB (with unequal bit allocation) and
WB-only.

[0184]  The strongest out of 2L coefficient is reported per layer in a WB manner, which
requires [log,(2L)] bits per layer. The rest of the (2L-1) coefficients are normalized by the
strongest coefficient and the amplitude and phase of the normalized 2L-1 coefficients are
reporter per layer.

[0185] The reporting of amplitude scaling is as follows: each amplitude scaling is
independently, selected for each beam, polarization, and layer; a UE is configured to report

wideband amplitude with or without subband amplitude; the wideband amplitude
codebook is {1,v0.5,v0.25,v0.125,v0.0625,+/0.0313,0.0156, 0}, which requires 3
bits per WB amplitude; the subband amplitude codebook is {1, v0.5}, which requires 1 bit

per SB amplitude; and the PMI payload (amplitude and phase) can vary depending on
whether a WB amplitude is zero or not.
[0186]  The reporting of phase for combining coefficients is as follows: each phase is

reported independently per SB, selected for each beam, polarization, and layer; and the

phase codebook is either {ej'ﬂzE , n=0,1,2,3} (2 bits) or {ejTTn, n=20,1,..,7} (3 bits).

[0187]  In some embodiment 10-0, the port selection matrix Ex_, is based on fixed port
2

selection : patterns. For example,
I 0

2 XL - mod(md,g) mod(md+1,);() mod(md+L—1,§)

X
where e("') is a length X72

i

port select column vector whose all entries all zero except i-th entry which is 1, m €
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{0,1, s [EXE] - 1}, and d € {1,2,3,4} is configurable (viaRRC),and d <L andd <X The

overhead for port selection reporting using the W, codeook 1s [ log, [%” bits, which is

reported in a WB manner and it is common for all layers and two polarizations.

[0188] In some embodiment 10-1, the port selection matrix ng . is based on free port
2

selection from any of X/2 ports. The overhead for port selection reporting using the W,
codeook is [10g2(xlfz)] bits, which is reported in a WB manner and it is common for all
layers and two polarizations. |

[0189] In some embodiment 10-2, a UE is configured with a 1 layer and a 2 layer
codebooks for Type II (high-resolution) CSI reporting as follows. For 4 antenna ports (e.g.
{15,16,17,18}), 8 antenna ports (e.g. {15, 16, ...,22}), 12 antenna ports (e.g. {15, 16, ...,
26}), 16 antenna ports (e.g. {15, 16, ..., 30}), 24 antenna ports (e.g. {15, 16, ..., 38}), and
32 antenna ports (e.g. {15, 16, ... 46}), when the UE is configured with higher layer
parameter TypellBFCSI-RSCodebookEnabled: the number of CSI-RS ports is given by
Pogips €{4,8,12,16,24,32} ; the value of 4 is Qonﬁgured with the higher layer parameter
CodebookConfig-d, where d {1,2,3,4}; the value of L is configured with the higher-layer
parameter CodebogkConﬁg-L, where Le{23,4}. When Rggs=4, L>2 is not supported;
the value of Ny i1s configured with the higher-layer parameter CodebookConfig-Phase,

where Npg €{4,8} ; and the UE is configured with the higher-layer parameter

CodebookConfig-Amp set to WB-Amplitude or WBPIlusSB-Amplitude.
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[0190] When v<2, where tis the associated RI value, each PMI value corresponds to

the codebook indices i and I where
l:i"l bmax kl(WB):I v=1
=
Ly B K™ b V] v=2
[a] WB —amplitude v =1
[cl c2] WB — amplitude, v =2

i = ¢ kéSB)] WBPIusSB — amplitude, v =1

[0191]  The antenna ports are selected by the quantity 4, where i, e {0,1,...,[%]—1} .

The strongest beam (or coefficient) on layer 1, /=1,...,0 is identified by & y n
where i €{0,L...,L-1} is the beam (or coefficient) index and 7" €{0,1} identifies

the polarization. ilm ™ and i”lmax are reported for ;-1,...,0 .The beam (or coefficient)

(WB) _- (WB) (WB) (WB) (WB)
k —170,,0 ° 1 A0 2 kO,l,L—l’kl,l,L—l:l
(SB) _ | 1.(SB) (SB) (SB) (SB)
k - kO 1,0° 1 0,0 2" kO,l,L—l’kl,l,L—l]

L
[
(0.1
{0

. . wWB
amplitude indicators & and k" are KNP eo0,1,...,7) for
k5B
r,l,z ’1}

I=1,...,0.

[0192] The mapping from k ) to the beam (or coefficient) amplitude Pﬁz?) '

given in TABLE 2 and the mapping from kf,sll?,») to the beam amplitude Pﬁ,sll?i) is given in
TABLE 3. The beam (or coefficient) amplitudes are represented by

(WB) WB) _(WB) (WB) _(WB)
p; |:p(()10)’p110 see+s Po g 115 P11~ 1}

(SB) _[ .(SB) _(SB) (SB) (SB) for /=1,...,0
P |:p010’p110’ - Pos1-10Pri - 1}
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[0193] The beam (or coefficient) phase indicators are

¢ =I:CO,I,O’CI,I,O"“’CO,l,L—l’cl,l,L-l] for ;=1,...,0 .When CodebookConfig-Amp is set to

WB-Amplitude, k%) €{0,1,...,7} | k52 =1, and ¢, ,, € {0.1,..., Npgy =1} for r=0.1,

