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PUSCH TRANSMISSION WITH TWO CODEWORDS

FIELD

[0001] The subject matter disclosed herein generally relates to wireless communications,
and more particularly relates to methods and apparatuses for PUSCH transmission with two
codewords.

BACKGROUND

[0002] The following abbreviations are herewith defined, at least some of which are
referred to within the following description: New Radio (NR), Very Large Scale Integration
(VLSI), Random Access Memory (RAM), Read-Only Memory (ROM), Erasable Programmable
Read-Only Memory (EPROM or Flash Memory), Compact Disc Read-Only Memory (CD-
ROM), Local Area Network (LAN), Wide Area Network (WAN), User Equipment (UE),
Evolved Node B (eNB), Next Generation Node B (gNB), Uplink (UL), Downlink (DL), Central
Processing Unit (CPU), Graphics Processing Unit (GPU), Field Programmable Gate Array
(FPGA), Orthogonal Frequency Division Multiplexing (OFDM), Radio Resource Control (RRC),
User Entity/Equipment (Mobile Terminal), Transmitter (TX), Receiver (RX), Physical Uplink
Shared Channel (PUSCH), codeword (CW), codebook (CB), non-codebook (nCB), Sounding
Reference Signal (SRS), Bandwidth part (BWP), Channel State Information Reference Signal
(CSI-RS), Downlink Control Information (DCI), modulation and coding scheme (MCS),
configured grant (CG), Transmit Precoding Matrix Indicator (TPMI), angle of departure (AOD),
demodulation reference signal (DM-RS), Technical Specification (TS), Channel State
Information (CSI), Orthogonal Complementary Code (OCC), Signal to Interference plus Noise
Ratio (SINR), Signal to Noise Ratio (SNR), SRS Resource Indicator (SRI).

[0003] A UE with 8 TX ports can support a PUSCH transmission with more than 4 layers
(e.g. 5 to 8 layers). With 8 TX ports, it is possible to transmit 5 to 8 layers in two codewords
(CWs).

[0004] This invention targets PUSCH transmission with two codewords.

BRIEF SUMMARY

[0005] Methods and apparatuses for PUSCH transmission with two codewords are
disclosed.

[0006] In one embodiment, a UE comprises a transceiver; and a processor coupled to the

transceiver, wherein the processor is configured to receive, via the transceiver, a control message
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scheduling a PUSCH transmission having N layers to be transmitted by a first codeword and a
second codeword, wherein, the control message includes a field that indicates the layers
associated with the first codeword and the layers associated with the second codeword, wherein,
N is 5, 6, 7 or 8; and transmit, via the transceiver, the scheduled PUSCH transmission according
to the control message.

[0007] In some embodiment, the field is a transmission precoding matrix indicator
(TPMI) field, and a sub-field of the TPMI field signals the precoder to use from a set of
precoders in an N-layer codebook. Different precoders in the N-layer codebook may be different
permutations of the same N transmission layers. If a co-phasing factor is applied to the two
different polarizations of the same beam, the co-phasing factor is unchanged when the layers are
permutated in different precoders. If an OCC code 1s applied to the two different polarizations of
the same beam, the OCC code is unchanged as the layers are permutated in different precoders.
Different pairs of layers transmitted by the same beam may be split between the first codeword
and the second codeword in different precoders.

[0008] In some embodiment, the different permutations allocate the same N transmission
layers into a first group and a second group, and the first group has |N /2] layers and the second
group has [N /2] layers. If a beam is used to transmit two layers with two different orthogonal
cover codes, the two layers may be in the same group. If a beam is used to transmit only one
layer with orthogonal cover code (+1,+1), the beam may be always transmitted in the codeword
having odd number of layers. In some embodiment, the first pair of layers transmitted by the
same beam are always in the first group, and the other pairs of layers transmitted by the same
beam are in the first group in different precoders, respectively.

[0009] In some embodiment, the field is a SRS resource indicator (SRI) field, and the
SRI field indicates the SRS resources to use in the first codeword and the second codeword from
a SRS resource set.

[0010] The SRI field may indicate the SRS resources to use in the first codeword and the
SRS resources to use in the second codeword, respectively. In particular, the SRS resources to
use in the first codeword and the SRS resources to use in the second codeword have no SRS
resource in common. The SRI field may indicate the SRS resources to use in both the first
codeword and the second codeword and the SRS resources to use in one of the first codeword
and the second codeword, respectively. The SRI field may indicate, for each SRS resource in the

SRS resource set, one of a first state in which the SRS resource is to use in the first codeword, a



10

15

20

25

30

WO 2024/073997 PCT/CN2023/075863

second state in which the SRS resource is to use in the second codeword, and a third state in
which the SRS resource is not used.

[0011] In some embodiment, the processor is further configured to transmit SRS
resources for non-codebook, and the SRS resource set is determined from the SRS resources in a
SRS resource set for non-codebook.

[0012] In some embodiment, the control message is a DCI format 0 1 or 0 2 that
schedule dynamically scheduled PUSCH or type 2 configured grant PUSCH. Alternatively, the
control message is a RRC message that schedules type 1 configured grant PUSCH.

[0013] In another embodiment, a method performed at a UE comprises receiving a
control message scheduling a PUSCH transmission having N layers to be transmitted by a first
codeword and a second codeword, wherein, the control message includes a field that indicates
the layers associated with the first codeword and the layers associated with the second codeword,
wherein, N is 5, 6, 7 or §; and transmitting the scheduled PUSCH transmission according to the
control message.

[0014] In still another embodiment, a base unit comprises a transceiver; and a processor
coupled to the transceiver, wherein the processor is configured to transmit, via the transceiver, a
control message scheduling a PUSCH transmission having N layers to be transmitted by a first
codeword and a second codeword, wherein, the control message includes a field that indicates
the layers associated with the first codeword and the layers associated with the second codeword,
wherein, N 1s 5, 6, 7 or 8; and receive, via the transceiver, the scheduled PUSCH transmission
transmitted according to the control message.

[0015] In yet another embodiment, a method performed at a base unit comprises
transmitting a control message scheduling a PUSCH transmission having N layers to be
transmitted by a first codeword and a second codeword, wherein, the control message includes a
field that indicates the layers associated with the first codeword and the layers associated with
the second codeword, wherein, N is 5, 6, 7 or 8; and receiving the scheduled PUSCH
transmission transmitted according to the control message.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] A more particular description of the embodiments briefly described above will be

rendered by reference to specific embodiments that are illustrated in the appended drawings.

Understanding that these drawings depict only some embodiments, and are not therefore to be



10

15

20

25

30

WO 2024/073997 PCT/CN2023/075863

considered to be limiting of scope, the embodiments will be described and explained with
additional specificity and detail through the use of the accompanying drawings, in which:

[0017] Figure 1 is a schematic flow chart diagram illustrating an embodiment of a
method;

[0018] Figure 2 is a schematic flow chart diagram illustrating an embodiment of another
method; and

[0019] Figure 3 is a schematic block diagram illustrating apparatuses according to one
embodiment.

[0020] DETAILED DESCRIPTION

[0021] As will be appreciated by one skilled in the art that certain aspects of the
embodiments may be embodied as a system, apparatus, method, or program product.
Accordingly, embodiments may take the form of an entirely hardware embodiment, an entirely
software embodiment (including firmware, resident software, micro-code, etc.) or an
embodiment combining software and hardware aspects that may generally all be referred to
herein as a “circuit”, “module” or “system”. Furthermore, embodiments may take the form of a
program product embodied in one or more computer readable storage devices storing machine-
readable code, computer readable code, and/or program code, referred to hereafter as “code”.
The storage devices may be tangible, non-transitory, and/or non-transmission. The storage
devices may not embody signals. In a certain embodiment, the storage devices only employ
signals for accessing code.

[0022] Certain functional units described in this specification may be labeled as
“modules”, in order to more particularly emphasize their independent implementation. For
example, a module may be implemented as a hardware circuit comprising custom very-large-
scale integration (VLSI) circuits or gate arrays, off-the-shelf semiconductors such as logic chips,
transistors, or other discrete components. A module may also be implemented in programmable
hardware devices such as field programmable gate arrays, programmable array logic,
programmable logic devices or the like.

[0023] Modules may also be implemented in code and/or software for execution by
various types of processors. An identified module of code may, for instance, include one or more
physical or logical blocks of executable code which may, for instance, be organized as an object,
procedure, or function. Nevertheless, the executables of an identified module need not be

physically located together, but, may include disparate instructions stored in different locations
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which, when joined logically together, include the module and achieve the stated purpose for the
module.

[0024] Indeed, a module of code may contain a single instruction, or many instructions,
and may even be distributed over several different code segments, among different programs,
and across several memory devices. Similarly, operational data may be identified and illustrated
herein within modules and may be embodied in any suitable form and organized within any
suitable type of data structure. This operational data may be collected as a single data set, or may
be distributed over different locations including over different computer readable storage devices.
Where a module or portions of a module are implemented in software, the software portions are
stored on one or more computer readable storage devices.

[0025] Any combination of one or more computer readable medium may be utilized. The
computer readable medium may be a computer readable storage medium. The computer readable
storage medium may be a storage device storing code. The storage device may be, for example,
but need not necessarily be, an electronic, magnetic, optical, electromagnetic, infrared,
holographic, micromechanical, or semiconductor system, apparatus, or device, or any suitable
combination of the foregoing.

