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a codebook mode, wherein ¥, e~ 1 and each of the antenna panels comprises antenna ports with a first polarization (P;) and antenna

ports with a second polarization (P») is provided.
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[DESCRIPTION]

[Invention Titlel
METHOD AND APPARATUS FOR CSI REPORTING USING MULTIPLE ANTENNA PANELS IN ADVANCED
WIRELESS COMMUNICATION SYSTEMS

[Technical Field]
[0001] The present disclbsure relates generally to channel state information
(CSI) reporting schemes for multiple antenna panels in advanced wireless
communication systems.

[Background Art]

[0002] To meet the demand for wireless data traffic having increased since
deployment of 4G communfcation systems, efforts have been made to develop an
tmproved 5G or pre-5G communication system. Therefore, the 5G or pre-5G
communication system is also calleda ‘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 aﬁd.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 window superposition coding (SWSC)Aas an advanced
coding modulation (ACM), and filter bank multi carrier (FBMC), non-orthogonal
multiple access(NOMA), and sparse code multiple access (SCMA) as an advanced access

technology have been developed.
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[0003] The Internet, which is a human centered connect ivity network where humans
generate and consume information, is now evolving to the Internet of Things (IoT)
where distributed entities, such as things, exchange and process information
without human intervention. The Internet of Everything (IoE), which is a
combination of the IoT technology and the Big Data processing technology through
connection with a cloud server, has 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-Machinev
(M2M) communication, Machine Type Communication (MTC), and so forth have been
recently researched. Such an [oT enviromment may provide intelligent Internet
technology services that create a new value to human life by collecting and
analyzing data generated among connected things. IoT may be applied to a variety
of fields including smart home, smart building, smart city, smart car or connected
cars, smart grid, health care, smart appliances and advanced medical services
through convergence and combination between existing Information Technology (IT)
and various industrial applications.
[0004] In line with this, various attempts have been made to apply 5G
communication systems to IoT networks. Fof example, technologies such as a sensor
network, Machine Type Communicat ion (MIC), 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.
[0005] Understanding and correctly estimating the channel in an advance
wireless communication system between a user equipment (UE) and an eNode B (eNB)
1s important for efficient and effective wireless communication. In order to

correctly estimate the channel conditions, the UE may report (e.g., feedback)
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information about channel measurement, e.g., CSI, to the eNB. With this information
about the channel, the eNB is able to select appropriate communication parameters
to efficiently and effectively perform wireless data communication with the UE.

[Disclosure]

[Technical Problem])
[0006] However, with increase in the numbers of antennas and channel paths of
wireless communication devices, so too has the amount of feedback increased that
may be needed to ideally estimate the channel. Thus, reducing channel feedback
overheads is required for the advanced wireless communication system.

[Technical Solution] |
[0007] Embodiments of the present disclosure provide methods and épparatuses
for CSI reporting in an advanced wireless commuﬂication system.
[0008] In one embodiment, a user equipment (UE) for CSI feedback is provided.
The UE compfises a transceiver configured to receive, from a base station (BS),
configuration information for the CSI feedback, the configuration information
indicating a number of antenna panels (M) at the BS and a codebook mode, wherein
Ny > 1 and each of the antenna panels comprises antenna pbrts with a first
polarization (P1) and antenna ports with a second polarization (P2). The UE further
comprises a processor operably connected to the transceiver. The processor is
configured to identify the number of antenna panels (A,) at the BS, identify a
cédebdok for the CSI feedback based on the codebook mode configured between a first
codebook mode and a second codebook mode, and generate the CSI feedback using the
ideﬁtified codebook. The transceiver is further configured to transmit the
generated CSI feedback to the BS. The codebook corresponding to the first codebook
mode is used to generate the CSI feedback based on a wideband inter-pafel co-phase
that is common for a plurality of subbands configured for the CSI feedback. The
codebook corresponding to the second codebook mode i1s used to generate the CSI

feedback based on at least one of (1) a wideband inter-panel co-phase that is common -
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for the plurality of subbands, and (i1) a subband inter-panel co-phase for each
of the plurality of subbands.

[0009] In another embodiment, a BS is provided. The BS comprises a processor

configured to generate configuration information for CSI feedback, the
qonfiguration information indicating a number of antenna panels (A,) at the BS and
a codebook mode, the codebook mode indicating a codebook for the CSI feedback and
configured between a first codebook mode and a second codebook mode, wherein A,
> 1 and each of the antenna panels comprises antenna ports with a first polarization
(P;) and antenna ports with a second polarization.(Pz). The BS further comprises

a transceiver operably connected to the processor. The transceiver is configured
to transmit, to a UE, the configuration information and receive the CSI feedback
from the UE generated in accordance with the indicated codebook. The codebook
corresponding to the first codebook mode is used to generate the CSI feedback based
on a wideband inter-panel co-phase that is common for a plurality of subbands

configured for the CSI feedback. The codebook corresponding to the second codebook
mode is used to generate the CSI feedback based on at least one of (i) a wideband
inter—panel co-phase that is common for the plurality of subbands, and (ii) a
subband inter-panel co-phase for each of the plurality of subbands.

[0010] In yet another embodiment, amethod for CSI feedback by a UE is provided.
The method comprises receiving, from a BS, configuration information for the CSI

feedback, the configuration information indicating a number of antenna panels (/)

at the BS and a codebook mode, wherein M,> 1 and each of the antenna panels comprises

antenna ports with a first polarization (P;) and antenna ports with a second
polarization (P;), identifying the number of antenna panels (A, at the BS,

identifying a codebook for the CSI feedback based on the codebook mode configured
between a first codebook mode and a second codebook mode, generating the CSI

feedback using the identified codebook, and transmitting the generated CSI feedback

to the BS. The codebook corresponding to the first codebook mode is used to generate
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the CSI feedback based on a wideband inter—panel co-phase that is common for a
plurality of subbands configured for the CSI feedback. The codebook corresponding
to the second codebook mode is used to generate the CSI feedback based on at least
one of (i) a wideband inter-panel co-phase that is common for the plurality of
subbands, and (ii) a subband inter—panel co-phase for each of the plurality of
subbands.
[0011] Other technical features may be readily apparent to one skilled in the
art from the following figures, descriptions, and claims.
[Advantageous Effects]
[0012] According to embodiments df the invention, CSI reporting procedures
can be efficiently performed and thereby signaling overhead can be reduced and
efficiency of data rate can be achieved in advanced wireless communication system.
[Description of Drawings] |
[0013] For a morelcomplete understanding of the present disclosure and its
advantages, reference is nowmade to the following description taken in conjunction
with the accompanying drawings, in which like reference numerals represent like
parts: v |
[0014] FIGURE 1 1illustrates an example wireless network accqrding to
embodiments of the present disclosure;
[0015] FIGURE 2 i1llustrates an example eNB according to embodiments of the
present disclosure;
[0016) FIGURE 3 illustrates an example UE according to embodiments of the
present disclosure;
[0017] FIGURE 4A illustrates a high-level diagram of an orthogonal frequency
division multiple access transmit path according to embodiments of the present

disclosure;
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[0018] FIGURE 4B illustrates a high-level diagram of an orthogonal frequency
division multiple access receive path according to embodiments of the present
disclosure;
[0019] FIGURE 5 illustrates a transmitter block diagram for a PDSCH in a
subframe according to embodiments of the present disclosure;
[0020] FIGURE 6 illustrates a receiver block diagram for a PDSCH in a subframe
according to embodiments of the present disclosure;
[0021] FIGURE 7 illustrates a transmitter block diagram for a PUSCH in a
subframe according to embodiments of the present disclosure; |
[0022] FIGURE 8 illustrates a receiver block diagram for a PUSCH in a subframe
according to embodiments of the present disclosure;

[0023] FIGURE 9 illustrates an example multiplexing of two slices according
to embodiments of the present disclosure;

[0024] - FIGURE 10 illustrates an example antenna blocks according to
embodiments of the present disclosufe;
. [0025] FIGURE 11 illustrates an example network configuration according to
embodiments of the present disclosure;
[0026] FIGURE 12 illustrates an example multiple antenna panels according to
embodiments of the present disclosure;
[0027] FIGURE 13 illustrates an example multiple antenna panels with 2 ports
per panel éccording to embodiments of the present disclosure; and
[0028] FIGURE 14 illustrates a flowchart of a method for CSI feedback
according to embodiments of the present disciosure.

[Mode for Invention]
[0029] Before undertaking the DETAILED DESCRIPTION below, it may be
advantageous to set forth definitions of certain words and phrases used throughout
this pétent document. The term “couple” and its derivatives refer to any direct

or indirect communication between two or more elements, whether or not those
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elements are in physical contact with one another. The terms “transmit,”
“receive,” and “communicate,” as well as derivatives thereof, encompass both
direct and indirect communication. The terms “include” and “comprise,” as well
as derivatives thereof, mean inclusion without limitation. The term “or” is
inclusive, meaning and/or. The phrase - “associated with,” as well as derivatives
thereof, means to include, be included within, interconnect with, contain, be
contained within, connect to or with, couple to or with, be communicable with,
cooperate with, interleave, juxtapose, be proximate to, be bound to or with, have,
have a property of, have a relationship to or with, or the like. The term
“controller” means any device, system or 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.
[0030] Moreover, various functions described below can be implemented or
supported by one or more computer programs, each of which is formed from computer
readable program code and embodied in a computer readable medium. The terms
“application” and “program” refer to one or more computer programs, software
components, sets of instructions, procedures, functions, objects, classes,
instances, related data, or a portion thereof adapted for implementation in a
suitable computer readable program code. The phrase “computer readable program
code” includes any type of computer code, including source code, object code, and
executable code. The phrase “computer readable medium” includes any type of

medium capable of being accessed by a computer, such as read only memory (ROM),



WO 2018/199625 PCT/KR2018/004796

random access memory (RAM), a hard disk drive, a compact disc (CD), a digital video
disc (DVD), or any other type of memory. A “non-transitory” computer readable
medium excludes wired, wireless, optical, or other communication links that
transport transitory electrical or other signals. A non-transitory computeri
readable medium includes media where data can be permanent ly stored and media where
data can be stored and later overwritten, such as a rewritable optical disc or an
erasable memory device.
[0031] 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.
[0032] FIGURES 1 through FIGURE 14, discussed below, and the various
embodimentsusedtoikscribetheprinciplesofthepresentdisclosureinthispatent
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
theprinciplesofthepresentdisclosuremaybeimplémentaiinanysuitablyarranged
system or device.
[0033] The following documents and standards descriptions 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;” 3GPP TS
36.212v14.2.0, “E-UTRA, Multiplexing and Channel coding;” 3GPP TS 36.213v14.2.0,
“E-UTRA, Physical Layer Procedures;” 3GPP TS 36.321 v14.2.0, “E-UTRA, Medium
Access Control (MAC) protocol specification;” and 3GPP TS 36.331v14.2.0, “E-UTRA,
Radio Resource Control (RRC) protocol specification;” 3GPP TR 22.891 v1.2.0.
[0034] Aspects, features, and advantages of the disclosure are readily
apparent from the following detailed description, simply by illustrating a number
of particular embodiments and implementations, including the best mode-

contemplated for carrying out the disclosure. The disclosure is also capable of
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other and different embodiments, and its several details can be modified in various
obvious respects, all without departing from the spirit and scope of the disclosure.
Accordingly, the drawings and description are to be regarded as illustrative in
nature, and not as restrictive. The disclosure 1s 1llustrated by way of example,
and not by way of limitation, in the figures of the accompanying drawings.
[0035] In the following, for brevity, both FDD and TDD are considered as the
duplex method for both DL and UL signaling.

[0036] Although exemplary descriptions and embodiments to follow assume
orthogonal frequency divisionmultiplexing (OFDM) or orthogonal frequency division
multiple access  (OFDMA), this disclosure can be extended to other OFDM-based
transmission waveforms or multiple access schemes such as filtered OFDM (F-OFDM).
[0037] The present disclosure covers several components which can be used in
conjunction or in'combination with one another, or can operate as standalone
schemes. |

[0038] To meet the demand for wireless data traffic having increased since
deployment of 4G ;ommunication systems, efforts have Been made to develop an
improved 5G or pre-5G communication system. Therefore, the 5G or pre-5G
communi cat ion system is also called a “beyond 4G network” or a “post LTE
system.”

-[0039) 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
coverage, the beamforming, massive multiple-input multiple-output (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.
[0040] 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,
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wireless backhaul communication, moving network, cooperative communication,
coordinated multi-points (CoMP) transmission and reception, interference
mitigation and cancellation and the like.

[0041] 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.

[0042] 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 techniques. The descriptions of FIGURES 1-3 are not meant to imply
physical or architectural limitations to the manner in which different embodiments
may be implemented. Different embodiments of the present disclosure may be
implemented in any suitably-arranged communications system.

10043] 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.

[0044] As shown 1n 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.

[0045] 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 small
business (SB); a UE 112, which may be located in an entefprise (E); a UE 113, which

may be located in a WiFi hotspot (HS); a UE 114, which may be located in a first
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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 fhe 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.
[0046] vDepending on the network type, the term “base station” or “BS” can
refer td any component (or colleétion of components) configured to provide wireless
access to a network, such as transmit point (TP), transmit-receive point (TRP),
an enhanced base station (eNodeB or eNB), a 5G base station (gNB), a macrocell,
a femtocell, a WiFi access point (AP), or other wirelessly enabled devices. Base
stations may provide wireless access in accordance with one or more wireless
communication ﬁrotocols, e.g., 5G 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 “IRP”
are used interchangeably in this patent document to referfx)network,infrastructufe
components that provide wireless access to remote terminals. Also, depending on
the network type, the term “user equipment" or “UE” canrefer to any component
such as “mobile . station,” “subscriber station,” “remote terminal,”
“wireless terminal,” “receive point,” or “user device.” For the sake of
convenience, the terms ‘“user equipment” and “UE” are used in this patent
document to refer to remote wireless equipment that wireleéély accesses a BS,
whether the UE is a mobile device (such as a mobile felephone or smartphone) or
s normally considered a stationary device (such as a desktop computer or vending

machine).
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[0047] 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.

[0048] As described in more detail below, one or more of the UEs 111-116
include circuitry, programing, or a combination thereof, for efficienf CSI
reporting 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 in an advanced wireless
communicat ion system.

[0049] Although FIGURE 1 illustrates one example of a wireiess network,
- various changes may be made to FIGURE 1. For example, the wireless network could
inélude any number of eNBs and any number of UEs in any suitable arrangement. Also, -
the eNB 101 could'commﬁnicate directly with any number of UEs and provide those
UEs with wireless 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 other or additional external networks, such as external telephone
networks or other types of data networks.

[0050] FIGURE 2 illustrates an example eNB 102 according to embodiments of
the present disclosure. The embodiment of the eNB 102 i1llustrated 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 fn a wide variety of configurations,
and FIGURE 2 does not limit the scope of this disclosure to any particular

implementation of an eNB.
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[0051] 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) processing circuitry 220. The eNB 102 also includes a
controller/processor 225, a memory 230, and a backhaul or network interface 235.
[0052] 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
basebandsignals.TheIF(n‘basebandsignalsaresenttotheRX;nocessingcircuitry
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.

[0053] 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 baseband data to generate processed baseband or IF
signals. The RF transceivers 210a-210n receive the outgoing processed baseband or
[F signals from the TX processing circuitry 215 and up-converts the baseband or
[F signals to RF signals that are transmitted via the antennas 205a-205n.
[0054] The controller/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.
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[0055] For instance, the controller/processor 225 could support beam forming
or directional routing operations in which outgoing signals frommultiple 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.

[0056] The controller/processor 225 is also capable of executing programs and
other processes resident in the memory 230, such as an 0S. The controller/processor
225 can move data into or out of the memory 230 as required by an executing process.
[0057] 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 systems over a backhaul connection or over a
network. The interface 235 could support communications over any suitable wired
or wireless connection(s). For example, when the 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 access1)0int,‘
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 suitable structure supporting
communications over a wired or wireless connection, such as an Ethernet or RF
transceiver.

[0058] 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 orlother ROM.

[0059] 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 routing
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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.

[0060] FIGURE 3 illustrates an example UE 116 according to embodiments of the
present disclosure. The embodiment of the UE 116 i1llustrated in FIGURE 3 is for
11lustration 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. A

[0061] As shown 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/0) interface (IF) 345, a touchscreen 350, a
display 355, and a memory 360. The memory 360 includes an operating system (0S)
361 and one or more applications 362. '

[0062] The RF transceiver 310 receives, from the antenna 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 or baseband signal i1s 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 sigﬁal to the speaker 330 (such as for voice data) or to
the processor 340 for further processing (such as for web browsing data).
[0063] 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,
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or interactive video game data) from the processor 340. The TX processing circuitry
315 encodes, multiplexes, and/or digitizes the outgoing baseband data to generate
a processed baseband or IF signal. The RF transceiver 310 receives the outgoing
processed baseband or IF signal from the TX processing circuitry 315 and up—converts
the baseband or IF signal to an RF signal that is transmitted via the antenha 305.
[0064] The processor 340 can include one or mofe 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 includesl at least one microprocessor or
microcontroller.

[0065] The processor 340 is also capable of executing other processes and
programs resident in the memory 360, such as processes for CSI reporting on PUCCH.
The processor 340 can move data into or out of the memory 360 as required by an
execut ing process. In some embodiments, the processor 340 is configured to execute
the applications 362 based on the 0S 361 or in response to signals received from
eNBs or an operator. The processor 340 is also coupled to the I/0 interface 345,
which provides the UE 116 with the ability to connect to other devices, such as
laptop computers and.handhela computers. The I/0 interface 345 is the communication
path between these accessories and the processor 340.

[0066] 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.
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[0067] The memory 360 is coubled to the processor 340. Part of the memory 360
could include a random access memory (RAM), and another part of the memory 360 could
include a Flash memory or other read-only memory (ROM).

[0068] 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
11lustrates the UE 116 configured as a mobile telephone or smartphone, UEs could
be configured to operate as other types of mobile or stationary devices.

[0069] FIGURE 4A is a high-level diagram of transmit path circuitry. For
example, the transmit path circuitry may be used for an 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 divisionmultiple access (OFDMA) communication. In FIGURES
4A and 4B, for downlink 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).

[0070] 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,
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Size N Fast Fourier Transform (FFT) block 470, parallel-to-serial (P-to-S) block
475, and channel decoding and demodulation block 480.

[0071] 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, 1t is
noted that the FFT blocks and the I[FFT blocks described in this disclosure document
may be implemented as configurable software algorithms, where the value of Size
N may be modifiéd according to the implementation.

[0072] Furthermore, although this disclosure 1s directed to an embodiment
that implements the Fast Fourier Transform and the Inverse Fast Fourier Transform,
this 1s by way of illustration only and may not be construed to limit the scope
of the disclosure. It may be appreciated that in an alternate embodiment of the
present disclosure, the Fast Fourier Transform functions and the Inverse Fast
Fourier Transform funptions may easily be replaced by discrete Fourier transform
(DFT) functioné and inverse discrete Fourier transform (IDFT) functions,
respectively. It may 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 for FFT
and [FFT 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.).

[0073] 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
modulat ion symbols. Serial-to-parallel block 410 converts (i.e., de-multiplexes)
the serial modulated symbols 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
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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 prefix to
the time—domaiﬁ signal. Finally, up—converter 430 modulates (i.e., up-converts)
the output of add cyclic prefix block 425 to RF frequency for transmission via é
wireless channel. The signal may also be filtered at baseband before conversion
to RF frequency.

[0074] 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 cyélic prefix to produce the serial
t ime—domain baseband signal. Serial-to—parallel block 465 converts the t ime-domain
baseband signal to parallel time—domain signais. 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.

[0075] 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 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 downljnk from eNBs 101-103.

[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
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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 million
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 may be minimized as possible.

[0077] A communication system includes a downlink (DL) that conveys signals
from transmission points such as base stations (BSs) or NodeBs to user equipments
(UEs) and an Uplink (UL) that conveys signals from UEs to recéptionlpoints such
as NodeBs. A UE, also commonly referred to as a terminal or a mobile station, may
be fixed or mobile and may be a cellular phone, a personal computer device, or an
automated device. An eNodeB, which is generally a fixed station, may also be
referred to as an access point or other equivalent terminology. For LTE systems,
a NodeB is often referred as an eNodeB.

[0078] In a communication system, such as LTE system, DL signals can include
data signals conveying information content, control signals conveying DL control
information (DCI), and reference signals (RS) that are also known as pilot signals.
An eNodeB transmits data information through a physical DL shared channel (PDSCH).
An eNodeB transmits DCI through a physical DL control channel (PDCCH) or an Enhanced
PDCCH (EPDCCH).

[0079] An eNodeB transmits acknowledgement information in response to data
transport block (TB) transmission from a UE in a physical hybrid ARQ indicator
channel (PHICH). An eNodeB transmits one or more of multiple types of RS including
a UE-common RS (CRS), a channel state information RS (CSI-RS), or a demodulation
RS (DMRS). A CRS is transmitted over a DL system bandwidth (BW) and can be used
by UEs to obtain a channel estimate to demodulate data or control information or
to perform measurements. To reduce CRS overhead, an eNodeB may transhit a CSI-RS

with a smaller density in the time and/or frequency domain than a CRS. DMRS can
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be transmitted only in the BW of a respective PDSCH or EPDCCH and a UE can use the
DMRS to demodulate data or control information in a PDSCH or an EPDCCH, respect 1vely.
A transmission time interval' for DL channels is referred to as a subframe and can
have, for example, duration of 1 millisecond.

[0080] DL signals also include transmission of a logical channel that carries
system control information. A BCCH is mapped to either a transport channel referred
to as a broadcast channel (BCH) when the DL signals convey a master information
block (MIB) or to a DL shared channel (DL-SCH) when the DL signals convey a System
Information Block (SIB). Most system information is included indifferent SIBs that
are transmitted using DL-SCH. A presence of system information on a DL-SCH in a
subframe can be indicated by a transmission of a corresponding PDCCH conveying a
codeword with a cyclic redundancy check (CRC) scrambled with system information
RNTI (SI-RNTI). Alternatively, scheduling information for a SIB transmission can
be provided in an earlier SIB and scheduling information for the first SIB (SIB-1)
can be provided by the MIB. |

[0081] DL resource allocation is performed in a unit of subframe and a group
of physical reéource blocks (PRBs). A transmission BW¥ includes frequency resource

units referred to as resource blocks (RBs). Each RB includes N.® sub—carriers,
or resource elements (REs), such as 12 REs. A unit of one RB over one subframe is

referred to as a PRB. A UE can be allocated Mppsy RBs for a total of

MM =M, oy - NX® REs for the PDSCH transmission BW.

[0082] UL signals can include data signals conveying data information,
control signals conveying UL control information (UCI), and UL RS. UL RS includes
DMRS and Sounding RS (SRS). A UE transmits DMRS only in a BW of a respective PUSCH
or PUCCH. An eNodeB can use a DMRS to demodulate data signals or UCI signals. A
UE transmits SRS to provide an eNodeB with an UL CSI. A UE transmits data information

or UCI through a respective physical UL shared channel (PUSCH) or a Physical UL
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control channel (PUCCH). If a UE needs to transmit data information and UCI in a
same UL subframe, the UEmay multiplex both in a PUSCH. UCI includes Hybrid Automat ic
Repeat request acknowledgement (HARQ-ACK) information, indicating correct (ACK)
or incorrect (NACK) detection for a data TB in a PDSCH or absence of a PDCCH detection
(DTX),schedulingrequest(SR)indicatingwhetheraIHEhasdata in the UE’ s buffer,
rank indicator (RI), and channel state information (CSI) enabling an eNodeB to
perform'link adaptation for PDSCH transmissions to a UE. HARQ-ACK information is
also transmitted by a UE in response to a detection of a PDCCH/EPDCCH indicating
a release of semi-persistently scheduled PDSCH.

[0083] An UL subframe includes two slots. Each slot includes Nt symbols for

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

UL system BW is a RB. A UE is allocated N RBs for a total of N N5 REs for
a transmission BW. For a PUCCH, Ng;=1. A last subframe symbol can be used to

multiplex SRS transmissions from one or more UEs. A number of subframe symbols that-

=2-Qfﬁw—1}—A@M , Where

sy

are available for data/UCI/DMRS transmission is N

symb
Ngs=1 1f a last subframe symbol is used to transmit SRS and N, =0 otherwise.
[0084) FIGURE 5 illustrates a transmitter block diagram 500 for a PDSCH in
a subframe according to embodiments of the present disclosure. The embodimént of
the transmitter block diagram 500 illustrated in FIGURE 5 is for illustration only.
FIGURE 5 does not limit the scope of this disclosure to any particular
implementation of the transmitter block diagram 500.

[0085] As shown in FIGURE 5, information bits‘510 are encoded by encoder 520,
such as a turbo encoder, and modulated by modulator 530, for example using
quadrature phase shift keying (QPSK) modulation. A serial to parallel (S/P)
converter 540 generates M modulation symbols that are subsequently provided to a
mapper 550 to be mapped to RES selected by a transmission BW selection unit 555

for an assigned PDSCH transmission BW, unit 560 applies an Inverse fast Fourier
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transform (IFFT), the output is then serialized by a parallel to serial (P/S)
converter 570 to create a time domain signal, filtering is applied by filter 580,
and a signal transmitted 590. Additional functionalities, such as data scrambling,
cyclic prefix insertion, time windowing, interleaving, and others are well known
in the art and are not shown for brevity.

[0086] FIGURE 6 illustrates a receiver block diagram 600 for a PDSCH in a
subframe according to embodiments of the present disclosure. The embodiment of the
diagram 600 illustrated in FIGURE 6 is for illustration only. FIGURE 6 does not
limit the scope of this disclosure to any particular implementatidn.of the diagram
600. | |

[0087] As shown.in FIGURE 6, a received signal 610 is filtered by filter 620,
REs 630 for an assigned reception BW are selected by BW selector 635, unit 640
applies a fast Fourier transform (FFT), and an output is serialized by a
parallel-to-serial converter 650. Subsequently, a demodulator 660 coherently
demodulates data symbols by applying a channel estimate obtained from a DMRS or
a CRS (not shown), and a decoder 670, such as a turbo decoder, decodes the
demodulated data to provide an estimate of the information databits 680. Additional
functionalities such as time-windowing, cyclic prefix removal, de-scrambling,
channel estimation,‘and de-interleaving are not shown for brevity.

[0088] FIGURE 7 1llustrates a transmitter block diagram 700 for a PUSCH in
a subframe according to embodiments of the present disclosure. The embodiment of
the block diagram 700 illustrated in FIGURE 7 is for illustration only. FIGURE 7
does not limit the scope of this disclosure to any particular implementation of
the block diagram 700.

[0089] As shown in FIGURE 7, information data bits 710 are eﬁcoded.by encoder
720, such as a turbo encoder, and modulated by modulator 730. A discrete Fourier
transform (DFT) unit 740 applies a DFT on the modulated data bits,‘REs 750

corresponding to an assigned PUSCH transmission BW are selected by transmission



WO 2018/199625 PCT/KR2018/004796

24

BW selection unit 755, unit 760 applies an IFFT and, after a cyclic prefix insertion
(not shown), filtering is applied by filter 770 and a signal transmitted 780.
[0090] FIGURE 8 illustrates a receiver block diagram 800 for a PUSCH in a
subframe according to embodiments of the present disclosure. The embodiment of the
block diagram 800"i11ustréted in FIGURE 8 is for illustration only. FIGURE 8 does
not limit the scope of this disclosure to any particular implementati(nlof the block
diagram 800. ‘ |

[0091] As shown 1n FIGURE 8, a received signal 810 is filtered by filter 820.
Subsequent ly, after a cyclic prefix is removed (not shown), unit 830 applies a FFT,
REs 840 corresponding to an assigned PUSCH reception BW are selected by a reception
BW selector 845, unit 850 applies an inverse DFT (IDFT), a demodulator 860
coherent ly demodulates data symbols by applying a channel estimate obtained from
a DMRS (not shown), a decoder 870, such as a turbo decoder, decodes the demodulated
daté to provide an estimate of the information data bits 880.

[0092]' | In next generation cellular systems, various use cases are envisioned
beyond the capabilities of LTE system. Termed 5G or the fifth generation cellular
system, a system capable of operating at sub-6GHz and above-6 GHz (for example,
in mmWave regime) becomes one of the requirements. In 3GPP TR 22.891, 74 5G use
cases has been identified and described; those use cases can be roughly categorized
into three different groups. A first group is termed ‘enhanced mobile broadband’
(eMBB), targeted to high data rate services with less stringent latency and
reliabilityréquirements.Asecondgroupistermed “ultra-reliable and low latency
(URLL)” targeted for applications with less stringent data rate requirements, but
less tolerant to latency. A third group is termed “massive MTC (mMIC)” targeted
for large number of low-power device connections such as 1 million per km®> with
less stringent the reliability, data rate, and latency requirements.

[0093] In order for the 5G network to support such diverse services with

different quality of services (QoS), one method has been identified in LTE
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speéification, called network slicing. 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 i1s utilized.

[0094] FIGURE 9 illustrates an example multiplexing of two slices 900
according to embodiments of the present disclosure. Thé embodiment of the
multiplexing of two slices 900 illustrated in FIGURE 9 is for illustration only.
FIGURE 9 does not limit the scope of this disclosure to any particular
implementation of the multiplexing of two slices 900. |

[0095] Two exemplary instances of multiplexing two slices within a common
subframe or frame are depicted in FIGURE 97 In these exemplary embodiments, a slice
can be composed of one or two transmission instances where-one transmission instance
includes a control (CTRL) component (e.g., 920a, 960a, 960b, 920b, or 960c) and
a data component (e.g., 930a, 970a, 970b, 930b, or 970c). In embodiment 910, the
two slices are multiplexed in frequency domain whereas in embodiment 950, the two
slices are multiplexed in time domain. These two slices can be transmitted with
different sets of numerology.

[0096) - 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 systems such as 5G, the maximum number of CSI-RS ports
can either remain the same or increase.