SB .
I=1,...,0 , and i=o0,1,.,L-1 . k,( ' is not reported for ;-1,..,o . The indicators
(WB) = C max smax =~ O (WB) C max .
krlmax ,l,i[max N 7 and ’7 2v %] l-l,...,U)- k’?mastilmax and ’? ’l’ll
.. (WB)
are not reported for ;=1,...,». The remaining 2L -1 elements of &, and ¢; (1=1,...,v)

are reported. When CodebookConfig-Amp is set to WBPlusSB-Amplitude,
&Y ef{0,1,...,7}

i r=01 , I=1..,0 , and i=o0,1,..,L.-1 . The indicators
k(WB) = 7 k(SB) = 1 C max l max = O

nmax l max , rlmax l malX , and ( I=1..,v )
KB kS c

max max max max maX l max

AN L, and are not reported for /=1,...,o . The

. . (WB)

remaining 22-1 elements of k; (1=1,...,0 ) are reported. The elements of k ) and o
(1=1,...,0 ) corresponding to the K B _q strongest beams (or coefficients) in the reported

WB . . WB
elements of kl( ) , as determined by the corresponding elements of Pl( ), are reported,

where k,,, €{0,1} and ¢, G{O,L-.-,NPSK—I} . When two elements of p(WB) are

identical, then the element with smaller index (starting from the left- hand -size of Pl(WB )

)

has higher priority for k,(SB) reporting. The values of x“® are given in TABLE 4. The

;5B

remaining 2L-K®® elements of (1=1,...,0 ) are not reported. The remaining

20 - k¢® elements of G (/=1,....v) are reported, where €, ;; € {0,1,2,3} .

.....
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(1)
[0194]  The codebook entry for v=11s 4, pl(WB) , pl(SB) ,¢; and the codebook entry for

W(2)
(WB) _(SB) (WB) _(SB)

v=2 is hsPy P sCsPy Dy s where
[ L-1 < ]
(WB) __(SB)
1 Viid+iPori PoiPoi
I i=0
w = =12
i PP g -1 s 58\ 2 L1 R, ’ s
Z(Po,l,i pO,I,i) +(P1,1,i Dy ) Vid+iPrii Prii Pui
i=0 L i=0 .
W(l) A
. WB SB) - . WB SB
ll,laPl( )’P1( )’cl ll,l’pl( ),Pl( )’Cl ’ and
w® ~ Ly w?
. WB SB WB SB) - . WB SB . WB SB
ll.l’pl( )’Pf ),cl,pé ), 5 )302 /2 11,1s1’1( )’Pl( )’Cl ’1,1’175 )’P§ )’cz
[0195] The quantity Dri1i is given by

/2 nlNese B _ Amplitude
0,1 = e/ /Nesk wBPILSSB - Amplitude, K®® —1 strongest beams (coefficients)
o/ 27l WBPIlusSB - Amplitude, 2L— K B) weakest beams (coefficients)

and v, is a Rggs/2 -element column vector containing a value of 1 in element
. . T
(mmod Pgys/2) and zeros elsewhere, i.¢, v, =[O 1 Opppoy | Where 0, = ]

(empty) and 0,,,, is a zero vector of length m.

[0196] In some embodiment 10-3, a UE is configured with a 1 layer and a 2 layer
codebooks for Type II (high-resolution) CSI reporting as follows. For 4 antenna ports (e.g.
{3000, 3001, 3002, 3003}), 8 antenna ports (e.g. {3000, 3001, ...,3007}), 12 antenna ports
(e.g. {3000, 3001, ...,3011}), 16 antenna ports (e.g. {3000, 3001, ..., 3015}), 24 antenna
ports (e.g. {13000, 3001, ..., 3023}), and 32 antenna ports (e.g. {3000, 3001, ..., 3031}),
when the UE is configured with higher layer parameters CodebookType set to
Type2 Parameters, where Type2 Parameters contains parameters {CodebookConfig-N1,
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CodebookConfig-N2,  NumberOfBeams,  PhaseAlphabetSize, ~ SubbandAmplitude,
PortSelectionSamplingSize}: the number of CSI-RS ports is given by
Pegirs €{4.8,12,16,24,32} ; the value of L is configured with the higher-layer parameter
NumberOfBeams, where Le{2,3,4) when Rqgs>4 and L=2 when Rggs=4; the value of

d is configured with the higher layer parameter PortSelectionSamplingSize, where

de{l,234}, dgpcszl-RS and d<L, alternatively dsmin(%i]; the value of N 1s

configured with the higher-layer parameter PhaseAlphabetSize, where Ny {4,8} ; and the
UE is configured with the higher-layer parameter SubbandAmplitude set to OFF or ON.
[0197] When v<2, where v is the associated RI value, each PMI value corresponds to

9 ) [’1,1 L4 ’1,5,1] ' v=1

the codebook indices 4§ and i, where =3 . . . . and
[’1,1 a1 451 h42 11,5,2] v=2

| r[iz,l’l] SubbandAmplitude = OFF, v =1

. [iZ,l,l i2,1,2:| SubbandAmplitude = OFF, v =2
27 |:i2,1,1 i2,2,l:| SubbandAmplitude = ON, v=1
|:i2,1,1 a1 ba i2,2’2:| SubbandAmplitude = ON, v=2

[0198] The L antenna ports per polarization are selected by the quantity i1,1 , where

il,le{o,l,...,[%l—l}. The strongest coefficient on layer ;/-1,..,0 1s identified by

i =B €{0L..,2L-1} . The coefficient amplitude indicators i;s, and i,,, are
s (M D (D (0

iy =k = |:kl,0’k1,l ""’kl,ZL—l:l

; =12 | 1 (2) 1(2) (2)

b=k —[kl,o ki ""’kl,ZL—l:|

k[(,ll) E{O,l,...,7} fOI' I=1,..,v.

KD <fo.1)
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[0199] The mapping from kl(,l,') to the coefficient amplitude Pz(,li) is given in TABLE 5

(2)
and the mapping from kl,i to the coefficient amplitude Pﬁ) is given in TABLE 6. The

M _| 0 1) (M
P = |:pl,0’pl,1 ""’pl,ZL—le

coefficient amplitudes are represented by (5, @) (2 ) for /=1,...,0. The
by =[P1,0 »Pr1 ""’p[,ZL—]]

coefficient phase indicators are i1, = ¢; = [01,0,01,1,--- ,Cl,zL_l] for /=1,...,0.

