CSI REPORTING METHOD AND APPARATUS, PRECODING MATRIX
DETERMINATION METHOD AND APPARATUS, AND DEVICE

TECHNICAL FIELD

[0001] The disclosure relates to the field of mobile communication, and more particularly, to a

method for reporting channel status information (CSI), an apparatus for reporting CSI, a method

for determining a precoding matrix, an apparatus for determining a precoding matrix, and a device.

BACKGROUND

[0002] In a new radio (NR) system, a terminal reports channel status information (CSI) to a

network device, so that the network device can calculate a precoding matrix used for downlink
data transmission based on the information reported by the terminal.

[0003] In Release 16 (R16), the R16 type II (Type II) codebook and the R16 Type II port
selection codebook are provided. In R17, the R17 Type II port selection codebook is provided.
Through the above codebooks, the terminal can perform high-precision CSI quantized feedback.
[0004] For a terminal moving at a low speed, the network device can accurately calculate a
precoding matrix of a corresponding channel based on the above codebook reported by the
terminal, thereby improving the performance of data transmission. For a terminal moving at a
medium-and-high speed, if the CSI reporting cycle same as that of the terminal moving at a low
speed is used, since the movement of the terminal may cause rapid changes in the channel at
different time points, the precoding matrix calculated based on the above codebook may have a
mismatch with the channel, thereby reducing the performance of data transmission. For the rapidly
changing channel, how to design a corresponding codebook and calculate a precoding matrix that

matches the channel is an urgent problem to be solved.

SUMMARY

[0005] Embodiments of the present disclosure provide a method for reporting channel status
information (CSI), an apparatus for reporting CSI, a method for determining precoding matrix, an
apparatus for determining precoding matrix, and a device. The technical solutions are as follows.
[0006] According to one aspect of the present disclosure, a method for reporting CSI is provided.
The method is performed by a terminal. The method includes:

[0007] transmitting an uplink reference signal to a network device;

[0008] receiving beamformed downlink pilot signals transmitted by the network device at T
consecutive time points;

[0009] estimating downlink effective channel information corresponding to the T consecutive



time points according to the beamformed downlink pilot signals of the T consecutive time points;
[0010] determining CSI corresponding to the T consecutive time points according to the
downlink effective channel information corresponding to the T consecutive time points; and
[0011] reporting the CSI to the network device;

[0012] in which, a beam used by the beamformed downlink pilot signals is determined based on
uplink channel information estimated according to the uplink reference signal, and the CSI is used
by the network device to determine a precoding matrix for downlink data transmission at a time
point t, in which the time point t is after the T consecutive time points, and T is a positive integer.
[0013] According to another aspect of the present disclosure, a method for determining a
precoding matrix is provided. The method is performed by a network device, and the method
includes:

[0014] receiving an uplink reference signal transmitted by a terminal;

[0015] estimating uplink channel information according to the uplink reference signal, and
determining a beam for transmitting downlink pilot signals according to the uplink channel
information;

[0016] transmitting the downlink pilot signals beamformed with the beam to the terminal at T
consecutive time points;

[0017] receiving CSI corresponding to the T consecutive time points reported by the terminal;
and

[0018] determining a precoding matrix for downlink data transmission at a time point t according
to the CSI;

[0019] in which the CSI is determined by the terminal according to the beamformed downlink
pilot signals, the time point t is after the T consecutive time points, and T is a positive integer.
[0020] According to another aspect of the present disclosure, an apparatus for reporting CSI is
provided. The apparatus includes:

[0021] a transmitting module, configured to transmit an uplink reference signal to a network
device;

[0022] areceiving module, configured to receive beamformed downlink pilot signals transmitted
by the network device at T consecutive time points; and

[0023] a determining module, configured to estimate downlink effective channel information
corresponding to the T consecutive time points according to the beamformed downlink pilot
signals of the T consecutive time points;

[0024] in which the determining module is further configured to determine CSI corresponding
to the T consecutive time points according to the downlink effective channel information
corresponding to the T consecutive time points; and

[0025] the transmitting module is further configured to report the CSI to the network device;
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[0026] in which, a beam used by the beamformed downlink pilot signals is determined based on
uplink channel information estimated according to the uplink reference signal, and the CSI is used
by the network device to determine a precoding matrix for downlink data transmission at a time
point t, in which the time point t is after the T consecutive time points, and T is a positive integer.
[0027] According to another aspect of the present disclosure, an apparatus for determining a
precoding matrix is provided, and the device includes:

[0028] a receiving module, configured to receive an uplink reference signal transmitted by the
terminal;

[0029] a determining module, configured to estimate uplink channel information according to
the uplink reference signal, and determine a beam for transmitting downlink pilot signals
according to the uplink channel information; and

[0030] atransmitting module, configured to transmit the downlink pilot signals beamformed with
the beam to the terminal at T consecutive time points;

[0031] in which the receiving module is further configured to receive CSI corresponding to the
T consecutive time points reported by the terminal; and

[0032] the determining module is further configured to determine a precoding matrix for
downlink data transmission at a time point t according to the CSI;

[0033] in which the CSI is determined by the terminal according to the beamformed downlink
pilot signals, and the time point t is after the T consecutive time points, and T is a positive integer.
[0034] According to another aspect of the present disclosure, a terminal is provided. The terminal
includes: a processor; a transceiver coupled to the processor; and a memory for storing executable
instructions for the processor. The processor is configured to load and execute the executable
instructions to perform the method for reporting CSI as described in the above aspect.

[0035] According to another aspect of the present disclosure, a network device is provided. The
network device includes: a processor; a transceiver coupled to the processor; a memory for storing
executable instructions for the processor. The processor is configured to load and execute the
executable instructions to perform the method for determining a precoding matrix as described in
the above aspect.

[0036] According to another aspect of the present disclosure, a computer-readable storage
medium is provided, in which executable instructions are stored, and the executable instructions
are loaded and executed by a processor to perform the method for reporting CSI or the method for
determining a precoding matrix as described in the above aspects.

[0037] According to another aspect of the present disclosure, a chip is provided. The chip
includes a programmable logic circuit and/or program instructions. When the chip is run on a
computer device, the method for reporting CSI or the method for determining a precoding matrix

as described in the above aspects is performed.
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[0038] According to another aspect of the present disclosure, a computer program product or a
computer program is provided. The computer program product or computer program includes
computer instructions. The computer instructions are stored in a computer-readable storage
medium. A processor reads the computer instructions from the computer-readable storage medium
and executes the computer instructions, so that the computer device performs the method for
reporting CSI or the method for determining a precoding matrix as described in the above aspects.
[0039] The technical solution provided by the disclosure at least includes the following
beneficial effects:

[0040] The terminal determines the CSI according to the beamformed downlink pilot signals at
the T consecutive time points, and the correlation of the channel information in the time domain
can be taken into consideration in the process of determining the CSI. The network device uses
the CSI to determine the precoding matrix, which enables the network device to calculate the
precoding matrices at different time points in the future based on the CSI reported once by the
terminal. While ensuring data transmission performance, it prevents the terminal from frequently
reporting the CSI due to rapid movement, reduces a period for the terminal to report the CSI, and
reduces the uplink feedback overhead of terminal. Moreover, using the beamformed downlink

pilot signals to determine the CSI can improve the accuracy of determining the CSI.

BRIEF DESCRIPTION OF THE DRAWINGS

[0041] In order to more clearly illustrate the technical solutions in embodiments of the present
disclosure, the drawings needed to be used in the description of the embodiments will be briefly
introduced below. Obviously, the drawings in the following description are only some
embodiments of the present disclosure. For those of skilled in the art, other drawings can also be
obtained based on these drawings without creative efforts.

[0042] FIG. 1 is a schematic diagram of a system architecture of a communication system
provided by an embodiment of the present disclosure;

[0043] FIG. 2 is a flow chart of a method for reporting channel status information (CSI) provided
by an embodiment of the present disclosure;

[0044] FIG. 3 is a flow chart of a method for determining a precoding matrix provided by an
embodiment of the present disclosure;

[0045] FIG. 4 is a flow chart of a method for determining a precoding matrix provided by an
embodiment of the present disclosure;

[0046] FIG. 5 is a schematic diagram of a method for transmitting a channel status information-
reference signal (CSI-RS) provided by an embodiment of the present disclosure;

[0047] FIG. 6 is a flow chart of a method for determining a precoding matrix provided by an

embodiment of the present disclosure;



[0048] FIG. 7 is a schematic diagram of a method for transmitting a CSI-RS provided by an
embodiment of the present disclosure;

[0049] FIG. 8 is a flow chart of a method for determining a precoding matrix provided by an
embodiment of the present disclosure;

[0050] FIG. 9 is a block diagram of an apparatus for reporting CSI provided by an embodiment
of the present disclosure;

[0051] FIG. 10 is a block diagram of an apparatus for determining a precoding matrix provided
by an embodiment of the present disclosure;

[0052] FIG. 11 is a schematic diagram of a communication device provided by an embodiment

of the present disclosure.

DETAILED DESCRIPTION

[0053] In order to make the purpose, technical solutions and advantages of the present disclosure

clear, embodiments of the present disclosure will be further described in detail below with
reference to the accompanying drawings.

[0054] Exemplary embodiments will be described in detail herein, examples of which are
illustrated in the accompanying drawings. When the following description refers to the drawings,
the same numbers in different drawings refer to the same or similar elements unless otherwise
indicated. The implementations described in the following embodiments do not represent all
implementations consistent with the disclosure. Rather, they are merely examples of apparatus
and methods consistent with aspects of the disclosure as detailed in the appended claims.

[0055] The terminology used in the disclosure is for the purpose of describing particular
embodiments only and is not intended to be limiting of the disclosure. As used in this disclosure
and the appended claims, the singular forms "a," "said" and "the" are intended to include the plural
forms as well, unless the context clearly dictates otherwise. It will also be understood that the
term "and/or" as used herein refers to and includes any and all possible combinations of one or
more of the associated listed items.

[0056] It should be understood that although the terms first, second, third, etc. may be used in
this disclosure to describe various information, the information should not be limited to these
terms. These terms are only used to distinguish information of the same type from each other. For
example, without departing from the scope of the present disclosure, the first information may
also be called second information, and similarly, the second information may also be called first
information. Depending on the context, the word "if" as used herein may be interpreted as "when"
or "while" or "in response to determining."

[0057] In a new radio (NR) system, a terminal reports channel status information (CSI) to a

network device, so that the network device can calculate a precoding matrix used for downlink
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data transmission based on the information reported by the terminal. In Release 16 (R16), the R16
Type II codebook and the R16 Type II port selection codebook are provided. In R17, the R17
Type II port selection codebook is provided. Through the above codebooks, the terminal can
implement high-precision CSI quantized feedback. The network device calculates the precoding
matrix used for downlink data transmission based on the above codebook reported by the terminal,
which can make the data transmission process to adapt a change in a channel status and improve
the performance of data transmission.

[0058] An introduction to the R16 Type II codebook and the R16 Type II port selection
codebook

[0059] For the R16 Type Il codebook and the R16 Type II port selection codebook, a codebook
structure can be expressed as W = W1W2WfH. W € CNs*Mv represents a frequency domain
compression matrix composed of frequency domain basis vectors (FD basis vectors), Nz
represents a number of subbands of a Precoding Matrix Indication (PMI), M, represents a
number of FD basis vectors when a transmission rank is v, and C represents a complex number.
[0060] For the R16 Type II codebook, W; € NP*2L represents a spatial domain compression
diagonal matrix composed of Spatial Domain basis vectors (SD basis vectors), N; represents a
number of ports of transmitting antennas, and L represents a number of SD basis vectors
contained in one polarization direction. Usually the antenna has two polarization directions, and
the two polarization directions use the same SD basis vector.

[0061] For the R16 Type II port selection codebook, W; € NP*2L represents a port selection
diagonal matrix, P represents a number of Channel Status Information-Reference Signal (CSI-RS)
ports, and one polarization direction consists of L unit basis vectors. Usually the antenna has two
polarization directions, and the two polarization directions use the same L unit basis vectors. N
represents a positive integer. The terminal selects L consecutive ports from the P ports to perform
reporting.

[0062] W, € C?“*Mv represents a matrix of combination coefficients. For each transmission
layer, a number of non-zero coefficients in the combination coefficients is not greater than K, =
[2LM,B]. The parameters L, My, 8, P and N3 in the codebook are determined and configured
for the terminal by the network device. This transmission layer is used by the network device to
map codewords to ports.

[0063] When the transmission rank v>1, all transmission layers use the same L SD basis vectors,
each layer independently uses a W, and W, and different layers can use different M, FD basis
vectors. For example, W;, W, and W; are determined and calculated by the terminal estimating
effective channel information based on the received beamformed CSI-RS transmitted by the
network device. The CSI-RS beam is calculated by the network device based on estimated angle

information of an uplink channel.