[0026] A non-exhaustive list of more specific examples of the storage device would
include the following: an electrical connection having one or more wires, a portable computer
diskette, a hard disk, random access memory (RAM), read-only memory (ROM), ecrasable
programmable read-only memory (EPROM or Flash Memory), portable compact disc read-only
memory (CD-ROM), an optical storage device, a magnetic storage device, or any suitable
combination of the foregoing. In the context of this document, a computer-readable storage
medium may be any tangible medium that can contain or store a program for use by or in
connection with an instruction execution system, apparatus, or device.

[0027] Code for carrying out operations for embodiments may include any number of
lines and may be written in any combination of one or more programming languages including
an object-oriented programming language such as Python, Ruby, Java, Smalltalk, C++, or the
like, and conventional procedural programming languages, such as the "C" programming
language, or the like, and/or machine languages such as assembly languages. The code may be
executed entirely on the user's computer, partly on the user's computer, as a stand-alone software
package, partly on the user's computer and partly on a remote computer or entirely on the remote

computer or server. In the very last scenario, the remote computer may be connected to the user's
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computer through any type of network, including a local area network (LAN) or a wide area
network (WAN), or the connection may be made to an external computer (for example, through
the Internet using an Internet Service Provider).

[0028] Reference throughout this specification to “one embodiment”, “an embodiment”,
or similar language means that a particular feature, structure, or characteristic described in
connection with the embodiment is included in at least one embodiment. Thus, appearances of
the phrases “in one embodiment”, “in an embodiment”, and similar language throughout this
specification may, but do not necessarily, all refer to the same embodiment, but mean “one or
more but not all embodiments” unless expressly specified otherwise. The terms “including”,
“comprising”, “having”, and variations thereof mean “including but are not limited to”, unless
otherwise expressly specified. An enumerated listing of items does not imply that any or all of
the items are mutually exclusive, otherwise unless expressly specified. The terms “a”, “an”, and
“the” also refer to “one or more” unless otherwise expressly specified.

[0029] Furthermore, described features, structures, or characteristics of various
embodiments may be combined in any suitable manner. In the following description, numerous
specific details are provided, such as examples of programming, software modules, user
selections, network transactions, database queries, database structures, hardware modules,
hardware circuits, hardware chips, etc., to provide a thorough understanding of embodiments.
One skilled in the relevant art will recognize, however, that embodiments may be practiced
without one or more of the specific details, or with other methods, components, materials, and so
forth. In other instances, well-known structures, materials, or operations are not shown or
described in detail to avoid any obscuring of aspects of an embodiment.

[0030] Aspects of different embodiments are described below with reference to
schematic flowchart diagrams and/or schematic block diagrams of methods, apparatuses, systems,
and program products according to embodiments. It will be understood that each block of the
schematic flowchart diagrams and/or schematic block diagrams, and combinations of blocks in
the schematic flowchart diagrams and/or schematic block diagrams, can be implemented by code.
This code may be provided to a processor of a general purpose computer, special purpose
computer, or other programmable data processing apparatus to produce a machine, such that the
instructions, which are executed via the processor of the computer or other programmable data

processing apparatus, create means for implementing the functions specified in the schematic

flowchart diagrams and/or schematic block diagrams for the block or blocks.
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[0031] The code may also be stored in a storage device that can direct a computer, other
programmable data processing apparatus, or other devices, to function in a particular manner,
such that the instructions stored in the storage device produce an article of manufacture including
instructions which implement the function specified in the schematic flowchart diagrams and/or
schematic block diagrams block or blocks.

[0032] The code may also be loaded onto a computer, other programmable data
processing apparatus, or other devices, to cause a series of operational steps to be performed on
the computer, other programmable apparatus or other devices to produce a computer
implemented process such that the code executed on the computer or other programmable
apparatus provides processes for implementing the functions specified in the flowchart and/or
block diagram block or blocks.

[0033] The schematic flowchart diagrams and/or schematic block diagrams in the Figures
illustrate the architecture, functionality, and operation of possible implementations of
apparatuses, systems, methods and program products according to various embodiments. In this
regard, each block in the schematic flowchart diagrams and/or schematic block diagrams may
represent a module, segment, or portion of code, which includes one or more executable
instructions of the code for implementing the specified logical function(s).

[0034] It should also be noted that in some alternative implementations, the functions
noted in the block may occur out of the order noted in the Figures. For example, two blocks
shown in succession may substantially be executed concurrently, or the blocks may sometimes
be executed in the reverse order, depending upon the functionality involved. Other steps and
methods may be conceived that are equivalent in function, logic, or effect to one or more blocks,
or portions thereof, to the illustrated Figures.

[0035] Although various arrow types and line types may be employed in the flowchart
and/or block diagrams, they are understood not to limit the scope of the corresponding
embodiments. Indeed, some arrows or other connectors may be used to indicate only the logical
flow of the depicted embodiment. For instance, an arrow may indicate a waiting or monitoring
period of unspecified duration between enumerated steps of the depicted embodiment. It will
also be noted that each block of the block diagrams and/or flowchart diagrams, and combinations
of blocks in the block diagrams and/or flowchart diagrams, can be implemented by special
purpose hardware-based systems that perform the specified functions or acts, or combinations of

special purpose hardware and code.
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[0036] The description of elements in each Figure may refer to elements of proceeding
figures. Like numbers refer to like elements in all figures, including alternate embodiments of
like elements.

[0037] The UE can be configured in two different modes for PUSCH multi-antenna
precoding, referred as codebook (CB) based transmission and non-codebook (nCB) based
transmission, respectively. When the UE is configured with codebook based PUSCH
transmission, one SRS resource set used for codebook can be configured in a BWP of a cell for
the UE. When the UE is configured with non-codebook based PUSCH transmission, one SRS
resource set used for non-codebook can be configured in a BWP of a cell for the UE.

[0038] To enable codebook based PUSCH transmission, the UE shall be configured to
transmit one or more SRS resources used for codebook for uplink channel measurement. Based
on the measurements on the configured SRS resources transmitted by the UE, the gNB
determines a suitable rank and the precoding matrix (i.e., precoder) from a pre-defined codebook,
which includes a set of precoding matrices with different ranks, and sends the information to the
UE when scheduling a PUSCH transmission.

[0039] For non-codebook based PUSCH transmission, the UE is required to measure a
CSI-RS to obtain the uplink channel information based on channel reciprocity. In this case, a
CSI-RS resource, which is a DL reference signaling transmitted by the gNB for DL channel
measurement, is associated with the SRS resource set used for non-codebook. The UE sclects
what it believes is a suitable uplink precoder and applies the selected precoder to a set of
configured SRS resources with one SRS resource transmitted on each layer defined by the
precoder. Based on the received SRS resources, the gNB decides to modify the UE-selected
precoder for the scheduled PUSCH transmission.

[0040] For ranks 1 to 4, all the layers of a PUSCH transmission are transmitted in a
single codeword. For ranks 5 to 8§, all the layers of a PUSCH transmission are transmitted in two
codewords (e.g., a first codeword and a second codeword). The first half of layers are transmitted
in the first codeword, and the last half of layers are transmitted in the second codeword. In

particular, the number of layers in the two codewords for rank = 5 to 8 are as follows in Table 0:

Transmission rank number of layers in the first | number of layers in the second
codeword (k;) codeword (kz)
5 2 3
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6 3 3
7 3 4
8 4 4

Table 0

[0041] Each codeword has its own MCS. Since a single MCS is assigned to a codeword,
it 1s best that the SNRs (or SINRs) of the layers transmitted in the codeword match the MCS
assigned to the codeword. In the following description, to make simplification, SNR or SINR of
the layers is abbreviated as SNR of the layers.

[0042] When a UE is equipped with 8 antenna ports (e.g., PUSCH or SRS antenna ports),
the base unit (e.g., gNB) may send to the UE a DCI (e.g., DCI with format 0 1 or DCI with
format 0_2) scheduling dynamically scheduled PUSCH or type 2 configured-grant PUSCH with
up to 8 layers (i.e., PUSCH layers) or a RRC message (e.g., configuredGrantConfig) to configure
type 1 configured-grant PUSCH with up to 8 layers. Incidentally, a brief summary of CG
PUSCH is as follows. CG (configured grant) PUSCH is used for semi-static UL traffic, which
can be transmitted without dedicated scheduling DCI. Two types of CG PUSCH are specified in
NR Release 15. For type 1 CG PUSCH, all the information used for the PUSCH transmission are
configured by RRC signaling and the CG PUSCH can be periodically transmitted according to
the configured period. For type 2 CG PUSCH, part of information used for the PUSCH
transmission is configured by RRC signaling, while the other information is indicated by an
activation DCI. Type 2 CG PUSCH can only be periodically transmitted upon receiving the
activation DCI. When the UE receives a deactivation DCI to deactivate type 2 CG PUSCH, the
corresponding PUSCH shall not be transmitted. Both type 1 CG PUSCH and type 2 CG PUSCH
are configured by configured grant PUSCH configuration (i.e., by higher layer parameter
configuredGrantConfig IE) and each configuredGrantConfig has an ID.