[0200] The coefficient amplitude and phase indicators are reported as follows. In one

KO 7 k9 =1

example, the indicators "7 5™ , L™ , and Cl,b,“‘“ =0 (r1=1,...,0 ).

JRONTe)

Cl bmax
Lb™ , "1™, and 0 are not reported for ;=1,...,» . In another example, the

remaining 2L-1 elements of kl(l) (1=1,..,0) are reported, where k,(,? 6{0,1,---,7}. Let M,

geee

1 . 1
(1=1,...,0 ) be the number of elements of kl( ) that satisfy kl(’i) >0 In another example, the
remaining 2L -1 elements of k/*) and ¢; (/=1,..,0 ) are reported as follows. In one

) 2 2) .
instance, when SubbandAmplitude = OFF, kl(,l-) =1 for ;-1,....»b and i=0,1,...,20-1. kl( ) 18
not reported for ;-1,...,0 and for /-1,...,u, the M;—1 elements of ¢, corresponding to the

. . ' ) 1
coefficients that satisfy kl(,? >0, as determined by the reported elements of kl( ) , are

reported, where €;; G{Oalr'-)NPSK *1}, and the remaihing 2L—M, elements of ¢, are not

reported and are set to ¢;; =0. In another instance, when SubbandAmplitude = ON, for .
2 : :
I=1,...,0, the elements of kl() and ¢; corresponding to the rmn(M,,KQ))—l strongest

. : : 1
coefficients, as determined by the corresponding elements of kl( ) , are reported, where

K2 €{01} and ¢, {0.1,....Npsx ~1}. The values of K® are given in TABLE 7. The
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» . 2 2
remaining 2L—mln(M,,K‘2) ) elements of kg( ) are not reported and are set to kl(,i) =1. The
remaining 2L—min(M,,K(2)) elements of ¢, are reported, where ¢;; €{0,1,2,3}. In yet another

instance, when SubbandAmplitude = ON, when two elements, kl(lx) and k;(ly) , of the

reported k(" are identical (k,(,2=k1(,ly) ), then the element min(x,y) iS prioritized to be

N ) ) ) 2
included in the set of the nnn(A/I,,K(z))—lstrongest coefficients for kl( ) and €1 (1=1,...,0)

reporting. In another alternative, max(x,y) is prioritized to be included in the set of the

: . 2 )
mm(Ml,K(z))—l strongest coefficients for kl( ) and ¢; (1=1,...,0 ) reporting.

[0201] The codebook for 1-2 layers is given in TABLE 10, where the quantity ¢,; is

27/ Nosx SubbandAmplitude = OFF
i Q= 27/ Nosk SubbandAmplitude = ON, min|M,, K @)1 strongest coefficients
given by % !

’ej2ﬂcl,,-/4 SubbandAmplitude = ON, 2L ~ min (M,,K(z)) weakest coefficients

and v, is a Rggs/2 -element column vector containing a value of 1 in element
(mmod Prggs/2) and zeros elsewhere.

[TABLE 10] Codebook for 1-layer and 2-layer CSI reporting using antenna ports [3000 to
2999+Pcsyrs]
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iy = 0,1,...,"_1%;1%—'_1

i1,4,l =blmax :O,l,...,ZL_l

[ (1) L . _ @ _[,@ @ ]
Iis; =k —[kz,o,---akl,zL—l] bt —c,—[c,’o,...,c,’u_l:] l2,2,l—kl = kl,O sy

The range of values of /) The range of values of £
The range of values of ¢, ;
and mapping to p as and mapping to p® as
as explained above
explained above explained above
where
L-1 T
1 @
1 : Z Viod+iPri Pri Py
1 = = [=1,2
Pl PP e 211 5 | Lt ' o o ’ ’
0 ,,2
Z (pl,i P ) Z Viod+iPrist PristPrive
i=0 ' L =0 .

(1) _ !
W I Q@ _W I @)

1 layer(u=1): i1,1 P P16 il,l sP1 P14

2 layers (v=2):

W W }

W(2) — 1
. 1 2 i 2 - . 1 2 - 1 2
11,13Pf )spl( )acl sPé )9pg )502 ,2 i apl( )7p]( )sc] ll.lypg ):P§ )502

[0202] In some embodiments 10-4, a UE is configured with a 1 layer and a 2 layer
codebooks for Type II (high-resolution) CSI reporting as follows. For 4 antenna ports (e.g.
{3000, 3001, 3002, 3003} ), 8 antenna ports (e.g. {3000, 3001, ...,3007}), 12 antenna ports
(e.g. {3000, 3001, ...,3011}), 16 antenna ports (e.g. {3000, 3001, ..., 3015}), 24 antenna
ports (e.g. {13000, 3001, ..., 3023}), and 32 antenna ports (e.g. {3000, 3001, ..., 3031}),
when the UE is configured with higher layer parameters CodebookType set to
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Type2 Parameters, where Type2 Parameters contains parameters {CodebookConﬁg-N] ,
CodebookConfig-N2,  NumberOfBeams,  PhaseAlphabetSize, = SubbandAmplitude,
PortSelectionSamplingSize}: the number of CSI-RS ports is given by
Fegips €14,8,12,16,24,32) 5 the value of L is configured with the higher-layer parameter
NumberOfBeams, where L=2 when Rggs=4 and Le{2,3,4) when Rggs>4; the value of

d is configured with the higher layer parameter PortSelectionSamplingSize, where

de{l,234}, dspcszl-ks and d<L , alternatively dSmin(fg%B—s—,L); the value of Nk is

configured with the higher-layer parameter PhasedlphabetSize, where Npsg € {48} .; and

the UE is configured with the higher-layer parameter SubbandAmplitude set to OFF or ON.

