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CHANNEL STATE INFORMATION FEEDBACK METHOD AND 

COMMUNICATIONS APPARATUS 

TECHNICAL FIELD 

[0001] This application relates to the field of mobile communications technologies, and in 

particular, to a channel state information feedback method and a communications apparatus. 5 

BACKGROUND 

[0002] A multiple-input multiple-output (Multiple Input and Multiple Output, MIMO) 

technology is a core technology of a long term evolution (Long Term Evolution, LTE) system and 

a fifth generation (5th generation, 5G) new radio (new radio, NR) system. With the MIMO 

technology, when sending data to a terminal, a base station needs to perform signal precoding 10 

based on downlink channel state information (Channel State Information, CSI). 

[0003] For a frequency division duplex (Frequency Division Duplexing, FDD) system, 

different frequency bands are used for an uplink and a downlink. Therefore, downlink channel 

state information cannot be obtained by using uplink channel state information, and a downlink 

precoding matrix cannot be obtained. In an existing wireless communications system, an optimal 15 

downlink precoding matrix is generally obtained in a manner of feeding back a precoding matrix 

or a precoding matrix index (Precoding Matrix Index, PMI) by the terminal. 

[0004] The terminal feeds back the precoding matrix based on a codebook. The codebook has 

a significant performance advantage by linearly combining a plurality of orthogonal wave beams. 

Because channels are correlated in frequency domain, during channel feedback, the terminal may 20 

compress to-be-fed-back channel information by using the frequency-domain correlation, to 

reduce feedback overheads. Correspondingly, a CSI obtaining solution based on dual-domain 

compression is proposed. A codebook structure corresponding to the solution is W = 𝑊1𝑊̃2𝑊𝑓
𝐻. 

W1 is a spatial-domain basis vector matrix consisting of one or more selected spatial-domain beam 

basis vectors, and may be a rotated discrete Fourier transform (Discrete Fourier Transformation, 25 
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DFT) basis matrix or a port selection matrix. 𝑊𝑓  is a frequency-domain basis vector matrix 

consisting of one or more selected frequency-domain basis vectors. The selected frequency-

domain basis vector may be selected from a predefined DFT basis matrix or rotated DFT basis 

matrix. 𝑊̃2  is a linear superposition coefficient matrix, and may be considered as a weighted 

combination coefficient of a spatial-frequency vector pair. 5 

[0005] Although uplink and downlink channels of the FDD system are not completely 

reciprocal, the uplink and downlink physical channels of the FDD system are partially reciprocal, 

for example, the uplink and downlink physical channels are reciprocal in multipath angle and delay. 

Based on this, the base station may estimate a part of information, that is, multipath angle and 

delay information, by using uplink channel information. Then, the base station loads an obtained 10 

angle and delay onto a downlink pilot, and notifies the terminal to perform measurement and feed 

back supplementary information required by the base station. Finally, the base station reconstructs 

a downlink channel or performs precoding based on the information that is obtained through uplink 

pilot measurement and the supplementary information that is fed back by the terminal. 

Correspondingly, a new codebook structure needs to be provided to support the terminal in feeding 15 

back CSI based on the angle and delay reciprocity of the uplink and downlink physical channels. 

In this case, how to determine the codebook structure is a problem that needs to be resolved. 

SUMMARY 

[0006] This application provides a channel state information feedback method and a 

communications apparatus, to resolve how to determine a codebook structure corresponding to 20 

CSI feedback based on angle and delay reciprocity of uplink and downlink physical channels, 

thereby reducing CSI feedback overheads. 

[0007] According to a first aspect, an embodiment of this application provides a channel state 

information feedback method. The method may be performed by a first communications apparatus. 

The first communications apparatus may be a communications device or a communications 25 

apparatus that can support a function required by the communications device to implement the 

method, for example, a chip system. The following uses an example in which the communications 

device is a terminal for description. The method includes the following step. 

[0008] The terminal receives first indication information from a network device, and the 
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terminal sends channel state information to the network device. The first indication information is 

used to indicate a type of a right multiplication matrix in a first codebook, and the first codebook 

satisfies a formula W = 𝑊1𝑊̃2𝑊𝑓
𝐻. W is the first codebook, 𝑊1 is a port selection matrix, 𝑊̃2 

is a linear superposition coefficient matrix, 𝑊𝑓 is the right multiplication matrix, and 𝑊𝑓
𝐻 is a 

conjugate transpose of 𝑊𝑓, and is used by the terminal to determine the channel state information 5 

based on the first codebook. 

[0009] In this embodiment of this application, the first codebook is a codebook that may be 

used to obtain CSI based on angle and delay reciprocity of an uplink channel and a downlink 

channel, and is a codebook different from a codebook in a conventional technology. For better 

compatibility with the conventional technology, in this embodiment of this application, 10 

improvement may be performed based on a current dual-domain compressed codebook W =

𝑊1𝑊̃2𝑊𝑓
𝐻, for example, 𝑊𝑓 is modified, to obtain the first codebook. The network device may 

indicate the type of 𝑊𝑓 by using the first indication information, to indicate the terminal whether 

to obtain the CSI by using the first codebook or the codebook in the conventional technology. It 

can be learned that, according to the method provided in this embodiment of this application, when 15 

there are a plurality of codebooks, the codebook used by the terminal to obtain the CSI may be 

explicitly indicated. In addition, the terminal may feed back the CSI based on the angle and delay 

reciprocity of the uplink channel and the downlink channel, thereby reducing overheads. 

[0010] Different first codebooks correspond to different 𝑊𝑓. Therefore, from this perspective, 

𝑊𝑓 may be indirectly indicated by using the first codebook. That is, the first indication information 20 

indicates the first codebook. In other words, the method may alternatively include the following 

step. 

[0011] The terminal receives first indication information from a network device. The first 

indication information is used to indicate a first codebook, and the first codebook is used by the 

terminal to determine channel state information. 25 

[0012] The terminal sends the channel state information to the network device. 

[0013] In a specific implementation, whether the first indication information indicates the first 

codebook or indicates 𝑊𝑓 to indicate the solution of obtaining the CSI based on the angle and 

delay reciprocity of the uplink channel and the downlink channel is not limited in this embodiment 

of this application. 30 
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[0014] According to a second aspect, an embodiment of this application provides a channel 

state information feedback method. The method may be performed by a second communications 

apparatus. The second communications apparatus may be a communications device or a 

communications apparatus that can support a function required by the communications device to 

implement the method, for example, a chip system. The following uses an example in which the 5 

communications device is a network device for description. The method includes the following 

step. 

[0015] The network device receives channel state information from a terminal. The channel 

state information includes first indication information. 

[0016] The network device determines a precoding matrix based on the first indication 10 

information and a first codebook. The first codebook W satisfies a formula W = 𝑊1𝑊̃2𝑊𝑓
𝐻. 𝑊1 

is a port selection matrix, 𝑊̃2  is a linear superposition coefficient matrix, the first indication 

information is used to indicate a type of 𝑊𝑓, and 𝑊𝑓
𝐻 is a conjugate transpose of 𝑊𝑓. 

[0017] Similarly, 𝑊𝑓 varies with different first codebooks. Therefore, it may be considered 

that the method may alternatively include the following step. 15 

[0018] The network device receives channel state information from a terminal. The channel 

state information includes first indication information, and the first indication information is used 

to indicate a first codebook. 

[0019] The network device determines a precoding matrix based on the first codebook. 

[0020] It should be understood that a technical effect brought by the second aspect is the same 20 

as the technical effect of the first aspect, and details are not described herein again. 

[0021] In embodiments of the first aspect and the second aspect, the first indication 

information may be carried in existing signaling. For example, the first indication information is 

carried in a CSI reporting band CSI-ReportingBand field of radio resource control (radio resource 

control, RRC) signaling. For example, a value of the CSI-ReportingBand field is 0, indicating the 25 

type of 𝑊𝑓. Alternatively, it may be considered that a value of the CSI-ReportingBand field is 0, 

indicating that the terminal obtains the CSI based on the angle and delay reciprocity of the uplink 

channel and the downlink channel. This facilitates compatibility with existing RRC signaling. 

[0022] In embodiments of the first aspect and the second aspect, 𝑊𝑓  includes but is not 

limited to the following several designs. 30 
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[0023] Design 1: 𝑊𝑓 is a port selection matrix. That is, the first indication information is used 

to indicate that the type of 𝑊𝑓 is a port selection matrix. 

[0024] Design 2: 𝑊𝑓  is one or a plurality of specific column vectors. That is, the first 

indication information is used to indicate that the type of 𝑊𝑓 is one or a plurality of specific 

column vectors. For example, 𝑊𝑓 is a column vector in which all elements are 1, or 𝑊𝑓 includes 5 

a column vector in which all elements are 1. In this design solution, a channel state information 

reference signal (channel state information reference signal, CSI-RS) port group does not need to 

be distinguished, thereby reducing complexity. 

[0025] Design 3: 𝑊𝑓 is a DFT matrix, and includes a column vector in which all elements are 

1. That is, the first indication information is used to indicate that the type of 𝑊𝑓 is a DFT matrix. 10 

Based on this design solution, the network side further needs to indicate, to the terminal, a column 

vector that needs to be used, for example, the column vector in which all elements are 1 in the 

DFT matrix. In a possible implementation, the first indication information may further indicate the 

column vector in which all elements are 1. Alternatively, the network device sends second 

indication information to the terminal, the terminal receives the second indication information, and 15 

the second indication information indicates the column vector in which all elements are 1 in the 

DFT matrix. 

[0026] Specifically, 𝑊1 in the first codebook is used to select one or a plurality of channel 

state information reference signal (channel state information reference signal, CSI-RS) port groups, 

and 𝑊𝑓 is used to select one or more CSI-RS ports in the CSI-RS port group or the plurality of 20 

CSI-RS port groups. 

[0027] It should be understood that 𝑊1 is used to select a CSI-RS port group, and one or a 

plurality of CSI-RS port groups may be selected. If 𝑊1  selects the CSI-RS port group, 𝑊𝑓 

selects one or more CSI-RS ports in the CSI-RS port group. If 𝑊1 selects the plurality of CSI-RS 

port groups, 𝑊𝑓 may select different or same ports for different CSI-RS port groups. For example, 25 

𝑊𝑓  may indicate a sequence number of a CSI-RS port, to indicate to select CSI-RS ports 

corresponding to the sequence number in all CSI-RS port groups, that is, CSI-RS ports selected in 

all CSI-RS port groups are the same. 

[0028] In embodiments of the first aspect and the second aspect, 𝑊𝑓 is a port selection matrix, 

a length of a column vector of 𝑊𝑓 may be 𝑀𝐺𝑟𝑜𝑢𝑝, a length of a column vector of 𝑊1 may be 30 

2𝑋̃𝐺𝑟𝑜𝑢𝑝, 𝑀𝐺𝑟𝑜𝑢𝑝*𝑋̃𝐺𝑟𝑜𝑢𝑝=X/2, X is used to indicate a quantity of CSI-RS ports, 𝑀𝐺𝑟𝑜𝑢𝑝 is an 



 

6 

integer greater than or equal to 1, and 𝑋̃𝐺𝑟𝑜𝑢𝑝 is an integer greater than or equal to 1. 

[0029] In this design, 𝑀𝐺𝑟𝑜𝑢𝑝, 𝑋̃𝐺𝑟𝑜𝑢𝑝, and X may be agreed in a system or a protocol, or may 

be indicated by the network side to the terminal. For example, the network device may send third 

indication information to the terminal, the terminal receives the third indication information, and 

the third indication information may be used to indicate one or more of 𝑋̃𝐺𝑟𝑜𝑢𝑝, 𝑋̃𝐺𝑟𝑜𝑢𝑝, and X. 5 

[0030] In embodiments of the first aspect and the second aspect, 𝑊𝑓 is one or a plurality of 

specific column vectors, a length of a column vector of 𝑊𝑓 may be 𝑁𝑅𝐵
0 , a length of a column 

vector of 𝑊1 may be X, X is used to indicate a quantity of CSI-RS ports, and 𝑁𝑅𝐵
0  is an integer 

greater than or equal to 1. 

[0031] For example, 𝑁𝑅𝐵
0  is related to a quantity of resource blocks (resource block, RB) or 10 

a quantity of subbands of a CSI-RS transmission bandwidth. For example, 𝑁𝑅𝐵
0  may be equal to 

the quantity of RBs or the quantity of subbands of the CSI-RS transmission bandwidth. This is 

relatively simple. 

[0032] In embodiments of the first aspect and the second aspect, the terminal may feed back 

𝑊1 and 𝑊̃2 to the network side. For example, the channel state information sent by the terminal 15 

to the network device may include feedback information, and the feedback information may be 

used to indicate 𝑊1 and 𝑊̃2. Compared with a conventional technology in which the terminal 

needs to feed back 𝑊1, 𝑊̃2, and 𝑊𝑓 to the network side, this reduces overheads. 

[0033] For linear superposition coefficients corresponding to different selected receive 

antennas, the terminal may construct 𝑊̃2 in different manners. For example, the terminal selects 20 

X linear superposition coefficients corresponding to all ports, that is, X ports, and the terminal may 

construct 𝑊̃2  of 2𝑋̃𝐺𝑟𝑜𝑢𝑝 *𝑀𝐺𝑟𝑜𝑢𝑝  in ascending order (or descending order) of CSI-RS port 

numbers based on a rule of row first and column second (or column first and row second). It should 

be understood that one receive antenna corresponds to one 𝑊̃2 . Therefore, the feedback 

information may include NRx 𝑊̃2. NRx is a quantity of receive antennas of the terminal. For another 25 

example, the terminal may construct a matrix of X*NRx for the X linear superposition coefficients 

corresponding to different receive antennas, and perform singular value decomposition (singular 

value decomposition) SVD decomposition on the matrix. The terminal selects a linear 

superposition coefficient based on a value of a rank corresponding to a precoding matrix to be 
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calculated, and constructs 𝑊̃2 of 2𝑋̃𝐺𝑟𝑜𝑢𝑝*𝑀𝐺𝑟𝑜𝑢𝑝 in a sequence from head to tail (or from tail 

to head) based on a rule of row first and column second (or column first and row second). 

Correspondingly, the feedback information may include R 𝑊̃2 . R is the value of the rank 

corresponding to the precoding matrix. 

[0034] In a specific application scenario, in different polarization directions, quantities of ports 5 

selected by the terminal may be the same or different, and sequence numbers of the ports selected 

by the terminal may be the same or different. For example, the quantities of the ports selected by 

the terminals may be the same, and the sequence numbers of the selected ports are also the same. 

In this way, once a port in one polarization direction is determined, a port in another polarization 

direction is also determined. This implementation is relatively simple. For another example, in 10 

different polarization directions, quantities of ports selected by the terminal may be the same, and 

sequence numbers of the selected ports are different. A selected port is not limited, so that a port 

can be selected relatively freely, thereby improving system performance. For still another example, 

in different polarization directions, quantities of ports selected by the terminal are different, and 

sequence numbers of the selected ports are also different, so that a port can be selected more freely, 15 

thereby further improving system performance. 

[0035] For the foregoing design 2 and design 3, in different application scenarios, 

embodiments of this application provide several possible designs of W1, to obtain the CSI based 

on the angle and delay reciprocity of the uplink channel and the downlink channel. 

[0036] For example, in different polarization directions, quantities of ports selected by the 20 

terminal are the same, and sequence numbers of the selected ports are the same. 𝑊1 satisfies the 

following formula: 

L
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
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[0037] 𝑋 is the quantity of CSI-RS ports, L̃ is a quantity of CSI-RS ports selected in one 

polarization direction, L
2

X


E   is a matrix consisting of 
,

2

2
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2
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− , and i is an integer greater than or equal to 0. 
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[0038] It should be understood that, 𝑋 is a quantity, sent by the base station, of CSI-RS ports, 

L̃ is a quantity of CSI-RS ports selected by the terminal in one polarization direction, and the 

(
2

,od i
X

m
 
 
 

)th element in 
,

2

2

X

X
mod i
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 
 
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e  is 1, and may indicate to select a corresponding CSI-RS port. 

[0039] In a specific application, CSI-RS ports selected by the terminal may be discontinuous 

or continuous. It should be understood that, as a variation of W1, 𝑊1  satisfies the following 5 

formula: 
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which indicates that the CSI-RS ports selected by the terminal may be continuous. 

[0040] For example, in different polarization directions, quantities of ports selected by the 

terminal are the same, and sequence numbers of the selected ports are different. 𝑊1 satisfies the 10 

following formula: 
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CSI-RS ports, and L̃ is a quantity of CSI-RS ports selected in one polarization direction; L
2

X


E  15 
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0. 
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[0041] Similarly, CSI-RS ports selected by the terminal may be discontinuous or continuous. 

It should be understood that, as a variation of W1, 𝑊1 satisfies the following formula: 

L
2

1

L
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0

0

X

E





 
 

=
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 
 
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W , where 

 
2 2 2

L , 1, L 1,
2 2 2 2

X X X

X X X X
mod m mod m mod m

     
     
     

     
 + + −     

     

 
=  
  

E e e e , and 

2 2 2

L , 1, L 1,
2 2 2 2

X X X

X X X
mod n mod n mod n

E e e e

     
     
     

     
 + + −     

     

 
=  
  

X . 5 

[0042] For another example, in different polarization directions, quantities of ports selected by 

the terminal are different, and sequence numbers of the selected ports are different. Dimensions of 

𝑊1 are X*L, L≤X, X is used to indicate the quantity of CSI-RS ports, and L is a quantity of 

selected CSI-RS ports. 

[0043] In a possible implementation, 𝑊1  may be implemented based on a matrix. For 10 

example, W1 is a subset of 𝐹𝑋×𝑋, and 𝐹𝑋×𝑋 may be predefined in a system or agreed in a protocol. 

For example, dimensions of 𝐹𝑋×𝑋 are X*X, that is, 𝑊1 selects L column vectors from X column 

vectors in 𝐹𝑋×𝑋, where L≤X. For example, 𝐹𝑋×𝑋 = [𝒆(𝑋)
0 𝒆(

𝑋

2
)
1 … 𝒆(

𝑋

2
)
(𝑋−1)

]. 𝒆(X)
𝑖 is a 

vector whose length is X, an ith element in 𝐹𝑋×𝑋 is 1 and all remaining elements are 0, and i=0, 

1, ..., X–1. 15 

[0044] Similarly, CSI-RS ports selected by the terminal may be discontinuous or continuous. 

It should be understood that, 𝑊1 may satisfy the following formula: 

( ) ( )

1 ( , ) ( ( 1), )
[ , ..., ]

X X

mod m X mod m L X
W e e

+ −
= , which indicates that the CSI-RS ports selected by the 

terminal may be continuous. 

[0045] According to a third aspect, an embodiment of this application provides a channel state 20 

information feedback method. The method may be performed by a first communications apparatus. 

The first communications apparatus may be a communications device or a communications 

apparatus that can support a function required by the communications device to implement the 

method, for example, a chip system. The following uses an example in which the communications 

device is a terminal for description. The method includes the following step. 25 

[0046] The terminal receives first indication information from a network device, and sends 

channel state information to the network device. The first indication information is used to indicate 
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a port selection matrix, the port selection matrix is used by the terminal to determine the channel 

state information based on a second codebook, and the second codebook satisfies a formula W =

𝑊1𝑊̃2 . W is the second codebook, 𝑊1  is the port selection matrix, and 𝑊̃2  is a linear 

superposition coefficient matrix. 

[0047] According to a fourth aspect, an embodiment of this application provides a channel 5 

state information feedback method. The method may be performed by a second communications 

apparatus. The second communications apparatus may be a communications device or a 

communications apparatus that can support a function required by the communications device to 

implement the method, for example, a chip system. The following uses an example in which the 

communications device is a network device for description. The method includes the following 10 

step. 

[0048] The network device receives channel state information from a terminal. The channel 

state information includes first indication information, the first indication information is used to 

indicate a port selection matrix, the port selection matrix is used by the terminal to determine the 

channel state information based on a second codebook, and the second codebook satisfies a 15 

formula W = 𝑊1𝑊̃2. W is the second codebook, 𝑊1 is the port selection matrix, and 𝑊̃2 is a 

linear superposition coefficient matrix. 

[0049] The network device determines a precoding matrix based on the first indication 

information and the second codebook. 

[0050] In this embodiment of this application, the second codebook is a codebook that may be 20 

used to obtain CSI based on angle and delay reciprocity of an uplink channel and a downlink 

channel, and is a codebook different from a codebook in a conventional technology. The network 

device notifies, by using the first indication information, the terminal that a codebook to be used 

is the second codebook, that is, indicates a CSI obtaining solution based on the angle and delay 

reciprocity between the uplink channel and the downlink channel, so that the terminal feeds back 25 

the CSI based on the second codebook, thereby reducing overheads. 

[0051] In embodiments of the third aspect and the fourth aspect, dimensions of 𝑊1 are X*L, 

L≤X, X is used to indicate the quantity of CSI-RS ports, and L is a quantity of selected CSI-RS 

ports. 

[0052] In a specific application scenario, in different polarization directions, quantities of ports 30 

selected by the terminal may be the same, and sequence numbers of the selected ports are also the 
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same. 

[0053] Alternatively, in different polarization directions, quantities of ports selected by the 

terminal may be the same, and sequence numbers of the selected ports are different. 

[0054] Alternatively, in different polarization directions, quantities of ports selected by the 

terminal are different, and sequence numbers of the selected ports are also different. 5 

[0055] Based on different application scenarios, embodiments of this application provide the 

following several possible designs of W1. 

[0056] For example, in different polarization directions, quantities of ports selected by the 

terminal are the same, and sequence numbers of the selected ports are the same. 𝑊1 satisfies the 

following formula: 10 

L
2

1

L
2

0

0

X

X





 
 

=
 
 
 

E

W
E

, where 
1 2 L 1

2 2 2

L , , ,
2 2 2 2

X X X

X X X X
mod m mod m mod m

−

     
     
     

     
     
     



 
 
 
 

= E e e e . 

[0057] 𝑋 is the quantity of CSI-RS ports, L̃ is a quantity of CSI-RS ports selected in one 

polarization direction, L
2

X


E   is a matrix consisting of 
,

2

2

X

X
mod i

 
 
 

 
 
 

e  , 
,

2

2

X

X
mod i

 
 
 

 
 
 

e   is a vector 

whose length is X/2, a (
2

,od i
X

m
 
 
 

)th element in elements included in the vector is 1 and other elements 

are 0, i=m1, m2, ..., 1L
m

− , and i is an integer greater than or equal to 0. 15 

[0058] 𝑋 is a quantity, sent by the base station, of CSI-RS ports, L̃ is a quantity of CSI-RS 

ports selected by the terminal in one polarization direction, and the (
2

,od i
X

m
 
 
 

 )th element in 

,

2

2

X

X
mod i

 
 
 

 
 
 

e  is 1, and may indicate to select a corresponding CSI-RS port. 

[0059] Since the quantities of the ports are the same and the sequence numbers of the ports are 

the same, it may be considered that once a port in one polarization direction is selected, a port in 20 

another polarization direction is also selected. This implementation is relatively simple. 

[0060] As a variation of W1, 𝑊1 satisfies the following formula: 

L
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1

L
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0
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X

X
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

 
 
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 
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 , where 
2 2 2

L , 1, L 1,
2 2 2 2

X X X

X X X X
mod m mod m mod m

     
     
     

     
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     

 + + −

 
 
 
 

= E e e e  , 

which indicates that the CSI-RS ports selected by the terminal may be continuous. 

[0061] For example, in different polarization directions, quantities of ports selected by the 25 

terminal are the same, and sequence numbers of the selected ports are different. 𝑊1 satisfies the 
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following formula: 
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and 

1 2 L 1

2 2 2

L , , ,
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X X X

X X X
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E e e e
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 
 
 
 

= X , where 𝑋 is the quantity 

of CSI-RS ports, and L̃ is a quantity of CSI-RS ports selected in one polarization direction; L
2

X


E  5 

is a matrix consisting of 
,

2

2

X

X
mod i

 
 
 

 
 
 
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X
mod i
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 

e  is a vector whose length is X/2, a (
2

,od i
X

m
 
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element in elements included in the vector is 1 and other elements are 0, i=m1, m2, ..., 1L
m

− , and i 

is an integer greater than or equal to 0; and L
2

E


X   is a matrix consisting of 
,

2

2

X

X
mod i

 
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 

 
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 

e  , 

,

2

2

X

X
mod i

 
 
 

 
 
 

e  is a vector whose length is X/2, a (
2

,od i
X

m
 
 
 

)th element in elements included in the 

vector is 1 and other elements are 0, i=n1, n2, ..., 1L
n

− , and i is an integer greater than or equal to 10 

0. 

[0062] As a variation of W1, 𝑊1 satisfies the following formula: 
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and 

2 2 2

L , 1, L 1,
2 2 2 2

X X X

X X X
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E e e e

     
     
     
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= X . 15 

[0063] In a possible implementation, in different polarization directions, quantities of ports 

selected by the terminal are different, and sequence numbers of the selected ports are different. 

𝑊1 may be selected from a matrix. For example, W1 is a subset of 𝐹𝑋×𝑋, dimensions of 𝐹𝑋×𝑋 

are X*X, and 𝐹𝑋×𝑋 = [𝒆(𝑋)
0 𝒆(𝑋)

1 … 𝒆(X)
(𝑋−1)] . For example, 𝒆(X)

𝑖  is a vector whose 

length is X, an ith element in 𝐹𝑋×𝑋 is 1 and all remaining elements are 0, and i=0, 1, ..., X–1. 20 

[0064] As a variation of W1, 𝑊1 satisfies the following formula: 

( ) ( )

1 ( , ) ( (L 1), )
[ , ..., ]

X X

mod m X mod m X
W e e

+ −
= , which indicates that the CSI-RS ports selected by the 
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terminal may be continuous. 

[0065] For technical effects brought by the third aspect, the fourth aspect, the possible 

implementations of the third aspect, or the possible implementations of the fourth aspect, refer to 

the description of the technical effects of the first aspect or the possible implementations of the 

first aspect. 5 

[0066] According to a fifth aspect, an embodiment of this application provides a 

communications apparatus, including a receiving unit and a sending unit. 

[0067] The receiving unit is configured to receive first indication information from a network 

device. The first indication information is used to indicate a type of a right multiplication matrix 

in a first codebook, and the first codebook satisfies a formula W = 𝑊1𝑊̃2𝑊𝑓
𝐻 . W is the first 10 

codebook, 𝑊1 is a port selection matrix, 𝑊̃2 is a linear superposition coefficient matrix, 𝑊𝑓 is 

the right multiplication matrix, and 𝑊𝑓
𝐻 is a conjugate transpose of 𝑊𝑓, and is used by a terminal 

to determine channel state information based on the first codebook. 

[0068] The sending unit is configured to send the channel state information to the network 

device. 15 

[0069] It may be understood that the communications apparatus may further include a 

processing unit. The processing unit is configured to generate the channel state information. The 

receiving unit and the sending unit may be included in a transceiver unit, and the transceiver unit 

implements functions of the receiving unit and the sending unit. 

[0070] According to a sixth aspect, an embodiment of this application provides a 20 

communications apparatus, including a receiving unit and a processing unit. 

[0071] The receiving unit is configured to receive channel state information from a terminal. 

The channel state information includes first indication information. 

[0072] The processing unit is configured to determine a precoding matrix based on the first 

indication information and a first codebook. The first codebook satisfies a formula W =25 

𝑊1𝑊̃2𝑊𝑓
𝐻. W is the first codebook, 𝑊1 is a port selection matrix, 𝑊̃2 is a linear superposition 

coefficient matrix, the first indication information is used to indicate a type of 𝑊𝑓, and 𝑊𝑓
𝐻 is a 

conjugate transpose of 𝑊𝑓. 