[0097] FIGURE 10 illustrates an example antenna blocks 1000 according to
embodiments of the present disclosure. The embodiment of the antenna blocks 1000
illustrated in FIGURE 10 is for illustration only. FIGURE 10 does not limit the
scope of this disclosure to any particular implementation of the antenna blocks

1000.
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[0098] 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 10. In this case, one CSI-RS port is mapped
onto a large number of antenna elements which can be controlled by a bank of analog
phase shifters. One CSI-RS port can then correspond to one sub—array which produces
a narrow analog beam through analog beamforming. This analog beam can be configured
to sweep across a wider range of angles by varying the phase shifter bank across
symbols or subframes. The number of sub~arrays (equal to the number of RF chains)
~is the same as the number of CSI-RS ports MNess—roer. A digital beamforming unit
performs a linear. combination across Ngs;—popr 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.
[0099] FIGURE 11 illustrates an example network configuration 1100 according
to embodiments of the present disclosure. The embodiment of the network
configuration 1100 illustrated in FIGURE 11 is for illustration only. FIGURE 11
does not limit the scope of this disclosure to any particular implementation of
the configuration 1100.

[0100] In order for the 5G network to support such diverse services with
different quality of services (QoS), one scheme has been identified in LTE
specification, called network slicing.

[0101] As shown in FIGURE 11, An operator’ s network 1110 includes a number
of radio access network(s) 1120 (RAN(s)) that are associated with network devices
such as eNBs 1130a and 1130b, small cell base étatiQné (femto/pico eNBs or Wi-Fi
access points) 1135a and 1135b. The network 1110 can support various services, each

represented as a slice.
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[0102] In the example, an URLL slice 1140a serves UEs requiring URLL services
such as cars 1145b, trucks 1145c, smart watches 1145a, and smart glasses 1145d.
Two mMTC slices 1150a and 550b serve UEs requir ing mMIC services such as power meters
555b, and temperature control box 1155b. One eMBB slice 1160a serves UEé requiring
eMBB services such as cells phones 1165a, laptops 1165b, and tablets 1165c. A device
configured with two slices can also be envisioned.

[0103] From LTE specification, 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.

[0104] 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 FDD systems,
the CSI feedback framework is “implicit” in the form of CQI/PMI/RI 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.
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 i1ssue
with implicit feedback is the scalability with larger number of antenna ports at
eNB.

[0105] For large number of antenna ports, the codebook design for implicit
feedback is quite complicated (for example, in 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 aforement ioned

issues, it has agreed to provide specification support to advanced CSI reporting
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in LTE specification, which, at the very least, can serve as a good starting point
to design advanced CSI scheme in NR MIMO. Compared to LTE specification, the CSI
acquisition for NR MIMO may consider the following additional differentiating
factors.

[0106] In one example of flexibility CSI reporting framework, CSI reporting
in NR may be flexible to support users with different CSI reporting capabilities.
For example, some users may‘onlyAbe capable of reporting implicit CSI in the form
of PMI/CQI/RI as in LTE and some other users may be capable of reporting both
implicit as well as explicit channel reporting. In addition, UE motilities in NR
can range from 0 kmph to 500 kmph. So, CSI reporting framework may be able to supﬁort
such diverse use cases and UE capabilities.

[0107] In one example of increased number of antenna ports, in NR MIMO, the
number of antenna elements at the eNB can be up to 256, which means that the total
number of antenna ports can be more than 32, which is the maximum number of antenna
ports supporfed in LTE eFD-MIMO. Although this can be accommodated with
partial-port CSI-RS mapping where each subset consists of at most.32 ports, the
total number of ports across time can be extended to a much larger number. As the
number of ports increases, meaningful system gain can only be obtained in a
MU-centric system.

[0108] In one example of increased throughput fequirement, the system
throughput requirements (e.g. for eMBB in NR) is several times more than that for
" LTE eFD-MIMO. Such high throughput requirements can only met with a mechanism to
provide very accurate CSI to the eNB.

[0109] In one example of‘beémforming, following the trend established in
FD-MIMO, NR MIMO system may be beam—formed either cell-specifically or
UE-specifically, where the beams can either be of analog (RF) or digital or hybrid
type. For such a beam—-formed system, a mechanism is needed to obtain accurate

beam-forming information at the eNB.
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[0110] In one example of unified design, since NR includes both above and below
6 GHz frequency bands, a unified MIMO framework working for both frequency regimes
may be preferable. ‘
[0111] 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 fol low assume orthogonal frequency division multiplexing (OFDM) or
orthogonal frequency division multiple access (OFDMA), the present disclosure can
be extended to other OFDM-based transmission waveforms or multiple access schemes
such as filtered OFDM (F-OFDM).

[0112] Depending on the network type, the term “base station” or “BS” can
refer to any component (or collection of components) configured to provide wireless
access to a network, such as transmit point (TP), transmit-receive point (TRP),
an enhanced base station (eNodeB or eNB) , gNB, a macrocell, a femtocell, a WiFi
access point (AP) , or other wirelessly enabled devices. Base stations may provide
wireless access 1in accordance with one or more wireless communication protocols,
e.g., 5G 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 “IRP” are used interchangeably
in this patent document to refer to network infrastructure components that provide

wireless access to remote terminals.

[0113] Also, depending on the network type, the term “user equipment” or
“UE” canrefer to any component such as “mobile station,” “subscriber station,”
£ . 1 [13 . . b2 £ » . ” ({4 . ”

remote terminal, wireless terminal, “receivepoint, or “user device.

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

machine) .
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[0114] FIGURE 12 1illustrates an example multiple antenna panels 1200
according to embodiments of the present disclosure. The embodiment of themultiple
antenna panels 1200 illustrated in FIGURE 12 is for illustration only. FIGURE 12
does not limit the scope of this disclosure to any particular implementation.
[0115] In the following, it is assumed that M and M are the number of antenna
ports with the same polarization in the first and second dimensions, respectively.
For 2D antenna port layouts, it may be M > 1, M>1, and for 1D antenna port layouts
M>1and M =1. So, for a dual-polarized antenna port layout, the total number
of antenna ports is ZMM. |
[0116] The focus of the present disclosure is on the CSI écquisi.tion for the
antenna structure to which multiple antenna panels are applied where each panel
1s a dual-polarized antenna ports with M and M ports in two dimensions. An
11lustration is shown in FIGURE 12 in which there are ¥= 1, 2, 4 antenna panels.
Furthermore, the antenna pot layout; i.e., (M, M) value, for each antenna panel
1s identical.

[0117] In one embodiment, a dual-stage codebook: W = WiW. has been proposed
for the multiple antenna panels in which the first stage W, codebook is used to
report a beam group comprising L beams, and the second stage W» codebook is used
to report a single beam selection (per layer) from the reported beam group which
1s common for two polarizations, and a co-phase value selection for the two
polarizations, where L beam selection is WB, the single beam selection and co—phase
selection is SB.

[0118] In one embodiment 1, a UE is configured with W; codebook for multiple
antenna panels as shown in FIGURE 12 with # = 1 panels, which has a block diagonal
structure with 2/ 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™ antenna panel, and so bon. The W;

codebook structure is according to at least one of the following two alternatives.
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B, 0 A
[0119] In one example of Alt 1-0 (common Wy), Wl:[O B] for #=1 panel,
' 0
B, 0 0 0
o B, 0 0 _
W, = 00 B, O for M = 2 panels - and
00 0 B,
B, 0 0 0 0000
0 B, 0 0 0000
0 0 By, O 0 0 00O
oo o B 0000 _ _
W, = 00 0 0 B, 0 0 0 for i = 4 panels, where By = [b, b, -,
0000 0 B, 00
00 0 0 00 B, O
0000 00 0 By
bi-1] is a common beam group for all panels comprising L beams.
[0120] In one example of Alt 1-1 (per panel Wy), W, = [%0 BO] for /=1 panel,
0
B, 0 00
o B, 0 0 | ) |
W, = 00 B, 0 for v 2 panels and
0 0 B
B, 0 0 0 00 00
0 B, 0 0 0 0 0 O
0 0 By O 0 0 0 O
|1 0 O 0 B 0 000 - =
Wi=| " 0 00 B, 0 0 0 for /=4 panels By= Lbv,0, bv,1, =+, bo.-1],
0 000 0 B, 00
0000 00 By O
000 0 00 0 Bl

B = [bio, by, v, buad, B=[bo, by, o, bl and Bs= [0, b1, -, byl
are beam groups for panels 0, 1, 2, and 3, respectively, each comprising L beams.
[0121] In one example, only one of the two W, codebook structures (Alt 1-0,
Alt 1-1) is supported in the specification, for example, Alt 1-0. In another example,
one of the two structures is configured to the UE via 1-bit higher layer (RRC) or
MAC CE based or DCI based signaling. In yet another example, the UE reports a

preferred a Wi codebook structure as a 1-bit WB CSI report either jointly with other
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WB CSI reports or separately as a separate WB report. In yet another example, only
of the two structures is supported for each antenna port layouts and/or # values.
[0122] In one embodiment 1A, a UE is configured with Wy codebook (cf. Alt 1-0
or Alt 1-1), where the number of beams (L value) in the beam group for each panel
is the same and is according to at least one of the two alternatives: Alt 1A-0:
L =1; and Alt 1A-1: L = 2.

[0123] In one example, only one of the two alternatives (Alt 1A~0, Alt 1A-1)
is supported in the specification, for example, Alt 1A-0. In another example, one
of the two alternatives is configured to the UE via 1-bit higher layer (RRC) or
MAC CE based or DCI based signaling. In yet another example, the UE reports a
preferred L value as a 1-bit WB CSI report either jointly with other WB CSI reports
or separately as a separate WB report. In yet another example, only of the two
alternatives is supported for each antenna port layouts and/or # values.

[0124] For L =2, at least one of the following is supported for the beam group
structure or patterns comprising two beams. In one example, only one beam pattern
is supported regardless of the antenna pot layout or (M, M) values. In one example,
only one beam pattern is supported for 2D antenna port layouts, i.e., (N, M) with
Aﬁ>>],and.Aé>>1, and only one beam pattern is supported‘for 1D antenna port layouts,
i.e., (M, M) withM>1and Mo=1. In one example, two beam patterns are supported
regardless of the antenna pot layout or (M, M) values. In one example, two beam
patterns are supported for 2D antenna port layouts, i.e., (M, M) with M > 1 and
M, > 1, and one beam pattern is supported for 1D antenna port layouts, i.e., (M,
M) with M>1and & = 1. In one example, two beam patterns are supported for 2D
antenna port layouts, i.e., (M, M) with M > 1 and M > 1, and two beam patterns
are supported for 1D antenna port layouts, i.e., (M, M) with M > 1 and M = 1.
[0125] In one embodiment 1B, a UE is configured with W, codebook (cf. Alt 1-0

or Alt 1-1), where the number of beams (Z value) in the beam group for each panel
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is the same and is according to at least one of the two alternatives: Alt 1B-0:
L =1; and Alt 1B-1: L = 4.

[0126] In one example, only one of the two alternatives (Alt 1B-0, Alt 1B-1)
is supported in the specification, for example, Alt 1B-0. In another example, one
of the two alternatives is configured to the UE via 1-bit higher layer (RRC) or
MAC CE based or DCI based signaling. In yet another example, the UE reports a
preferred L value as a 1-bit WB CSI report either jointly with other WB CSI reports
or separately as a separate WB report. In yet another example, only of the two
alternatives is supported for each antenna port layouts and/or ¥ values.

[0127] For L=4, at least one of the following is supported for the beam group
structure or patterns comprising four beams. In one example, only one beam pattern
s supportéd regardless of the antenna pot layout or (M, M) values. In one example,
only one beam pattern is supported for 2D antenna port layouts, i.e., (M, M) with
M>1and > 1, and only one beam pattern is supporfed for 1D antenna port layouts,
i.e., (M, M) withM>1and \,=1. In one example, two beam patterns are supported
regardless of the antenna pot layout or (M, M) values. In one example, two beam
patterns are supported for 2D antenna port layouts, i.e., (M, M) with M > 1 and
M > 1, and one beam pattern is supported for 1D antenna port layouts, i.e., (M,
M) with M >1and M =1. In one examplle, two beam patterns are supported for 2D
antenna port layouts, i.e., (M, M) with M > 1 and & > 1, and two beam patterns
are supported for 1D antenna port layouts, i.e., (M, M) with M > 1 and M = 1.
[0128] In one embodiment 1C, the Wi beam groups (B, Bi,:--) comprises of

 oversampled 2D DFT beams. For a given antenna port layout (N1, N2) and oversampling
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factors (01, 02) for two dimensions, the DFT beam v,,, can be expressed as fol lows:

;2 271(N,-1) T
_ ON, ON,
Vip=|t, € 'u, .. e " u, | where
j 27m j2/rm(N2—1)
_ O,N 0,N
u, =1 e . e 77
[0129] In one embodiment 2, a UE is configured with Wy codebook for ¥ = 1

antenna panels according to at least one of the following alternatives. In one
example of Alt 2-0 (common intra-panel Wo), W, =¢c®d or d®c where ¢ is an
intra—panel Wy vector (size 2L X 1), common for all panels, and d is an inter—panel
phase vector (size # X 1), where ¢®d denotes the Kronecker product of candd
which is defined as ¢®d=[cd c¢d .. ¢, ,d] where d=[d, d, .. &M_,].
(0130] If W,=c®d, then for #=2: W, = [codo Cody cydo cydy]™. If one
of co and do is fixed to 1, one of the two alternate forms for Wy is considered:
W,=[dy di c¢dy ¢,dy]7; and W, =[cy cody él c1dq])". If both ¢ and @ are
fixed to 1, then W, =[1 d; ¢ c¢;dq]". |

[0131] If - W,=c®d , then for Vi = 4:
W, =[cody codi cody cody ¢1dy c1dy ¢1dy  ¢qd3]T; since one of ¢y and db can
be fixed to 1, one of the two alternate forms for W; is considered: W, =
[de dy dy dy cidy cidy cqdy ¢ ds]” ; and
W, =[co cody cody cods ¢1 ¢1dy c¢3d; ¢yd3]T.If both ¢o and b are fixed to
1 then Wo=[1 dy dy ds & cidy cidy cds]”

[0132] If W,=d®c, then for #=2: W, =[cody c¢3dy cody c¢1dq]7; since
one of co and dy can be fixed to 1, one of the two alternate forms for W2 1s
considered:W, =[dy c¢idy di c¢;dq]"; and W, =[c; ¢ cody c¢ydq]7. For M= 4:
W, =[cody c1do cody dy cody; c1da cods  ¢yd3]T; since one of ¢ and d can

be fixed to 1, one of the two alternate forms for W, is considered: W, =
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[do cido di cidy dy cidy dy cyds] : ' and
W,=[co c1 cody c1d;y cody c¢1dy Cods c1d5)”. '
[0133] In one example of Alt 2-1 (per panel W) :
W,=[1 ¢; ¢ ¢3 - Cam-1]7, where {c;} are independent phase for #panels and
9 polarizations. For ¥ = 2: W,=[1 ¢ ¢ ¢]7. For ¥ = 4:

W,=[1 ¢ ¢ ¢c3 € € G ¢].

[0134] The codebook to report .the W, phase is at least one of BPSK {1,-1} or
QPSK {1,/,-1,~-/} or two stage aygbyp where ayp and agz codebooks are according
to at least one of the following: awg = {1,j,—1,—j} (2 bit WB phase) and asg = {1,/}
(1-bit SB phase); ayp ={1,j,—1,—j} (2 bit WB phase) and asg = {1,—j} (1-bit SB
phase); ayg = {1,j,—1,—j} (2 bit WB phase) and agp = {e_%e%{} (1-bit SB. phase);

jm  jam ]51t

aWB—{e4 er,e s e4} (2 bit WB phase) and agz = {e” 0 e4} (1-bit SB -phase);

jm j37t ]5n

aws —{e4 e+,e+,e 4} (2 bit WB phase) and agp = {1,—j} (1-bit SB phase); and

jm  jsm  jsm

ayg ={e+,e 7 ,e 4 e-4} (2 bit WB phase) and agp = {1,j} (1-bit SB phase).
[0135] The codebook alternat ives for inter—-panel phase reporting is according
to at least one of the following. In one example of Alt 2-0A, a separate codebook
(e.g. W3) is used to report the inter—panel phase regardless of whether the
inter-panel phase is reported in a WB or SB manner. This alternative is applicable
to the case in which the inter—panel phase can be decoupled from the intra-panel
phase. An example of which is Alt 2-0.

[0136] In one example of Alt 2-1A, if the inter-panel phase is reported in
a WB manner, then the inter—panel phase is reported jointly with the first PMI (/1)
indicating beam group using the Wy codebook. | |

[0137] In one example of Alt 2-2A, if the inter-panel phase is reported in
.a SB manner, then the inter-panel phase is reported jointly with the second PMI
(1) indicating co-phasing for two polarizations (and beam selection of L>1) using

the W2 codebook.
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[0138] In one example of Alt 2-3A, if the intef—panel phase is reported
differentially with both WB and SB components, then the WB component of the
inter-panel phase is reported jointly with the first PMI (7;) indicating beam group
using the Wy codebook, and the SB component of the inter—panel phase is reported
jointly with the second PMI (/3) indicating co-phasing for two polarizations (and
beam selection of L > 1) using the W2 codebook.

[0139] One of these alternatives is either fixed in the specification or
configured via higher layer RRC or dynamic DCI signaling.

»[0140] In one embodiment 2A, the amplitude is also reported in addition to
inter—panel phase according to at 1east one of the following alternatives. In one
example of Alt 2A-0, the amplitude is reported independently for each panel and
common for the two polarizations in each panel. For ¥ panels, # - 1 amplitude needs
to_be reported since the amplitude for the first panel can be assumed to be 1 without
loss of generality. In one example of Alt 2A-1, the amplitude is reported
independentlyforeachpanelandforeachpolarization.Fbr;Mpanéls,ZMLlamplitude
needs to be reported since the amplitude for the first polarization of the first
panel can be assumed to be 1 without loss of generality.

[0141) The amplitude reporting can either be in a WB manner or in a’'SB manner
or in a differential manner with both WB and SB components. One of these three
reporting can either be fixed (e.g. WB reporting) or configurable via higher layer
RRC or dynamic DCI signaling. For example, the amplitude reporting can be turned
ON or OFF using RRC or dynamic DCI signaling whereas the phase reporting is always
ON.

[0142] For Abit amplitude reporting, the amplitude quantization codebook (WB
and/or SB) is according to at least one of the following alternatives. In one example,

if N=1, then the amplitude codebook is one of the following: Cb=={1;v05} ;

€, = {1,0};and C, = {v/1.4125,40.7079}. In one example, if N =2, then the amplitude
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codebook is one of the following: C={1,v/05,v0.25+0.125} ; and C =
{1,\/0.5,\/0.25,0}. In one example, if N =3, then the amplitude codebook is one of

the following: €, = {1,v0.5,0.25,v0.125,0.0625,0.0313,v0.0156,/0.0078}
¢, = {1,v05,v0.25,/0.125,7/0.0625,0.0313,v0.0156, 0} : and
C, = {1,v/0.6683,V0.4467,v/0.2985,/0.1995 ,/0.1334,/0.0891, 0}.

[0143] In one embodiment 3, the multi—panel codebook using a modular approach
where the multi-panel pre-coder vector/matrix Wyp is built from the single-panel

pre—coder vector/matrix Wgp as follows. In one example of # = 2, for rank 1:

(241
Wsp WiW, effv, . Wsp
W [e]a1Wsp] [ela1W1W2] - ejalvl and for rank 2 WMP = [ejal WSP] =
ef@tBy,
4] U1
w.w ey, —effy, .
[ef"ll'lV Ifll]: efip, ey, In one example of # = 4, for rank 1:
1W3
ej(al*'ﬂ)v —-ej(al"’ﬁ)vl
W1W2 41 ]
WSP ] [e]dlwlwz ej(a1+ﬁ)V1 and  for rank 2 w _[ Wsp ]_
ejawsp el” 2W1Wz| |ej(“2+ﬂ)171| ' MP— lelawgpl|
e]a3w1W2 el(a3+ﬁ)v1J
vy 41
ejﬁvl —efﬁvl
WIWZ ejalvl efa1v1
eja1W w ej(al‘i'ﬂ)vl _ej(al"'ﬁ)vl .
ef"‘zwlwz =| ey, dup, | where: vy 1s an oversampled 2D DFT beam; the
1w
eja3W1W2 ej(a2+5)v1 —ej(a2+ﬂ)v1
eja3v1 ej“3v1
_ej(a3+B)v1 —ej(a3+:8)vl_

selection of Wgp is limited to be the same for all panels; and the inter-panel
phase e/% (7 = 1 or 1-3) can be reported either WB or SB or both WB and SB; and
the co-phase e is reported SB.

[0144] In one embodiment 4, the UE is configured with a PMI codebook (via
higher layer RRC signaling) for CSI reporting for P=2MM = CSI-RS antenna ports

in /=2 panels as follows: the PMI codebook assumes W = W, W, pre-coder structure
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by 0 0 0
' 0 b 0 O
for rank 1 to 8 (1 layer to 8 layers), where for each layer W, = 00 b ol b,
- 1
' 00 0 b

is an oversampled 2D DFT beam; and W, per forms QPSK co-phasing between panels and
polarizations.

[0145] The supported combinations of (¥, N, N, O, &) are tabulated in TABLE
1. The UE is configured with higher-layer parameters (e.g., RRC)
multipanel-Config-M, codebook-Config-NI, and codebook-Config-N2, to configure the
codebook parameters #, M and A, respectively. Note that there is no need to signal
(configure) (0,,0,) since only one (0,,0,) is supported for each (N,N,). Other
alternate tables are shown in TABLES 2-5. Note that in TABLE 5, (M,N,,N,) = (2,
1, 1) and (4, 1, 1) are also considered. Since for these two port configurations
M =M =1, the W1 codebook structure reduces to an # X ¥ identity matrix, there
is no W; feedback needed, i.e., the WB reporting of b; is needed (b; =1). Only
one of these (, M, M, O, (») combination tables (or their any combinations) is

supported in the specification.

[0146] [Table 1]
| Number of
CSI-RS (M, Ny, N) (01,0)
ports
8 (2,2,1) (4,-)
12 (2,3,1) (4,-)
(2,2,2) (4,4)
16
(2,4,1) (4,-)
24 (2,3,2), (2,2,3) (4,4)
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(2,6,1) (4,-)
(2,4,2), (2,2,4) (4,4)
32
(2,8,1) (4,-)
[Table 2]
Number  of
CSI-RS (M,N,,Ny) (05,0,)
ports
8 (2,2,1) (4,-)
12 (2,3,1) (4,-)
(2,2,2) (4,4)
16
(2,4,1) (4,-)
(2,3,2) (4,4)
24
(2,6,1) (4,-)
(2,4,2) (4,4)
32
(2,8,1) (4,-)
[Table 3]
Number of
CSI-RS (M,Ny,N,) (01,02)
ports
8 (2,2,1) (4,-)
16 (2,2,2) (4,4)
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(2,4,1), (4,2,1) (4,-)
(2,3,2) (4,4)
24
(2,6,1) (4,-)
(2,4,2), (4,2,2) (4,4)
32
(2,8,1), (4,4,1) (4,-)
[Table 4]
Number of
CSI-RS (M, Ny,N,) (01,07)
ports
8 (2,2,1) 4,-)
(2,2,2) (4,4)
16
(2,4,1), 4,2,1) (4,-)
(2,4,2), (4,2,2) (4,4)
32
' (2,8,1), (4,4,1) (4,-)
[Table 5]
Number  of
CSI-RS (M, Ny, N,) (01,0;)
ports
4 (2,1,1) (-=,-)
(4,1,1) (-,-)
8
(2,2,1) (4,-)
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(2,2,2) (4,4)
16
(2,4,1), (4,2,1) (4,-)
(2,4,2), (4,2,2) (4,4)
32 -
(2,8,1), (4,4,1) (4,-)
[0151] If multiple (0,,0,) pairs are supported for any (N,N,) pair, then the
UE 1s further configured with higher-layer parameters

codebook-Over-Sampl ing—RateConfig—-0I and codebook—Over—Sampl1'ng—/i’ate€0nf 1802,
to configure Oy and (b, respectively.

[0152] The codebook details for rank 1 and rank 2 CSI reporting are as fol lows.
2D DFT beam index (ki, k2) may be defined, where ky =i, 4,k; =i;,. The leading beam
index (l'1,1,i1,2) is reported wideband, where i;;=0,1,..N;0O;—1 and iy, =

01,..N,0,—1, hence it requires [log,(N,0,N,0,)] bits.

[0153] For 1 layer CSI reporting (rank 1), the pre-coding vector is given
Wo,0,0
_ 1 [Woa0 . : T .
by W = 7 [ wiool® and for 2 layer CSI reporting (rank 2), the pre-coding matrix
Wi1,0

1s given by W = , Where! Wy, = by, Cpri. p=0,1 (for two

vz Wio00 W01
Wit10 Wi11

Wo,00 Wo,0,1
1 |Wo10 Wo,a11
MP
panels), r=0,1 (for two polarizations), I =01 (for two layers); by ,, is an
oversampled 2D DFT beam; and cp,,; is the co-phase value for panel p, polarization
r and layer /.
[0154] For rank 1, the reporting of €o1,0,C100, and cjop are according to at

least one of the following alternatives. In one example of Alt 4-0A, cop0 =1,

CO,l,O S {1,j,'—1, _]} y C1,0,0 € {1,j,_1, —]} and CLLO € {1,j, "'1, _']}, ' Where the
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calculation and reporting of cg10, €100 and ci40 can be SB (which requires 6
bits/SB). |

[0155) In one example of Alt 4~1A, copp =1, co10€{Lj,—1,—j}, C100€
{1,j,—1,—j} and c119 = €g1,0 X C100, Where the calculation and reporting of cgqp,
C100 and ¢4 can be SB (which requires 4 bits/SB).

[0156] In one example of Alt 4-2A, cppo=1, co10€{Lj,—1,—j}, Ci90=

jn jm jsn jrm
allo‘obl’o'o and Ci1,10 = am'obm,o where Q11,0 € {e 4,6 4, 4,6 4 } and bl,r,O =

jm

{e'T,e%}, where the calculation and reporting of cgq14, bygo and by1o can be SB
- (which requires 4 bits/SB), and the calculation and report of a;0 and a,,, are
WB (which requires 4 bits).

[0157] In one example of Alt 4-3A, coo0 =1, c100€{Lj,—1,—j}, Co10=

| jm jam jsm jm
@g10bo10 and Ci10=a310b110 Where apio€{e+,e+,e+,e+} and b,,,€

jm

in : _
fe"+,e+}, where the calculation and reporting of cy94, bg10 and by, can be SB
(which requires 4 bits/SB), and the calculation and report of ag,0 and a,q, are
WB (which requires 4 bits).

[0158] In one example of Alt 4-4A, copo=1, c110€{LJ,—1,—j}, C190=

jm jam st jom
aq00b100 and  cpy0 = ag10bopo Where  aj00,a910€{€*,e+,e+,e+} and

_jmn . .
b1g0.bo10 € {€ +,e+}, where the calculation and reporting of ¢y, b100 and by 1y
can be SB (which requires 4 bits/SB), and the calculation and report of a,4, and

" ap1e are WB (which requires 4 bits).

jam  jsm  jim

[0159] In one example of Alt 4-5A, the codebook {e}Tn,eT,eT,eT} and

_jr m

{e"+,e+} are respectively replaced with any one of the following: ayp =
{1,j,—1,—j} (2bit WBphase) and agp = {1,j} (1-bit SBphase); ayg ={1,j,—1,—j} (2
bit WB phase) and agg = {1,—j} (1-bit SBphase); ayp ={1,j,—1,—j} (2bit WB phase)

j3m  jsm  jIm

and agg = {e_]Tn,e]T"} (1-bit SB phase); ayg = {e%,eT,eT, e+ } (2bit WB phase) and
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jr j3m  jsm

aSB—{e T e4} (1-bit SB phase); aWB—{e4 e+ ,e s e4} (2 bit WB phase) and

jr j3m jsm

agp —{1 —j} (1-bit SB phase); and aysz —{e4 e+ ,e e.4} (2 bit WB phase) and
agg = {1,j} (1-bit SB phase). ‘

[0160] In one example of Alt 4-6A, copo=1, co10€{1,j,—1,—j}, 61,0;06
{1,), —'1,—j} and ¢;419 = €10 X €100, Where the calculation and reporting of ¢y 15
WB (which requires 2 bits), and that of ¢y can be WB or SB (which requires 2
bits/SB).

[0161] At'least one of the following embodiments may be used to support at
least one of the above alternatives. Inone embodiment, only one of the alternatives
is fixed in the specification (e.g. Alt 4-2A). In another embodiment, two of these
alternatives are supported in the specification (e.g. Alt 4-6A, Alt 4-2A) and one
of the two is configured to the UE (RRC). In another embodiment, one of the
alternatives is either configured (via higher layer RRC signaling or dynamic DCI
signaling) or UE reports a preferred alternative. In yet another embodiment, Alt
4-6A is supported for both # =2 and 4, and Alt 4-2A is supported for #= 2 only.
Only one of these embodiments is specified in the specification.

[0162] For rank 2, the reporting of cg1,,¢104 and ¢y, are according to at
least one of the following alternatives. In one example of Alt 4~0B, c,00 =
€p0,1:Cp10 = —Cp1,1, Coo0 =1, Co10 € {111'}’ 100 €{Lj,—1,-j}, c110={LJj—1,—j},
where the calculation and reporting of cg10, €100 and ¢4 can be SB (which
requires 5 bits/SB).

[0163] In one example of Alt 4-1B, ¢, 00 = Cpo,1,Cp10 = —Cpa1s Co00 =1 Co10 €
{1,j}, c100€{1,j,—1,—j}, €110 = Coap"C100 Where the calculation and reporting of
Cono and cigo can be SB (which requires 3 bits/ SB).