[0203)  When v<2, where v is the associated RI value each PMI value corresponds to

1

. [111 I3 1141] v
the codebook indices 4 and i, where i1 = I:’ and
1,1

har fagn b3 ’1,4,2] v=2

(621 ] SubbandAmplitude = OFF, v =1
i fan] SubbandAmplitude = OFF, v =2
E [bas 221 ] SubbandAmplitude = ON, v =1

[ii1 a2y hya hao] Subbanddmplitude=ON, v=2 -

[0204] The L antenna ports per polarization are selected by the index i, , where

e do,L,.. .| esms | . o
hi €Y% L. . The strongest coefficient on layer 1,/ =1,...,0 is identified by

2d
i3 €{0...,2L-1} . The amplitude coefficient indicators i, and i,,, are
N AV A ACY) (1
ll,4l—|:k10’kll""’kIZL—l:|
2y 12 (2
bt =| kg kY s kiap - 1}

for /=1,...,b . The mapping from kl(,l,‘) to the amplitude

[
) e{o1....7)
(0

k,(?) 1)
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coefficient pl(,l,-) is given in TABLE 5 and the mapping from k,(f) to the amplitude

coefficient p}f’ is given in TABLE 6.

m_|,m ,Mm )
P —|:p1,07p1,1 9---’pl,2L—1]

[0205] The amplitude coefficients are represented by ) @ @ @ 7for
' P =|:pl,0’p[,l ""’pl,ZL—l]

I=1,...,0. The phase coefficient indicators are i;; =¢; = [01,0,61,1,---,01,“_1] for /1,0

[0206) The amplitude and phase coefficient indicators are reported as follows. In one

T, 1 2 — 1 2
example, the indicators k,(,il)” =7, kl(,i.)a, =1, and ¢, ,, = 0 (ior ) k,(,,-l)ﬂ , kl(,il)u , and
€1, are not reported for ;-1,...,» . In another example, the remaining 2L -1 elements of

iy 41 (1=1...,v) are reported, where k,(}’ €{0,1,...,7} . Let M, (4=1...,») be the number of
-elements of i, that satisfy kl(,? >0 In yet another example, the remaining 2L-1 elements
of i2,1,l and i,; (1=1,...,0 ) are reported as follows: In one instance, when
SubbandAmplitude = OFF, kl(,lz-) =1 for ;=1,..,0 and i=0,,...,2L~1. i, is not reported for
/=1, andfor 1=1..u,the M,—1 elements of ¥2,1; corresponding to the coefficients that
satisfy kl(j-)>0, as determined by the reported elements of i ,,, are reported, where
c;; €{0,1,..., Npsx — 1}, and the remaining 2L—M, elements of i2,1,1 are»n‘ot reported and are

set to Cy; =0 In another instance, when SubbandAmplitude = ON, for /=1,..,v, the

elements of i,,, and I)1; corresponding to the min(M,,K(z))—l strongest coefficients, as

determined by the corresponding elements of i4,, are reported, where kl(i) {01} and

c;; €{0,1,...,Npg —1} . The values of k@ are given in TABLE 7. The remaining

. | 2 .
2L—mm(Ml,K(2)) elements of i,,; are not reported and are set to kl(,,-) =1. The remaining



WO 2018/097600 PCT/KR2017/013354

73

2L—min(1\4,,K(2)) elements of ) are reported, where c;; €{0,1,2,3} . In yet another

instance, when SubbandAmplitude = ON, when two elements, kl(lx) and kl(ly) , of the

reported %41 are identical (kl(,lx) =k1(,ly) ), then the element min(x,y) is prioritized to be

included in the set of the min(M,,K(z))—lstrongest coefficients for 7,,, and i2,1,l (1=1,....,0)
reporting. In another alternative, max(x,y) is prioritized to be included in the set of the
min(IVI,,K(Z))—lstrongest coefficients for #2227 and &1/ (1=1,...,» ) reporting

[(0207]  The codebook for 1-2 layers is given in TABLE 11, where the quantity ¢,; is

given by

/2" ulNess  SubbandAmplitude = OFF |
o= ¢/ 2761 Ness SubbandAmplitude = ON, min (M K (2))—1 strongest coefficients

/et SubbandAmplitude = ON, 2L —min (M 1K (2)) weakest coefficients

Y

and v, is a Rgqgs/2 -element column vector containing a value of 1 in element

(mmod Feg s /2) and zeros elsewhere (where the first element is element 0).

[TABLE 11] Codebook for 1-layer and 2-layer CSI reporting using antenna ports [3000 to
2999+ Pcsirs])

Layers
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(1) _ !
v=1 W M @ . - W m @ ;
101 "sP1 sk h1.P1 »P1 sk
s @) _ g W
v= il,l,Pl“)’Pl(z):iz,l,xyl’;l)spgz):iz,l,z \/—2_ il,l:Pl(l)’Pl(Z)’iz,l,l il,l)Pgl)rpgz):iz,n,z
where
L-1 T
(1) (2)
Zvi a+iPLi P P
1 - 5 1,1
! i=
Wy o, = , [=1,2
UREY RN ARV 2L-1 ’ L-1 a @ ,
' (1 .(2) Z
Z (Pu Pr ) Viid+iPrivi Priv P
i=0 | i=0 .
and the mappings from i to i;, p", and p{’ and from i, to iy, b2, p¥, and p2 are as
described above, including the ranges of the constituent indices of 3 and i, .