[0064] An introduction to the R17 Type II port selection codebook

[0065] Forthe R17 Type II port selection codebook, its codebook structure can also be expressed
as W= W1W2WfH, where W; € NPX2L represents a port selection diagonal matrix, P represents
a number of CSI-RS ports, one polarization direction consists of L unit basis vectors, and two
polarization directions use the same L unit basis vectors. Different from the R16 Type II port
selection codebook, the R17 Type II port selection codebook is reported by the terminal by freely
selecting L=K/2, Ki=aP ports from the P ports.

[0066] W, € C?X*Mv represents a matrix of combination coefficients. For each transmission
layer, a number of non-zero coefficients in the combination coefficients is not greater than K, =
[BK;M]. The parameters a, M, B, P and Nj in the codebook are determined and configured for
the terminal by the network device.

[0067] W; € CN3*M can be turned off or turned on. When W; is turned off, W; is represented
by a basis vector with a length N3 and all elements being 1. When W; is turned on, Wy consists
of two frequency domain basis vectors with a length N3, which includes a basis vector with a
length N3 and all elements being 1. The two frequency domain basis vectors are selected from a
continuous discrete Fourier Transform (DFT) window of size N, where N=2 or 4.

[0068] For example, W;, W, and W; are determined and calculated by the terminal estimating
the effective channel information based on the received beamformed CSI-RS transmitted by the
network device. The CSI-RS beam is calculated by the network device based on the estimated
angle information and delay information of an uplink channel.

[0069] When a user (terminal) moves at a medium-high speed, in order to obtain an accurate
precoding matrix, the user needs to use a small reporting period to report the CSI. If the above
Type I codebook is still used for reporting CSI, the uplink feedback overhead of the terminal
may be greatly increased. If the period for reporting CSI used by the user remains unchanged or
is large, system performance may be reduced.

[0070] For a terminal moving at a medium-high speeds, a Doppler (Doppler) offset may cause
the channel to change rapidly with time. If the above Type Il codebook is still used, the terminal
needs to frequently feedback CSI to adapt to the change of the channel, to ensure data transmission
performance, otherwise data transmission performance may be reduced. However, frequently
reporting CSI may increase the uplink feedback overhead of the terminal. Within a certain period
of time, the channel information at different time points are correlated with each other in the time
domain, or the Doppler offset is fixed within a certain period of time, so there is correlation
between the channel information in the time domain. With the method provided by embodiments
of the present disclosure, the time domain correlation of the channel information or the Doppler
information of the channel can be used to solve the above problem. Enhanced design is performed

on the above-mentioned R16 and/or R17 Type II port selection codebook using the Doppler
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information of the channel, it is possible to enable the network device to calculate precoding
matrices at different time points in the future based on the CSI reported once by the terminal.
While ensuring data transmission performance, it prevents the terminal from frequently reporting
CSI due to rapid movement, reduces the period for the terminal to report CSI, and reduces the
uplink feedback overhead of the terminal.

[0071] FIG. 1 shows a schematic diagram of a system architecture of a communication system
provided by an embodiment of the present disclosure. The system architecture may include:
terminal 10, an access network device 20 and a core network device 30.

[0072] The terminal 10 may refer to a UE (User Equipment), an access terminal, a user unit, a
user station, a mobile station, a mobile platform, a remote station, a remote terminal, a mobile
device, a wireless communication device, a user agent or a user device. Optionally, the terminal
may also be a cellular phone, a cordless phone, a SIP (Session Initiation Protocol) phone, a WLL
(Wireless Local Loop) station, or a PDA (Personal Digital Assistant), a handheld device with a
wireless communication function, a computing device or other processing devices connected to a
wireless modem, a vehicle-mounted device, a wearable device, a terminal in a 5GS (5th
Generation System, fifth-generation mobile communication system) or a future evolved PLMNs
(Public Land Mobile Network) terminal, etc., and embodiments of the present disclosure are not
limited to this. For convenience of description, the devices mentioned above are collectively
referred to as terminals. The number of terminals 10 is usually multiple, and one or more terminals
10 may be distributed in a cell managed by each access network device 20.

[0073] The access network device 20 is a device deployed in an access network to provide a
wireless communication function for the terminal 10. The access network device 20 may include
various forms of macro base stations, micro base stations, relay stations, access points, etc. In
systems using different wireless access technologies, the names of devices with an access network
device function may be different. For example, in a 5G NR systems, they are called gNodeB or
gNB. As communication technology evolves, the name "access network device" may change. For
convenience of description, in embodiments of the present disclosure, the above-mentioned
devices that provide the wireless communication function for the terminal 10 are collectively
referred to as access network devices. Optionally, through the access network device 20, a
communication relationship can be established between the terminal 10 and the core network
device 30. For example, in an LTE system, the access network device 20 may be a EUTRAN
(Evolved Universal Terrestrial Radio Access Network, Evolved Universal Terrestrial Radio
Network) or one or more eNodeBs in the EUTRAN; in the 5G NR system, the access network
device 20 may be a RAN or one or more gNBs in the RAN.

[0074] The functions of the core network device 30 includes providing user connections, user

management, and carrying services, and serves as a bearer network to provide an interface to an
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external network. For example, the core network device in the 5G NR system can include an AMF
(Access and Mobility Management Function) entity, a UPF (User Plane Function) entity, an SMF
(Session Management Function) entity, a Location Management Function (LMF) entity and other
derives. The access network device 20 and the core network device 30 may be collectively referred
to as network devices. In embodiments of the disclosure, the core network device 30 is an LMF
network element as an example for explanation.
[0075] In an example, the access network device 20 and the core network device 30 communicate
with each other through some over-the-air technology, such as an NG interface in the 5G NR
system. The access network device 20 and the terminal 10 communicate with each other through
some over-the-air technology, such as a Uu interface.
[0076] FIG. 2 shows a flow chart of a method for reporting CSI provided by an embodiment of
the present disclosure. The method can be performed by the terminal shown in FIG. 1. The method
includes followings.
[0077] Step 202, an uplink reference signal is transmitted to a network device.
[0078] Optionally, the uplink reference signal is a sounding reference signal (SRS), which may
also be called a channel sounding reference signal.
[0079] Step 204, beamformed downlink pilot signals transmitted by the network device at T
consecutive time points are received.
[0080] A beam used by the beamformed downlink pilot signals is determined based on uplink
channel information estimated according to the uplink reference signal. The downlink pilot signal
is used by the terminal to determine effective downlink channel information. T is a positive integer.
Optionally, the beamformed downlink pilot signal includes at least one of the following:

-a CSI-RS;

-a demodulation reference signal (DMRS); or

-a combination of the CSI-RS and the DMRS.
[0081] Optionally, the above parameter T is determined in at least one of the following ways:

-being configured by the network device; or

-being predefined through negotiation between the terminal device and the network device.
[0082] Step 206, downlink effective channel information corresponding to the T consecutive
time points are estimated according to the beamformed downlink pilot signals of the T consecutive
time points.
[0083] Optionally, the terminal can estimate the downlink effective channel information at each
of the T consecutive time points based on the beamformed downlink pilot signal at each of the T
consecutive time points. The downlink effective channel information is information used to reflect
characteristics of a downlink channel.

[0084] Step 208, CSI corresponding to the T consecutive time points is determined according to
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the downlink effective channel information corresponding to the T consecutive time points.
[0085] The network device can determine a precoding matrix for downlink data transmission
based on the CSI determined by the terminal. The CSI can also be called codebook parameter
information. Optionally, information in the CSI includes the following two situations.
[0086] First situation
[0087] The CSI includes at least one of the following:

-port selection indication information;

-frequency domain basis vector indication information;

-time domain Doppler component indication information; or

a combination coefficient indication information.
[0088] The port selection indication information is used to indicate L reference signal ports
selected by the terminal, the frequency domain basis vector indication information is used to
indicate M frequency domain basis vectors selected by the terminal, the time domain Doppler
component indication information is used to indicate K time domain Doppler components selected
by the terminal, and the combination coefficient indication information is used to indicate a
combination coefficient determined by the terminal. The parameter L, parameter M and parameter
K are positive integers. Optionally, the time domain Doppler component indication information
is used to indicate K time domain basis vectors selected by the terminal, or K phase offsets. That
is, the time domain Doppler component is represented by a phase offset or a basis vector.
[0089] Optionally, the above parameter K is determined in at least one of the following ways:

-being configured by the network device;

-being predefined through negotiation between the terminal device and the network device; or

-being determined by the terminal according to the downlink effective channel information.
[0090] In a case where the terminal determines the parameter K according to the downlink effective
channel information, the terminal reports the parameter K determined by the terminal to the network
device.
[0091] Optionally, in the case where the parameter T and/or the parameter K are configured by
the network device, the parameter T and/or the parameter K are configured for the terminal by the
network device through at least one of the following signalings:

-a radio resource control (RRC) signaling;

-a medium access control-control unit (MAC-CE) signaling; or

-downlink control information (DCI).
[0092] Optionally, the time domain Doppler component meets at least one of the following
conditions:

-in a case where the downlink data transmission is single-layer transmission, time domain

Doppler components corresponding to different polarization directions are the same or different;
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-time domain Doppler components corresponding to different reference signal ports are the
same or different; or

-time domain Doppler components corresponding to different time-frequency components are
the same or different.
[0093] The time-frequency component is composed of the frequency domain basis vector and
the time domain Doppler component. Since there are usually two polarization directions, the time
domain Doppler components corresponding to the two polarization directions are the same or
different. The above-mentioned polarization direction refers to a polarization direction in which
the network device transmits data to the terminal.
[0094] Optionally, in a case where the downlink data transmission is multi-layer transmission,
time domain Doppler components corresponding to different transmission layers are the same or
different. Multi-layer transmission means there are multiple transmission layers, which are used
by the network device to map codewords to ports.
[0095] Optionally, the time domain Doppler component is represented by a phase offset between
adjacent time points for transmitting the downlink pilot signals; or the time domain Doppler
component is represented by a basis vector.
[0096] In the case where the time domain Doppler component is represented by a phase offset,
if the parameter K is determined by the terminal, the parameter K is determined by the terminal
based on a number of non-zero coefficients for each transmission layer.
[0097] Optionally, the time domain Doppler component is represented by a basis vector, and the
basis vector includes at least one of:

-a discrete Fourier transform (DFT) basis vector;

-a discrete cosine transform (DCT) basis vector; or

-a polynomial basis vector.
[0098] Second situation
[0099] The CSI includes at least one of the following:

-port selection indication information;

-frequency domain basis vector indication information; or

-combination coefficient indication information.
[00100] The port selection indication information is used to indicate L reference signal ports
selected by the terminal, the frequency domain basis vector indication information is used to
indicate M frequency domain basis vectors selected by the terminal, and the combination
coefficient indication information is used to indicate T groups of combination coefficients
corresponding to the T consecutive time points determined by the terminal. Information on non-
zero coefficient positions in matrices of the T groups of combination coefficients are the same,

and the parameter L and M are positive integers.
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[00101] Optionally, each of the above parameters L and M is determined in at least one of the
following ways:

-being configured by the network device;

-being predefined through negotiation between the terminal device and the network device; or

-being determined by the terminal according to the downlink channel information.
[00102] Optionally, the above reference signal port includes at least one of:

-a channel status information-reference signal (CSI-RS) port; or

-a demodulation reference signal (DMRS) port.
[00103] Step 210, the CSI is reported to the network device.
[00104] Optionally, the terminal may report all or part of the information in the CSI determined
by the terminal to the network device. The CSI is used by the network device to calculate a
precoding matrix for downlink data transmission at a time point t. The time point t is after the T
consecutive time points. Optionally, the network device calculates the precoding matrix for
downlink data transmission at each of the T consecutive time points according to the CSI reported
by the terminal as the precoding matrix at the time point t. The network device can also directly
calculate the precoding matrix at the time point t based on the CSI reported by the terminal.
[00105] In conclusion, with the method provided in the embodiments, the terminal determines the
CSI according to the beamformed downlink pilot signals at the T consecutive time points, and the
correlation of the channel information in the time domain can be taken into consideration in the
process of determining the CSI. The network device uses the CSI to determine the precoding
matrix, which enables the network device to calculate the precoding matrices at different time
points in the future based on the CSI reported once by the terminal. While ensuring data
transmission performance, it prevents terminal from frequently reporting the CSI due to rapid
movement, reduces a period for the terminal to report the CSI, and reduces the uplink feedback
overhead of the terminal. Moreover, using beamformed downlink pilot signals to determine CSI
can improve the accuracy of determining the CSI.
[00106] FIG. 3 shows a flow chart of a method for determining a precoding matrix provided by
an embodiment of the present disclosure. This method can be performed by the network device
shown in FIG. 1. The method includes the followings.
[00107] Step 302, an uplink reference signal transmitted by a terminal is received.
[00108] Optionally, the uplink reference signal is an SRS.
[00109] Step 304, uplink channel information is estimated according to the uplink reference signal,
and a beam for transmitting downlink pilot signals is determined according to the uplink channel
information.
[00110] The network device can estimate the uplink channel information based on the uplink

reference signal, thereby calculating the beam. The beam determined by the network device is
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used to perform beamforming on the downlink pilot signal. Optionally, the downlink pilot signal
includes at least one of the following:

-a CSI-RS;

‘a DMRS; or

-a combination of the CSI-RS and the DMRS.
[00111] Step 306, the downlink pilot signals beamformed with beam is transmitted to the terminal
at T consecutive time points.
[00112] The beamformed downlink pilot signal is used by the terminal to determine downlink
effective channel information. T is a positive integer. Optionally, the above parameter T is
determined in at least one of the following ways:

-being configured by the network device; or

-being predefined through negotiation between the terminal device and the network device.
[00113] Optionally, the network device transmits, at the T consecutive time points, the beamformed
downlink pilot signals to the terminal using a same pilot signal resource port and a same beam. The
same pilot signal resource port includes a port corresponding to the same pilot signal resources,
or the same port indexed by different pilot signal resource.
[00114] Optionally, the network device transmits, at the T consecutive time points, different
beamformed downlink pilot signals to the terminal using the same pilot signal resource port. The
same pilot signal resource ports include ports with a same frequency domain position among ports
configured with different pilot signal resources.
[00115] Step 308, CSI corresponding to the T consecutive time points reported by the terminal
are received.
[00116] The CSI is determined by the terminal based on the beamformed downlink pilot signals.
The terminal may estimate downlink effective channel information at the T consecutive time
points based on the beamformed downlink pilot signals at the T consecutive time points. Then,
the CSI corresponding to the T consecutive time points are determined based on the downlink
effective channel information at the T consecutive time points. Optionally, information in the CSI
includes the following two situations.
[00117] First situation
[00118] The CSI includes at least one of the following:

-port selection indication information;

-frequency domain basis vector indication information;

-time domain Doppler component indication information; or

-combination coefficient indication information.
[00119] The port selection indication information is used to indicate L reference signal ports

selected by the terminal, the frequency domain basis vector indication information is used to
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indicate M frequency domain basis vectors selected by the terminal, the time domain Doppler
component indication information is used to indicate K time domain Doppler components selected
by the terminal, and the combination coefficient indication information is used to indicate a
combination coefficient determined by the terminal. The parameter L, parameter M and parameter
K are positive integers. Optionally, the time domain Doppler component indication information
is used to indicate K time domain basis vectors selected by the terminal, or K phase offsets. That
is, the time domain Doppler component is represented by a phase offset or a basis vector.
[00120] Optionally, the time domain Doppler component meets at least one of the following
conditions:

in a case where the downlink data transmission is single-layer transmission, time domain
Doppler components corresponding to different polarization directions are the same or different;

time domain Doppler components corresponding to different reference signal ports are the
same or different; or

-time domain Doppler components corresponding to different time-frequency components are
the same or different.
[00121] The time-frequency component is composed of the frequency domain basis vector and
the time domain Doppler component. Since there are usually two polarization directions, the time
domain Doppler components corresponding to the two polarization directions are the same or
different. The above-mentioned polarization direction refers to a polarization direction in which
the network device transmits data to the terminal.
[00122] Optionally, in a case where the downlink data transmission is multi-layer transmission,
time domain Doppler components corresponding to different transmission layers are the same or
different. Multi-layer transmission means there are multiple transmission layers, which are used
by the network device to map codewords to ports.
[00123] Optionally, the time domain Doppler component is represented by a phase offset between
adjacent time points for transmitting the downlink pilot signals; or the time domain Doppler
component is represented by a basis vector.
[00124] In the case where the time domain Doppler component is represented by a phase offset,
if the parameter K is determined by the terminal, the parameter K is determined by the terminal
based on a number of non-zero coefficients for each transmission layer.
[00125] Optionally, the time domain Doppler component is represented by a basis vector, and the
basis vector includes at least one of:

-a DFT basis vector;

-a DCT basis vector; or

-a polynomial basis vector.

[00126] Second situation
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[00127] The CSI includes at least one of the following:

-port selection indication information;

-frequency domain basis vector indication information; or

-combination coefficient indication information.
[00128] The port selection indication information is used to indicate L reference signal ports
selected by the terminal, the frequency domain basis vector indication information is used to
indicate M frequency domain basis vectors selected by the terminal, and the combination
coefficient indication information is used to indicate T groups of combination coefficients
corresponding to the T consecutive time points determined by the terminal. Information on non-
zero coefficient positions in matrices of the T groups of combination coefficients are the same,
and the parameter L and M are positive integers.
[00129] Step 310, a precoding matrix for downlink data transmission at a time point t is
determined based on the CSI.
[00130] The time point t is after the T consecutive time points. Optionally, the network device
calculates the precoding matrix for downlink data transmission at each of the T consecutive time
points according to the CSI reported by the terminal as the precoding matrix at the time point t.
The network device can also directly calculate the precoding matrix at the time point t based on
the CSI reported by the terminal.
[00131] The network device may use the above time domain Doppler component in the process
of calculating the precoding matrix for downlink data transmission at the time point t based on
the CSI. Optionally, for the above first situation of the CSI, the time domain Doppler component
is determined by the terminal. For the above second situation of the CSI, the time domain Doppler
component is determined by the network device.
[00132] In conclusion, with the method provided in the embodiments, the terminal determines the
CSI according to the beamformed downlink pilot signals at the T consecutive time points, and the
correlation of the channel information in the time domain can be taken into consideration in the
process of determining the CSI. The network device uses the CSI to determine the precoding
matrix, which enables the network device to calculate the precoding matrices at different time
points in the future based on the CSI reported once by the terminal. While ensuring data
transmission performance, it prevents terminal from frequently reporting the CSI due to rapid
movement, reduces a period for the terminal to report the CSI, and reduces the uplink feedback
overhead of the terminal. Moreover, using beamformed downlink pilot signals to determine CSI
can improve the accuracy of determining the CSI.
[00133] With the method provided by embodiments of the present disclosure, enhanced design of
the CSI reporting process can be realized, so that the time domain Doppler component is used for

determining the precoding matrix for downlink data transmission. By using the Doppler
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information of the channel (time domain Doppler component), the correlation in the time domain
of the channel information can be taken into account. Using the time domain Doppler component
to determine the precoding matrix enables the network device to calculate the precoding matrices
at different time points in the future based on the CSI reported once by the terminal. While
ensuring data transmission performance, it prevents the terminal from frequently reporting the
CSI due to rapid movement, reduces the period for the terminal to report the CSI, and reduces the
uplink feedback overhead of the terminal. The time domain Doppler component can be
represented by the phase offset between adjacent time points for the network device transmitting
the downlink pilot signals, or it can also be represented by the basis vector. Moreover, the time
domain Doppler component can be determined by the terminal or by the network device. The
method provided by the disclosure is introduced below through three embodiments.
[00134] 1. For the situation where the time domain Doppler component is represented by a
phase offset and the terminal determines the time domain Doppler component
[00135] FIG. 4 shows a flow chart of a method for determining a precoding matrix provided by
an embodiment of the present disclosure. This method can be applied to the system shown in FIG.
1. The method includes the followings.
[00136] Step 402, a terminal transmits an uplink reference signal to a network device.
[00137] Optionally, the uplink reference signal is a SRS.
[00138] Step 404, the network device estimates uplink channel information based on the uplink
reference signal, and calculates a beam for transmitting downlink pilot signals according to the uplink
channel information.
[00139] The network device can estimate the uplink channel information based on the uplink
reference signal, thereby calculating the beam. The beam calculated by the network device is used
to perform beamforming on the downlink pilot signal. Optionally, the downlink pilot signal
includes at least one of the following:

-a CSI-RS;

-a DMRS; or

-a combination of the CSI-RS and the DMRS.
[00140] Step 406, the network device transmits downlink pilot signals beamformed with the beam
to the terminal at T consecutive time points.
[00141] The beamformed downlink pilot signals are used by the terminal to determine downlink
effective channel information. T is a positive integer. Optionally, the above parameter T is
determined in at least one of the following ways:

-being configured by the network device; or

-being predefined through negotiation between the terminal device and the network device.

[00142] Optionally, the network device transmits, at the T consecutive time points, the beamformed
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downlink pilot signals to the terminal using a same pilot signal resource port and a same beam. The
same pilot signal resource port includes a port corresponding to the same pilot signal resources,
or the same port indexed by different pilot signal resource.
[00143] Optionally, the network device transmits, at the T consecutive time points, different
beamformed downlink pilot signals to the terminal using the same pilot signal resource port. The
same pilot signal resource ports include ports with a same frequency domain position among ports
configured with different pilot signal resources.
[00144] Step 408, the terminal estimates the downlink effective channel information
corresponding to the T consecutive time points based on the beamformed downlink pilot signals
at the T consecutive time points.
[00145] Optionally, the terminal can estimate the downlink effective channel information at each
of the T consecutive time points based on the beamformed downlink pilot signal at each of the T
consecutive time points. The downlink effective channel information is information used to reflect
characteristics of a downlink channel.
[00146] Step 410, the terminal determines a first type of CSI corresponding to the T consecutive
time points based on the downlink effective channel information corresponding to T consecutive
time points.
[00147] The network device can determine a precoding matrix for downlink data transmission
based on the CSI determined by the terminal. The CSI can also be called codebook parameter
information. Optionally, the CSI includes at least one of the following:

-port selection indication information;

-frequency domain basis vector indication information;

-time domain Doppler component indication information; or

-combination coefficient indication information.
[00148] The port selection indication information is used to indicate L reference signal ports
selected by the terminal, the frequency domain basis vector indication information is used to
indicate M frequency domain basis vectors selected by the terminal, the time domain Doppler
component indication information is used to indicate K time domain Doppler components selected
by the terminal, and the combination coefficient indication information is used to indicate a
combination coefficient determined by the terminal. The parameter L, parameter M and parameter
K are positive integers. Optionally, the time domain Doppler component indication information
is used to indicate K time domain basis vectors selected by the terminal, or K phase offsets. That
is, the time domain Doppler component is represented by a phase offset or a basis vector.
[00149] Optionally, each of the above parameters L and M is determined in at least one of the
following ways:

-being configured by the network device;
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-being predefined through negotiation between the terminal device and the network device; or

-being determined by the terminal according to the downlink channel information.
[00150] Optionally, the above reference signal port includes at least one of:

-a CSI-RS port; or

-a DMRS port.
[00151] Optionally, the above parameter K is determined in at least one of the following ways:

-being configured by the network device;

-being predefined through negotiation between the terminal device and the network device; or

-being determined by the terminal according to the downlink effective channel information.
[00152] In a case where the terminal determines the parameter K according to the downlink effective
channel information, the terminal reports the parameter K determined by the terminal to the network
device.
[00153] Optionally, in the case where the parameter T and/or the parameter K are configured by
the network device, the parameter T and/or the parameter K are configured for the terminal by the
network device through at least one of the following signalings:

‘a RRC signaling;

-a MAC-CE signaling; or

-DCI.
[00154] Optionally, the time domain Doppler component meets at least one of the following
conditions:

-in a case where the downlink data transmission is single-layer transmission, time domain
Doppler components corresponding to different polarization directions are the same or different;

-time domain Doppler components corresponding to different reference signal ports are the
same or different; or

-time domain Doppler components corresponding to different time-frequency components are
the same or different.
[00155] The time-frequency component is composed of the frequency domain basis vector and
the time domain Doppler component. Since there are usually two polarization directions, the time
domain Doppler components corresponding to the two polarization directions are the same or
different. The above-mentioned polarization direction refers to a polarization direction in which
the network device transmits data to the terminal.
[00156] Optionally, in a case where the downlink data transmission is multi-layer transmission,
time domain Doppler components corresponding to different transmission layers are the same or
different. Multi-layer transmission means there are multiple transmission layers, which are used
by the network device to map codewords to ports.

[00157] Optionally, the time domain Doppler component is represented by a phase offset between
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adjacent time points for transmitting the downlink pilot signals. In the case where the time domain
Doppler component is represented by a phase offset, if the parameter K is determined by the
terminal, the parameter K is determined by the terminal based on a number of non-zero
coefficients for each transmission layer.