[0164] In one example of Alt 4-2B, €p0,0 = €po,1,Cp1o = —Cp11: Cop0 = 1, Co,1,o €

= j3m 1_
{Lj}, ci00= a1,0,0b1,o,0 , and ¢y30=ay10b110 Where a;,o={e+,e+,e+, } and
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jnjm
biro ={e +,e+}, where the calculation and reporting of ¢y, b1gp and by, can
be SB (which requires 3 bits/ SB) and the calculation and report of a,4, and a; 4
are wideband (which requires 4 bits). ‘

[0165] In one example of Alt 4-3B, Cpo,0 = Cpo1:Cp1o = —Cpr1-» Coo0=1,

100 € {Lj}, Co10= @o10b010 and €319 = ay10b110 where a,,0€{e«,e+,e4,e 4}

_jm = . .
and by10 € {e +,e+}, where the calculation and reporting of ¢y, bg1,0 and by
can be SB (which requires 3 bits/SB), and the calculation and report of Qo1 and

a;10 are WB (which requires 4 bits).

[0166] Il’l one example Of Alt 4_4B, Cp,O,O = Cp,(),ll Cp,l,() = _Cp,l,l N CO,O,O = 1 y
€110 € {1.J} ) C1,00 = @1,00b1,00 and Co1,0 = Qo,1,000,1,0 where
jm jam jsm j7m in

a10,0 %010 € {e4 e+,e+,e+} and bygo,bo10 €E{e + e4} where the calculation and
reporting of cy19, bygo and byio can be SB (which requires 3 bits/SB), and the

calculation and report of a;40 and agq1o are WB (which requires 4 bits).

jm j3m  jsm jim

[0167] In one example of Alt 4-5B, the codebook {e+«,e«,e+,e+} and

jnm jm

{e"+,e+} are respectively replaced with any one of the following: ayp =
{1,j,—1,—j} (2bit WB phase) and agp = {1,j} (1-bit SBphase); ayp ={1,j,—1,—j} (2
bit WB phase) and agz = {1,—j} (1-bit SBphase); ayp = {1,j,—1,—j} (2bit WB phase)

]311 ]Sn

and aSB—{e i e4} (1-bit SB phase); aws —{ef e+,e+,e 4} (2 bit WB phase) and

'31't Jjsm

asg = {e” 0 e4} (1-bit SB phase); aWB—{e4 es,e e4} (2 bit WB phase) and

jm=  j3m jsm

agg = {1,—j} (1-bit SB phase); and aygz ={e+, e+, e+ e.4} (2 bit WB phase) and
asg = {1,j} (1-bit SB phase).

[0168) In one example of Alt 4-6B, c,00 = Cpo1,Cp1o - —Cp11s Copo =1 Co10 €
{1,j}, c100 €{1,/,—1,—j}, €110 = Co1,0" €100, Where tthe calculation and reporting
of c190 is WB (which requires 2 bits), and that of ¢y can be WB or SB (which
requires 1 bits/SB). A
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[0169] At least one of the following embodiments may be used to support at
least one of the above alternatives. In one embodiment, only one of the alternatives
is fixed in the specification (e.g. Alt 4-2B). In another embodiment, two of these
alternatives are supported in the specification (e.g. Alt 4-6B, Alt 4-2B) and one
of the two is configured to the UE (RRC). In another embodiment, one of the
alternatives is either configured (via higher layer RRC signaling or dynamic DCI
signaling) or UE reports a preferred alternative. In yet another embodiment, Alt
4-6B is supported for both #/ =2 and 4, and Alt 4-2B is supported for # = 2 only.

Only one of these methods is specified in the specification.

1_ j3m ]_ 1771:
4,

‘[0170] An alternative expression for ayg = e+,e+} and agp =

jm =

{e
jn k1
{e 4 e4} are as follows: aWB={e ( k 0123} { = k 0123}

fr - (t-3) (255,

{e4e 2 k= 0,1,2,3} ; and agp = {e 2 4k = 0,1}_ or {e + )ik = 0,1} or agg =
_jm jmk

{e sez2 k= 0,1}.

[0171] In one embodiment 4A, the PMI codebook for rank 3 and 4 CSI reporting

Woo0,0 Woo1 Woo,2

1 |We10 Woi11 Woi2
3MP |W100 Wi101 Wio,2
Wi10 Wi11 Wii1.2

and

comprises of the following pre—coding matrices W =

Woo0 Woo1 Wooz2 Woo3
_ Wo10 Woi11 Woiz Woaz3
T vamP |[Wi00 Wio01 Wip02 W03
Wiio0 Wii1 Wii2 Wiags

, respectively, where: wp,r; =by o/ k4!

cpri, p =01 (for two panels), r =0,1 (for two polarizations), [=0,1.23 (for

four layers); bk1+kipkz+k£z is an oversampled 2D DFT beam; k; =1i;4,k, = i;, and the

leading beam index (i1,1' i1,2) 1s reported wideband, where i;; =0, 1,..N;0; — 1 and
iy, =0,1,..N,0, — 1, hence it requires [log,(N,0;N,0,)] bits; for layer 0 and 1 (/
=0, 1), the index pair (k{',,kg,l) = (0,0); for layer 2 and 3 (/ =2, 3), the index
pair ( ki, k3,) iscalculated and reported in a wideband manner according to at least

one of the following alternatives.
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[0172] One of the alternatives is supported in the spebification. In one
example of Alt 4A-0, the same as in LTE Release 13/14 Class A rank 3-4 codebook
for Codebook-Config=1, 1i.e., (k{ll,kgll) € {(1,0),(0,1)} for 2D antenna port layoﬁts'
(M>1, %>1), and (ki1,k51) €{(1,0),(2,0),(3,0)} for 1D antenna port layouts (M
>1, & =1).

[0173] ‘In one example of Alt 4A-1, (ki1 k34) € {(1,0),(0,1)} for 2D antenna port
layouts (M > 1, M > 1), and (ki k) €{(1,0),(2,0)} for 1D antenna port layouts
M>1, &b=1).

[0174] In one example of Alt 4A-2, for M > 1 and M > 2 and M > M:
(ki1 ky1) =1{(0,0),(01,0),(0,0,),(0,20)} 5 for M > 1 and M > 2 and M > M:
(ki1 ky,) ={(0,0),(01,0),(0,0,),(20,,0)} 5 for > 1 and M > 1 and M = M:

(ki1 kb1) =1{(0,0),(0,,0),(0,0,),(0,0)} and for Mo =1:
(k{,l,kéll) = {(0,0),(0,,0),(20,,0),(30,,0)} The last two values are not applicable
for 4 ports (i.e., M = 2).

[0175] In one example of Alt 4A-3, for M> 1 and > 2 and M > M:
(ki1 k1) = £(0,0),(04,0),(0,0,),(0,(N, — 1)0,)}; for Mo> 1 and M > 2 and M > M:
(ki1 k21) = {(0,0),(04,0),(0,0,),(N; — 1)01,00}; for 2> 1 and M > 1 and M = M:
(k11K 1) = {(0,0),(04,0),(0,0,),(0,0,)} ; and for Mo =1:
’ (k{ll,’kg,l)={(0,0),(01,0),(201,0),((N1—1)01,0)}. The last two values are not
applicable for 4 ports (i.e., M = 2). |

[0176] In one example of Alt 4A-4, for M > 1 and M > 11 (ki kyq)=
{(0,0),(0,,0),(0,0,),(0,,0,)} ; and for M =1:
(ki,l,kgll) = {(0,0),(04,0),(20,,0),(30,,0)}. The last two values are nof applicable
for 4 ports (i.e., M = 2). '

[0177] In one example of Alt 4A-5, for M > 1 and M > 1! (ki,,kb,)=
{(0,0),(04,0),(0,0,),(04,0,)}; and for M =1: (ki,l' ké,l) = {(0,0),(0,,0),(20,,0), ((N, —

1)0,,0)} . The last two values are not applicable for 4 ports (i.e., M = 2).
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cpr1 15 the co-phase value for panel p, polarization r and layer /.

The reporting of ¢,,, is according to the codebook in at least one of Alt 4-0A

through Alt 4-5A or/and Alt 4-OB through Alt 4-5B.

[0179] In one embodiment 4B, the PMI codebook for rank 5, rank 6, rank 7, and
& CSI reporting comprises of the following pre-coding matrices W =
Wooo0 Woo1 Wooz Woo3z Woos
1 |Wo10 Woi11 Wo12 Wo13 Woa4
vsMP |Wip0 Wio01 Wio2z Wio3z Wioasl
Wito Wii1 Wi12 Wi13 Wiig
[Wo,00 Woo01 Wooz2z Woo3 Woos Woos
W = 1 Woi10 Woi11 Woi2 Woi13 Woise Woais
veMP |[W100 Wi01 Wip2z W03 Wio04 Wipgs
[Wi10 Wi111 Wii2 Wii13 Wiiga Wiags
[(Wo00 Wo01 Woo2 Woo3 Woose Woos Wooe
W= _1 Wo10 Wo11 Woi2z Wo13 Woa4 Wois Woie and
7MP |[Wi00 W01 Wip02 Wi03 Wi04 Wios5 Wioe
[ Wi10 Wi11 Wi12 Wi13 Wiiga Wins Wiae
[Woo00 Woo01 Woo2 Woo3 Woos Woos Wooe Woo,7
Ww=_1t Wo10 Wo11 Woi2 Wo13 Woa4a Wois Woie Woaz respectively
8MP |W100 Wi01 Wip2 Wio03 Wio04 Wios Wioe Wioz )
[ Wi10 Wi11 Wi12 Wi13 Wiige Wiis Wiie Wiz
-[0180] In such embodiment, wpr; = by i’ kyekl, Cpra » P =01 (for two

'panels), r=0,1 (for two polarizations), [=0,1,2,3,5,6,78 (for up to eight

layers), bk1+k;'l,k2+k;l 1$ an oversampled 2D DFT beam, ky =iy4,k, =i, and the
leading beam index (il_l, i1,2) is reported wideband, where iy, =0, 1,..N;0; — 1 and
i1 =0,1,..N;0, — 1, hence it requires [log,(N;0;N,0,)] bits.

[0181] For layer O and 1 (/=0, 1), the index pair (ky, k3,) = (b10,bs0), for
layer 2 and 3 (/= 2, 3), the index pair (ki,k3,) = (by1,b,1), for layer 4 and 5
(/=4,5), the index pair (ki k3;) = (b1,2:b2,z), and for layer 6 and 7 (/ =6, 7),
the index pair (ki,kb,) = (bisbss). where (byoibro). (bisbz1)s(Brabys). and
(by3,by3) for different layers are determined according to at least one of the

following alternatives.
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[0182] In one example of Alt 4B~0, (byo,bso). (bi1,bz1),(bisbsz), and
(by3,by3) are determined based on fixed orthogonal beam patterns (similar to Rel.
13/14 LTE Class A rank 5-8) using higher layer RRC parameter Codebook—Config, where
Codebook—Config =1,2,3,4 which correspond to the orthogonal beam groups in LTE
specification Class A rank 5-8. ‘

[0183] In one example of Alt 4B-1, Alt 4B-0 in which UE reports a preferred
orthogonal beam group using a 2-bit CSI reporting which is reported in a WB manner.
This reporting can be separate or joint with other WB CSI reports such as (PMI 71).
Alternatively, the reporting can be restricted to 1 bit. -

[0184] In one example of Alt 4B-2, (bye by0), (b11,b21),(b12.b22), and
(by3.by3) are determined based on independent or free selection from full
orthogonal DFT basis comprising of MM orthogonal beams.

[0185] The extension of embodiment 4 to # > 2 antenna panels, for example ¥
= 4, is straightforward to those the skilled in the art.

[0186] In one embodiment 5, the UE is configured with the CQI reporting, in
addition to RI/PMI, according to at least one of the following alternatives. In
one example of Alt 5-0, a joint CQI common for all panels is reported. An example
use case of this alternative is when all layers are transmitted from all panels.
In one example of Alt 5-1, per panel CQI is reported, i.e. #CQls are reported in
total. An example use case of this alternative i1s when different layers are
transmitted from different panels. For example, layer O is transmitted from panel
0, layer 1 is transmitted from panel i, and so on.

[0187] In one embodiment 6, the UE is configured with the RI reporting, in
addition to CQI/PMI, according to at least one of the following alternatives. In
one example of Alt 6-0, RI = #is fixed, and hence no RI is reported. In one example
of Alt 6-1, a joint RI common for all panels is reported. An example use case of

this alternative is when all layers are transmitted from all panels. In one example
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of Alt 5-2, per panel RI is reported, i.e. #RIs are reported in total. An example
use case of this alternative is whendifferent layers are transmitted fromdifferent
panels. For example, at least one of layer 0 and 1 is transmitted from panel O,
at least one of layer 2 and 3 is transmitted from panel 1, and so on. In this case,
each reported RI can be 1 bit.
[0188] In one embodiment 7, the UE is configured with the CRI reporting either
alone or together with CSI reports CQI/PMI/RI.
[0189] In one embodiment 8, the UE is configured the CSI reporting for hybrid
beamforming architecture comprising of both radio frequency (RF) or analog beams
(precoding)inadditimntothedigitalorbasebandprecoding.Inaddition,thebeams
in the W1 codebook is used to report analog beam and W2 1s used to report inter—panel
or/and intra-panel phase where the W codebook is according to some embodiment of
the present disclosure.
[0190] In one embodiment 9; the UE 1s configured with the SB sizes £ and A;
respectively for inter—-panel co-phasing and intra-panel (inter-polarization)
co-phasing. A few alternatives for (A1, A2) are as follows. In one example of Alt
9-0, A1 = K In one example of Alt 9-1, i = r X K, where r is an integer, for
example belonging to {1, 2, 3, 4}. In one example of Alt 9-2, K, = r X K, where
r is an integer, for example belonging to {1, 2, 3, 4}. In one example of Alt 9-3,
K =r X K, where r i1s an integer or 1 or a fraction, for example belonging to
{1/4, 1/3, Y%, 1, 2, 3, 4}. In one example of Alt 9-4, Alt -3 where the r value
depends on the syétenlbandwidth (BW). For example, for smaller BWs, r=1, and for
larger BWs, r = 2 or 4. In one example of Alt 9-5, a single (41, A2) according to
one of Alt 9-0 to Alt 9-3 is configured either higher layer RRC or dynamic MAC CE
based or DCI signaling. In one example of Alt 9-6, the A value is configured via
higher layer RRC or dynamic MAC CE baéed or DCI signaling and the A>value is fixed,
either B¥—dependent or BW-independent. In one example of Alt 9-7, the A; value is

configured via higher layer RRC or dynamic MAC CE based or DCI signaling and the
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Kivalue is fixed, either BW-dependent or BW-independent. In one example of Alt
9-8, a combination of at least one of Alt 9-0 through Alt 9-7.
[0191) In one embodiment, only one of the alternatives is fixed in the
specification. In another embodiment, one of the alternatives is either configured
(via higher layer RRC signaling or dynamic DCI signaling) or UE reports a preferred
alternative
[0192] In one embodiment 10, for #=4, a UE is configured with a PMI codebook
for CSI feedback according to at least one of the following alternatives. In one
example of Alt 10-0 (panel selection), 2 out of 4 panels are selected, and then
the PMI codebook for 2 panels is used to report PMI for the selected two panels.
This panel selection can be reported either in a WB manner or per SB, where this
reporting requires ﬂogz(g)]:=3 bits which can be reportedveither jointly with
other WB/SB CSI components such as PMI1/PMI2 or separately as a separate WB/SB CSI
report. In an example, panel selection 1s reportéd using CRI (CSI-RS resource
indicator).
[0193] In one example of Alt 10-1 (panel/polarization combination selection),
4 out of 8 panel and polarization combinations (2 polarizations and 4 panels, hence
8 combinations) are selected, and then the PMI codebook for 2 panels (which is
equivalent to 4 panel and polarization combinations) is used to report PMI for the
selected four panel and polarization combinations. This panel/polarization
combination selection can be reported either in a WB manner or per SB, where this
reporting requires ﬂogz(i)|= 7 bits which can be reported eithef jointly with
other WB/SB CSI components such as PMI1/PMI2 or separately as a separate WB/SB CSI
report. In an example, panel/polarization combination selection is reborted using
CRI (CSI-RS resource indicator)
- [0194] In one example of Alt 10-2, for rank 1

W, = [Coo0 €010 €100 €110 €200 €210 €300 €310]7. In such example, p = O:
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Cooo=1, €110 €{1,j,—1,—j} is reported SB (requires 2 bits for reporting), and p

jm o jam jsm jim ,
>0, r=0,1," cpro = aprobpro Where a,, o E{e+,e+,e+,e+} is reported WB and

byro € {e_%,ean} ié reported SB (hence, requires 12 WB bits and 6 SBbit). In total,
this alternative requires, 12 WB bits to report WB part of the phase and 8 SB bits
to report SB part of the phase. For rank 2, c¢y01 = cpooandcyyy = —Cpag.

[0195] In one example of Alt 10-3,  for rank 1

W, = [Co00 Co10 €100 €110 €200 €210 €300 €310]7,p=0,1,2,3, and r=0, 1:

jm jam jsmo g .
Cpro = Aprobpro Where a,,.,€{e+,e+,e«,e+} 1is reported WB and by, €

. m

{e"+,e+} isreported SB. In total, this alternative requires, 14 WB bits to report

WB part of the phase and 7 SB bits to report SB part of the phase. For rank 2,

Cpoa = Cpooand cp11 = —Cpyo-
[0196] In one example of Alt 10-4, for rank 1
W, = [Co00 Co10 €100 €110 €200 €210 €300 €310]", p = 0! coo0=1,

€110 € {1,j,—1,—j} is reported SB (requires 2 bits for reporting), and p> 0, r =

jr jpmo jsmo jrmo
0,1, cpoo = Cp1o = Aprobpro where a,,, € {e+,e+,e+,e+} 1s reported WB and

bp.ro € {e_%,ean} is reported SB (hence, requires 6 WB bits and 3 SB bit). In total,

this alternative requires, 6 WB bits to report WB part of the phase and 5 SB bits

to report SB part of the phase. For rank 2, c,01 = cpo0andcyy, = —Cp,1,o-

[0197] In one example of Alt 10-5, for rank 1

W, =[€o00 €010 €100 €110 €200 €210 €300 310" p=0,1, 2, 3, and r = 0,
jrm

. jam jsm jrmy
1,5 €poo = Cp1o = Aprobpro Where a,,o € {e ‘,e4,e4 €4 } is reported WB and

T m

by E{e T,eT} is reported SB. In total, this alternative requires, 8 WB bits

to report WB part of the phase and 4 SB bits to report SB part of the phase. For

rank 2, cpo1 = Cpooandcyy; = —Cp1p-
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[0198] In one embodiment 11, a UE is configured with a PMI codebook for multi
panels (N, = J>1) for all ranks (e.g. 1-8), which can be constructed from the
single panel PMI codebook (Ng=M= 1) by the following pre-coder relation:
Wyrl = bk1+k1‘[,k2+k£,l “Cpry, Where p=0,1,..,N;—1 (panel, where N, denotes the
number of panels), r =0,1 (two polarizations), [ =0,1,..,R—1 (layers, where R

denotes rank), by ,us x4k, cOrresponds to a single 2D DFT beam (£ = 1) in the W,

&

codebook; where (ki,k3,) =(0,0) for rank 1 and 2, is according to Embodiment 4A
and 4B for rank 3-8, and c,,; is co-phasing coefficient between panels and
polarizations. The inter-panel co-phasing payload is configurable via RRC. In one
example of Mode 1, this mode corresponds to lower payload, and is supported for
both Ny =2 or 4. In one example of Mode 2, his mode corresponds to higher payload,
and at leést supported for Ny =2. For Ng= 4, this mode can be supported with
maximum 4 bits/subband according to at least one alternative in the aforementioned
embodiment 10.

[0199] For rank 1, ¢y, is given as follows. In one example of Mode 1,
Co00=1, co10€{Lj,—1,—j}, cpoo €{LJ,—1,—j} and cp10 = Co1,0 X Cpp,o- In such
mode, the calculation and reporting of cg19 can be subband (requires 2
bits/subband). In such mode, the calculation and reporting of Cpo,o 1S wideband
(requires 2 x (N, — 1) bits).

[0200] In one example of Mode 2, cop0=1, cp10€{1,/,—1,—j} and cpro =
Apro X byro where p>0, ap, o€ {e]:Tn,ej?Tn, ejSTn, ej?Tn} and by,q € {e_%,ejf} . In such
mode, the calculation and reporting of co10 and b, can be subband (2 + 2 x
(N, — 1) bits/subband). In such mode, the calculation and reporting of a,,q ‘is

wideband (4 x (N, —1)bits).

[0201] For rank 2, cp,y =%><cw,0 for =1, co10€{Lj} ., cpo1=

,0

Cp,0’0 and Cp,l,l = _Cp,l,O'CO,O = C0,1 = 1, Cl,O = _Cl,l , and Cl,O S {1,]} and Cp,T,O 1S given
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in the above rank 1 MP codebook for each mode. For ranks 3-8, the codebook in (or
their extension) the aforementioned embodiments 4A and 4B can be used.

[0202] In one embodiment 12, a UE is configured with a PMI codebook for multi
panels (N; = /> 1) as follows. For 8 antenna ports (e.g. {15, 16, ---,22}), 16
antenna ports (e.g. {15, 16, --,30}), 32 antenna ports (e.g. {15, 16, ---,46}), when
the number of layers v=1, each PMI value corresponds to four codebook indices
1.'1‘1 .y, il i; and when the number of layers ve{2,3,4), each PMI value corresponds
to five codebook indices iy, i, , 45,4445 .- The codebooks for 1-4 layers are given
respectively in TABLES 8-11. The mapping from i, to kK and k, for 2-layer
reporting is given in TABLE 6. The mapping from 4, to k and &, for 3-layer and

4-layer reporting is given in TABLE 7. The quantities ¢,,a,,b,, u,,and v, are

0, = ejzm/2
a :ejzz'(p/2+l/4)= jr/4 j;rp/2
p
b = 7(p/2-14) _ o174 ginp[2
. . 4 .
given by: 27rm 27m(N,-1) ’
ToN }
e 24¥> N2 >1
um =
Ny=1
2nl j2E D T
Vim : um € OIN] Uy = € am um:|
[0203] The values of N_,, N,, and N, are configured with the higher-layer
g 1 2

parameters  CodebookConfig-Ng,  CodebookConfig-NI — and  CodebookConfig-NZ,

respectively. The supported configurations of (Ng,Nl,Nz) for a given number of
CSI-RS ports and the corresponding values of (0,,0,) are given in TABLE-4. The
number of CSI-RS ports, FRggs, 1S 2N, NN, .

[0204] | A UE may only use i,=0 and may not report i, if the value of

CodebookConfig-N2 is set to 1.
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[0205] [Table 6]
| Ni=4N,=2 | N=2N,=2 | N=2,N, =1 | N, >2,N, =1
" kl k2 kl kz k] kz kx kz
0 |0 0 |0 |0 0 0 0 0
1| q 0 g |o q 0 q 0
2 10 0, |0 0, 20, 0
3 |20 o q |0 30 0
[0206] [Table 7]

N,=2,N,=1| N,Z4,N,=1| N,=8,N,=1]| N,=2,N,=2 | N,=4N, =2
ki ky ky k| K b |k |k ki k,
o [a |o o) 0 | q o |a |o q 0

1 200 o |20, o Jo 0, |o 0,
2 3 - 10 130 |0 |G |0 Qq 0,
3 40, |o 20, |o

[0207] [Table 8]
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Codebook~Config =1, N,e{2,4)

N i12 I i
1
0L, N0~ | 0,L..N,0,-1 | o 4%y [ 123 | WD
1.1°%1,2°%1,4>°2
[ vl,m
1 ¢nv1,m
for N, =2, W)  =—m—x ; and
g I.m.pn m (Dpvl,m
_¢p¢11x1,n1
[ vl,m 1
¢nvl,m
(oplvlvm
1 ¢p,¢nvl,m p P
for N, =4, W) = =\ =S hps=p
g Lm.pn (_‘_PCSLRS (ppz Vim 1 16 4
¢p2¢nvl,m
(ppjvl,m
_¢ps¢nvl,m_

[0208] [Table 8al

Codebook—Config =2, Ng=2

where W =

Lm,p.n
JFesigs | 9o bn, Vim

i i) Iiq iy
W(l)
0,,..,NO,-1| 0,1,.,N,0,-1 | 0,..,15 0...,15 S
Lk ash gl
vl,m
1 (Dn,vl,m

aP3 b"s Vim

n = L%J;nz = {ngodZ;@ =nmod2;

R IV 2 M,
s P2 ‘\4J,P3 P

[0209] [Table 9]
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[0210]

[0211]
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Codebook-Config =1, N, e{2,4}
il.l il,2 i1’4 i2
0L N0 -1 | 0L.sN,0p~1 | oa®y | 01| WP
e R R W PP SN A A
vl.m v[’,m'
v “PuVr
2) _ 1 Dy I,m n”l, .
for N, =2, Wi pn = TF—— _ ; and
g 10 \mn' . p.n m ¢pvl.m (ppvl'.m'
_wpw"vl»’" “(Pp(PnVI’,m’
[ vl,m Vi m'
GnVim ~OuVr
(oplvlam ¢P1vl’!m'
1 Pp,PrnVim —Pp CnVi )4
for N, =4, WD = ;P sP2=| = ip3=p
. g L' mm' p.n l2PCS[_RS (DPZ vl,m ¢p2 vl',m' 1 16 2 4 3
P, PnVim —Pp, PnVii
(DPs vl,m ’ ¢p3 vl’,m'
_(opjwnvl,m —(op3¢nvl',m'_
[Table 9al
Codebook-Config = 2, N,=2
il,l il,2 i1,4 i2
0,L..NO,-1 | 0,1,..,N,0, -1 | 0,15 | 0,.,7 | W
A 2Dt i2M2 e i R AR P e Y PR A
Vim Vi m'

(2)
where I/Vl,l'.m.m’.p.n

a, b

Py

n ={§J;nz =B—Jmod2;n3 =nmod2;

1 (0,,[ Vim

, v
" Posirs ;P2=[—J;p3=p;
m ap by Vi a - bn2 Vi 4

~Ou Vi

Vim _a_g3 bn3 Vi ol

[Table 10]
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Codebook—Config =1, N,e{2,4)
il,l il,2 i1,4 i2
0L..NO,-1 | 0,1..,N,0,-1 0..4%1_1 |01 Gy
Dt Yhr tI2Y2 (A ? ’1,1a’1,1+k1”1,2>’1,2.+k2911,4:‘z
Vim Vi Vim
‘ W(B) 1 PuVim PnVr ~@uVim d
or N, =2 Wipmon="T—— ; an
g 1 ma' p.n m ¢pvl.m quvl’.m' (Dpvl.m
_¢p(pnvl,m (PP(P,,VI',,,,' P PuVim
vl,m vl',m' vl,m
DVl m (Dnv[’,m’ _(Dnvl,m
P, Vim PpVrm PpVim
f 3) 1 Cp,PnVim  PpPn¥Vrm  ~PpPnVim [ J LPJ
Tor N =4 W) pn = o= 4 P2 = ips =P
g L' smm’,p,n ,—_3PCSI.RS (Dpz vl,m ¢Pz vl’,m’ (Dp, vl,m 1 16 2 4 3
@, PrnVim  Pp,PnVr'm ‘(DPZ(D,,V[,,”
¢p3 vl,m ¢p3 vl',m’ ¢p3 vl,m )
_(pp3 CuVim Pp,PnVim _¢p3¢nvl,m_‘
[0212] [Table 10al
Codebook—~Config =2, N,=2
i 2 4 Iy
(3)
0L NO =1 | 0LaNy0y =1 | 0,15 | QT | WY
Vim Vi ' Vim
DuVim P Vy O Vim
(3) - 1 EE mLm 6 . _ P . .
where Wi ynt ow =—T7— ,Pz—[—J,pz»—P,
LI ', pan ’3PCSI—R5 aplbllzvl.m apzbnzvl’,m’ apzb,,zvl_m 4
. ap_, bn3 Vim ap] bnl v[”m’ _ap3 bn3 Vim
n n
m =|—|;n, =| — |mod2;ny =nmod2;
4 2
[0213] [Table 11]
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Codebook-Conf1g =1, N,e{2,4)
il,l i1,2 i1’4 i2
0,1,.., N0, ~1 0,1,.... N,0, —1 0.4 _1 0,1 @
’ e > R A AR AP S
Vim Vi mt 'V[,m Vit
¢ W(4) 1 PuVim PuVr mt ~PuVim ~OnVr d
or N, =2 Wiymmpn™ ;an
g muni'.p.n '4PCSI—RS PpVim (gva,‘m, (Dpvl.m ¢pvl’.m'
wp(p" Vim Do PuVr i _¢P¢" Yim —(pp(Dn Vi
for N, =4,
v[,m Vim vl,m vl',m'
(Dnvl,m (pnvl',m' _(onvl,m _(pnvl',m'
¢p, Vim (DPI Viem ¢p, Vim ¢p, Vi
' @, Y Po. PV —Pp PV 05, PnVr
W(4,) ’ _ 1 p¥n’lm p,Fn’l'm prntim 0, Ynvl'm ;plz{ﬁJ;h:{ﬂJ;m:P_
Llmndp.n *’4PCSI»RS P, Vim Pp, Vi’ Pp,Vim P, Vim 16 4
Pp,PVim P, PrVerm “Pp,PnVim  TPp,PnVim'
¢pl Vim ¢p3V[’,m’ ¢p3vl,m ¢p3vl',m’
_(/’p3¢nvl,m ¢pl¢nvl’,m' —¢p,¢nvl,m ~¢p3¢nvl’,m'_
[0214] [Table 11a]
Codebook-Config = 2, N,=2
i I la 2
0,1,..,N,0, -1 0,1...,N,0, —1 015 | 0.7 ® o
' R AR RUR R PR L PR 2
Vim V[!’m: vl.m vl',m'
N . 1 @, Vim Pu Ve m “~PuVim P Vr [pJ )
where Wiy w pn = o Py = P3P
mami'.pn = Pogirs | 9. b,,: Vim  ap, b": Vi G, b": Vim  a, bn: Vi ot 4
aprnJVl.m apjbnlv[’,m’ _aprn_,vl,m _ap3bn3v[’~m’
n n
m :[ZJ;nZ =t5Jmod2;n3 =nmod2;
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[0215]

tables are used for ~,=2 and ~, =4, as shown in TABLES 12-15 for 1-layer, 2-layer,

59

3-layer, and 4-layer, respectively.