[0208] FIGURE 15 illustrates an example flow chart of a method 1500 for
multi-resolution CSI reporting according to embodiments of the present disclosure, as may
be performed by a UE. An embodiment of the method 1500 shown in FIGURE 15 is for
illustration only. One or more of the components illustrated in FIGURE 15 can be
implemented in speciélized circuitry configured to perform the noted functions or one or
more of the components can be implemented by one or more processors executing
instructions to perform the noted functions. Other embodiments are used without departing
from the scope of the present disclosure. |

[0209] As shown in FIGURE 15, the method 1500 begins at 1505. In step 1505, the UE
receives, from a base station (BS), CSI feedback configuration information for a
pre-coding matrix indicator (PMI) feedback indicating a linear combination (LC)
pre-coding matrix that corresponds to a linear combination of a plurality of L beams and a
plurality of coefficients. In step 1505, each of the plurality of coefficients comprises at
least an amplitude coefficient and a phase coefficient, and the PMI comprises a first PMI
() and a second PMI (i,) indicating wideband (WB) and subband (SB) components of the
LC pre-coding matrix, respectively. In addition, in step 1505, the first PMI (i,) includes a
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first set and a second set of indicators indicating common WB components for all layers of
a plurality of layers and independent WB components for each layer of the plurality of
layers, respectively, the second PMI (i,) includes a set of indicators indicating independent
SB components for each layer of the plurality of layers, and the plurality of layers is
determined based on a value v associated with a rank indicator (RI).

[0210]  Next, in step 1510, the UE determines the first PMI (i;) and the second PMI (i,).
[0211]  In step 1510, the first PMI (i)) includes the first set of indicators s, =[i, i, ]

indicating the plurality of L beams that comprise common WB components for all layers of

the plurality of layers. In some embodiments, the first PMI (i;) includes the second set of

indicators ©2 ~ [ to indicate independent WB components

hai har 432 ﬁAg] ifv=2
for each layer of the plurality of v =1 or v = 2 layers, wherein v =11s a first layer and
v = 2 are first and second layers. In such embodiments, i3, and i3, indicate a strongest

coefficient among the plurality of coefficients for each of the first layer and the second

layer, respectively, and i 4, and i, indicate a plurality of WB amplitude coefficients for

each of the first layer and the second layer, respectively.

[0212] - In some embodiments, in step 1510, the second PMI (iy) includes the set of

2,1 _{ )
.. i i ifo=2 .. .
indicator [2’1’1 2’1’2] to indicate independent SB components for each
layer of the plurality of v =1 or v =2 layers, wherein v =1 is a first layer and v = 2 are

first and second layers, and wherein i, and 5, indicate a plurality of SB phase

coefficients for each of the first layer and the second layer, respectively.

[0213] In some embodiments, in step 1510, the second PMI (i) includes the set of
(1221 ] ifv=1

2,2 :{ )
Dy i i ifo=2 .. )
indicators [2’2’1 2’2’2] to indicate independent SB components for each

layer of the plurality of v =1 or v =2 layers, wherein v =1 is a first layer and v = 2 are
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first and second layers, and wherein where i,, and i,,, indicate a plurality of SB

amplitude coefficients for each of the first layer and the second layer, respectively.

[0214] In such embodiments, the amplitude coefficient is determined as given in table:

Amplitude
Indicator )
coefficient

1 1/

A

1/3

5%

3 i

AN
=
)

W
H
~

(=)
=
[\®)

[0215] In such embodiments, an LC codebook for both v =1 and v = 2 is given by:

Layers
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W (1) _ Wl :
v= 1 (1) (2) ; - (1) (2) .
992>M1,P P sk R RN 2u ST
) | w® _ L o "
v= . = | |
ql,(lz,nl,nzaP,(l),pl(Z),tz,l,l,pgl),pgl),,z’l,z \/5 ql”12="l="2=P1“)’Px(z)"z,l,l 41"lz>”1’"z,P(z”,pgz),lz,,)z
L-1
m__@
1 Zvnz,(i),nx(zi)p/,i p/,i ¢1,i
! i=0
¢ B 1=1,2
where g0 .m0 0 201 , | Lt @ ) <
@
N]NZ Z(pl’i pl’i ) Zvnxl(i),nz;i)pl,i+Lp1,i+L(01,i+L
i=0 i=0

(N, N,)is dual polarized CSI-RS antenna port layout values that determine a number of

CSI-RS ports P=2N\N, ;

v . ., 18 i-th of a plurality of L discrete Fourier transform (DFT) beams indicated by i,
and i,
2rm j27rm(Nz—l)
1 e oM e OM N> 1
um =
1 N2 = 1
2l 2Ny P
ON, ON,
Vim = Uy € U, -~ € Uy

[p,(,g,p,(‘],),---, p,(,lz)L_,J are WB amplitude coefficients for layer /- 1,... v indicated by i,

032, U4l and h42,

[p,‘zo) P p,%)L_J are SB amplitude coefficients for layer /= 1,... » indicated by i,, and

ha25and
[€10-¢14.--.¢12.1 | are SB phase coefficient indicator for layer ;- 1,... ,v , indicated by i),

andi,;, where a phase value is given by ¢, , = ¢/7%/"s

and wherein v = 1 is a first layer and v = 2 are first and second layers.
[0216]  Finally, in step 1515, the UE transmits, to the BS, the CSI feedback including
the first PMI (i;) and the second PMI (i) over an uplink channel.



WO 2018/097600 PCT/KR2017/013354

78

[0217]  In some embodiments, in step 1515, the CSI feedback configuration information

includes a value of the plurality of L DFT beams, a value of a phase alphabet size Npg, and
a value of (N,,n,), and wherein the L is determined as L e{2,3,4}, the Npy is determined

as Npgk € {4,8}, and the (N,N,)and (0,,0,) are determined as:

Number of CSI-RS ports, Rgrs W) | (3,0)
4 2.1) “4.1)
8 (2,2) (4.4

4.,1) 4,1)
12 (3.2) (4,4)
(6,1) 4.1)
16 4,2) 4.4
8.,1) 4.1
43) 4,4
24 (6,2) (4,4)
(12,1) 4.1)
(4.4) 4,4)
32 32 | (4
(16,1) “4.,1)

[0218] In some embodiments, in step 1515, the CSI feedback configuration

information includes a value of L €{2,3,4}, a value of N,g¢ < {4,8}, a value of a number of