[0043] In codebook based PUSCH transmission, UE needs to transmit the PUSCH
transmission (e.g., dynamically scheduled PUSCH transmission by DCI, type 1 configured-grant
PUSCH transmission configured by RRC signaling and triggered by DCI, type 2 configured-
grant PUSCH transmission configured by RRC signaling and activated by DCI) using the
precoder indicated by TPMI sent from the gNB, where the TPMI is contained in a TPMI field in
the DCI or the RRC signaling. It means that only the gNB can permute the layers and allocate

the proper physical transmission layers into the two codewords if necessary.
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[0044] The single panel Type 1 codebook in NR Release 15 was designed to utilize 3 or
4 distinct physical beams (i.e., angle of departures (AODs)) with two polarizations to achieve
ranks 5 to 8. There is no relative strength of these beams in the codebook. Because the type 1
codebook only has co-phase information and does not have amplitude information, there is no
way for the UE to know the relative strength of the layers. Given a TPMI, the UE does not have
the flexibility to determine which physical layer is transmitted using which DM-RS port.

[0045] In non-codebook based PUSCH transmission, the UE needs to transmit the
PUSCH transmission (e.g., dynamically scheduled PUSCH transmission by DCI, type 1
configured-grant PUSCH transmission configured by RRC signaling and triggered by DCI, type
2 configured-grant PUSCH transmission configured by RRC signaling and activated by DCI)
using the precoder indicated by the SRI field in the DCI or the RRC signaling. Because there 1s
no amplitude information in the SRI (nor in the SRS resources for non-codebook), different SRS
resources will have different strengths. Based on these SRS resources, different layers of the
PUSCH transmission will have different SNRs. There is no way for the UE to know the SNRs of
these layers based on the SRI.

[0046] On the other hand, for both codebook based PUSCH transmission and non-
codebook based PUSCH transmission, the gNB may acquire the relative strength of the layers
from SRS signals transmitted from the UE. However, in legacy, there is no way for the gNB to
signal the UE to adjust the relative transmission powers among the layers. As a consequence, the
UE can only transmit all the signaled layers with equal power. From information theory, this 1s
not optimal to achieve the channel capacity. On the other hand, the layers are mapped into two
codewords, where each codeword can have its own MCS. To maximize the transmission
capacity, it is desirable that the different beams (different layers) in the same codeword have
SNRs that are relatively uniform.

[0047] To maximize the transmission capacity of the two codewords, it is desirable to
allocate those layers with similar SNRs in a same codeword, which means that it is desirable to
group the beams with similar strengths in the same codeword. Incidentally, the above analysis
only applies to ranks 5 to 8, in which the layers are transmitted in two codewords, since for ranks
1 to 4, all the layers are transmitted in a single codeword.

[0048] This disclosure proposes solutions to solve the above problem, for both codebook
based PUSCH transmission and non-codebook based PUSCH transmission.

[0049] A first embodiment relates to solutions for codebook based PUSCH transmission.

10
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[0050] The first embodiment proposes to introduce new precoders and an additional
subfield (i) in the 8TX full coherent codebook to enhance the NR Release 15 single panel type-1
codebook for transmission ranks 5 to 8, so that the set of beams grouped into each codeword can
be adjusted to better match the MCS, which would lead to increasing the capacity.

[0051] A first sub-embodiment of the first embodiment relates to enhancement to Rank 5
codebook.

[0052] The number of columns of the precoding matrix (i.e., precoder) is equal the
number of layers (i.e., the rank) of a PUSCH transmission for which the precoding matrix can be
applied. So, precoding matrix (precoder) can be further described as rank R (e.g., R can be from
1 to 8) precoding matrix (precoder). Rank R precoding matrix (precoder) can be also denoted as
R-layer precoding matrix (precoder). A collection of rank R precoders can be referred to as rank
R codebook.

[0053] Table 5.2.2.2.1-9 in section 5.2.2.2.1 of TS 38.214 gives the legacy codebook for
5-layer CSI reporting using antenna ports 3000 to 2999+Pcgr.rs as follows:

codebookMode = 1-2

11 i12 ly
(5)
Ny >1 0. ,N,0,-1]0,..,N;0,-1]0,1 i1,1i1,1+01i11+01,i12,i12,i112+03,i2
_ (5
Ny>2,N;=110,..,N,0, -1 0 0,1 W i1 +01,i11+201,000.i;

where WS ! Vi Vim Vem YU'm’ VUr'm’
Ll mmm n 5P g ps PnVin —PaVim Vim' “Vrm’ Vim'|

[0054] A beam is defined by the parameter i , taking the form (I, m). In particular,

iy ia]  ve{2.3.4)
iy ho ds] ve{23.4)

where, v and @, as well as Ny, N,, Oy, O, iy 4, i1, i;3, etc, are defined in section

71:

5.2.2.2.1 of TS 38.214. i, is co-phasing parameters. OCC codes are ((1, 1), (1,-1)) in the
codebook.

[0055] For rank 5, three beams, represented by three beam directions
((l, m),(I’'m"), (l",m") ), are used, where each of the first beam (I, m) and the second beam

(I',m") is used to transmit two layers utilizing the two polarization directions (with OCC (+1, +1)
and (+1, -1)), while the last beam (1", m") is used to transmit a single data layer using OCC (+1,
+1).
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[0056] For rank 5, 2 layers are transmitted in the first codeword and 3 layers are

transmitted in the second codeword. The 2 layers transmitted in the first codeword are indicated

by the first two columns of the precoder (e.g., wb +) and the 3 layers transmitted in the

Ll mmm,

second codeword are indicated by the last three columns of the precoder. Based on the legacy

codebook in table 5.2.2.2.1-9, the only one precoder w) . indicates that the first

LU mm' m'n
codeword contains the two layers transmitted by (I, m), and the second codeword contains the
two layers transmitted by (I, m") and the single layer transmitted by (I",m"). This works well
when the signal strength or the SNR of the three layers in the second codeword are similar, e.g.,
when the SNR of the two layers transmitted by (I, m) are closer to the SNR of the two layers
transmitted by (I',m") than to the SNR of the single layer transmitted by (I",m").

[0057] However, it is possible that the SNR of the two layers transmitted by (I, m) are
closer to the SNR of the single layer transmitted by (I”,m") than to the SNR of the two layers
transmitted by (I’,m’). It means that the two layers transmitted by (I, m) and the single layer
transmitted by (1", m") should be assigned to the second codeword.

[0058] In view of the above, this disclosure proposes a new precoder for rank 5:

[0059] W, =

5.1 1 Vim Vi'm' Vim Vim Vi'm”
LUl mm' m'n ’SPCSI-RS Urm' “Vrm' @nVim —PnVim Vi"p'|

[0060] Based on the new precoder, the first codeword includes the two layers transmitted
by (I',m’), and the second codeword includes the two layers transmitted by (I, m) and the single
layer transmitted by (I",m"). To achieve flexibility, both the legacy precoder for rank 5 and the
new precoder for rank 5 are necessary. So, a new subfield i3 of 1 bit with value ‘0’ or ‘1’ is
added to signal to the UE which precoder for rank 5 is to use. As a whole, the codebook for rank

5 i1s enhanced as in Table 1.

codebookMode = 1-2

il,l i1,2 lZ l3
(5.i3)
N,>1 0,..,N10;—1]0,..,N;0, -1 0,1 | 0,1 | W; " 0 i 401i12012012+0iz
= (5.i3)
N,>2,N,=1]0,..,N;O, — 1 0 0,1/0,1 Wi1,1.i1,1+01,i1,1+201,0,0,0,i2
Where
(5,0) _ 1 v[,m vl’m vl’,m’ vl’,m' vl”_m"
l'l"l",m,m'_m"_n 5p (pnvl_m _‘anl,m vl’,m' _vl’,m' vl"_m" ,

CSI-RS
(5.1) 1 [”z’,m’ Urm' Vim Vim ”z",m"]
LI mm'm'n SPCSI-RS vl',m' _vl',m' PuVim —PnVUm vl"'m" :

Table 1
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[0061] Based on the value ‘0’ or ‘1’ of the subfield i3, w9 or WG

LU mm.m' LU mm.m'n
is signaled as the precoder. For example, if the subfield i3 indicates ‘0°, the precoder

vl,m vl.m vl',m' vl,'m, vln,mu

.0) ] is applied, which

1
W' e
LIl mmmmn ISPCSI-RS PuVim —PuVim v,/’mf Vim' Vi'm

indicates that the 2 layers transmitted in the first codeword indicated by the first two columns of
the precoder are transmitted by the first beam (I, m), and the 3 layers transmitted in the second
codeword indicated by the last three columns of the precoder are transmitted by the second beam

(I',m’) and the third beam (I",m"). On the other hand, if the subfield i3 indicates ‘1°, the

is applied,

51 1 [Vim' Vim Vim Vim Vrm’
precoder wh) =—[
5P

L' mmm'n CSLRS Vim' “VP'm’ PaVim —PaVim Vi'p’

which indicates that the 2 layers transmitted in the first codeword indicated by the first two
columns of the precoder are transmitted by the second beam (I’,m’), and the 3 layers transmitted
in the second codeword indicated by the last three columns of the precoder are transmitted by the
first beam (I, m) and the third beam (1", m").