[0073] It may be understood that the receiving unit may be included in a transceiver unit, and 
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the transceiver unit implements a function of the receiving unit. 

[0074] In embodiments of the fifth aspect and the sixth aspect, the first indication information 

may be carried in existing signaling. For example, the first indication information is carried in a 

CSI reporting band CSI-ReportingBand field of RRC signaling. For example, a value of the CSI-

ReportingBand field is 0, used to indicate the codebook for the terminal to obtain the CSI based 5 

on angle and delay reciprocity of an uplink channel and a downlink channel, or the type of 𝑊𝑓. 

This facilitates compatibility with existing RRC signaling. 

[0075] In embodiments of the first aspect and the second aspect, 𝑊𝑓  includes but is not 

limited to the following several designs. 

[0076] Design 1: 𝑊𝑓 is a port selection matrix. That is, the first indication information is used 10 

to indicate that the type of 𝑊𝑓 is a port selection matrix. 

[0077] Design 2: 𝑊𝑓  is one or a plurality of specific column vectors. That is, the first 

indication information is used to indicate that the type of 𝑊𝑓 is one or a plurality of specific 

column vectors. For example, 𝑊𝑓 is a column vector in which all elements are 1, or 𝑊𝑓 includes 

a column vector in which all elements are 1. In this design solution, a channel state information 15 

reference signal (channel state information reference signal, CSI-RS) port group does not need to 

be distinguished, thereby reducing complexity. 

[0078] Design 3: 𝑊𝑓 is a DFT matrix, and includes a column vector in which all elements are 

1. That is, the first indication information is used to indicate that the type of 𝑊𝑓 is a DFT matrix. 

Based on this design solution, the network side further needs to indicate, to the terminal, a column 20 

vector that needs to be used, for example, the column vector in which all elements are 1 in the 

DFT matrix. In a possible implementation, the first indication information may further indicate the 

column vector in which all elements are 1. Alternatively, when the communications apparatus is 

the network device, the sending unit included in the communications apparatus sends second 

indication information to the terminal, the terminal receives the second indication information, and 25 

the second indication information indicates the column vector in which all elements are 1 in the 

DFT matrix. Alternatively, when the communications apparatus is the terminal, the receiving unit 

included in the communications apparatus receives second indication information from the 

network device, and the second indication information indicates the column vector in which all 

elements are 1 in the DFT matrix. 30 

[0079] Specifically, 𝑊1 in the first codebook is used to select one or a plurality of channel 
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state information reference signal (channel state information reference signal, CSI-RS) port groups, 

and 𝑊𝑓 is used to select one or more CSI-RS ports in the CSI-RS port group or the plurality of 

CSI-RS port groups. 

[0080] It should be understood that 𝑊1 is used to select a CSI-RS port group, and one or a 

plurality of CSI-RS port groups may be selected. If 𝑊1  selects the CSI-RS port group, 𝑊𝑓 5 

selects one or more CSI-RS ports in the CSI-RS port group. If 𝑊1 selects the plurality of CSI-RS 

port groups, 𝑊𝑓 may select different or same ports for different CSI-RS port groups. For example, 

𝑊𝑓  may indicate a sequence number of a CSI-RS port, to indicate to select CSI-RS ports 

corresponding to the sequence number in all CSI-RS port groups, that is, CSI-RS ports selected in 

all CSI-RS port groups are the same. 10 

[0081] In embodiments of the fifth aspect and the sixth aspect, 𝑊𝑓 is a port selection matrix, 

a length of a column vector of 𝑊𝑓 may be 𝑀𝐺𝑟𝑜𝑢𝑝, a length of a column vector of 𝑊1 may be 

2𝑋̃𝐺𝑟𝑜𝑢𝑝, 𝑀𝐺𝑟𝑜𝑢𝑝*𝑋̃𝐺𝑟𝑜𝑢𝑝=X/2, X is used to indicate a quantity of CSI-RS ports, 𝑀𝐺𝑟𝑜𝑢𝑝 is an 

integer greater than or equal to 1, and 𝑋̃𝐺𝑟𝑜𝑢𝑝 is an integer greater than or equal to 1. 

[0082] In this design, 𝑀𝐺𝑟𝑜𝑢𝑝, 𝑋̃𝐺𝑟𝑜𝑢𝑝, and X may be agreed in a system or a protocol, or may 15 

be indicated by the network side to the terminal. For example, when the communications apparatus 

is the network device, the transceiver unit of the network device may send third indication 

information to the terminal, the transceiver unit of the terminal receives the third indication 

information, and the third indication information may be used to indicate one or more of 𝑋̃𝐺𝑟𝑜𝑢𝑝, 

𝑋̃𝐺𝑟𝑜𝑢𝑝, and X. 20 

[0083] In embodiments of the first aspect and the second aspect, 𝑊𝑓 is one or a plurality of 

specific column vectors, a length of a column vector of 𝑊𝑓 may be 𝑁𝑅𝐵
0 , a length of a column 

vector of 𝑊1 may be X, X is used to indicate a quantity of CSI-RS ports, and 𝑁𝑅𝐵
0  is an integer 

greater than or equal to 1. 

[0084] For example, 𝑁𝑅𝐵
0  is related to a quantity of resource blocks (resource block, RB) or 25 

a quantity of subbands of a CSI-RS transmission bandwidth. For example, 𝑁𝑅𝐵
0  may be equal to 

the quantity of RBs or the quantity of subbands of the CSI-RS transmission bandwidth. This is 

relatively simple. 

[0085] In embodiments of the first aspect and the second aspect, the terminal may feed back 
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𝑊1 and 𝑊̃2 to the network side. For example, the channel state information sent by the terminal 

to the network device may include feedback information, and the feedback information may be 

used to indicate 𝑊1 and 𝑊̃2. Compared with a conventional technology in which the terminal 

needs to feed back 𝑊1, 𝑊̃2, and 𝑊𝑓 to the network side, this reduces overheads. 

[0086] For linear superposition coefficients corresponding to different selected receive 5 

antennas, the terminal may construct 𝑊̃2 in different manners. For example, the terminal selects 

X linear superposition coefficients corresponding to all ports, that is, X ports, and the terminal may 

construct 𝑊̃2  of 2𝑋̃𝐺𝑟𝑜𝑢𝑝 *𝑀𝐺𝑟𝑜𝑢𝑝  in ascending order (or descending order) of CSI-RS port 

numbers based on a rule of row first and column second (or column first and row second). It should 

be understood that one receive antenna corresponds to one 𝑊̃2 . Therefore, the feedback 10 

information may include NRx 𝑊̃2. NRx is a quantity of receive antennas of the terminal. For another 

example, the terminal may construct a matrix of X*NRx for the X linear superposition coefficients 

corresponding to different receive antennas, and perform SVD decomposition on the matrix. The 

terminal selects a linear superposition coefficient based on a value of a rank corresponding to a 

precoding matrix to be calculated, and constructs 𝑊̃2 of 2𝑋̃𝐺𝑟𝑜𝑢𝑝*𝑀𝐺𝑟𝑜𝑢𝑝 in a sequence from 15 

head to tail (or from tail to head) based on a rule of row first and column second (or column first 

and row second). Correspondingly, the feedback information may include R 𝑊̃2. R is the value of 

the rank corresponding to the precoding matrix. 

[0087] In a specific application scenario, in different polarization directions, quantities of ports 

selected by the terminal may be the same or different, and sequence numbers of the ports selected 20 

by the terminal may be the same or different. For example, the quantities of the ports selected by 

the terminals may be the same, and the sequence numbers of the selected ports are also the same. 

In this way, once a port in one polarization direction is determined, a port in another polarization 

direction is also determined. This implementation is relatively simple. For another example, in 

different polarization directions, quantities of ports selected by the terminal may be the same, and 25 

sequence numbers of the selected ports are different. A selected port is not limited, so that a port 

can be selected relatively freely, thereby improving system performance. For still another example, 

in different polarization directions, quantities of ports selected by the terminal are different, and 

sequence numbers of the selected ports are also different, so that a port can be selected more freely, 

thereby further improving system performance. 30 
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[0088] For the foregoing design 2 and design 3, in different application scenarios, 

embodiments of this application provide several possible designs of W1, to obtain the CSI based 

on the angle and delay reciprocity of the uplink channel and the downlink channel. 

[0089] For example, in different polarization directions, quantities of ports selected by the 

terminal are the same, and sequence numbers of the selected ports are the same. 𝑊1 satisfies the 5 

following formula: 

L
2

1

L
2

0

0

X

X





 
 

=
 
 
 

E

W
E

, where 
1 2 L 1

2 2 2

L , , ,
2 2 2 2

X X X

X X X X
mod m mod m mod m

−

     
     
     

     
      

     

 
=  
  

E e e e . 

[0090] 𝑋 is the quantity of CSI-RS ports, L̃ is a quantity of CSI-RS ports selected in one 

polarization direction, L
2
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E   is a matrix consisting of 
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e   is a vector 

whose length is X/2, a (
2

,od i
X

m
 
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)th element in elements included in the vector is 1 and other elements 10 

are 0, i=m1, m2, ..., 1L
m

− , and i is an integer greater than or equal to 0. 

[0091] It should be understood that, 𝑋 is a quantity, sent by the base station, of CSI-RS ports, 

L̃ is a quantity of CSI-RS ports selected by the terminal in one polarization direction, and the 

(
2
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)th element in 
,
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2

X

X
mod i

 
 
 

 
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 

e  is 1, and may indicate to select a corresponding CSI-RS port. 

[0092] In a specific application, CSI-RS ports selected by the terminal may be discontinuous 15 

or continuous. It should be understood that, as a variation of W1, 𝑊1  satisfies the following 

formula: 

L
2

1

L
2

0

0

X

X





 
 

=
 
 
 

E

W
E

 , where 
2 2 2

L , 1, L 1,
2 2 2 2

X X X

X X X X
mod m mod m mod m

     
     
     

     
 + + −     

     

 
=  
  

E e e e  , 

which indicates that the CSI-RS ports selected by the terminal may be continuous. 

[0093] For example, in different polarization directions, quantities of ports selected by the 20 

terminal are the same, and sequence numbers of the selected ports are different. 𝑊1 satisfies the 

following formula: 

L
2

1

L
2

0

0

X

E





 
 

=
 
 
 

X

E

W  , where 
1 2 L 1

2 2 2

L , , ,
2 2 2 2

X X X

X X X X
mod m mod m mod m

−

     
     
     

     
      

     

 
=  
  

E e e e  , 
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and 

1 2 L 1

2 2 2

L , , ,
2 2 2 2

X X X

X X X
mod n mod n mod n

E e e e
−

     
     
     

     
      

     

 
=  
  

X  , where 𝑋  is the quantity of 

CSI-RS ports, and L̃ is a quantity of CSI-RS ports selected in one polarization direction; L
2

X


E  

is a matrix consisting of 
,

2

2

X

X
mod i

 
 
 

 
 
 

e , 
,

2

2

X

X
mod i

 
 
 

 
 
 

e  is a vector whose length is X/2, a (
2

,od i
X

m
 
 
 

)th 

element in elements included in the vector is 1 and other elements are 0, i=m1, m2, ..., 1L
m

− , and i 5 

is an integer greater than or equal to 0; and L
2

E


X   is a matrix consisting of 
,

2

2

X

X
mod i

 
 
 

 
 
 

e  , 

,

2

2

X

X
mod i

 
 
 

 
 
 

e  is a vector whose length is X/2, a (
2

,od i
X

m
 
 
 

)th element in elements included in the 

vector is 1 and other elements are 0, i=n1, n2, ..., 1L
n

− , and i is an integer greater than or equal to 

0. 

[0094] Similarly, CSI-RS ports selected by the terminal may be discontinuous or continuous. 10 

It should be understood that, as a variation of W1, 𝑊1 satisfies the following formula: 

L
2

1

L
2

0

0

X

E





 
 

=
 
 
 

X

E

W , where 

 
2 2 2

L , 1, L 1,
2 2 2 2

X X X

X X X X
mod m mod m mod m

     
     
     

     
 + + −     

     

 
=  
  

E e e e , and 

2 2 2

L , 1, L 1,
2 2 2 2

X X X

X X X
mod n mod n mod n

E e e e

     
     
     

     
 + + −     

     

 
=  
  

X . 

[0095] For another example, in different polarization directions, quantities of ports selected by 15 

the terminal are different, and sequence numbers of the selected ports are different. Dimensions of 

𝑊1 are X*L, L≤X, X is used to indicate the quantity of CSI-RS ports, and L is a quantity of 

selected CSI-RS ports. 

[0096] In a possible implementation, 𝑊1  may be implemented based on a matrix. For 

example, W1 is a subset of 𝐹𝑋×𝑋, and 𝐹𝑋×𝑋 may be predefined in a system or agreed in a protocol. 20 

For example, dimensions of 𝐹𝑋×𝑋 are X*X, that is, 𝑊1 selects L column vectors from X column 

vectors in 𝐹𝑋×𝑋 , where L≤X. For example, 𝐹𝑋×𝑋 = [𝒆(𝑋)
0 𝒆(X)

1 … 𝒆(X)
(𝑋−1)] . 𝒆(X)

𝑖  is a 



 

19 

vector whose length is X, an ith element in 𝐹𝑋×𝑋 is 1 and all remaining elements are 0, and i=0, 

1, ..., X–1. 

[0097] Similarly, CSI-RS ports selected by the terminal may be discontinuous or continuous. 

It should be understood that, 𝑊1 may satisfy the following formula: 

( ) ( )

1 ( , ) ( ( 1), )
[ , ..., ]

X X

mod m X mod m L X
W e e

+ −
= , which indicates that the CSI-RS ports selected by the 5 

terminal may be continuous. 

[0098] For technical effects brought by the fifth aspect or the possible implementations of the 

fifth aspect, refer to the description of the technical effects of the first aspect or the possible 

implementations of the first aspect. For technical effects brought by the sixth aspect or the possible 

implementations of the sixth aspect, refer to the description of the technical effects of the second 10 

aspect or the possible implementations of the second aspect. 

[0099] According to a seventh aspect, an embodiment of this application provides a 

communications apparatus, including a receiving unit and a sending unit. 

[00100] The receiving unit is configured to receive first indication information from a network 

device. The first indication information is used to indicate a port selection matrix, the port selection 15 

matrix is used by a terminal to determine channel state information based on a second codebook, 

and the second codebook satisfies a formula W = 𝑊1𝑊̃2. W is the second codebook, 𝑊1 is the 

port selection matrix, and 𝑊̃2 is a linear superposition coefficient matrix. 

[00101] The sending unit is configured to send the channel state information to the network 

device. 20 

[00102] It may be understood that the communications apparatus may further include a 

processing unit. The processing unit is configured to generate the channel state information. The 

receiving unit and the sending unit may be included in a transceiver unit, and the transceiver unit 

implements functions of the receiving unit and the sending unit. 

[00103] According to an eighth aspect, an embodiment of this application provides a 25 

communications apparatus, including a receiving unit and a processing unit. 

[00104] The receiving unit is configured to receive channel state information from a terminal. 

The channel state information includes first indication information, the first indication information 

is used to indicate a port selection matrix, the port selection matrix is used by the terminal to 

determine the channel state information based on a second codebook, and the second codebook 30 

satisfies a formula W = 𝑊1𝑊̃2. W is the second codebook, 𝑊1 is the port selection matrix, and 



 

20 

𝑊̃2 is a linear superposition coefficient matrix. 

[00105] The processing unit is configured to determine a precoding matrix based on the first 

indication information and the second codebook. 

[00106] It may be understood that the receiving unit may be included in a transceiver unit, and 

the transceiver unit implements a function of the receiving unit. 5 

[00107] In embodiments of the seventh aspect and the eighth aspect, dimensions of 𝑊1 are 

X*L, L≤X, X is used to indicate the quantity of CSI-RS ports, and L is a quantity of selected CSI-

RS ports. 

[00108] In a specific application scenario, in different polarization directions, quantities of ports 

selected by the terminal may be the same, and sequence numbers of the selected ports are also the 10 

same. 

[00109] Alternatively, in different polarization directions, quantities of ports selected by the 

terminal may be the same, and sequence numbers of the selected ports are different. 

[00110] Alternatively, in different polarization directions, quantities of ports selected by the 

terminal are different, and sequence numbers of the selected ports are also different. 15 

[00111] Based on different application scenarios, embodiments of this application provide the 

following several possible designs of W1. 

[00112] For example, in different polarization directions, quantities of ports selected by the 

terminal are the same, and sequence numbers of the selected ports are the same. 𝑊1 satisfies the 

following formula: 20 

L
2

1

L
2

0

0

X

X





 
 

=
 
 
 

E

W
E

 , where 

1 2 L 1

2 2 2

L , , ,
2 2 2 2

X X X

X X X X
mod m mod m mod m

−

     
     
     

     
     
     



 
 
 
 

= E e e e . 

[00113] 𝑋 is the quantity of CSI-RS ports, L̃ is a quantity of CSI-RS ports selected in one 

polarization direction, L
2

X


E   is a matrix consisting of 
,

2

2

X

X
mod i

 
 
 

 
 
 

e  , 
,

2

2

X

X
mod i

 
 
 

 
 
 

e   is a vector 

whose length is X/2, a (
2

,od i
X

m
 
 
 

)th element in elements included in the vector is 1 and other elements 25 

are 0, i=m1, m2, ..., 1L
m

− , and i is an integer greater than or equal to 0. 

[00114] 𝑋 is a quantity, sent by the base station, of CSI-RS ports, L̃ is a quantity of CSI-RS 
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ports selected by the terminal in one polarization direction, and the (
2

,od i
X

m
 
 
 

 )th element in 

,

2

2

X

X
mod i

 
 
 

 
 
 

e  is 1, and may indicate to select a corresponding CSI-RS port. 

[00115] Since the quantities of the ports are the same and the sequence numbers of the ports are 

the same, it may be considered that once a port in one polarization direction is selected, a port in 

another polarization direction is also selected. This implementation is relatively simple. 5 

[00116] As a variation of W1, 𝑊1 satisfies the following formula: 

L
2

1

L
2

0

0

X

X





 
 

=
 
 
 

E

W
E

 , where 

2 2 2

L , 1, L 1,
2 2 2 2

X X X

X X X X
mod m mod m mod m

     
     
     

     
     
     

 + + −

 
 
 
 

= E e e e , which indicates that the CSI-RS ports 

selected by the terminal may be continuous. 

[00117] For example, in different polarization directions, quantities of ports selected by the 10 

terminal are the same, and sequence numbers of the selected ports are different. 𝑊1 satisfies the 

following formula: 
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0

X

E





 
 

=
 
 
 

X

E

W  , where 
1 2 L 1

2 2 2

L , , ,
2 2 2 2

X X X

X X X X
mod m mod m mod m

−

     
     
     

     
     
     



 
 
 
 

= E e e e  , 

and 

1 2 L 1

2 2 2

L , , ,
2 2 2 2

X X X

X X X
mod n mod n mod n

E e e e
−

     
     
     

     
     
     



 
 
 
 

= X , where 𝑋 is the quantity 15 

of CSI-RS ports, and L̃ is a quantity of CSI-RS ports selected in one polarization direction; L
2

X


E  

is a matrix consisting of 
,

2

2

X

X
mod i

 
 
 

 
 
 

e , 
,

2

2

X

X
mod i

 
 
 

 
 
 

e  is a vector whose length is X/2, a (
2

,od i
X

m
 
 
 

)th 

element in elements included in the vector is 1 and other elements are 0, i=m1, m2, ..., 1L
m

− , and i 

is an integer greater than or equal to 0; and L
2

E


X   is a matrix consisting of 
,

2

2

X

X
mod i

 
 
 

 
 
 

e  , 

,

2

2

X

X
mod i

 
 
 

 
 
 

e  is a vector whose length is X/2, a (
2

,od i
X

m
 
 
 

)th element in elements included in the 20 
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vector is 1 and other elements are 0, i=n1, n2, ..., 1L
n

− , and i is an integer greater than or equal to 

0. 

[00118] As a variation of W1, 𝑊1 satisfies the following formula: 

L
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L
2

0

0

X

E





 
 

=
 
 
 

X
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W  , where 
2 2 2

L , 1, L 1,
2 2 2 2

X X X

X X X X
mod m mod m mod m

     
     
     

     
     
     

 + + −

 
 
 
 

= E e e e  , 

and 5 

2 2 2

L , 1, L 1,
2 2 2 2

X X X

X X X
mod n mod n mod n

E e e e

     
     
     

     
     
     

 + + −

 
 
 
 

= X . 

[00119] In a possible implementation, in different polarization directions, quantities of ports 

selected by the terminal are different, and sequence numbers of the selected ports are different. 

𝑊1 may be selected from a matrix. For example, W1 is a subset of 𝐹𝑋×𝑋, dimensions of 𝐹𝑋×𝑋 

are X*X, and 𝐹𝑋×𝑋 = [𝒆(𝑋)
0 𝒆(X)

1 … 𝒆(X)
(𝑋−1)] . For example, 𝒆(X)

𝑖  is a vector whose 10 

length is X, an ith element in 𝐹𝑋×𝑋 is 1 and all remaining elements are 0, and i=0, 1, ..., X–1. 

[00120] As a variation of W1, 𝑊1 satisfies the following formula: 

( ) ( )

1 ( , ) ( (L 1), )
[ , ..., ]

X X

mod m X mod m X
W e e

+ −
= , which indicates that the CSI-RS ports selected by the 

terminal may be continuous. 

[00121] According to a ninth aspect, an embodiment of this application provides a 15 

communications apparatus. The communications apparatus may be the communications apparatus 

in the fifth aspect, the sixth aspect, the seventh aspect, or the eighth aspect in the foregoing 

embodiment, or a chip disposed in the communications apparatus in the fifth aspect, the sixth 

aspect, the seventh aspect, or the eighth aspect. The communications apparatus includes a 

communications interface and a processor, and optionally, further includes a memory. The memory 20 

is configured to store a computer program or instructions or data. The processor is coupled to the 

memory and the communications interface. When the processor reads the computer program or 

the instructions or data, the communications apparatus is enabled to perform the method performed 

by the terminal or the network device in the foregoing method embodiment. 

[00122] It should be understood that the communications interface may be a transceiver in the 25 

communications apparatus, for example, implemented by using an antenna, a feeder, a codec, or 

the like in the communications apparatus. Alternatively, if the communications apparatus is a chip 
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disposed in a network device, the communications interface may be an input/output interface of 

the chip, for example, an input/output circuit or a pin. The transceiver is used by the 

communications apparatus to communicate with another device. For example, when the 

communications apparatus is a terminal, the another device is a network device. Alternatively, 

when the communications apparatus is a network device, the another device is a terminal. 5 

[00123] According to a tenth aspect, an embodiment of this application provides a chip system. 

The chip system includes a processor, and may further include a memory, configured to implement 

the method performed by the communications apparatus in the fifth aspect, the sixth aspect, the 

seventh aspect, or the eighth aspect. In a possible implementation, the chip system further includes 

a memory, configured to store program instructions and/or data. The chip system may include a 10 

chip, or may include a chip and another discrete component. 

[00124] According to an eleventh aspect, an embodiment of this application provides a 

communications system. The communications system includes the communications apparatus 

according to the fifth aspect and the communications apparatus according to the sixth aspect, or 

includes the communications apparatus according to the seventh aspect and the communications 15 

apparatus according to the eighth aspect. 

[00125] According to a twelfth aspect, this application provides a computer-readable storage 

medium. The computer-readable storage medium stores a computer program, and when the 

computer program is run, the methods performed by the terminal in the foregoing aspects are 

implemented, or the methods performed by the network device in the foregoing aspects are 20 

implemented. 

[00126] According to a thirteenth aspect, a computer program product is provided. The 

computer program product includes computer program code, and when the computer program 

code is run, the methods performed by the terminal in the foregoing aspects are performed, or the 

methods performed by the network device in the foregoing aspects are performed. 25 

[00127] For beneficial effects of the ninth aspect to the thirteenth aspect and the 

implementations thereof, refer to description of beneficial effects of the foregoing aspects or the 

foregoing aspects and the implementations thereof. 
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BRIEF DESCRIPTION OF DRAWINGS 

[00128] FIG. 1 is a schematic diagram of an architecture of a communications system to which 

embodiments of this application are applicable; 

[00129] FIG. 2 is a schematic flowchart of obtaining channel state information by a network 

device according to a conventional technology; 5 

[00130] FIG. 3 is a schematic flowchart of a channel state information feedback method 

according to an embodiment of this application; 

[00131] FIG. 4 is a schematic diagram of a structure of a communications apparatus according 

to an embodiment of this application; 

[00132] FIG. 5 is a schematic diagram of another structure of a communications apparatus 10 

according to an embodiment of this application; 

[00133] FIG. 6 is a schematic diagram of a structure of a communications apparatus according 

to an embodiment of this application; 

[00134] FIG. 7 is a schematic diagram of a structure of another communications apparatus 

according to an embodiment of this application; 15 

[00135] FIG. 8 is a schematic diagram of another structure of another communications 

apparatus according to an embodiment of this application; and 

[00136] FIG. 9 is a schematic diagram of still another structure of another communications 

apparatus according to an embodiment of this application. 

DESCRIPTION OF EMBODIMENTS 20 

[00137] To make the objectives, technical solutions and advantages of embodiments of this 

application clearer, the following further describes embodiments of this application in detail with 

reference to the accompanying drawings. 

[00138] The technical solutions provided in embodiments of this application may be applied to 

a 5G system, or applied to a future communications system or another similar communications 25 

system. In addition, the technical solutions provided in embodiments of this application may be 

applied to a cellular link, a PLMN network, a machine to machine (machine to machine, M2M) 

network, an internet of things (internet of things, IoT) network, or another network, and may also 

be applied to a link between devices, for example, a device to device (device to device, D2D) link. 
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The D2D link may also be referred to as a sidelink, and the sidelink may also be referred to as a 

side link, a secondary link, or the like. In embodiments of this application, the foregoing terms 

refer to links established between devices of a same type, and have a same meaning. The link 

between devices of a same type may be a link between terminal devices, a link between base 

stations, a link between relay nodes, or the like. This is not limited in embodiments of this 5 

application. The link between terminal devices includes a D2D link defined in third generation 

partnership project (third generation partnership project, 3GPP) release (Rel)-12/13, as well as a 

vehicle-to-vehicle, vehicle-to-phone, or vehicle-to-everything V2X link defined by 3GPP for 

internet of vehicles, including Rel-14/15, and further includes V2X links based on an NR system 

in Rel-16 currently studied by 3GPP and later releases, and the like. 10 

[00139] FIG. 1 shows an application scenario to which embodiments of this application are 

applied, or referred to as a network architecture to which embodiments of this application are 

applied. FIG. 1 includes a network device and six terminal devices. It should be understood that a 

quantity of terminal devices in FIG. 1 is merely an example, and there may be more or less terminal 

devices. The network architecture may further include another network device, for example, may 15 

further include a wireless relay device and a wireless backhaul device, which are not shown in FIG. 

1. The network device is a device used by the terminal device to access a network wirelessly, and 

may be a base station. The network device corresponds to different devices in different systems, 

for example, may correspond to an eNB in a fourth generation mobile communications technology 

(4th-generation, 4G) system, and may correspond to a gNB in a 5G system. The six terminal 20 

devices may be a cellular phone, a smartphone, a portable computer, a handheld communications 

device, a handheld computing device, a satellite radio apparatus, a global positioning system, a 

PDA, and/or any other suitable device for communication in a wireless communications system, 

and all may be connected to the network device. 

