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METHOD FOR FEEDING BACK CHANNEL STATE

INFORMATION, USER EQUIPMENT, AND BASE STATION

TECHNICAL FIELD

[0001] The present invention relates to the field of mobile communications, and in

particular, to a method for feeding back channel state information, a user equipment,5

and a base station.

BACKGROUND

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

wireless communication system may obtain diversity and array gains by using beam

forming (BF, Beam Forming) and receive signal combination, or by using precoding10

and receive signal combination. Typically, a wireless communication system using BF

or precoding may be generally expressed as  y H V s n , where y is a received

signal vector, H is a channel matrix, V is a precoding matrix, s is a transmitted

symbol vector, and n is measurement noise. Generally, optimal precoding requires

that channel state information (Channel State Information, CSI) is fully known to a15

transmitter, and a commonly used method is that a user equipment (User Equipment,

UE) performs quantization on instantaneous CSI and feeds back the quantized

instantaneous CSI to a node B (NodeB). CSI fed back by an existing Long Term

Evolution Release 8 (Long Term Evolution Release 8, LTE R8) system includes a

rank indicator (Rank Indicator, RI), a precoding matrix indicator (Precoding Matrix20

Indicator, PMI), a channel quality indicator (Channel Quality Indicator, CQI), and the

like, where the RI and the PMI respectively indicate the number of used layers and a

precoding matrix. Generally, a set of used precoding matrices is called a codebook,

and each precoding matrix in the codebook is called a code word. A codebook of LTE

R8 is mainly designed for single user multiple-input multiple-output (Single User25

Multiple Input Multiple Output, SU-MIMO), where a precoding matrix or a code

word is restrained by 8 phase shift keying (8 Phase Shift Keying, 8PSK), and
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precision of spatial quantization is limited. For a transmission manner in which

precision of spatial quantization is sensitive, such as multiple user multiple-input

multiple-output (Multiple User Multiple Input Multiple Output, MU-MIMO),

performance of the transmission manner is severely limited by the codebook of LTE

R8. To meet a higher system requirement, a 3rd Generation Partnership Project (the5

3rd Generation Partnership Project, 3GPP) LTE system needs to further enhance

performance of MU-MIMO. In addition, a coordinated multiple-points (Coordinated

Multiple-Points, CoMP) transmission technology is introduced (currently, CoMP is

based on a single-cell feedback). The foregoing two technologies both have a higher

requirement on feedback performance.10

[0003] In the prior art, a single codebook is used to feed back RIs and PMIs. By

using four antennas as an example, a correspondence between an RI, a PMI, and each

code word in the codebook is shown in the following Table 1:

Table 1

PMI nu RI

1 2 3 4

0  Tu 11110 
}1{

0W 2}14{
0W 3}124{

0W 2}1234{
0W

1  Tjju 111 
}1{

1W 2}12{
1W 3}123{

1W 2}1234{
1W

2  Tu 11112 
}1{

2W 2}12{
2W 3}123{

2W 2}3214{
2W

3  Tjju  113
}1{

3W 2}12{
3W 3}123{

3W 2}3214{
3W

4  Tjjju 2)1(2)1(14 
}1{

4W 2}14{
4W 3}124{

4W 2}1234{
4W

5  Tjjju 2)1(2)1(15 
}1{

5W 2}14{
5W 3}124{

5W 2}1234{
5W

6  Tjjju 2)1(2)1(16 
}1{

6W 2}13{
6W 3}134{

6W 2}1324{
6W

7  Tjjju 2)1(2)1(17 
}1{

7W 2}13{
7W 3}134{

7W 2}1324{
7W

8  Tu 11118 
}1{

8W 2}12{
8W 3}124{

8W 2}1234{
8W

9  Tjju  119
}1{

9W 2}14{
9W 3}134{

9W 2}1234{
9W

10  Tu 111110 
}1{

10W 2}13{
10W 3}123{

10W 2}1324{
10W

11  Tjju 1111 
}1{

11W 2}13{
11W 3}134{

11W 2}1324{
11W

12  Tu 111112 
}1{

12W 2}12{
12W 3}123{

12W 2}1234{
12W
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13  Tu 111113 
}1{