CSI-RS ports Pgps €{4,8,12,16,24,32} at the BS, and .a value of de{1,2,3,4} where

d< min(%, Lj ; the first PMI (i;) comprises the first set of indicators s, =[;,] indicating

the plurality of L out of Rqs/2 antenna port selection where this selection is common for

all layers o.f the plurality of layers; and an LC codebook for both v =1 and v =2 is given
by:

Layers
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W(l) 1
v=1 .m Q) _'mz mn @ ;
h1:P " sP sh)) h1.P) 5P sk
W(z) — l Wl WZ
v=2 ; ) () R o)
11 ,Pl ’pl alz 1,P3 Pz R / by P1 ’Pl s1211 hysPy sPy sh2
< ) @
) (
1 z l”d+lpllpll¢)ll
! _ i=0 _
where VVIHPI()P;)IZH_ 2L-1 L-1 ’ 1_1,2’

1 2 (1) 2)
Z(pl(x)pl(x)) Z 11|d+1plz+Lp[ l+L¢[!

i=0 i=0

is i-th of the plurality of L selected antenna ports indicated by #,;, where v, is a

1 (d+i
Rgrs/2-element column vector containing a value of 1 in element (mmod Prgps/2) and
zeros elsewhere (where a first element is element 0);

[pl(lg),p,(?, " p,“z)L 1} are WB amplitude coefficients for layer ;= 1,...,» indicated by 43,

32, Y4 and ha42;

[pl(zo), p,(zl), - p,(zz)L_J are SB amplitude coefficients for layer ;- 1,...,» indicated by 4,, and

Iy, ;and
[¢10-€11,--¢,2,-1 | @re SB phase coefficient indicator for layer /= 1,... v , indicated by 5y,

and i), where a phase value is given by ¢, = ¢/27%/"= |

and wherein v =1 is a first layer and v = 2 are a first layer and a second layers.

[0219]  Although the present disclosure has been described with an exemplary
embodiment, various changes and modifications may be suggested to one skilled in the art.
It is intended that the presént disclosure encompass such changes and modifications as fall
within the scope of the appended claims.

[0220]  None of the description in this application should be read as implying that any
particular element, step, or function is an essential element that must be included in the

claims scope. The scope of patented subject matter is defined only by the claims. Moreover,
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none of the claims are intended to invoke 35 U.S.C. § 112(f) unless the exact words “means

for” are followed by a participle.
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[CLAIMS]
[Claim 1]

A user equipment (UE) for channel state information (CSI) feedback in a wireless
communicatton system, the UE comprising:

a transceiver configured to receive, from a base station (BS), CSI feedback
configuration information for a pre-coding matrix indicator (PMI) feedback indicating a
linear combination (LC) pre-coding matrix that corresponds to a linear combination of a
plurality of L beams and a plurality of coefficients, wherein:

each of the plurality of coefficients comprises at least an amplitude
coefficient and a phase coefficient, and |

the PMI comprises a first PMI (i) and a second PMI (i,) indicating wideband
(WB) and subband (SB) components of the LC pre-coding matrix, respectively,

the first PMI (i) includes first and second sets of indicators indicating
common WB components for all layers of a plurality of layers and ind_ependent WB
components for each layer of the plurality of layers, respectively, and

the second PMI (i) includes a set of indicators indicating independent SB
components for each layer of the plurality of layers, and

the plurality of layers is determined based on a value v associated with a
rank indicator (RI); and

at least one processor configured to determine the first PMI (7,) and the second PMI
(i2),

wherein the transceiver is further configured to transmit, to the BS, the CSI
feedback including the first PMI (i;) and the second PMI (i,) over an uplink channel.

[Claim2]

A method of user equipment (UE) for channel state information (CSI) feedback in a
wireless communication system, the method comprising: |

receiving, from a base station (BS), CSI feedback configuration information for a

pre-coding matrix indicator (PMI) feedback indicating a linear combination (LC)
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pre-coding matrix that corresponds to a linear combination of a plurality of L beams and a
plurality of coefficients,
wherein:
each of the plurality of coefficients comprises at least an amplitude
coefficient and a phase coefficient, and |
the PMI comprises a first PMI (i;) and a second PMI (i,) indicating wideband
(WB) and subband (SB) components of the LC pre-coding matrix, respectively, |
the first PMI (i;) includes first and second sets of indicators indicating
common WB components for all layers of a plurality of layers and independent WB
components for each layer of the plurality of layers, respectively, and
the second PMI (i) includes a set of indicators indicating independent SB
components for each layer of the plurality of layers, and
the plurality of layers is determined based on a value v associated with a
rank indicator (RI);
determining the first PMI (i;) and the second PMI (i,); and
transmitting, to the BS, the CSI feedback including the first PMI (i;) and the second
PMI (i,) over an uplink channel. .
[Claim 3]
The UE of Claim 1 or the method of Claim 2, wherein the first PMI (i}) includes the
first set of indicators s,=[i, i,] indicating the plurality of L beams that comprise
_ commofl WB components for all layers of the plurality of layers.
[Claim 4]
The UE of Claim 1 or the method of Claim 2, wherein:

the first PMI (i;) includes the second set of indicators

{[5,3,1 i1,4,1:| ifv=1

S2 =
[11,3,1 hat h32 ’1,4,2] ifo=2
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to indicate independent WB components for each layer of the plurality of v =10r v =2
layers, wherein v = 1 corresponds to a first layer and v = 2 corresponds to first and second
layers,

i3, and i3, indicate a strongest coefficient among the plurality of coefficients for
each of the first layer and the second layer, respectively, and

i) and iy, indicate a plurality of WB amplitude coefficients for each of the first
layer and the second layer, respectively.