[00140] Embodiments of this application are applicable to uplink signal transmission, downlink 25 

signal transmission, and D2D signal transmission. For downlink signal transmission, a sending 

device is a network device, and a corresponding receiving device is a terminal device. For uplink 

signal transmission, a sending device is a terminal device, and a corresponding receiving device is 

a network device. For D2D signal transmission, a sending device is a terminal device, and a 

receiving device is also a terminal device. For example, three terminal devices shown in a dashed-30 

line area in FIG. 1 are applicable to D2D signal transmission. A signal transmission direction is 
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not limited in embodiments of this application. 

[00141] The terminal device may be a wireless terminal device that can receive scheduling and 

indication information of the network device. The wireless terminal device may be a device that 

provides voice and/or data connectivity for a user, a handheld device having a wireless connection 

function, or another processing device connected to a wireless modem. The wireless terminal 5 

device may communicate with one or more core networks or the internet by using a radio access 

network (for example, radio access network, RAN). The wireless terminal device may be a mobile 

terminal device, such as a mobile phone (mobile phone, or referred to as a "cellular" phone or a 

cell phone), a computer, and a data card, for example, may be a portable, pocket-sized, handheld, 

computer built-in, or in-vehicle mobile apparatus that exchanges a language and/or data with the 10 

radio access network. For example, the wireless terminal device may be a device such as a personal 

communications service (personal communications service, PCS) phone, a cordless telephone set, 

a session initiation protocol (SIP) telephone, a wireless local loop (wireless local loop, WLL) 

station, a personal digital assistant (personal digital assistant, PDA), a tablet computer (Pad), or a 

computer with a wireless transceiver function. The wireless terminal device may also be referred 15 

to as a system, a subscriber unit (subscriber unit), a subscriber station (subscriber station), a mobile 

station (mobile station), a mobile station (mobile station, MS), a remote station (remote station), 

an access point (access point, AP), a remote terminal device (remote terminal), an access terminal 

device (access terminal), a user terminal device (user terminal), a user agent (user agent), a 

subscriber station (subscriber station, SS), customer premises equipment (customer premises 20 

equipment, CPE), a terminal (terminal), user equipment (user equipment, UE), a mobile terminal 

(mobile terminal, MT), or the like. Alternatively, the wireless terminal device may be a wearable 

device and a next-generation communications system, for example, a terminal device in a 5G 

network, a terminal device in a future evolved public land mobile network (public land mobile 

network, PLMN) network, or a terminal device in an NR communications system. 25 

[00142] The network device is an entity on a network side that is configured to transmit or 

receive signals, for example, a generation NodeB (generation NodeB, gNodeB). The network 

device may be a device configured to communicate with a mobile device. The network device may 

be an AP in a wireless local area network (wireless local area network, WLAN), a base transceiver 

station (base transceiver station, BTS) in a global system for mobile communications (global 30 

system for mobile communications, GSM) or code division multiple access (code division multiple 
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access, CDMA), or may be a NodeB (NodeB, NB) in wideband code division multiple access 

(wideband code division multiple access, WCDMA), or may be an evolved NodeB (evolved 

NodeB, eNB or eNodeB) in long term evolution (long term evolution, LTE), or a relay station, an 

access point, a vehicle-mounted device, a wearable device, a network device in a 5G network, a 

network device in a future evolved public land mobile network (public land mobile network, 5 

PLMN) network, a gNodeB/gNB in an NR system, or the like. In some deployments, the gNB 

may include a centralized unit (centralized unit, CU) and a DU. The gNB may further include an 

active antenna unit (active antenna unit, AAU). The CU implements some functions of the gNB, 

and the DU implements some functions of the gNB. For example, the CU is responsible for 

processing a non-real-time protocol and service, to implement functions of radio resource control 10 

(radio resource control, RRC) and packet data convergence protocol (packet data convergence 

protocol, PDCP) layers. The DU is responsible for processing a physical layer protocol and a real-

time service, to implement functions of a radio link control (radio link control, RLC) layer, a media 

access control (media access control, MAC) layer, and a physical (physical, PHY) layer. The AAU 

performs some physical layer processing, radio frequency processing, and active antenna-related 15 

functions. Because information at the RRC layer eventually becomes information at the PHY layer, 

or is converted from information at the PHY layer, in this architecture, higher-layer signaling, such 

as RRC layer signaling, may also be considered as being sent by the DU, or sent by the DU and 

the AAU. It may be understood that the network device may be a device including one or more of 

a CU node, a DU node, and an AAU node. In addition, the CU may be classified as a network 20 

device in an access network (radio access network, RAN), or the CU may be classified as a network 

device in a core network (core network, CN). This is not limited in this application. In addition, in 

embodiments of this application, the network device provides a service for a cell, and the terminal 

device communicates with the network device by using a transmission resource (for example, a 

frequency-domain resource, or referred to as a spectrum resource) used by the cell. The cell may 25 

be a cell corresponding to the network device (for example, a base station). The cell may belong 

to a macro base station, or may belong to a base station corresponding to a small cell (small cell). 

The small cell herein may include: a metro cell (Metro cell), a micro cell (Micro cell), a pico cell 

(Pico cell), a femto cell (Femto cell), and the like. These small cells have characteristics of a small 

coverage area and low transmit power, and are suitable to provide a high-rate data transmission 30 

service. In addition, in another possible case, the network device may be another apparatus that 
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provides a wireless communications function for the terminal device. A specific technology and a 

specific device form that are used by the network device are not limited in embodiments of this 

application. For ease of description, in embodiments of this application, an apparatus that provides 

a wireless communications function for a terminal device is referred to as a network device. 

[00143] When sending data to the terminal device, the network device needs to perform 5 

modulation and coding and signal precoding based on CSI fed back by the terminal device. For 

ease of understanding embodiments of this application, the following first briefly describes terms 

in embodiments of this application. 

[00144] (1) Precoding technology: When a channel state is known, the network device may 

process a to-be-sent signal by using a precoding matrix that matches a channel resource, so that 10 

the precoded to-be-sent signal is adapted to a channel, and received signal quality (for example, a 

signal-to-interference-plus-noise ratio (signal-to-interference-plus-noise ratio, SINR)) of a 

receiving device is improved, thereby reducing complexity of eliminating inter-channel influence 

by the receiving device. It can be learned that, with the precoding technology, transmission 

between a sending device and a plurality of receiving devices on a same time-frequency resource 15 

may be implemented, that is, multiple-user multiple-input multiple-output (multiple-user multiple-

input multiple-output, MU-MIMO) may be implemented. It should be noted that the related 

description of the precoding technology is merely an example for ease of understanding, and not 

intended to limit the protection scope of embodiments of this application. In a specific 

implementation process, the sending device may alternatively perform precoding in another 20 

manner. For example, when channel information (for example but not limited to a channel matrix) 

cannot be obtained, precoding or the like is performed by using a preset precoding matrix or in a 

weighting processing manner. For brevity, specific content thereof is not described herein. 

[00145] (2) Precoding matrix indicator (PMI): It may be used to indicate a precoding matrix, 

and the network device recovers the precoding matrix based on the PMI. The precoding matrix 25 

may be, for example, a precoding matrix determined by the terminal device based on a channel 

matrix of each frequency-domain element. A frequency-domain length of a frequency-domain 

element may be R times that of a subband or a resource block (resource block, RB). R<=1. For 

example, a value of R may be 1 or 1/2. The channel matrix may be determined by the terminal 

device in a manner such as channel estimation or based on reciprocity of channels. However, it 30 

should be understood that a specific method of determining the precoding matrix by the terminal 
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device is not limited to the foregoing description. For specific implementations, refer to 

conventional technologies. For brevity, implementations are not enumerated herein. 

[00146] For example, the precoding matrix may be obtained by performing singular value 

decomposition (singular value decomposition, SVD) on the channel matrix or a covariance matrix 

of the channel matrix, or may be obtained by performing eigenvalue decomposition (eigenvalue 5 

decomposition, EVD) on the covariance matrix of the channel matrix. It should be understood that 

the foregoing enumerated manners of determining the precoding matrix are merely examples, and 

should not constitute any limitation on this application. For manners of determining the precoding 

matrix, refer to conventional technologies. For brevity, manners are not enumerated herein. 

[00147] It should be noted that, according to a method provided in embodiments of this 10 

application, the network device may determine, based on feedback of the terminal device, a spatial-

domain vector, a frequency-domain vector, and a combination coefficient of a spatial-frequency 

vector pair that are used to construct a precoding vector, and further determine a precoding matrix 

corresponding to each frequency-domain element. The precoding matrix may be directly used for 

downlink data transmission. Alternatively, some beamforming methods, including, for example, 15 

zero forcing (zero forcing, ZF), regularized zero-forcing (regularized zero-forcing, RZF), a 

minimum mean-square error (minimum mean-squared error, MMSE), and a maximum signal-to-

leakage-and-noise ratio (signal-to-leakage-and-noise, SLNR), may be performed to obtain a 

precoding matrix that is finally used for downlink data transmission. This is not limited in this 

application. Unless specifically described, all precoding matrices below may be precoding 20 

matrices determined based on the method provided in this application. 

[00148] 3. Precoding vectors: One precoding matrix may include one or more vectors, for 

example, column vectors. One precoding matrix may be used to determine one or more precoding 

vectors. 

[00149] When a quantity of spatial layers is 1 and a quantity of polarization directions of a 25 

transmit antenna is also 1, a precoding matrix is a precoding vector. When a quantity of spatial 

layers is more than one and a quantity of polarization directions of a transmit antenna is 1, a 

precoding vector may be a component of a precoding matrix at a spatial layer. When a quantity of 

spatial layers is 1 and a quantity of polarization directions of a transmit antenna is more than one, 

a precoding vector may be a component of a precoding matrix in a polarization direction. When a 30 

quantity of spatial layers is more than one and a quantity of polarization directions of a transmit 
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antenna is also more than one, a precoding vector may be components of a precoding matrix at a 

spatial layer and in a polarization direction. 

[00150] It should be understood that the precoding vector may alternatively be determined by 

a vector in the precoding matrix, for example, obtained by performing mathematical 

transformation on the vector in the precoding matrix. A mathematical transformation relationship 5 

between the precoding matrix and the precoding vector is not limited in this application. 

[00151] 4. Antenna port: It is also referred to as a port, and may be understood as a transmit 

antenna identified by a receiving device, or a transmit antenna that may be distinguished spatially. 

One antenna port may be preconfigured for each virtual antenna, each virtual antenna may be a 

weighted combination of a plurality of physical antennas, and each antenna port may correspond 10 

to one reference signal. Therefore, each antenna port may be referred to as a reference signal port, 

for example, a channel state information reference signal (channel state information reference 

signal, CSI-RS) port or a sounding reference signal (sounding reference signal, SRS) port. In 

embodiments of this application, the antenna port may be a transceiver unit (transceiver unit, 

TxRU). 15 

[00152] (5) Spatial-domain vector (spatial-domain vector): It may also be referred to as a beam 

vector, a spatial-domain beam basis vector, or a spatial-domain basis vector. Elements in the 

spatial-domain vector may represent weights of antenna ports. Signals of the antenna ports are 

linearly superimposed based on the weights of the antenna ports represented by the elements in 

the spatial-domain vector, so that an area with a stronger signal can be formed in a specific 20 

direction of space. 

[00153] A length of the spatial-domain vector may be a quantity Ns of transmit antenna ports 

in a polarization direction, Ns≥1, and Ns is an integer. The spatial-domain vector may be, for 

example, a column vector or a row vector whose length is Ns. This is not limited in this application. 

[00154] Optionally, the spatial-domain vector is taken from a discrete Fourier transform 25 

(Discrete Fourier Transform, DFT) matrix. Each column vector in the DFT matrix may be referred 

to as a DFT vector. In other words, the spatial-domain vector may be a DFT vector. The spatial-

domain vector may be, for example, a DFT vector defined in a type II (type II) codebook in the 

NR protocol TS 38.214 release 15 (release 15, R15). 

[00155] (6) Spatial-domain vector set: It may include a plurality of spatial-domain vectors of 30 

different lengths, to correspond to different quantities of antenna ports. In embodiments of this 
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application, a length of a spatial-domain vector is Ns. Therefore, lengths of all spatial-domain 

vectors in a spatial-domain vector set to which a spatial-domain vector reported by the terminal 

device belongs are Ns. 

[00156] In a possible design, the spatial-domain vector set may include Ns spatial-domain 

vectors, and two of the Ns spatial-domain vectors may be orthogonal to each other. Each spatial-5 

domain vector in the spatial-domain vector set may be taken from a two-dimensional (2 dimension, 

2D)-DFT matrix. 2D may represent two different directions, for example, a horizontal direction 

and a vertical direction. If quantities of antenna ports in the horizontal direction and in the vertical 

direction are N1 and N2 respectively, Ns=N1N2. 

[00157] The Ns spatial-domain vectors may be denoted as, for example, 1

s
b , 
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b , ..., and sN
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b . 10 

The Ns spatial-domain vectors may construct a matrix s
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[00158] In another possible design, the spatial-domain vector set may be extended into OsNs 15 

spatial-domain vectors by using an oversampling factor Os. In this case, the spatial-domain vector 

set may include Os subsets, and each subset may include Ns spatial-domain vectors. Two of the 

Ns spatial-domain vectors in each subset may be orthogonal to each other. Each spatial-domain 

vector in the spatial-domain vector set may be taken from an oversampled 2D-DFT matrix. The 

oversampling factor Os is a positive integer. Specifically, Os=O1O2, O1 may be an oversampling 20 

factor in a horizontal direction, and O2 may be an oversampling factor in a vertical direction. O1≥1, 

O2≥1, O1 and O2 are not 1 at the same time, and both are integers. 

[00159] Ns spatial-domain vectors in an (os)th (0≤os≤Os−1 and os is an integer) subset in the 

spatial-domain vector set may be respectively denoted as, for example, 
s

1

s ,o
b , 

s

2

s ,o
b , ..., and s

s

N

s,o
b . 

Then, a matrix 
ss ,o

U   may be constructed based on the Ns spatial-domain vectors in the (os)th 25 

subset, and 
s

s s s s

N1 2

s, s , s , s ,
= ...

o o o o



 
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U b b b
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[00160] (7) Frequency-domain element: It is a unit of a frequency-domain resource, and may 

represent different frequency-domain resource granularities. The frequency-domain element may 

include, for example but not limited to, a subband (subband), an RB, a subcarrier, a resource block 
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group (resource block group, RBG), or a precoding resource block group (precoding resource 

block group, PRG). In addition, a frequency-domain length of a frequency-domain element may 

be R times that of a CQI subband, R<=1, and a value of R may be 1 or 1/2, or the frequency-

domain length of the frequency-domain element may be an RB. 

[00161] (8) Frequency-domain vector (frequency-domain vector): It may be used to represent 5 

a change rule of a channel in frequency domain. Each frequency-domain vector may represent a 

change rule. When transmitted through a radio channel, a signal may reach a receive antenna from 

a transmit antenna along a plurality of paths. A multipath delay causes frequency selective fading, 

that is, a change of a frequency-domain channel. Therefore, change rules of channels in the 

frequency domain that are caused by delays on different transmission paths may be represented by 10 

using different frequency-domain vectors. 

[00162] A length of the frequency-domain vector may be determined by a quantity of to-be-

reported frequency-domain elements that is preconfigured in a reporting band, or may be 

determined by a length of the reporting band, or may be a value predefined in a protocol. The 

length of the frequency-domain vector is not limited in this application. The reporting band may 15 

be, for example, a CSI reporting band (CSI-ReportingBand) carried in a CSI reporting 

preconfiguration in higher-layer signaling (for example, a radio resource control (radio resource 

control, RRC) message). 

[00163] A length of the frequency-domain vector may be denoted as Nf. Nf is a positive integer. 

The frequency-domain vector may be, for example, a column vector or a row vector whose length 20 

is Nf. This is not limited in this application. 

[00164] (9) Frequency-domain vector set: It may include a plurality of frequency-domain 

vectors of different lengths. In embodiments of this application, a length of a frequency-domain 

vector is Nf. Therefore, lengths of all frequency-domain vectors in a frequency-domain vector set 

to which a frequency-domain vector reported by the terminal device belongs are Nf. 25 

[00165] In a possible design, the frequency-domain vector set may include Nf frequency-

domain vectors. Two of the Nf frequency-domain vectors may be orthogonal to each other. Each 

frequency-domain vector in the frequency-domain vector set may be taken from a DFT matrix or 

an IDFT matrix (that is, a conjugate transpose matrix of the DFT matrix). 

[00166] The Nf frequency-domain vectors may be denoted as, for example, 1

f
b , 2

f
b , ..., and 30 
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fN

f
b . The Nf frequency-domain vectors may construct a matrix f

U , and fN1 2

f f f f
= ...


 
 U b b b . 

[00167] In another possible design, the frequency-domain vector set may be extended into Of

Nf frequency-domain vectors by using an oversampling factor Of. In this case, the frequency-

domain vector set may include Of subsets, and each subset may include Nf frequency-domain 

vectors. Two of the Nf frequency-domain vectors in each subset may be orthogonal to each other. 5 

Each frequency-domain vector in the frequency-domain vector set may be taken from an 

oversampled DFT matrix or a conjugate transpose matrix of the oversampled DFT matrix. The 

oversampling factor Of is a positive integer. 

[00168] Nf frequency-domain vectors in an (of)th (0≤of≤Of−1 and of is an integer) subset in the 

frequency-domain vector set may be respectively denoted as, for example, 
f

1
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f

f

N

f,o
b . Then, a matrix f

f

o
U  may be constructed based on Nf beam vectors in the (of)th subset, and 

f f

f f f

N1 2

f f, f, f,
= ...

o

o o o



 
 

U b b b . 

[00169] Therefore, each frequency-domain vector in the frequency-domain vector set may be 

taken from a DFT matrix or an oversampled DFT matrix, or from a conjugate transposition matrix 

of the DFT matrix or a conjugate transposition matrix of the oversampled DFT matrix. Each 15 

column vector in the frequency-domain vector set may be referred to as a DFT vector or an 

oversampled DFT vector. In other words, the frequency-domain vector may be a DFT vector or an 

oversampled DFT vector. 

[00170] (10) Dual-domain compression: It may include compression in two dimensions: 

spatial-domain compression and frequency-domain compression. The spatial-domain compression 20 

may specifically refer to selecting one or more spatial-domain vectors from a spatial-domain 

vector set as a vector for constructing a precoding vector. Frequency-domain compression may 

refer to selecting one or more frequency-domain vectors from a frequency-domain vector set as a 

vector for constructing a precoding vector. A matrix constructed by a spatial-domain vector and a 

frequency-domain vector may be referred to as, for example, a spatial-frequency component 25 

matrix. The selected one or more spatial-domain vectors and one or more frequency-domain 

vectors may construct one or more spatial-frequency component matrices. A weighted sum of the 

one or more spatial-frequency component matrices may be used to construct a spatial-frequency 

precoding matrix corresponding to a spatial layer. In other words, the spatial-frequency precoding 

matrix may be approximately a weighted sum of spatial-frequency component matrices 30 
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constructed by the selected one or more spatial-domain vectors and one or more frequency-domain 

vectors. Based on the spatial-frequency precoding matrix corresponding to the spatial layer, a 

precoding vector corresponding to each frequency-domain element at the spatial layer may be 

determined. 

[00171] Specifically, the one or more selected spatial-domain vectors may form a spatial-5 

domain beam basis matrix W1. Each column vector in W1 corresponds to a selected spatial-

domain vector. The one or more selected frequency-domain vectors may form a frequency-domain 

basis matrix W3. Each column vector in W3 corresponds to a selected frequency-domain vector. 

The spatial-frequency precoding matrix H may be represented as a result of linearly combining the 

one or more selected spatial-domain vectors and the one or more selected frequency-domain 10 

vectors: 

𝑯 = 𝑾𝟏𝑾̃𝑾𝟑
𝑯. 

[00172] In an implementation, if two polarization directions are used, and L spatial-domain 

vectors are selected for each polarization direction, dimensions of W1 are 2Ns2L. In a possible 

implementation, L spatial-domain vectors {𝒃𝑠
0, 𝒃𝑠

1, … , 𝒃𝑠
𝐿−1} are shared for the two polarization 15 

directions. In this case, W1 may be represented as 

𝑾1 = [𝒃𝑠
0

𝟎
𝒃𝑠

1

𝟎

…
…

𝒃𝑠
𝐿−1

𝟎

𝟎
𝒃𝑠

0
𝟎
𝒃𝑠

1

…
…

𝟎
𝒃𝑠

𝐿−1]. 

[00173] 𝒃𝑠
𝑖  represents an ith selected spatial-domain vector, and i=0, 1, ..., L–1. 

[00174] For example, for a spatial layer, if M frequency-domain vectors are shared for each 

spatial-domain vector, dimensions of 𝑾𝟑
𝑯 are MNf, and each column vector in W3 corresponds 20 

to one frequency-domain vector. In this case, each spatial-domain vector corresponds to M 

frequency-domain vectors in W3. 𝑾̃ is a spatial-frequency combination coefficient matrix, and 

dimensions are 2𝐿 × 𝑀. 

[00175] An ith row in the spatial-frequency combination coefficient matrix 𝑾̃ corresponds to 

an ith spatial-domain vector in 2L spatial-domain vectors, and a jth column in the spatial-frequency 25 

combination coefficient matrix 𝑾̃  corresponds to a jth frequency-domain basis vector in M 

frequency-domain basis vectors. A spatial-frequency combination coefficient vector 

corresponding to the ith spatial-domain vector is an ith row vector in the spatial-frequency 

combination coefficient matrix 𝑾̃, and a spatial-frequency combination coefficient corresponding 

to the ith spatial-domain vector is an element included in the ith row vector in the spatial-frequency 30 



 

35 

combination coefficient matrix 𝑾̃. 

[00176] In addition, each of the L spatial-domain vectors may alternatively correspond to 

different frequency-domain basis vectors. In this case, 𝑾𝟑
𝑯 = [𝑾𝑓(0),… ,𝑾𝑓(2𝐿 − 1)]

𝐻
 . 

𝑾𝒇
𝐻(𝑖)  is a matrix of Mi rows and Nf columns consisting of Mi frequency-domain vectors 

corresponding to the ith spatial-domain vector. 𝑾̃ = [
𝑾̃(0) 0 0

0 ⋱ 0
0 0 𝑾̃(2𝐿−1)

] . 𝑾̃(i)  is a spatial-5 

frequency combination coefficient matrix corresponding to the ith spatial-domain vector and whose 

dimensions are 1*Mi, and a spatial-frequency combination coefficient included in 𝑾̃(i) is the 

spatial-frequency combination coefficient corresponding to the ith spatial-domain vector. 

[00177] In addition, the spatial-frequency matrix H may alternatively be represented as 𝑯 =

𝑾𝟏𝑾̃𝑾𝟑. In this case, each row vector in W3 corresponds to a selected frequency-domain vector. 10 

[00178] Because dual-domain compression includes compression in both the spatial domain 

and the frequency domain, during feedback, the terminal device may feed back one or more 

selected spatial-domain vectors and one or more selected frequency-domain vectors to the network 

device, without separately feeding back, based on all frequency-domain elements (for example, 

subbands), combination coefficients (for example, including an amplitude and a phase) of the 15 

subbands. Therefore, feedback overheads can be reduced. In addition, a frequency-domain vector 

can represent a change rule of a channel in the frequency domain, and a change of the channel in 

the frequency domain is simulated by linear superposition of one or more frequency-domain 

vectors. Therefore, relatively high feedback precision can still be maintained, so that a precoding 

matrix recovered by the network device based on the feedback of the terminal device can still be 20 

adapted to the channel well. 

[00179] (12) Spatial-frequency combination coefficient, amplitude, and phase: The spatial-

frequency combination coefficient is also referred to as a combination coefficient and is used to 

represent weights of a vector pair consisting of a spatial-domain vector and a frequency-domain 

vector that are used to construct a spatial-frequency precoding matrix. As described above, the 25 

spatial-frequency combination coefficient is in one-to-one correspondence with a vector pair 

consisting of a spatial-domain vector and a frequency-domain vector, or in other words, each 

spatial-frequency combination coefficient corresponds to a spatial-domain vector and a frequency-

domain vector. Specifically, an element in an ith row and a jth column in a spatial-frequency 
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combination coefficient matrix 𝑾̃  is a combination coefficient corresponding to a vector pair 

consisting of an ith spatial-domain vector and a jth frequency-domain vector. 

[00180] In an implementation, to control reporting overheads, the terminal device may report 

only a subset of 2LM combination coefficients included in the spatial-frequency combination 

coefficient matrix 𝑾̃. Specifically, the network device may configure a maximum quantity K0, 5 

corresponding to each spatial layer, of spatial-frequency combination coefficients that can be 

reported by the terminal device. K0 may be less than or equal to 2LM. There may be a proportional 

relationship between K0 and a total quantity 2LM of combination coefficients included in 𝑾̃. For 

example, K0=β ∙ 2LM, and a value of 𝛽 may be {3/4, 1/2, 1/4}. In addition, the terminal device 

may report only K1 spatial-frequency combination coefficients whose amplitudes are not 0. K1 is 10 

less than or equal to K0, and K1 may be less than or equal to K0. 

[00181] Each spatial-frequency combination coefficient may include an amplitude and a phase. 

In a plurality of spatial-frequency combination coefficients corresponding to a plurality of spatial-

frequency component matrices, amplitudes (or referred to as amplitude values) of some spatial-

frequency combination coefficients may be zero or close to zero, and quantized values 15 

corresponding to the spatial-frequency combination coefficients may be zero. A spatial-frequency 

combination coefficient whose amplitude is quantized by a quantized value zero may be referred 

to as a spatial-frequency combination coefficient whose amplitude is zero. Correspondingly, 

amplitudes of some spatial-frequency combination coefficients are relatively large, and quantized 

values corresponding to the spatial-frequency combination coefficients are not zero. A spatial-20 

frequency combination coefficient whose amplitude is quantized by a non-zero quantized value 

may be referred to as a spatial-frequency combination coefficient whose amplitude is non-zero. In 

other words, the plurality of spatial-frequency combination coefficients include one or more 

spatial-frequency combination coefficients whose amplitude is non-zero and one or more spatial-

frequency combination coefficients whose amplitude is zero. 25 

[00182] It should be understood that the spatial-frequency combination coefficient may be 

indicated by using a quantized value, may be indicated by using an index of a quantized value, or 

may be indicated by using a non-quantized value. A manner of indicating the spatial-frequency 

combination coefficient is not limited in this application, provided that a peer end learns the 

spatial-frequency combination coefficient. For convenience of description below, information 30 

used to indicate a spatial-frequency combination coefficient is referred to as quantization 
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information of the spatial-frequency combination coefficient. The quantization information may 

be, for example, a quantized value, an index, or any other information that may be used to indicate 

the spatial-frequency combination coefficient. 

[00183] (11) Spatial layer (layer): In MIMO, a spatial layer may be considered as a data stream 

that can be independently transmitted. To improve spectrum resource utilization and improve a 5 

data transmission capability of a communications system, the network device may transmit data 

to the terminal device by using a plurality of spatial layers. 

[00184] A quantity of spatial layers is a rank of a channel matrix. The terminal device may 

determine a quantity of spatial layers based on a channel matrix obtained by channel estimation. 