[0062] A second sub-embodiment of the first embodiment relates to enhancement to
Rank 6 codebook.

[0063] Table 5.2.2.2.1-10 in section 5.2.2.2.1 of TS 38.214 gives the codebook for 6-
layer CSI reporting using antenna ports 3000 to 2999+Pcgi.rs as follows:

codebookMode = 1-2

i11 l12 L2
(6)
NZ > 1 0, ey N101 - 1 0, ey Nzoz - 1 0, 1 wil,lvil,l+01vi1,1+01‘i1,2‘i1,2‘i1,2+021i2
- (6)
Ny>2,N;=110,..,N,0, -1 0 0,1 W i1 401,011 +201,000.;

where W(6) -1 Yim Vim Vrm Urm' Verm™ Vim”
Ll mmmn m PnVim —PnVim PuVim’ ~PuViw’ Urm” “Vrmtl

[0064] For rank 6, three beams ((l, m),(I’'m"), (l",m" ) are used, where each beam is

used to transmit two data layers utilizing the two polarization directions (with OCC (+1, +1) and
(t1,-1)).
[0065] For rank 6, 3 layers are transmitted in the first codeword and 3 layers are

transmitted in the second codeword. The 3 layers transmitted in the first codeword are indicated
by the first three columns of the precoder (e.g., w'® "n) and the 3 layers transmitted in

Ll mmm,

the second codeword are indicated by the last three columns of the precoder. Based on the legacy
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(6

L, mm.m

codeword contains the two layers transmitted by beam (I, m) with OCC (+1, +1) and (+1, -1),

codebook in table 5.2.2.2.1-10, the only one precoder W " indicates that the first

and the first layer transmitted by (I, m") with OCC (+1, +1), and the second codeword contains
the second layer transmitted by (I, m") with OCC (+1, -1), and the two layers transmitted by
beam (I",m") with OCC (+1, +1) and (+1, -1). This works best when the SNR of the two layers
transmitted by (I’,m") are between the SNR of the two layers transmitted by (I, m) and the SNR
of the two layers transmitted by (1", m").

[0066] However, it is possible that the SNR of the two layers transmitted by (I, m), or
the SNR of the two layers transmitted by (I",m") is in the middle. It means that it is possible
that the SNR of the two layers transmitted by (I, m) are between the SNR of the two layers
transmitted by (I, m") and the SNR of the two layers transmitted by (I", m"), and that it is also
possible that the SNR of the two layers transmitted by (1", m") are between the SNR of the two
layers transmitted by (I, m) and the SNR of the two layers transmitted by (I',m").

[0067] In view of the above, this disclosure proposes two new precoders for rank 6:

[0068] WY =

I3 " r "
LIl mmmn

1 [ vlv’mv vl',m' Vim Vim 17! "m 17! "m"

for the situation that the
‘pnvl',m' —¢nvlr'mr (pnvl,m _¢nvl,m vl",m" _vl”,m":I’

6PCSI-RS

SNR of the two layers transmitted by (I, m) is in the middle; and

[0069] w2 =

I3 " r "
LIl mmmn

1 [ vl,m vl’m vl rr,mn vl rr,mn vl',m' vlv’mv

for the situation that the
PaVim —PuVim Vi'm” “Vr'm” PnVl'm’ _‘an[',m']’

6PCSI-RS

SNR of the two layers transmitted by (1", m") is in the middle.

[0070] To distinguish three precoders for rank 6 (legacy precoder in Table 5.2.2.2.1-10 in
section 5.2.2.2.1, two new precoders for rank 6), a new subfield i3 of 2 bits with value ‘00’ or
‘01’ or ‘10’ (i.e., 0, 1, 2) is added to signal to the UE which precoder for rank 6 is to use. As a

whole, the codebook for rank 6 is enhanced as in Table 2.
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codebookMode = 1-2
11 12 i, ij
(6,i3)
Ny, >1 0,..,NO; -1 0,..,N,0, — 0,1 01,2 i1.0i11+01,i11+01i12412i12+02.02
_ (6,i3)
Ni>2,N,;=1 | 0,..,N;0, -1 0 0,1 0,1,2 b 1401142010002
where
(6,0) [ Yim Vi Urm' U'm' Vym” Yy m”
L mm'm m PnVim —PnVim PuViwm —PuVim’ V'™ “Virm'l
W(6.1) _ r vl m vl',m’ vl'm vl,m vln,mu vlu, "
l,l,,l” m,m'.m n GPCS[-RS _(pnvl ’m _(pnvl,,m, (pnvl’m _(pnvl’m vl",m” _vl”, nl|®
w62 1 [ Uim Vim V'm" V'm Vym’ Vrm'
LU mm'm"n 6P g ps | PnVim —PaVim Vi'm” “VUrm” PaU'm’ —PaVrm'|
Table 2
, 6,0
[0071] Based on the value ‘00 or ‘01’ or ‘10’ of the subfield i3, w©o or
L mm' m'n
6,1 6,2 .
wib) orw®® s signaled as the precoder.
LI mm'm"n LIl mmmn

[0072] A third sub-embodiment of the first embodiment relates to enhancement to Rank

7 codebook.
[0073] Table 5.2.2.2.1-11 in section 5.2.2.2.1 of TS 38.214 gives the codebook for 7-
layer CSI reporting using antenna ports 3000 to 2999+P¢s|.rs as follows:
codebookMode = 1-2
11 % iy
N,0, ™
Ni=4,N,=10,.., 7~ 1 0 0,1 W i1 4011 1+201,i11+301,0,000,iz
(7)
Nl > 4' NZ = 1 0’ e N101 - 1 0 0‘ 1 Wl1 1,i111+01,i11+201,i11+301,0,0,0,0,i>
_ _ (7
Ny=2,N;=20,..,N,0,-10,..,N;0, -1 0,1 i11,i1,1101,811,i11 101,812,811 2,81 2+02,i12+02,i2
N,0, )
Nl > 2' NZ = 2 Ol L] N101 - y ey 2 - 1 0' 1 i1'1,i1,1+01,i1'1,i1,1+Ol,il'z,il'z,il'z+02,i1'2+02,i2
(7
N,>2,N,>2]0,.,NO;—-1]0,..,N;0,-10,1 i1 1i1.1+01,i1 1,i11+01,i1 2,11 2.i12+02,i1 2+02.iz
where w7} =
lll l mm m' m n
[ Vim vlm vl m vl m" vl".m" vlm.mm vlm,mm
P oirs PuVim PnVim  PaVy ‘m’ vl",m" _vl",m" vlm,mm _vlm,mm

[0074] For rank 7, four beams (I, m),(I’,m"), 1", m

of three beams (I, m),(I",m"),(I"”",m'") is used to tr

rer

M, (", m'™)) are used, where cach

ansmit two layers utilizing the two

polarization directions (with OCC (+1, +1) and (+1, -1)), while the beam (I,m’) is used to

transmit a single layer with OCC (+1, +1).

[0075] For rank 7, 3 layers are transmitted in

the first codeword and 4 layers are

transmitted in the second codeword. The 3 layers transmitted in the first codeword are indicated
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by the first three columns of the precoder (e.g., w

L mam'm m" ) @0d the 4 layers transmitted

in the second codeword are indicated by the last four columns of the precoder. Based on the
Q)

Ll mmm m

legacy codebook in table 5.2.2.2.1-11, the only one precoder W », indicates that

the first codeword contains the two layers transmitted by beam (I, m) with OCC (+1, +1) and
(+1, -1), and the single layer transmitted by beam (I’,m") with OCC (+1, +1), and the second
codeword contains the two layers transmitted by beam (1", m") with OCC (+1, +1) and (+1, -1)

) with OCC (+1, +1) and (+1, -1).

rrr

and the two layers transmitted by beam (I, m
[0076] Similar to the enhancement to rank 5 codebook, two new precoders are proposed

for rank 7:

[00771 w4 =

LI mmmmmn

v " " v " " v 2 2 "] v v " " v " "

1 Im I'm I,m Lm Im I'm I'm . .

—[ , in which the beam
7P

CSLRS vlu'mu —Ulu,mn (pnvlr,m/ (pnvl,m _(pnvl,m vlm,mm —vlw,mm

(1",m") is allocated to be with the beam (1’,m") in the first codeword while the beam (I, m) and

the beam (I, m"") are in the second codeword; and

[0078] w3 =

LIl I mmmmmn

U " " v " " U . . v " " v " " U v
1 I'm I'm Im I'm I'm Lm Lm . .
—[ , iIn which the beam
7P

s vlm’mm _vlm,mm (pnvl',m' vln'mn _vl”,m” (pnvl'm _(pnvl,m

(I"",m'") is allocated to be with the beam (I',m") in the first codeword while the beam (1", m"
and the beam (I, m) are in the second codeword.