13W 2}13{
13W 3}123{

13W 2}1324{
13W

14  Tu 111114 
}1{

14W 2}13{
14W 3}123{

14W 2}3214{
14W

15  Tu 111115 
}1{

15W 2}12{
15W 3}123{

15W 2}1234{
15W

}{s
nW indicates a matrix that includes a column set }{s of a matrix

n
H
n

H
nnn uuuuIW 2 , where I is a 4x4 identity matrix, and nu is provided by the

foregoing table. In an existing LTE R8 system, there are two PMI feedback manners:

one manner is that one PMI is fed back for entire system bandwidth; and the other5

manner is that, the system is divided into multiple bandwidth parts (Bandwidth Part,

BP) and each BP includes multiple sub-bands (sub-band), and PMIs are fed back for

different sub-bands. The former manner is generally called broadband PMI, and the

latter manner is generally called sub-band PMI.

[0004] It can be learned from thorough investigation on the foregoing Table 110

that, in a precoding matrix obtained based on n
H
n

H
nnn uuuuIW 2 in the prior art, a

phase of each element is subject to an 8PSK restraint; that is, a phase difference

between different elements is a multiple of 4 , and it is difficult to describe a

smaller spatial granularity difference, such as a phase difference of 16 or 8

between antenna ports. Therefore, feedback precision of CSI is reduced, and it is15

difficult to meet a feedback precision requirement of a technology such as

MU-MIMO or CoMP transmission.

SUMMARY

[0005] Embodiments of the present invention provide a method for feeding back

channel state information, a user equipment, and a base station, to improve feedback20

precision of channel state information.

[0006] According to one aspect, an embodiment of the present invention provides

a method for feeding back channel state information, where the method includes:

receiving a reference signal sent by a base station;

selecting a precoding matrix W from a codebook according to the25

reference signal, where a column vector of the precoding matrix W may be expressed
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as

Tje    v v
,

1 je    v
, where  is a constant,  and  are phases, and

 
T

indicates transposing of a matrix or vector; and

sending a precoding matrix indicator PMI to the base station, where the

PMI is corresponding to the selected precoding matrix W.

[0007] According to another aspect, an embodiment of the present invention5

further provides a method for feeding back channel state information, where the

method includes:

sending a reference signal to a user equipment UE;

receiving a precoding matrix indicator PMI sent by the UE, where the PMI

is corresponding to a precoding matrix W that is selected by the UE from a codebook10

based on the reference signal, and a column vector of the precoding matrix W may be

expressed as

Tje    v v
,

1 je    v
, where  is a constant,  and  are

phases, and  
T

indicates transposing of a matrix or vector.

[0008] Another embodiment of the present invention provides a user equipment,

where the user equipment includes:15

a receiving module, configured to receive a reference signal sent by a base

station;

a selecting module, configured to select a precoding matrix W from a

codebook based on the reference signal received by the receiving module, where a

column vector of the precoding matrix W may be expressed as

Tje    v v
,20

1 je    v
, where  is a constant,  and  are phases, and  

T

indicates

transposing of a matrix or vector; and

a sending module, configured to send a precoding matrix indicator PMI to

the base station, where the PMI is corresponding to the precoding matrix W selected

by the selecting module.25

[0009] Correspondingly, an embodiment of the present invention further provides

a base station, where the base station includes:

a second sending module, configured to send a reference signal to a user

equipment UE;

a second receiving module, configured to receive a precoding matrix30
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indicator PMI sent by the UE, where the PMI is corresponding to a precoding matrix

W that is selected by the UE from a codebook based on the reference signal, and a

column vector of the precoding matrix W may be expressed as

Tje    v v
,

1 je    v
, where  is a constant,  and  are phases, and  

T

indicates

transposing of a matrix or vector.5

[0010] Correspondingly, another embodiment of the present invention provides a

computer storage medium, where the computer storage medium may store a program,

and when the program is executed, a step in the foregoing method embodiments is

performed.