A precoding matrix may be determined based on the channel matrix. For example, the precoding 10 

matrix may be determined by performing SVD on the channel matrix or a covariance matrix of the 

channel matrix. In the SVD process, different spatial layers may be distinguished based on 

magnitude of eigenvalues. For example, a precoding vector determined by an eigenvector 

corresponding to a maximum eigenvalue may correspond to a first spatial layer, and a precoding 

vector determined by an eigenvector corresponding to a minimum eigenvalue may correspond to 15 

an Rth spatial layer. That is, eigenvalues corresponding to the first spatial layer to the Rth spatial 

layer are in descending order. Simply, R spatial layers are in descending order of intensity from 

the first spatial layer to the Rth spatial layer. 

[00185] It should be understood that, it is only a possible implementation to distinguish different 

spatial layers based on eigenvalues, and should not constitute any limitation on this application. 20 

For example, another criterion for distinguishing spatial layers may be predefined in a protocol. 

This is not limited in this application. 

[00186] (12) Channel state information (CSI) report (report): It is information reported by a 

receive end (for example, the terminal device) to a transmit end (for example, the network device) 

in a wireless communications system and used to describe a channel attribute of a communications 25 

link. The CSI report may include, for example but not limited to, a precoding matrix indicator 

(PMI), a rank indicator (RI), a channel quality indicator (CQI), and a channel state information 

reference signal (channel state information reference signal, CSI-RS) resource indicator (CSI-RS 

resource indicator, CRI), and a layer indicator (layer indicator, LI). It should be understood that 

specific content of the foregoing enumerated CSI is merely examples for description, and should 30 

not constitute any limitation on embodiments of this application. The CSI may include one or more 
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of the foregoing enumerated items, or may include other information used to represent the CSI 

than the foregoing enumerated items. This is not limited in embodiments of this application. 

[00187] It should be noted that, in embodiments of this application, transformation of a matrix 

and a vector is involved in a plurality of places. For ease of description, uniform description is 

provided herein. A superscript T represents a transpose, for example, AT represents a transpose of 5 

a matrix (or vector) A. A superscript H represents a conjugate transpose, for example, AH 

represents a conjugate transpose of a matrix (or vector) A. For brevity, description of same or 

similar cases is omitted below. In embodiments of this application, a right multiplication matrix 

refers to a frequency-domain base. 

[00188] For a TDD system, because an uplink channel and a downlink channel use a same 10 

bandwidth, the uplink channel and the downlink channel are reciprocal, and a base station side 

may obtain CSI of the downlink channel based on the uplink channel by using the reciprocity of 

the uplink channel and the downlink channel, and further perform signal precoding. 

[00189] For an FDD system, because uplink and downlink channels are not completely 

reciprocal, accurate downlink precoding cannot be directly performed by using uplink channel 15 

information. In a conventional FDD system, a base station needs a terminal to feed back CSI to 

the base station. FIG. 2 is a basic flowchart of performing CSI measurement by a base station and 

a terminal. The base station first sends, to the terminal, signaling for configuring channel 

measurement, to notify the terminal of a time and a behavior of performing channel measurement, 

and then the base station sends a pilot to the terminal for channel measurement. The terminal 20 

performs measurement based on the pilot sent by the base station, and performs calculation to 

obtain final CSI. The base station then sends data based on the CSI fed back by the terminal. For 

example, the base station determines, based on an RI included in the CSI fed back by the terminal, 

a quantity of streams for transmitting data to the terminal. The base station determines, based on a 

CQI included in the CSI fed back by the terminal, a modulation order for transmitting data to the 25 

terminal and a code rate for channel coding. The base station determines, based on a PMI included 

in the CSI fed back by the terminal, precoding for transmitting data to the terminal. 

[00190] The terminal may feed back a precoding matrix based on a codebook. The codebook 

has a significant performance advantage by linearly combining a plurality of orthogonal wave 

beams. Because channels are correlated in frequency domain, during channel feedback, the 30 

terminal may compress to-be-fed-back channel information by using the frequency-domain 



 

39 

correlation, to reduce feedback overheads. Correspondingly, a CSI obtaining solution based on 

dual-domain compression is proposed. A codebook structure corresponding to the solution is W =

𝑊1𝑊̃2𝑊𝑓
𝐻. 𝑊1 is a spatial-domain basis vector matrix consisting of one or more selected spatial-

domain beam basis vectors, and may be a DFT basis matrix or a port selection matrix. 𝑊𝑓 is a 

frequency-domain basis vector matrix consisting of one or more selected frequency-domain basis 5 

vectors. The selected frequency-domain basis vector may be selected from a predefined DFT basis 

matrix or rotated DFT basis matrix. 𝑊̃2 is a linear superposition coefficient matrix. 

[00191] Besides, although the uplink and downlink channels of the FDD system are not 

completely reciprocal, the uplink and downlink physical channels of the FDD system are partially 

reciprocal, for example, the uplink and downlink physical channels are reciprocal in multipath 10 

angle and delay. Based on this, the base station may estimate a part of prior information, that is, 

multipath angle and delay information, by using uplink channel information. Then, the base station 

loads an obtained angle and delay onto a downlink pilot, and notifies the terminal to perform 

measurement and feed back supplementary information required by the base station. Finally, the 

base station reconstructs a downlink channel or performs precoding based on the information that 15 

is obtained through uplink pilot measurement and the supplementary information that is fed back 

by the terminal. In this way, system performance can be improved, and complexity and feedback 

overheads of the terminal can be reduced. 

[00192] In other words, CSI is fed back based on the angle and delay reciprocity of the uplink 

and downlink physical channels, that is, the base station projects the uplink channel on a spatial-20 

domain base (in an angle dimension) and/or a frequency-domain base (in a delay dimension), 

selects a corresponding spatial-domain basis vector and/or frequency-domain basis vector based 

on magnitude of a linear superposition coefficient, and then reconstructs a downlink channel by 

using a part of downlink channel information that is fed back by the terminal and on which the 

uplink and downlink physical channels are not reciprocal, to obtain downlink channel information. 25 

For example, the channel is denoted as H
H SCF= . S is the spatial-domain base and is related to 

channel angle information. F is the frequency-domain base and is related to channel delay 

information. C is the linear superposition coefficient, and an element in C corresponds to a vector 

in S and a vector in F, that is, an element in C corresponds to an angle-delay pair. 

[00193] To obtain uplink channel angle and delay information, the base station needs to project 30 

the uplink channel on a spatial-domain basis vector (S) or a frequency-domain basis vector (F), 
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which may be denoted as H

UL UL
H SC F= . It should be understood that the downlink channel is 

projected on a spatial-domain basis vector (S) or a frequency-domain basis vector (F), which may 

be denoted as H

DL DL
H SC F= . The uplink channel and the downlink channel of the FDD system 

are reciprocal in angle and delay, that is, the uplink channel 𝐻𝐶𝐿 and the downlink channel 𝐻𝐷𝐿 

share S and F. Because the uplink channel and the downlink channel are reciprocal in angle and 5 

delay, the base station may obtain S and F by using the uplink channel. UL
C  is information on 

which the uplink channel is not reciprocal to the downlink channel, and 𝐶𝐷𝐿 is information on 

which the downlink channel is not reciprocal to the uplink channel, which may be fed back by the 

terminal through measurement. The base station may reconstruct a downlink channel or a 

precoding matrix based on S and F that are obtained based on the uplink channel and 𝐶𝐷𝐿 that is 10 

fed back by the terminal. 

[00194] However, current codebook structures either require the terminal to feed back S, F, and 

C, or require the terminal to feed back C and F. For example, 𝑊𝑓  in a current dual-domain 

compressed codebook W = 𝑊1𝑊̃2𝑊𝑓
𝐻 is a frequency-domain base, which requires the terminal 

to feed back C and F. That is, the current dual-domain compressed codebook W cannot implement 15 

CSI feedback based on the angle and delay reciprocity of the uplink and downlink physical 

channels. 

[00195] In view of this, embodiments of this application provide a codebook structure 

corresponding to CSI feedback that may be performed based on the angle and delay reciprocity of 

the uplink and downlink physical channels, to reduce CSI feedback overheads of the terminal as 20 

much as possible. 

[00196] Embodiments of this application are mainly designed for the dual-domain compressed 

codebook, and based on the codebook, the terminal may feed back CSI based on the angle and 

delay reciprocity of the uplink and downlink physical channels. The newly designed codebook is 

referred to as a first codebook below. The first codebook may be obtained by changing the current 25 

dual-domain compressed codebook W = 𝑊1𝑊̃2𝑊𝑓
𝐻. 𝑊1 is a spatial-domain basis vector matrix 

consisting of one or more selected spatial-domain beam basis vectors, and is used to select one or 

a plurality of CSI-RS port groups. 𝑊̃2  is a linear superposition coefficient matrix. 𝑊𝑓  is a 

frequency-domain basis vector matrix consisting of one or more selected frequency-domain basis 

vectors, and is used to select one or more CSI-RS ports in the CSI-RS port group, or used to select 30 
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one or more CSI-RS ports from each of the plurality of CSI-RS port groups. For example, 𝑊1 is 

used to select a CSI-RS port group 1 and a CSI-RS port group 3, 𝑊𝑓 may be used to select one 

or more CSI-RS ports from the CSI-RS port group 1 and the CSI-RS port group 3, respectively. 

CSI-RS ports selected in all the CSI-RS port groups may be the same or may be different. 𝑊𝑓 

may be used to select same CSI-RS ports from all the CSI-RS port groups, that is, CSI-RS ports 5 

selected from the CSI-RS port group 1 and the CSI-RS port group 3 are the same. For example, 

𝑊𝑓 indicates a sequence number of a CSI-RS port. By default, CSI-RS ports corresponding to the 

sequence number are selected from all the CSI-RS port groups, and the selected CSI-RS ports are 

the same. 

[00197] In a conventional technology, 𝑊1  may be a DFT basis matrix, or may be a port 10 

selection matrix, but 𝑊𝑓 is a DFT basis matrix. As described above, for CSI feedback using the 

angle and delay reciprocity of the uplink and downlink physical channels, 𝑊𝑓 in the conventional 

technology is inappropriate. In embodiments of this application, 𝑊𝑓 may be changed, so that CSI 

may be obtained by using the angle and delay reciprocity of the uplink and downlink physical 

channels, to reduce CSI feedback overheads of the terminal as much as possible. It should be 15 

understood that the first codebook corresponding to 𝑊𝑓
𝐻 in embodiments of this application is a 

codebook that can be used to feed back CSI based on the angle and delay reciprocity of the uplink 

and downlink physical channels. From this perspective, the first codebook may be understood as 

a codebook for angle and delay port selection. 

[00198] In embodiments of this application, 𝑊1 in the first codebook may reuse 𝑊1 in the 20 

dual-domain compressed codebook in the conventional technology. For example, 𝑊1 is a port 

selection matrix. Design solutions for 𝑊𝑓 include but are not limited to the following several 

designs. 

[00199] Design 1: 𝑊𝑓 is a port selection matrix. 

[00200] Design 2: 𝑊𝑓 is one or a plurality of specific column vectors. 25 

[00201] Design 3: 𝑊𝑓 is a DFT matrix, and the DFT matrix includes a column vector in which 

all elements are 1. 

[00202] Design 4: 𝑊𝑓 is a DFT matrix, and 𝑊𝑓 is one or more specific row vectors. It should 

be understood that the design 4 may be considered as another form of the design 2. The following 

mainly describes the design 1, the design 2, and the design 3. The design 4 may be similar to the 30 

design 2. Therefore, the design 4 is not described in detail. 
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[00203] Based on the foregoing design solutions of 𝑊𝑓, that is, design solutions of the first 

codebook, an embodiment of this application provides a channel state information feedback 

method. FIG. 3 is a flowchart of the method. In the following description process, an example in 

which the method is applied to the network architecture shown in FIG. 1 is used. In addition, the 

method may be performed by two communications apparatuses. The two communications 5 

apparatuses are, for example, a first communications apparatus and a second communications 

apparatus. The first communications apparatus may be a network device or a communications 

apparatus that can support a function required by the network device to implement the method. 

Alternatively, the first communications apparatus may be a terminal or a communications 

apparatus that can support a function required by the terminal to implement the method, or 10 

certainly may be another communications apparatus, such as a chip system. Similarly, the second 

communications apparatus may be a network device or a communications apparatus that can 

support a function required by the network device to implement the method. Alternatively, the 

second communications apparatus may be a terminal or a communications apparatus that can 

support a function required by the terminal to implement the method, or certainly may be another 15 

communications apparatus, such as a chip system. In addition, implementations of the first 

communications apparatus and the second communications apparatus are not limited. For example, 

the first communications apparatus may be a network device and the second communications 

apparatus is a terminal, or both the first communications apparatus and the second communications 

apparatus are terminals, or the first communications apparatus is a network device and the second 20 

communications apparatus is a communications apparatus that can support a function required by 

a terminal to implement the method. 

[00204] For ease of description below, an example in which the method is performed by a 

network device and a terminal is used. That is, an example in which the first communications 

apparatus is a terminal, the second communications apparatus is a network device, and the network 25 

device is a base station is used. For example, the terminal below may be any one of the six terminal 

devices in FIG. 1, and the network device below may be the network device in FIG. 1. It should 

be noted that this embodiment of this application is merely described by using an example in which 

the method is performed by the network device and the terminal device, and is not limited to this 

scenario. 30 

[00205] It should be noted that, in this embodiment of this application, all "<=" and "   " 
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represent less than or equal to, and ">=" and " " represent greater than or equal to. 

[00206] A procedure of the channel state information feedback method provided in this 

embodiment of this application is described below. 

[00207] S301. The base station sends first indication information to the terminal. The first 

indication information is used to indicate a type of a right multiplication matrix in a first codebook, 5 

and the first codebook is used by the terminal to determine CSI. 

[00208] S302. The terminal sends the CSI to the base station, and correspondingly, the base 

station receives the CSI from the terminal. 

[00209] S303. The base station determines a precoding matrix based on the first codebook and 

the CSI. 10 

[00210] This embodiment of this application is intended to provide a new codebook, that is, the 

first codebook, so that CSI may be obtained by using angle and delay reciprocity of uplink and 

downlink physical channels. From this perspective, the first codebook may be understood as a 

codebook based on angle and delay port selection. For compatibility with a conventional 

technology, the terminal may obtain the CSI based on a codebook in the conventional technology, 15 

or may obtain the CSI based on the first codebook. Therefore, when the terminal needs the terminal 

to feed back the CSI, the base station needs to notify the terminal of a codebook to be used, that 

is, a solution of obtaining the CSI. Alternatively, it may be considered that this embodiment of this 

application provides a new CSI obtaining solution. The solution is implemented based on the first 

codebook. From this perspective, the base station notifies the terminal to use the new CSI obtaining 20 

solution, that is, notifies the terminal to use the first codebook. As described above, the first 

codebook W may be obtained by changing 𝑊𝑓 of the current dual-domain compressed codebook 

W = 𝑊1𝑊̃2𝑊𝑓
𝐻, and 𝑊𝑓 varies with different first codebooks. Therefore, that the base station 

notifies the terminal of the first codebook may also be considered as that the base station notifies 

the terminal of 𝑊𝑓, and that the base station notifies the terminal to use the new CSI obtaining 25 

solution may also be considered as that the base station notifies the terminal of 𝑊𝑓. That is, the 

first indication information may directly or indirectly indicate the type of the right multiplication 

matrix. 

[00211] Specifically, the base station may notify, by using the first indication information, the 

terminal of a solution in which the terminal obtains the CSI. For example, the first indication 30 
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information may indicate the type of 𝑊𝑓, or the first indication information may indicate 𝑊𝑓, that 

is, indirectly indicates the type of 𝑊𝑓 . As described above, 𝑊𝑓  varies with different first 

codebooks. Therefore, the first indication information may alternatively indicate 𝑊𝑓  by 

indicating the first codebook. 𝑊𝑓 may include the foregoing four design solutions, that is, the 

design 1, the design 2, the design 3, and the design 4. It may be understood that there are four types 5 

of 𝑊𝑓, for example, a type 1, a type 2, a type 3, and a type 4. It should be understood that the first 

indication information may indicate the type of 𝑊𝑓. For ease of description below, a type of 𝑊𝑓 

of the design 1 is referred to as a type 1, a type of 𝑊𝑓 of the design 2 is referred to as a type 2, a 

type of 𝑊𝑓 of the design 3 is referred to as a type 3, and a type of 𝑊𝑓 of the design 4 is referred 

to as a type 4. That is, the type 1 is a port selection matrix, the type 2 is one or a plurality of specific 10 

column vectors, the type 3 is a DFT matrix and the DFT matrix includes a column vector in which 

all elements are 1, and the type 4 is a DFT matrix and the DFT matrix includes a row vector in 

which all elements are 1. 

[00212] In an implementation of the first indication information, the first indication information 

may be carried in existing signaling. For example, the first indication information is carried in a 15 

field of radio resource control (radio resource control, RRC) signaling. This facilitates 

compatibility with existing RRC signaling. For ease of description, in this embodiment of this 

application, the field is referred to as a first field. The first field may be a field defined in RRC 

signaling, a field defined in media access control control element (media access control control 

element, MAC CE) signaling, or a field defined in downlink control information (downlink control 20 

information, DCI) signaling, or may be a newly defined RRC field, MAC CE field, or DCI field. 

For example, the first field may be a CSI reporting band CSI-ReportingBand field. 

[00213] For example, when a value of the CSI-ReportingBand field is 0, it is used to indicate 

the codebook for the terminal to obtain the CSI based on the angle and delay reciprocity of the 

uplink channel and the downlink channel. Alternatively, when the value of the CSI-ReportingBand 25 

field is 0, only a specific vector in a frequency-domain base (for example, a DFT base agreed in a 

protocol) can be taken (the vector may be a vector agreed in a protocol, for example, a vector in 

which all elements are 1, or may be a vector configured by the base station by using other 

signaling). When the value of the CSI-ReportingBand field is not 0, it indicates that a frequency-

domain vector is not limited. It should be noted that, in some embodiments, the value of the CSI-30 

ReportingBand field may alternatively be understood as a value carried in the CSI-ReportingBand 
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field. 

[00214] In another implementation of the first indication information, the first indication 

information is carried in newly defined signaling. Specifically, the first indication information may 

be in a form of a bitmap. A length of the bitmap is related to a quantity of RBs or a quantity of 

subbands, or the length of the bitmap is equal to the quantity of RBs or the quantity of subbands. 5 

A first bit in the bitmap corresponds to a first frequency-domain vector in a frequency-domain base 

(for example, a DFT base agreed in a protocol), a second bit corresponds to a second frequency-

domain vector in the frequency-domain base, and so on. If a bit is set to 1, it indicates that a 

corresponding frequency-domain vector takes effect. If a bit is set to 0, it indicates that a 

corresponding frequency-domain vector does not take effect. A type of 𝑊𝑓  that can be 10 

implemented by using the form of the bitmap is, for example, the type 2 or the type 3. It should be 

noted that, in some embodiments, the length of the bitmap may be related to a length of a column 

vector of 𝑊𝑓. For example, the length of the bitmap is equal to the length of the column vector of 

𝑊𝑓. 

[00215] In still another implementation of the first indication information, the first indication 15 

information may be N-bit information. N is related to a quantity of RBs/subbands, or N is equal to 

the quantity of RBs or the quantity of subbands. For example, N is equal to 𝑙𝑜𝑔2(𝑀). M is a 

quantity of vectors included in a frequency-domain base (for example, a DFT base agreed in a 

protocol), or M is the quantity of RBs/subbands, or M is related to the quantity of RBs or the 

quantity of subbands. The N bits represent 2𝑁 states, and each state corresponds to a vector in 20 

𝑊𝑓, that is, a state may represent a frequency-domain vector. 

[00216] In yet another implementation of the first indication information, the first indication 

information may alternatively be 1-bit information. 1 indicates that 𝑊𝑓 can take only a specific 

vector (the vector may be a vector agreed in a protocol, for example, a vector in which all elements 

are 1, or may be a vector configured by the base station by using other signaling) in a frequency-25 

domain base (for example, a DFT base agreed in a protocol). 0 indicates that a frequency-domain 

vector is not limited. 

[00217] Because 𝑊𝑓  in the dual-domain compressed codebook W in the conventional 

technology may be a DFT matrix, in this embodiment of this application, when 𝑊𝑓 is also a DFT 

matrix, two manners of indicating 𝑊𝑓 are provided. For example, in Manner 1, in addition to 30 

indicating that the type of 𝑊𝑓 is the type 3, the first indication information further indicates a 
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column vector that is included in the DFT matrix and in which all elements are 1. In Manner 2, it 

is considered in a system by default or indicated in the system by using the first indication 

information (or by using other signaling) that the type of 𝑊𝑓 is the type 3, that is, it is considered 

in the system by default or indicated in the system by using the other signaling that 𝑊𝑓 is a DFT 

matrix, and the base station may use other indication information, for example, second indication 5 

information, to indicate one or more column vectors that are included in the DFT matrix and in 

which all elements are 1. Certainly, if the type of 𝑊𝑓  is the type 4, the second indication 

information may indicate one or more row vectors that are included in the DFT matrix and in 

which all elements are 1. For a specific implementation of the second indication information, refer 

to the foregoing several implementations of the first indication information. Details are not 10 

described herein again. 

[00218] For ease of understanding, the design 1, the design 2, and the design 3 are used as 

examples below to describe in detail the CSI feedback solution provided in this embodiment of 

this application. 

[00219] For the design 1, that is, both 𝑊1 and 𝑊𝑓 are port selection matrices, for example, 15 

dimensions of 𝑊1 are 𝑋𝐺𝑟𝑜𝑢𝑝 ∗ 𝐿𝐺𝑟𝑜𝑢𝑝. 𝑋𝐺𝑟𝑜𝑢𝑝 is a positive integer greater than or equal to 1, 

and represents a quantity of CSI-RS port groups. 𝐿𝐺𝑟𝑜𝑢𝑝 is a positive integer greater than or equal 

to 1, and represents a quantity of selected CSI-RS port groups. Alternatively, for example, 

dimensions of 𝑊1  are (2*𝑋̃𝐺𝑟𝑜𝑢𝑝) ∗ (2 ∗ 𝐿̃𝐺𝑟𝑜𝑢𝑝) . 𝑋̃𝐺𝑟𝑜𝑢𝑝  is a positive integer greater than or 

equal to 1, and represents a quantity of CSI-RS port groups in one polarization direction. 𝐿̃𝐺𝑟𝑜𝑢𝑝 20 

is a positive integer greater than or equal to 1, and represents a quantity of CSI-RS port groups 

selected in one polarization direction. Dimensions of 𝑊𝑓  are 𝑀𝐺𝑟𝑜𝑢𝑝 ∗ 𝑄𝐺𝑟𝑜𝑢𝑝 . 𝑀𝐺𝑟𝑜𝑢𝑝  is a 

positive integer greater than or equal to 1, and represents a quantity of CSI-RS ports in each CSI-

RS port group. 𝑄𝐺𝑟𝑜𝑢𝑝 is a positive integer greater than or equal to 1, and represents a quantity 

of CSI-RS ports selected in each CSI-RS port group. 25 

[00220] For example, a length of a column vector of 𝑊1 is 2𝑋̃𝐺𝑟𝑜𝑢𝑝, and there are 2𝐿̃𝐺𝑟𝑜𝑢𝑝 

column vectors in total. A length of a column vector of 𝑊𝑓  is 𝑀𝐺𝑟𝑜𝑢𝑝 , and there are 𝑄𝐺𝑟𝑜𝑢𝑝 

column vectors in total. It should be understood that, 𝐿̃𝐺𝑟𝑜𝑢𝑝 is a quantity of CSI-RS port groups 

selected in one polarization direction, 𝐿̃𝐺𝑟𝑜𝑢𝑝 is an integer greater than or equal to 1, 𝑄𝐺𝑟𝑜𝑢𝑝 is 
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a quantity of CSI-RS ports selected in each CSI-RS port group, and 𝑄𝐺𝑟𝑜𝑢𝑝 is an integer greater 

than or equal to 1. 𝑀𝐺𝑟𝑜𝑢𝑝*𝑋̃𝐺𝑟𝑜𝑢𝑝=X/2. X is used to indicate a quantity of CSI-RS ports. 

[00221] In this design, one or more of 𝑋̃𝐺𝑟𝑜𝑢𝑝,𝑀𝐺𝑟𝑜𝑢𝑝, 𝑄𝐺𝑟𝑜𝑢𝑝, 𝐿̃𝐺𝑟𝑜𝑢𝑝, and X may be agreed 

in the system or a protocol, or may be indicated by the network side to the terminal. For example, 

the network device may send indication information to the terminal, and the indication information 5 

may be used to indicate one or more of 𝑋̃𝐺𝑟𝑜𝑢𝑝,𝑀𝐺𝑟𝑜𝑢𝑝, 𝑄𝐺𝑟𝑜𝑢𝑝, 𝐿̃𝐺𝑟𝑜𝑢𝑝, and X. It should be 

understood that, if the dimensions of 𝑊1 are 𝑋𝐺𝑟𝑜𝑢𝑝 ∗ 𝐿𝐺𝑟𝑜𝑢𝑝, one or more of 𝑋𝐺𝑟𝑜𝑢𝑝, 𝐿𝐺𝑟𝑜𝑢𝑝, 

𝑀𝐺𝑟𝑜𝑢𝑝, 𝑄𝐺𝑟𝑜𝑢𝑝, and X may be agreed in the system or the protocol, or may be indicated by the 

network side to the terminal. In a possible implementation, the indication information may be 

carried in one or more of RRC signaling, MAC CE signaling, and DCI signaling. 𝑋̃𝐺𝑟𝑜𝑢𝑝,𝑀𝐺𝑟𝑜𝑢𝑝, 10 

𝑄𝐺𝑟𝑜𝑢𝑝, 𝐿̃𝐺𝑟𝑜𝑢𝑝, and X may be carried in one or more pieces of signaling. This is not limited in 

this application. The terminal may construct 𝑊̃2 based on 𝑋̃𝐺𝑟𝑜𝑢𝑝,𝑀𝐺𝑟𝑜𝑢𝑝, 𝑄𝐺𝑟𝑜𝑢𝑝, 𝐿̃𝐺𝑟𝑜𝑢𝑝, and 

X as well as 𝑊1  and 𝑊𝑓
𝐻 , generate CSI, and send the CSI to the base station. It should be 

understood that, the CSI includes at least 𝑊̃2. When the dimensions of 𝑊1 are 𝑋𝐺𝑟𝑜𝑢𝑝 ∗ 𝐿𝐺𝑟𝑜𝑢𝑝, 

dimensions of 𝑊̃2  are 𝐿𝐺𝑟𝑜𝑢𝑝 ∗ 𝑄𝐺𝑟𝑜𝑢𝑝 . When the dimensions of 𝑊1  are (2*𝑋̃𝐺𝑟𝑜𝑢𝑝) ∗ (2 ∗15 

𝐿̃𝐺𝑟𝑜𝑢𝑝), the dimensions of 𝑊̃2 are (2 ∗ 𝐿̃𝐺𝑟𝑜𝑢𝑝) ∗ 𝑄𝐺𝑟𝑜𝑢𝑝. 

[00222] For ease of understanding, the following provides a description with reference to a 

specific example. Specifically, an example in which four CSI-RS ports are selected from 16 CSI-

RS ports is used to provide a possible design of 𝑊𝑓 and describe how the terminal feeds back CSI 

based on this 𝑊𝑓. It should be understood that the terminal needs to feed back 𝑊1 and 𝑊̃2 when 20 

feeding back the CSI. Compared with the conventional technology in which the terminal needs to 

feed back 𝑊1, 𝑊̃2, and 𝑊𝑓, this can reduce feedback overheads. 