[0079] To distinguish three precoders for rank 7 (legacy precoder in Table 5.2.2.2.1-11 in
section 5.2.2.2.1, two new precoders for rank 7), a new subfield i3 of 2 bits with value ‘00’ or
‘01’ or ‘10” (i.e., 0, 1, 2) is added to signal to the UE which precoder for rank 7 is to use. As a

whole, the codebook for rank 7 is enhanced as in Table 3.
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codebookMode = 1-2
i1q 2% iy i3
_ _ N0, (7, i3)
Ni=4N, =1 Ty T 1 0 011012 i1,1,i1,1+01,i1,1+201,i1,1+301,0,0,0,0,i>
_ _ (7, i3)
Ni>4N,=110,.,N,0;—-1 0 011012 i1,1,i11+01,i1,1+201,i11+301,0,0,0,0,i;
Ny=2N,=2 | 0,..,NyO;—1 | 0,..,N,0,—1 | 0,1 | 0,1,2 7B o ) .
L 2 1™ 2z i1,1,01,1101,81,1,81,1 +01,81,2,i1,2,i1,2+03,i1,2 +02.i2
Ny>2N;=2 | 0,.,N0,—1 | 0,..%2%2_1 101012 7.0 o . .
2 i1,1,811+01,811,811+01,i12,i12,81,2+02,i1 2+03,i2
(7, i3)

N{>2,N,>2 0,.,NO; -1 0,..,N,0,—-1 0,1 012 ST L L . .
L 2 17 vz i1,1,01,1101,81,1,81,1 + 01,81,2,i1,2,i1,2+03,i1,2 +02.i2
Where

(7, 0)
R ',l ”,l”’,m,m ‘m ”,m”’,n
_ 1 [ vl'm vl,m vl’,m' vlrr,mn vlrr,mn vlm’mm vlm, m ]
¢—7PCSI-RS q;nvl'm —gonvl,m (p‘l’lvl’_m’ vlrr,mn —vln'mn vlm'mm —Ulm,mw
(7,1)
Wl,l e m
_ 1 [vlrr’mn vln,mrr vl',m' vl,m vl'm vlm'mw vlw’mm ]
7PCSI_RS vl/r’mw —vlu’mu (pnvl/’mr (pnvl'm —(pnvl’m Ulm'mm —vlm’mm
(7,2)
Wl,l e
_ 1 [ vl,n,m,,y vl,n,m,,y vl’,m' vl/r’mu vl/r’mn vl,m vl'm ]
7PCSI-RS Ulm,mm —vlw,mm (pnvlr,m/ vlu'mu —vln’mu (pnvl'm _(pnvl,m
Table 3
3 > 3 > 3 s - (7; 0)
[0080] Based on the value ‘00’ or ‘01’ or ‘10’ of the subfield iz, W". .. . ., . or
LI I mmmmmn
7,1 7,2 . .
waD ., W R s signaled as the precoder.
LIl mmmmmn Ll mmmmmn

[0081] A fourth sub-embodiment of the first embodiment relates to enhancement to Rank
8 codebook.
[0082]
layer CSI reporting using antenna ports 3000 to 2999+Pc¢s|.rs as follows:

Table 5.2.2.2.1-12 in section 5.2.2.2.1 of TS 38.214 gives the codebook for 8-
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codebookMode = 1-2

11 12 L
N,04 ®
Ni=4N; =1 0,.., 2 1 0 0,1 Wi1,1.i1,1+01.i1,1+201.i1,1+301.0.0.0.0.i2
_ ©))
Ni>4N; =1 0,..,N,0, -1 0 0,1 Wi1 1,81,1101,i11+204,i11+301,0,0,0,0,i3
_ _ ©))
Ny=2,N; =2 0,..,N,0, -1 0,..,N;0, -1 0,1 Wi1 1,811+01,i1,1,i1,1+101,i1,2,81,2,i12+02,i12+02,i2
N,0, (8)
Ni1>2,N; =2 0,..,N,0, -1 0,.. 2 1 0,1 Wi1,1,i1,1+01.i1,1.i1,1+01.i1,z.i1,z.i1,z+02,i1,z+02.i2
®
Ni>2,N; >2 0,..,N:0, -1 0,..,N;0; -1 0,1 Wi1,1.i1,1+01.i1,1.i1,1+01.i1,z.i1,z.i1,z+02.i1,z+02.i2
where
w® 1 [ Vim Vim Vem' Vrm’ Urm™ Urm” VUrm™ Vrm” ]
LU mm m m m PnVim  —PuVim  PuV'm’ —PaV’m’ V'm' “Vi'm” Ulm” “Vrmml

[0083] For rank 8, four beams ((I, m), (I’,m"), 1", m"),(I”",m'™)) are used, where each
beam is used to transmit two layers utilizing the two polarization directions (with OCC (+1, +1)
and (+1, -1)).

[0084] For rank 8, 4 layers are transmitted in the first codeword and 4 layers are

transmitted in the second codeword. The 4 layers transmitted in the first codeword are indicated

by the first four columns of the precoder (e. g.,W(SV) «w .« )and the 4 layers transmitted in
L, mmmom,n

the second codeword are indicated by the last four columns of the precoder. Based on the legacy

codebook in table 5.2.2.2.1-12, the only one precoder w® » o indicates that the first

LU mm' m"m
codeword contains the two layers transmitted by beam (I, m) with OCC (+1, +1) and (+1, -1)
and the two layers transmitted by beam (I, m") with OCC (+1, +1) and (+1, -1), and the second
codeword contains the two layers transmitted by beam (1", m") with OCC (+1, +1) and (+1, -1)
) with OCC (+1, +1) and (+1, -1).

rr

and the two layers transmitted by beam (I, m
[0085] Similar to the enhancement to rank 6 codebook, two new precoders are proposed

for rank 8:

[0os6] weY =

T
1 Vim Vim Ym' o V' Vim' Vi'm' Vrmt Urm” "
8PCSI N (pnvl’m —¢nvl'm vl//,mw —vl N'm/r ¢nvl /'mr —wnvlr'm/ vlm’mm —vlm'mm b

which the beam (I, m) are the beam (1", m") are in the first codeword while the beam (I',m’)

and the beam (I"",m"") are in the second codeword; and

[0og71 w®? =

LI,L,Il mmmmmn

1 [ Ul,m vl,m vlw,mm vlw,mm vlr/,mn vlrr,mu vl’,m' vl, m
8P

_ o D w Do w —Dn . . —g.p. | nwhich
PnVim PnVim Yy ,m 4] m Uy ,m 4] ,m Pnly ,m Py ,m

CSI-RS
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the beam (I, m) and the beam (I, m"") are in the first codeword while the beam (I",m") and
the beam (1’,m") are in the second codeword.

[0088] To distinguish three precoders for rank 8 (legacy precoder in Table 5.2.2.2.1-12 in
section 5.2.2.2.1, two new precoders for rank 8), a new subfield i3 of 2 bits with value ‘00’ or
‘01° or “10° (i.e., 0, 1, 2) is added to signal to the UE which precoder for rank 8 is to use. As a

whole, the codebook for rank & is enhanced as in Table 4.

codebookMode = 1-2

11 i1 iz i3
N,0,4
Nl = 4'N2 0!"" (8'i3)
— 1 2 0 0’ 1 0’ 1’ 2 Wil,lvil,l+01;i1,1+201vi1,1+301.0;0.0‘0vi2
-1
Ny >4,N, 0,..,N,0, (8i3)
=1 -1 Y 0’ 1 0’ 1‘ 2 Wil'l,illl+01,i1'1+201,i1,1+301,0,0,0,O,i2
N1 == Z,NZ 0,...,N101 (8,i3)
=2 -1 0,..,N;0,—-1 0,1)01.2 wi1,1.i1,1+01.i1,1.i1,1+01.i1,2.i1,z.i1,z+02.i1,2+02-i2
N1 > Z,NZ 0,...,N101 NZOZ (8,i3)
=2 -1 0,.. 2 1 011012 Wl'1,1.i1,1+01.i1,1.i1,1+01,i1,z,i1,z,i1,z+Oz,i1,z+02.iz
N{>2,N, 0,..,N,0, (8,i3)
> 2 -1 0,...N;0, -1 011012 Wi1.1.i1,1+01.i1.1.i1,1+01.i1,2.i1,z.i1,z+02,i1,2+02.i2
where
8,0
e

Ll mmmmmn
vl,m vl,m vlr,mr vlr,mr Ul”,m” vln,mu vlm,mm vlm,mm ]

1
8Pcsirs [‘Pn”l,m TPnVim PnVim’ TPnVim’ Vim” TV0m” Vm” TVm”

W(8’1)

L, mmmmn

—_ ; [ vl,m Ul,m vl",m" vl”;m” vlr,mr vlr,mr vlm,mw vlnr,mm ]
/ 8PCSI-RS (pnvl,m —<pnvl_m vl”,m” _vl”,m” (p"vl',m’ _(pnvl',m' vlm,mm _vlm’m,,,
W(&Z) Vim Vim UV Vi'm” Vrm” Urw" Urm’ VU m' ]

/ - [
L mm m mn — [gp | PnVim ~PnVim V" TV Vrwmt TV Pallm’ T PaVim

Table 4

. 8,0
[0089] Based on the value ‘00° or ‘01’ or ‘10’ of the subfield i5, w@ ., . or
L, mmm mn
8,1 8,2 o
weD ., e W®B L s signaled as the precoder.
LLl,lmmmmmn il mmmmn

[0090] As a whole, according to the first embodiment related to codebook based PUSCH
transmission, new precoders are added to each of the codebooks for ranks 5 to 8, and a new
subfield i3 is further added in the codebook to indicate which precoder is applied. When a
different precoder is applied, the layers transmitted in the first codeword and the layers

transmitted in the second codeword can be dynamically configured.
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[0091] In the first embodiment, different precoders are different permutations of the same
set of N (N is 5 to 8) transmission layers. For example, for two precoders for Rank 5 (i.e., N=15)
in Table 1, both precoders are for the same 5 layers (i.e., two layers transmitted by beam (I, m),

two layers transmitted by beam (I',m’) and one layer transmitted by beam (I",m")). The

(5,0

difference of the two precoders lies in that, when W07
LIl mmm

" is indicated, the two layers

transmitted by beam (I,m) is in the first codeword; and the two layers transmitted by beam

(I'm") and one layer transmitted by beam (I",m") are in the second codeword, while the

wb " is indicated, the two layers transmitted by beam (I, m") is in the first codeword;

LU mm'm’,
and the two layers transmitted by beam (I, m) and one layer transmitted by beam (1", m") are in
the second codeword.