[0011] It can be learned from the foregoing embodiments of the present invention10

that, a user equipment may select a precoding matrix from a codebook based on a

received reference signal, and send a precoding matrix indicator corresponding to the

selected precoding matrix W to the base station, where the codebook includes at least

one precoding matrix W, and a column vector of the precoding matrix W may be

expressed as

Tje    v v
,

1 je    v
, where  is a constant,  and  are15

phases, and  
T

indicates transposing of a matrix or vector. The foregoing codebook

structure may match actually deployed antenna configuration, for example,

configuration of a four-port dual-polarized antenna or a uniform linear array antenna;

phases  and  are flexibly selected, which cannot only further improve

quantization precision as required, but also achieve balance between overheads and20

the quantization precision. In addition, column vectors of the precoding matrix W are

orthogonal to each other, which further reduces inter-layer interference. After the user

equipment feeds back the precoding matrix indicator corresponding to the precoding

matrix W to the base station, the base station performs precoding on a sent signal

according to the fed back precoding matrix indicator, which can improve precoding25

precision, thereby improving a data transmission rate and system throughput.

BRIEF DESCRIPTION OF DRAWINGS

[0012] To describe the technical solutions in the embodiments of the present

invention more clearly, the following briefly introduces the accompanying drawings
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required for describing the prior art or the embodiments. Apparently, the

accompanying drawings in the following description show merely some embodiments

of the present invention, and a person skilled in the art may still derive other drawings

from these accompanying drawings.

[0013] FIG. 1 is a schematic flowchart of a method for feeding back channel state5

information according to an embodiment of the present invention;

[0014] FIG. 2 is a schematic flowchart of a method for feeding back channel state

information according to another embodiment of the present invention;

[0015] FIG. 3 is a schematic structural diagram of a system for feeding back

channel state information according to an embodiment of the present invention;10

[0016] FIG. 4 is a schematic structural diagram of a user equipment according to

an embodiment of the present invention; and

[0017] FIG. 5 is a schematic structural diagram of a base station according to an

embodiment of the present invention.

DESCRIPTION OF EMBODIMENTS15

[0018] The following clearly and completely describes the technical solutions in

the embodiments of the present invention with reference to the accompanying

drawings in the embodiments of the present invention. Apparently, the described

embodiments are merely some but not all of the embodiments of the present

invention. All other embodiments obtained by a person skilled in the art based on the20

embodiments of the present invention shall fall within the protection scope of the

present invention.

[0019] Referring to FIG. 1, FIG. 1 is a schematic flowchart of a method for

feeding back channel state information according to an embodiment of the present

invention, and an execution body of the method may be a user equipment (User25

Equipment, UE) of an LTE system, for example, may be a user equipment (User

Equipment, UE), a mobile station (Mobile Station, MS), or a relay (Relay)

(hereinafter referred to as a UE).

[0020] The following describes the method illustrated in FIG. 1, which mainly

includes step S101, step S102, and step S103.30

[0021] Step S101: Receive a reference signal sent by a base station.

[0022] In this embodiment of the present invention, the reference signal sent by





8

Column vectors of the precoding matrix W are orthogonal to each other, which further

reduces inter-layer interference, thereby improving a transmission rate and spectral

efficiency of a system.

[0027] It should be noted that, a codebook in this embodiment of the present

invention may be a codebook subset. The codebook subset may be predefined; the5

codebook subset may be reported by a user equipment to a base station (eNB), and

then the base station (eNB) determines the codebook subset based on reporting of the

user equipment and notifies the user equipment of the determined codebook subset; or

the codebook subset may be a codebook subset determined and reported by a user

equipment, for example, a recently reported codebook subset.10

[0028] Specifically, in step 102, the selecting a precoding matrix from a codebook

based on the reference signal may include: acquiring, by a UE, a channel estimation

value based on the reference signal; and selecting, by the UE, a precoding matrix from

a codebook based on the channel estimation value.