(0216]

[0217]

[0218]

[Table 12]

PCT/KR2018/004796

In one embodiment 12A, for Codebook~Config =1, two separate codeboqk

Codebook-Config =1, N, =2

il,l il,2 i1,4 i2
0,1,..,NO, -1 | 0,1,.,N,0, -1 | 0,1,2,3 | 0,23 Wi(l)l. o
1,19%1,22%1,45%2
Vim
1 DPuVim
where W) = '
L P "PCSI-RS qopvl.m
¢p(pnxl,m
[Table 12a]
Codebook-Config =1, n, =4
i i12 i1,4 b
e))
0., M0 =1 | 0.1, N,0, =1 | 0....63 | Q123 | Wi°
— o =
(pnvl,m
(pplvl,m
1 ¢p,¢nxl,m p p
where W) = sp = P = =P
I,m,p.n (——PCSI_RS (opz Vim 1 16 2 4 3
¢pz¢nvl,m
¢’p3vl,m
_¢p3¢nxl,m_

[Table 13]
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Codebook-Config =1, N =2
i i I I
01, MO, -1 | 0,1, N0, -1 | o023 | 01 | WP
S ’ R R L AP P 5 AR
Vim Vi m
1 q)nvl,m —(pnvl',m'

(2) —_—
where Wiimnt pn =T
A moni’ p.n
2PCS[-RS (ppvl.m ¢pv["m'
PpPuVim PPV m'

[0219] [Table 13a]

Codebook—Config =1, N, =4

i i) L4 I
0L, NO -1 | 0L..Ny0=1 |03 |01 | WP
Db HRE sl TRy S 450
vl,m vl',m'
q’nvl,m _¢nvl',m'
(pp, vl,m ¢p1 Ve m'

1 Pp, PnVi,m _(ppl(pnvl'.m' p
where W - ' b=l — =£; =
- LI'mm 7p,n ’2PCS[.RS ¢p2vl,m (apzvl',m' 4 16 123 4 p3=p
(pngonvl,m _(opz?nvl',m'
(pp1 vl,m (pp3 vl',m'

_¢p3¢nv1,m —¢p3¢nvl',m'_

[0220] [Table 14]
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Codebook-Config =1, N, =2
il,l il,z i1,4 i2

01,..N0,-1 | 0L..N,0,~1 | o023 | 0L | WS

e T2 U ’ [N R L W TP APE T AN P 3

Vim Vi o Vim
vk.Jhere VVI(I:.;’) ! - 1 PuVim ¢nvl'.m'_ ~@uVim
A mm' p.n ’3PCSI-RS (opvl.m ¢pvl',m' (ppvl.m
q’p(onvl,m (pp(p“vlr,m, _(op(pnvl.m

[0221] [Table 14a]

Codebook-Config =1, N, =4
il,l il,Z i1’4' iz
0L..NO-1 | 0L.uN0,-1 | o.63 | 01 )
o etz T ’ RTUREY TR PNIPE L P
I Vim vl',m' vl,m . —‘
(onv[,m (onvl',m' —(pnvl,m
Q)Pl V/,m ¢pl vl’~”_” ¢pl V[’m
1 ¢pl¢nvl,m @p, Pr Vi m —¢p|¢nvl,m P D
where w® = - . . L=\ iP2=| 5T hP3=P
Llmm'spn R BPCSI-RS Po,Vim P, Vi m' PpVim ! 16 2 4 3
Pp, PnVim P, PuVrm ~Pp, CnVim
(Opj Vim (pp3 Vi ¢p3 Vim
_¢p3¢nvl,m ¢p3(onvl’,m’ _¢pl¢nvl,m_

[0222] [Table 15]
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Codebook-Config = 1, N, =2
i) i) i1’4 i
01, MO, -1 | 0,1,..,N,0, -1 | 01,23 | 0,1 | W)
i SRR v ’ iy pobi g HR ) by oKl gk
Vim Vit Vim Vi
h W(4) 1 DV m PuVi o ~OnVim OV
where L manl pn =
m.ni.pn (4PCS[-RS (Dle.m (ppvl,’m, (l)pvl.m (pp\.;[,'m,
PpPuVium PoPu¥r m _¢p¢nvl~m ~PpPuVi
[0223) [Table 15al
Codebook—Config =1, N,=4
Iy i2 I4 i
0.1,...N,0, -1 0,1,..,N,0, 1 0...63 | 0.1 “) -
A T ti2M v ’ il,l’[l,l+kl’il,2’il,2+k2’il,A’iZ
Vi.m Vi m' v/,m Vi m'
DnVim (pnvl',m' ~OPnVim ~@uVi
¢pl v[*'" ¢P. V/r‘mr ¢p1 v[vm ¢Pl V[r’m‘
Where W _ 1 OoPn¥im  Pp Ve ~PpPuVim  ~Cp PuVimi ;P _{pJ'P \‘pJ;p p
! ! I e ) SlizbP2= b =
Hmm ot AP | PoVim PoVimt PpVim pVrm [T 16 4
Pp, PnVim @p, PVrm  —Pp, ?’n Vim TP, CnVim
¢p3 Vim (Op] Vim ¢p3_vl,m ¢p_, Ve m
_(pp3 @uVim (pp3 PoVr m _ijanvl,m ~¢p3¢nvl',m'_

[0224]

In one embodiment 12B, for Codebook—Config =1, and N, =4, instead

of joint reporting of p1, p2, and p3 using 114, CSI is reported separately using

indices (7141, f14.2, 114.3) or (714, I15, I16) for (p1, p2, p3). The codebook tables

for 1-4 layers are shown in TABLES 16-19.

[0225]

[Table 16]
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Codebook-Config =1, N,=4
i) iz Iiq) li4n lias b
1
0,1,..,NO,-1 | 0,1,.,N,0, =1 | 0,1,2,3 | 0,1,2,3 | 0,1,2,3 | 01,23 wd®
boashiashanstiazshassh
[ vl,m ]
(Dnvl,m
wplv/,m
1 ¢pl¢nvl,m
where w(V =
I,m, 15P2-P3»
mhPeBt Pesirs | p:Vim
(sz(pnvl,m
¢p3vl,m
_¢p3¢nvl,m_
[0226] [Table 17]
Codebook-Config =1, N,=4
i i, i1,4,1 i1,4,2 i1,4,3 i
0,1,..,NO, -1 | 0,1,..,N,0, -1 | 0,1,2,3 | 0,1,2,3 | 0,1,2,3 | 0,1 ) o o
it T2 e B e ? FRRRE T AR P PR 20 PRI PR A 2
I Yim Vi ]
q’nvl,m _¢nvl',m'
¢p, Vim (Dpl Vi
1 (Dp,(onvl,m _(ppl(pnvl’,m'
where o prpe g = T v v
: . TR "ZPCSI—RS ¢pl I,m (Dpz I'm
P, PnVim ~Pp,PnVim
¢’p3 Vim ¢p3 Vim'
_(opj(pnvl.m —¢p3¢nvl',m'_

[0227]

[Table 18]
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Codebook-Config =1, N, =4
i i 4 hap a3 b
01 N0,~1 | 01..M0,-1 | 01,23 | o123 | 023 | o1 | WS
oI T e S ’ R L AP I AN RN PPN S
Vim vl',m' Vim
(pnvl,m (pnvl’,m’ “OnVim
(op, vl,m ¢p| vl',m' (Dpl vl.m
h 3) 1 ¢pl(0nvl,m ¢p]¢nvl',m' —(Dpl¢nv[,m
where W4’ =
LI mm'.p,.py.py.n ’3PCSI_RS ¢p2 Vl’m wpz V]r’mr (DPZ Vl’m
¢p: PnVim (Dpz Vi m _¢p2 PnVim
wp_, Vim ¢p3 Vim' (opj Vim
_(ppJ ¢nvl,m (0p3 wnvl"m' _¢p3 (onvl,m J
[0228] [Table 19]
Codebook-Config =1, N, =4
i) 12 Iia) ) Iia3 b
0,1..,NO,-1| 0,1,..,N,0,-1 | 0,1,2,3 | 0,1,2,3 | 0,1,2,3 | 0,1 w® o S
’1,17’1,1+kla’1,z>’1,z+kz sharshiazshaash
Yim Vem Vim Vim 1
DPuVim PuVrm _¢nv1,m —OuVi'
¢pl Vim wp, Virm (opl Vim ¢P1 Viem
b @) 1 ¢p]¢nvl,m ¢pl¢nvl',m’ ~Op PnVim _(ppl(pnvl',m' .
where W;.’ . =
LEmm'spyopys oo N '4PCSI—RS (Dpz Vim (Dpz Vi'm' (pp2 v[,m ¢p2 Virm'
%Z(Pn"/,m (Dpzwnvl',m' —¢p2¢nvl.m —¢p1¢nvl',m'
¢p3vl,m ¢p3vl',m' q’p,vl,m (pp]vl’,m'
_wp_, CVim Cp PV “PpPnVim ~Pp, (pnvl',m'd

[0229]

Similarly, for Codebook-Config = 2, and No=2, instead of joint

reporting of p» and ps using i14, CSI is reported separately using indices (1y4 1,

f142) or (114, 115) for (p, p3), and instead of joint reporting of m, m, and ms
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using 72, CSI is reported separately using indices (721, 722, 72.3) or (i, i3, I1).

for (m, m, n3). The codebook tables for 1-4 layers are shown in TABLES 20-23.

[0230] [Table 20]

Codebook—Config = 2, Ny =2

b ha UR Liao L Ly | ba

0L, NO,~1 | 0,1...N,0, 1 | 0,123 | 01,23 | 01,23 | 01 ] 01| w®

URELE RUWREU PR P REUR TR

vl,m

1 O vl,m
where W,(:,zppnnn = l;
R b BV o Ry b SR ]
\/PCSI-RS p,on, Vim

aP3 b”s V] W

[0231] [Table 21]

Codebook-Config = 2, N, =2

ha h2 14 Lo Ly | ba | ba

0,1,.,MO -1 0,,.,N,0,-1 | 0,1,2,3 | 01,23 | 0,1 | 0,1 | O] w®

R NE L A P P L A AR P A SPge I

Vim Vi m'
where W(z) _ ___1_ ¢111 Vim: —¢"1 vl'.m'
LI'mant, py,ponyn,
P2 Pyl a1y ZPCSI'RS ap2 bn2 Vim apz bn2 Vir e

apl an Vim —ap3 an vl',m'

[0232] [Table 22]
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Codebook-Config = 2, N,=2
. . . . [ i i
i) i iy i 21 | 22 | h3
(3)

0, 1,...,N101 -1 0’1’".’N202 -1 0.1,2,3 0.1,2,3 0’1 0,1 0,1 bty HR R sk Ry g ek bt 3

Vim Vi Vim
N W(3) 1 (pn, Vim (0"1 Vi’ —(Dn, Vim
where Wir mnt py.pymaan /

S SILIL, Po Pt T 3PCSI—RS ap: bn2 Vim ap:bnz Vi ap: b,,: Vim
ap3 bn3 Viom ap3 bn3 Vi _ap3 bn] Vim
[0233] [Table 23]
Codebook-Config =2, N, =2
. , . . i i I
I i1 11,4’1 11’4,2 2,1 2,2 2,3
- )

0,1..,N0, 1| 0,L... 101,23 | 0123 @
5 yees VU] b1, ,N202 0,1 0’1 O’I R A T WAL I Y

Vi.m Vi o' Vim Vi
n W(4) 1 (0,11 v1,m (onl Ve o' _¢’l| Viom _wn, Vi ow'
where LI smam’.py,pyy .y, = )

oy M n Prgizs | %5 bn: Vim @, bn: Vi  @p bnz Vim  a bn2 Vit

a,

anBVLm apxbrg,vl',m' '_al’_xb”vam —apsb”avl'*'"'

[0234]

of joint reporting of p; and ps using

In another alternative, for Codebook-Config =2, and Ng=2, instead

i14, CSI is reported separately using indices

(7141, Ia2) or (14, 115) for (p, p3), and m, m, and n3 are reported jointly

using 2. The codebook tables for 1-4 layers are shown in TABLES 24-27.

[0235]

[Table 24]
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Codebook-Config =2, n,=2
0 h2 i1,4,1 i1,4,2 i
(1)
0,1,.,MO ~1 | 0,1,.,N,0,~1 | 01,23 | 0,1,2,3 | 0,15 | W.N70 . . .
hishioshiarshaash
vl,m
1 (on,vl,m n n
where w( = ) =[—J'n =[—Jmod2'n =nmod2;
17,52y, ' 1y O 3 >
m.Py.Ps . /PCSI-RS apzbnzvl,m 4 2 ’
apsbnsv[vm
[0236] [Table 25]
Codebook—Config = 2, N, =2
iy i, hay | Biao i
0.L..NMO -1 | 0,1, N,0,-1 | 01,23 | 01,23 | 0,7 | W,*) i e
e Ipysd kg a’1.2’11.2+k2a‘1,4.1’11.4,2”2
( Vim vl',m'
Pn Vi “Pu Vi ‘
(2) 1 moim n n n
where Wy, v = — s =|~ [;n, =| = |mod2;n, =nmod?2;
£ P Pyt m aplbnzvl.m ap:bnzvl'.r_n’ 4 2 2 3 ’
_ap3bn] Vim _ap_‘ n, Vit
[0237] [Table 26)
Codebook—-Config = 2, N,=2
i I2 bay i1.4.2 i
0L..NO~1 | 0L..N,0,—1 | 0123 | o123 |07 | WS S
I AR AN AP A 8 FPI PP A
Vim Vi Vim
) @ Vi O Vpr oy @,V
3) 1 moLm n U m mohm n n
where W,/ . = : s =|— ;1 == (mod2;n, =nmod2;
S Py Py m ap:bn:vl,m apzbn:vl'.m' ap:bn:vl.m : 40 2 2 3 ’
ap3b713vl.;71 apr,L_\vl',,,,' _aplbn}vl.m

[0238]

[Table 27]




WO 2018/199625 PCT/KR2018/004796

68
Codebook-Config = 2, Ny =2
il,l i1,2 i1,4,1 i1,4,2 iZ
0,1,..,NO, -1 0,1,.,N,0, -1 0,1,2,3 1 0,1,2,3 | 0,..,7 4)
R oizY2 T e T il,l’i1,1+kl ’i1,2 ’i1,2+k2 ’il,4,17il,4,2 ’iZ
Vim vl',m' Vim Vit
h W( 4) 1 (onl Viom (Pn, Virm' —¢n, Vim —(onl Vit om'
where - =
L' man' p,.pyn ’4PCSI-RS ap:bn:vl.m al’:b": Vit ap:b,,:v,.m ap:bn: Vit
apgb”3v1-”1 aprn3 Ve _aP3 ngvlsm _apsbnjvl'.m'
n n
n =|—[;n, =| — |mod2;n, = nmod2
4 12
[0239] In another alternative, for Codebook—-Config =2, and N,=2, p and ps

are reported jo'intly usingA 114, and instead of joint repofting of m, m, and 3
using 12, CSI is reported separately using indices (7131, f2.2, f23) or (i, I3, Iy)
for (m, m, nm3). The codebook t_ables for 1-4 layers are shown in TABLE 28-31.

[0240] [Table 28]

Codebook-Config = 2, Ny =2

i i by Ly ba| ba

0L, NO -1 | 0,L..N,0,~1 | 0,..15 | 01,23 | 01| 01| W

Uashiasherhanstzastas

vl,m
D Vim
— __ 1 e (P
where W, . . . T la b v Pr=| G PR
vEcsirs | 4p,Pn Vi
apab"svla'”

[0241] [Table 29]
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Codebook-Config = 2, N,=2
iy i Iy by | ba | b
0L NO -1 | 01..N,0,1 | 0,15 | 01| 01| 01| w®
i g Rtz v i ? > RS S AP P L SR AR SR
Vim Ve o'
P Vim P VI
2) _ 1 1 e n m X _ p . _
where W, =—— sD2 —L—J,Ps =p
LI mat .p.n .y /2 PCSI_RS ap; b”2 Viom apz bn: Vi 4
A al’_x bia Vim —aQ P, bn3 Vi '
[0242] [Table 30]
Codebook-Config =2, N,=2
i I 2 Lg Ly | by | b
0L..NO-1| 01 ,N,O,-1 | 0,15 | 01| 01|01 | WS
T R o A AP AP S MR S S
Vim Vi i Viom
here WS 1 P Vim PuVr i ~On Vo I { J Py=p
wnere 4 g S e s 2 — LP3=
L' ' poy na .y ’3PCSI-RS a, b": Vim 4, bn2 Vi @p, b,,: Vi m 4
a, b,,3 Vim 4, b"3 Vi —@ 1;3 bnz Vim
[0243] [Table 31]
Codebook—-Config =2, N,=2
i I I Ly | by | ba
0,L..NO-1 | 0,...N,0,-1 |o.15 | 01]01]01| W
A 0 ti22 v ? ? ’ TS 2 N AP AP X 2 I P SN St P
Vim Ve Vim Vit
where W - 1 OnVim PVt ~PnVim OV D _Lp J DP3=p
‘ , = —— P == P3=
L't pang.my = Ty Prsirs ap:bnzv,.m apzbn:vl,,m, apzb”:v,.m apzbnzvl’,m’ 4
apgbt5v1~n1 aprnJVI'.m' _apjbn3 Vim _ap3b113vl’.m’
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[0244] In another alternative, for deebbok‘Cbnng-=2, and N, =2, codebook

tables for 1-4 layers are shown in TABLES 32-35.

[0245] [Table 32]
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Codebook—-Config = 2, N, =2
, . . i
I 0,2 Ly
0 1
0L, NO -1 | 0,1,...N,0,~1 | 0,15 | WD )
s Ly VU b1y VU yeens iy 1ok 550 4,0,0,0 iy 1501201 4,0,0,1
. . . i
111 2 Ly
2 3
' Q)] 0))
0.L.. MO ~1 | 0.1,... N0, =1 | 0,...,15 Iy 501,251 ,450,1,0 iy 1ok si 50,11
. . . I
11 11,2 L4
4 5
() (1
0’1’”.’N101 _1 0,1,.“’N202 —1 0”15 il,l,il.Z 9il,4 >1a0a0 il,l ’iI.Z ’iI.A ’1’0;1
, ) . I
I R Ly
6 7
)] (1)
0,1,...,N101—1 0,1,...,N202 —1 0,. ,15 il,] ,il,z,i]y4,1,1,0 il,l ’il,Z ’il,4’1’]’1
. . . _ i
I 2 Ly
8 9
m Q)]
0,1,...,N101_1 0,1,...,N202 “‘1 0,. ,15 VVvil,lsil,z ,l‘ly4,2,0,0 il,l’il,z ’il,4 ’2’0’1
. . . i
ll,l 11,2 11,4
10 11
. (N (1)
0L NO =1 | 0L N0y =1 | ots | W0 o | W0
. . . i
i 12 Lia
12 13
M M
0,,.,NO,-1] 0,1,..,N,0, -1 | 0,...,13 iy oy 2 1 403,0,0 iy i 63,0,]
, . . i
b 2 Ly
14 15
(1) 1)
0L, MO =1 | 01, N0, =1 | 0,15 | Wi o 5 i i 3,0
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vl,m
1 @nVim r
where W _— p=|L|p, =
lm,p.n,,ny.n ' 2 ,p3 D
" JPesirs | %p.0n,Vim 4
apxb"zvlvm
[0246] [Table 33]
Codebook-Config = 2, N,=2
. . . 2
I 2 L4
0
— _ (2) . (2)
0,,.,NMNO -1 | 0,1,..,N,0, -1 | 0,..,15 i s 2 40,0,0 s Ky 3+ i 0,0,0.1
. . . i
I Lo Ly
2
_ _ (2) (2)
0,L.,NO -1 0,1,..,N;O, -1 | 0,..,15 i oy 010 iyt K000
. . . I
I L2 Ly
4
_ _ (2) (2)
0,,...NO -1 | 0,1,..,N,0, -1 | 0,..,15 VViLl,i,\l+kl,il_z,i,.2+kl,ilv4,1,0,0 iy iy g+ Ky g 1,0,1
. . . i
Un 1,2 Lig
6
_ _ (2) (2)
0,L..,NMO, -1 | 0,1.,N,O, -1 | 0,..,15 VVix,pilﬁkl dy g iy 5+ ki 4, 1,1,0 VVfl,nil,r“kl iy by g i o111
Vim Vi
“here W(Z) : _; ¢’nlvl,m fwnlvlr,l71’ 2 \\ Jp;_p
LI mm' . p.ny.nymy — » H -
ol p s T Prgirs | 95, b,,2 Vim 4, bn2 Vi 4
al’s b"3 Vim _ap3 an Vi m

[0247]

[Table 34]
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Codebook~Config = 2, N, =2
. . . i2
B Iz L4
0 1
(3) (3)
0L.,NO~-1|0,1,..,N,0,-1 | 0,.,15 iy by Ry oy g4k g oy 4,0,0,0 VViu,nix,H'kn i 25is 3+ iy 4,0,0,1
. . . i2
ha L2 l],4
2 3
(3) 3)
0.L..MO =1 | 0...,N,0,~1 | 0,...15 Wi,),,il,,+k, i 3ok 2+ iy 4,0,1,0 Wi,,,,iu+k, iy iy 3+ 1y 50,11
. . . i2
o L2 L
4 5
_ (3) , (3)
0’1""’MO]—1 0’1)~.~,N202 1 0, ..,15 VV[]J,[]J"‘kl ,i],zsi|,2+k2 ,il’A,l,O,O Wilvl,il,l"'kl ,i,‘z,i|‘2+k2 ,l’lA,],O,l
. . . i2
I ha 11’4 i
6 17
_ (3) (3
0.L..MO =1} 01,..,N,0, =1 } 0,...15 iy sk k) g oy iy o110 uqum+k“5ng+kquJJJ
v],m v[,.m' v[_m
“here W(3,) , =—1— (on, Vi (pn, Vi —%l Vim . 2y =L£J'p3 =p
LE o' p.smy.my [y Proirs | %p, b,,2 Vim 4, bn: Vi  Gp, b": Vim 4

a, bn3 Vim

a, bn3 Ve m'

b

“Ap, 00 Vim

[0248]

[Table 35]
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‘Codebook—Config =2, N,=2
. . . iz
I b2 4 Ly
0 1
_ _ 4 4
0,1,...,N101 l 0,1,...,N202 1 0,,15 VVI.]}] ’i1,1+k1 ’i1,2’i1,2+k2 ,l’1‘4,0,0,0 W/il.]>il.l+kl ?il.Z’il.1+k2 >il‘4’0>0>1
o i2
i W) L4
2 ) 3
3 @) )
0.1,... MO, -1 0.L...N0, =1 | 0,...15 VVil,l g T Ry o ko 40 450,10 I/I/il,l!il,l+kl daoh ki 50,101
; b
I I 2 Ly
4 5
_ _ 4 : (4) _
0L, MO =1 | 0L NyOy =L | 015 | W gt i100 | Vi vk iy i L0
. s . i2
b 2 L4
6 7
_ _ (4 4)
0,L..,MO -1 0,L..,N,0,—-1 | 0,...,15 W,'w,‘u hy iy g it 5 kg i 51,10 VViL, Y Y SRR
Vim Vil Vim Vi nt
vhere W(4) _; @nivl,.m ¢”1 V["m’ _¢n, V[.m _q)nl v[',mr py = [BJP3 _p
LI il oy, S R
TP [Pesigs [ 9eOnVim @pBaVenr @O Vim  ap by Vi 4
p, bn3 Vim apg bﬂg Viw  9p, b"s Viom 4, b’% Vi

[0249] In one embodiment -12C, for Codebook-Config = 1 and N =2, the

pre—coding vector/matrix for 1 - 4 layer CSI reporting is given by one of the

following alternative equations. In one example of 1-layer, equation 1:

Vim
1 PoVim 1) 1

wh - and equation 2: W} =—[ Y| where X =[ Y }
Lmpn = : M, PR mn .
v F CSI-RS | PuVim &, B CSI-RS (Dpxl,m,n (onvl,m
(Dp(pnxl.m
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[0250] In one example of 2-layer, equat ion 1:
Vim Vo'
: 1 q’pvl m PV 2) 1 X0 ma n
W3 i pm = —— ’ ' and equation 2: WG, . =——or ™"
LIt p. quation Lmmpn = [op
RN \IZP csirs | PnVim ~@uVr ' s 2P(SI-RS (ppx[,l',m,m',n
CoPVin Py Py
where Y Ml
Xt m' o = .
ST (pnv[,m —'(Dnvl:,m:
[0251] In one example of 3-layer, equation 1:
vl,m v['f’"' Vim
1 (opvl m (ppvl’ m (ppvl m
A S . ' ’ ' and equat i 2:
1 mnt' . p. quation .
e N, 3F, csirs | PnVim OpVy “PuVim
(pp¢;zvl,m Lo PrVr m _(opgonvl.mj
W _ 1 X0 where Vim VI Vim
Lmp . pn — / X1 mm o =
3PCSI-RS ¢px1,l',m,m',n n _(pnvl,m PV “~PuVim
[0252] In one example of 4-layer, equation 1:
vl,m Vl'.m’ vl‘m vl',m'
1 ¢le m (opvl',m’ ¢pv[,m (opvl’,m'
w® ’ . and equati 2:
10"t p. quation
o \I4P Cstrs | PnVim DoV py ~PuVim OV
_(DP(D,, Vim PpPuVr _¢p PuVim PPy
W(4) _ 1 xl,l',M,m'," where x _ Vim Vi m Vim- Vi m
Lmm . pn LI sl n =
? VAFcsirs | Po*tr mm' i PoVim  PuVew “PVim ~CoVrw

[0253] In one embodiment 12D, for Codebook-Config

1 and Ng=4, the

pre-coding vector/matrix for 1 - 4 layer CSI reporting is given by one of the

following alternative equations. In one example of 1-layer, equation 1:
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- Vi -
¢plvl,m
(opz vl,m xl,m,n
1 (Pp Xt.m . . 1 ¢p1 Xt mn
wh - | P and equation 2: w®» = ———

I.m.p, i,m,p,

e VPCSI-RS OnVi,m e \,PCSI—RS (pp:xl,m,n
¢pl¢nv[,m ¢p3xl,m,n
¢pz¢nvl,m
_¢pl¢nxl,m_

Vi i
where X,,= "
gonvl,m_
[0254] In one example of 2-layer,
I Vim Vi 1
(/7pl Vim (DPI Ve
¢pz vl,m (opz Vim
1 ¢p xl.m ¢p vl',m' D p
wa e Ee——| ' S R N e a2 2
et aPesigs | Pavim ~PnVe 16 4

xl,l',m,m’,n
. X p '
u/](ﬁ) ) = 1 P X1 1 mm'
JSLmam.p.n
7 2Fcsirs | Po %10 mm'
| Pp, %00 m '
[0255] In one
v/,m
PpVim
(DP: Vim
we 1 Po*1m
WML pan
3PCSI—RS Pn vl,m
¢p, ¢nv1,m
wpz PnVim
_¢’p3 ¢”x[‘”'

wp] ¢nv[,m _¢P1 (onvl',m'

@p, PnVim ~@p, PnVim

_¢p3 PnXim _¢p3 PuVi ' |

s = {AJ;PZ = [EJ;p:& =p where Xi 1 mm' 0 :\\

;Plzl

16 4
example of
vl',m' vl,m ]
Pp, Vi m @p Vim
(/’,,Z v['!m’ (sz Vim
Po Vi Pp Xim
(onv[’,m’ ~OuVim
Pp.PrnVim  ~PpPnVim
Cp,PnVim  ~Pp,PnVim
P, PV m _¢p3(pnx[,m_

16

3-layer,

2]y,

4

and

PCT/KR2018/004796

equation 1:

equation 2:

Vi m

Vi m
(pnvl,m _gonvl',m’

equation 1:

J;p3=p and equation 2:
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X1 1 mm' n
1 .(pp,xl,l’,m,m’,n P
w® py = 2= where
1 m.m . p, s 1 s P2 P3y=P
J'mm' pn I3PCSI-RS ¢p2xl,/',m,m',n 16 4
¢p3 xl,l',m,m',n i
x _ Vl,m vl,em, Vl,m
LI mm' on — .
" Pn¥im PuVr _¢nvl,m_
[0256] In one example of 4-layer, equat ion 1:
vl,m vl',m' Vl,m vl’,m’
(ppI Vim (Dp, Vim ¢7p, Vi,m (pp, Vim
¢pl Vim (Dpz Vi m' (sz Vim (01,: Vim
W __ 1 PpXim  PpVrm PpFim PoVrm ;p _[pJ'p {pJ-p p
LU mm,pn SPL= - bP =Py~
\,4PCSI-RS ¢nvl,m Pn vl’,m’ —P, vl,m —Pp Vl’,m’ 16 4
¢pl(0nvl,m qopl(onvl',m' _¢pl¢nvl,m —q)plq)nvl',m'
Pp, PrVi,m Pp,PuVr o ~Pp,PnVim ~Pp,PuVim
_¢p3 PnX1,m gop_, PuVr —q)p] PnXim _q)p] PuVr m i
XL ma
. @p X1 0 mm'
- “ ! potlmmn P P, -
and equation  2: VV,’,,"LM,,M__E\/_____ . ,pl_tg p=| g = where
CSI-RS ¢p2 l,/',m,m',n
(opjxl,l',m,m',n
vl,m Vll’m, Vl,m v[:’mr
xl,l',m,m',n =
PnVim PoVr ~PnVim OV
[0257] In one embodiment 12E, for Codebook-Config = 2 and wn,=2, the

pre-coding vector/matrix for 1 - 4 layer CSI reporting is given by one of the

xl,m,n
. ) . . . . 1 a 2b Zx[’ . ) .
following alternative equations: 1-layer: w) = ponXimn P N
\/PCSI-RS (Dn, xl,m,n | 4
ap_gbn3 xl,m,n

n n |
m =|— ity =| = \modZny =nmod2; 2-layer:

4 2

Vim Vl',m'
w2 1 ap by, Vim ap b, vy [p J . |
! . =_— == ips=ps ~layer:
LU mam' p.n m ¢)”1 Vim —¢)’l‘ Vp ot 4
a.D3 bll3 Vim —a », b”3 Vi ot
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Vim Vi Vim
w 1 ap, bn: Vim ap, bﬂz Vim  9p b"z Vim { pJ
N vt pn = —— sPy=| TP =P
i "3PCSI—RS (pn, Vim q’nlvl'.m' —(p”l Vim 4 '
apl.bn}vl.m apzbn_,vl’,m' _aPJ 'llv[‘m
n n . .
n = [—J;"z = [—JmodZ;rg =nmod?2; ; and 4-layer:
4 2 '
Vim Vil Vim VU
W(4) 1 ap: bn: Vim ap: b": Vi ap: bn: Vim ap2 bn2 Vi [pJ
A ot = ——— _ P =P =D
e Y 4K CSI-RS PnVim ¢7nl Ve Do Vi _¢"1 Vi 4
aps bn_z Vim aP; bn3 Ve m' _apz b”z Vim _aps b"a Vit
n n
n =|—;n =|= {mod2;n; =nmod2;
4 2
[0258] In one embodiment 12F, the four codebook indices i, ,4,,4,, andi, for

1-layer CSI reporting are reported as two PMIs: the first PMI i, comprising three
components., i.e., i=(iii4); and the second PMI i .