[00223] It should be understood that before the terminal feeds back the CSI, the terminal 

performs channel estimation, for example, least-square (Least-Square, LS) channel estimation, on 

the CSI-RS, and may obtain, based on a channel estimation result, a linear superposition coefficient 25 

C corresponding to each CSI-RS port. For example, the terminal may directly sum up channel 

estimation results at a granularity, for example, an RB or a subband, based on an indication of the 
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base station or an agreement in a protocol, to obtain C. For another example, the terminal may 

perform inverse fast Fourier transform (inverse fast Fourier transform, IFFT) on channel 

estimation results based on an indication of the base station or an agreement in a protocol, and 

obtain an nth value obtained after the transform. Specifically, the value may be a 0th value, and is 

used as C. It should be understood that, n herein is greater than or equal to 0, and is a number of a 5 

value obtained after the transform. 

[00224] The terminal selects N elements from the obtained C based on a rule, for example, 

selects N maximum elements from C. After selecting the N elements, the terminal needs to notify 

the base station of the N selected elements. Specifically, the terminal notifies, by using 𝑊1 and 

𝑊𝑓, the base station of CSI-RS ports corresponding to the N elements selected by the terminal. 10 

Essentially, C corresponding to the CSI-RS ports is selected. Therefore, the terminal may quantize 

the N selected elements, construct 𝑊̃2, and report 𝑊̃2 to the base station. Certainly, the terminal 

may first quantize the obtained C, and then select N elements from the quantized C. A sequence of 

selecting the N elements and quantizing C is not limited in this embodiment of this application. 

[00225] The following uses an example in which a quantity of receive antennas of the terminal 15 

is NRx, and linear superposition coefficients corresponding to X CSI-RS ports are all selected, that 

is, X elements are all elements of C, to describe two manners of constructing 𝑊̃2 by the terminal 

based on N elements in C. 

[00226] Manner 1: For X linear superposition coefficients corresponding to different receive 

antennas, the terminal constructs 𝑊̃2 of 2𝐿̃𝐺𝑟𝑜𝑢𝑝*𝑄𝐺𝑟𝑜𝑢𝑝 in ascending order (or descending order) 20 

of CSI-RS port numbers based on a rule of row first and column second (or column first and row 

second). It should be understood that one receive antenna corresponds to one 𝑊̃2. It should be 

understood that the CSI sent by the terminal to the base station includes NRx 𝑊̃2. For example, the 

CSI sent by the terminal to the base station may include feedback information, and the feedback 

information includes NRx 𝑊̃2. 25 

[00227] Manner 2: The terminal may construct a matrix 𝐶𝑇    of X*NRx for X linear 

superposition coefficients corresponding to different receive antennas, and perform SVD 

decomposition on the matrix 𝐶𝑇   to obtain: 

SVD( ) VΣ
H

T
C U= . 

[00228] V(: ,1) , ..., and V(: , R)  are selected based on a value (denoted as R) of a rank (Rank) 30 
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corresponding to a precoding matrix to be calculated, and 𝑊̃2 of 2𝐿̃𝐺𝑟𝑜𝑢𝑝*𝑄𝐺𝑟𝑜𝑢𝑝 is constructed 

in a sequence from head to tail (or from tail to head) based on a rule of row first and column second 

(or column first and row second). It should be understood that the CSI sent by the terminal to the 

base station may include feedback information, and the feedback information includes R 𝑊̃2. It 

should be noted that a colon in V means selecting all elements in a column. 5 

[00229] The terminal notifies, by using 𝑊1  and 𝑊𝑓 , the base station of CSI-RS ports 

corresponding to the N elements selected by the terminal. For example, both 𝑊1 and 𝑊𝑓 are port 

selection matrices, and respectively satisfy, for example: 

1 0

0 0

0

0 0

1
1

W

 
 
 =
 
 
 

 and 

1 0

0 1

1 1

0 0

f
W

 
 
 =
 
 
 

. 

[00230] It should be understood that the first indication information indicates 𝑊𝑓. A quantity, 10 

sent by the base station, of CSI-RS ports is 16, that is, X=16. The CSI-RS ports are divided into 

four groups, and each group includes four CSI-RS ports. 𝑀𝐺𝑟𝑜𝑢𝑝 = 4, and 𝑋̃𝐺𝑟𝑜𝑢𝑝 = 2. X=16, 

𝑀𝐺𝑟𝑜𝑢𝑝 = 4, and 𝑋̃𝐺𝑟𝑜𝑢𝑝 = 2  are agreed in the system or indicated by the base station. 𝑊1  is 

used to select one or a plurality of CSI-RS port groups, 𝑊𝑓 is used to select a CSI-RS port from 

each CSI-RS port group, and 𝑊1  and 𝑊𝑓  actually indicate to select a linear superposition 15 

coefficient corresponding to a CSI-RS port. Herein, an element 1 in 𝑊1  indicates to select a 

corresponding CSI-RS port group. The terminal selects a first CSI-RS port group and a third CSI-

RS port group based on 𝑊1 , that is, 𝐿̃𝐺𝑟𝑜𝑢𝑝 = 1 . An element 1 in 𝑊𝑓  indicates to select a 

corresponding CSI-RS port, and an element 0 indicates not to select a corresponding CSI-RS port. 

Based on 𝑊𝑓, the terminal selects CSI-RS ports whose sequence numbers are 1 and 3 in the first 20 

CSI-RS port group, and selects CSI-RS ports whose sequence numbers are 2 and 3 in the third 

CSI-RS port group, that is, 𝑄𝐺𝑟𝑜𝑢𝑝 = 2. 

[00231] For the design 2, that is, 𝑊1 is a port selection matrix, and 𝑊𝑓 is one or a plurality of 

specific column vectors, for example, dimensions of 𝑊1 are X ∗ L. X is a positive integer greater 

than or equal to 1, and represents a quantity of CSI-RS ports. L is a positive integer greater than 25 

or equal to 1, and represents a quantity of selected CSI-RS ports. A length of a column vector of 

𝑊𝑓 is 𝑁𝑅𝐵
0 , and a quantity of column vectors included in 𝑊𝑓 is K. Alternatively, for example, 
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dimensions of 𝑊1  are (2 𝑋̃) ∗ (2L̃) . 𝑋̃  is a positive integer greater than or equal to 1, and 

represents a quantity of CSI-RS ports in one polarization direction. L̃ is a positive integer greater 

than or equal to 1, and represents a quantity of CSI-RS ports selected in one polarization direction. 

A length of a column vector of 𝑊𝑓 is 𝑁𝑅𝐵
0 , and a quantity of column vectors included in 𝑊𝑓 is 

K. It should be understood that, when the dimensions of 𝑊1 are X ∗ L, dimensions of 𝑊̃2 are 5 

𝐿 ∗ 𝐾. When the dimensions of 𝑊1 are (2𝑋̃) ∗ (2L̃), the dimensions of 𝑊̃2 are (2L̃) ∗ 𝐾. 

[00232] For example, a length of a column vector of 𝑊1 is X, and a length of a column vector 

of 𝑊𝑓 is 𝑁𝑅𝐵
0 . It should be understood that X is used to indicate a quantity of CSI-RS ports, and 

𝑁𝑅𝐵
0  is an integer greater than or equal to 1. In a specific implementation, 𝑁𝑅𝐵

0  is related to a 

quantity of RBs or a quantity of subbands of a CSI-RS transmission bandwidth. For example, 𝑁𝑅𝐵
0  10 

may be equal to the quantity of RBs or the quantity of subbands of the CSI-RS transmission 

bandwidth. 

[00233] For example, 𝑊𝑓 is a specific column vector. For example, 𝑊𝑓 =

[
 
 
 
 

1

𝑒𝑗
2𝜋𝑚

𝑁

⋮

𝑒𝑗
2𝜋𝑚(𝑁−1)

𝑁 ]
 
 
 
 

. 𝜋 is 

a ratio of a circle's circumference to its diameter. N is a positive integer greater than or equal to 1, 

and N  is related to a quantity of RBs or a quantity of subbands of a CSI-RS transmission 15 

bandwidth. For example, N is equal to the quantity of RBs or the quantity of subbands of the CSI-

RS transmission bandwidth. m is an integer greater than or equal to 0, and 0 ≤ m ≤ (N − 1). In 

particular, 𝑊𝑓 is a column vector in which all elements are 1. It should be understood that the 

first indication information may indicate this 𝑊𝑓. 

[00234] For example, 𝑊𝑓 =

[
 
 
 
 

1

𝑒𝑗
2𝜋𝑚

𝑂𝑁

⋮

𝑒𝑗
2𝜋𝑚(𝑁−1)

𝑂𝑁 ]
 
 
 
 

. 𝜋 is a ratio of a circle's circumference to its diameter. 20 

N is a positive integer greater than or equal to 1, and N is related to a quantity of RBs or a quantity 

of subbands of a CSI-RS transmission bandwidth. For example, N is equal to the quantity of RBs 

or the quantity of subbands of the CSI-RS transmission bandwidth. O is a positive integer greater 

than or equal to 1, and is used to indicate a quantity of oversampled vectors. For example, O=4. m 

is an integer greater than or equal to 0, and 0 ≤ m ≤ (ON − 1). In particular, 𝑊𝑓 is a column 25 

vector in which all elements are 1. It should be understood that the first indication information 
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may indicate this 𝑊𝑓. 

[00235] For example, 𝑊𝑓  is a plurality of specific column vectors. For example, 𝑊𝑓 =

[
 
 
 
 

1

𝑒𝑗
2𝜋𝑚1

𝑁

⋮

𝑒𝑗
2𝜋𝑚1(𝑁−1)

𝑁

. . .. . .

. . .

. . .

1

𝑒𝑗
2𝜋𝑚𝑋

𝑁

⋮

𝑒𝑗
2𝜋𝑚𝑋(𝑁−1)

𝑁 ]
 
 
 
 

. 𝜋 is a ratio of a circle's circumference to its diameter. N is a positive 

integer greater than or equal to 1, and N is related to a quantity of RBs or a quantity of subbands 

of a CSI-RS transmission bandwidth. For example, N is equal to the quantity of RBs or the quantity 5 

of subbands of the CSI-RS transmission bandwidth. m1, …, and mX are integers greater than or 

equal to 0. For example, 
1

0 ( 1), ..., 0 ( 1)
X

m N m N  −   − . The plurality of specific column 

vectors include a column vector in which all elements are 1. It should be understood that the first 

indication information may indicate the plurality of specific column vectors. 

[00236] For example, 𝑊𝑓 =

[
 
 
 
 

1

𝑒𝑗
2𝜋𝑚1
𝑂𝑁

⋮

𝑒𝑗
2𝜋𝑚1(𝑁−1)

𝑂𝑁

. . .. . .

. . .

. . .

1

𝑒𝑗
2𝜋𝑚𝑋

𝑂𝑁

⋮

𝑒𝑗
2𝜋𝑚𝑋(𝑁−1)

𝑂𝑁 ]
 
 
 
 

 . 𝜋  is a ratio of a circle's 10 

circumference to its diameter. N is a positive integer greater than or equal to 1, and N is related 

to a quantity of RBs or a quantity of subbands of a CSI-RS transmission bandwidth. For example, 

N is equal to the quantity of RBs or the quantity of subbands of the CSI-RS transmission bandwidth. 

m1, …, and mX are integers greater than or equal to 0. O is a positive integer greater than or equal 

to 1, and is used to indicate a quantity of oversampled vectors. For example, O=4, and 15 

1
0 ( 1), ..., 0 ( 1)

X
m ON m ON  −   −  . It should be understood that the first indication 

information may indicate the plurality of specific column vectors. 

[00237] It should be understood that 𝑊𝑓 may alternatively be one or more specific row vectors. 

For details, refer to the foregoing description of 𝑊𝑓 that is one or more specific column vectors. 

For example, a length of a row vector of 𝑊𝑓 is 𝑁𝑅𝐵
0 , and a length of a row vector of 𝑊1 is PCSI-20 

RS. PCSI-RS is used to indicate a quantity of CSI-RS ports. 𝑁𝑅𝐵
0  is an integer greater than or equal 

to 1, and is used to indicate to select 𝑁𝑅𝐵
0  frequency-domain vectors. In a specific implementation, 

𝑁𝑅𝐵
0  is related to a quantity of RBs or a quantity of subbands of a CSI-RS transmission bandwidth. 

For example, 𝑁𝑅𝐵
0  may be equal to the quantity of RBs or the quantity of subbands of the CSI-

RS transmission bandwidth. It should be understood that when 𝑊𝑓 is a specific row vector, the 25 
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first indication information indicates the row vector. When 𝑊𝑓 is some specific row vectors, the 

first indication information indicates the specific row vectors. 

[00238] It should be noted that the first indication information directly or indirectly indicates 

that 𝑊𝑓  is one or some specific vectors, for example, column vectors in the foregoing two 

examples. For another example, when the first indication information indicates the first codebook 5 

or the CSI obtaining solution based on the angle and delay reciprocity, it is considered by default 

that 𝑊𝑓  is one or some specific vectors agreed in a protocol. For another example, the first 

indication information indicates to select one or more vectors from a matrix, for example, select 

one or some vectors from a matrix G. 

[00239] For example, 𝐺 =

[
 
 
 
1 . . . 1 . . .
1
⋮

. . .
⋮ 𝑒𝑗

2𝜋𝑚

𝑂𝑁 . . .
⋮ ⋮

1 ⋮ 𝑒𝑗
2𝜋𝑚(𝑁−1)

𝑂𝑁 . . .]
 
 
 

. 𝜋 is a ratio of a circle's circumference 10 

to its diameter. N is a positive integer greater than or equal to 1, and N is related to a quantity of 

RBs or a quantity of subbands of a CSI-RS transmission bandwidth. For example, N is equal to 

the quantity of RBs or the quantity of subbands of the CSI-RS transmission bandwidth, and 

0 ( 1)m N  − . 

[00240] Alternatively, 𝐺 =

[
 
 
 
1 . . . 1 . . .
1
⋮

. . .
⋮ 𝑒𝑗

2𝜋𝑚

𝑁 . . .
⋮ ⋮

1 ⋮ 𝑒𝑗
2𝜋𝑚(𝑁−1)

𝑁 . . .]
 
 
 

. 𝜋 is a ratio of a circle's circumference 15 

to its diameter. N is a positive integer greater than or equal to 1, and N is related to a quantity of 

RBs or a quantity of subbands of a CSI-RS transmission bandwidth. For example, N is equal to 

the quantity of RBs or the quantity of subbands of the CSI-RS transmission bandwidth. O is a 

positive integer greater than or equal to 1, and is used to indicate a quantity of oversampled vectors. 

For example, O=4, and 0 ( 1)m ON  − . 20 

[00241] It should be understood that the first indication information may indicate to select a 

specific column vector, for example, a column vector in which all elements are 1, or select a row 

vector, for example, a row vector in which all elements are 1, from 𝐺; or select some specific 

column vectors, which, for example, may include a column vector in which all elements are 1, 

from G; or select some specific row vectors, which, for example, may include a row vector in 25 

which all elements are 1, from G. 

[00242] It should be understood that the terminal may perform channel estimation on the CSI-
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RS, and may obtain a linear superposition coefficient C based on a channel estimation result. X 

CSI-RS ports correspond to X Cs. If the terminal selects the X Cs, the terminal may construct a 

matrix of X*𝑁𝑅𝐵
0  based on a rule of each CSI-RS port being corresponding to one row. In this 

case, the X Cs form a column vector of X*1, and then the column vector is repeated 𝑁𝑅𝐵
0  times 

to obtain the matrix 𝑊̃2 of X*𝑁𝑅𝐵
0 . Alternatively, each CSI-RS port corresponds to 𝑁𝑅𝐵

0  channel 5 

estimation results, and the channel estimation results of each CSI-RS port are used as a row to 

construct the matrix 𝑊̃2 of X*𝑁𝑅𝐵
0 . In some embodiments, 𝑊̃2 is a matrix of X*K. K is a quantity 

of vectors included in 𝑊𝑓. In this case, the X Cs form a column vector of X*1, and then the column 

vector is repeated K times to obtain the matrix 𝑊̃2 of X*K. In particular, 𝑊̃2 is a vector of X*1, 

and in this case, the X Cs form a column vector of X*1, that is, 𝑊̃2. 10 

[00243] If the terminal selects 2L̃ Cs, the terminal may construct a matrix of 2L̃*𝑁𝑅𝐵
0  based 

on a rule of each CSI-RS port being corresponding to one row. In this case, the 2L̃ Cs form a 

column vector of 2L̃*1, and then the column vector is repeated 𝑁𝑅𝐵
0  times to obtain the matrix 

𝑊̃2 of 2L̃*𝑁𝑅𝐵
0 . Alternatively, each CSI-RS port corresponds to 𝑁𝑅𝐵

0  channel estimation results, 

and the channel estimation results of each CSI-RS port are used as a row to construct the matrix 15 

𝑊̃2 of 2L̃*𝑁𝑅𝐵
0 . In another possible embodiment, 𝑊̃2 is a matrix of 2L̃*K. In this case, the 2L̃ 

Cs form a column vector of 2L̃*1, and then the column vector is repeated K times to obtain the 

matrix 𝑊̃2 of 2L̃*K. K is a quantity of vectors included in 𝑊𝑓. In particular, 𝑊̃2 is a vector of 

2L̃*1, and in this case, the 2L̃ Cs form a column vector of 2L̃*1, that is, 𝑊̃2. 

[00244] For the design 3, that is, 𝑊1 is a port selection matrix, 𝑊𝑓 is a DFT matrix, and the 20 

DFT matrix includes a column vector in which all elements are 1, similar to the design 2, a length 

of a column vector of 𝑊𝑓 is 𝑁𝑅𝐵
0 , a length of a column vector of 𝑊1 is X*1, X is used to indicate 

a quantity of CSI-RS ports, and 𝑁𝑅𝐵
0  is an integer greater than or equal to 1, and is used to indicate 

to select 𝑁𝑅𝐵
0   frequency-domain vectors. In a specific implementation, 𝑁𝑅𝐵

0   is related to a 

quantity of RBs or a quantity of subbands of a CSI-RS transmission bandwidth. For example, 𝑁𝑅𝐵
0  25 

may be equal to the quantity of RBs or the quantity of subbands of the CSI-RS transmission 

bandwidth. It should be understood that the first indication information may indicate the DFT 

matrix, and indicate one or more column vectors in which all elements are 1 in the DFT matrix. 

Alternatively, the first indication information may indicate the DFT matrix, and indicate one or 

more row vectors in which all elements are 1 in the DFT matrix. Alternatively, the first indication 30 
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information indicates the DFT matrix, and second indication information indicates one or more 

column vectors in which all elements are 1 in the DFT matrix, or indicates one or more row vectors 

in which all elements are 1 in the DFT matrix. For example, 𝑊𝑓 is 𝐺 in the design 2, and the 

first indication information indicates G , and indicates to select a column vector in which all 

elements are 1 from G. Alternatively, the first indication information indicates G, and indicates to 5 

select a row vector in which all elements are 1 from G . Alternatively, the first indication 

information indicates G, and the second indication information indicates to select a column vector 

in which all elements are 1 from G. Alternatively, the first indication information indicates G, and 

the second indication information indicates to select a row vector in which all elements are 1 from 

G. 10 

[00245] It should be understood that the terminal may perform channel estimation on the CSI-

RS, and may obtain a linear superposition coefficient C based on a channel estimation result. X 

CSI-RS ports correspond to X Cs. If the terminal selects the X Cs, the terminal may construct a 

matrix of X*𝑁𝑅𝐵
0  based on a rule of each CSI-RS port being corresponding to one row. In this 

case, the X Cs form a column vector of X*1, and then the column vector is repeated 𝑁𝑅𝐵
0  times 15 

to obtain the matrix 𝑊̃2 of X*𝑁𝑅𝐵
0 . Alternatively, each CSI-RS port corresponds to 𝑁𝑅𝐵

0  channel 

estimation results, and the channel estimation results of each CSI-RS port are used as a row to 

construct the matrix 𝑊̃2 of X*𝑁𝑅𝐵
0 . In some embodiments, 𝑊̃2 is a matrix of X*K. K is a quantity 

of vectors included in 𝑊𝑓. In this case, the X Cs form a column vector of X*1, and then the column 

vector is repeated K times to obtain the matrix 𝑊̃2 of X*K. In particular, 𝑊̃2 is a vector of X*1, 20 

and in this case, the X Cs form a column vector of X*1, that is, 𝑊̃2. 

[00246] If the terminal selects 2L̃ Cs, the terminal may construct a matrix of 2L̃*𝑁𝑅𝐵
0  based 

on a rule of each CSI-RS port being corresponding to one row. In this case, the 2L̃ Cs form a 

column vector of 2L̃*1, and then the column vector is repeated 𝑁𝑅𝐵
0  times to obtain the matrix 

𝑊̃2 of 2L̃*𝑁𝑅𝐵
0 . Alternatively, each CSI-RS port corresponds to 𝑁𝑅𝐵

0  channel estimation results, 25 

and the channel estimation results of each CSI-RS port are used as a row to construct the matrix 

𝑊̃2 of 2L̃*𝑁𝑅𝐵
0 . In another possible embodiment, 𝑊̃2 is a matrix of 2L̃*K. In this case, the 2L̃ 

Cs form a column vector of 2L̃*1, and then the column vector is repeated K times to obtain the 

matrix 𝑊̃2 of 2L̃*K. K is a quantity of vectors included in 𝑊𝑓. In particular, 𝑊̃2 is a vector of 

2L̃*1, and in this case, the 2L̃ Cs form a column vector of 2L̃*1, that is, 𝑊̃2. 30 

[00247] In a specific application scenario, in different polarization directions, quantities of ports 
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selected by the terminal may be the same or different. For example, in different polarization 

directions, quantities of ports selected by the terminal are the same, and sequence numbers of the 

selected ports are also the same. Alternatively, in different polarization directions, quantities of 

ports selected by the terminal may be the same, and sequence numbers of the selected ports are 

different. Alternatively, in different polarization directions, quantities of ports selected by the 5 

terminal are different, and sequence numbers of the selected ports are also different. The following 

provides several possible forms of W1 by using different scenarios and different 𝑊𝑓 designs as 

examples. 

[00248] Design 1: 𝑊𝑓  is a port selection matrix. For ease of understanding, the following 

provides a description with reference to a specific example. Specifically, an example in which four 10 

CSI-RS ports are selected from 16 CSI-RS ports is used to provide a possible design of W1 and 

𝑊𝑓 and describe how the terminal feeds back CSI based on this 𝑊𝑓. It should be understood that 

the terminal needs to feed back 𝑊1  and 𝑊̃2  when feeding back the CSI. Compared with the 

conventional technology in which the terminal needs to feed back 𝑊1 , 𝑊̃2 , and 𝑊𝑓 , this can 

reduce feedback overheads. 15 

[00249] For example, both 𝑊1 and 𝑊𝑓 are port selection matrices, and respectively satisfy, 

for example: 

1 0

0 0

0

0 0

1
1

W

 
 
 =
 
 
 

 and 

1 0

0 1

1 1

0 0

f
W

 
 
 =
 
 
 

. 

[00250] A quantity, sent by the base station, of CSI-RS ports is 16, which are divided into four 

groups, and each group includes four CSI-RS ports. That is, X=16, 𝑀𝐺𝑟𝑜𝑢𝑝 = 4, and 𝑋̃𝐺𝑟𝑜𝑢𝑝 = 2. 20 

Herein, an element 1 in 𝑊1 indicates to select a corresponding CSI-RS port group. The terminal 

selects a first CSI-RS port group and a third CSI-RS port group based on 𝑊1. An element 1 in 𝑊𝑓 

indicates to select a corresponding CSI-RS port, and an element 0 indicates not to select a 

corresponding CSI-RS port. Based on 𝑊𝑓 , the terminal selects CSI-RS ports whose sequence 

numbers are 1 and 3 in the first CSI-RS port group, and selects CSI-RS ports whose sequence 25 

numbers are 2 and 3 in the third CSI-RS port group. 

[00251] The terminal may perform channel estimation on the CSI-RS, and may obtain a linear 

superposition coefficient C based on a channel estimation result, and construct 𝑊̃2 based on C. 
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For details, refer to the description of the embodiment in which the terminal constructs 𝑊̃2 in the 

foregoing design 1. Details are not described herein again. It should be understood that, that the 

terminal feeds back 𝑊̃2 to the base station means that the feedback information includes 𝑊̃2. 

Optionally, the feedback information may alternatively indicate 𝑊̃2 , which may be indicated 

directly, or may be indicated indirectly. In some embodiments, the feedback information may 5 

further include W1, that is, the feedback information includes W1 and 𝑊̃2. 

[00252] It should be understood that, in different polarization directions, quantities of port 

groups selected by the terminal may be the same or different, and sequence numbers of the port 

groups selected by the terminal may be the same or different. For example, the quantities of the 

port groups selected by the terminal are the same, and the sequence numbers of the selected port 10 

groups are the same. Alternatively, the quantities of the port groups selected by the terminal are 

the same, and the sequence numbers of the selected port groups are different. Alternatively, the 

quantities of the port groups selected by the terminal are different, and the sequence numbers of 

the selected port groups are different. 

[00253] Scenario 1: The quantities of the port groups selected by the terminal are the same, and 15 

the sequence numbers of the selected port groups are the same. For example, 𝑊1 may satisfy the 

following formula: 

2

1

2

0

0

Group

Group

Group

Group

X
L

X
L





 
 

=  
 
 

E

W
E

, where 

1 2 1

2 2 2

, , ,
2 2 2 2

Group Group Group

Group Group Group Group
Group LGroup

X X X

X X X X
L mod m mod m mod m

−

     
     
     
     

     
     
     
     



 
 
 
  

= E e e e

. 

[00254] 𝑋𝐺𝑟𝑜𝑢𝑝  is a quantity of CSI-RS port groups, Group
L   is a quantity of CSI-RS port 20 

groups selected in one polarization direction, 
2

Group
Group

X
L

E
  is a matrix consisting of 

2

2
,

Group

Group

X

X
mod i

 
  
 

 
  
 

e , 
2

2
,

Group

Group

X

X
mod i

 
  
 

 
  
 

e  is a vector whose length is 𝑋𝐺𝑟𝑜𝑢𝑝/2, a ( ,
2

GroupX
imod

 
 
 

)th element 

in elements included in the vector is 1 and other elements are 0, i=m1, m2, ..., 1LGroup
m

− , and i is an 

integer greater than or equal to 0. 

[00255] CSI-RS port groups selected by the terminal may be discontinuous or continuous. As a 25 
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variation of W1, 𝑊1 may satisfy the following formula: 

2

1

2

0

0

Group

Group

Group

Group

X
L

X
L





 
 

=  
 
 

E

W
E

, where 

2 2 2

, 1, 1,
2 2 2 2

Group Group Group

Group Group Group Group
Group Group

X X X

X X X X
L mod m mod m mod m L

     
     
     
     

     
     
     
     

 + + −

 
 
 
  

= E e e e

 , 

which indicates that the CSI-RS port groups selected by the terminal may be continuous. 

[00256] Scenario 2: The quantities of the port groups selected by the terminal are the same, and 5 

the sequence numbers of the selected port groups are different. For example, 𝑊1 may satisfy the 

following formula: 

2

1

2

0

0

Group

Group

Group

Group

X
L

X
L

E





 
 

=  
 
 

E

W , where 

1 2 1

2 2 2

, , ,
2 2 2 2

Group Group Group

Group Group Group Group
Group LGroup

X X X

X X X X
L mod m mod m mod m

−

     
     
     
     

     
     
     
     



 
 
 
  

= E e e e  

and 10 

1 2 1

2 2 2

, , ,
2 2 2 2

Group Group Group

Group Group Group Group
Group LGroup

n n n

X X X

X X X X
L mod mod mod

E

−

     
     
     
     

     
     
     
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

 
 
 
  

= e e e

. 