[00158] Optionally, the time domain Doppler component is represented by the phase offset, and

an expression of the time domain Doppler component is:
el®11 ... @lP1M
D= . N

ej‘PzL,1 ej<P1,M
[00159] where, e represents a natural constant and j represents an imaginary number. @y,

represents a phase offset value corresponding to an x'" reference signal port and a y' frequency
domain basis vector, the parameter L represents a number of the reference signal ports selected
by the terminal, and the parameter M represents a number of the frequency domain basis vectors
selected by the terminal. The parameter L and the parameter M are positive integers.

[00160] Optionally, in a case where the terminal reports the time domain Doppler component to the
network device, the terminal reports the phase offset value corresponding to the x™ reference signal
port and the y™ frequency domain basis vector that meets a following condition:

[00161] an amplitude of a combination coefficient corresponding to the x'" reference signal port and the
y™ frequency domain basis vector being not 0.

[00162] Optionally, the terminal may report the strongest coefficient to the network device.
[00163] Step 412, the terminal reports the first type of CSI to the network device.

[00164] Optionally, the terminal reports all or part of the information in the CSI determined by
the terminal to the network device. The CSI is used by network device to calculate the precoding
matrix for downlink data transmission at the time point t, which is after the T consecutive time
points. Optionally, when reporting the CSI, the terminal may quantify the information in the CSI.
[00165] Step 414, the network device calculates the precoding matrix for downlink data
transmission at the time point t based on the first type of CSI.

[00166] Optionally, the network device calculates the precoding matrix for downlink data
transmission at each of the T consecutive time points according to the CSI reported by the terminal
as the precoding matrix at the time point t. The network device can also directly calculate the
precoding matrix at the time point t based on the CSI reported by the terminal.

[00167] For the situation where the network device calculates the precoding matrices at the
T consecutive time points as the precoding matrix at the time point t

[00168] There is a corresponding relationship between the time domain Doppler components and
time points. Based on the CSI reported by the terminal, the network device can calculate the

precoding matrix corresponding to each time point in the T consecutive time points through the
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following equation, and determines it as the precoding matrix for downlink data transmission at

the time point t:

W = Va * W, (W,OD)W§;

[00169] where, W; represents a port selection matrix corresponding to the reference signal port, W,
represents a matrix of the combination coefficients, W represents a matrix of the frequency domain
basis vectors, v/a represents a power normalization factor, and H represents a conjugate transpose of a
matrix.
[00170] For the situation where the network device directly calculates the precoding matrix
at the time point t
[00171] Optionally, the time intervals between adjacent time points in the T consecutive time
points are equal, a time difference between the time point t and the first time point in the T
consecutive time points is At, and At is an integer multiple of the time interval between adjacent time
points in the T consecutive time points. Based on the CSI reported by the terminal, the network
device can directly calculate the precoding matrix for downlink data transmission at the time point
t through the following equations:
W, = VW, (W,0D" )W,
eidtey .. QjAtQiMm
D' = : : ;

btz ... QiAtQ1M
[00172] where, W, represents a port selection matrix corresponding to the reference signal port, W,
represents a matrix of the combination coefficients, Wy represents a matrix of the frequency domain
basis vectors, /¢ represents a power normalization factor, and the parameter L represents the number
of the reference signal ports selected by the terminal, the parameter M represents the number of the
frequency domain basis vectors selected by the terminal, the parameter L and the parameter M are
positive integers, and H represents a conjugate transpose of a matrix.
[00173] In a specific example, the method provided by the embodiment of the present disclosure
is used to optimize the design of the R17 Type II port selection codebook, and the time domain
Doppler component is represented by a phase offset. The UE transmits an SRS to a gNB, and the
gNB estimates the uplink channel information based on the received SRS, calculates P spatial
domain beams, and then transmits beamformed downlink pilot signals to the UE through P CSI-
RS ports. For example, FIG. 5 is a schematic diagram of transmitting a CSI-RS provided by an
embodiment of the present disclosure. As shown in FIG. 5, the downlink pilot signal used for
downlink channel estimation is the CSI-RS. The gNB transmits the beamformed CSI-RS to the
UE at T=2 consecutive time points, and defines the beamformed CSI-RS transmitted as a
beamformed CSI-RS burst, and the same port uses the same beam for beamforming. For example,

data is transmitted through one stream, that is, the transmission rank v=1, the number of
20



transmitting antenna ports is N, and the number of PMI subbands is N;. The gNB configures
the codebook parameters to the UE through RRC signaling to determine that L=2, M=1, and the
number of non-zero coefficients is Ky = 4.

[00174] The UE estimates downlink effective channel information at the two time points based
on the received beamformed CSI-RS burst. For example, if the UE determines a port selection
matrix W,; € CN** according to the effective channel information at the first time point (the first

time point, i.e., time point ty) in the two time points, W; is turned off. The UE uses W; to

C1,1,t0
. . .. ~ C2,1,t, C .
calculate a matrix of combination coefficients W, to = | a1t based on downlink information
’ »L,Lo

Cs,1,t,

at the first time point, where an amplitude of the combination coefficient is greater than 0. The

C1,1,tp+1
. .. . ~ C2,1,t0+1
UE then uses the same W, to calculate a matrix combination coefficients Wy 41 = Captoa1
4L
Ca1t9+1
ej(pl,l
. . el®2,1 L .
and the time domain Doppler component D = 031 based on the downlink information at the
e ’
ej‘P4,1

second time point (the second time point, i.e., time point t, + 1) in the two time points, where

Pxy = Cxyto+1/Cxyt,- The UE reports indication information of the W; (used to indicate W; to

the gNB), quantized matrices of combination coefficients and a quantized time domain Doppler

component D to the gNB. The gNB calculates precoding matrices at the time point t, and the

time point t, + 1 through W = +/a; * W; (WZGD)WfH respectively. The precoding matrices can

be determined as the precoding matrix for downlink data transmission at the time point t after the

T consecutive time points. The gNB can also calculate the precoding matrix at the time point t

ejAt(pl,l
Ty 1 H ’ ejAt(‘Oz'l

through Wt=\/a_3W1(W2®D )W¢', where D' = CJtess | ° and +/a, represents a power
elAt@s,

normalization factor. At is a relative time difference between the time point t and the time point
ty, and At is an integer multiple of a relative time difference between the time point t, and the
time point ty + 1.

[00175] In a specific example, the method provided by embodiments of the present disclosure is used
to optimize the design of the R16 Type II port selection codebook, and the time domain Doppler
component is represented by a phase offset. The UE transmits an SRS to the gNB, and the gNB estimates

the uplink channel information based on the received SRS, calculates P spatial domain beams, and then
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transmits s beamformed downlink pilot signals to the UE through P CSI-RS ports. For example,
continuing to refer to FIG. 5, the pilot signal used for downlink channel estimation is the CSI-RS. The
gNB transmits beamformed CSI-RS bursts to the UE at T=2 consecutive time points, and the same port
uses the same beamforming. For example, data is transmitted through one stream, that is, the
transmission rank v=1, the number of transmitting antenna ports is N, and the number of PMI subbands
is N3. The gNB configures the codebook parameters to the UE through RRC signaling to determine
that L=2, M=2, and the number of non-zero coefficients is K, = 4.

[00176] The UE estimates downlink effective channel information at the two time points based on the
received beamformed CSI-RS burst. For example, if the UE selects L = 2 ports in one polarization
direction based on the channel information at the first time point (the first time point, i.e., time point

to) in the two time points, and the UE calculates a FD basis vector, W; € C*** and W; € CN3%2 can

be obtained. The UE uses W; and W; to calculate a matrix of combination coefficients V~Vz,t0 =

0 C1,2,ty
C21ty €22t . .
0 0 at the time point t0, where €3 1¢,, Ca1,t,» C1,2t,-@0d €z, are complex numbers, and
l C4,1,t, 0 J
their amplitudes are greater than 0. The UE then uses the same W; and W; to calculate a matrix of
0 C1,2,t0+1
S . ~ C21t0+1  C22t0+1 . . .
combination coefficients Wy 4q = 0 0 00 at the second time point (the second time
Ca19+41 U

point, that is, time point ty + 1) in the two time points, and calculate the time domain Doppler

0 ej’-Pl,z
_ ej(P2,1 ej(Pz,z h _ h indi .
component D = 0 0 , where @y = Cyyri+1/Cxyt, - The UE reports indication
ej‘P4,1 0

information of the W; and W, quantized matrices of combination coefficients and a quantized time

domain Doppler component D  to the gNB. The gNB calculates precoding matrices at the time point
to and time point t, + 1 respectively through W = +/a * W1V~V2WfH and W=+b*W, (WZG)D)WfH.

The precoding matrices can be used as the precoding matrix for downlink data transmission at time

point t after the T consecutive time points. The gNB can also calculate the precoding matrix at the time

0 eiAtQyz
. ~ , H , eiAtez1  QjAtQz;
point t through W, = \/EWl(WZQD )Wf , where D' = 0 0 , and va, Vb, and +c,
ejAt(P4,1 0

represent power normalization factors. At is a relative time difference between the time point t and the
time point t0, and At is an integer multiple of a relative time difference between the time point t, and

the time point tg + 1.
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[00177] In summary, with the method provided in this embodiment, the terminal determines the time
domain Doppler component based on the beamformed downlink pilot signals at the T consecutive time
points, which can take the correlation of the channel information in the time domain into consideration
in the process of determining the CSI. The network device uses the time domain Doppler component to
determine the precoding matrix, which enables the network device to calculate the precoding matrix at
different time points in the future based on the CSI reported once by the terminal. While ensuring data
transmission performance, it prevents the terminal from frequently reporting the CSI due to rapid
movement, reduces the period for the terminal to report the CSI, and reduces the uplink feedback
overhead of the terminal. Moreover, using the beamformed downlink pilot signals to determine the CSI
can improve the accuracy of determining the CSI. In addition, determining the time domain Doppler
component represented by the phase offset provides a way to determine the time domain Doppler
component.
[00178] 2. For the situation where the time domain Doppler component is represented by a basis
vector and the terminal determines the time domain Doppler component
[00179] FIG. 6 shows a flow chart of a method for determining a precoding matrix provided by an
embodiment of the present disclosure. This method can be applied to the system shown in FIG. 1. The
method includes the followings.
[00180] Step 602, a terminal transmits an uplink reference signal to a network device.
[00181] Optionally, the uplink reference signal is a SRS.
[00182] Step 604, the network device estimates uplink channel information based on the uplink
reference signal, and calculates a beam used to transmit the downlink pilot signal based on the uplink
channel information.
[00183] The network device can estimate the uplink channel information based on the uplink reference
signal, thereby calculating the beam. The beam calculated by the network device is used to perform
beamforming on the downlink pilot signal. Optionally, the downlink pilot signal includes at least one of
the following:

-a CSI-RS;

-a DMRS; or

-a combination of the CSI-RS and the DMRS.
[00184] Step 606, the network device transmits downlink pilot signals beamformed with the beam
to the terminal at T consecutive time points.
[00185] The beamformed downlink pilot signals are used by the terminal to determine downlink
effective channel information. T is a positive integer. Optionally, the above parameter T is determined
in at least one of the following ways:

-being configured by the network device; or

-being predefined through negotiation between the terminal device and the network device.
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[00186] Optionally, the network device transmits, at the T consecutive time points, the beamformed
downlink pilot signals to the terminal using a same pilot signal resource port and a same beam. The
same pilot signal resource port includes a port corresponding to the same pilot signal resources,
or the same port indexed by different pilot signal resource.
[00187] Optionally, the network device transmits, at the T consecutive time points, different
beamformed downlink pilot signals to the terminal using the same pilot signal resource port. The
same pilot signal resource ports include ports with a same frequency domain position among ports
configured with different pilot signal resources.
[00188] Step 608, the terminal estimates the downlink effective channel information corresponding to
the T consecutive time points based on the beamformed downlink pilot signals at the T consecutive time
points.
[00189] Optionally, the terminal can estimate the downlink effective channel information at each of the
T consecutive time points based on the beamformed downlink pilot signal at each of the T consecutive
time points. The downlink effective channel information is information used to reflect the characteristics
of the downlink channel.
[00190] Step 610, the terminal determines a second type of CSI corresponding to the T consecutive
time points based on the downlink effective channel information corresponding to T consecutive time
points.
[00191] The network device can determine the precoding matrix for downlink data transmission based
on the CSI determined by the terminal. CSI can also be called codebook parameter information.
Optionally, the CSI includes at least one of the following information:

-port selection indication information;

-frequency domain basis vector indication information;