[0259] Similarly, the five codebook indices i, i, ,4;, i, andi, for 2, 3,
or 4-layer CSI reporting are reported as two PMIs: the first PMI i, comprising four
components, i.e., i=(ii,.isis); and the second PMI 4, .

[0260] In one embodiment 12G, the codebook index i, isreported as a separate
(third) PMI i; for inter-panel co-phase. The 1-layer CSI is reported as three PMIs:
the first PMI i comprising two components, i.e., i =(iy.i,); the second PMI i ;
and the third PMI 4=4,.

[0261] Similarly, the 2, 3, or 4-layer CSI is reported as three PMIs: the first
PMI i, comprising three components, i.e., i1=(i1’1,i1’2,i1,3)§ the second PMI i, ; and the
third PMI 4 =i, .

[0262] For Codebook-Config = 1, the inter-panel co-phase ¢, for n,=2 and

(¢5,05,0,,) fOr N,=4 is reported using the third PMI i in a WB manner. For

Codebook-Config=2, the inter—-panel co-phase has two components: ((ppz,(pps) reported
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in WB manner and ((onz,(onj) reported in a SB manner. The WB and SB components are

reported according to at least one of the following alternatives. In one example

of Alt 12G-0, the third PMI has two components, 1i.e., i3=(i3,1,i3,2), where the
component i, is reported in a WB manner to indicate ((apz,gop]) and the component
iy, is reported in a SB manner to indicate (g,.0,)-

[0263] In one example of Alt 12G-1, the third PMI i, indicates the WB

component ((ppz,(ppj), and the SB component ((onz,qonl) is reported using the second PMI
i, . In one example of Alt 2, the third PMI i, indicates the WB component ((ppz,(ppg),
and the SB component (¢nl,¢n3) is reported using a separate fourth PMI i, . In orne
example of Alt 12G-3, the third PMI iy indicates the WB component ((ppz,(ppJ) , and the
SB component ((onz,(pnj) is reported using the second component i, of the second PMI
iy =(iy1,5,), where the first component i,, indicates the SB co-phase On -

[0264] In one embodiment 12H, the codebook indices i, alnd iy 1n the
codebook tables in the present disclosure are swapped. That is, i, indicates the
mapping to k1 and k; in TABLE 6 and TABLE 7, and i, indicates the WB inter-panel
co-phase: ¢, for Codebook-Config = 1,N,=2; (<ppl,¢pz,¢p3) for Codebook-Config = 1,
N,=4; and (g, .0, ) for Codebook—-Config = 2, N, =2.

[0265] In one embodiment 12I, the codebook table for Codebook-Config = 2,
N,=4 1s given by TABLES 36-39.

[0266] [Table 36]
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Codebook—Config = 2, N, =4
i i I i
0.1, N0, -1 0,1,... N,0, 1 0,..,255 M
1., N0, 1,...,N,0, 0,...,4095 ..., A
[ vl,m 1
q)nlvl,m
apzbnzv]’m
1 ap3bn3vl,m
where WI(Q = ;
T JPesigs | 9000 Vim
apsbnsvl,m
apﬁb,lﬁv,’,,,
_ap7b”7v[’m_
NP | |\ P, Py, | P, | L), =
p2 \\1024‘|9p3 \\256J,p4 t64J>p5 \‘16<|’p6 ‘>4J’p7 y2
n :[lJ;n2 :[iJmodZ;n3 = [lJmodZ; ny = LﬁJmodZns =[£Jmod2; ng = \:’{|mod2;n7 =nmod2;
64 32 16 8 4 2

[0267] [Table 37]
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Codebook-Config = 2, N, =4
il,l i1,2 i1’4 i2
0,1,..,NO, -1 0,1,..,N,0, -1 0,...,4095 0,...,127 (2)
2Bt T itz e e Uy :i1,1+k1’i|,2’i1,2+k2’il,wiz
[ vl,m vl',m' ]
PnVim TPV
apzb,,zv,’m apzb,,zvl,’m,
1 ApbaVim  —ap bV
where w® | - ___ ' ‘ :
LI mm',p.n /2PCSI.RS ap4bn4v[,m ap4bn4vl',m'
aPs b”s Vi,m —aps b"s Vim
aPa b”s Vim aP(. b”6 Vilm'
ap7 b”'l vlam _ap7 b"7 vl's””
e |, e, |2l |2l 2|, _,
P |‘1024J,P3 {256J’p4 [MJ,PS {16J7P5 L4_’p7 Y2
n = a iy = i mod2;n; = a mod2;ny = 2 mod2;ng = EJmod2;n6 = ﬁJmodZ;n,, =nmod?2;
64 32 16 8 4 2

[0268] [Table 38]
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apﬁb,,hv,,m a

_ap7b"7v/v'" ap7 b"7 Vi m

e | el _|el _lel. _lel _
pz_[1024J’p3 [256J’p4 _64J’p5 [16J’p6 [4J’p7 P

n ={£IJ;;12 =[3—’2Jmod2;m =|j%Jmod2; ny = |\§“mod2;n5 =[%Jmod2;n6 =Lngod2;n7 =nmod?2;

82
Codebook-Config = 2, N, =4
i) i L4 Iy
O’l""’Nlol -1 0’1""’N2O2 -1 0,...,4095 0”127 Bl gtk gt ke ) 0
vl,m vl',m’ vl,m
(pnl Vim Po Vi “PnVim
aPz b"z Vim apz b"z Vi m apz b"z Vim
5 1 ap, b,,} Vim 4y, b,,} Vi —dp, b".‘ Vim
where VVII'mm'pn__— 5
T BPesigs | . onVim  pOuVem @p,OnVim
apsb,,ﬁv,,m apsbnsv,,m, —apsb,,sv,’m

Ps b”a v[’,ml aps b"s vlam

_aP7 b"7 Vim J

[0269]

[Table 391
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32

83
Codebook—Config = 2, N,=4
i i)2 Iy i
01,...NMO,-1 | 0,1,..,N,0, -1 0,.,4095 | 0,..,127 @
et o tI22 e > Iy ol R o Ry el
r v[,m vl’,m' vl,m vl',m'
@ Vim Co Vi m' “PnVim “Pu Vi m
a, b,,zv,’m a, b,,2 Vim  Ap b,,Z Vim 4, b,,Z Vi
) 4 1 aps b”s Yim aPJ b”3 Vim _apz b”.\ Vim _aps b”x Vim
where W/(l')m wtopn = —— .
o ”4PCSI-RS apdbnAVI,m ap4bn4vl',m' ap4bn4v/,m ap4bn4vl',m'
ap by Vi Apby Ve —Ap bV, —a, b, Vg
apo b”s v[,m apﬁ b”s V["m' aps b”s V]’m apsb”o vl’am’
Lambmv/m ap by Vi —ap b Vi —ap7b,,7v,,.m,_
p p p p
D=\ = Pa= | bPs T | 7 P T sP1=D;
1024 256 | 64 16

n = |‘1J;n2 = FLJ mod2;n; = L%J mod2;n, = \‘gJ mod2;ng = [%JmodZ; Hg = Lngod 2;n; =nmod 2;

[0270]

comprises of precoding matrices such that the DFT beams for the two layers are the
same, i.e., !=Im=m _ In this case, when the number of layers v=2, each PMI value

corresponds to four codebook indices iy, i, ,i4,i , similar to the case of v=1.

There is no need to have the codebook index i3 to k and k, mapping such as TABLE

In one embodiment 12J, an alfernative 2-layer (rank 2) codebook

6 for 2-layer reporting. The 2-layer codebook table is given by TABLE 40.

[0271]

[Table 40]
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Codebook~Config =1, N, =2

iy Iy L4 Iy

0,1,..,NO-1101,.,N,0,—-1 | 0..3| 01 w2

URELRELIWEL)

vl,m ’ Vim

v =AY
2 1 PuVim n"lm
whereW,( . —

aLpn
P N 2PCSI—RS ¢pvl,m (ppvl,m

¢p PuVim _(pp¢nvl,m

[0272] [Table 40al

Codebook-Config = 1, N =4

iy i12 lia )

0,1,.,N,0,~1 0,1,...,N,0, ~1 0.6 |01 | w®

il,l ’il.l ’il.4 ’il

Vim Vim

PnVim ~PnVim

(Dpl vlsm ¢P1 V[’m
1 (op,(pnvl,m _(pp,¢nvl,m p p .
where w® = 2Tl el 19 20 Bl 19 2 Bl 20
) Im.p.n m @ Vim @y Vim J4 16 D 4 b3=p

¢pz (Dnvl,m _(opz ¢nvl,m
¢p3 Vim (apj Vim

_(op} DPuVim —¢p3 (pnvl,m i

[0273] [Table 40b]
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Codebook—Config = 2, N, =2

I i L4 Iy

0,1,..,NO,-1 | 0,1,..,N,0,-1 | 0,..15 | 0..,7 w?

CREUFEUTEL

Vim Vim
1 @nVim “OnVim P
where W@ = P == ipy=ps
Im,p, [ 2 s 3 ’
i 2PCSI-RS apz b”z Vl’m apz bnz vl*m ’ 4

apa b"] vl-’" _ap3 bnz vl,m

n = {gJ;nz = [%Jmod2;n3 =nmod?2;

[0274] In one embodiment 12K, the higher layer codebook configuration
parameter Codebook—-Config in codebook tables in the present disclosure is referred
to as Codebook-Mode or Mode. For example, Codebook-Config = 1 and Codebook-Config
= 2 respectively are mapped to Mba’e] and ModeZ.

[0275] In one embodiment 13, a UE is configured with a PMI codebook for multi
panels (Ny = #/> 1) as follows. '

[0276] For 8 antenna ports (e.g. {15, 16, ---,22}), 16 antenna ports (e.g. {15,
16, ---,30}), 32 antenna ports (e.g. {15, 16, ---,46}), a‘nd the UE configured with
higher layer (e.g. RRC) parameter MultiPanelCodebook set to Model or Mode2, each

PMI value corresponds to the codebook indices i ‘and i, , where i is the vector

[11,1 LW, i1,4:l v=1

T and v is the associated RI value.
[’l,l iy s z,’4:| 06{2,3,4}

given by: ={

[0277] The values of N,, N, and N, are configured with the higher-layer

parameters  CodebookConfig-Ng,  CodebookConfig-NI and  CodebookConfig-Nz,

respectively. The supported configurations of (Ng,N,,NZ) for a given number of

CSI-RS ports and the corresponding values of (0,0,) are given in Table4l. The
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number of CSI-RS ports, FRgugs, is 2n,NN,. A UE may only use i,=0 and may not
report i, if the value of CodebookConfig-NZ is set to. 1.

[0278] [Table 41}

Number of ‘
(Mg, N, N,) | (01,0,) | Muit iPanelCodebook
CSI-RS antenna ports, PBggs

8 (2,2,1) (4,1) | Model, ModeZ
(2,4,1) (4,1) | Model, ModeZ
16 (4,2,1) | (4,1) | Model

(2,2,2) (4,4) | Model, ModeZ
(2,8,1) (4,1) | Model, ModeZ

(4,4,1) (4,1) | Model

32
(2,4,2) (4,4) | Model, Mode2
(4,2,2) (4,4) | Model
[0279] The mapping from i, to k and & for 2-layer reporting is given in

Table 6. The mapping from i; to kand k, for 3-layer and 4-layer reporting is

given in TABLE 7. When MultiPanelCodebook is set to Model, i, 1s given by:

i N,=2
=1 . When MultiPanelCodebook is set to HodeZ (where n,=2),
’ [11,4,1 h42 ’1,4,3] Ny =4
iig = [i1,4,1 51,4,2]

i, and i, are .
’2=[’z,0 b ’2,1,2]
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[0280] The quantities ¢, , o, , b , 4, , and v, are given by:
@ Zejﬂn/Z
n
a, = /™14 imp[2
bn ze—jlr/4ej7rn/2 .
jZ;rm j27zm(N2—l)
1 e ... o ON N,y >1
um =
1 N2 :1
2al 2mN-y T
ON, ON
vl,m =\ U, € Uy, e o Uy,
[0281] Furthermore, the quantities w2 and w27 (N, e{2,4}) are gi
urthermore, q g rmp . €12, are given
I vl,m_ I vl,m_
iz 1 PnVim w22 __ 1 “nVim
Impn ™ lm,pn —
VEsirs | PpVim VFestrs P Vim
_qanq)p'v[,m_ ) __¢n¢plv/,m_
[ vl,m— [ vl,m_
. @V -@,V : D N, =2
by: nm " where p= ¢ ,
Pp,Viim Pp,Vim (2 p pi] N, =4
W1,114 B 1 (pn¢plvl,m W1.2,4 B 1 —gon(pp,vl,m
Lm,p,n = lm,pn—
" Rsirs | Pptim VEcsirs P Vim
?Pn ¢p2 Vim . —¢n¢pl Vim
¢p3 Vim q’p; Vim
_¢n¢p3v[,m_ __(pn¢p,vl,m_
and the quantities w27 and w7 ( nN,=2 ) are given by:
Vim Yim
@n, V1, 1 ~Pn Vi, =
W= o W e | where P71 2]
Fesirs | 9p,%nVim Fesirs | %p,nYim n=[ny n ”2]
apzb,,zv,,m —apzb,,zv,’m
[0282] The codebooks for 1-4 layers are given respectively in TABLES 42-45.

[0283] [Table 42]
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Model, N, ei2,4
il,l il,Z i1,4,q ’ q‘=1a~~’Ng -1 i2
0,L.,NO -1 | 0,1..,N,0, -1 | 0,123 0123 | wh
hishashgsh
where W) =W,
[0284] [Table 42a]
Mode2, N,=2
i) dia iag 9=12 | iy ing 4=12
0,L,...NO,~1 | 0,L.,N,0,~1 | 0,123 0123 | 01 wh
1,197,225 ,45%2
where W), =Wy
[0285] [Table 43]
Model, N,e{2,4)
il,l il,2 il,4,q 5 q=l,‘...,Ng -1 i2
0,,.,NO,~1 | 0,1,..,N,0,-1 | 0123 o1|w®
o e ? ? by oy TR 50 Ry g 5Ty
2) 1 LLN, 12,N,
where VVlfl’,m,m’,p,n _E[W_/l,m,p,n m’,fn’,p,n:| .
[0286] [Table 43al
Modez, N, =2
il,l ,'1’2 ,'154’{1 , q=1,2 i2’0 , i2,l,r]’ g=12
01..NO ~1 | 0,1,.,N,0,~1 | 0,123 0,1 w®
T hrm T ’ ’ fy oy Ty b o 50 o Ry S 50
1 2LN, 2N,
2) _ A 2N,
where VVlfl’,m,m',p,n “ﬁ[VVl,m,p,n I/Vl’z,m',p,ni|-
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[Table 44]
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Model, N, €{2,4}

i iz hagrg=hL. Ng=1 | I
0,1, N0, -1 | O,1,..N,0, -1 | Q123 oL w®
‘ b syt sh 2ok 2k, shash
3) LN, HNK 1L,2,N
where W(l mni,p,n \/'[:n/l'lmpn I'm', p,n I/I/lvmpn:] .
[0288] [Table 44a]
Mode?, N, =2
i i) itag qg=12 o1y =12
0,1, N0, =1 | 0,1,..N,0,—1 | 0,123 0,1 w®
’ ’ UREAS LR PR P LA PR A
3) e LN 2N,
where VVIS[’,m,m’,p,n ﬁ[ lmpn I/Vl'zm’pn VVIZm,pn:|

[0289] [Table 45]
Model, N,e2,4)
i i, hag 9= 1,.A.,Ng -1 |4
01,.,M0,~1 | 0,1...N,0,-1 | 0123 o1|w®
_ 2 b 1ody  HR g o8 2 PR g0
where w( . = VE_Z[W,I’;:,’,';,/;, Wemsn Wimns sz,’i"‘,v;f,n} :

[0290]

[Table 45a]
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Modez, N, =2
i1 i iag =02 | iag 1 ingg, 9=1,2
0,L..N,O,-1 | 0,1,...N,0,~1 | 0123 0,1 wew

RN LA P +hy 4oy

1 2,LLN 2,LN, 2,2,N, 2,2,N,
where Wlf?’,)m,m’,p,n=ﬁ|:W1,m,p,; Wl’,m',p,n Wl,m,p,n Wl’,m',p,n:l‘
[0291] In one embodiment 13A, the 1-4 layer codebooks for ModeZ given

respectively in TABLES 42-45 are also supported for n,=4, where i, and i, are

. [’1,4,1 ’1,4,2} Ng =2
a=3r. . . . . .
[11,4,1 hao ha3 has has 11,4,6:| Ng =4

iLeq €{0,1,2,3}, g¢=1,...,2(N, 1)

replaced with the following: , ;. and the
. [12,0 L 12,1,2] Ng =2
12 =
[’2,0 bt 212 13 his s 12,1,6] N, =4
big €{0.1}, ¢=1,...,2(N, 1)
‘s 2LV, 2,2,N, : .
quantities Wi o and o for  n,=4 are given  by:
v[ym vl,m
¢n0 v[’m _¢n0 vl,m
aplbnlvlam . aplb"lvlﬂm
we - 1 %p,bn,V1m w2 - 1 4, O Vi where
m,p,n m,p.n
JPestrs | 49 OnVim VEesirs | 3pOnVim
ambmv/,m _ap,bmvl,m
aPs b”s Vim aps b”s Yim
_aPnb"s v[a”’_ _'—apab”nvlvm_l
p=lp P Py Ps ps s
n=[n0 nm Ny ny ny ng n6]
[0292] In one embodiment 14, a UE is configured with a PMI codebook for multi

panels (N; = ¥ > 1) as follows. For 8 antenna ports (e.g. {15, 16, ---,22}), 16
antenna ports (e.g. {15, 16, ---,30}), 32 antenna ports (e.g. {15, 16, ---,46}), and
the UE configured with higher 'layer parameter MultiPanelCodebook set to Model or

ModeZ2, where each PMI value corresponds to the codebook indices i and i, , where
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v=1

iy is the vector given by: ; - [ 62 i and v is the associated

Vol he iy hs] vef{2.3.4)

RI value.

[0293] The mapping from i, to k and k for 2-layer reporting is given in
TABLE 6. The mapping from i, to kand k for 3-layer and 4-layer reporting is
given in TABLE 7. The values of N, N, , and N, are configured with the
higher-layer parameters  CodebookConfig-Ng, CodebookConfig-NI1 and
CodebookConfig-N2, respectively. The supported configurations of (Ng,N,,Nz) for
a given number of CSI-RS ports and the corresponding values of (0,,0,) are given
in Table 41. The number of CSI-RS ports, Fggrs, 18 2NglN,N2. A UE may only use

i, =0 and may not report i, if the value of Codebook(onfig-N2 is set to 1.

[0294] When  MultiPanelCodebook  is set to  Model, i 4 is
) il,4.l Ng = 2

L4 =

b [i1,4,1 ha2 i1,4,3:| N g~ 4.

i €{0,12,3}, ¢=123

[0295] The quantities ¢, , w4, , and v, are given by:
P ___ejlm/Z
n
j_27rm j27rm(Nz—l)
1 OzNz e e OzNz >.1 ..
w, =1 N2>% Furthermore, the quantities ;" and w2

;21 JELUA) T
N
Vim =| Uy € o ‘U, € oM U,
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[ vl,m— I V[,m_
Wl’2 _ 1 : ¢'lvl,m W2’2 1 _¢nvl,m
Im,pn — Impn = o ——
! VFcsirs | PpVim P JPesirs PpVim
| PnPp,Vim | . L= PpVi,m |
[ vl,m—1 i V/,m—
l 3 ®nV —PpV
(N, e{2,4}) are given by: n b " | where
Pp,Vim PoVim
W1’4 _ 1 (p"wpnvla”' VV]2’4 B 1 _¢n¢plvl,m
Im,pn~— mpn ————
P JPesirs | PV ™% JPostas PpVim
(/’n(opzvl,m _¢n(pp2v/,m
PpVim P Vim
-¢"¢P3 v’sm'_ ‘ __(Pn¢p3vl,m_
D » Ng =2
p =
[pn P P3] N, =4
[0296] The Model codebooks for 1-4 layers are given respectively in TABLES
46-49.
[0297] [Table 46]
il,l il’z i|,4,}] y g = 1""’Ng -1 i2
1
0,1, MO —1 | 0L, N,O, 1 | 0123 0123 Wil(l ,)il i
l,Ng
where W,f,‘z’p’n =W, -
[0298] [Table 47]
il,l i1,2 il,4,q » g = l,‘..,Ng -1 iZ
o1 | w®
0,1,..,NM0, -1 | 0,1,..,.N,0, -1 | 01,23 , i
1 LN 2N,
2 g S 4
where I/Vlfl',)m,m',p,n =$|:I/VI,m,p,n I/VI’,m’,p,n:| .
[0299] [Table 48]
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i it iag q=bLo,Ng=1 | i
0.1,.,NO, -1 | 0,1,...,N,0,~1 | 0123 o w®
By yody g Ryl g5t o Ry ol b
o) 1 LN, LN, 2N,
where I/VI,I’,m,m’,p,n _ﬁ[u/l,m,p,n pVI',m'-,p,n VVl,m,p,n:l'
[0300] [Table 49]
il,l il’z il,4,q ’ q=1,...,Ng -1 i2
0,1, NO -1 | 0,,..N,0, -1 | 01,23 ol | w®
2D A A > > AT A Y PR

(4 1 1N, LN, 2N, 2N,
where m,]',nv,nr’,p,n_\/z VVl,m,p,n I'm,p,n VVI,m,p,n I/Vl',m’,p,n .

[0301)] When MultiPanelCodebook is set to ModeZ and wn,=2, i, and i, are
g =[ia; i . _ = /g inpl2
o= liar e The quantities o, and 5, are given by: RS
iy=[hg iy 52,1,2] ’ b, = e~

Furthermore, the quantities w).s ~—and w2" ~ ( n,=2 ) are given by:

vl,m vl,m
Pn,Vim ~@nVim =
W n =] o | Win =] g o | Mhere P72 P
Fesirs | 4p,5nVim Festrs | 5O Vim "=["0 m "2]
apz b”z V[’m —apz b"2 v[,m
[0302] The ModeZ codebooks for 1-4 layers are given respectively in TABLES
50-53.

[0303] [Table 50]
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N,=2
i) i 2 hagr 9=12 | iy g 4=12
. ) 1
0,1,..NO, <1 | 0,1,...N,0,-1 | 0,123 0123 ] 01 wd
LRELEELWEL)
where W,f,'z,p’n = W,{;fl‘j;,n .
[0304] [Table 51]
N,=2
i) I 2 iag 9=L2 | 0.y, q=12
01..NO -1 | 0,1,.,N,0,-1 | 0123 0,1 we»
i ’ N LT P
1 LN, 2,N
2 2 g (4
where lefl',)m,m',p,n zﬁ[ 1,m,p,n I/Vl’,m’,p,n:]'
10305] [Table 52]
Ng=2
i 02 hag 4=12 | B0y, 9=12
0L, N0 -1 | 01,..N,0,~1 | 0123 0,1 we»
R A P e L Y P
1 LN 1N LN
) = g >y g
where le,l',m,m’,p,n —E[ lm,p,n I'i',p,n VVl,m,p,n:l .

[0306]

[Table 53]
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N, = 2
il,l ' il,Z il,4,q ’ q:1’2 i2.0 4 iZ,l,q’ q= 1,2
0L, NO -1 | 0,1..N,0,~1 | 01,23 0,1 w@w
bbb R 4o
1 LN LN 2N, 2N
4) p— g g g g
where VVI(,I',m,m',p,n _ﬁ[VVl,m,p,n I/Vl',m',p,n I/V/,m,p,n I/Vl',m',p,n] :
[0307] In one embodiment 14A, the 1-4 layer codebooks for ModeZ given

respectively in TABLES 50-53 are also supported for N,=4, where j, and i, are

[’1,4,1 han ] Ng 2
ha=1r. . . . . .
[11,4,1 a2 Y43 ha4a has 11,4,6J N, = 4

i €10,1,2,3%, g=1,...,2{N, -1
replaced with the following: g < boa ( & ) ; and the

. [bo 5$11MJ] Ny =2
12=

[lz,o it 12 233 a4 215 12,1,6] N, =4

i1 €01}, g=1...,2(N, -1)

quantities wons, and wh' for n,=4 are  given  by:
[ V/’m_ [ V/,m—
PnVim “Pu,Vim
ap‘b,,lv,’,,, - aplb,,‘v,’,,,
le;'},;n _ 1 apzb”zv[x’" ler'n“n . 1 —apzb"zvl,m wherep=[p' Py P3s P4 Ps Pe]
T (Pesirs | e on Vi P JPesirs | 9p.bn Vim n=[ny m ny ny ny ns gl
aqumv,,m —apdbndv,’m
apsb,,sv,,m apsbﬂsv,’m
_aphbnﬁv,,m— _—ap6b,,6v,’m_
[0308] FIGURE 13 illustrates an example multiple antenna panels with 2 ports

per panel 1300 according to embodiments of the present disclosure. The embodiment
of the multiple antenna panels with 2 ports per panel i1llustrated in FIGURE 13 is
for illustration only. FIGURE 13 does not limit the scope of this disclosure to

any particular implementation.
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[0309] The present disclosure provides the CSI acquisition scheme for the
antenna structure to which multiple antenna panels are applied, where each panel
is a dual-polarized antenna ports with M =1 and M =1 ports in two dimensions,
i.e., 2 ports per panel. As shown in FIGURE 13, there are Ny = 2, 4 antenna panels
with 2 ports per panel.

[0310] In one embodiment Al, a UE is configured with the PMI codebook with

pre-coder Ffor (Ng,Nl,N2)e {(2,1,1),(4,1, 1)} antenna panels according to at least one

of the following alternatiVes. In one example of Alt A1-O (common intra-panel phase),
W=c®d or d®c where ¢ is an iqtra—panel phase vector (size 2 X 1), common

for all panels, and d is an inter—-panel phase vector (size A, X 1), where c®d
denotes the Kronecker product of candd which is defined as c®d=[cd cd]

where d=|:do d, .. ng_l] ) If W=c®d |, for N =2 ,

W =[cody cody c1dy c¢1dy]T. If one of ¢ énd do s fixed to 1, there may be one
of the two alternatg forms for ¥. In oné instance, W=1[dy, d; c¢idy c¢;d{]7. In
bne instance, W =[cy cody él c,dq]T. If both ¢y and dy are fixed to 1, then
w=I[1 d ¢ cd] . |
[0311] If W=c®d,f or N -4

W =[cody cody cpdy cods cidy ¢1dy dy c1d3]T; since one of ¢g and &b can
be fixed to 1, thers may be one of the two alternate forms for F. In one instance,
W=[d, di dy d3 c;dy cidy cydy cyds]T . In one instance, W =
[co cody cody cods €1 c1dy cidy  c¢qd3]T. If both ¢pand dp are fixed to 1, then
W=[1l d d, dy ¢; cidy cid; cids]T.

[0312]  If W=d®c, then , for N, =2: W=[cody cidy Cody c1dy]";
since one of ¢ and dh can be fixed to 1, there may be one of the two alternate
forms for F. In one instance, W=[dy c1dy di c¢;d;]" . In one instance,

W=[c ¢ cdy cdy]” . If W=d®c , then, for N =4
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W = [cody c1dy cody cidy cody c¢1dy cods c¢1ds]T; since one of ¢ and db can
be fixed to 1, there may be one of the two alternate forms for F. In one instance,
=[dy cdy di c;dy dy dy ds cd3]T . In one instance,
W=[co ¢ codi cidy cody ¢dy cods cids]”.