[0092] According to the first embodiment, different permutations allocate the same N (N
is 5 to 8) transmission layers into two groups, where a first group has |N /2] layers and a second
group has [N /2] layers. For example, for two precoders for Rank 5 in Table 1, the first group has
IN/2] =[5/2] = 2 layers; and the second group has [N/2] =[5/2] = 3 layers. Incidentally, [x]
means the smallest integer that is equal to or larger than x; while |x| means the largest integer
that is equal to or smaller than x.

[0093] For ranks 5, 7 and 8§, if a beam is used to transmit two layers with two different

OCCs on two polarization directions, these two layers are in the same group. For example, for

5.0
11 ',l”,m,m'.m

rank 5, for the permutation of W " the two layers transmitted by (I, m) are in the first

group; and the two layers transmitted by (I, m’) are in the second group; while for the

(G,

permutation of W00
LIl mm.m

.« the two layers transmitted by (I, m) are in the second group; and

the two layers transmitted by (I, m") are in the first group.

[0094] For each of ranks 5 and 7, there 1s a beam used to transmit only one layer with
orthogonal cover code (+1, +1), that is, beam (I",m") for rank 5 and beam (I',m") for rank 7.
The beam used to transmit only one layer with orthogonal cover code (+1, +1) is always
transmitted in the codeword with odd number of layers. The beam (I”,m") for rank 5 is always
in the second group (i.e., transmitted in the second codeword which has 3 layers); and the beam
(I, m") for rank 7 is always in the first group (i.e., transmitted in the first codeword which has 3
layers).

[0095] For each of ranks 5 to 8, if a co-phasing factor (i.e., i, in each of codebooks in

Tables 1 to 4) is applied to the two different polarizations of the same beam, the co-phasing
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factor is unchanged as the layers are permutated in different precoders. As an example, for rank

5w Vim ”lm Vim YU'm VUm0 _
LUl mm.m'n , PnVim PaVim Uiy’ “VUr'm Vim"l LU mm m'n
CSI RS ’ ’
1 Urm VUrm' Vim Vim Ur'm”
—,,"’ ’ ; the parameter is unchanged as the
5P [vl',m' “Vim' PnVim —PaVim Vi'm p Pn £
CSI-RS
: (5,0 . (5,1)
first 2 layers in W . moved to layers 3 and 4 in W

LU mm.m'n L mm.m'n

[0096] For each of ranks 5 to 8, if an OCC code (e.g., (+1, +1) or (+1, -1)) is applied to
the two different polarizations of the same beam, the OCC code is unchanged as the layers are

permutated in different precoders. For example, for two precoders for Rank 5 in Table 1, in each

of the permutation of w?)

Ll mmmn

. 51
and the permutation of weh
LIl mmmn

, the OCC code (+1,
+1) 1s always applied to the first layer transmitted by beam (I, m), the first layer transmitted by
beam (I',m") and the single layer transmitted by beam (I",m"); and the OCC code (+1, -1) is
always applied to the second layer transmitted by beam (I, m) and the second layer transmitted
by beam (I',m").

[0097] For rank 6, different pairs of layers transmitted by the same beam are split
between different codewords (i.e., between the first codeword and the second codeword). For

example, for the precoder

(6,0) Vim Vim vl',m' vl',m' vl”,m” vl”,m”

W, " I —————
LIl mmmn 6P cqpps PuVim —PuVim <pnv,/’m/ —(pnv,f’mf vl”'m” —vl"'m”

], the

pair of layers transmitted by beam (I',m’) are split between the first codeword and the second

codeword; for the precoder
W(G,l) _ 1 vl',m' vl 'm vl'm vl'm vl"'mn vl"'mn he
LLE mm m 6Pegps LPnVUm TPuVim’ PnVim —PuVim Vi'm" “Vi"m']

pair of layers transmitted by beam (I, m) are split between the first codeword and the second

codeword; and for the precoder
W(G'Z) _ 1 [ ‘ULm VLm vl",m” vl”,m" vl',m' vl,,m' ] the
l,l',l",m,m'.m",n _6PCSI < (pnvl’m _(pnvl'm vl”,m” _vl”,m" (pnvlv'mr —(pnvlr,mr 5

pair of layers transmitted by beam (I",m") are split between the first codeword and the second
codeword.
[0098] For rank 8, the first pair of layers transmitted by the same beam (i.e., the pair of

layers transmitted by (I, m)) are always in the first group (i.e., in the first codeword), and the
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other pairs of layers transmitted by the same beam (i.e., the pair of layers transmitted by (I, m’),
the pair of layers transmitted by (I",m"), and the pair of layers transmitted by (I"',m")) are in

the first group (i.e., in the first codeword) in different precoders, respectively. That is, for the

precoder

(8,0) _

U manm =

1 vl,m vl’m vl',m' vl',m' vl”,m” vl”,m” vlm.mm vl”’;mm the air
8P (g rs PnVim  —PnVim PnVim’ —PnVi'm' Vi'm' “Vi'm" V'm” TV’ P

of layers transmitted by (I, m) and the pair of layers transmitted by (I', m’) are in the first group

(in the first codeword); for the precoder
(8,1) —
Wl,l',l ”,lm,m,mr.m”,mm,n -
1 vl'm vl,m vl n'm " vl H'mn vl ,,m, vl ,,m, vl m,mm vl m,mm the air
8PCSI_RS (pnvl,m _(pnvl,m vln’mu —vlu'mu @nvlr'mr —(pnvlr,m/ vlnr’mm —Ulm,mm b p

of layers transmitted by (I, m) and the pair of layers transmitted by (1", m") are in the first group

(in the first codeword); for the precoder

w82 —

LIl mmmmn
vl,m vl,m vl m vl m vl ,m vl m vl ,m vl ,m

1
— _ Y m Drw —n - L the
,BPCSI-RS [(pnvl,m PnVim 7V m L] m L4 m L4 m PnV; m PnV ,m] ’

pair of layers transmitted by (I, m) and the pair of layers transmitted by (I",m") are in the first
group (in the first codeword).

[0099] A second embodiment relates to solutions for non-codebook based PUSCH
transmission.

[00100] The second embodiment proposes a new SRS resource indication scheme for
ranks 5 to 8 to allow the gNB to direct the layers into the two codewords, so that layers of similar
strengths are in a same codeword to allow a MCS better matched with their effective SNRs. This
can be done by designing new SRI for non-codebook based PUSCH for UE with 8 TX antenna
ports.

[00101] In particular, when the maximal possible rank is more than 4

(L, = min{L,4x, Nsrs}=5), the SRI field indicates not only the subset of & SRS resources out of

Ngrs SRS resources in the SRS resource set, but also which SRS resources to use in each of the

codewords for ranks 5 to 8. L, ,, 15 the maximal number of layers for the PUSCH transmission.
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[00102] Different methods are proposed to indicate the SRS resources to use in the
PUSCH transmission for each of the two codewords. Because the number of layers used in the
two codewords are different for different ranks, the number of possible combinations (and their
formula) for each rank is also different.

[00103] A first sub-embodiment of the second embodiment relates to a first method.

[00104] According to the first method, to signal which SRS resources to use in each of the
two codewords, the SRI can include two parts (may be referred to as two subfields): SRI; and
SRI,. SRI; indicates a set of k; SRS resources out of Ngzs SRS resources to use in the first
codeword, and SRI; indicates a set of k, SRS resources out of Nggs — k; SRS resources to use in
the second codeword. It implies that the SRS resources used in the first codeword are different
from the SRS resources used in the second codeword, that is, a first subset of SRS resources used
in the first codeword and a second subset of SRS resources used in the second codeword have no
elements in common. The total transmission rank is k = k; + k.

[00105] Incidentally, SRI; and SRI, may be regarded as two separate fields, e.g., in DCI
or in RRC signaling, instead of being two subfields in SRI field.

[00106] For example, when the SRS resource set contains Nggg = 8 SRS resources {So, Sy,
S», Ss, Sa, Ss, Se, S7}, SRI; = {So, S1}, SRI= {S4, Ss, S¢}. The total rank is 5. In particular, the
first codeword contains SRS resources {Sy, S;} and the second codeword contains SRS resources
{S4, Ss, Se}.