[00257] 𝑋𝐺𝑟𝑜𝑢𝑝 is a quantity of CSI-RS port groups, and 𝐿̃𝐺𝑟𝑜𝑢𝑝 is a quantity of CSI-RS port 

groups selected in one polarization direction. 
2

Group
Group

X
L

E
  is a matrix consisting of 

2

2
,

Group

Group

X

X
mod i

 
  
 

 
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 

e , 
2

2
,

Group

Group

X

X
mod i

 
  
 

 
  
 

e  is a vector whose length is 𝑋𝐺𝑟𝑜𝑢𝑝/2, a ( ,
2

GroupX
imod

 
 
 

)th element 

in elements included in the vector is 1 and other elements are 0, i=m1, m2, ..., 1LGroup
m

− , and i is an 15 

integer greater than or equal to 0. 
2

Group
Group

X
L

E
   is a matrix consisting of 

2

2
,

Group

Group

X

X
mod i

 
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 

 
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 

e  , 

2

2
,

Group

Group

X

X
mod i

 
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 

 
  
 

e   is a vector whose length is 𝑋𝐺𝑟𝑜𝑢𝑝 /2, a ( ,
2

GroupX
imod

 
 
 

 )th element in elements 

included in the vector is 1 and other elements are 0, i=n1, n2, ..., 1LGroup
n

− , and i is an integer greater 

than or equal to 0. 
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[00258] It should be understood that CSI-RS port groups selected by the terminal may be 

discontinuous or continuous. As a variation of W1, 𝑊1 satisfies the following formula: 

2

1

2

0

0

Group

Group

Group

Group

X
L

X
L

E





 
 

=  
 
 

E
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1
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, , ,
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X X X X
L mod m mod m mod m L

     
     
     
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−





 
 
 
  

= e e e . 5 

[00259] Scenario 3: In different polarization directions, quantities of port groups selected by the 

terminal are different, and sequence numbers of the selected port groups are different.  

[00260] Dimensions of 𝑊1 are 𝑋𝐺𝑟𝑜𝑢𝑝 ∗ 𝐿𝐺𝑟𝑜𝑢𝑝, 𝐿𝐺𝑟𝑜𝑢𝑝≤𝑋𝐺𝑟𝑜𝑢𝑝, 𝑋𝐺𝑟𝑜𝑢𝑝 is used to indicate 

a quantity of CSI-RS port groups, and 𝐿𝐺𝑟𝑜𝑢𝑝 is a quantity of selected CSI-RS port groups. 

[00261] In a possible implementation, 𝑊1 may be selected from a matrix. For example, W1 is 10 

a subset of 𝐹𝑋𝐺𝑟𝑜𝑢𝑝×𝑋𝐺𝑟𝑜𝑢𝑝
, dimensions of 𝐹𝑋𝐺𝑟𝑜𝑢𝑝×𝑋𝐺𝑟𝑜𝑢𝑝

 are 𝑋𝐺𝑟𝑜𝑢𝑝*𝑋𝐺𝑟𝑜𝑢𝑝, and the following 

formula is met: 

𝐹𝑋𝐺𝑟𝑜𝑢𝑝×𝑋𝐺𝑟𝑜𝑢𝑝
= [𝒆(𝑋𝐺𝑟𝑜𝑢𝑝)

0 𝒆(𝑋𝐺𝑟𝑜𝑢𝑝)
1 … 𝒆(𝑋𝐺𝑟𝑜𝑢𝑝)

(𝑋𝐺𝑟𝑜𝑢𝑝−1)] , where ( )GroupX

i
e  

is a vector whose length is 𝑋𝐺𝑟𝑜𝑢𝑝 , an ith element in 𝐹𝑋𝐺𝑟𝑜𝑢𝑝×𝑋𝐺𝑟𝑜𝑢𝑝   is 1 and all remaining 

elements are 0, and i=0, 1, ..., 𝑋𝐺𝑟𝑜𝑢𝑝–1. 15 

[00262] It should be understood that CSI-RS port groups selected by the terminal may be 

discontinuous or continuous. As a variation of W1, 𝑊1 satisfies the following formula: 

( ) ( )

1 ( , ) ( ( 1), )
[ , ..., ]Group Group

Group Group Group

X X

mod m X mod m L X
W e e

+ −
= , which indicates that the CSI-RS port groups 

selected by the terminal may be continuous. 

[00263] Design 2: 𝑊𝑓 is one or a plurality of specific column vectors. A specific form of W1 20 

also varies with different application scenarios. The following separately describes several 

possible implementation forms of W1. 

[00264] Scenario 1: Quantities of ports selected by the terminals are the same, and sequence 

numbers of the selected ports are the same. In this way, once a port in one polarization direction is 

selected, a port in another polarization direction needs to copy only the port selected in the previous 25 
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polarization direction. This implementation is relatively simple. For example, 𝑊1 may satisfy the 

following formula: 
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L
2

0

0

X
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
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= E e e e . 

[00265] 𝑋 is the quantity of CSI-RS ports, L̃ is a quantity of CSI-RS ports selected in one 5 

polarization direction, L
2

X


E   is a matrix consisting of 
,

2

2

X

X
mod i

 
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 
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X
mod i

 
 
 

 
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 

e   is a vector 

whose length is X/2, a (
2

,od i
X

m
 
 
 

)th element in elements included in the vector is 1 and other elements 

are 0, i=m1, m2, ..., 1L
m

− , and i is an integer greater than or equal to 0. 

[00266] It should be understood that, 𝑋 is a quantity, sent by the base station, of CSI-RS ports, 

L̃ is a quantity of CSI-RS ports selected by the terminal in one polarization direction, and the 10 

(
2

,od i
X

m
 
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 

)th element in 
,

2

2

X

X
mod i

 
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 
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 

e  is 1, and may indicate to select a corresponding CSI-RS port. 

[00267] CSI-RS ports selected by the terminal may be discontinuous or continuous. As a 

variation of W1, 𝑊1 may satisfy the following formula: 
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which indicates that the CSI-RS ports selected by the terminal may be continuous. 15 

[00268] For ease of understanding, the following provides a description with reference to a 

specific example. Specifically, an example in which four CSI-RS ports are selected from 16 CSI-

RS ports is used. 

[00269] Both 𝑊1 and 𝑊𝑓 are port selection matrices, and respectively satisfy, for example: 
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1

1 0 0 0

0 0 0 0

0 1 0 0

0 0 0 0

0 0 1 0

0 0 0 0

0 0 0 1

0 0 0 0

W
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W
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 

. 

[00270] It should be understood that, 𝑊1 is a 16*4 matrix, the foregoing 𝑊1 shows only eight 

rows, and the remaining eight rows are represented by using " ". It should be understood that "

" represents a matrix of 4*4 in which all elements are 0. If the dimensions of 𝑊1 are X ∗ L, 

X=16, which represents a quantity of CSI-RS ports, and L=4, which represents a quantity of 5 

selected CSI-RS ports. If the dimensions of 𝑊1  are (2 𝑋̃) ∗ (2L̃) , 𝑋̃ =8, which represents a 

quantity of CSI-RS ports in one polarization direction, and L̃=2, which represents a quantity of 

CSI-RS ports selected in one polarization direction. Herein, an element 1 in 𝑊1 indicates to select 

a corresponding CSI-RS port. It may be understood that the first eight elements of each column 

vector of 𝑊1 correspond to one polarization direction, and the last eight elements of each column 10 

vector of 𝑊1 correspond to another polarization direction. The terminal selects one port from 

each column vector based on 𝑊1, that is, selects a first CSI-RS port from the first eight CSI-RSs 

of a first column vector, selects a third CSI-RS port from the first eight CSI-RSs of a second 

column vector, selects a first CSI-RS port from the last eight CSI-RS ports of a third column vector, 

and selects a third CSI-RS port from the last eight CSI-RS ports of a fourth column vector. That 15 

is, the quantities of the selected ports are the same and the sequence numbers of the selected ports 

are the same. It should be understood that, in this specification, that the sequence numbers of the 

selected ports are the same is described relative to two polarization directions, that is, a sequence 

number of a port selected in one polarization direction is the same as a sequence number of a port 

selected in the other polarization direction. 20 

[00271] The terminal may perform channel estimation on the CSI-RS, and may obtain a linear 

superposition coefficient C based on a channel estimation result, and construct 𝑊̃2 based on C. 

For details, refer to the description of the embodiment in which the terminal constructs 𝑊̃2 in the 
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foregoing design 1. In this case, dimensions of 𝑊̃2 are 4*1, and details are not described herein 

again. 

[00272] Scenario 2: Quantities of ports selected by the terminal are the same, and sequence 

numbers of the selected ports are different, so that a port can be selected relatively freely, thereby 

improving system performance. For example, 𝑊1 may satisfy the following formula: 5 
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L
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

 
 

=
 
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X
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1 2 L 1
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L , , ,
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X X X

X X X X
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     
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     



 
 
 
 

= E e e e  , 

and 

1 2 L 1

2 2 2

L , , ,
2 2 2 2

X X X

X X X
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E e e e
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 

= X , where 𝑋 is the quantity 

of CSI-RS ports, and L̃ is a quantity of CSI-RS ports selected in one polarization direction; L
2

X


E  

is a matrix consisting of 
,

2

2

X

X
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 
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 
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 
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X

X
mod i

 
 
 

 
 
 

e  is a vector whose length is X/2, a (
2

,od i
X

m
 
 
 

)th 10 

element in elements included in the vector is 1 and other elements are 0, i=m1, m2, ..., 1L
m

− , and i 

is an integer greater than or equal to 0; and L
2

E


X   is a matrix consisting of 
,

2

2

X

X
mod i

 
 
 

 
 
 
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2

X

X
mod i

 
 
 

 
 
 

e  is a vector whose length is X/2, a (
2

,od i
X

m
 
 
 

)th element in elements included in the 

vector is 1 and other elements are 0, i=n1, n2, ..., 1L
n

− , and i is an integer greater than or equal to 

0. 15 

[00273] It should be understood that CSI-RS ports selected by the terminal may be 

discontinuous or continuous. As a variation of W1, 𝑊1 satisfies the following formula: 
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1 2 L 1

2 2 2

L , , ,
2 2 2 2

X X X
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     
     
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. 20 

[00274] For ease of understanding, the following provides a description with reference to a 

specific example. Specifically, an example in which four CSI-RS ports are selected from 16 CSI-
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RS ports is used. 

[00275] Both 𝑊1 and 𝑊𝑓 are port selection matrices, and respectively satisfy, for example: 

1

1 0 0 0

0 0 0 0

0 1 0 0

0 0 0 0

0 0 0 0

0 0 1 0

0 0 0 0

0 0 0 1

W

 
 
 
 
 
 
 =
 
 
 
 
 
 
 

 and 
1

1

1

f
W

 
 
 =
 
 
 

. 

[00276] It should be understood that, 𝑊1 is a 16*4 matrix, the foregoing 𝑊1 shows only eight 

rows, and the remaining eight rows are represented by using " ". " " represents a matrix of 5 

8*4 in which all elements are 0. If the dimensions of 𝑊1 are X ∗ L, X=16, which represents a 

quantity of CSI-RS ports, and L=4, which represents a quantity of selected CSI-RS ports. If the 

dimensions of 𝑊1  are (2𝑋̃) ∗ (2L̃) , 𝑋̃ =8, which represents a quantity of CSI-RS ports in one 

polarization direction, and L̃ =2, which represents a quantity of CSI-RS ports selected in one 

polarization direction. Herein, an element 1 in 𝑊1 indicates to select a corresponding CSI-RS 10 

port. It may be understood that the first eight elements of each column vector of 𝑊1 correspond 

to one polarization direction, and the last eight elements of each column vector of 𝑊1 correspond 

to another polarization direction. The terminal selects one port from each column vector based on 

𝑊1, that is, selects a first CSI-RS port from the first eight CSI-RSs of a first column vector, selects 

a third CSI-RS port from the first eight CSI-RSs of a second column vector, selects a sixth CSI-15 

RS port from the last eight CSI-RS ports of a third column vector, and selects an eighth CSI-RS 

port from the last eight CSI-RS ports of a fourth column vector. That is, the quantities of the 

selected ports are the same and the sequence numbers of the selected ports are different. 

[00277] The terminal may perform channel estimation on the CSI-RS, and may obtain a linear 

superposition coefficient C based on a channel estimation result, and construct 𝑊̃2 based on C. 20 

For details, refer to the description of the embodiment in which the terminal constructs 𝑊̃2 in the 

foregoing design 1. In this case, dimensions of 𝑊̃2 are 4*1, and details are not described herein 

again. 

[00278] Scenario 3: In different polarization directions, quantities of ports selected by the 
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terminal are different, and sequence numbers of the selected ports are different, so that a port can 

be selected more freely, thereby further improving system performance. For example, dimensions 

of 𝑊1 are X*L, L≤X, X is used to indicate the quantity of CSI-RS ports, and L is a quantity of 

selected CSI-RS ports. 

[00279] In a possible implementation, 𝑊1 may be selected from a matrix. For example, W1 is 5 

a subset of 𝐹𝑋×𝑋. Dimensions of 𝐹𝑋×𝑋 are X*X, and 𝐹𝑋×𝑋 = [𝒆(𝑋)
0 𝒆(

𝑋

2
)
1 … 𝒆(

𝑋

2
)
(𝑋−1)

]. 

𝒆(X)
𝑖 is a vector whose length is X, an ith element in 𝐹𝑋×𝑋 is 1 and all remaining elements are 0, 

and i=0, 1, ..., X–1. 

[00280] It should be understood that CSI-RS ports selected by the terminal may be 

discontinuous or continuous. As a variation of W1, 𝑊1 satisfies the following formula: 10 

( ) ( )

1 ( , ) ( ( 1), )
[ , ..., ]

X X

mod m X mod m L X
W e e

+ −
= , which indicates that the CSI-RS ports selected by the 

terminal may be continuous. 

[00281] For ease of understanding, the following provides a description with reference to a 

specific example. Specifically, an example in which four CSI-RS ports are selected from 16 CSI-

RS ports is used. 15 

[00282] Both 𝑊1 and 𝑊𝑓 are port selection matrices, and respectively satisfy, for example: 

1

1 0 0 0

0 0 1 0

0 1 0 0

0 0 0 0

0 0 0 0

0 0 0 0

0 0 0 1

0 0 0 0

W

 
 
 
 
 
 
 

=  
 
 
 
 
 
 
  

 and 
1

1

1

f
W

 
 
 =
 
 
 

. 

[00283] It should be understood that, 𝑊1 is a 16*4 matrix, the foregoing 𝑊1 shows only eight 

rows, and the remaining eight rows are represented by using " ". It should be understood that "

" represents a matrix of 4*4 in which all elements are 0. 𝑊1 may be selected from F. For 20 

example, F may be a diagonal matrix. If the dimensions of 𝑊1 are X ∗ L, X=16, which represents 

a quantity of CSI-RS ports, and L=4, which represents a quantity of selected CSI-RS ports. If the 



 

64 

dimensions of 𝑊1  are (2𝑋̃) ∗ (2L̃) , X=8, which represents a quantity of CSI-RS ports in one 

polarization direction, and L=2, which represents a quantity of CSI-RS ports selected in one 

polarization direction. Herein, an element 1 in 𝑊1 indicates to select a corresponding CSI-RS 

port. It may be understood that the first eight elements of each column vector of 𝑊1 correspond 

to one polarization direction, and the last eight elements of each column vector of 𝑊1 correspond 5 

to another polarization direction. Based on 𝑊1, the terminal selects a first CSI-RS port from the 

first eight CSI-RSs of a first column vector, selects a third CSI-RS port from the first eight CSI-

RSs of a second column vector, selects a second CSI-RS port from the first eight CSI-RS ports of 

a third column vector, and selects a third CSI-RS port from the last eight CSI-RS ports of a fourth 

column vector. That is, the quantities of the selected ports are different and the sequence numbers 10 

of the selected ports are different. 

[00284] The terminal may perform channel estimation on the CSI-RS, and may obtain a linear 

superposition coefficient C based on a channel estimation result, and construct 𝑊̃2 based on C. 

For details, refer to the description of the embodiment in which the terminal constructs 𝑊̃2 in the 

foregoing design 1. In this case, dimensions of 𝑊̃2 are 4*1, and details are not described herein 15 

again. 

[00285] Similarly, the terminal may construct a matrix 𝑊̃2 of X*𝑁𝑅𝐵
0  in the manner in the 

scenario 2, and details are not described herein again. It should be noted that, the foregoing uses 

the design 2 as an example to describe several possible implementation forms of 𝑊1. The several 

possible implementation forms of 𝑊1 are also applicable to the design 3, and a difference lies in 20 

that 𝑊𝑓 in the design 3 is selected from a DFT matrix. Therefore, for an implementation form of 

𝑊1 in the design 3, refer to the implementation of 𝑊1 in the design 2. Details are not described 

herein again. 

[00286] An embodiment of this application further provides a codebook for obtaining CSI based 

on angle and delay reciprocity of an uplink channel and a downlink channel. For a distinguishing 25 

purpose, the codebook is referred to as a second codebook. The second codebook W satisfies a 

formula W = 𝑊1𝑊̃2. 𝑊1 is a port selection matrix, and 𝑊̃2 is a linear superposition coefficient 

matrix. In this case, first indication information may be used to indicate the port selection matrix, 

which is represented by 𝑊1. Different 𝑊1 corresponds to different second codebooks. From this 

perspective, the first indication information may indirectly indicate 𝑊1 by indicating the second 30 

codebook. 
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[00287] For a specific implementation of the first indication information, refer to the foregoing 

several implementations of the first indication information in the foregoing embodiment. Details 

are not described herein again. 

[00288] For example, dimensions of 𝑊1 are X*L, L≤X, X is used to indicate the quantity of 

CSI-RS ports, L is a quantity of selected CSI-RS ports, and both X and L are integers greater than 5 

or equal to 1. Alternatively, the dimensions of 𝑊1  are (2*𝑋̃) ∗ (2 ∗ L̃) , L̃ ≤𝑋̃ , 𝑋̃  is used to 

indicate a quantity of CSI-RS ports in one polarization direction, L̃ is a quantity of CSI-RS ports 

selected in one polarization direction, and both 𝑋̃ and L̃ are integers greater than or equal to 1. 

[00289] Similar to the foregoing embodiment, in this solution, in different polarization 

directions, quantities of ports selected by the terminal may be the same or different, and sequence 10 

numbers of the selected ports may be the same or different. For different application scenarios, 

several design solutions of 𝑊1 are provided respectively. 

[00290] For example, the quantities of the ports selected by the terminal are the same, and the 

sequence numbers of the selected ports are the same. 𝑊1 may satisfy the following formula: 
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= E e e e . 

[00291] 𝑋 is the quantity of CSI-RS ports, L̃ is a quantity of CSI-RS ports selected in one 

polarization direction, L
2

X


E   is a matrix consisting of 
,

2

2

X

X
mod i

 
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 

 
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e  , 
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X
mod i

 
 
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 
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 

e   is a vector 

whose length is X/2, a (
2

,od i
X

m
 
 
 

)th element in elements included in the vector is 1 and other elements 

are 0, i=m1, m2, ..., 1L
m

− , and i is an integer greater than or equal to 0. 20 

[00292] It should be understood that, 𝑋 is a quantity, sent by the base station, of CSI-RS ports, 

L̃ is a quantity of CSI-RS ports selected by the terminal in one polarization direction, and the 

(
2

,od i
X

m
 
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 

)th element in 
,

2

2

X

X
mod i

 
 
 

 
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 

e  is 1, and may indicate to select a corresponding CSI-RS port. 

[00293] CSI-RS ports selected by the terminal may be discontinuous or continuous. As a 

variation of W1, 𝑊1 may satisfy the following formula: 25 
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which indicates that the CSI-RS ports selected by the terminal may be continuous. 

[00294] For another example, the quantities of the ports selected by the terminal are the same, 

and the sequence numbers of the selected ports are different. 𝑊1  may satisfy the following 

formula: 5 
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of CSI-RS ports, and L̃ is a quantity of CSI-RS ports selected in one polarization direction; L
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0. 15 

[00295] It should be understood that CSI-RS ports selected by the terminal may be 

discontinuous or continuous. As a variation of W1, 𝑊1 satisfies the following formula: 
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[00296] For still another example, in different polarization directions, quantities of ports 

selected by the terminal are different, and sequence numbers of the selected ports are different. 

𝑊1 may be selected from a matrix. For example, W1 is a subset of 𝐹𝑋×𝑋, dimensions of 𝐹𝑋×𝑋 

are X*X, and 𝐹𝑋×𝑋 = [𝒆(𝑋)
0 𝒆(X)

1 … 𝒆(X)
(𝑋−1)] . For example, 𝒆(X)

𝑖  is a vector whose 5 

length is X, an ith element in 𝐹𝑋×𝑋 is 1 and all remaining elements are 0, and i=0, 1, ..., X–1. 

[00297] It should be understood that CSI-RS ports selected by the terminal may be 

discontinuous or continuous. As a variation of W1, 𝑊1 satisfies the following formula: 

( ) ( )

1 ( , ) ( ( 1), )
[ , ..., ]

X X

mod m X mod m L X
W e e

+ −
= , which indicates that the CSI-RS ports selected by the 

terminal may be continuous. 10 

[00298] For a specific implementation in which the terminal obtains CSI based on W1 in the 

foregoing three examples, refer to the description of the related embodiment of W1 in the first 

codebook. Details are not described herein again. 

[00299] In the solutions provided in embodiments of this application, for example, the 

foregoing design solutions of the first codebook or the foregoing design solutions of the second 15 

codebook, the terminal may feed back CSI based on the angle and delay reciprocity of the uplink 

channel and the downlink channel, thereby reducing feedback overheads. 

[00300] In the foregoing embodiments provided in this application, the methods provided in 

embodiments of this application are separately described from perspectives of the terminal, the 

base station, and interaction between the terminal and the base station. To implement functions in 20 

the methods provided in the foregoing embodiments of this application, the terminal and the base 

station may include a hardware structure and/or a software module, to implement the functions in 

a form of the hardware structure, the software module, or the hardware structure plus the software 

module. 

[00301] The following describes, with reference to accompanying drawings, communications 25 

apparatuses used to implement the foregoing methods in embodiments of this application. 

Therefore, the foregoing content may be used in subsequent embodiments, and repeated content is 

not described again. 

[00302] FIG. 4 is a schematic diagram of a structure of a communications apparatus 400. The 
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communications apparatus 400 may correspondingly implement functions or steps implemented 

by the terminal or the network device in the foregoing method embodiments. The communications 

apparatus may include a sending unit 410 and a receiving unit 420, and optionally, may further 

include a processing unit 430, which is illustrated by a dashed line in FIG. 4. Optionally, a storage 

unit may be further included. The storage unit may be configured to store instructions (code or a 5 

program) and/or data. The sending unit 410, the receiving unit 420, and the processing unit 430 

may be coupled to the storage unit. For example, the processing unit 430 may read the instructions 

(code or program) and/or data in the storage unit, to implement a corresponding method. The 

foregoing units may be independently disposed, or some or all may be integrated. For example, 

the sending unit 410 and the receiving unit 420 may be integrated, and referred to as a transceiver 10 

unit. 

[00303] In some possible implementations, the communications apparatus 400 can 

correspondingly implement behavior and functions of the terminal in the foregoing method 

embodiments. For example, the communications apparatus 400 may be a terminal, or may be a 

component (for example, a chip or a circuit) used in the terminal. The sending unit 410 and the 15 

receiving unit 420 may be configured to perform all receiving or sending operations performed by 

the terminal in the embodiment shown in FIG. 3, for example, S301 and S302 in the embodiment 

shown in FIG. 3, and/or configured to support another process of the technology described in this 

specification. The processing unit 430 is configured to perform all operations performed by the 

terminal except the receiving and sending operations in the embodiment shown in FIG. 3, and/or 20 

configured to support another process of the technology described in this specification. 

[00304] In some embodiments, the receiving unit 420 is configured to receive first indication 

information from a base station. The first indication information is used to indicate a type of a right 

multiplication matrix in a first codebook, and the first codebook satisfies a formula W =

𝑊1𝑊̃2𝑊𝑓
𝐻. W is the first codebook, 𝑊1 is a port selection matrix, 𝑊̃2 is a linear superposition 25 

coefficient matrix, 𝑊𝑓 is the right multiplication matrix, and is used by the terminal to determine 

channel state information based on the first codebook. 

[00305] The sending unit 410 is configured to send the channel state information to the base 

station. 

[00306] In some other possible implementations, the communications apparatus 400 can 30 

correspondingly implement behavior and functions of the network device in the foregoing method 
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embodiments. For example, the communications apparatus 400 may be a network device, or may 

be a component (for example, a chip or a circuit) used in the network device. The sending unit 410 

and the receiving unit 420 may be configured to perform all receiving or sending operations 

performed by the base station in the embodiment shown in FIG. 3, for example, S301 and S302 in 

the embodiment shown in FIG. 3, and/or configured to support another process of the technology 5 

described in this specification. The processing unit 430 is configured to perform all operations 

performed by the network device except the receiving and sending operations in the embodiment 

shown in FIG. 3, and/or configured to support another process of the technology described in this 

specification. 

[00307] In some embodiments, the receiving unit 420 is configured to receive channel state 10 

information from a terminal. The channel state information includes first indication information. 

[00308] The processing unit 430 is configured to determine a precoding matrix based on the 

first indication information and a first codebook. The first codebook satisfies a formula W =

𝑊1𝑊̃2𝑊𝑓
𝐻. W is the first codebook, 𝑊1 is a port selection matrix, 𝑊̃2 is a linear superposition 

coefficient matrix, and the first indication information is used to indicate a type of 𝑊𝑓. 15 

[00309] In some optional implementations, the first indication information may be carried in 

existing signaling. For example, the first indication information is carried in a CSI reporting band 

CSI-ReportingBand field of RRC signaling. For example, a value of the CSI-ReportingBand field 

is 0, indicating that the terminal obtains the CSI based on angle and delay reciprocity of an uplink 

channel and a downlink channel, or indicating the codebook used by the terminal to obtain the CSI 20 

based on the angle and delay reciprocity of the uplink channel and the downlink channel. This 

facilitates compatibility with existing RRC signaling. 

[00310] In embodiments of the first aspect and the second aspect, 𝑊𝑓  includes but is not 

limited to the following several designs. 

[00311] Design 1: 𝑊𝑓 is a port selection matrix. That is, the first indication information is used 25 

to indicate that the type of 𝑊𝑓 is a port selection matrix. 

[00312] Design 2: 𝑊𝑓  is one or a plurality of specific column vectors. That is, the first 

indication information is used to indicate that the type of 𝑊𝑓 is one or a plurality of specific 

column vectors. For example, 𝑊𝑓 is a column vector in which all elements are 1, or 𝑊𝑓 includes 

a column vector in which all elements are 1. In this design solution, a channel state information 30 

reference signal (channel state information reference signal, CSI-RS) port group does not need to 
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be distinguished, thereby reducing complexity. 