[0313] In one example of Alt Al-l (per  panel phase):
W=[1 ¢ ¢ c3 = Cang-1]T, where {c;} are independent phase for N, panels
and 2 polarizations. For .Ng:2 : W=[1 ¢ ¢ ¢l . For N,=4 : W=
v[1 €4 € ¢3 Ca Cs Co )T,

[0314) The codebook to report. the pre-coder Fis at least one of BPSK {1,-1}
or QPSK {1,7,-1,-j} or two stage aypgbyp where ayp and agp codebooks are

according to at least one of the following: awg ={1,j,—1,—j} (2 bit WB phase) and
dsp = {1,]} (1_b1t SB phaSe); Awp = {1,],"‘1,—]} (2 blt WB Dhase) and agp = {11_]}

(1-bit SB phase); awp = {1,]',—1, —j} (2Dbit WB phase) and asp = {e‘?,e?} (1-bit SB

jr 3
phase), Aws —{e4 e14 ,e jT } (2 bit WB phase) and asp = {e” 0 e4} (1-bit SB
]31: ]571'

phase) ayp = {ef e+,e s e 7 } (2 bit WB phase) and aSB = {1,—j} (1-bit SB phase);

jm  jsm js5m

and ayp —{e4 e+,e+,e 4} (2 bit WB phase) and asg = {1,j} (1-bit SB phase).
[0315] In one embodiment  AZ, the multi-panel  codebook  for

(Ng,N,,Nz)e{(2,1,1),(4,1,1)} is bsed on a modular approach where the multi-panel

pre-coder vector/matrix Wy, is built from the single-panel pre-coder

. |14
vector/matrix Wsp as follows. In one example of N, =2: Rank 1: Wyp = [ ja SP ] =
. e Wgp
1 , 1 1
w_| ef |. . [ Wsp 1_1 W 1_| €# —elP
[ejalw] = ejal ’ and Rank 2: WMP - [ejalwsp] - [ejalw] - eja1 ejal

el (a1 +B) el +B)  _pilar+p)
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1
eiB
W ejal
A . WSP ejalw e]'(“ﬁﬁ)
[0316] In one example of N, =4 : Rank 1: Wy = [efawsp] = %] = e
eltsw el (a2+p)
ei“z
| pJ(as+B)]
1 1
el —elf
W ejal ejal
W Jja jle1+B)  _gjlar1+p) .
and Rank 2: WMP:[eja‘:/‘;P]: Zjazvu; = eejaz ee,-az , where the selection
enw eilm+B)  _pjlaz+h)
eja3 ] eja3
.ej(a3+ﬁ) —ej(a3+ﬁ)J

of Wgp is limited to be the same for all panels; and the inter—pénel phase e (/=1
or 1-3) can be reported either WB or SB or both WB and SB; and the co-phase e/ is
reported SB. |

[0317] In one embodiment A3, a UE 1s configured with a PMI codebook for

(Ng,Nl,Nz)e{(2,1,1),(4,’1,1)} as follows. For 4 antenna ports (e.g. {3000, 3001

--+.3003), 8 antenna ports (e.g. {3000, 3001 ---,3007}), and the UE configured with
highér layer parameters CodebookIype set to Typel MultiPane!/ and
CodebookParameters set to Typel_Parameters which includes { NumberOfPanels,
CodebookConfig-N1, CodebookConfig-N2, Codebookllode}. The values of ~,, N, and
N, are configured with the higher-layer parameters MNumberOfFanels,
CodebookConfig-N1 and CodebookConfig-N2, respectively. The number of CSI-RS ports,
Pegigs » 1S 2N NN, which equals an, if (N,,N,)=(1,1) .When ~,=2, Codebookiode
may be set to either Coan'g] or ConfigZ. When N, =4, CodebookMode may be set to

Configl.
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[0318] Each PMI value corresponds to the codebook indices i, and i,, where

[’1,1 h2 11,4} v=1

ST and v is the associated RI
[11,1 ha b3 -11,4J ve{2,3,4}

iy 1s the vector given by: =

i) Ng =2

value. When Codebooklode is set to Configl, i, is i,=4 =~ :
[’1,4,1 i1 42 11’4‘3] Ng=4

. . ) ix,4 = [’],4,1 i1_,4,2}
[0319] When CodebookMode is set to ConfigZ2, i, and i, are ~_~77 777,
b :[12,0 L lz,z]

A UE may only use i,=0 and may not report i, if the value of CodebookConfig-NI
1s set to greater than 1 and CodebookConfig-NZ2 is set to 1. A UE may only use
i, =lk,=i;=0 and may not report i, , i, , and i, if the value of
CodebookConfig-NI and CodebookConfig-NZ are set to 1.

[0320] The quantities ¢, , a, , b, , w4, , and v, are given by

p n n m
_ jnnf2

q’n =é /

a, ___ejﬂ/4ejﬂp/2

bn — e—_]ll’/4ej7ln/2

I j 27m j27rm(N2—1)
1 e .o 0N N2>1
u"l =
l N2 = 1
i ;2 271(N,-1) T
_ )| Uy € oM u, - e O U, Ny>1
vl,m - :
1 Ni=N;=lorl=m=0
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LN, ,1 2,N,,1 W3N1 AN 1
. . 2 g’ 3 g’ k) g’ g
[0321] Furthermore, the quantities Wz,m, N Wz,m,p,n, ILmpn , and Wz,m,p,n
i vl,m I v[,m
lez’l 1 (pnvl,m W2’2’l 1 _(Dnvl,m
Lmpn = T - Lmpn = o
T (Pesigs | 9nVim TP JPesias P Vim
. . PPy Vi, @ ®p VI,
( N,e{2,4) ) are given by: L mep L R hm
Vim Yim
W3’2’l 1 PnVim W4’2’l 1 ~PnVim
Lmpn = To—| _ Lmpn = o _
T (Besirs P Vim P JPesirs | 9RVim
__¢n¢plvl,m _(pnq)p,vl,m
Vim Vim
¢nvl,m —¢nvl,m
PoVim PpVim
Al 1 PnPp Vi w2l 1 ~nPpVim
Impn — Impn =
VFesirs | PpVim VEcsirs Pp,¥im
(Dn(opzv/.m —¢n¢p2vl,m
¢p3vl.m ¢p3V1,m
_(Pn(Pp_,Vl,m_ _—¢n¢p3vl,m_
Vim Yim
¢nvl,m _(onvl,m
_¢plv1<m _(Dpl Vim
W13,4,l =—1 P M W,4,4.1 - 1 Pn¥Pp,Vim
m.p.n mp.n
VFesirs Pp:Vim VHesirs Pp,Vim
Pn®p,Vim “0nPp,Vi.m
—¢p vl_m _¢p vl.m
3 3 pl Ng :2
L =PnPp,Viim | L PnPpVim] where p= , and
[Pl P2 P3] Ng=4
e ' 3N,.2 4N, 2 . .
the quantities w2 , wh'>  wow, and w,% ( n,=2) are given by:
vl,m v[,m
w22 1 P, Vim 220 1 ~@nVim
lmpn = o Lmpn = -
e PCSI-RS aPlb";v/w’" P \’PCSI-RS ap,bnlvl.m
ap, brt2 Vim —ap, bn2 Vim i
vl)m v/,m
g2 1 Pn,Vim w2 1 " Vim where p=[p p]
Lmpn — _ mpn _
JEesigs | ~%.0n Vim VEesirs | ~%p.bnVim n=[ny nm n]
_ap2 bnl Vim apz bnZ Vim i
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[0322] The codebooks for 1-4 layers are given respectively in TABLES 54-57,

where (k.k)=(0,0) if (N,,N,)=(,1).

[0323] [Table 54]
Configl, (N_,N,,N,)e{(2,1,1),(4,1,1)}
il,l il,z i|,4,(] ’ q:] ..... Ng -1 12
0 0 0’1’2’3 0’]’2’3 I/Vil(ll’)ilz’imaiz
) LNl
Where lem’pan - lﬁm’;’n N
[0324] [Table 54al
| Config2, (N,,N,,N,)=(2,1,1)
iy | g | e 9712 | iy . g4 =1,2
0 |0 |0123  |0a123|0l wh
1.12°1,25%1,45%2
'6)) LN, 2
Where Wl>map)n - l7m’§]’n *
[0325] [Table 55]

Configl, (N,,N,,N,)e{(2,11),(4,1,1)}

iy | Bo | iag s g=bouNg =1 | i

LYELT] +h sl sl 2 +k, shash

o |o |0123 01| w®

2 I PR 2N}
where VVlfl',m,m',p,n_\/E[m,m,p,n I/Vl’,m’,p,n .

[0326] [Table 55al
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Config2, (Ng,N,,Nz)z(z,l,l)
il,l i1'2 l.],4’q y q:1:2 i2,q9q :0:1a2
(2)
0 0 0’1’2’3 0’1 VVil,l ’i1,1+k1ai|,2’i1,2+k2 ’il,4’i2
2) 1 LN,,2 2N, 2
where "L/ mm pn — E[W;m;n Wlman .

[Table 56]

Configl, (N,,N,,N,)e{(2,1,1),(4,1,1)}

il.l l.l~2 il,4,f] y 4= 1,...,Ng -1 iz

o (0o |0123

0,1

)

il.l ’il.l +k1 ’il,?_ ’il‘z +k2 ’i1.4 7i2

3)
where Wy rimm.pn =

1

5

i, psn

LN, 1 2,N,,1 3,N, .1
[Wz SO (Al W,,m’;,n]

I'\m',p,n

[Table 56a]

Config2, (N_,N,N,)=(2,1,1)

o | b2 | Gag

,q=12

i grq=0,1,2

o |0 |0123

0,1

W

b yody R o0 2K T

3)
where W/ 1 0w pn =

1

i

Jm,p,n

LN,,2
[Wz 7,

2,N,,2 W3,Ng,2
,m',p,n Lm,p,n

[Table 57]
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Configl, (N,,N,,N,)e{(2,1,1),(4,1D)}

il,l il‘z il,4,q y = 1,...,Ng -1 12

01 | w®

A A Lo PN

0 |0 0123

(4) 1 LV, LN 3N 4N,
where Wl,[',m,m',p,n_\/z VV/,m,p,n W/I’,m',p,n W/,m,P,n Wl',m',P," :

[0330] [Table 57al

Config2, (N,,N,N,)=(2,1,1)

il,l il,2 il,4’q ’ q:152 i2,qaq:0,1>2

' (4)
0 0 Q L 2’3 0’ 1 VVil,l ’il,l +k1 oy 2 ’il,2 +k2 o p by
4 1 LN,,2 2,N, .2 3,N,.2 4N, 2
where Wlf[’,)m,m',p,n = ':/’—ZI:Wl,m,p,n WI',m',p,n WI,'",P," Wl',m',l’,":l )
[0331] In one embodiment A3A, the 1-4 layer codebooks for ConfigZ given

respectively in TABLES 54-57 are also supported for w,=4, where j, and i, are

. { I:il.4,1 i1,4,21 Ny =2
ha=

[i1,4,1 haz ba3 has las 11,4,6] N, =4

4 €{0,1,2,3},g=1,...2(N, —1)

replaced with the following: i2={ [0 iy 2] Ne=2 ; and the
[iz,o by ha b3 bg b iz,e] N, =4
irg €{0.1},g=1,..,2(N, -1)
i €{0,1,2,3} v=1
ihoef0,1} v=234

I,N,,2

2,N_,2 N 2 4,N, .2
. . g > ’ 3 >
quantities Wl,m,p,n , ; ;

PN s Wz,m,p,n and W, pn for N,=4 are given by:

,
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vl,m | vl,m
(pno Vim _(pna Vim
ap‘bn]v,’m ap.bﬂl Vim
142 1 ap, bnzvl,m 242 1 bn2 Vim
VVI m.pn — b I/VI m,pn b
VEesirs | 22 nVim VEcsirs | 2pOnVim
apd bn, vl,m - ,D4 b'l,, vl,m
ap5 bns Vim p bns Vim
_apﬁbnhv,,m- |4, b,,ﬁv,m
vl,m vl,m
(pno Vim _¢no Vim
_apl b"l vl,m —apl b"l vl,m
-a, b v a b v
1 4p,5n,Vi,m ) 1 2, n, Yim
VV[:},;:,;”: zbz VV[4;,,4,3”= zbz Where
VEesirs | @pOnVim VEcstrs | 22 OnVim
a b V]m —ap bn,,vlm
bn5 vl m bns Vim
ap, b"s vls'"_ L apﬂbn6 Vim ]

p=[p P2 Py Ps Ps ps)

n:[no n Ny ny ng A n6]
[0332] In one embodiment A3B, the pre—coding matrix expression in the 3 layer

codebook TABLE 56 1S replaced with one of following:

WP = W WEL, W] for Contig1 and
W . pn = T[ llrriv pi W, N, p2n Wl‘,‘r’n],v;,’nz ] | for Conffg2;
VVI(?')m mipn T llmNpln VVI?,ril\/gpln VVl4mN;:; } for Configl and
Wz(13 )m m',p.n %[Wzl”},v}i W,:},’,f,vff ,’,2,,, W14m]?,[7 ,2,} for Configl; and
o o = [ 12,,,N,, ! W? N’ pln ,?,’,,}Y;,’,]z} for Configl and
W1(13)m I %[meN 3 W3 N’pzn W,4,,,N ,2,} fof Config?2.
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] ! : e, . I,Ng,l 2’Ng 31 3,Ng,1 '
[0333] In one embodiment A3C, the quantities Wz,m,p,n v Wimpn s Wimpn
W4,Ng ,1 ) )
and I,m,p,n for N, =4 in TABLES 54-57 are given by:
I vl.m— [ vl.m_
@uVim PuVim
¢P1 vl~m . _(opl vl*’"
VVIL4*I - 1 ¢n¢plvl.m W/]z,“,l _ 1 —(pnwplv,‘m
m.p.n m,p.n
? VEesirs Pp,Vim N Fesirs Pp.Vim
¢n¢pz Vim ¢n¢pZ Vim
¢P3 Vim _(DPJ Yim
_¢n¢p3 v/,m_ __¢n¢p3vl.m_
[ v/,m- [ Vl‘m_
¢nv1,m (pnvl,m
(pp, Vim _¢p, Vim
VV[3'4'1 _ 1 ¢”¢P: vlvm VVI4’4‘1 _ 1 _¢H¢P| vl,m
m,p.n _ .m,p,n _
v PCSI-RS (opz Vim \,PCSLRS ¢Pz Vim
_¢n¢p2 Vim ~0uPp,Vim
~PpVim ¢p3 Vim
. LN,.2
L™9nPp,Vim | L ##pVim] and the quantities W, 5. .
2,N,,2 W3,Ng,2 4,N,,2 .
ILmpn I,m,p,n and  Yimpn for N, =4 are given  by:
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vl,m vl,m
(pno Vim (p”o Vim
ap, bnl vl,m ap‘.bn[ vl,m
VV]H’Z _ 1 apzb,,zvl,m VVIZ’4'2 _ 1 apzbnzvl,m
T (Pesirs | @p.baVim P (Pesirs | 9o.Bn Vi
ap4bn4vl,m apdb,uv,’m
aps b"s vlsm ap5 bn5 vl,m
__apé b"a Vim | ap, brl6 Vi,m
Vl.m V/’m
gono vl,m (Dno V/,m
aplbnlvl,m ap]b,,lv,)m
VVI3,4,2 — 1 apzbnvam VVZ4’4’2 _ 1 apzbnzvl,m
TP JPesirs | ~90.5n Vi I JPesirs | "% bnVim
-a, b,u Vim a, b"4 Vim
=, b, Vim ap b, Vi,
_—apébnévl,m_ apﬁb,,ﬁv,’m_
- . Lo LN, 2,N,;1
[0334] In one embodiment A3D, the quantities Wimpn, "impn,
4Nl _ .
and  Wimin  for n,=4 in  TABLES  54-57 are  given
Vim Vim
~¢nvl,m P VIm
(Dpl V[‘m _¢)pl v[,m
WAl 1 ~OnPp Vi wEs - 1 PuPp, Vim
Lm.p.n IPCSI-RS P Vim -m,p.n /PCSI-RS Pp,Vim
_(on(pplv[,m _¢n¢pzv[.m
PpVim ~PpVim
__¢n¢p3vl,m_ L ¢)ﬂ¢p3v1,m_
vl’m Vim
—¢nvl.m —anl.m
P Vim ~@pVim
w3l _ 1 “PnPpVim W/4,4.1 _ 1 PnPpVim
lm.p.n— — mpn T _
e \IPCSI-RS Pp,Vim \/PCSI-RS Pp,Vim
Pu®p,Vim Cn®p,Vim
—¢p3v/,m (pp}v,m
[ Pn®p,Vion ] | =?#pVim] and the quantities W,

3,N,.1

l,m,p,n

by:

LN,,2
5m’p)n

y
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2aNg72 3’Ng’2 W4’Ng ’2 .
Lmpn 1,m,p,n and lm,p,n for n,=4 are given  by:
vl,m [ vl,m
_(pn[, Vim —(pno Vim
ap b, Vi, —a, b, Vi
W1’4’2 _ 1 _apzb”zvlsm VVI2’4’2 _ 1 aPz b"z Vim
oo = ———— e =
P JPesirs | @eBn Vi " JPesirs | e OnVim
—aﬂab"/a v]-m _ap4 b"4 vl»m
aps b"s Vim _aps b"s vllv’"
aps b”é Vim A L aps b”s V[’m i
vl,m Vl,m
—¢nﬂ Vim _(pnu Vim
aPl b"l v/~'" —apl b”x vlﬂ”’.
W3’4’2 _ 1 aPz b"z Vim VVI4’4’2 _ 1 aPz b"z Vim
o = —F—— o = ———
" JFPesirs | "% On Vim P JPesirs | " OnVim
ap4b’l4 v’-'" ap‘,bn4 v/,m
ap, b'ls Vim ap, b”s Vim
aps b”ﬁ Vim _—apﬁ b”<s V[’m _
[0335] In one embodiment A4, the codebook table for

(Ng,N,,Nz)e{(2,1,1),(4,1,1)} is as shown in TABLES 58-61, respectively, for 1 - 4

layer CSI reporting, where the PMI indices i ,and i, are defined as in embodiment

: LN, 1 2N 1 3N, N1
. &g 2 ? s 3 > s
A3, and where the quantities Wp,n , Wp,n =, Wt and W;,n (N, e{2,4))
r ' i 1
1 Dy 1 —®y
Wizl - w2l
P N, Fesirs P P </ Fesirs P,
. ) 0,9 0,9
are given by: L7 A LA
1 1
i o1 Pn 421 __ 1 ~%n
W —_ W —
? v Fesirs Pp, F A Fesirs P,
—¢n¢pl _¢n¢pl
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S _ e
(7" —@,
¢p] (opl
¢n¢p, _(/’n(”pl
i 1 i = 1
Y F CSIRS Pp, v F CSI-RS Pp,
¢n¢p2 : _¢n¢p2
¢’p3 (DPJ
_¢n¢p3 | R __¢n¢p3 ]
- . - 0
(2% -
_¢P1 —¢p,
-0, 0, 0,0,
e witle | "
N Fesirs Pr, v Festrs Pr,
PnPp, ~PnPp,
_¢p3 —¢p3
_ . b N, =2 '
| =P ¥, | L %n%p, | where p= , and the
[p P, ps) Np=4
o 1N, ,2 2,N.,2 3,N,,2 4N, 2 ]
quantities Wpn®" , W, """, Wor® | and W,,"" ( N,=2) are given by:
1 ) 1
w22 1 Pny w222 _ 1 “n,
N N
? JPesrs | 4n0n ? JFPesirs | %nbn
al’z b"z _apz b"z
1 1
1 ¢”'o 1 _(Dno p= [p P ]
w22 whito - where b
& JPesizs | ~%.bn P Pesirs | 790 n=[ng n n]
_ap2 bn2 apz b"2 .

10336] [Table 58]
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Configl, (N,,N,,N,)e{(2,1,1),(4,1,1)}
iag» @=L Ng =1 i
(M
0123 aL23 | W, 7
where W;(,f,), = W;ﬁg’l
[0337] [Table 58al
ConfigZ, (Ng,Nl,Nz):(z,l,l)
Lagq o q=12 | i, by 4=12
0123 | 01230l we,
14572
where W) =w, "

[0338] [Table 59]

Configl, (N, N, N,)e{(2,11),(4,11)}

il,4,q y q:1 ..... N, -1 iz

0123 0,1 w )

L 4oly

2 1 LNl 2N,
where W(,)=—[W,,,,,x W, ]

[0339] [Table 59a] '
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Config2, (NgaNl,N2)=(2,1,1)

iag 4=12 i y»q=012

0123 0l w2

1.4°%2
1 1LV, 2 2,N_ 2
(2) _ Ny N,
where Wp,n _ﬁ[WPa" Wp,n. :| .
[0340] [Table 60]

g_l i2
0123 - o1 | WS
1,4>%2
1 LN 2N, .1 3N
3) _ e’ g e
where Wp’,,—f[WM W, w,, ]
[0341] [Table 60a]
Config?2, (Ng,N.,Nz)=(2,1,1)
i1,4,(] y q:172 iZ,qa q= 071’2
0123 0,1 wo.
1,4°%2
1 LN, .2 2,N. 2 3,N_,2
(3) _ N N Ny
where Wp,n —Tg[ngn Wp,n Wp,n :| R

Configl, (N,,N,,N,)e{(2,,1),(4,1,1)}

i1,4’q y 4= 1,...,N

[0342] [Table 61]

PCT/KR2018/004796
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Configl, (N_,N,,N,)e{(2,1,1),(4,1,1)}

hag > q=LosNg—1 i

W(4)

Lk

0123 01

1
where W,Ef‘n)=—[W‘~NK*‘ wiNel 3N W4'N"l}.

RA R W N
JaLl'» p P P

[0343] -~ [Table 61al

Config2, (N,,N,N,)=(2,L1)

iy 4=12 bhg>q4=012

W(4)

I4shy

0123 0,1

@ _ 1 1N, 2 2.N,.2 3N,.2 4N,2
Where Wp.n - ﬁ[Wp,n Wp,n Wp,n Wp,n :I -

[0344] In one embodiment A4A, the 1-4 layer codebooks for Config? given

respectively in TABLES 58-61 are also supported for w~,=4, where i, and i, are

;= { [i1,4.1 i1.4,2J Ng=2
‘ [’].4.1 ha2 h43 h4a has il‘4.6:| N, =4
4 €{0:1,2,3},0=1,..,2(N, 1)
hy by bhg bs iz.s] Ng =4
i €{0.1}.g=1,...2(N, -1)
hoe{0,1,23} v=1
hoe{0l} v=234

replaced with the following: ,-2={[
i20 i21

quantities wyn=? , wyve? o wiNe? and w)'s? for N,=4 are given by:
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[ 1] [ Y
@n, _(pno
a, b". a, b,,l
Wi’4’2 - 1 apz b": W2’4’2 _ 1 apzb ny
N N
g JPesirs | 9p.5n, P JPesirs | %pOn,
apab ny ap4b ny
apsb ns apsb N
apﬁb 7 | apab g
- 1_ _ .
P, ~®p,
aplb n _aplb n .
w2 1 apzb a2 _ 1 apzb where p=lm pr Py Ps Ps p6)
P JPesirs | 9n0n, P JPesirs | 9p0n, n=[ng m ny ny g ns ngl
ap4b Ny _aPAb y
apsb ns apsb ns
__apﬁb s | L apab n |
[0345] In one embodiment A4B, the pre—coding matrix expression in the 3 layer
codebook 60 is replaced with one of following: w =%[W;{,le wrNe! W’j‘;jvw‘] for
: A : ,
Configl and we =%[W;z:v,,,z wEid ] for Config2;
I - 1 : '

3) _ LN, .l 3N, 1 4N, 3) _ LN, 2 3,N, 2 4N, 2
Wp,n-—ﬁ[Wp,n wrNel } for Configl and Wp’"__3[Wp!" Wit ] for
Config2; and W =%[W” Lo W,j’j’v‘] for Configl and

1 .

(3) 2,N,,2 3,N,,2 4N, 2
w) —T[W wriet } for Config?

) L. lN B! 2,N_,1 3,N, 1
[0346] In one embodiment A4C, the quantities W)’ , W, Wt and
4N, . . _
w,, s for N.=4 in TABLE 58-61 are given by:

p.n e
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141 _
prn -

/4

p,n

1,42 _
Wp,n -

[0347]

and

v PCSI—RS

) v PCSl-RS

P
1 a b

23
VPCSI—RS

Ps
Ps

Ps

a b

L"Ps s |

ap,
1 4p, b"z
—apb,
—ap,b,

_aps b”s

) o LN,
In one embodiment A4D, the quantities pr,n ,

4,N_,1
Wp7n *

1

P,
b

n

__apo b"a i

241 1

o \/PCSI-RS

1
441 _
Wp.n -

vV PCSI—RS

113

P
_(opl
~Pn ¢Pl

2.9,
- (Dpa
| —2®p, |

1

4,42 _
Wp,n -

for =4

v F CSI-RS

~ayb,
_apz b"z
—a, b,
~ap,b,
a, b
a, b, |

s

L

in

and the quantities

g

TABLES

=4

are

58-61

PCT/KR2018/004796

WiV

E
pn

given

2,N, 1
Wont

are given

2,N, 2

p.n ’

by:

3,N,

£
’v’Wpan

by:
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_ . _ .
@y — Py
¢P1 _¢P1
Wl"“ _ 1 _¢”¢Pl W2'4’l _ 1 ¢”¢Pl
- p.n
7 VEcsirs Pp, VFestrs Pp,
“PnPp, “PnPp,
¢[73 ' _¢p3
-0,9,, | | 2.9,
- : - -
@, —@y,
¢p| ‘_wl’l
et 1 OnPr, graat __ 1 Pnf
" JPesirs|  TOm " JResirs -
Pu 0, 2.0,
_¢P3 ¢p3
.. LN,,2 2,N_,2
L Pn¥p, | L™%%»] and the quantities W,,*™ , W,, <",
3,N,,2 4,N,.2 .
Wyt and Wyt for No=4 are . given by:
_ . _ I
~@y, -9,
ab, =ay by,
W1’4’2 — 1 —(lpz b"z W2’4’2 _ 1 apz b"z
n L
? JPesirs | @p.bn g JPesirs | %p.0n,
—ay,by, ~apby,
aps b”s : _aps b"s
_apa b"o apa b"a .
1] i 1]
_(pnﬂ _¢n0
apl b"l : —apl b"l
YT 1 ~ap,b, a1 ap,by,
P VPesirs | ~%:0n, P JPestrs | ~%pbn,
aP4 b”4 aPAb"A
. _apsb”s aps b’ls
aps b”o _aps b”s

[0348]

In one embodiment A5, the PMI codebook for rank 5, rank 6, rank 7, and

rank 8 CSI reporting for (Ng,N,,N2)=(4,1,1) are as shown in TABLES 62-65,
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. L LN, ,1 2N, 1 3N N
‘respectively where the quantities VVp,ng , Won®, Wo*, and W;ng are
_ 0 o .
Dy Py
¢P| - ¢1’1
a1 no, gaar_ 1 ~0n?p,
d v R CSI-RS Pp g \/P CSL-RS p,
(anppz ~PnPp,
¢P3 (0[73
_¢” ¢P3 i __¢"¢P3
i 1] [ 1
Py ~Pn
—¢p| _(DP]
gl 1 ~nn poar_ 1 OnPe,
" v Fesirs Pp, " v Fesirs Pp,
¢n¢p2 _¢”¢Pz
—¢P3 _¢P3
given . by: | ~PnPp, | | Pn®p, |
i 1] [ 1]
Dy —Pn
¢p1 ¢p1
sal__ 1 Pu¥ goar___1 ~n¥p,
P (Resirs | P P (Pesigs | 7O |
_¢n¢p2 ‘ ¢”¢P:
_(01"3 _¢P3
| ~0u®p, | | a9, |
- - n o
o, ~Py
_¢p| —¢p|
W7"4'l _ 1 _¢n¢P1 W8‘4’l _ 1 ¢n¢pl
B — N -
? VFcsirs Pp, g VFcsirs Pp,
_¢"¢P2 ¢n¢p2
¥ o LN, 2
L. Vg 2,N 2 3N, 2
L P, | |25, | the quantities Wp,ng , W Wp,ng ,
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1 1
(pnu _(ono
a, b,ll ap, b,,l
and W;’,f/g’z are given by: w42 1 |%05, w242 1 | "9%.bn,
” VFcsirs | e, b, P VFcsirs | 4p by,
a,, bru —a,, bm
a, bn5 a, b”s
_apﬁb,,ﬁ ] | —4p, b,,ﬁ |
[ 1] i 1]
Q’no _(Dnn
-a, b,,l | -a, b,,I
w2 - 1 ap,b, a2 1 b,
d JPesirs | @p.bn, & JPesirs | 9p.0n,
a,, bn,, -a, b,,4
—a, bn5 —a, bn5
—aphb,,é_ ’ i apﬁbnﬁ_
- o - -
(ono _wno
a, b,,l a, b,,l
wiA2 - 1 ap,by, W6,:’2 _ 1 —a,.b,
é JPestrs | “%pbn, & VPesirs | ~9p,bn,
-a, b,,4 a, bm
—a, bns —a, bns
_—apﬁbné_ L a, b, ]
- 1 - .
@y, ~@n,
-a, bnl —a, b,,l
e 1 =—ap by, iz 1 ap,by,
g JPesirs | ~9p,0n, P JPesigs | ~9p,0n,
—a, b’u a, bru
a, bn5 a, b,,s
i apﬁb,la | _—apbb,,é ]

[0349] [Table 62]
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Configl, (N,,N,,N,)=(4,1,1)
fag > q=12,3 b
5
0123 0,1 )
1.45%2
1 LN .1 2.M,.1 3N, 4.N .1 5N 1
) _ N, N, N, N, N,
where w¢) _—\E[WM Woat Wt Wyt W ]
[Table 62a)
Config2, (N,.N,,N,)=(4,11)
iaged=10r6 I 4=01,..,6
0123 0,1 w
I 450
1 LN, .2 2,N. 2 3,N..2 4N 2 5,N. 2
(5)_ e e e g e
Where Wp’".——\/'—s‘[Wp,n Wp," Wp,n Wp,n Wp,n :I *
[Table 63]
Configl, (N,,N,,N,)=(4,1,1)
l'],4,q y ¢=12,3 iz
0123 0,1 W
1,450
1 LN 2,N 1 LN 4.N_ .1 5N 1 6,N_,1
(6)_. e g g e e >g?
where u@J,_-jz[W;m ettt et et et

[Table 63a]
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Config?, (Ng,Nl,N2)=(4,1,l)
i14g:0= 106 irg0q=0,1,..,6
0123 01 W
v, taohs
1
6) _ LN, .2 2N,.2 3N, .2 4N, 2 5.V, .2 6.N, .2
where Wp,u _'\/_g[Wp,n Wp.n Wle Wp,n Wp.n Wp.n J .
[0353] [Table 64]
Configl, (N,,N,,N,)=(4,1,1)
ag1q=123 Iy
0123 0,1 w®
LWEL)
1 LV, 2N, 3N, 4N, 1 5N, 1 6,N_ .1 7N
(7) _ e g g e e e [ 24
where w7 —W[Wm ot watel wet et et e
[0354] [Table 64a]
Config2, (N,,N,,N,)=(4,1,1)
i14g:q=1...,6 irg>4=0,L...,6
0123 01 w
1,4°%2
1 LN, .2 2N, .2 3N, .2 4N, 2 5.N, 2 6.N_.2 7N 2
(7)_ L A e R AR 4 g g £
Where Wp.n - ﬁ[Wp.n p.n p.n p.n Wp.n Wp.n Wp.n ] .
[0355] [Table 65]
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Configl, (N, ,N,N,)=(4,11)
ilag09=123 b
0123 | 01 W,
1.4°72

) _ 1 LN, 2N, 1 3N, 4N, 5., 6N, TN, 8N, I
where Wle - :/_gl:Wp,n Wp,n Wle Wp.n Wp,n Wp,n Wp.n Wp.n ! } .