[00107] When the maximal number of layers is L, = min{L,,,., Nsgs}=5, the total
number of states (codepoints in the SRI field) indicated by SRI; and SRI, are: N5 =

L () CP) Y =0 =3+ (3D O+ O+

(§)+(2)+ (g)(8;2):8+28+56+70+28><20=722.

[00108] When the maximal number of layers is L, = min{L,,,., Nsgs} =6, the total

number of states indicated by SRI; and SRI, are: Ng = Yr_, (N;Rs) + (NZRS ) (NSRSB_ 2) +

(M) (M5, %) 10 ges =8 = ks () + () (852 + () (B3 %) =8+ 28+ 56+

70 +28x20 + 56x10 = 1282.
[00109] When the maximal number of layers is L, = min{L,,,x, Nsgs} =7, the total

number of states indicated by SRI; and SRI, are: N, = Yr_,; (N;Rs) + (N;RS) (NSRSB_ 2) +
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(52 (72 () (B 77) o s =m =3 ()4 () (75 7) +

(2) (8 ; N+ (g) (® . 3) =8+ 28+ 56 + 70 + 28x20 + 56x10 + 56x5 = 1562.

[00110] When the maximal number of layers is L, = min{L,,,., Nsgs}=8, the total

number of states indicated by SRI; and SRI, are: Ng = Y 5_, (NSRS) + (NSRS) (NSRS B 2) +

k 2 3
(NSSRS) (NSRE_ 3) " (N_;RS) (NSRZ_ 3) + (NZRS) (NSRZ_ 4). If Ngps =8, Ng = Y5, (2) +
O3+ QO BT+ Qs meseemean-so

+56x5 +70x1 = 1632.

[00111] To summarize, the number of states (SRI codepoints) required for rank 5 < L < 8

saiventy = 2t () + 3t (5) (Y2 )

[00112] The number of bits required for the SRI field is [log,(N;)]. If Nggs = 8, the
number of bits for L = 5 to 8 are [log,(722)] (=10), [log,(1282)] (=10), [log,(1562)]
(=10), [log,(1632)] (=11), respectively.

[00113] A second sub-embodiment of the second embodiment relates to a second method.

[00114] According to the second method, to signal which SRS resources to use in each of
the two codewords, the SRI can include two parts (may be referred to as two subfields): SRI, and
SRI;. SRI, first indicates a set of & SRS resources out of Ngzs SRS resources to use in both
codewords, and SRI; indicates a set of k; SRS resources out of the k SRS resources signalled in
SRI, to use in the first codeword. Obviously, SRI; may be replaced by SRI; indicating a set of &,
SRS resources out of the k SRS resources signalled in SRI, to use in the second codeword. It
means that a third subset of SRS resources used in both the first codeword and the second
codeword, and a fourth subset of SRS resources used in either the first codeword or the second
codeword are indicated in the SRI. Incidentally, SRI, and SRI;, (or SRI, and SRI;) may be
regarded as two separate fields, e.g., in DCI or in RRC signaling, instead of being two subfields
in SR field.

[00115] For example, when the SRS resource set contains Nggg = 8 SRS resources {Sy, S,
Sa, S3, S4, Ss, Se, S7}, SRL; = {So, Si, S4, Ss, Se}, SRI; = {S¢, S1} (or SR, = {S4, Ss, Se}). The
total rank is 5. In particular, the first codeword contains SRS resources {Sy, S;} and the second

codeword contains SRS resources {S4, Ss, S¢}.
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[00116] According to the second method, when the maximal number of layers is L, =

min{L,, .., Nsgs} =5, the total number of states indicated by SRI, and SRI, are: Ny =

s (NicRS) 4 (N%RS) (g) If Nggs = 8, Ng = X4_, (i) 4 (g) (;’) =8 +28+56+70+56 <10

=722.
[00117] When the maximal number of layers is L, = min{L,, 4., Nsps} =6, the total

number of states indicated by SRI; and SRI,are: Ny = Y4 _; (NicRS ) + (NSSRS ) (g) + (N56R5 ) (g)

If Nggs = 8, Ny = 32 _, (2) + (g) (g) + (2) (S) =8 +28+56+70 + 56 x10 + 28x20 = 1282.

[00118] When the maximal number of layers is L, = min{L,,q., Nsgs} =7, the total

T ) _va4 (Nsgs Ngrs\ (5
number of states indicated by SRI; and SRIL, are: N, = k=1< X )+< c )(2)+

(") G+ (5) (5): 10 ns =807 =2k () + (5) )+ (D) )+ () () 8 -
28+ 56+ 70 + 56 x10 + 28x20 + 8x35 = 1562.

[00119] When the maximal number of layers is L, = min{L,q, Nsps} =8, the total

.. N N 5
number of states indicated by SRI, and SRI, are: N8=Z§=1( ?{Rs)+( SSRS) (2)+

() @)+ (5 Q)+ () () 1 msws =8 s =3 () + () () + () () +

(g) (g) + (g) (Z)=8+28+56+70+56 10 + 28%20 + 8x35 + 1% 70 = 1632.

[00120] To summarize, the number of states (SRI codepoints) required for rank 5 < L < 8

is givenby N, = Y#_, (NicRS) + Yk . (NiRS) ([l/ZZJ)

[00121] The number of bits required for the SRI field is [log,(N;)]. If Nggs = 8, the
number of bits for L = 5 to 8 are [log,(722)] (=10), [log,(1282)] (=10), [log,(1562)]
(=10), [log,(1632)] (=11), respectively.

[00122] It can be proven that the number of states, or the total number of bits required for
the first method and for the second method are the same.

[00123] A third sub-embodiment of the second embodiment relates to a third method:

[00124] According to the third method, each SRS resource in the SRS resource set is
assigned to one of three states, i.e., a first state: it is used to transmit in the first codeword; a
second state: it is used to transmit in the second codeword; and a third state, it is not used to

transmit. For a SRS resource set with 8 SRS resources, the total number of states is 3% =6561,
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which requires [log,(6561)] = 13 bits. That is, for Ngzs>4 (e.g., Nggg = 5 to 8), the number of
states is 3VsRs and the number of bits required is [log, (3VsRS)].

[00125] For Nggs <4 (e.g., Nggs = 1 to 4), because there is only 1 codeword with maximal
rank of 4, an SRS resource has only 2 states, i.e., a first state: it is used in the PUSCH
transmission; and a second state: it is not used in the PUSCH transmission. The total number of
states is 2ISRs| which requires Nggg bits. An implementation is to use a bit map to signal whether
each SRS resource is used or not in the PUSCH transmission.

[00126] As a whole, according to the second embodiment related to non-codebook based
PUSCH transmission, the SRI indication is enhanced to indicate not only the SRS resources for
ranks 5 to 8, but also which SRS resources are to be transmitted in the first codeword and which
SRS resources are to be transmitted in the second codeword.

[00127] According to the first embodiment, the indication of the layers associated with the
first codeword and the layers associated with the second codeword is implemented in the TPMI
(i.e., enhanced TPMI), while according to the second embodiment, the indication of the layers
associated with the first codeword and the layers associated with the second codeword is
implemented in SRI (i.e., enhanced SRI).

[00128] The enhanced TPMI can be included in TPMI field; and the enhanced SRI can be
included in the SRI field. The TPMI field or the SRI field can be used in DCI format 0 1 or 0_2
to schedule dynamically scheduled PUSCH or type 2 configured-grant PUSCH, or in RRC
message (configuredGrantContig) to configure type 1 configured-grant PUSCH.

[00129] Figure 1 is a schematic flow chart diagram illustrating an embodiment of a
method 100 according to the present application. In some embodiments, the method 100 is
performed by an apparatus, such as a remote unit (e.g. UE). In certain embodiments, the method
100 may be performed by a processor executing program code, for example, a microcontroller, a
microprocessor, a CPU, a GPU, an auxiliary processing unit, a FPGA, or the like.

[00130] The method 100 is a method performed at a UE, comprising: 102 receiving a
control message scheduling a PUSCH transmission having N layers to be transmitted by a first
codeword and a second codeword, wherein, the control message includes a field that indicates
the layers associated with the first codeword and the layers associated with the second codeword,
wherein, N is 5, 6, 7 or 8; and 104 transmitting the scheduled PUSCH transmission according to

the control message.
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[00131] In some embodiment, the field is a transmission precoding matrix indicator
(TPMI) field, and a sub-field of the TPMI field signals the precoder to use from a set of
precoders in a N-layer codebook. Different precoders in the N-layer codebook may be different
permutations of the same N transmission layers. If a co-phasing factor is applied to the two
different polarizations of the same beam, the co-phasing factor is unchanged when the layers are
permutated in different precoders. If an OCC code is applied to the two different polarizations of
the same beam, the OCC code 1s unchanged as the layers are permutated in different precoders.
Different pairs of layers transmitted by the same beam may be split between the first codeword
and the second codeword in different precoders.

[00132] In some embodiment, the different permutations allocate the same N transmission
layers into a first group and a second group, and the first group has [N /2] layers and the second
group has [N /2] layers. If a beam is used to transmit two layers with two different orthogonal
cover codes, the two layers may be in the same group. If a beam is used to transmit only one
layer with orthogonal cover code (+1,+1), the beam may be always transmitted in the codeword
having odd number of layers. In some embodiment, the first pair of layers transmitted by the
same beam are always in the first group, and the other pairs of layers transmitted by the same
beam are in the first group in different precoders, respectively.