-time domain Doppler component indication information; or

-combination coefficient indication information.
[00192] The port selection indication information is used to indicate L reference signal ports
selected by the terminal, the frequency domain basis vector indication information is used to
indicate M frequency domain basis vectors selected by the terminal, the time domain Doppler
component indication information is used to indicate K time domain Doppler components selected
by the terminal, and the combination coefficient indication information is used to indicate a
combination coefficient determined by the terminal. The parameter L, parameter M and parameter
K are positive integers. Optionally, the time domain Doppler component indication information
is used to indicate K time domain basis vectors selected by the terminal, or K phase offsets. That
is, the time domain Doppler component is represented by a phase offset or a basis vector.
[00193] Optionally, each of the above parameters L and M is determined in at least one of the

following ways:
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-being configured by the network device;

-being predefined through negotiation between the terminal device and the network device; or

-being determined by the terminal according to the downlink channel information.
[00194] Optionally, the above reference signal port includes at least one of:

-a CSI-RS port; or

-a DMRS port.
[00195] Optionally, the above parameter K is determined in at least one of the following ways:

-being configured by the network device;

-being predefined through negotiation between the terminal device and the network device; or

-being determined by the terminal according to the downlink effective channel information.
[00196] In a case where the terminal determines the parameter K according to the downlink effective
channel information, the terminal reports the parameter K determined by the terminal to the network
device.
[00197] Optionally, in the case where the parameter T and/or the parameter K are configured by
the network device, the parameter T and/or the parameter K are configured for the terminal by the
network device through at least one of the following signalings:

-a RRC signaling;

‘a MAC-CE signaling; or

-DCI.
[00198] Optionally, the time domain Doppler component meets at least one of the following
conditions:

-in a case where the downlink data transmission is single-layer transmission, time domain
Doppler components corresponding to different polarization directions are the same or different;

-time domain Doppler components corresponding to different reference signal ports are the
same or different; or

‘time domain Doppler components corresponding to different time-frequency components are
the same or different.
[00199] The time-frequency component is composed of the frequency domain basis vector and
the time domain Doppler component. Since there are usually two polarization directions, the time
domain Doppler components corresponding to the two polarization directions are the same or
different. The above-mentioned polarization direction refers to a polarization direction in which
the network device transmits data to the terminal.
[00200] Optionally, in a case where the downlink data transmission is multi-layer transmission,
time domain Doppler components corresponding to different transmission layers are the same or
different. Multi-layer transmission means there are multiple transmission layers, which are used

by the network device to map codewords to ports.
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[00201] Optionally, the time domain Doppler component is represented by a basis vector. The basis
vector includes at least one of:

-a DFT basis vector;

‘a DCT basis vector; or

-a polynomial basis vector.
[00202] Optionally, by introducing parameter O3, oversampling expansion can be performed on the
time domain Doppler component to obtain more basis vector information.
[00203] Optionally, the time domain Doppler component is represented by a basis vector. An expression
of the time domain Doppler component is as follows:

Wy =T[fa1 - fakl;

[00204] where, K basis vectors in the Wy are selected by the terminal from candidate basis vectors; or,
the K basis vectors in the Wy are fixed or predefined basis vectors. Optionally, the terminal indicates
the selected K time domain Doppler components to the network device through combining coefficients
or bitmaps.
[00205] Step 612, the terminal reports the second type of CSI to the network device.
[00206] Optionally, the terminal may report all or part of the information in the CSI determined by the
terminal to the network device. The CSI is used by network device to calculate the precoding matrix for
downlink data transmission at the time point t, which is after the T consecutive time points. Optionally,
when reporting the CSI, the terminal quantifies the information in the CSI.
[00207] Step 614, the network device calculates the precoding matrix for downlink data transmission
at the time point t based on the second type of CSI.
[00208] Optionally, the network device calculates the precoding matrix for downlink data transmission
at each of the T consecutive time points according to the CSI reported by the terminal as the precoding
matrix at the time point t. The network device can also directly calculate the precoding matrix at the
time point t based on the CSI reported by the terminal.
[00209] For the situation where the network device calculates the precoding matrix at the T
consecutive time points as the precoding matrix at the time point t
[00210] There is a correspondence between the time domain Doppler component and time points.
Based on the CSI reported by the terminal, the network device can calculate the precoding matrix
corresponding to each time point in the T consecutive time points through the following equation, and

determines it as the precoding for downlink data transmission at the time point t matrix:

W = \/EW1\:N2 (Wd®wf)H;

[00211] where, W; represents a port selection matrix corresponding to the reference signal port, \F/;VZ

represents a matrix of the combination coefficients, W represents a matrix of the frequency domain

basis vectors, Vb represents a power normalization factor, and H represents a conjugate transpose of a
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matrix.

[00212] For the situation where the network device directly calculates the precoding matrix at the
time point t

[00213] Optionally, the time domain Doppler component is represented by a DFT basis vector. The time
intervals between adjacent time points in the T consecutive time points are equal, t=T+n, which indicates
that the time point t is after the last time point in the T time points, with a time interval from the last
time point in the T time points being n times of a target time interval. The target time interval is the time
interval between adjacent time points in the T consecutive time points, and n is a positive integer. Based
on the CSI reported by the terminal, the network device can directly calculate the precoding matrix for
downlink data transmission at the time point t through the following equation:

- H
_ZTIk]_I% +1

fg,((t—T) mod T)e 03

W, = \/aWNsz QW |

.ZTIkKl$J+1

£ (6= T) mod T)e o5
[00214] where, W, represents a port selection matrix corresponding to the reference signal port, \/z\/2

represents a matrix of the combination coefficients, W represents a matrix of the frequency domain

basis vectors, fq,(T) represents elements in a T™ row of the DFT basis vector, ki represents an index

value of a K" DFT basis vector, ¥d represents a power normalization factor, O3 represents an

oversampling factor, and H represents a conjugate transpose of a matrix.

[00215] In a specific example, the method provided by the embodiment of the present disclosure is used
to optimize the design of the R17 Type II port selection codebook, and the time domain Doppler
component is represented by a basis vector. The UE transmits an SRS to a gNB, and the gNB estimates
the uplink channel information based on the received SRS, calculates P spatial domain beams, and then
transmits beamformed downlink pilot signals to the UE through P CSI-RS ports. For example, FIG. 7
is a schematic diagram of transmitting a CSI-RS provided by an embodiment of the present disclosure.
As shown in FIG. 7, the pilot signal used for downlink channel estimation is the CSI-RS. The gNB
transmits beamformed CSI-RS bursts to the UE at T=4 consecutive time points. The same port uses the
same beamforming. For example, data is transmitted through one stream, that is, the transmission rank
v=1, the number of transmitting antenna ports N; = 16, and the number of PMI subbands is Nj. The
gNB configures the codebook parameters to the UE through RRC signaling to determine that L=2,
M=2, and the number of reported combination coefficients is K, = 8. The time domain Doppler
component is represented by K=2 DFT basis vectors, and oversampling is not performed on the basis
vector of the time domain Doppler component, that is, the parameter Oz corresponding to the DFT
basis vector is 1.

[00216] The UE estimates the downlink effective channel information at these four time points based
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on the received CSI-RS bursts. For example, if a port selected by the UE based on the channel
information at the first time point (the first time point, i.e., time point t;) in the four time points is

represented as W; € CNt*4, and W is represented by M=2 FD basis vectors. The UE uses W; and

C1,1t  C12t
C21t, €22t
C31t, €32t
Catty Ca,2t,

Wr to calculate a matrix of combination coefficients WZ,to = based on the downlink

information at the first time point. Similarly, the UE uses the same W; and Wt to calculate matrices

of combination coefficients Wy 11, Wy 12, and Wy 43, corresponding to the remaining three time
points except the first time point. W,,  is represented by defining v, =
[C11t, €12t C21t, " Catt, Ca2t]T. Similarly, Vio+1s Vig+2> and v i3 can be obtained.

V=[v{ - V.3, then the time domain Doppler component Wy = [fg1 - fax] € €K can
be calculated based on r?axHVfd,kHz. The UE can determine the combination coefficients W, € C8*2
d k

according to the downlink effective channel information at the T consecutive time points and W;, W,
and Wy, and then K, = 8 non-zero coefficients are selected to report. The UE reports indication
information of W; and Ws, quantized matrices of combination coefficients and the time domain

Doppler component Wy to the gNB. The gNB can calculate the precoding matrix corresponding to
each time point in the T consecutive time points through W = \/EWl\F/:Vz (W4®WpH. The precoding

matrices can be used as the precoding matrix for downlink data transmission at the time point t after the
T consecutive time points. In addition, the gNB can also calculate the precoding matrix at the time point

P et Y H

fi:((t—T) mod T)e' 03

t through W, = \/HW1\7~VV2 [ l@Wf , where, t=T+n means that the

_anK[$J+1

fax((t—T)mod T)e" 05

time point t is after the last time point in the T time points, with a time interval from the last time point
in the T time points being n times of a target time interval. The target time interval is the time interval
between adjacent time points in the T consecutive time points. The fq(T) represents the elements
corresponding to the T™ row of the basis vector.

[00217] It should be noted that the method provided by the embodiments of the present disclosure can
also be used to optimize the design of the R16 Type II port selection codebook, and the time domain
Doppler component is represented by a basis vector. For the specific implementation process, reference
may be made to the above embodiments in which the R17 Type II port selection codebook is optimized
and the time domain Doppler component is represented by a basis vector. The disclosure will not go

into details.
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[00218] In summary, with the method provided in this embodiment, the terminal determines the time
domain Doppler component based on the beamformed downlink pilot signals at the T consecutive time
points, which can take the correlation of the channel information in the time domain into consideration
in the process of determining the CSI. The network device uses the time domain Doppler component to
determine the precoding matrix, which enables the network device to calculate the precoding matrix at
different time points in the future based on the CSI reported once by the terminal. While ensuring data
transmission performance, it prevents the terminal from frequently reporting the CSI due to rapid
movement, reduces the period for the terminal to report the CSI, and reduces the uplink feedback
overhead of the terminal. Moreover, using the beamformed downlink pilot signals to determine the CSI
can improve the accuracy of determining the CSI. In addition, determining the time domain Doppler
component represented by the basis vector provides a way to determine the time domain Doppler
component.
[00219] 3. For the situation where the time domain Doppler is determined by the network device
[00220] FIG. 8 shows a flow chart of a method for determining a precoding matrix provided by an
embodiment of the present disclosure. This method can be applied to the system shown in FIG. 1. The
method includes the followings.
[00221] Step 802, a terminal transmits an uplink reference signal to a network device.
[00222] Optionally, the uplink reference signal is a SRS.
[00223] Step 804, the network device estimates uplink channel information based on the uplink
reference signal, and calculates a beam used to transmit the downlink pilot signal based on the uplink
channel information.
[00224] The network device can estimate the uplink channel information based on the uplink reference
signal, thereby calculating the beam. The beam calculated by the network device is used to perform
beamforming on the downlink pilot signal. Optionally, the downlink pilot signal includes at least one of
the following:

-a CSI-RS;

-a DMRS; or

-a combination of the CSI-RS and the DMRS.
[00225] Step 806, the network device transmits downlink pilot signals beamformed with the beam to
the terminal at T consecutive time points.
[00226] The beamformed downlink pilot signals are used by the terminal to determine downlink
effective channel information. T is a positive integer. Optionally, the above parameter T is determined
in at least one of the following ways:

-being configured by the network device; or

-being predefined through negotiation between the terminal device and the network device.

[00227] Optionally, the network device transmits, at the T consecutive time points, the beamformed
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downlink pilot signals to the terminal using a same pilot signal resource port and a same beam. The
same pilot signal resource port includes a port corresponding to the same pilot signal resources,
or the same port indexed by different pilot signal resource.
[00228] Optionally, the network device transmits, at the T consecutive time points, different
beamformed downlink pilot signals to the terminal using the same pilot signal resource port. The
same pilot signal resource ports include ports with a same frequency domain position among ports
configured with different pilot signal resources.
[00229] Step 808, the terminal estimates the downlink effective channel information corresponding to
the T consecutive time points based on the beamformed downlink pilot signals at the T consecutive time
points.
[00230] Optionally, the terminal can estimate the downlink effective channel information at each of the
T consecutive time points based on the beamformed downlink pilot signal at each of the T consecutive
time points. The downlink effective channel information is information used to reflect the characteristics
of the downlink channel.
[00231] Step 810, the terminal determines a third type of CSI corresponding to the T consecutive time
points based on the downlink effective channel information corresponding to the T consecutive time
points.
[00232] The network device can determine the precoding matrix for downlink data transmission based
on the CSI determined by the terminal. CSI can also be called codebook parameter information.
Optionally, the CSI includes at least one of the following information:

-port selection indication information;

-frequency domain basis vector indication information; or

-combination coefficient indication information.
[00233] The port selection indication information is used to indicate L reference signal ports
selected by the terminal, the frequency domain basis vector indication information is used to
indicate M frequency domain basis vectors selected by the terminal, and the combination
coefficient indication information is used to indicate T groups of combination coefficients
corresponding to the T consecutive time points determined by the terminal. Information on non-zero
coefficient positions in matrices of the T groups of combination coefficients are the same, and the
parameter L and the parameter M are positive integers.
[00234] Optionally, each of the above parameters L and M is determined in at least one of the
following ways:

-being configured by the network device;

-being predefined through negotiation between the terminal device and the network device; or

-being determined by the terminal according to the downlink channel information.