[0356] - [Table 65al
Config2, (N,,N,,N,)=(4,1,)
i,,4’q,q=1,...,6 i2’q,q:0,1,..,,6
0123 01 . A
. 1,450
1 ,
(8) _ LN,.2 2,2 3N, 2 4N, 2 5N, 6.N, .2 7N, .2 8,N, .2
where Wp.n - ﬁl:Wp.n Wp.n Wp.n Wp,n Wp,n Wp.n Wp,n Wp,n j] .
[0357] In one embodiment ASA, the pre—-coding matrix expressioﬁ in the 5 layer

codebook TABLE 62 is replaced with one of following: (Configl:

sy _ 1 ¢.N, .1 N1 ¢, N, .1 eN_ 1 e,N 1 . .
Wp,n - 5 Wp],n ¢ Wp,n ) ijn ) Wp?n f ijn £ ) and CoangZ.
¢y _ 1 6, N,2 N, 2 ¢, N, .2 ceN, 2 N2
Wp,n - \/g[Wp:n ) Wp,zn ! Wp:n f Wp:n ) Wp,sn ! where (cl,c2,...,c5)

corresponds to one of (§)=56combinations of 5 numbers out of {1,2,---,8}.

[0358] The pre-coding matrix expression in the 6 layer codebook TABLE 63 is

replaced with one of _ following: Configl:

W;g,ﬁn)z—\/l—g_[W;f;,Ng!l W;"zr;Ng.l ool ool eyl WC“'NE’I} : and COHfI’gZ:

pn p.n P p.n
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6) _ 1 ¢.N,_ 2 ¢, N, .2 c.N, .2 N, .2 c.N, .2 c..N, .2 ‘
Wp,n - \/g Wp!n ) Wp,n £ Wp?n f Wp:‘n £ Wp,sn ‘ Wp,sn £ Where (Claczam,cs)

corresponds to one of (i}:zscombinations of 6 numbers out of {1,2,:,8}.

[0359] The pre-coding matrix expression in the 7 layer codebook TABLE 64 are
replaced with one of following: Configl:

m_ 1 N, Nl ., N, 1 N, N1 N O
D) —W[WM el ot el ppel gl o tel] S and - Config?:

7 1 N, .2 ¢,.N, 2 &N, .2 N, 2 N, .2 e, N2 ¢ N2
Wz(hn = ﬁ[Wp:n f Wp..n f Wp.gn g Wp?n f Wp,sn * Wp.ﬁn f ijn ¢ ] Where (c,,cz,...,c7)

corresponds to one of @J:scombinations of 7 numbers out of {1,2,--- 8}.

- [0360] In one embodiment A6, the codebook table for (Ng,N,,N;)= (1,1,), 1.e.,
single panel with 2 ports, is defined by PMI indices i, and i,, and quantities
@, a,, andb, as defined in embodiment A3/A4/A5. The pre-coding vector/matrix for

1-2 layer CSI reporting is according to one of the following alternatives. One of
these alternatives is either fixed in the standard specification or is configured

via higher layer signaling.

[0361] In one example of Alt A6-0, if the UE is configured with CodebookMode

= (onfigl, then the quantities w,,' and wx' ( N,=1) are given by:

whil = ! {1} wrh = L { : } In such example, the pre-coding vector for
VFcsirs ?n VFestrs L=¢n ’

1-layer CSI reporting is given by I/Vll‘”,=W,lll where ;,-o0and i, =0,1,2,3. In such

example, the pre-coding matrix for 2-layer CSI reporting 1is given by

W - 1 [W.l,l,l Wiz,l,l:l , where i 4 -oand i,=0,1.

'1_4712 ﬁ Iy
[0362] In one example of Alt A6-1, 1f the UE is configured with CodebookMode

LN,.2

= (onfig2, then the quantities w,;** and Wi’

( Ny=1) are given by:

1 1 )
W;11;2= ! [ } w2 =;[ } . In such example, the pre-coding vector for

pan _
N JFesirs 900
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1-layer CSI reporting is given by Wr.“) W,112

i ’

where i ,-0.1,2,3and i,=0,1. In such

example, the pre-coding matrix for 2-layer CSI reporting 1s given by

W - 1 [an W212:], where ,'1‘4:0,1,2,381](1 i =0,1.

(AR T iy oy
[0363] In one example of Alt A6-2, if the UE 1s configured with Codebooklode

LN,3 2.N,.3

= Config3, then the quantities w,,* and Ww,, ( Ny=1) are given by:

1 1 1 0 .
W3 = [} /AR {} . In such example, the pre-coding vector for
v PCSI-RS 0 v PCSI-RS 1

1-layer CSI reporting is given by Vlfifi?,.’:VVif“, where ;,-o0and i;,=0,1. In such

example, the pre-coding matrix for 2-layer CSI reporting 1is given by

W =_l_[W,,1J’3 why], where 4, -oand i,-0.

i =75 e
[0364] In one example of Alt A6~4, if the UE is configured with CodebookMode
= (Config4, then the pre-coder vector/matrix can be either according to Alt A6-0
or Alt A6-2 for all 1-2 layers. In such example, the pre-coding vector for 1-layer
CSI repdrting is given by W,(", ='W,.:*"l , where ;,-o0and i,-0,1,2,3. In such example,

the pre—coding vector for 1-layer CSI reporting is given by Wl(l), =Wl:*_"43 , where ;, -0

and i, =4,5. In such example, the pre-coding matrix for 2-layer CSI reporting is
given by W, =]T|:W”1 W:JJ] , where ;,-o0and i =01 . In such example, the

pre—coding matrix for 2-layer CSI reporting is given by W = [Wm Wl,ls_ﬂ , where

T
i,=o0and i, =2.

[0365] In one example of Alt A6-5, if the UE is configured with CodebookMode .
= Configh, then the pre-coder vector/matrix can be either according to Alt A6-1

or Alt A6-2 for all 1-2 layers. In such example, the pre-coding vector for 1-layer

CSI reporting is given by Wlfj’, —VK“Z

i’

where ;,-o0.1,2,3and i, =0,1. In such example,
the pre-coding vector for 1-layer CSI reporting is givenby w", =w!}, where ;-0

and i,=2,3. In such example, the pre-coding matrix for 2-layer CSI reporting is
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given by w® =L[WU’2 W“;z], where ;,=01,2,3and i, =0,1. In such example, the

hashy /2 hasty hashy

haoly

pre—coding matrix for 2-layer CSI reporting is given by w® = \_/1__[W‘=1’3 W.Uf] , where
2 T

ho=oand i=2.

[0366] In one example of Alt A6-6, if the UE is configured with Codebooldl/ode
= Config6, then the pre-coder vector/matrix is according to Alt A6-x for 1-layer
CSI reporting and according to Alt A6-y for 2-layer CSI reporting where x + y.
A few examples of x and y are as follows:(x, y) = (0, 2); (x, y) = (1, 2); (x, y)
= (3, 2); and (x, y) = (4, 2)

[0367] In one embodiment AGA, at least one of the proposed 2 port codebook
in embodiment A6 is also used for TPMI indication (in UL-related DCI signaling)
for codebook-based UL transmission. Two alternatives in this case are as folloWs.
In one example of Alt AGA-1, the codebook is used regardless of 2 ports being either
on a single panel with 2 dual—polar‘ized antenna ports at the UE or two panels each
with a single antenna port at the UE. In one example of Alt A6A-2, the codebook
is only used for the case of two panels each with a single antenna port at the UE.

[0368] In one embodiment A7, the codebook table for (Ng,Nl,Nz) =(2,1,L1), 1.e.,
two panels each with 2 ports, is defibned by PMI indices i,and i, and quantities
., a,, and b, as defined in embodiment A3A/4/A5. The pre-coding vector/matrix for

1-4 layer CSI reporting is according to one of the following alternatives. One of
these alternatives is either fixed in the specification or is configured via higher

layer signaling.
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[0369] In one example of Alt A7-0, if the UE is configured with CodebookMode

= (onfigl, then the following quantities are defined as given by:

1 -0 1
1 @n 1 )
WI,2,1 — W2,2,1 —
o \/P CSI-RS P, o \/ F CSI-RS 2
R ;n(p"(p"‘ where p=p, .
1 1
1 @ 1 ~Pn
WAL w2l -
o VEestrs | 9 P Pesirs | 79
_f¢n(pp, . _¢n¢pl
[0370] In such example, the pre-coding vector for 1-layer CSI reporting is

given by w0 =w!%!  where the range of values for ;,and i;, (or/and their

‘components) are defined as in embodiment A4 (or A4A or A4B or A4C or AdD or their
combination) for 1-layer CSI reporting.

[0371] In such example, the pre-coding matrix for 2-layer CSI reporting is

. ‘ 1
given by W =———[W”JJ WVL%J], where the range of values for ;,and : (or/and

ih,45k2 \/5 i1,456 iy 450
their components) are defined as in embodiment A4 (or A4A or A4B or A4C or A4D or
their combination) for 2-layer CSI reporting.

[0372] In such example, the pre-coding matrix for 3-layer CSI reporting is

. 1
given by LKSL’=———[W”JJ w2t Wfff}, where the range of values for ;,and i

B L e Vi
(or/and their components) are defined as in embodiment A4 (or A4A or A4B or A4C
or AdD or their combination) for 3-layer CSI reporting.
[0373] In such example, the pre-coding matrix for 4-layer CSI reporting 1s

. 1
given by ;Vﬁﬂ':z:Zf[uChﬁj wrr w2 Mﬂfﬁf] , where the range of values for

and ;, (or/and their components) are defined as in embodiment A4 (or A4A or A4B

or A4C or A4D or their combination) for 4-layer CSI reporting.
[0374] In one example of Alt A7-1, if the UE is configured with CodebookMode

= (onfig2, then the following quantities are defined as given by:
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1 1
g2z 1 n, e 1 ~On,
P JPesirs | 9nbn, P JPesirs | nbn
apz b"z _apq b’lw
1 1
322 1 Pny 22 _ 1 ~On, where P~ [pr p)]
" VEcsirs | 79 bm " VEcsirs | 795 bnl n= ["0 nm]
_apzbn2 aPz b"z
[0375] In such example, the pre-coding vector for 1-layer CSI reporting is
. W(l) — W172a2 ' .
given by " i =", . where the range of values for ,,and i, (or/and their

compohents) are defined as in embodiment A4 (or A4A or A4B or A4C or A4D or their
combination) for 1-layer CSI reporting.
[0376] In such example, the pre~coding matrix for 2-layer CSI reporting is

. 1
given by Wlf = ﬁ[Wi:fﬂz Wlizlz} , where the range of values for ;,and : (or/and

b

their components) are defined as in embodiment A4 (or A4A or A4B or A4C or A4D or
their combination) for 2-layer CSI reporting.

[0377] In such example, the pre-coding matrix for 3~layer CSI reporting is

. 1
given by w©®. =———[W”JJ w22 le%2J, where the range of values for ;,and 4

hasly \/5 iy sl [P U ashy
(or/and their components) are defined as in embodiment A4 (or A4A or A4B or A4C
- or A4D or their combination) for 3-layer CSI reporting.

[0378] In such exémple, the pre—coding matrix for 4-layer CSI reporting 1s

: 4 1 1,2,2 2,2,2 32,2 42,2
given by W, =—7=[WQ’; woot Wt WY J, where the range of values for
1,4 952 4 14552 1,4 252 1,452 1,442

i ,and i, (or/and their components) are defined as in embodiment A4 (or A4A or A4B

or A4C or A4D or their combination) for 4-layer CSI reporting.
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[0379] In one example of Alt A7-2, if the UE is configured with CodebookMode

= (onfig3, then the following quantities are defined as given by:

(1] 1]
1 ) 1 -,
Wl,2,3 — n W2’2’3 - n
! \/ PCSI-RS 0 ! Y PCSI-RS 0
L 0] L 0]
C o C 0
1 0 1 0
w32 = w23 =
\IPCSI—RS 1 \]PCSI-RS 1
_(pn i _——(on_
[0380] In such example, the pre-coding vector for 1-layer CSI reporting is

given by W, =w!'** where ;,-o0and i,=0,1,23.

[0381] In such example, the pre-coding matrix for 2-layer CSI reporting is

. 1
1ven b @ __ [wl23 w223|, where ;,=¢0and i, =0,1.
g A KO e ha=0and i =0,

[0382] In such example, the pre-coding matrix for 3-layer CSI reporting is

140h2 ho b0

: 1 , T .
given by w® =:E{WAJJ w223 WﬁfﬁJ, where i ,=0 and i,=[i,, i, ], Where i, =01,

is reported according to at least one of the following options: Option O:

tao =121

is reported common for both panels; and Option 1: ;, and ,, are reported
independent ly for both panels.
[0383] In such example, the pre-coding matrix for 4-layer CSI reporting is

given by e, =:%?[qug PR BEVEPX Wﬁfﬁ] , Where j,-o and i, =[i, i,,], where

B X 2

i, =01, 1s reported according to at least one of the following options: Option

»

0: 4,=i, is reported common for both panels; and Option 1: ;, and ;, are

reported independently for both panels.
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[0384] In one example of Alt A7-2A, 1f the UE is configured With CodebookMode

= (onfig34, then the following quantities are defined as given by:

1] 1]
grias -1 a,b, e _ 1 ~apb,
P Y} PCSI—RS 0 o v PCSI-RS 0
0 | . 0
0 0 ]
iy _ 1 0 a2y -1 0
Pt JPesirs | 1 P JPesirs |
a,b, —apyb,
[0385] In such example, the pre—coding vector for 1-layer CSI reporting is
) 0 _ 23
given by VI/i,,4,iz _Vl/;maiz , where ;,=0,1,2,3and i,=0,1,2,3.
[0386] In such example, the pre-coding matrix for 2-layer CSI reporting is
. 1
given by W% =$[W,}"f;3 ifj’f] , where ;,-o01,23 and i;,=0,1.
[0387] In such example, the pre-coding matrix for 3-layer CSI reporting is
. 1
3y _ 1,2,3 2,23 3,23 . . R . . .
glven by Wil.asiz - fl:VViu.u'i:,o Wil,a,wiz,n Wi1,4,1si2,lJ ’ Where ll’4 = [11’4’0 11’4’1] and 2= [12’0 l.’l,l:| ’
where ;, =0,1,2,3 and i, =01, are reported according to at least one of the
following options: Option O: ;, =4, or/and ; -, is/are reported common for
both panels; and Option 1: ;,,, 4., , i, and ;,, are reported independently for
both panels.
[0388] In such example, the pre—coding matrix for 4-layer CSI reporting is
.o @ _ 1 12,3 22,3 32,3 423 . , i
g1ven by I/V"u,"z - ﬁI:VV’.l.uniz,o fLa95h20 UPRTUS LPRTCN :| ’ Where he = [11)4)0 ll’:“yl] and

ir=[hy By], i4,=0123 and i, =01, are reported according to at least one of the

following options: Option O: ;, =i, or/and i, =i, is/are reported common for

both panels; and Option 1: and ;,, are reported independently for

hao hapr by

both panels.
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[0389] In one example of Alt A7-4, if the UE is configured with CodebookMode
= Config4, then the pre-coder vector/matrix can be either according to Alt A7-0
or Alt A7-2/A7-2A for all 1-4 layers.

[0390] In such example, the codebook for 1-layer CSI reporting is a union of
the 1-layer codebook according to Alt A7-0 and the 1-layer codebook according to
Alt A7-2/A7-2A. |

[0391] In such example, the codebook for 2-layer CSI reporting is a union of
the 2-layer codebook according to Alt A7-0 and the 2-layer codebook according to
Alt A7-2/A7-2A.

[0392] In such example, the codebook for 3-layer CSI reporting is a union of
the 3-layer codebook according to Alt A7-0 and the 3-layer codebook according to
Alt A7-2/A7-2A.

[0393] In such example, the codebook for 4-layer CSI reporting is a union of
the 4-layer codebook according to Alt A7-0 and the 4-layer codebook according to
Alt A7-2/A7-2A.

[0394] In one example of Alt A7—5, if the UE 1s configured‘with CodebookMode
= Configb, thenAthe pre-coder vector/matrix can be either according to Alt A7-1
or Alt A7-2/A7-2A for all 1-4 layers.

[0395] In such example, the codebook for 1-layer CSI reporting is a union of
the 1-layer codebook according to Alt A7-1 and the 1-layer codebook according to
Alt A7-2/AT-2A.

[0396] In such example, the codebook for 2-layer CSI reporting is a union of
the 2-layer codebook according to Alt A7-1 and the 2-layer codebook according to
Alt A7-2/AT-2A. |

[0397] In such example, the codebook for 3-layer CSI reporting is a union of
the 3-layer codebook according to Alt A7-1 and the 3-layer codebook according to
Alt A7-2/A7-2A.
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[0398] ' In such example, the codebook for 4-layer CSI reporting is a union of
the 4-layer codebook according to Alt A7-1 and the 4-layer codebook according to
Alt A7-2/A7-2A.

[0399] In one example of Alt A7-6, if the UE is configured with Codebookiode
= Configb6, then the pre-coder vector/matrix is according to Alt A7-x for 1 to r
layef CSI reporting and according to Alt A7-y for r+1 to 4 layer CSI reporting where
x *y, and r=1or 2. A few examples of x and y are as follows: (x, y) = (0, 2)
or (0, 2A); (x, y) = (1, 2) or (1, 2A); (x, y) = (3, 2) or (3, 2A); and (x, y) =
(4, 2) or (4, 28).

[0400] In one embodiment A7A, at least one of the proposed 4 port codebook
. in embodiment A7 is also used for TPMI indication (in UL-related DCI signaling)
for codebook-based UL transmission. Two alternatives in this case are as follows.
Tn one example of Alt A7A—1, the codebook is used regardless of 4 ports being either
on a single panel (M, = 1) with 4 single-polarized or dual-polarized antenna ports
at the UE or on two panels (N, = 2) each with 2 antenna ports at the UE. In one
example of Alt A7A-2, the codebook 1s only used for the case of two panels (A, =
2) each with 2 antenna ports at the UE.

[0401] In one embodiment A8, the codebook table for (N,,N,,N,)=(4,L1), i.e.,
two panels each with 2 ports, is defined by PMI indices i ,and i, , and quantities
9, a,, andb, as defined in embodiment A3/A4/A5. The pre-coding vector/matrix for

1-4 layer CSI reporting is according to one of the following alternatives. One of
these alternatives is either fixed in the specification or is configured via higher

layer signaling.
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'[0402] In one example of Alt A8-0, if the UE is configured with CodebookMode

= (onfigl, then the following quantities are defined as given .  by:

1 1
Dy —0,
¢p] ¢pl
griat 1 Onn, grat o1 0P,
o VEesirs Pr, " VEcsirs Pp.
‘ ¢”¢Pz —¢"¢P2
(pp3 ¢P3
L 2%, | | ~PnPp, |
- I ( -
@ —0,
_¢,Pl —¢pl
gl _ 1 0P, graat 1 OnPo,
n »
g VFesirs Po, o VFesirs Pp,
¢n¢pz _¢n¢pz
_¢p3 _ij
~0,.9 @nP
- nrps - P Where pz[pl P p3].
[0403] In such example, the pre-coding vector for 1-layer CSI reporting is

given by w" =w'%l  where the range of values for ;,and i, (or/and their

i b
R

components) are defined as in embodiment A4 (or A4A or A4B or A4C or A4D or their

combination) for 1-layer CSI reporting.

[0404] In such example, the pre-coding matrix for 2-layer CSI reporting is
1
given by VK,(f)tz =$[W:44121 VK1244121] , where the range of values for ;, 6 and i

(or/and their components) are defined as in embodiment A4 (or A4A or A4B or A4C
or AdD or their combination) for 2-layer CSI reporting.
[0405] In such example, the pre-coding matrix for 3-layer CSI reporting 1s

1[ 14l 24l 3.4.1

given by WS =5 },-where the range of values for ;,and 4

UWEL! bty hah

(or/and their components) are defined as in embodiment A4 (or A4A or A4B or A4C

or A4D or their combination) for 3-layer CSI reporting.
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[0406) In such example, the pre-coding matrix for 4-layer CSI reporting is

. 1
given by W, :———[W‘""1 wret Wﬁtif}, where the range of values for 4,

{ ) 14 gl 4ol i14sls

and i, (or/and their components) are defined as in embodiment A4 (or A4A or A4B

or A4C or A4D or their combination) for 4~layer CSI reporting.

[0407] In one example of Alt A8-1, if the UE is configured with Codebooklode
= (onfigZ, then the following quantities are defined as given by:
- 1— . - 1—.
q)no —wnﬂ
a, b,,l a, b,,]
W.l’4'2 _ 1 aPz b”z W2’4’2 _ 1 _aPz b’lz
F JPesirs | @p.0n, P JPosirs | 9n.0n
aPA b”4 _ap4 bna
aps b”s aps b"s
_apﬁ b”« a ___aps b"s N
_ e _ .
s, =0y,
_apl b"l _apn b”n
giaz_ 1 —a, b, s _ 1 “m@zwhme p=[p P2 Py Ps pPs Pl
e JPosirs | 9pbn, o JPesirs | 9n.0n, n=[ny nm ny ny ny ns ng
aP« b”4 _apa b”4
—aps b_"s —aps b”s
—aPa b"6 apﬁ b"«
[0408] In such example, the pre-coding vector for 1-layer CSI reporting is

: M _pplé2 '
given by Wi i =W."" where the range of values for ;,and i, (or/and their

components) are defined as in embodiment A4 (or A4A or A4B or A4C or A4D or their

combination) for 1-layer CSI reporting.

[0409] In such example, the pre-coding matrix for 2-layer CSI reporting is

1
. (2) 1,4,2 2,42
given by W7 _f[W

} , where the range of values for ;,and i,

I 4, i 45l

(or/and their components) are defined as in embodiment A4 (or A4A or A4B or A4C

or A4D or their combination) for 2-layer CSI reporting.
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[0410] In such example, the pre-coding matrix for 3-layer CSI reporting is

1

given by W) =f[W-l’4’-2 242 W~3’4~’2], where the range of values for ;,and

45k 4 asis Iy 45ls bl

i, (or/and their components) are defined as in embodiment A4 (or A4A or A4B or A4C

or A4D or their combination) for 3-layer CSI reporting.

[0411] In such example, the pre-coding matrix for 4-layer CSI reporting is

. 1
given by w* =.__[W1""2 whir iz VI/i:‘;“i:Z], where the range of values for ;,

i Ja L et M T,

and .iz (or/and their corriponents) are defined as in embodiment A4 (or A4A or A4B
or A4C or A4D or their combination) for 4-layer CSI reporting.

[0412) In one example of Alt A8-2, if the UE is configured with Codebookiode

= (Config3, then the following quantities are defined as given by:

1 1
Pn ~®y,
o, ?,
W;ﬁ.s _ 1 PnPp W;.’: 3__ 1 ~0n?p
VFesirs 0 VFestrs 0
0 0
0 0
L 0_ L. 0_
[ 0] [ 0]
0 0
0 0
w43 - 1 0 e 1 0
g VFcsirs ~l 8 VFestrs 1
Pn —¢,
1z e
| x| | =Pu9p |
[0413] In such example, the pre-coding vector for 1-layer CSI reporting is
given by W,,(:)lz = Wlllf,f , where 4, =0123and i,=0,1,2,3.
[0414] In such example, the pre—coding matrix for 2-layer CSI reporting is

w.
haoly \/5

] @ _ 1 1,4,3 2,4.3
given by i _[W 4

} , where ,=0,1,23and i,=0,1.

LWEL) LWEL
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[0415] In such example, the pre-coding matrix for 3-layer CSI reporting is
: 3 _ 1 1,4,3 2,43 3,4,3
glven by VViH’il - ﬁ[Wil.w’i:.o I 40520 il\d.l’il.l j] ’ Where il,4 = [il,4,0 il,4,1:| and

iy=[iy i), where i, =0123 and i, =01, are reported according to at least one

of the following options: Option O: or/and is/are reported common

a0 = b4 fyo =iy

for the pair of 2 panels; and Option 1! 4, . i,, , 4,, and ;, are reported
independently for the pair of 2 panels.

[0416] In such example, the pre-coding matrix for 4-layer CSI reporting is

given by hasky iLa0+hao hiaoshro f bz i1‘4.|7iz,1:| ’ Where il,“z[["“,o i‘s‘U] and

@ _ 1 1,43 24,3 3,43 4,43
W =—|W

4
i,=[h,y i), where i, =0,1,23 and i =01, are reported according to at least one
of the following options: Option O: ;, =4, or/and ;, =i, is/are reported common

for the pair of 2 panels; and Option 1: ;, , i,,, i,, and ;, are reported

independently for the pair of 2 panels.
[0417] In one example of Alt A8-2A, if the UE is configured with Codebookiode

= (onfig34, then the following quantities are defined as given by:

1 1
. 0.,
a, bn, ap]b"‘
Wl’iJ _ 1 apzb,,2 2,:’3 _ 1 _apzbnz
" JPesigs ol 7 VFestrs 0
0f 0
0 0
L 0_ L 0_
- - o
0 0
0 0
e B L e
Fesirs Fesirs
' 2, 0,
Wb | @by r=[p Pl
| %p,bn, | [~%p.n, | where "=lm m m]
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[0418] In one example, the pre-coding vector for 1-layer CSI reporting is
) ) _ 43
given by WQAJZ_' ii, » Where ig=[iao i ] and h=[i, i, 0,] , Where
ia,=0123 and i, =0,1.
[0419] In one example, the pre-coding matrix for 2-layer CSI reporting is

1

. 2 1,4,3 2,4,3 A . . R
given by w® =ﬁ|:W ], where ha=[lao h4,] and ’2:[’2,0 A

iy 45k ij 452 iy 4,0

where;, =0,1,2,3 and 4, =0,1.

[0420] In one example, the pre-coding matrix for 3-layer CSI reporting is
_ 3 _ 1 143 2,43 3,43
glven by VV;M oy - \/g |:VV1‘,,4)”,1'2’0 i1,4,()’i2,0 i1,4,1ai2,1 J y where i1,4,q = I:il’4"7’0 i1,4,q,1:| and

i =lirgo irg1 izg:]. Wherei, . =0123 and i, =01, are reported according to at
least one of the following options: Option 0: 4, ,=i,, or/and 4 ,=i,,, is/are
reported common for both panels; and Option 1% 4, ., i, » i, and 4, are

reported independently for both panels.

[0421] In one example, the pre-coding matrix for 4—1ayer CSI reporting 1is

. 4) 1 14,3 2,4,3 3,4,3 443
wh = —wh3 243 gy 44 T .
given by baota /4 haooho hagotao baastay CWRELER] ’ Where hag™= [11,4,4,0 '1,4,4,1]

and i, =[i,0 ig1 f2g2], Wherei,, =023 and ;,,, =01, are reported according to
at least one of the following options: OptionO: i, ,=i,, or/and i, =i, , is/are
reported common for both panels; and Option 1 4, ., i,,,» i, , and i, , are
reported independently for both panels.

[0422] In one example of Alt A8-4, if the UE 1s configured with CodebookMode
= Config4, then the pre-coder vector/matrix can be either according to Alt A8-0
or Alt A8-2/A8-2A for all 1-4 layers. . |

. [0423] In such example, the codebook for 1-layer CSI reporting is a union of
the 1-layer codebook according to Alt A8-0 and the 1-layer codebook according to
Alt A8-2/A8-2A.
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[0424] In such example, the codebook for 2-layer CSI reporting is a union of
the 2-layer codebook according to Alt A8-0 and the 2-layer codebook according to
Alt A8-2/A8-2A.

[0425] In such example, the codebook for 3-layer CSI reporting is a union of
the 3-layer codebook according to Alt A8-0 and the 3-layer codebook according to
Alt AB-2/A8-2A.

[0426] In such example, the codebook for 4-layer CSI reporting is a union of
the 4-layer codebook according to Alt AS-0 and the 4-layer codebook according to
Alt A8-2/A8-2A.

[0427] In one example of Alt A8-5, if the UE 1s configured with CodebookMode
= Configh, then the pre-coder vector/matrix can be either according to Alt A8-1
or Alt A8-2/A8-2A for all 1-4 layers.