[00133] In some embodiment, the field is a SRS resource indicator (SRI) field, and the
SRI field indicates the SRS resources to use in the first codeword and the second codeword from
a SRS resource set.

[00134] The SRI field may indicate the SRS resources to use in the first codeword and the
SRS resources to use in the second codeword, respectively. In particular, the SRS resources to
use in the first codeword and the SRS resources to use in the second codeword have no SRS
resource in common. The SRI field may indicate the SRS resources to use in both the first
codeword and the second codeword and the SRS resources to use in one of the first codeword
and the second codeword, respectively. The SRI field may indicate, for each SRS resource in the
SRS resource set, one of a first state in which the SRS resource is to use in the first codeword, a
second state in which the SRS resource is to use in the second codeword, and a third state in
which the SRS resource is not used.

[00135] In some embodiment, the method further comprises transmitting SRS resources
for non-codebook, and the SRS resource set is determined from the SRS resources in a SRS

resource set for non-codebook.
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[00136] In some embodiment, the control message is a DCI format 0 1 or 0 2 that
schedule dynamically scheduled PUSCH or type 2 configured grant PUSCH. Alternatively, the
control message is a RRC message that schedules type 1 configured grant PUSCH.

[00137] Figure 2 is a schematic flow chart diagram illustrating an embodiment of a
method 200 according to the present application. In some embodiments, the method 200 is
performed by an apparatus, such as a base unit. In certain embodiments, the method 200 may be
performed by a processor executing program code, for example, a microcontroller, a
microprocessor, a CPU, a GPU, an auxiliary processing unit, a FPGA, or the like.

[00138] The method 200 may comprise 202 transmitting a control message scheduling a
PUSCH transmission having N layers to be transmitted by a first codeword and a second
codeword, wherein, the control message includes a field that indicates the layers associated with
the first codeword and the layers associated with the second codeword, wherein, N is 5, 6, 7 or §;
and 204 receiving the scheduled PUSCH transmission transmitted according to the control
message.

[00139] Figure 3 is a schematic block diagram illustrating apparatuses according to one
embodiment.

[00140] Referring to Figure 3, the UE (i.e. the remote unit) includes a processor, a
memory, and a transceiver. The processor implements a function, a process, and/or a method
which are proposed in Figure 1.

[00141] The UE comprises a transceiver; and a processor coupled to the transceiver,
wherein the processor is configured to receive, via the transceiver, a control message scheduling
a PUSCH transmission having N layers to be transmitted by a first codeword and a second
codeword, wherein, the control message includes a field that indicates the layers associated with
the first codeword and the layers associated with the second codeword, wherein, N is 5, 6, 7 or §;
and transmit, via the transceiver, the scheduled PUSCH transmission according to the control
message.

[00142] The gNB (i.c. the base unit) includes a processor, a memory, and a transceiver.
The processor implements a function, a process, and/or a method which are proposed in Figure 2.

[00143] The base unit comprises a transceiver; and a processor coupled to the transceiver,
wherein the processor is configured to transmit, via the transceiver, a control message scheduling
a PUSCH transmission having N layers to be transmitted by a first codeword and a second

codeword, wherein, the control message includes a field that indicates the layers associated with
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the first codeword and the layers associated with the second codeword, wherein, N is 5, 6, 7 or §;
and receive, via the transceiver, the scheduled PUSCH transmission transmitted according to the
control message.

[00144] Layers of a radio interface protocol may be implemented by the processors. The
memories are connected with the processors to store various pieces of information for driving the
processors. The transceivers are connected with the processors to transmit and/or receive a radio
signal. Needless to say, the transceiver may be implemented as a transmitter to transmit the radio
signal and a receiver to receive the radio signal.

[00145] The memories may be positioned inside or outside the processors and connected
with the processors by various well-known means.

[00146] In the embodiments described above, the components and the features of the
embodiments are combined in a predetermined form. Each component or feature should be
considered as an option unless otherwise expressly stated. Each component or feature may be
implemented not to be associated with other components or features. Further, the embodiment
may be configured by associating some components and/or features. The order of the operations
described in the embodiments may be changed. Some components or features of any
embodiment may be included in another embodiment or replaced with the component and the
feature corresponding to another embodiment. It is apparent that the claims that are not expressly
cited in the claims are combined to form an embodiment or be included in a new claim.

[00147] The embodiments may be implemented by hardware, firmware, software, or
combinations thereof. In the case of implementation by hardware, according to hardware
implementation, the exemplary embodiment described herein may be implemented by using one
or more application-specific integrated circuits (ASICs), digital signal processors (DSPs), digital
signal processing devices (DSPDs), programmable logic devices (PLDs), field programmable
gate arrays (FPGAs), processors, controllers, micro-controllers, microprocessors, and the like.

[00148] Embodiments may be practiced in other specific forms. The described
embodiments are to be considered in all respects to be only illustrative and not restrictive. The
scope of the invention is, therefore, indicated in the appended claims rather than by the foregoing
description. All changes which come within the meaning and range of equivalency of the claims

are to be embraced within their scope.
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CLAIMS

A user equipment (UE), comprising:

a transceiver; and

a processor coupled to the transceiver, wherein the processor is configured to

receive, via the transceiver, a control message scheduling a PUSCH transmission having
N layers to be transmitted by a first codeword and a second codeword, wherein,
the control message includes a field that indicates the layers associated with the
first codeword and the layers associated with the second codeword, wherein, N
1s 5, 6,7 or 8; and

transmit, via the transceiver, the scheduled PUSCH transmission according to the control

message.

The UE of claim 1, wherein,
the field is a transmission precoding matrix indicator (TPMI) field, and
a sub-field of the TPMI field signals the precoder to use from a set of precoders in a N-

layer codebook.

The UE of claim 2, wherein,
different precoders in the N-layer codebook are different permutations of the same N

transmission layers.

The UE of claim 3, wherein,
the different permutations allocate the same N transmission layers into a first group and a
second group, and

the first group has |N /2| layers and the second group has [N /2] layers.

The UE of claim 4, wherein,
if a beam is used to transmit two layers with two different orthogonal cover codes, the

two layers are in the same group.
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6. The UE of claim 4, wherein,
if a beam is used to transmit only one layer with orthogonal cover code (+1,+1), the beam

is always transmitted in the codeword having odd number of layers.

7. The UE of claim 3, wherein,
5 if a co-phasing factor is applied to the two different polarizations of the same beam, the
co-phasing factor is unchanged when the layers are permutated in different

precoders.

8. The UE of claim 3, wherein,
if an OCC code is applied to the two different polarizations of the same beam, the OCC

10 code is unchanged as the layers are permutated in different precoders.

9. The UE of claim 3, wherein,
different pairs of layers transmitted by the same beam are split between the first

codeword and the second codeword in different precoders.

10. The UE of claim 4, wherein,
15 the first pair of layers transmitted by the same beam are always in the first group, and the
other pairs of layers transmitted by the same beam are in the first group in

different precoders, respectively.

11. The UE of claim 1, wherein,
the field is a SRS resource indicator (SRI) field, and
20 the SRI field indicates the SRS resources to use in the first codeword and the second

codeword from a SRS resource set.

12. The UE of claim 11, wherein,
the SRI field indicates the SRS resources to use in the first codeword and the SRS

resources to use in the second codeword, respectively.
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The UE of claim 12, wherein,
the SRS resources to use in the first codeword and the SRS resources to use in the second

codeword have no SRS resource in common.

The UE of claim 11, wherein,
the SRI field indicates the SRS resources to use in both the first codeword and the second
codeword and the SRS resources to use in one of the first codeword and the

second codeword, respectively.

The UE of claim 11, wherein,

the SRI field indicates, for each SRS resource in the SRS resource set, one of a first state
in which the SRS resource is to use in the first codeword, a second state in which
the SRS resource is to use in the second codeword, and a third state in which the

SRS resource is not used.

The UE of claim 11, wherein,
the processor is further configured to transmit, via the transceiver, SRS resources for non-
codebook, and

the SRS resource set 1s determined from the SRS resources in a SRS resource set for non-

codebook.

The UE of claim 1, wherein,
the control message is a DCI format O 1 or 0_2 that schedule dynamically scheduled
PUSCH or type 2 configured grant PUSCH.

The UE of claim 1, wherein,

the control message is a RRC message that schedules type 1 configured grant PUSCH.

A method performed at a user equipment (UE), comprising:
receiving a control message scheduling a PUSCH transmission having N layers to be

transmitted by a first codeword and a second codeword, wherein, the control
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message includes a field that indicates the layers associated with the first
codeword and the layers associated with the second codeword, wherein, N is 5, 6,
7 or 8; and

transmitting the scheduled PUSCH transmission according to the control message.

A base unit, comprising:

a transceiver; and

a processor coupled to the transceiver, wherein the processor is configured to

transmit, via the transceiver, a control message scheduling a PUSCH transmission having
N layers to be transmitted by a first codeword and a second codeword, wherein,
the control message includes a field that indicates the layers associated with the
first codeword and the layers associated with the second codeword, wherein, N is
5,6, 7 or §; and

receive, via the transceiver, the scheduled PUSCH transmission transmitted according to

the control message.
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