[ Claim 5]
The UE of Claim 1 or the method of Claim 2, wherein the second PMI (,) includes

the set of indicators

e ifvo=1
2= {[iz,u b, | ifv=2
to indicate independent SB components for each layer of the plurality of v =10r v =2
layers, wherein v =1 corresponds to a first layer and v = 2 corresponds to first and
second layers, and wherein i,;, and 5, indicate a plurality of SB phase coefficients for
each of the first layer and the second layer, respectively.
[Claim 6]
The UE of Claim I or the method of Claim 2, wherein:

the second PMI (i) includes the set of indicators
‘ [5,2,1] ifv=1
22" {[iz’z,l by | ifU=2
to indicate independent SB components for each layer of the plurality of v =1 or v =2

layers, wherein v =1 corresponds to a first layer and v =2 corresponds to first and

second layers, and wherein i,,, and i,,, indicate a plurality of SB amplitude coefficients

for each of the first layer and the second layer, respectively.

[ Claim 7]
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The UE of Claim 1 or the method of Claim 2, wherein the amplitude coefficient is

determined as given in table:

Indicator Amplitude
coefficient
0 0
1 1/64
2 e
3 i
4 I8
5 s
6 1/2
7 1

[ Claim 8]
The UE of Claim 1 or the method of Claim 2, wherein an LC codebook for v =1

and v = 2 is given by:

Layers

v=1 W<1) ( :Wl (

N @ . @ ;
Q1a‘I2,"1>”2,P1),P§ 011 qQ592>M:M,P0) P s

1

2) _ 1 2
v=2 /4 a @2 @ - m @ m @
G200, 00 5Py sl 0sP2 P2 sl /2 1525700 5Py sl qy5q2-15M2.P7 5Py Bl 12

where:
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L-
n,,@
Z (‘)pllpll¢lt

I _ 1 i=0

G15925M 51 Fl()Pz(z) < 2L-1 L— 0 @
(2)
NN, Z(pllpll ) Z (,)p, i+L PrLivtPrisL

i=0 =0 N

, 1=1,2

b

(N,,N,)is dual polarized CSI reference signal (CSI-RS) port layout values that determine

a number of CSI-RS ports Fegirs =2N, N, at the BS,

v, () (0 1s i-th of a plurality of L discrete Fourier transform (DFT) beams indicated by

iy and i, ,
j 2zm 2am(N,~1)
1 e . g OM Ny >1
u, =
1 N2 =1
;27 LR r
Vim=|Un € O‘Mum e ON u,

B

[p,“o),p,(?, ,p,“z)L_l] are WB amplitude coefficients for layer / = 1,... ,v indicated by i,

h32, ha) and higy,

[p}zo),pﬁ), D J are SB amplitude coefficients for layer / =1,... ,v indicated by s,,

and 2,25

[c10.c10s-5¢10,1 | @r€ SB phase coefficient indicator for layer / = 1,... ,v , indicated by

jZn’cl N
I / PSK : and

iy and i,,, a phase value is given by ¢;;
v =1 corresponds to a first layer and v = 2 corresponds to first and second layers.
[Claim 9]
The UE or the terminal of Claim 8, wherein CSI feedback configuration information

includes a value of the plurality of L DFT beams, a value of a phase alphabet size Npg, and
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a value of (N,,N,), and wherein the L is determined as L «{2,3,4}, the Npy is determined

as Npsk € {4,8}, and values for (¥,,N,)and (0,,0,) are determined as:

Number of CSI-RS ports, Rggs (N1N2) (01,02)
! 2,1) 4,1)
3 22) | (4

@h | (&)
2 32) | (44
& | &)
y @2) | (a4
@1 | @D
@3) | (34
24 62 | (44
(12.1) | @1
@4 | @4
32 82)_|_(aa)
(16,1) | (a1)

[ Claim 10]
The UE of Claim 1 or the method of Claim 2, wherein:

the CSI feedback configuration information includes a value of L € {2,3,4}, a value

of Nps € {4,8}, a value of a number of CSI-RS ports Feg s € {4,8,12,16,24,32} at the BS, and
a value of d €{1,2,3,4} where 4 < min[%,LJ ;

the first PMI (i;) comprises the first set of indicators s, =[j, ] indicating the plurality

of L out of R zs/2 antenna port selection where this selection is common for all layers of
the plurality of layers; and
an LC codebook for both v =1 and v = 2 is given by:

Layers
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’ Wr(l) 1
v=1 A N /4 m
LD sP sk Hi1.P1 -Py sl
) 1 ! 2
v=2 . 2) . 1 . === W 2 . W 1 2 .
11_1,P|“),p1( )”2,1,1al7£)’1’§2) 212 2 11.1:!’1(]),1’1( ),12.1.| ’1,17P§),P§ )!’2.1.2
where:
L1 .
M .(
1 Zvi1,1d+ipl,i Pi®,
! = =0 - 1=1,2
isp PP 2L-1 L-1 ’ ’

2
1 2) 1) @
(Pl(,i)P/(,,- ) zvi,'|d+ip1,i+LpI,i+L¢l,i

i=0 i=0

2

v, . 18 i-th of the plurality of L selected antenna ports indicated by j;, where v, is a
Rirs/2-element column vector containing a value of 1 in element (mmod Prg s/2) and
zeros elsewhere (where a first element is element 0);

[p}},’, Pl p,(,lz)L_l] are WB amplitude coefficients for layer ;- 1,... » indicated by i3, i3,

f41 and dg;;

[p,%), D3 p,(’zz)L_l} are SB amplitude coefficients for layer ;-1....,, indicated by i, and

b2,

[c,,o,cl’l,...,cl’u_]] are SB phase coefficient indicator for layer /=1,...,u , indicated by i,

727, [ Nogy

and i,,; a phase value is given by ¢,;, =e ; and

v =1 corresponds to a first layer and » = 2 corresponds to first and second layers.
[Claim 11] |