[0428] In such example, the codebook for 1-layer CSI reporting is a union of
the 1-layer codebook according to Alt A8-1 and the 1-layer codebook according to
Alt AS-2/A8-2A. | |

[0429] ' In such example, rhe codebook for 2-layer CSI reporting is a union of
the 2-layer codebook according to Alt A8-1 and the 2-layer codebook according to
Alt A8-2/A8-2A.

[0430] In such example, the codebook for 3-layer CSI reporting is a union of
the 3~layer codebook acéording to Alt A8-1 and the 3-layer codebook according to
Alt A8-2/A8-2A.

[0431] In such example, the codebook-for 4-layer CSI reporting is a union of
the 4-layer codebook according to Alt A8-1 and the 4-layer codebook according to
Alt A8-2/A8-2A.

[0432] In one example of Alt A8-6, if the UE 1s configured with CodebookMode
= Configh, then the pre-coder vector/matrix is according to Alt A8x for 1 to r
layer CSI reporting and according to Alt A8~y for r+1 to 4 layer CSI reporting where

Xx #y,and r=1or 2 or 4. A few examples of x and y is as follows: (x, y) = (0,
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2) or (0, 28); (x, y) =(1, 2) or (1, 24); (x, y) = (3, 2) or (3, 24); and (x, y)
= (4, 2) or (4, 20).

[0433] In one embodiment A8A, at least one of the proposed 4 port codebook
in embodiment A8 is also used for TPMI indication (in UL-related DCI signaling)
for codebook-based UL transmission. Two alternatives in this case are as follows.
In one example of Alt A8A-1, the codebook is used regardless of 8 ports being either
on a single panel (N, =1) with 8 single-polarized or dual-polarized antenna ports
at the UE or 2 panels each with 4 antenna ports at the UE or on two panels (A, =
4) each with 2 antenna ports at the UE.

[0434] In one example of Alt ABA-2, the codebook is only used for the case
of four panels (A, = 4) each with 2 antenna ports at the UE:

[0435] ‘ FIGURE 14 illustrates a flow chart of a method 1400 for CSI feedback
according to embodiments bf the present disclosure, as may be performed by a user
equipment (UE). The embodiment of the method 1400 illustrated in FIGURE 14 is for
1llustration only. FIGURE 14 does not limit the scope of thié disclosure to any
particular implemenfation.

[0436] As illustrated in FIGURE 14, the method 1400 begins at step 1405. At
step 1405, the UE receives, from a base station (BS), configuration information
for the CSI feedback. At step 1405, fhe configuration information indicates a number
of antenna panels (/) at the BS and a codebook mode, wherein A, > 1 and each of
the antenna panels comprises antenna ports with a first polarization.(Pl) and
antenna ports with a second polarization (Py).

i0437] At step 1410, the UE identifies the number of antenna panels (/) at
the BS. At step 1415, the UE identifies a codebook for the CSI feedback based on
the codebook mode configured between a first codebook mode and a second codebook
mode .

[0438] In one embodiment, the number of antenna panels (/) is two or four.

In one example, if the number of antenna panels is two (N;= 2), one of the first



WO 2018/199625 PCT/KR2018/004796

136

codebook mode or the second codebook mode is configured. In one example, 1f the
number of antenna panels is four (N;=4), only the first codebook mode is configured.
[0439] In one embodiment, the number of antenna panels is two (M, = 2), the
second codebook mode is configured, the wideband inter-panel co—phase for each

polarization (P;) of a second of the twd antenna panels is given by a, = /4¢Pl ,

and the subband inter-panel co-phase fbr each polafization (P;) of the second
antenna panel is gi\}en by b, =e_j”/4ej’"’/2, where p=0,1,2,3 and n=0,1.

[0440] In one embodiment, a combination of (A, M, M), configured via the
configuration information for the CSI feedback, for a given number of antenna ports

and corresponding values of (0, ) are defermined according to TABLE 66:
[0441] [Table 66]

Number of
(Ng, M, M) (O, B)
antenna ports
8 (2,2,1) (4,1)
(2,4,1) (4,1)_
16 , (4,2,1) (4,1)
(2,2,2) (4,4)
(2,8,1) . (4,1)
(4,4,1) (4,1)
32
(2,4,2) (4,4)
(4,2,2) (4,4)

, where M and M respectively are a number of antenna ports with a polarization
(Py or P2) in first and second dimensions of each of the antenna panels, and (4 and
(h are oversampling factors in the first and second dimensions, respectively, and

M, M, O and & are used to obtain a set of two-dimensional discrete Fourier
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transform (DFT) beams, v, , where [=0,1.,0N,
2zm ,27.rm(N2—l)
A TTon
I e ™™ e Ny>1
llm =
1 N2=1,
2ai 27N, -1) T
TON, O,
Vim = Uy € Uy, e oy,
[0442] In various embodiments, for the first codebook mode, the codebook for

generating the CSI feedback for N, = 2,4

1s constructed using vectors:

D .Ng:2
[Pl D2 P3] Ng=4

’

vl,m Vim
e 1 PnVim R 1 ~PnVim ’
T JPResirs | Pe Ve T N Fesirs PnVim
L Pr®Pp Vim | | TP P Vim |
[ Vim ] i v/,mw
PnVim ~OnVim .
PoVim oy |+ VhETE p ={
e g N7 g |
VEesirs | Pp.Vm Vcsirs A
PP p,Vi.m —0nPp, Yl.m
¢p3 vl.m ¢p3 yl,m
L PnPp Vim | __¢n¢p3 Vim |

and for the second codebook mode, the codebook for generating the CSI feedback for

N, = 2
1,22 _ 1 Pn,
lm,pn —

vV PCSI-RS apl b”l
a,b

L P2

1s constructed using vectors:
Vl,m vl,m
Vi 222 1 ~PnVim

’ l’m’p;n T h r :
Vim / Pesirs ap b,V , where
vl,m_ __apzbnzvl,md

p=[pn p]

, mny =0,1,2,3 5 py,pa,p3=0,1,2,35 n,n=01; and Fsi-ps is the number of
n=[n0 nl n2]

_ Jmn/2
¢n =e

a. =e/*Aeimpl2
antenna ports, and“»

—jrfA _jmn/2
bn:e/”/ /™
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[0443] At step 1420, the UE generates the CSI feedback using the identified
cod_ebook. In one embodiment, the CSI feedback includes a pre-coding matrix
indicator (PMI) that includes PMI indices 711, f12, I13, I14, and Is.

[0444] In one example for 1-layer CSI feedback: for the first codebook mode,

: : oo b Ned
the codebook comprises pre-coding matrices: "impn ="impn , and for the

second codebook mode, the codebook comprises pre-coding matrices:

4)) _ i Neo2

VVl,m,p,n - I/Vl,m,p,n
[0445] In one example for 2-layer CSI feedback: for the first codebook mode,
~the codebook comprises pre—coding matrices:

@) 1 LN,.1 2Nl
Wl,l’,m,m’,p,n —\/5 Wl,m,p,n Wl’,m’,p,n , and for the second codebook mode, the

. _ ‘ 7@ _ 1 N2 N2
codebook comprises pre-coding matrices: " LI'mm',p,;n \/E l,m,p,n I'm',p,n|.
[0446]) In one example for 3-layer CSI feedback: for the first codebook mode,
the codebook compr1ses pre—coding matrices:
3) _ 1 LN,.1 LN, 2,N, 1

Wl,l’,m,m’,p,n _E[VVl,m,p,n Wl',m',p,n VVl,m,[gz,n , and for the second codebook mode,

the codebook compr ises pre—coding matrices:
3) 1 LN,,2 LN,,2 2,N,.2

VVl,l',m,m',p,n_\/_g'I:VVl,m,p,n V.Vll’m”p’n I/Vl,m,p,n .

[0447] In one example for 4-layer CSI feedback: for the first codebook mode,

the codebook compr 1ses ~ pre—coding matrices:
@  _ 11 LN LNl 2N, 2N

VVl,ll,m,m,,p,n - \/Z W/},M,P,n VVl’,m’,P,n VVlamapan VVZ',m’,P»n s aﬂd fOf the

second codebook mode, the codebook  comprises pre-coding matrices:
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(4) 1 LN,,2 LN, .2 2,N, 2 2N, 2
VVI,I’,WI,m',p’n a \/Z VVl9m7pan W},,m,’p’n W}’m’p’n Wl"m"pan Whel’e: ]: 1‘1,15 m
= f1s, I” = h1t k, m" = it k, for the first codebook mode,
p =i_. =14, N =2 .
p= l ,141 ,14 . . ® andn= 12, for the second codebook mode,
[Pl P P3]=[ll.4,1 haa 11.4.3]=’1.4’ Ng =4

N, =2, p=[p Pz]z[il,u i1.4,2]=i1.4: and n=[n, n ”2]=[i2,0 by i2.2]=iz , I1,1and 11z are
PMI indices that indicate a first beam ‘ﬁu,ql , I1,3 1s a PMI index that indicates
a distance (ki, k) of a second beam Yi,+k,.i,+k, with respect to the first beam

VEJAJ , 114 1s a PMI index that indicates the wideband inter-panel co-phase, andis

is a PMI index that indicates: for the first codebook mode, a subband co—phase
between two polbar 1zations is common for all of the antenna panels, and for the second
codebook mode, the subband co—-phase between two polarizations of a first of the
antenna panels (via 720), and the subband inter-panel co-phase for each
polarization a second of the antenna panels (via f&l,lfz2).

[0448] At step 1425, the UE transmits the generated CSI feedback to the BS.
In one embodiment, at step 1425, the codebook corresponding to the first codebook
mode is used to generate the CSI feedback based on a wideband inter-panel COfphase
that is common for a plurality of subbands configured for the CSI feedback. In one
embodiment, at step 1425, the codebook corresponding to the'second codebook mode
is used to generate the CSI feedback based on at least one of (i) a wideband
inter-panel co-phase that is common for the plurality of subbands, and (ii) a
subband inter-panel co-phase for each of the plurality of subbands.

[0449] A]though.fhe present disclosure has been described with an exemplary
embodiment, various changes and modifications may be suggested to one skilled in
the art. It 1s intended that the present disclosure encompass such changes and

modifications as fall within the scope of the appended claims.
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[0450] None of the description in this application should be read as implying
:that any particular element, step, or function 1s an essential element that must
be included in the claims scope. The scope of patented subject matter is defined
only by the claims. Moreover, 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, the UE
comprising
a transceiver configured to receive, from a base station (BS), configuration
information for the CSI feedback, the configuration information indicating a number
of antenna panels (M) at the BS and a codebook mode, wherein A, > 1 and each of
the antenna panels comprises antenna ports with a first polarization (P1) and
antenna ports with a second polarization (Ps); and
a processor operably connected to the transceiver, the processor configured
to: |
identify the number of antenna panels (A,) at the BS;
identify a codebook for the CSI feedback based on the codebook mode
configured between a first codebook mode and a second codebook mode; and
generate the CSI feedback using the identified codebook,
.wherein the transceiver is further configured to transmit the generated CSI
feedback to the BS,
wherein the codebook corresponding to the first codebook mode is used to
generate the CSI feedback based on a wideband inter-panel co—phase that is common
for a plurality of subbands configured for the CSI feedback, and
wherein the codebook corresponding to the second codebook mode is used to
generate the CSI- feedback based on at least one of (i) a wideband inter—panel
co-phase that is common for the plurality of subbands, and (ii) a subband

~inter-panel co-phase for each of the plurality of subbands.

[Claim 2]
The UE of Claim 1, wherein:
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the number of antenna panels (V) is two or four,

if the number of antenna panels is two (N,= 2), one of the first codebook
mode or the second codebook mode is configured, and

if the number of antenna panels is four (M,= 4), only the first codebook

mode 1s configured.

[Claim 3]
The UE of Claim 1, wherein:
the number of antenna panels is two (Ny;= 2),
the second codebook mode is configured,
the wideband inter—panel co-phase for each polarization (P;) of a second of

_ Il ginl2

the two antenna panels is given by a, , and

the subband inter-panel co-phase for each polarization (P,) of the second
antenna panel is given by b, =e ™t/

where p=0,1,2,3 and »=0,1.

[Claim 4]
The UE of Claim 1, wherein:
a combination of (M, M, M), configured via the configuration information
for the CSI feedback, for a given number of antenna ports and corresponding values

of (0, O) are determined according to:

Number of
(Ng, M, M) (O, O)
antenna ports
8 (2,2,1) (4,1)
(2,4,1) (4,1)
16

(4,2,1) (4,1)
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(2,2,2) (4,4)
(2,8,1) (4,1)
(4,4,1) (4,1
32
(2,4,2) (4,4)
(4,2,2) {4

’

M and M respectively are a number of antenna ports with a polarization (Py
or P2) in first and second dimensions of each of the antenna panels, and

Or and (; are oversampling factors in the first and second dimensions,
respectively, and

M, M, Orand (hare used to obtain a set of two—dimensional discrete Fourier

transform (DFT) beams, v, ,

Where l= 0,1,...,01N1 , m= 0,1,...,02N2 s and

. j 2zm j_27rm(N2—l)
l:l e OzNz e, e OzNz :| N2 >1
u, =
1 N=1,
;2L L) T
Vim = {um e oM U, - e oM um}

[Claim 5]
The UE of Claim 4, wherein:
for the first codebook mode, the codebook for generating the CSI feedback

for N;= 2,4 is constructed using vectors:
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vl.m V].m
Wl'z‘l _ 1 PuVim W2,2.l 1 ~PuVim
Ilmpn ™ [ 5 Impn = ,
VEesirs | PnVim VEesirs PpVim
_¢’n¢pl Vl,m i __¢n¢p‘ v/.m |
[ Vim Vim
PnVim . ~PVim |
¢p, v[,m (0171 vl,m !
Wl‘4’l _ 1 ¢"¢Pl Vim 241 . 1 _¢n¢p. Vim
L.m.p. - s [‘ D, - T N
TP JResirs | On Vi "P" JPResirs P, V1m
OnPpVim | 0Py Vim
o Vim PpVim
-¢n¢p3vl.m_ _~—¢),,(pp3v1,m_
P N, =
where p=14 ¢, and
[pn o ps] Ny=4

for the second codebook mode, the codebook for generating the CSI feedback

for N;= 2 is constructed using vectors:

Vl,m [ ’ vl,m
122 1 Pn,Vim 222 1 i _gonn Vi,m
Lm,p,n — ’ Lm,pn —
N Fesirs | 9p, bnl Vi,m v Fesirs ap, bnl Vim | 2
a,, bn2 Vim | | —a,, bn2 Vim
where:
r=[n p]

n=[n0 nl nz]’

nny=0,1,2,35 p,py,p3=0,1,2,35 n,m,=01; and Asigs is the number of
antenna ports, and
o, zejﬂn/Z

, = /4o ip[2

bn — e—jﬂ'/4ej71'n/2

[Claim 6]
The UE of Claim 5, wherein:



WO 2018/199625 PCT/KR2018/004796

145

the CSI feedback includes a pre-coding matrix indicator (PMI) that includes

PMI indices 111, 112, 113, 114, and Iz,
for 1-layer CSI feedback:

for the first codebook mode, the codebook comprises

matrices:
@ _ l,Ng,l
VVl,m,p,n ~—"lmpn and
for the second codebook mode, the codebook comprises
matrices:
6] _ LA@J )
I/I/},m,p,n ~—"lm,pn

for 2-layer CSI feedback:
for the first codebook mode, the codebook comprises

matrices:

) 1 LN,.1 2,N,.1
I/Vl,l',m,m’,p,n_\/i VVl,m,p,n VVl’,m’,p,n , and

for the second codebook mode, the codebook cdmprises
matrices:

@) 1 LN, 2 2N, 2
WﬁJlnumﬁpJ1_'\/§' nﬁﬂ"dﬁ" llgﬁmlpﬂ1 ;

for 3-layer CSI feedback:
for the first codebook mode, the codebook comprises

matrices:

3) LN, LNl 2N,
W, VV},m,p,n I/Vl',m’,p,n I/Vl,m,p,n , and

LUmm' ,pon — ﬁ

for the second codebook mode, the codebook comprises

matrices:

pre-coding

pre-coding

pre-coding

pre—coding

pre-coding

pre—coding
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3) 1 ILN,,2 LN,.2 2,N,.2
VVl,l’,m,m',p,n_\/g VVl,m,p,n I/Vl',m',p,n I/Vl,m,p,n ; and

for 4-layer CSI feedback:
for the first codebook mode, the codebook comprises pre-coding

matrices:

(4 1 LN, .1 LN, .1 2,N, 1 2,N,.1
I/I/},l',m,m'v,p,n_\/z I/Vl,m,p,n I/I/}',m',p,n I/Vl,m,p,n VVI',m',p,n , and

for the second codebook mode, the codebook comprises pre-coding

matrices:
4 1 1LN.,2 LN, ,2 2,N. 2 2,N. 2
W( /) ' = —F= W £ WV ;g W g Wr ’g
LU'mm ,p,n \/Z l,m,p,n I'.m',p,n I,m,p,n I'.m',p,n
where:
I =i1, m=1, 1" =it hk, m =itk
i p =i1‘4, =i‘4, N =2
for the first codebook mode, p= 1 . 1 _1 _ _ ¢,
: ‘ [Pl Py P3]= [11,4,1 ha4.2 11,4,3] =l4 Ng=4
and n = I,

fOI‘ the SeCOl’ld COdebOOk mOde, Ng =2 y pz[pl p2]=|:i1,4.1 i1.4’2:|=l.1’4, and
n=[n n "2]=[i2.0 i) iz,é}=iz,

f11 and 71z are PMI indices that indicate a first beam Vi, ., ,

713 is a PMI index that indicates a distance (k;, k) of a second beam

Vi, +k i, +k, with respect to the first beam Vi,

/14 is a PMI index that indicates the wideband inter-panel co-phase, and
7o 1s a PMI index that indicates:
for the first codebook mode, a subband co—phase between two

polarizations is common for all of the antenna panels, and
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for the second codebook mode, the subband co—phase between two
polarizations of a first of the antenna panels (via i20), and the subband

inter—panel co-phase for each polarization of a second of the antenna panels (via

LIz, I22).

[Claim 7]
The UE of Claim 6, wherein:
ki =0, kb =0, and 713 is not included for the 1-layer CSI feedback,
mapping of 713 to ki and ks for the'2—1ayer CSI feedback for A; =2 or 4 is

determined according to:

N>N,>1 | N,=N, | N,=2,N, =1 | N;>2,N, =1
k] kZ kl k2 kl k2 kl k2

I3

0 (0 0 0 |0 |0 0 0 0
1o [0 [al0 o [0 o |0
2 10 o, |0 o] 20, |0
3 120 |0 |00 3 |0

, and

mapping of 713 to ki and ky for the 3-layer or 4-layer CSI feedback for A,

= 2 or 4 is determined according to:

N =2,N,=1 | Ny=4N,=1 | N,=8N,=1 | N=2,N, =2 | N,=4,N,=2

I3

k k k k| k b |k |k ki ky
0 |q 0 q 0 14 0 a |0 qQ 0
1 200 |0 |20, |0 |o |o, o 0,
2 3 |0 |3q |0 |q o, |aq |o
3 | 20, |0 20, |0
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[Claim 8]

A base station (BS), the BS comprising

a processor configured to generate configuration information for channel
state information (CSI) feedback, the configuration information indicating a
number of antenna panels (A,) at the BS and a codebook mode, the codebook mode
indicating a codebook for the CSI feedback and configured between a first codebook
mode and a second codebook mode, wherein A; > 1 and each of the antenna panels
comprises antenna ports with a first polarization (P;) and antenna ports with a
second polarization (P3); and

a transceiver operably connected to the processor, the transceiver
configured to:

transmit, toa user equibment (UE), the configuration information; and
receive the CSI feedback from the UE generated in accordance with the

indicated codebook, |

wherein the codebook corresponding to the first codebook mode is used to
geherate the CSI feedback based on a wideband inter-panel co—phase_thét 1S common
for a plurality of subbands configured fof the CSI feedback, and

wherein the codebook corresponding to the second codebook mode is used to
generate the CSI feedback based on at least one of (i) a wideband inter-—panel
co—phase that is common for the plurality of subbands, and (ii) a subband

inter-panel co-phase for each of the plurality of subbands.

[Claim 9]
The BS of Claim 8, wherein:
the number of antenna panels (A) is two or four,
if the number of antenna panels is two (N, = 2), one of the first codebook

mode or the second codebook mode is configured, and
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if the number of antenna panels is four (M, = 4), only the first codebook

mode 1s configured.

[Claim 10]
The BS of Claim 8, wherein:
the number of antenna panels is two (M= 2),
thé second codebook mode 1s configured,
the wideband inter—panel co-phase for each polarization (P;) of a second of
a, =P and

the two antenna panels is.given by and

the subband inter-panel co-phase for each polarization (P;) of the second

antenna panel 1is given by bn::e—ijejnwz

b

where p=0,1,2,3 and »n=0,1.

[Claim 11]
"The BS of Claim 8, wherein:
a combination of (N;, M, M), configured via the configuration information
for the CSI feedback, for a given number of antenna ports and corresponding values

of (0, () are determined according to:

Number of
(Mg, M, M) (O, G)
antenna ports
8 (2,2,1) (4,1)
(2,4,1) (4,1)
16 (4,2,1) . (4,1)
(2,2,2) (4,4)
(2,8,1) (4,1)
32
(4,4,1) (4,1)
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(2,4,2) (4,4)
(4,2,2) (4,4)

b

M and M respectively are a number of antenna ports with a polarization (P;
or Py) in first and second dimensions of each of fhe antenna panels, and

O and O are oversampling factors in the first and second dimensions,
respectively, and

M, M, Grand Ghare uséd to obtain a set of two—dimensional discrete Fourier

transform (DFT) beams, v, ,

where 7/=0,1,..,0,N;, m=0,1,..,0,N,, and

j2mm JELLIUA)
{1 e oo OM } Ny>1
u, =
1 No=1
i 2D T
Vi m ={um e O‘N‘um e 9N um]

[Claim 12]
The BS of Claim 11, wherein:
for the first codebook mode, the codebook for generating the CSI feedback

for N;= 2,4 is constructed using vectors:



WO 2018/199625 PCT/KR2018/004796

151
Vim Vi,m
ot _ 1 PnVim 2l 1 “PnVim
Lmpn = 5 > Mimpn = T )
" JPesirs | Pnim " JResigs PoiVim
_¢n¢pl Vi.m | _—'¢n¢pl Vim i
v/,m vl.m
PnVim “PuVim .
®p Vim PoVim |’
Al _ 1 nPpVim w2 1 095 Vim
lim.pn — ’ Im.pn — ’
v Fesirs P Vim N Fesirs Pp,V1.m
¢n¢p2 Viim _¢n¢pz Vim
¢p3 Vim ¢p3 Vim
_([’n(op3 vl.m_ __¢n¢p3vl.m_
P N, =2
where p= : ¢ " and
[pl D> pS] Ng =4

for the second codebook mode, the codebook for generating the CSI feedback

for N;= 2 is constructed usinglvectorsl

[ Vim | | vl,m—
1,22 _ 1 Pn,Vi,m 222 1 ~Pn,Vi,m
b v PCSI-RS : aP; an Vi,m ’ l,m,é,n \/PCSI-RS ap1 bnl Vim |
__apz b”z Vim ] __ap2 bn2 Vim i
where:
r=[n p]

’

n=[n0 }’11 nz]
n,n0.=0,1,2,3 7 p],pz,p3 —_—0,1,2,3 ; nl,nQ =O,1; and IDCSI—RS IS the number Of .
antenna ports, and
, =ejzm/Z

_ 74 iwp[2
a,=¢ "€ , and
b ze—jﬂ/4ej7rn/2

n
wherein:

the CSI feedback includes a pre-coding matrix indicator (PMI) that includes

PMI indices 711, 112, 113, 114, and iz,
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for 1-layer CSI feedback:

for the first codebook mode, the codebook

matrices:
0 _ 1,Ng,1
Wvl,m,p,n - I/Vl,m,p,n , and
for the second codebook mode, the codebook
matrices:
(1) _ l,Ng,Z '
I/lr/},m,p,n - I/I/},m,p,n ’

for 2-layer CSI feedback:

for the first codebook mode, the codebook

matrices:

2) 1 LN,
w = —[W :
LI m.m' p,n Lm,p,n
V2

152

2,N, .1
H g’
I/Vl',m',p,n:|, and

for the second codebook mode,

matrices:

@) 1 LN,,2
I/Vl,l',m,m'_,p,n_\/z VVl,m,P,n

for 3-layer CSI feedback:

"

2N, 2
I’ml’p’n

It

for the first codebook mode,

the codebook

PCT/KR2018/004796

comprises pre-coding

comprises pre-coding

comprises pre-coding

comprises pre-coding

the codebook comprises pre-coding

matrices:
3) 1 LN, 1 LN, 1 2N,
W | W W :
LU ,m,m',p,n \/_ Lm,p,n. I'.m',p,n I,m,p,n and
A 2 by o) 3 3 y
for the second codebook mode, the codebook comprises pre—coding
matrices:
3) 1 LN, 2 LN, 2 2,N,,2
nﬁJﬁmﬁnﬁpm _‘JE. n?musz nﬁlMZle Wcm%pm 5 and

for 4-layer CSI feedback:
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for the first codebook mode, the codebook comprises pre—cbding

matrices:

LN,.1
m',p,n

1
W}(4) _ _[Wll,Ng 1 W, le,Ng 1

el
;l’am’mlyp;n \/Z m,p,n M, p,n l’)m,:p,n y and

for the second codebook mode, the codebook comprises pre-coding

matrices:
(4) 1 LN,,2 LN, 2 2,N,2 . 2N,2
VVI,I',m,m',p,n - \/'4_ I/I/},m,p,n I/Vl',m',p,n I/I/},m,p,n I/Vl',m’,p,n
where:
[ =iy, m=i1g, 17 =itk m =it k,
) ) P =i’_ =iy, N, =2
for the first codebook mode, p= 1 _141 .14 . , £
[P1 P2 P3]=[’1,4.1 ha2 11,4,3:|=11,4’ N, =4
and n = iy,

for the second codebook mode, N, =2, p=[p py]=[h4 ha4s]=irs. and
n=[n, n ”2]=[i2.0 b i2.2]=i2,

i11 and 7y, are PMI indices that indicate a first beam Yi,., ,

f13 is a PMI index that indicates a distance (k, k2) of a second beam

‘ZJ+k“qg+k2with respect to the first beam ‘ZJml

714 is a PMI index that indicates the wideband inter-panel co-phase, and
iz 1s a PMI index that indicates:
for the first codebook mode, a subband co-phase between two
polarizations is common for all of the antenna panels, and
for the second codebook mode, the subband co-phase between two
polarizations of a first of the antenna panels (via 72¢), and the subband
inter-panel co-phase for each polarization of a second of the antenna panels (via

i1, I2.2).
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[Claim 13]
The BS of Claim 12, wherein:
k1 =0, ko =0, and 713 1s not included for the 1-layer CSI feedback,
mapping of 713 to ki and ks for the 2-layer CSI feedback for N, = 2 or 4 is

determined according to:

N>N,>1 | N,=N, | N=2,N,=1 | N,>2,N, =1
kl k2 kl k2 kl k2‘ kl k2

I3

0 |0 0 0 |0 |0 0 0 0
1o [0 [ol0]a [0 [o |0
2 [0 [o [0 [o 20, |0
3 120 |0 |0 o0 39 |0

, and

mapping of 713 to ki and k» for the 3-layer or 4-layer CSI feedback for A,

= 2 or 4 is determined according to:

N, =2,N,=1 | N,=4,N,=1 | N,=8N,=1 | N,=2,N,=2 | N,=4,N,=2

hs

K ko, k ko |k b |k |k k ky
0 |9 |0 qQ 0 1q 0 |aq |0 Q 0
1 200 |0 |20, |0 [0 o 0 0,
2 30 0 |39 0 |19 |0 q 0,
3 40, |0 20, |0
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[Claim 14]

A method for channel state information (CSI) feedback by a user equipment
(UE), the method comprising

receiving, from a base station (BS), configuration information for the CSI
feedback, the configuration information indicating a number of antenna panels (Ap)
at the BS and a codebook mode, wherein A;> 1 and each of the antenna panels comprises
antenna ports with a first polarization (P;) and antenna ports with a second
polarization (Ps);

identifying the number of antenna panels- (#,) at the BS;

identifying a éodebook for the CSI feedback based on the codebook mode
configured between a first codebook mode and a second codebook mode;

generating the CSI feedback using the identified codebook; and

transmitting the generated CSI feedback to the BS,

wherein the codebook corresponding to the first codebook mode is used to
generate the CSI feedback based on a wideband inter—-panel co—phase that is common
for a plurality of subbands configured for the CSI feedback, and

wherein the codebook corresponding to the second codebook mode is used to
generate the CSI feedback based on at least one of (i) a wideband inter-panel
co-phase that is common for the plurality of subbands, and (ii) a subband

inter-panel co-phase for each of the plurality of subbands.

[Claim 15]
A method for receiving channel state information (CSI) feedback by a base
station (BS), the method comprising
generating configuration information for channel state information (CSI)
feedback, the configuration information indicating a number of antenna panels (A,)
at the BS and a codebook mode, the codebook mode indicating a codebook for the CSI

feedback and configured between a first codebook mode and a second codebook mode,
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wherein N, > 1 and each of the antenna panels comprises antenna ports with a first
polarization (P;) and antenna ports with a second polarization (Py);

transmitting, to a user equipment (UE), the configuration information; and

receiving the CSI feedback from the UE generated in accordance with the
indicated codebook,

therein the codebook corresponding to the first codebook mode is used to
generate the CSI feedback based on a wideband inter—panel co-phase that is common
for a plurality of subbands configured for the CSI feedback, and

wherein the codebook corresponding to the second codebook mode is used to
generate the CSI feedback based on at least one of (i) a wideband inter-panel
co-phase that 1s common for the plurality of subbands, and (ii) a subband

inter-panel co-phase for each of the plurality of subbands.
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[Figure 14]
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