[00235] Optionally, in the case where the parameter T is configured by the network device, the
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parameter T is configured for the terminal by the network device through at least one of the
following signalings:

-a RRC signaling;

‘a MAC-CE signaling; or

-DCI.
[00236] Optionally, the above reference signal port includes at least one of:

-a CSI-RS port; or

-a DMRS port.
[00237] Step 812, the terminal reports the third type of CSI to the network device.
[00238] Optionally, the terminal may report all or part of the information in the CSI determined by the
terminal to the network device. The CSI is used by network device to calculate the precoding matrix for
downlink data transmission at the time point t, which is after the T consecutive time points. Optionally,
when reporting the CSI, the terminal quantifies the information in the CSI.
[00239] Step 814, the network device calculates the precoding matrix for downlink data transmission
at the time point t based on the third type of CSI.
[00240] Optionally, the network device calculates the precoding matrix for downlink data transmission
at each of the T consecutive time points according to the CSI reported by the terminal as the precoding
matrix at the time point t. Optionally, the network device can calculate the precoding matrix for
downlink data transmission at the time point t according to the CSI reported by the terminal through at

least one of the following equations:

W = Va * W, (W,oD)Wi;

W = VbW, W, (Wa®Wp)H;
[00241] where, W, represents a port selection matrix corresponding to the reference signal port, W,
and V:VZ represent matrices of the combination coefficients, Wy represents a matrix of the frequency

domain basis vectors, D includes the time domain Doppler components represented by the phase offsets

between adjacent time points for transmitting the beamformed downlink pilot signals, Wy includes the

time domain Doppler components represented by the basis vectors, D, W,, W, and W are

determined according to T groups of combination coefficients, va and Vb represents power

normalization factors, and H represents a conjugate transpose of a matrix.

[00242] In conclusion, with the method provided by this embodiment, the terminal determines the T
groups of combination coefficients based on the beamformed downlink pilot signals at the T consecutive
time points, and reports the CSI to the network device, which can take the correlation of the channel

information in the time domain into consideration in the process of determining the CSI. The network
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device determines the precoding matrix by determining the time domain Doppler component, which
enables the network device to calculate the precoding matrix at different time points in the future based
on the CSI reported once by the terminal. While ensuring data transmission performance, it prevents the
terminal from frequently reporting the CSI due to rapid movement, reduces the period for the terminal
to report the CSI, and reduces the uplink feedback overhead of the terminal. Moreover, using the
beamformed downlink pilot signals to determine the CSI can improve the accuracy of determining the
CSI. In addition, by allowing the network device to determine the time domain Doppler component, the
uplink feedback overhead of the terminal can be further reduced.

[00243] It should be noted that the sequence of the method steps provided by the embodiments of the
present disclosure can be adjusted appropriately, and the steps can also be added or deleted accordingly
according to the situation. Changed methods that can be easily found within the technical scope
disclosed in the present disclosure by those skilled in the art should be included in the scope of protection
of this disclosure, and therefore will not be repeated.

[00244] FIG. 9 shows a block diagram of an apparatus for reporting CSI provided by an embodiment
of the present disclosure. As shown in FIG. 9, the device includes:

[00245] a transmitting module 901, configured to transmit an uplink reference signal to a network
device;

[00246] a receiving module 902, configured to receive beamformed downlink pilot signals transmitted
by the network device at T consecutive time points; and

[00247] a determining module 903, configured to estimate downlink effective channel information
corresponding to the T consecutive time points according to the beamformed downlink pilot signals of
the T consecutive time point.

[00248] The determining module 903 is also configured to determine CSI corresponding to the T
consecutive time points according to the downlink effective channel information corresponding to the
T consecutive time points.

[00249] The transmitting module 901 is also configured to report the CSI to the network device.
[00250] A beam used by the beamformed downlink pilot signals is determined based on uplink channel
information estimated according to the uplink reference signal, and the CSI is used by the network
device to determine a precoding matrix for downlink data transmission at a time point t, in which the
time point t is after the T consecutive time points, and T is a positive integer.

[00251] In an optional design, the CSI includes at least one of:

[00252] port selection indication information;

[00253] frequency domain basis vector indication information;

[00254] time domain Doppler component indication information; or

[00255] combination coefficient indication information.

[00256] The port selection indication information is used to indicate L reference signal ports selected
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by the terminal, the frequency domain basis vector indication information is used to indicate M
frequency domain basis vectors selected by the terminal, the time domain Doppler component indication
information is used to indicate K time domain Doppler components selected by the terminal, and the
combination coefficient indication information is used to indicate a combination coefficient determined
by the terminal, in which the parameter L, the parameter M and the parameter K are positive integers.
[00257] In an optional design, the CSI includes at least one of the following information:

[00258] port selection indication information;

[00259] frequency domain basis vector indication information; or

[00260] combination coefficient indication information.

[00261] The port selection indication information is used to indicate L reference signal ports selected
by the terminal, the frequency domain basis vector indication information is used to indicate M
frequency domain basis vectors selected by the terminal, and the combination coefficient indication
information is used to indicate T groups of combination coefficients corresponding to the T consecutive
time points determined by the terminal, in which information on non-zero coefficient positions in
matrices of the T groups of combination coefficients are the same, and the parameter L and the parameter
M are positive integers.

[00262] In an optional design, the parameter K is determined in at least one of the following ways:
[00263] being configured by the network device;

[00264] being predefined through negotiation between the terminal device and the network device; or
[00265] being determined by the terminal according to the downlink effective channel information.
[00266] In an optional design, the transmitting module 901 is used to:

[00267] in a case where the terminal determines the parameter K according to the downlink effective
channel information, report the parameter K determined by the terminal to the network device.

[00268] In an optional design, the time domain Doppler component is represented by a phase offset
between adjacent time points for transmitting the downlink pilot signals; or, the time domain Doppler
component is represented by a basis vector.

[00269] In an optional design, in a case where the time domain Doppler component is represented by
the phase offset, the parameter K is determined by the terminal according to a number of non-zero
coefficients for each transmission layer.

[00270] In an optional design, the time domain Doppler component meets at least one of following
conditions:

[00271] in a case where the downlink data transmission is single-layer transmission, time domain
Doppler components corresponding to different polarization directions are the same or different;
[00272] time domain Doppler components corresponding to different reference signal ports are the
same or different; or

[00273] time domain Doppler components corresponding to different time-frequency components are
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the same or different.

[00274] The time-frequency component is composed of the frequency domain basis vector and the time
domain Doppler component.

[00275] In an optional design, in a case where the downlink data transmission is multi-layer
transmission, time domain Doppler components corresponding to different transmission layers are the
same or different.

[00276] In an optional design, the time domain Doppler component is represented by the phase offset.

The expression of the time domain Doppler component is as follows:
ej‘Pm ej<P1,M
D= : : ];

ej‘PzL,1 ej¢P1,M
[00277] where, @y represents a phase offset value corresponding to an x™ reference signal port and

a y" frequency domain basis vector, the parameter L represents a number of the reference signal ports
selected by the terminal, and the parameter M represents a number of the frequency domain basis vectors
selected by the terminal, and in which the parameter L and the parameter M are positive integers.
[00278] In an optional design, the transmitting module 901 is used to:
[00279] in a case of reporting the time domain Doppler component to the network device, reporting the
phase offset value corresponding to the x™ reference signal port and the y" frequency domain basis
vector that meets a following condition:
[00280] an amplitude of a combination coefficient corresponding to the x'" reference signal port and the
y™ frequency domain basis vector being not 0.
[00281] In an optional design, the time domain Doppler component is represented by the basis vector,
and the expression of the time domain Doppler component is as follows:

Wy =[fa1 - faxl;
[00282] where, K basis vectors in the Wy are selected by the terminal from candidate basis vectors; or,
the K basis vectors in the Wy are fixed or predefined basis vectors.
[00283] In an optional design, the time domain Doppler component is represented by a basis vector,
and the basis vector includes at least one of the following:
[00284] a DFT basis vector;
[00285] a DCT basis vector; or
[00286] a polynomial basis vector.
[00287] In an optional design, the parameter T is determined in at least one of the following ways:
[00288] being configured by the network device; or
[00289] being predefined through negotiation between the terminal device and the network device.
[00290] In an optional design, in a case where the parameter T and/or the parameter K are configured

by the network device, the parameter T and/or the parameter K are configured for the terminal by the
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network device through at least one of following signalings:

[00291] a RRC signaling;

[00292] a MAC-CE signaling; or

[00293] DCI.

[00294] In an optional design, the reference signal port includes at least one of the following:

[00295] a CSI-RS port; or

[00296] a DMRS port.

[00297] In an optional design, the downlink pilot signal includes at least one of the following:

[00298] a CSI-RS;

[00299] a DMRS; or

[00300] a combination of CSI-RS and DMRS.

[00301] In an optional design, the uplink reference signal is an SRS.

[00302] FIG. 10 shows a block diagram of a device for determining a precoding matrix provided by an
embodiment of the present disclosure. As shown in FIG. 10, the device includes:

[00303] a receiving module 1001, configured to receive an uplink reference signal transmitted by a
terminal;

[00304] a determining module 1002, configured to uplink channel information according to the uplink
reference signal, and determine a beam for transmitting downlink pilot signals according to the uplink
channel information;

[00305] a transmitting module 1003 is configured to transmit the downlink pilot signals beamformed
with the beam to the terminal at T consecutive time points.

[00306] The receiving module 1001 is also used to receive CSI corresponding to the T consecutive time
points reported by the terminal.

[00307] The determining module 1002 is also used to determine a precoding matrix for downlink data
transmission at a time point t according to the CSI.

[00308] The CSI is determined by the terminal according to the beamformed downlink pilot signals,
the time point t is after the T consecutive time points, and T is a positive integer.

[00309] In an optional design, transmitting module 1003 is used to:

[00310] transmit, at the T consecutive time points, the beamformed downlink pilot signals to the
terminal using a same pilot signal resource port and a same beam,;

[00311] in which, the same pilot signal resource port includes a port corresponding to same pilot signal
resources, or the same port indexed by different pilot signal resources.

[00312] In an optional design, the transmitting module 1003 is used to:

[00313] transmit, at the T consecutive time points, different beamformed downlink pilot signals to the
terminal using a same pilot signal resource port;

[00314] in which the same pilot signal resource port includes ports with a same frequency domain
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position among ports configured with different pilot signal resources.

[00315] In an optional design, the CSI includes at least one of the following information:

[00316] port selection indication information;

[00317] frequency domain basis vector indication information;

[00318] time domain Doppler component indication information; or

[00319] combination coefficient indication information.

[00320] The port selection indication information is used to indicate L reference signal ports selected
by the terminal, the frequency domain basis vector indication information is used to indicate M
frequency domain basis vectors selected by the terminal, the time domain Doppler component indication
information is used to indicate K time domain Doppler components selected by the terminal, and the
combination coefficient indication information is used to indicate a combination coefficient determined
by the terminal, in which the parameter L, the parameter M and the parameter K are positive integers.
[00321] In an optional design, the CSI includes at least one of the following information:

[00322] port selection indication information;

[00323] frequency domain basis vector indication information; or

[00324] combination coefficient indication information;

[00325] The port selection indication information is used to indicate L reference signal ports selected
by the terminal, the frequency domain basis vector indication information is used to indicate M
frequency domain basis vectors selected by the terminal, and the combination coefficient indication
information is used to indicate T groups of combination coefficients corresponding to the T consecutive
time points determined by the terminal, in which information on non-zero coefficient positions in
matrices of the T groups of combination coefficients are the same, and the parameter L and the parameter
M are positive integers.

[00326] In an optional design, the time domain Doppler component is represented by a phase offset
between adjacent time points for transmitting the downlink pilot signals; or the time domain Doppler
component is represented by a basis vector.

[00327] In an optional design, the time domain Doppler component is represented by a phase offset.