[00313] Design 3: 𝑊𝑓 is a DFT matrix, and includes a column vector in which all elements are 

1. That is, the first indication information is used to indicate that the type of 𝑊𝑓 is a DFT matrix. 

Based on this design solution, the network side further needs to indicate, to the terminal, a column 

vector that needs to be used, for example, the column vector in which all elements are 1 in the 5 

DFT matrix. In a possible implementation, the first indication information may further indicate the 

column vector in which all elements are 1. Alternatively, when the communications apparatus is 

the network device, the sending unit included in the communications apparatus sends second 

indication information to the terminal, the terminal receives the second indication information, and 

the second indication information indicates the column vector in which all elements are 1 in the 10 

DFT matrix. Alternatively, when the communications apparatus is the terminal, the receiving unit 

included in the communications apparatus receives second indication information from the 

network device, and the second indication information indicates the column vector in which all 

elements are 1 in the DFT matrix. 

[00314] Specifically, 𝑊1 in the first codebook is used to select one or a plurality of channel 15 

state information reference signal (channel state information reference signal, CSI-RS) port groups, 

and 𝑊𝑓 is used to select one or more CSI-RS ports in the CSI-RS port group or the plurality of 

CSI-RS port groups. 

[00315] It should be understood that 𝑊1 is used to select a CSI-RS port group, and one or a 

plurality of CSI-RS port groups may be selected. If 𝑊1  selects the CSI-RS port group, 𝑊𝑓 20 

selects one or more CSI-RS ports in the CSI-RS port group. If 𝑊1 selects the plurality of CSI-RS 

port groups, 𝑊𝑓 may select different or same ports for different CSI-RS port groups. For example, 

𝑊𝑓  may indicate a sequence number of a CSI-RS port, to indicate to select CSI-RS ports 

corresponding to the sequence number in all CSI-RS port groups, that is, CSI-RS ports selected in 

all CSI-RS port groups are the same. 25 

[00316] In some optional implementations, 𝑊𝑓 is a port selection matrix, a length of a column 

vector of 𝑊𝑓  may be 𝑀𝐺𝑟𝑜𝑢𝑝 , a length of a column vector of 𝑊1  may be 2 𝑋̃𝐺𝑟𝑜𝑢𝑝 , 

𝑀𝐺𝑟𝑜𝑢𝑝 *𝑋̃𝐺𝑟𝑜𝑢𝑝 =X/2, X is used to indicate a quantity of CSI-RS ports, 𝑀𝐺𝑟𝑜𝑢𝑝  is an integer 

greater than or equal to 1, and 𝑋̃𝐺𝑟𝑜𝑢𝑝 is an integer greater than or equal to 1. 

[00317] In this design, 𝑀𝐺𝑟𝑜𝑢𝑝, 𝑋̃𝐺𝑟𝑜𝑢𝑝, and X may be agreed in a system or a protocol, or may 30 
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be indicated by the network side to the terminal. For example, when the communications apparatus 

400 is the network device, the sending unit 410 of the communications apparatus 100 may send 

third indication information to the terminal, the terminal receives the third indication information, 

and the third indication information may be used to indicate one or more of 𝑋̃𝐺𝑟𝑜𝑢𝑝, 𝑋̃𝐺𝑟𝑜𝑢𝑝, and 

X. For another example, when the communications apparatus is the terminal, the receiving unit 5 

420 of the communications apparatus receives third indication information from the network 

device, and the third indication information may be used to indicate one or more of 𝑋̃𝐺𝑟𝑜𝑢𝑝 , 

𝑋̃𝐺𝑟𝑜𝑢𝑝, and X. 

[00318] In some optional implementations, 𝑊𝑓 is one or a plurality of specific column vectors, 

a length of a column vector of 𝑊𝑓 may be 𝑁𝑅𝐵
0 , a length of a column vector of 𝑊1 may be X, X 10 

is used to indicate a quantity of CSI-RS ports, and 𝑁𝑅𝐵
0  is an integer greater than or equal to 1. 

[00319] For example, 𝑁𝑅𝐵
0  is related to a quantity of resource blocks (resource block, RB) or 

a quantity of subbands of a CSI-RS transmission bandwidth. For example, 𝑁𝑅𝐵
0  may be equal to 

the quantity of RBs or the quantity of subbands of the CSI-RS transmission bandwidth. This is 

relatively simple. 15 

[00320] In some optional implementations, the terminal may feed back 𝑊1  and 𝑊̃2  to the 

network side. For example, the channel state information sent by the terminal to the network device 

may include feedback information, and the feedback information may be used to indicate 𝑊1 and 

𝑊̃2. Compared with a conventional technology in which the terminal needs to feed back 𝑊1, 𝑊̃2, 

and 𝑊𝑓 to the network side, this reduces overheads. 20 

[00321] For linear superposition coefficients corresponding to different selected receive 

antennas, the terminal may construct 𝑊̃2 in different manners. For example, the terminal selects 

X linear superposition coefficients corresponding to all ports, that is, X ports, and the terminal may 

construct 𝑊̃2  of 2𝑋̃𝐺𝑟𝑜𝑢𝑝 *𝑀𝐺𝑟𝑜𝑢𝑝  in ascending order (or descending order) of CSI-RS port 

numbers based on a rule of row first and column second (or column first and row second). It should 25 

be understood that one receive antenna corresponds to one 𝑊̃2 . Therefore, the feedback 

information may include NRx 𝑊̃2. NRx is a quantity of receive antennas of the terminal. For another 

example, the terminal may construct a matrix of X*NRx for the X linear superposition coefficients 

corresponding to different receive antennas, and perform SVD decomposition on the matrix. The 



 

72 

terminal selects a linear superposition coefficient based on a value of a rank corresponding to a 

precoding matrix to be calculated, and constructs 𝑊̃2 of 2𝑋̃𝐺𝑟𝑜𝑢𝑝*𝑀𝐺𝑟𝑜𝑢𝑝 in a sequence from 

head to tail (or from tail to head) based on a rule of row first and column second (or column first 

and row second). Correspondingly, the feedback information may include R 𝑊̃2. R is the value of 

the rank corresponding to the precoding matrix. 5 

[00322] In a specific application scenario, in different polarization directions, quantities of ports 

selected by the terminal may be the same or different, and sequence numbers of the ports selected 

by the terminal may be the same or different. For example, the quantities of the ports selected by 

the terminals may be the same, and the sequence numbers of the selected ports are also the same. 

In this way, once a port in one polarization direction is determined, a port in another polarization 10 

direction is also determined. This implementation is relatively simple. For another example, in 

different polarization directions, quantities of ports selected by the terminal may be the same, and 

sequence numbers of the selected ports are different. A selected port is not limited, so that a port 

can be selected relatively freely, thereby improving system performance. For still another example, 

in different polarization directions, quantities of ports selected by the terminal are different, and 15 

sequence numbers of the selected ports are also different, so that a port can be selected more freely, 

thereby further improving system performance. 

[00323] For the foregoing design 1, in different application scenarios, embodiments of this 

application provide several possible designs of W1, to obtain the CSI based on the angle and delay 

reciprocity of the uplink channel and the downlink channel. 20 

[00324] For example, in different polarization directions, quantities of port groups selected by 

the terminal are the same, and sequence numbers of the selected port groups are the same. 𝑊1 

may satisfy the following formula: 
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[00325] 𝑋𝐺𝑟𝑜𝑢𝑝 is a quantity of CSI-RS port groups, Group
L  is a quantity of CSI-RS port groups 
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selected in one polarization direction, 
2
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greater than or equal to 0. 

[00326] CSI-RS port groups selected by the terminal may be discontinuous or continuous. As a 5 

variation of W1, 𝑊1 may satisfy the following formula: 
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which indicates that the CSI-RS port groups selected by the terminal may be continuous. 

[00327] For example, the quantities of the port groups selected by the terminal are the same, 10 

and the sequence numbers of the selected port groups are different. 𝑊1 may satisfy the following 

formula: 

2

1

2

0

0

Group

Group

Group

Group

X
L

X
L

E





 
 

=  
 
 

E

W , where 

1 2 1

2 2 2

, , ,
2 2 2 2

Group Group Group

Group Group Group Group
Group LGroup

X X X

X X X X
L mod m mod m mod m

−

     
     
     
     

     
     
     
     



 
 
 
  

= E e e e  

and 15 

1 2 1

2 2 2

, , ,
2 2 2 2

Group Group Group

Group Group Group Group
Group LGroup

n n n

X X X

X X X X
L mod mod mod

E

−

     
     
     
     

     
     
     
     



 
 
 
  

= e e e . 

[00328] 𝑋𝐺𝑟𝑜𝑢𝑝 is a quantity of CSI-RS port groups, and 𝐿̃𝐺𝑟𝑜𝑢𝑝 is a quantity of CSI-RS port 

groups selected in one polarization direction. 
2
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than or equal to 0. 

[00329] It should be understood that CSI-RS port groups selected by the terminal may be 

discontinuous or continuous. As a variation of W1, 𝑊1 satisfies the following formula: 
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[00330] For example, in different polarization directions, quantities of port groups selected by 

the terminal are different, and sequence numbers of the selected port groups are different.  

[00331] Dimensions of 𝑊1 are 𝑋𝐺𝑟𝑜𝑢𝑝 ∗ 𝐿𝐺𝑟𝑜𝑢𝑝, 𝐿𝐺𝑟𝑜𝑢𝑝≤𝑋𝐺𝑟𝑜𝑢𝑝, 𝑋𝐺𝑟𝑜𝑢𝑝 is used to indicate 

a quantity of CSI-RS port groups, and 𝐿𝐺𝑟𝑜𝑢𝑝 is a quantity of selected CSI-RS port groups. 15 

[00332] In a possible implementation, 𝑊1 may be selected from a matrix. For example, W1 is 

a subset of 𝐹𝑋𝐺𝑟𝑜𝑢𝑝×𝑋𝐺𝑟𝑜𝑢𝑝
, dimensions of 𝐹𝑋𝐺𝑟𝑜𝑢𝑝×𝑋𝐺𝑟𝑜𝑢𝑝

 are 𝑋𝐺𝑟𝑜𝑢𝑝*𝑋𝐺𝑟𝑜𝑢𝑝, and the following 

formula is met: 

𝐹𝑋𝐺𝑟𝑜𝑢𝑝×𝑋𝐺𝑟𝑜𝑢𝑝
= [𝒆(𝑋𝐺𝑟𝑜𝑢𝑝)

0 𝒆(𝑋𝐺𝑟𝑜𝑢𝑝)
1 … 𝒆(𝑋𝐺𝑟𝑜𝑢𝑝)

(𝑋𝐺𝑟𝑜𝑢𝑝−1)] , where ( )GroupX

i
e  

is a vector whose length is 𝑋𝐺𝑟𝑜𝑢𝑝 , an ith element in 𝐹𝑋𝐺𝑟𝑜𝑢𝑝×𝑋𝐺𝑟𝑜𝑢𝑝   is 1 and all remaining 20 

elements are 0, and i=0, 1, ..., 𝑋𝐺𝑟𝑜𝑢𝑝–1. 
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[00333] It should be understood that CSI-RS port groups selected by the terminal may be 

discontinuous or continuous. As a variation of W1, 𝑊1 satisfies the following formula: 

( ) ( )

1 ( , ) ( ( 1), )
[ , ..., ]Group Group

Group Group Group

X X

mod m X mod m L X
W e e

+ −
= , which indicates that the CSI-RS port groups 

selected by the terminal may be continuous. 

[00334] For the foregoing design 2 and design 3, in different application scenarios, 5 

embodiments of this application provide several possible designs of W1, to obtain the CSI based 

on the angle and delay reciprocity of the uplink channel and the downlink channel. 

[00335] For example, in different polarization directions, quantities of ports selected by the 

terminal are the same, and sequence numbers of the selected ports are the same. 𝑊1 satisfies the 

following formula: 10 

L
2

1

L
2

0

0

X

X





 
 

=
 
 
 

E

W
E

, where 
1 2 L 1

2 2 2

L , , ,
2 2 2 2

X X X

X X X X
mod m mod m mod m

−

     
     
     

     
      

     

 
=  
  

E e e e . 

[00336] 𝑋 is the quantity of CSI-RS ports, L̃ is a quantity of CSI-RS ports selected in one 

polarization direction, L
2

X


E   is a matrix consisting of 
,

2

2

X

X
mod i

 
 
 

 
 
 

e  , 
,

2

2

X

X
mod i

 
 
 

 
 
 

e   is a vector 

whose length is X/2, a (
2

,od i
X

m
 
 
 

)th element in elements included in the vector is 1 and other elements 

are 0, i=m1, m2, ..., 1L
m

− , and i is an integer greater than or equal to 0. 15 

[00337] It should be understood that, 𝑋 is a quantity, sent by the base station, of CSI-RS ports, 

L̃ is a quantity of CSI-RS ports selected by the terminal in one polarization direction, and the 

(
2

,od i
X

m
 
 
 

)th element in 
,

2

2

X

X
mod i

 
 
 

 
 
 

e  is 1, and may indicate to select a corresponding CSI-RS port. 

[00338] In a specific application, CSI-RS ports selected by the terminal may be discontinuous 

or continuous. It should be understood that, as a variation of W1, 𝑊1  satisfies the following 20 

formula: 

L
2

1

L
2

0

0

X

X





 
 

=
 
 
 

E

W
E

 , where 
2 2 2

L , 1, L 1,
2 2 2 2

X X X

X X X X
mod m mod m mod m

     
     
     

     
 + + −     

     

 
=  
  

E e e e  , 

which indicates that the CSI-RS ports selected by the terminal may be continuous. 

[00339] For example, in different polarization directions, quantities of ports selected by the 
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terminal are the same, and sequence numbers of the selected ports are different. 𝑊1 satisfies the 

following formula: 

L
2

1

L
2

0

0

X

E





 
 

=
 
 
 

X

E

W  , where 
1 2 L 1

2 2 2

L , , ,
2 2 2 2

X X X

X X X X
mod m mod m mod m

−

     
     
     

     
      

     

 
=  
  

E e e e  , 

and 

1 2 L 1

2 2 2

L , , ,
2 2 2 2

X X X

X X X
mod n mod n mod n

E e e e
−

     
     
     

     
      

     

 
=  
  

X  , where 𝑋  is the quantity of 5 

CSI-RS ports, and L̃ is a quantity of CSI-RS ports selected in one polarization direction; L
2

X


E  

is a matrix consisting of 
,

2

2

X

X
mod i

 
 
 

 
 
 

e , 
,

2

2

X

X
mod i

 
 
 

 
 
 

e  is a vector whose length is X/2, a (
2

,od i
X

m
 
 
 

)th 

element in elements included in the vector is 1 and other elements are 0, i=m1, m2, ..., 1L
m

− , and i 

is an integer greater than or equal to 0; and L
2

E


X   is a matrix consisting of 
,

2

2

X

X
mod i

 
 
 

 
 
 

e  , 

,

2

2

X

X
mod i

 
 
 

 
 
 

e  is a vector whose length is X/2, a (
2

,od i
X

m
 
 
 

)th element in elements included in the 10 

vector is 1 and other elements are 0, i=n1, n2, ..., 1L
n

− , and i is an integer greater than or equal to 

0. 

[00340] Similarly, CSI-RS ports selected by the terminal may be discontinuous or continuous. 

It should be understood that, as a variation of W1, 𝑊1 satisfies the following formula: 

L
2

1

L
2

0

0

X

E





 
 

=
 
 
 

X

E

W , where 15 

 
2 2 2

L , 1, L 1,
2 2 2 2

X X X

X X X X
mod m mod m mod m

     
     
     

     
 + + −     

     

 
=  
  

E e e e , and 

2 2 2

L , 1, L 1,
2 2 2 2

X X X

X X X
mod n mod n mod n

E e e e

     
     
     

     
 + + −     

     

 
=  
  

X . 

[00341] For another example, in different polarization directions, quantities of ports selected by 

the terminal are different, and sequence numbers of the selected ports are different. Dimensions of 

𝑊1 are X*L, L≤X, X is used to indicate the quantity of CSI-RS ports, and L is a quantity of 20 

selected CSI-RS ports. 
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[00342] In a possible implementation, 𝑊1  may be implemented based on a matrix. For 

example, W1 is a subset of F, and F may be predefined in a system or agreed in a protocol. For 

example, dimensions of 𝐹𝑋×𝑋 are X*X, that is, 𝑊1 selects L column vectors from X column 

vectors in 𝐹𝑋×𝑋 , where L≤X. For example, 𝐹𝑋×𝑋 = [𝒆(𝑋)
0 𝒆(X)

1 … 𝒆(X)
(𝑋−1)] . 𝒆(X)

𝑖  is a 

vector whose length is X, an ith element in 𝐹𝑋×𝑋 is 1 and all remaining elements are 0, and i=0, 5 

1, ..., X–1. 

[00343] Similarly, CSI-RS ports selected by the terminal may be discontinuous or continuous. 

It should be understood that, 𝑊1 may satisfy the following formula: 

( ) ( )

1 ( , ) ( ( 1), )
[ , ..., ]

X X

mod m X mod m L X
W e e

+ −
= , which indicates that the CSI-RS ports selected by the 

terminal may be continuous. 10 

[00344] In some possible implementations, the communications apparatus 400 can 

correspondingly implement behavior and functions of the terminal in the foregoing method 

embodiments. For example, the communications apparatus 400 may be a terminal, or may be a 

component (for example, a chip or a circuit) used in the terminal. The sending unit 410 and the 

receiving unit 420 may be configured to perform all receiving or sending operations performed by 15 

the terminal in the embodiment shown in FIG. 3, for example, S301 and S302 in the embodiment 

shown in FIG. 3, and/or configured to support another process of the technology described in this 

specification. The processing unit 430 is configured to perform all operations performed by the 

terminal except the receiving and sending operations in the embodiment shown in FIG. 3, and/or 

configured to support another process of the technology described in this specification. 20 

[00345] In some embodiments, the receiving unit 420 is configured to receive first indication 

information from a network device. The first indication information is used to indicate a port 

selection matrix, the port selection matrix is used by the terminal to determine channel state 

information based on a second codebook, and the second codebook satisfies a formula W =

𝑊1𝑊̃2 . W is the second codebook, 𝑊1  is the port selection matrix, and 𝑊̃2  is a linear 25 

superposition coefficient matrix. 

[00346] The sending unit 410 is configured to send the channel state information to the network 

device. 

[00347] In some possible implementations, the communications apparatus 400 can 

correspondingly implement behavior and functions of the network device in the foregoing method 30 
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embodiments. For example, the communications apparatus 400 may be a network device, or may 

be a component (for example, a chip or a circuit) used in the network device. The sending unit 410 

and the receiving unit 420 may be configured to perform all receiving or sending operations 

performed by the base station in the embodiment shown in FIG. 3, for example, S301 and S302 in 

the embodiment shown in FIG. 3, and/or configured to support another process of the technology 5 

described in this specification. The processing unit 430 is configured to perform all operations 

performed by the network device except the receiving and sending operations in the embodiment 

shown in FIG. 3, and/or configured to support another process of the technology described in this 

specification. 

[00348] In some embodiments, the receiving unit 420 is configured to receive channel state 10 

information from a terminal. The channel state information includes first indication information, 

the first indication information is used to indicate a port selection matrix, the port selection matrix 

is used by the terminal to determine the channel state information based on a second codebook, 

and the second codebook satisfies a formula W = 𝑊1𝑊̃2. W is the second codebook, 𝑊1 is the 

port selection matrix, and 𝑊̃2 is a linear superposition coefficient matrix. 15 

[00349] The processing unit 430 is configured to determine a precoding matrix based on the 

first indication information and the second codebook. 

[00350] In some optional embodiments, dimensions of 𝑊1 are X*L, L≤X, X is used to indicate 

the quantity of CSI-RS ports, and L is a quantity of selected CSI-RS ports. 

[00351] In a specific application scenario, in different polarization directions, quantities of ports 20 

selected by the terminal may be the same, and sequence numbers of the selected ports are also the 

same. 

[00352] Alternatively, in different polarization directions, quantities of ports selected by the 

terminal may be the same, and sequence numbers of the selected ports are different. 

[00353] Alternatively, in different polarization directions, quantities of ports selected by the 25 

terminal are different, and sequence numbers of the selected ports are also different. 

[00354] Based on different application scenarios, embodiments of this application provide the 

following several possible designs of W1. 

[00355] For example, in different polarization directions, quantities of ports selected by the 

terminal are the same, and sequence numbers of the selected ports are the same. 𝑊1 satisfies the 30 

following formula: 
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L
2

1

L
2

0

0

X

X





 
 

=
 
 
 

E

W
E

 , where 

1 2 L 1

2 2 2

L , , ,
2 2 2 2

X X X

X X X X
mod m mod m mod m

−

     
     
     

     
     
     



 
 
 
 

= E e e e . 

[00356] 𝑋 is the quantity of CSI-RS ports, L̃ is a quantity of CSI-RS ports selected in one 

polarization direction, L
2

X


E   is a matrix consisting of 
,

2

2

X

X
mod i

 
 
 

 
 
 

e  , 
,

2

2

X

X
mod i

 
 
 

 
 
 

e   is a vector 

whose length is X/2, a (
2

,od i
X

m
 
 
 

)th element in elements included in the vector is 1 and other elements 5 

are 0, i=m1, m2, ..., 1L
m

− , and i is an integer greater than or equal to 0. 

[00357] 𝑋 is a quantity, sent by the base station, of CSI-RS ports, L̃ is a quantity of CSI-RS 

ports selected by the terminal in one polarization direction, and the (
2

,od i
X

m
 
 
 

 )th element in 

,

2

2

X

X
mod i

 
 
 

 
 
 

e  is 1, and may indicate to select a corresponding CSI-RS port. 

[00358] Since the quantities of the ports are the same and the sequence numbers of the ports are 10 

the same, it may be considered that once a port in one polarization direction is selected, a port in 

another polarization direction is also selected. This implementation is relatively simple. 

[00359] As a variation of W1, 𝑊1 satisfies the following formula: 

L
2

1

L
2

0

0

X

X





 
 

=
 
 
 

E

W
E

 , where 

2 2 2

L , 1, L 1,
2 2 2 2

X X X

X X X X
mod m mod m mod m

     
     
     

     
     
     

 + + −

 
 
 
 

= E e e e  , which indicates that the CSI-RS 15 

ports selected by the terminal may be continuous. 

[00360] For example, in different polarization directions, quantities of ports selected by the 

terminal are the same, and sequence numbers of the selected ports are different. 𝑊1 satisfies the 

following formula: 

L
2

1

L
2

0

0

X

E





 
 

=
 
 
 

X

E

W  , where 
1 2 L 1

2 2 2

L , , ,
2 2 2 2

X X X

X X X X
mod m mod m mod m

−

     
     
     

     
     
     



 
 
 
 

= E e e e  , 20 

and 
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1 2 L 1

2 2 2

L , , ,
2 2 2 2

X X X

X X X
mod n mod n mod n

E e e e
−

     
     
     

     
     
     



 
 
 
 

= X , where 𝑋 is the quantity 

of CSI-RS ports, and L̃ is a quantity of CSI-RS ports selected in one polarization direction; L
2

X


E  

is a matrix consisting of 
,

2

2

X

X
mod i

 
 
 

 
 
 

e , 
,

2

2

X

X
mod i

 
 
 

 
 
 

e  is a vector whose length is X/2, a (
2

,od i
X

m
 
 
 

)th 

element in elements included in the vector is 1 and other elements are 0, i=m1, m2, ..., 1L
m

− , and i 

is an integer greater than or equal to 0; and L
2

E


X   is a matrix consisting of 
,

2

2

X

X
mod i

 
 
 

 
 
 

e  , 5 

,

2

2

X

X
mod i

 
 
 

 
 
 

e  is a vector whose length is X/2, a (
2

,od i
X

m
 
 
 

)th element in elements included in the 

vector is 1 and other elements are 0, i=n1, n2, ..., 1L
n

− , and i is an integer greater than or equal to 

0. 

[00361] As a variation of W1, 𝑊1 satisfies the following formula: 

L
2

1

L
2

0

0

X

E





 
 

=
 
 
 

X

E

W  , where 10 

2 2 2

L , 1, L 1,
2 2 2 2

X X X

X X X X
mod m mod m mod m

     
     
     

     
     
     

 + + −

 
 
 
 

= E e e e , and 

2 2 2

L , 1, L 1,
2 2 2 2

X X X

X X X
mod n mod n mod n

E e e e

     
     
     

     
     
     

 + + −

 
 
 
 

= X . 

[00362] In a possible implementation, in different polarization directions, quantities of ports 

selected by the terminal are different, and sequence numbers of the selected ports are different. 

𝑊1 may be selected from a matrix. For example, W1 is a subset of 𝐹𝑋×𝑋, dimensions of 𝐹𝑋×𝑋 15 

are X*X, and 𝐹𝑋×𝑋 = [𝒆(𝑋)
0 𝒆(X)

1 … 𝒆(X)
(𝑋−1)] . For example, 𝒆(X)

𝑖  is a vector whose 

length is X, an ith element in 𝐹𝑋×𝑋 is 1 and all remaining elements are 0, and i=0, 1, ..., X–1. 

[00363] As a variation of W1, 𝑊1 satisfies the following formula: 

( ) ( )

1 ( , ) ( (L 1), )
[ , ..., ]

X X

mod m X mod m X
W e e

+ −
= , which indicates that the CSI-RS ports selected by the 

terminal may be continuous. 20 

[00364] FIG. 5 shows a communications apparatus 500 according to an embodiment of this 

application. The communications apparatus 500 may be a terminal, and may implement a function 
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of the terminal in the methods provided in embodiments of this application. Alternatively, the 

communications apparatus 500 may be a network device, and may implement a function of the 

network device in the methods provided in embodiments of this application. Alternatively, the 

communications apparatus 500 may be an apparatus that may support a terminal in implementing 

a corresponding function in the methods provided in embodiments of this application, or may be 5 

an apparatus that may support a network device in implementing a corresponding function in the 

methods provided in embodiments of this application. The communications apparatus 500 may be 

a chip system. In embodiments of this application, the chip system may include a chip, or may 

include a chip and another discrete component. 

[00365] In hardware implementation, the sending unit 410 and the receiving unit 420 may be a 10 

transceiver, and the transceiver is integrated into the communications apparatus 500 to form a 

communications interface 510. 

[00366] The communications apparatus 500 includes at least one processor 520, configured to 

implement or support the communications apparatus 500 in implementing the function of the 

terminal or the network device in the methods provided in embodiments of this application. For 15 

details, refer to the detailed description in the method examples. Details are not described herein 

again. 

[00367] The communications apparatus 500 may further include at least one memory 530, 

configured to store program instructions and/or data. The memory 530 is coupled to the processor 

520. Coupling in embodiments of this application is indirect coupling or a communications 20 

connection between apparatuses, units, or modules, and may be in an electrical, mechanical, or 

another form, and is used for information exchange between the apparatuses, units, or modules. 

The processor 520 may cooperate with the memory 530. The processor 520 may execute the 

program instructions and/or the data stored in the memory 530, so that the communications 

apparatus 500 implements corresponding methods. At least one of the at least one memory may be 25 

included in the processor. 