A base station (BS) for channel state information (CSI) feedback in a wireless
communication system, the BS comprising:

a transceiver configured to transmit, to a user equipment (UE), CSI feedback

configuration information for a pre-coding matrix indicator (PMI) feedback indicating a
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linear combination (LC) pre-coding matrix that corresponds to a linear combination of a
plurality of L beams and a plurality of coefficients, wherein:
each of the plurality of coefficients comprises at least an amplitude
coefficient and a phase coefficient, and
the PMI comprises a first PMI (i) and a second PMI (i,) indicating wideband
(WB) and subband (SB) components of the LC pre-coding matrix, respectively,
the first PMI (i;) includes first and second sets of indicators indicating
common WB components for all layers of a plurality of layers and independent WB
components for each layer of the plurality of layers, respectively, énd
the second PMI (i,) includes a set of indicators indicating independent SB
components for each layer of the plurality of layers, and
the plurality of layers is determined based on a value v associated with a
rank indicator (RI); and
at least one processor configured to reconstruct the LC pre-coding matrix indicated
by the first PMI (i) and the second PMI (i,),
wherein the transceiver is further configured to receive, from the UE, the CSI
feedback including the first PMI (i;) and the second PMI (i;) over an uplink channel.
[ Claim 12]
A method of a base station (BS) for channel state information (CSI) feedback in a
wireless communication system, the method comprising:
| transmitting, to a user equipment (UE), CSI feedback configuration information for
a pre-coding matrix indicator (PMI) feedback indicating a linear combination (LC)
pre-coding matrix that corresponds to a linear combination of a plurality of L beams and a
plurality of coefficients, wherein:
each of the plurality of coefficients comprises at least an amplitude
coefficient and a phase coefficient, and
the PMI comprises a first PMI (¢;) and a second PMI (i,) indicating wideband
(WB) and subband (SB) components of the LC pre-coding matrix, respectively,
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the first PMI (i;) includes first and second sets of indicators indicating
common WB components for all layers of a plurality of layers and independent WB
components for each layer of the plurality of layers, respectively, and
the second PMI (i,) includes a set of indicators indicating independent SB
components for each layer of the plurality of layers, and
the plurality of layers is determined based on a value v associated with a
rank indicator (RI); and
reconstructing the LC pre-coding matrix indicated by the first PMI (i,) and the
second PMI (i,),
receiving, from the UE, the CSI feedback including the first PMI (i) and the second
PMI (i;) over an uplink channel.
[Claim 131
The BS of Claim 11 or the method of Claim 12, wherein:
the first PMI (i;) includes:

the first set of indicators s, =[i, i ,] indicating the plurality of L beams

comprises common WB components for all layers of the plurality of layers; and

[11,3,1 11’4’1] lf U= 1

; : . . . to
|:11,3,1 ha1 h32 11,4’2] ifo=2

the second set of indicators Sz={

~ indicate independent WB components for each layer of the plurality of v =1 or v =2
layers, wherein v =1 corresponds to a first layer and v =2 corresponds to first and

second layers, and wherein j 3, and i, indicate a strongest coefficient among the plurality
of coefficients for each of the first layer and the second layer, respectively, and i 4, and i,

indicate a plurality of WB amplitude coefficients for each of the first layer and the second
layer, respectively; and

the second PMI (i,) includes:
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[i2,1,1:| ifo=1
[iz,l,x i2,1,2] ifo=2

components for each layer of the plurality of v =1 or v =2 layers where i, and 5,

the set of indicators 2 ={ to indicate independent SB

indicate a plurality of SB phase coefficients for each of the first layer and the second layer,

respectively; and

[5,2,1] ifo=1
[iz,z,l i2,2,2] ifo=2

components for each layer of the plurality of v =1 or v =2 layers where i,, and i,,,

the set of indicators 2,2 ={ to indicate independent SB

indicate a plurality of SB amplitude coefficients for each of the first layer and the second
layer, respectively.
[Claim 14]
The BS of Claim 11 or the method of Claim 12, wherein the amplitude coefficient is

determined as given in table:

Indicator Amplitude
coefficient
0 0
1 1/64
2 32
3 i
4 s
5 /4
6 1/2
7 1

[ Claim 15])
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The BS of Claim 1 or the method of Claim 12, wherein an LC codebook for v =1

and v = 2 is given by:

Layers
wV 1
v=1 ) Q) . _W " QO ;
q1>9,,M,Mm,P 5Py b 492,01 D) sk
) (2) _L 1 . 2
v= aq2msn oo iy, p8 P V2 9052 .m.m0.2" P i1 01:92.m .m0, 05" P51 2
where:
L-1 ]
1 _.(2)
1 val(i),m;i)pl,i Piri P
/ i=0
w oo, , 1=1,2
Q92m 0. P10 P 5 2L-1 = o
2
NN, z (p,’i J 28 Vi g Privt PlistPrist
i=0 L i=0 _

b

(N,,N, ) is dual pdlarized CSI reference signal (CSI-RS) port layout values that determine

a number of CSI-RS ports Fegirs =2NN, at the BS,

V., 0 m(» is i-th of a plurality of L discrete Fourier transform (DFT) beams indicated by

iy and i,

j2n’m 2am(N,-1)
1 %M e oM | NS
U, =
1 Ny=1
2l jz;zz(N,;l) T
Vi =|t, €, e WMoy

[p}B, p,(,ll),..., p,(,lz)L_l] are WB amplitude coefficients for layer / = 1,... ,v indicated by i3,

U32s b and h42,
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[Pl(,zo),l?,(i),-..,pf’zz)b]} are SB amplitude coefficients for layer / = 1,... ,v indicated by i,

andi,,,

[¢10.¢10-5¢1021 | are SB phase coefficient indicator for layer / = 1,...,0 , indicated by

ejz’rcu/NPSK

i)y and 5,,, a phase value is given by ¢;; = , and

v =1 corresponds to a first layer and v = 2 corresponds to first and second layers.
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[ Figure 3]
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[ Figure 8]
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