The expression of the time domain Doppler component is as follows:
ele1 ... QlP1M
D= : : ];

ei(PzL,1 ej<P1,M

[00328] in which, @, represents a phase offset value corresponding to an x™ reference signal port
and a y™ frequency domain basis vector, the parameter L represents a number of the reference signal
ports selected by the terminal, and the parameter M represents a number of the frequency domain basis

vectors selected by the terminal. The parameter L and the parameter M are positive integers.

[00329] In an optional design, the time domain Doppler component is represented by a basis vector,
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and the expression of the time domain Doppler component is as follows:

Wy =[fa1 - faxl
[00330] in which, K basis vectors in the Wy are selected by the terminal from candidate basis vectors;
or, the K basis vectors in the Wy are fixed or predefined basis vectors.
[00331] In an optional design, the determining module 1002 is configured to:
[00332] determine the precoding matrix for downlink data transmission at the time point t according to
the CSI by a following equation:

W = va * W, (W,OD)Wf;

[00333] in which, W, represents a port selection matrix corresponding to the reference signal port,
W, represents a matrix of the combination coefficients, W represents a matrix of the frequency
domain basis vectors, va represents a power normalization factor, and H represents a conjugate
transpose of a matrix.

[00334] In an optional design, the determining module 1002 is configured to:

[00335] determine the precoding matrix for downlink data transmission at the time point t according to

the CSI by a following equation:
W = VbW, W, (Wa®Wp) ¥
[00336] in which, W, represents a port selection matrix corresponding to the reference signal port,

W, represents a matrix of the combination coefficients, W; represents a matrix of the frequency

domain basis vectors, Vb represents a power normalization factor, and H represents a conjugate

transpose of a matrix.
[00337] In an optional design, the determining module 1002 is configured to:
[00338] determine the precoding matrix for downlink data transmission at the time point t according to

the CSI by at least one of following equations:

W = va * W; (W,oD)Wi;

W = VBW, W, (Wa®Wp)™;
[00339] in which, W, represents a port selection matrix corresponding to the reference signal port,
W, and VA~\72 represent matrices of the combination coefficients, W; represents a matrix of the

frequency domain basis vectors, D includes the time domain Doppler components represented by the

phase offsets between adjacent time points for transmitting the beamformed downlink pilot signals, Wy

includes the time domain Doppler components represented by the basis vectors, D, W,, W, and W(]f
are determined according to T groups of combination coefficients, va and Vb represents power
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normalization factors, and H represents a conjugate transpose of a matrix.
[00340] In an optional design, time intervals between adjacent time points in the T consecutive time
points are equal, a time difference between the time point t and a first time point in the T consecutive
time points is At, and At is an integer multiple of the time interval between adjacent time points in the
T consecutive time points. The determining module 1002 is configured to:
[00341] determine the precoding matrix for downlink data transmission at the time point t according to

the CSI by following equations:
W, = e, (W, 0D )Wr';

bty .. QJAteiMm
D' = : : ;
eidtezrs ... QJAtO1M

[00342] in which, W, represents a port selection matrix corresponding to the reference signal port,
W, represents a matrix of the combination coefficients, W; represents a matrix of the frequency
domain basis vectors, v/c represents a power normalization factor, and the parameter L represents the
number of the reference signal ports selected by the terminal, the parameter M represents the number
of the frequency domain basis vectors selected by the terminal, the parameter L and the parameter M
are positive integers, and H represents a conjugate transpose of a matrix.

[00343] In an optional design, the time domain Doppler component is represented by a discrete Fourier
transform (DFT) basis vector, and time intervals between adjacent time points in the T consecutive time
points are equal, t=T+n, indicating that the time point t is a time point after a last time point in the T
time points, with a time interval from the last time point in the T time points being n times of a target
time interval. The target time interval is the time interval between adjacent time points in the T
consecutive time points, and n is a positive integer. The determining module 1002 is configured to:
[00344] determine the precoding matrix for downlink data transmission at the time point t according to
the CSI by a following equation:

_2ﬂk1[¥]+1
fi.((t—T) mod T)e" 05

W, = \/aW1V~VV2 QW |

-ZﬂkKl$I+1

lf3c((t—T)mod T)e ™ o
[00345] in which, W; represents a port selection matrix corresponding to the reference signal port,
Wz represents a matrix of the combination coefficients, W; represents a matrix of the frequency

domain basis vectors, fq(T) represents elements in a T™ row of the DFT basis vector, kg represents

an index value of a K DFT basis vector, vd represents a power normalization factor, O3 represents

an oversampling factor, and H represents a conjugate transpose of a matrix.

[00346] In an optional design, the reference signal port includes at least one of the following:
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[00347] a CSI-RS port; or

[00348] a DMRS port.

[00349] In an optional design, the downlink pilot signal includes at least one of the following:

[00350] a CSI-RS;

[00351] a DMRS; or

[00352] a combination of CSI-RS and DMRS.

[00353] In an optional design, the uplink reference signal is an SRS.

[00354] It should be noted that when the device provided in the above embodiments implements its
functions, the division of the above functional modules is only used as an example. In practical
applications, the above functions can be allocated to different functional modules according to actual
needs. That is, the content structure of the device is divided into different functional modules to
complete all or part of the functions described above.

[00355] Regarding the devices in the above embodiments, the specific manner in which each module
performs operations has been described in detail in the embodiments related to the method, and will not
be described in detail here.

[00356] FIG. 11 shows a schematic diagram of a communication device (a terminal or a network device)
provided by an exemplary embodiment of the present disclosure. The communication device 110
includes: a processor 1101, a receiver 1102, a transmitter 1103, a memory 1104 and a bus 1105.
[00357] The processor 1101 includes one or more processing cores. The processor 1101 executes
various functional applications and information processing by running software programs and modules.
[00358] The receiver 1102 and the transmitter 1103 can be implemented as a communication
component, and the communication component can be a communication chip.

[00359] The memory 1104 is connected to the processor 1101 through a bus 1105.

[00360] The memory 1104 can be used to store at least one instruction, and the processor 1101 is used
to execute the at least one instruction to implement each step in the above method embodiment.
[00361] Additionally, the memory 1104 may be implemented by any type of volatile or non-volatile
storage device, or combination thereof, including but not limited to: magnetic or optical disks, an
electrically erasable programmable Read-only memory (Erasable Programmable Read Only Memory,
EEPROM), an erasable programmable read-only memory (Erasable Programmable Read Only Memory,
EPROM), a static random access memory (Static Random Access Memory, SRAM), a read-only
memory (Read -Only Memory (ROM), a magnetic memory, a flash memory, a Programmable Read-
Only Memory (PROM).

[00362] When the communication device is implemented as a terminal, the processor and transceiver
in the communication device involved in the embodiments of the present disclosure can be implemented
together as a communication chip, or the transceiver alone forms a communication chip. The transmitter

in the transceiver performs the transmitting step performed by the terminal in any of the above method
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embodiments, the receiver in the transceiver performs the receiving step performed by the terminal in
any of the above method embodiments, and the processor performs steps other than transmitting and
receiving steps, which will not be described here.

[00363] When the communication device is implemented as a network device, the processor and
transceiver in the communication device involved in the embodiments of the present disclosure can be
implemented together as a communication chip, or the transceiver alone forms a communication chip.
The transmitter in the transceiver performs the transmitting step performed by the network device in
any of the above method embodiments, the receiver in the transceiver performs the receiving step
performed by the network device in any of the above method embodiments, and the processor Perform
steps other than transmitting and receiving steps, which will not be described here.

[00364] In an embodiment, a computer-readable storage medium is also provided, in which at least one
instruction, at least one program, code set or instruction set is stored, and the at least one instruction,
the at least one program, code set or instruction set is loaded and executed by the processor to implement
the method for reporting CSI or the method for determining precoding matrix provided by any of the
above method embodiments.

[00365] In an embodiment, a chip is also provided. The chip includes programmable logic circuits
and/or program instructions. When the chip is run on a communication device, it is used to implement
the method for reporting CSI or the method for determining precoding matrix provided by any of the
above method embodiments.

[00366] In an embodiment, a computer program product is also provided. When the computer program
product is run on a processor of a computer device, the computer device performs the above-mentioned
method for reporting CSI or the method for determining precoding matrix.

[00367] Those skilled in the art should realize that in one or more of the above examples, the functions
described in the embodiments of the present disclosure can be implemented using hardware, software,
firmware, or any combination thereof. When implemented using software, the functions may be stored
on or transmitted over as one or more instructions or code on a computer-readable medium. Computer-
readable media includes computer storage media and communication media including any medium that
facilitates transfer of a computer program from one place to another. Storage media can be any available
media that can be accessed by a general purpose or special purpose computer.

[00368] The above are only exemplary embodiments of the present disclosure and are not intended to
limit the present disclosure. Any modifications, equivalent substitutions, improvements, etc. made
within the spirit and principles of the present disclosure shall be included in the protection range of the

present disclosure.
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What is claimed is:

1. A method for reporting channel status information (CSI), performed by a terminal,
comprising:

transmitting an uplink reference signal to a network device;

receiving beamformed downlink pilot signals transmitted by the network device at T
consecutive time points;

estimating downlink effective channel information corresponding to the T consecutive time
points according to the beamformed downlink pilot signals of the T consecutive time points;

determining CSI corresponding to the T consecutive time points according to the downlink
effective channel information corresponding to the T consecutive time points; and

reporting the CSI to the network device;

wherein, a beam used by the beamformed downlink pilot signals is determined based on
uplink channel information estimated according to the uplink reference signal, and the CSI is used
by the network device to determine a precoding matrix for downlink data transmission at a time
point t, wherein the time point t is after the T consecutive time points, and T is a positive integer.

2. The method according to claim 1, wherein the CSI comprises at least one of:

port selection indication information;

frequency domain basis vector indication information;

time domain Doppler component indication information; or

combination coefficient indication information;

wherein, the port selection indication information is used to indicate L reference signal ports
selected by the terminal, the frequency domain basis vector indication information is used to
indicate M frequency domain basis vectors selected by the terminal, the time domain Doppler
component indication information is used to indicate K time domain Doppler components selected
by the terminal, and the combination coefficient indication information is used to indicate a
combination coefficient determined by the terminal, wherein the parameter L, the parameter M
and the parameter K are positive integers.

3. The method according to claim 1, wherein the CSI comprises at least one of:

port selection indication information;

frequency domain basis vector indication information; or

combination coefficient indication information;

wherein, the port selection indication information is used to indicate L reference signal ports
selected by the terminal, the frequency domain basis vector indication information is used to
indicate M frequency domain basis vectors selected by the terminal, and the combination
coefficient indication information is used to indicate T groups of combination coefficients

corresponding to the T consecutive time points determined by the terminal, wherein information
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on non-zero coefficient positions in matrices of the T groups of combination coefficients are the
same, and the parameter L and the parameter M are positive integers.

4. The method according to claim 2, wherein the parameter K is determined in at least one
of following ways:

being configured by the network device;

being predefined through negotiation between the terminal device and the network device;
or

being determined by the terminal according to the downlink effective channel information.

5. The method of claim 4, further comprising:

in a case where the terminal determines the parameter K according to the downlink effective
channel information, reporting the parameter K determined by the terminal to the network device.

6. The method of claim 2, wherein the time domain Doppler component is represented by a
phase offset between adjacent time points for transmitting the downlink pilot signals; or, the time
domain Doppler component is represented by a basis vector.

7. The method according to claim 6, wherein, in a case where the time domain Doppler
component is represented by the phase offset, the parameter K is determined by the terminal
according to a number of non-zero coefficients for each transmission layer.

8. The method according to claim 2, wherein the time domain Doppler component meets at
least one of following conditions:

in a case where the downlink data transmission is single-layer transmission, time domain
Doppler components corresponding to different polarization directions are the same or different;

time domain Doppler components corresponding to different reference signal ports are the
same or different; or

time domain Doppler components corresponding to different time-frequency components are
the same or different;

wherein, the time-frequency component is composed of the frequency domain basis vector
and the time domain Doppler component.

9. The method according to claim 2, wherein, in a case where the downlink data transmission
is multi-layer transmission, time domain Doppler components corresponding to different
transmission layers are the same or different.

10. The method according to claim 6, wherein the time domain Doppler component is

represented by the phase offset, and an expression of the time domain Doppler component is:

elP11 ... glP1Mm
D= I
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wherein, @, represents a phase offset value corresponding to an x'M reference signal port
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and a y" frequency domain basis vector, the parameter L represents a number of the reference
signal ports selected by the terminal, and the parameter M represents a number of the frequency
domain basis vectors selected by the terminal, and wherein the parameter L and the parameter M
are positive integers.

11. The method according to claim 10, wherein reporting the CSI to the network device
comprises:

in a case of reporting the time domain Doppler component to the network device, reporting
the phase offset value corresponding to the x™ reference signal port and the y' frequency domain
basis vector that meets a following condition:

an amplitude of a combination coefficient corresponding to the x'" reference signal port and
the y" frequency domain basis vector being not 0.