[00368] The communications apparatus 500 may further include the communications interface 

510, configured to communicate with another device via a transmission medium, so that an 

apparatus in the communications apparatus 500 can communicate with the another device. For 

example, when the communications apparatus is an IAB node, the another device is a network 30 

device. Alternatively, when the communications apparatus is a network device, the another device 
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is a terminal. The processor 520 may send and receive data through the communications interface 

510. The communications interface 510 may be specifically a transceiver. 

[00369] A specific connection medium between the communications interface 510, the 

processor 520, and the memory 530 is not limited in this embodiment of this application. In this 

embodiment of this application, the memory 530, the processor 520, and the communications 5 

interface 510 are connected through a bus 540 in FIG. 5. The bus is represented by a thick line in 

FIG. 5. A manner of connection between other components is merely an example for description, 

and is not limited thereto. Buses may be classified into an address bus, a data bus, a control bus, 

and the like. For ease of representation, only one thick line is used to represent the bus in FIG. 5, 

but this does not mean that there is only one bus or only one type of bus. 10 

[00370] In embodiments of this application, the processor 520 may be a general-purpose 

processor, a digital signal processor, an application-specific integrated circuit, a field 

programmable gate array or another programmable logic device, a discrete gate or transistor logic 

device, or a discrete hardware component, and may implement or execute the methods, steps, and 

logical block diagrams disclosed in embodiments of this application. The general-purpose 15 

processor may be a microprocessor, any conventional processor, or the like. The methods disclosed 

with reference to embodiments of this application may be directly performed and completed by 

using a hardware processor, or may be performed and completed by using a combination of 

hardware and software modules in the processor. 

[00371] In this embodiment of this application, the memory 530 may be a non-volatile memory 20 

such as a hard disk (hard disk, HD) or a solid-state drive (solid-state drive, SSD), or may be a 

volatile memory (volatile memory) such as a random access memory (random access memory, 

RAM). The memory is any other medium that can carry or store expected program code in a form 

of an instruction or a data structure and that can be accessed by a computer, but is not limited 

thereto. The memory in embodiments of this application may alternatively be a circuit or any other 25 

apparatus that can implement a storage function, and is configured to store program instructions 

and/or data. 

[00372] FIG. 6 is a simplified schematic diagram of a structure of a communications apparatus. 

For ease of understanding and illustration, in FIG. 6, an example in which the communications 

apparatus is a network device, and the network device is a base station is used. The base station 30 

may be used in the system shown in FIG. 1, may be the network device in FIG. 1, and performs 
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functions of the network device in the foregoing method embodiments. The network device 600 

may include one or more radio frequency units, such as a remote radio unit (remote radio unit, 

RRU) 610 and one or more baseband units (baseband units, BBUs) (which may also be referred 

to as a digital unit (digital unit, DU)) 620. The RRU 610 may be referred to as a communications 

module, and corresponds to the sending unit 410 and the receiving unit 420 in FIG. 4. Optionally, 5 

the communications module may also be referred to as a transceiver, a transceiver circuit, a 

transceiver, or the like, and may include at least one antenna 611 and a radio frequency unit 612. 

The RRU 610 is mainly configured to: receive and send a radio frequency signal, and perform 

conversion between a radio frequency signal and a baseband signal. For example, the RRU 610 is 

configured to send indication information to a terminal device. The BBU 620 is mainly configured 10 

to: perform baseband processing, control a base station, and the like. The RRU 610 and the BBU 

620 may be physically disposed together, or may be physically disposed separately, that is, a 

distributed base station. 

[00373] The BBU 620 is a control center of the base station, and may also be referred to as a 

processing module. The BBU 620 may correspond to the processing module 730 in FIG. 4, and is 15 

mainly configured to implement a baseband processing function such as channel coding, 

multiplexing, modulation, or spreading. For example, the BBU (the processing module) may be 

configured to control the base station to perform an operation procedure related to the network 

device in the foregoing method embodiments, for example, generate the foregoing indication 

information. 20 

[00374] In an example, the BBU 620 may include one or more boards, and a plurality of boards 

may jointly support a radio access network (for example, an LTE network) in a single access 

standard, or may separately support radio access networks (for example, an LTE network, a 5G 

network, or another network) in different access standards. The BBU 620 further includes a 

memory 621 and a processor 622. The memory 621 is configured to store necessary instructions 25 

and data. The processor 622 is configured to control the base station to perform a necessary action, 

for example, configured to control the base station to execute the operation procedure related to 

the network device in the foregoing method embodiments. The memory 621 and the processor 622 

may serve the one or more boards. In other words, a memory and a processor may be disposed on 

each board. Alternatively, a plurality of boards may share a same memory and a same processor. 30 

In addition, a necessary circuit may further be disposed on each board. 
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[00375] An embodiment of this application further provides a communications apparatus. The 

communications apparatus may be a terminal device, or may be a circuit. The communications 

apparatus may be configured to perform an action performed by the terminal device in the 

foregoing method embodiments. 

[00376] FIG. 7 is a simplified schematic diagram of a structure of a terminal. For ease of 5 

understanding and illustration, in FIG. 7, a mobile phone is used as an example of the terminal 

device. As shown in FIG. 7, the terminal device includes a processor, a memory, a radio frequency 

circuit, an antenna, and an input/output apparatus. The processor is mainly configured to: process 

a communications protocol and communications data, control the on-board unit, execute a 

software program, and process data of the software program. The memory is mainly configured to 10 

store the software program and data. The radio frequency circuit is mainly configured to perform 

conversion between a baseband signal and a radio frequency signal, and process the radio 

frequency signal. The antenna is mainly configured to receive and send a radio frequency signal 

in a form of an electromagnetic wave. The input/output apparatus, for example, a touchscreen, a 

display, or a keyboard, is mainly configured to: receive data entered by a user, and output data to 15 

the user. It should be noted that some types of devices may have no input/output apparatus. 

[00377] When data needs to be sent, the processor performs baseband processing on the to-be-

sent data, and outputs a baseband signal to the radio frequency circuit. After performing radio 

frequency processing on the baseband signal, the radio frequency circuit sends a radio frequency 

signal in an electromagnetic wave form through the antenna. When data is sent to the device, the 20 

radio frequency circuit receives a radio frequency signal through the antenna, converts the radio 

frequency signal into a baseband signal, and outputs the baseband signal to the processor. The 

processor converts the baseband signal into data, and processes the data. For ease of description, 

FIG. 7 shows only one memory and one processor. In an actual device product, there may be one 

or more processors and one or more memories. The memory may also be referred to as a storage 25 

medium, a storage device, or the like. The memory may be independent of the processor, or may 

be integrated with the processor. This is not limited in embodiments of this application. 

[00378] In this embodiment of this application, the antenna and the radio frequency circuit that 

have receiving and sending functions may be considered as a transceiver unit of the apparatus, and 

the processor having a processing function may be considered as a processing unit of the apparatus. 30 

As shown in FIG. 7, the apparatus may include a transceiver unit 710 and a processing unit 720. 
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The transceiver unit 710 may also be referred to as a transceiver, a transceiver machine, a 

transceiver apparatus, or the like. The processing unit 720 may also be referred to as a processor, 

a processing board, a processing module, a processing apparatus, or the like. Optionally, a 

component that is in the transceiver unit 710 and that is configured to implement a receiving 

function may be considered as a receiving unit, and a component that is in the transceiver unit 710 5 

and that is configured to implement a sending function may be considered as a sending unit. That 

is, the transceiver unit 710 includes the receiving unit and the sending unit. Sometimes, the 

transceiver unit 710 may also be referred to as a transceiver machine, a transceiver, a transceiver 

circuit, or the like. Sometimes, the receiving unit may also be referred to as a receiver machine, a 

receiver, a receiver circuit, or the like. The sending unit sometimes may also be referred to as a 10 

transmitter machine, a transmitter, a transmit circuit, or the like. 

[00379] It should be understood that the transceiver unit 710 is configured to perform a sending 

operation and a receiving operation on a terminal device side in the foregoing method 

embodiments, and the processing unit 720 is configured to perform an operation other than the 

sending and receiving operations of the terminal device in the foregoing method embodiments. 15 

[00380] For example, in an implementation, the transceiver unit 710 may be configured to 

perform S101 and S102 in the embodiment shown in FIG. 3, and/or configured to support another 

process of the technology described in this specification. 

[00381] When the communications apparatus is a chip apparatus or circuit, the apparatus may 

include a transceiver unit and a processing unit. The transceiver unit may be an input/output circuit 20 

and/or a communications interface. The processing unit is an integrated processor, a 

microprocessor, or an integrated circuit. 

[00382] In this embodiment, refer to an apparatus shown in FIG. 8. In an example, the apparatus 

may implement functions similar to those of the processing unit 430 in FIG. 4. In FIG. 8, the 

apparatus includes a processor 810, a data sending processor 820, and a data receiving processor 25 

830. The processing unit 430 in the foregoing embodiment may be the processor 810 in FIG. 8, 

and completes a corresponding function. The processing unit 430 in the foregoing embodiment 

may be the data sending processor 820 and/or the data receiving processor 830 in FIG. 8. Although 

FIG. 8 shows a channel encoder and a channel decoder, but it may be understood that these 

modules do not constitute a limit to this embodiment, and are merely examples. 30 

[00383] FIG. 9 shows another form of this embodiment. A communications apparatus 900 
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includes modules such as a modulation subsystem, a central processing subsystem, and a 

peripheral subsystem. The communications apparatus in this embodiment may be used as the 

modulation subsystem. Specifically, the modulation subsystem may include a processor 903 and 

an interface 904. The processor 903 completes functions of the foregoing processing unit 430, and 

the interface 904 completes functions of the foregoing sending unit 410 and receiving unit 420. In 5 

another variation, the modulation subsystem includes a memory 906, a processor 903, and a 

program that is stored in the memory 906 and that can be run on the processor. When executing 

the program, the processor 903 implements the methods performed by the terminal device in the 

foregoing method embodiments. It should be noted that the memory 906 may be nonvolatile or 

volatile. The memory 906 may be located in the modulation subsystem, or may be located in the 10 

processing apparatus 900, provided that the memory 906 can be connected to the processor 903. 

[00384] An embodiment of this application further provides a communications system. 

Specifically, the communications system includes a base station and a terminal device, or may 

further include more base stations and more terminals. For example, the communications system 

includes a base station and a terminal that are configured to implement related functions in FIG. 15 

2. 

[00385] The base station is configured to implement related functions of the network part in 

FIG. 3. The terminal is configured to implement related functions of the terminal in FIG. 3. For 

details, refer to the related description in the method embodiments. Details are not described herein 

again. 20 

[00386] An embodiment of this application further provides a computer-readable storage 

medium, including instructions. When the instructions are run on a computer, the computer is 

enabled to perform the method performed by the base station or the terminal in FIG. 3. 

[00387] An embodiment of this application further provides a computer program product, 

including computer program code. When the computer program code is run on a computer, the 25 

computer is enabled to perform the method performed by the base station or the terminal in FIG. 

3. 

[00388] An embodiment of this application provides a chip system. The chip system includes a 

processor, may further include a memory, and is configured to implement functions of the base 

station and the terminal in the foregoing methods. The chip system may include a chip, or may 30 

include a chip and another discrete component. 
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[00389] It should be understood that the terms "system" and "network" may be used 

interchangeably in embodiments of this application. "At least one" means one or more, and "a 

plurality of" means two or more. The term "and/or" describes an association relationship between 

associated objects and represents that three relationships may exist. For example, A and/or B may 

represent the following three cases: Only A exists, both A and B exist, and only B exists. The A 5 

and the B may be singular or plural. The character "/" generally represents an "or" relationship 

between the associated objects. At least one of the following items (pieces) or a similar expression 

thereof refers to any combination of these items, including any combination of singular items 

(pieces) or plural items (pieces). For example, at least one item (piece) of a, b, or c may indicate: 

a, b, c, a and b, a and c, b and c, or a, b, and c, where a, b, and c may be singular or plural. 10 

[00390] In addition, unless otherwise stated, ordinal numbers such as "first" and "second" in 

embodiments of this application are for distinguishing between a plurality of objects, but are not 

intended to limit an order, a time sequence, priorities, or importance of the plurality of objects. For 

example, a first message and a second message are merely intended to distinguish between 

different messages, but do not indicate that the two messages are different in a priority, a sending 15 

sequence, or importance. 

[00391] All or some of the methods in embodiments of this application may be implemented 

by using software, hardware, firmware, or any combination thereof. When the software is used to 

implement embodiments, all or some of embodiments may be implemented in a form of a 

computer program product. The computer program product includes one or more computer 20 

instructions. When the computer program instructions are loaded and executed on a computer, the 

procedure or functions according to embodiments of the present invention are all or partially 

generated. The computer may be a general-purpose computer, a dedicated computer, a computer 

network, a network device, user equipment, or another programmable apparatus. The computer 

instructions may be stored in a computer-readable storage medium or may be transmitted from a 25 

computer-readable storage medium to another computer-readable storage medium. For example, 

the computer instructions may be transmitted from a website, computer, server, or data center to 

another website, computer, server, or data center in a wired (for example, a coaxial cable, an optical 

fiber, or a digital subscriber line (digital subscriber line, DSL for short)) or wireless (for example, 

infrared, radio, or microwave) manner. The computer-readable storage medium may be any usable 30 

medium accessible by a computer, or a data storage device, such as a server or a data center, 
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integrating one or more usable media. The usable medium may be a magnetic medium (for 

example, a floppy disk, a hard disk, or a magnetic tape), an optical medium (for example, a digital 

video disc (digital video disc, DVD for short)), a semiconductor medium (for example, an SSD), 

or the like. 

[00392] It is clear that, a person skilled in the art can make various modifications and variations 5 

to this application without departing from the scope of this application. This application is intended 

to cover these modifications and variations provided that they fall within the scope of protection 

defined by the following claims and their equivalent technologies. 
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CLAIMS 

1. A communications method, comprising: 

receiving, by a terminal, first indication information from a network device, wherein the first 

indication information indicates a type of a right multiplication matrix in a first codebook, the first 5 

codebook satisfies a formula W = 𝑊1𝑊 2𝑊𝑓
𝐻 , the first codebook is W, 𝑊1  is a port selection 

matrix, 𝑊 2 is a linear superposition coefficient matrix, 𝑊𝑓 is the right multiplication matrix, and 

𝑊𝑓
𝐻 is a conjugate transpose of 𝑊𝑓; and

determining, by the terminal, channel state information based on the first indication 

information . 10 

2. The method according to claim 1, wherein the first indication information indicates that 

the type of 𝑊𝑓 is a port selection matrix. 

3. The method according to claim 1, wherein the first indication information indicates that 

the type of 𝑊𝑓 is one specific column vector. 

4. The method according to claim 3, wherein the one specific column vector is a column 15 

vector in which all elements are 1. 

5. The method according to claim 1, wherein the first indication information  indicates that 

the type of 𝑊𝑓 is a discrete Fourier transform (DFT) matrix, and the DFT matrix comprises a 

column vector in which all elements are 1. 

6. The method according to claim 5, wherein the first indication information further  20 

indicates the column vector in which all elements are 1. 

7. The method according to claim 5, wherein the method further comprises: 

receiving, by the terminal, second indication information from the network device, wherein 

the second indication information is used to indicate the column vector in which all elements are 

1. 25 

8. The method according to any one of claims 1 to 7, wherein 𝑊1 is used to select one or a 

plurality of channel state information reference signal (CSI-RS) port groups, and 𝑊𝑓 is used to 

select one or more CSI-RS ports in the CSI-RS port group, or used to select one or more CSI-RS 

ports in the plurality of CSI-RS port groups. 
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9. The method according to claim 1 or 2, wherein 𝑊𝑓 is a port selection matrix, a length of 

a column vector of 𝑊𝑓  is 𝑀𝐺𝑟𝑜𝑢𝑝 , a length of a column vector of 𝑊1  is 2 𝑋 𝐺𝑟𝑜𝑢𝑝 , 

𝑀𝐺𝑟𝑜𝑢𝑝 *𝑋 𝐺𝑟𝑜𝑢𝑝 =X/2, X is used to indicate a quantity of CSI-RS ports, 𝑀𝐺𝑟𝑜𝑢𝑝  is an integer 

greater than or equal to 1, and is used to indicate to select 𝑀𝐺𝑟𝑜𝑢𝑝 frequency-domain vectors, and 

𝑋 𝐺𝑟𝑜𝑢𝑝 is an integer greater than or equal to 1, and is used to indicate to select 𝑋 𝐺𝑟𝑜𝑢𝑝 spatial-5 

domain vectors in one polarization direction. 

10. The method according to claim 3, wherein the channel state information comprises 

feedback information, and the feedback information indicates 𝑊1 and 𝑊 2. 

11. The method according to claim 3 or 4, wherein a length of a column vector of 𝑊𝑓 is 𝑁𝑅𝐵
0 , 

a length of a column vector of 𝑊1 is X, X is used to indicate a quantity of CSI-RS ports, and 𝑁𝑅𝐵
010 

is an integer greater than or equal to 1, and is used to indicate to select 𝑁𝑅𝐵
0  frequency-domain 

vectors. 

12. A communications method, comprising: 

determining, by a network device, first indication information; and

transmitting, by the network device, the first indication information to a terminal, wherein the 15 

first indication information indicates a type of a right multiplication matrix in a first codebook, the 

first codebook satisfies a formula W = 𝑊1𝑊 2𝑊𝑓
𝐻, the first codebook is W, 𝑊1 is a port selection 

matrix, 𝑊 2 is a linear superposition coefficient matrix, 𝑊𝑓 is the right multiplication matrix, and 

𝑊𝑓
𝐻 is a conjugate transpose of 𝑊𝑓. 

13. The method according to claim 12, wherein the first indication information indicates that 20 

the type of 𝑊𝑓 is a port selection matrix. 

14. The method according to claim 12, wherein the first indication information indicates that 

the type of 𝑊𝑓 is one specific column vector. 

15. The method according to claim 14, wherein the one specific column vector is a column 

vector in which all elements are 1. 25 

16. The method according to claim 12, wherein the first indication information indicates that 

the type of 𝑊𝑓 is a discrete Fourier transform (DFT) matrix, and the DFT matrix comprises a 

column vector in which all elements are 1. 

17. The method according to claim 16, wherein the first indication information further  
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indicates the column vector in which all elements are 1. 

18. The method according to claim 16, wherein the method further comprises: 

sending, by the network device, second indication information to the terminal, wherein the 

second indication information is used to indicate the column vector in which all elements are 1. 

19. The method according to any one of claims 12 to 18, wherein 𝑊1 is used to select one 5 

or a plurality of channel state information reference signal (CSI-RS) port groups, and 𝑊𝑓 is used 

to select one or more CSI-RS ports in the CSI-RS port group, or used to select one or more CSI-

RS ports in the plurality of CSI-RS port groups. 

20. The method according to claim 12 or 13, wherein 𝑊𝑓 is a port selection matrix, a length 

of a column vector of 𝑊𝑓  is 𝑀𝐺𝑟𝑜𝑢𝑝 , a length of a column vector of 𝑊1  is 2𝑋 𝐺𝑟𝑜𝑢𝑝 , 10 

𝑀𝐺𝑟𝑜𝑢𝑝 *𝑋 𝐺𝑟𝑜𝑢𝑝 =X/2, X is used to indicate a quantity of CSI-RS ports, 𝑀𝐺𝑟𝑜𝑢𝑝  is an integer 

greater than or equal to 1, and is used to indicate to select 𝑀𝐺𝑟𝑜𝑢𝑝 frequency-domain vectors, and 

𝑋 𝐺𝑟𝑜𝑢𝑝 is an integer greater than or equal to 1, and is used to indicate to select 𝑋 𝐺𝑟𝑜𝑢𝑝 spatial-

domain vectors in one polarization direction. 

21. The method according to claim 14, wherein the channel state information comprises 15 

feedback information, and the feedback information indicates 𝑊1 and 𝑊 2. 

22. The method according to claim 14 or 15, wherein a length of a column vector of 𝑊𝑓 is 

𝑁𝑅𝐵
0 , a length of a column vector of 𝑊1 is X, X is used to indicate a quantity of CSI-RS ports, 

and 𝑁𝑅𝐵
0  is an integer greater than or equal to 1, and is used to indicate to select 𝑁𝑅𝐵

0  frequency-

domain vectors. 20 

23. A communications apparatus, comprising a receiving unit and a processing unit, wherein 

the receiving unit is configured to receive first indication information from a network device, 

wherein the first indication information indicates a type of a right multiplication matrix in a first 

codebook, the first codebook satisfies a formula W = 𝑊1𝑊 2𝑊𝑓
𝐻, the first codebook is W, 𝑊1 is 

a port selection matrix, 𝑊 2  is a linear superposition coefficient matrix, 𝑊𝑓  is the right 25 

multiplication matrix, and 𝑊𝑓
𝐻 is a conjugate transpose of 𝑊𝑓, and is used by the apparatus to 

determine channel state information based on the first codebook; and

the processing unit is configured to determine channel state information based on the first 

indication information. 
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24. The communications apparatus according to claim 23, wherein the first indication 

information indicates that the type of 𝑊𝑓 is a port selection matrix. 

25. The communications apparatus according to claim 23, wherein the first indication 

information indicates that the type of 𝑊𝑓 is one specific column vector. 

26. The communications apparatus according to claim 25, wherein the one specific column 5 

vector is a column vector in which all elements are 1. 

27. The communications apparatus according to claim 23, wherein the first indication 

information indicates that the type of 𝑊𝑓 is a discrete Fourier transform (DFT) matrix, and the 

DFT matrix comprises a column vector in which all elements are 1. 

28. The communications apparatus according to claim 27, wherein the first indication 10 

information further indicates the column vector in which all elements are 1. 

29. The communications apparatus according to claim 27, wherein the receiving unit is further 

configured to: 

receive second indication information from the network device, wherein the second indication 

information is used to indicate the column vector in which all elements are 1. 15 

30. The communications apparatus according to any one of claims 23 to 29, wherein 𝑊1 is 

used to select one or a plurality of channel state information reference signal (CSI-RS) port groups, 

and 𝑊𝑓 is used to select one or more CSI-RS ports in the CSI-RS port group, or used to select 

one or more CSI-RS ports in the plurality of CSI-RS port groups. 

31. The communications apparatus according to claim 23 or 24, wherein 𝑊𝑓  is a port 20 

selection matrix, a length of a column vector of 𝑊𝑓 is 𝑀𝐺𝑟𝑜𝑢𝑝, a length of a column vector of 

𝑊1 is 2𝑋 𝐺𝑟𝑜𝑢𝑝, 𝑀𝐺𝑟𝑜𝑢𝑝*𝑋 𝐺𝑟𝑜𝑢𝑝=X/2, X is used to indicate a quantity of CSI-RS ports, 𝑀𝐺𝑟𝑜𝑢𝑝

is an integer greater than or equal to 1, and is used to indicate to select 𝑀𝐺𝑟𝑜𝑢𝑝 frequency-domain 

vectors, and 𝑋 𝐺𝑟𝑜𝑢𝑝  is an integer greater than or equal to 1, and is used to indicate to select 

𝑋 𝐺𝑟𝑜𝑢𝑝 spatial-domain vectors in one polarization direction. 25 

32. The communications apparatus according to claim 31, wherein the channel state 

information comprises feedback information, and the feedback information indicates 𝑊1 and 𝑊 2. 

33. The communications apparatus according to claim 25 or 26, wherein a length of a column 

vector of 𝑊𝑓 is 𝑁𝑅𝐵
0 , a length of a column vector of 𝑊1 is X, X is used to indicate a quantity of 
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CSI-RS ports, and 𝑁𝑅𝐵
0  is an integer greater than or equal to 1, and is used to indicate to select 

𝑁𝑅𝐵
0  frequency-domain vectors. 

34. A communications apparatus, comprising a receiving unit and a processing unit, wherein 

the processing unit is configured to determine  first indication information; and

the receiving unit is configured to transmit  the first indication information to a terminal, 5 

wherein the first indication information indicates a type of a right multiplication matrix in a first 

codebook, the first codebook satisfies a formula W = 𝑊1𝑊 2𝑊𝑓
𝐻, the first codebook is W, 𝑊1 is 

a port selection matrix, 𝑊 2  is a linear superposition coefficient matrix, 𝑊𝑓  is the right 

multiplication matrix, and 𝑊𝑓
𝐻 is a conjugate transpose of 𝑊𝑓. 

35. The communications apparatus according to claim 34, wherein the first indication 10 

information indicates that the type of 𝑊𝑓 is a port selection matrix. 

36. The communications apparatus according to claim 34, wherein the first indication 

information indicates that the type of 𝑊𝑓 is one specific column vector. 

37. The communications apparatus according to claim 36, wherein the one specific column 

vector is a column vector in which all elements are 1. 15 

38. The communications apparatus according to claim 34, wherein the first indication 

information indicates that the type of 𝑊𝑓 is a discrete Fourier transform (DFT) matrix, and the 

DFT matrix comprises a column vector in which all elements are 1. 

39. The communications apparatus according to claim 38, wherein the first indication 

information further indicates the column vector in which all elements are 1. 20 

40. The communications apparatus according to claim 38, wherein the communications 

apparatus comprises a sending unit, the sending unit is further configured to: 

send second indication information to the terminal, wherein the second indication information 

is used to indicate the column vector in which all elements are 1. 

41. The communications apparatus according to any one of claims 34 to 40, wherein 𝑊1 is 25 

used to select one or a plurality of channel state information reference signal (CSI-RS) port groups, 

and 𝑊𝑓 is used to select one or more CSI-RS ports in the CSI-RS port group, or used to select 

one or more CSI-RS ports in the plurality of CSI-RS port groups. 

42. The communications apparatus according to claim 34 or 35, wherein 𝑊𝑓  is a port 

selection matrix, a length of a column vector of 𝑊𝑓 is 𝑀𝐺𝑟𝑜𝑢𝑝, a length of a column vector of 30 
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𝑊1 is 2𝑋 𝐺𝑟𝑜𝑢𝑝, 𝑀𝐺𝑟𝑜𝑢𝑝*𝑋 𝐺𝑟𝑜𝑢𝑝=X/2, X is used to indicate a quantity of CSI-RS ports, 𝑀𝐺𝑟𝑜𝑢𝑝

is an integer greater than or equal to 1, and is used to indicate to select 𝑀𝐺𝑟𝑜𝑢𝑝 frequency-domain 

vectors, and 𝑋 𝐺𝑟𝑜𝑢𝑝  is an integer greater than or equal to 1, and is used to indicate to select 

𝑋 𝐺𝑟𝑜𝑢𝑝 spatial-domain vectors in one polarization direction. 

43. The communications apparatus according to claim 36, wherein the channel state 5 

information comprises feedback information, and the feedback information indicates 𝑊1 and 𝑊 2. 

44. The communications apparatus according to claim 36 or 37, wherein a length of a column 

vector of 𝑊𝑓 is 𝑁𝑅𝐵
0 , a length of a column vector of 𝑊1 is X, X is used to indicate a quantity of 

CSI-RS ports, and 𝑁𝑅𝐵
0  is an integer greater than or equal to 1, and is used to indicate to select 

𝑁𝑅𝐵
0  frequency-domain vectors. 10 

45. A communications apparatus, wherein the communications apparatus comprises a 

processor and a memory, the memory is configured to store a computer program, and the processor 

is configured to execute the computer program stored in the memory, to enable the apparatus to 

perform the communications method according to any one of claims 1 to 11, or any one of claims 15 

12 to 22. 

46. The communications apparatus according to any one of claims 23-45, wherein the 

communications apparatus is a chip. 

47. A communications system, comprising the communications apparatus according to any 

one of claims 23 to 33 and the communications apparatus according to any one of claims 34 to 44. 20 

48. A computer-readable storage medium, wherein the computer-readable storage medium 

stores a computer program; and when the computer program is executed by a computer, the 

computer is enabled to perform the method according to any one of claims 1 to 11, or any one of 

claims 12 to 22. 

49. A computer program product, wherein the computer program product stores a computer 25 

program; and when the computer program is executed by a computer, the computer is enabled to 

perform the method according to any one of claims 1 to 11, or any one of claims 12 to 22. 


	1023002472-Description with claims
	1023002472-Amended Claims (Clean)_49