12. The method according to claim 6, wherein the time domain Doppler component is
represented by the basis vector, and an expression of the time domain Doppler component is:

Wy = [fax - fakl;

wherein, K basis vectors in the Wy are selected by the terminal from candidate basis vectors;
or, the K basis vectors in the Wy are fixed or predefined basis vectors.

13. The method according to claim 6, wherein the time domain Doppler component is
represented by the basis vector, and the basis vector comprises at least one of:

a discrete Fourier transform (DFT) basis vector;

a discrete cosine transform (DCT) basis vector; or

a polynomial basis vector.

14. The method according to claim 1, wherein the parameter T is determined in at least one
of following ways:

being configured by the network device; or

being predefined through negotiation between the terminal device and the network device.

15. The method according to claim 2, wherein, in a case where the parameter T and/or the
parameter K are configured by the network device, the parameter T and/or the parameter K are
configured for the terminal by the network device through at least one of following signalings:

a radio resource control (RRC) signaling;

a medium access control-control unit (MAC-CE) signaling; or

downlink control information (DCI).

16. The method according to claim 2 or 3, wherein the reference signal port comprises at
least one of:

a channel status information-reference signal (CSI-RS) port; or

a demodulation reference signal (DMRS) port.

17. The method according to claim 1, wherein the downlink pilot signal comprises at least
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one of:

a channel status information-reference signal (CSI-RS);

a demodulation reference signal (DMRS); or

a combination of the CSI-RS and the DMRS.

18. The method according to claim 1, wherein the uplink reference signal is a sounding
reference signal (SRS).

19. A method for determining a precoding matrix, performed by a network device,
comprising:

receiving an uplink reference signal transmitted by a terminal;

estimating uplink channel information according to the uplink reference signal, and
determining a beam for transmitting downlink pilot signals according to the uplink channel
information;

transmitting the downlink pilot signals beamformed with the beam to the terminal at T
consecutive time points;

receiving CSI corresponding to the T consecutive time points reported by the terminal; and

determining a precoding matrix for downlink data transmission at a time point t according to
the CSI;

wherein the CSI is determined by the terminal according to the beamformed downlink pilot
signals, the time point t is after the T consecutive time points, and T is a positive integer.

20. The method according to claim 19, wherein transmitting the downlink pilot signals
beamformed with the beam to the terminal at T consecutive time points comprises:

transmitting, at the T consecutive time points, the beamformed downlink pilot signals to the
terminal using a same pilot signal resource port and a same beam;

wherein the same pilot signal resource port comprises a port corresponding to same pilot
signal resources, or the same port indexed by different pilot signal resources.

21. The method according to claim 19, wherein transmitting the downlink pilot signals
beamformed with the beam to the terminal at T consecutive time points comprises:

transmitting, at the T consecutive time points, different beamformed downlink pilot signals
to the terminal using a same pilot signal resource port;

wherein the same pilot signal resource port comprises ports with a same frequency domain
position among ports configured with different pilot signal resources.

22. The method according to claim 19, wherein the CSI comprises at least one of:

port selection indication information;

frequency domain basis vector indication information;

time domain Doppler component indication information; or

combination coefficient indication information;
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wherein, the port selection indication information is used to indicate L reference signal ports
selected by the terminal, the frequency domain basis vector indication information is used to
indicate M frequency domain basis vectors selected by the terminal, the time domain Doppler
component indication information is used to indicate K time domain Doppler components selected
by the terminal, and the combination coefficient indication information is used to indicate a
combination coefficient determined by the terminal, wherein the parameter L, the parameter M
and the parameter K are positive integers.

23. The method according to claim 19, wherein the CSI comprises at least one of:

port selection indication information;

frequency domain basis vector indication information; or

combination coefficient indication information;

wherein, the port selection indication information is used to indicate L reference signal ports
selected by the terminal, the frequency domain basis vector indication information is used to
indicate M frequency domain basis vectors selected by the terminal, and the combination
coefficient indication information is used to indicate T groups of combination coefficients
corresponding to the T consecutive time points determined by the terminal, wherein information
on non-zero coefficient positions in matrices of the T groups of combination coefficients are the
same, and the parameter L and the parameter M are positive integers.

24. The method according to claim 22, wherein the time domain Doppler component is
represented by a phase offset between adjacent time points for transmitting the downlink pilot
signals; or the time domain Doppler component is represented by a basis vector.

25. The method according to claim 24, wherein the time domain Doppler component is

represented by the phase offset, and an expression of the time domain Doppler component is:
ej‘Pl,1 ej‘P1,M
D= . : ];

elP2L1 ... glP1Mm
wherein, ¢, represents a phase offset value corresponding to an x™ reference signal port
’ Xy

and a y'" frequency domain basis vector, the parameter L represents a number of the reference
signal ports selected by the terminal, and the parameter M represents a number of the frequency
domain basis vectors selected by the terminal, wherein the parameter L and the parameter M are
positive integers.

26. The method according to claim 24, wherein the time domain Doppler component is
represented by the basis vector, and an expression of the time domain Doppler component is:

Wy =[fa1 - faxl;

wherein, K basis vectors in the Wy are selected by the terminal from candidate basis vectors;

or, the K basis vectors in the Wy are fixed or predefined basis vectors.
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27. The method according to claim 25, wherein determining the precoding matrix for
downlink data transmission at the time point t according to the CSI comprises:

determining the precoding matrix for downlink data transmission at the time point t
according to the CSI by a following equation:

W = Va x Wy (W,OD)W;

wherein, W; represents a port selection matrix corresponding to the reference signal port,
W, represents a matrix of the combination coefficients, W; represents a matrix of the frequency
domain basis vectors, va represents a power normalization factor, and H represents a conjugate
transpose of a matrix.

28. The method according to claim 26, wherein determining the precoding matrix for
downlink data transmission at the time point t according to the CSI comprises:

determining the precoding matrix for downlink data transmission at the time point t

according to the CSI by a following equation:
W = VBW,; W, (Wa®Wp)™;
wherein, W, represents a port selection matrix corresponding to the reference signal port,

W, represents a matrix of the combination coefficients, W; represents a matrix of the frequency

domain basis vectors, Vb represents a power normalization factor, and H represents a conjugate

transpose of a matrix.

29. The method according to claim 23, wherein determining the precoding matrix for
downlink data transmission at the time point t according to the CSI comprises:

determining the precoding matrix for downlink data transmission at the time point t

according to the CSI by at least one of following equations:

W = va x Wy (W,OD)W;

W = VW, W, (Wy@Wp)'™;

wherein, W; represents a port selection matrix corresponding to the reference signal port,
W, and \7\/2 represent matrices of the combination coefficients, Wy represents a matrix of the

frequency domain basis vectors, D comprises the time domain Doppler components represented
by the phase offsets between adjacent time points for transmitting the beamformed downlink pilot

signals, Wy comprises the time domain Doppler components represented by the basis vectors,

D, W,, W, and WY are determined according to T groups of combination coefficients, va and
Vb represents power normalization factors, and H represents a conjugate transpose of a matrix.
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30. The method according to claim 25, wherein time intervals between adjacent time points
in the T consecutive time points are equal, a time difference between the time point t and a first
time point in the T consecutive time points is At, and At is an integer multiple of the time interval
between adjacent time points in the T consecutive time points; and

wherein determining the precoding matrix for downlink data transmission at the time point t
according to the CSI comprises:

determining the precoding matrix for downlink data transmission at the time point t

according to the CSI by following equations:
W, = VW, (W,0D" )W,

eidte1y ... QJAtQiMm
D' = : : ;
eidtezry ... QJAtQ1M

wherein, W, represents a port selection matrix corresponding to the reference signal port,
W, represents a matrix of the combination coefficients, W; represents a matrix of the frequency
domain basis vectors, v/c represents a power normalization factor, and the parameter L represents
the number of the reference signal ports selected by the terminal, the parameter M represents the
number of the frequency domain basis vectors selected by the terminal, the parameter L and the
parameter M are positive integers, and H represents a conjugate transpose of a matrix.

31. The method according to claim 26, wherein the time domain Doppler component is
represented by a discrete Fourier transform (DFT) basis vector, and time intervals between
adjacent time points in the T consecutive time points are equal, t=T+n, indicating that the time
point t is a time point after a last time point in the T time points, with a time interval from the last
time point in the T time points being n times of a target time interval, wherein the target time
interval is the time interval between adjacent time points in the T consecutive time points, and n
is a positive integer; and

wherein determining the precoding matrix for downlink data transmission at the time point t
according to the CSI comprises:

determining the precoding matrix for downlink data transmission at the time point t

according to the CSI by a following equation:

_2nk1[$ +1
B [fd,l((t —T)mod T)e"™ ©0s ]
W, = VdW; W, : QW |
.ZT[kKl¥J+1
fac((t=T)mod T)e 05
wherein, W, represents a port selection matrix corresponding to the reference signal port,
Wz represents a matrix of the combination coefficients, W; represents a matrix of the frequency

domain basis vectors, fqy(T) represents elements in a T'™ row of the DFT basis vector, kg
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represents an index value of a K™ DFT basis vector, Vd represents a power normalization factor,

O3 represents an oversampling factor, and H represents a conjugate transpose of a matrix.

32. The method according to claim 22 or 23, wherein the reference signal port comprises at
least one of:

a channel status information-reference signal (CSI-RS) port; or

a demodulation reference signal (DMRS) port.

33. The method according to claim 19, wherein the downlink pilot signal comprises at least
one of:

a channel status information-reference signal (CSI-RS);

a demodulation reference signal (DMRS); or

a combination of the CSI-RS and the DMRS.

34. The method according to claim 19, wherein the uplink reference signal is a sounding
reference signal SRS.

35. An apparatus for reporting channel status information (CSI), comprising:

a transmitting module, configured to transmit an uplink reference signal to a network device;

a receiving module, configured to receive beamformed downlink pilot signals transmitted by
the network device at T consecutive time points; and

a determining module, configured to estimate downlink effective channel information
corresponding to the T consecutive time points according to the beamformed downlink pilot
signals of the T consecutive time points;

wherein the determining module is further configured to determine CSI corresponding to the
T consecutive time points according to the downlink effective channel information corresponding
to the T consecutive time points; and

the transmitting module is further configured to report the CSI to the network device;

wherein, a beam used by the beamformed downlink pilot signals is determined based on
uplink channel information estimated according to the uplink reference signal, and the CSI is used
by the network device to determine a precoding matrix for downlink data transmission at a time
point t, wherein the time point t is after the T consecutive time points, and T is a positive integer.

36. An apparatus for determining a precoding matrix, comprising:

a receiving module, configured to receive an uplink reference signal transmitted by the
terminal;

a determining module, configured to estimate uplink channel information according to the
uplink reference signal, and determine a beam for transmitting downlink pilot signals according
to the uplink channel information; and

a transmitting module, configured to transmit the downlink pilot signals beamformed with
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the beam to the terminal at T consecutive time points;

wherein the receiving module is further configured to receive CSI corresponding to the T
consecutive time points reported by the terminal; and

the determining module is further configured to determine a precoding matrix for downlink
data transmission at a time point t according to the CSI;

wherein the CSI is determined by the terminal according to the beamformed downlink pilot
signals, and the time point t is after the T consecutive time points, and T is a positive integer.

37. A terminal, comprising:

a processor;

a transceiver coupled to the processor;

a memory for storing executable instructions for the processor;

wherein the processor is configured to load and execute the executable instructions to
perform the method for reporting CSI according to any one of claims 1 to 18.

38. A network device, comprising:

a processor;

a transceiver coupled to the processor;

a memory for storing executable instructions for the processor;

wherein the processor is configured to load and execute the executable instructions to
perform the method for determining a precoding matrix according to any one of claims 19 to 34.

39. A computer-readable storage medium, having executable instructions stored thereon that,
when loaded and executed by a processor, the method for reporting CSI according to any one of
claims 1 to 18 or the method for determining a precoding matrix according to any one of claims
19 to 34 is performed.

40. A chip, comprising a programmable logic circuit or program, configured to perform the
method for reporting CSI according to any one of claims 1 to 18, or the method for determining
a precoding matrix according to any of claims 19 to 34.

41. A computer program product, comprising computer instructions, wherein the computer
instructions are stored in a computer-readable storage medium, a processor of a computer device
reads the computer instructions from the computer-readable storage medium, and the processor
executes the computer instructions, causing the computer device to perform the method for
reporting CSI according to any one of claims 1 to 18, or the method for determining a precoding

matrix according to any one of claims 19 to 34.
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