[0029] It should be noted that, this embodiment of the present invention sets no15

limitation on a specific manner of selecting a precoding matrix. Optionally, a

precoding matrix is selected from the codebook according to a predefined criterion,

such as a criterion of channel capacity or throughput maximization, or a criterion of

chordal distance minimization. Selecting a precoding matrix based on a predefined

criterion is an existing technology, and details are not described herein again.20

[0030] As an embodiment of the present invention, the precoding matrix W is at

least one matrix in the following matrix set:

1 1 1 1

1 1 1 1
, , ,

1 12 2 2 2

j j j j

j j j j

e e e e

j j

e je e je

   

   

        
        
         

         
                 …………………………..(1)

where
 1 22 4

16
i i


     

, 1 0,...,15i  , 2 0,...,15i  , and 2 4i  

indicates that its value is the greatest integer not greater than 2 4i .25

[0031] It can be learned from investigation on the matrix set (1) to which the

foregoing precoding matrix W belongs that, the foregoing precoding matrix W may

match actually deployed antenna configuration. In addition, a granularity of a value of
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 is 16



, which may achieve more precise spatial quantization, and therefore

feedback precision of CSI can be improved.

[0032] As another embodiment of the present invention, the precoding matrix W

is at least one matrix in the following matrix set:

1 1 1 1

1 1
,

1 18 8

j j j j

j j j j

e e e e

j j

e e je je

   

   

    
    
     

     
         ………………………………….(2)5

or

 

 

 

 

1 1 1 1

1 1
,

1 18 8

j jj j

j jj j

e e e e

j j

e e je je

    

    

 

 

    
    
    
         
         ………………………….(2')

where
 1 22 4

16
i i


     

, 1 0,...,15i  , 2 0,...,15i  ,
, ,...

16 8

 
 

, and

2 4i   indicates that its value is the greatest integer not greater than 2 / 4i .

[0033] It can be learned from investigation on the matrix set (2) or (2') to which10

the foregoing precoding matrix W belongs that, the foregoing precoding matrix W

may match actually deployed antenna configuration. Because a granularity of a value

of  is 16



, more precise spatial quantization is achieved, and feedback precision of

CSI can be improved. In addition, two columns of the precoding matrix W are

orthogonal to each other, which can reduce inter-layer interference.15

[0034] As another embodiment of the present invention, the precoding matrix W

is at least one matrix in the following matrix set:

1 1 1 1 1 1

1 1
, ,

1 1 1 1 1 112 12

1 1 1 1 1 1

1 1
,

1 1 1 1 1 112 12

j j j j j j

j j j j j j

j j j j j j

j j j j j j

e e e e e e

e e e e e e

e e e e e e

e e e e e e

     

     

     

     

    
          
       
    

       
 

    
      
   
    
          





………………… (3)
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where
 1 24 2 4

8
i i


     

, 1 0,1, 2,3i  , 2 0,...,15i  , and 2 4i  

indicates that its value is the greatest integer not greater than 2 / 4i .

[0035] Similarly, it can be learned from investigation on the matrix set (3) to

which the foregoing precoding matrix W belongs that, the foregoing precoding matrix

W may match actually deployed antenna configuration. Because a granularity of a5

value of  is 16



, more precise spatial quantization is achieved, and feedback

precision of CSI can be improved. In addition, two columns of the precoding matrix

W are orthogonal to each other, which can reduce inter-layer interference.

[0036] As another embodiment of the present invention, the precoding matrix W

is at least one matrix in the following matrix set:10

1 1 1 1 1 1 1 1

1 1
,

1 1 1 14 4

j j j j j j j j

j j j j j j j j

e e e e e e e e

j j j j

e e e e je je je je

       

       

    
            

       
           ………(4)

or

1 1 1 1 1 1 1 1

1 1
,

1 1 1 14 4

j j j j j j j j

j j j j j j j j

e e e e e e e e

j j j j

e e e e je je je je

       

       

    
            

       
           ………(5)

where
 1 24 2 2

8
i i


     

, 1 0,1, 2,3i  , 2 0,...,7i  , and 2 2i  

indicates that its value is the greatest integer not greater than 2 / 2i .15

[0037] Similarly, it can be learned from investigation on the matrix set (4) or (5)

to which the foregoing precoding matrix W belongs that, the foregoing precoding

matrix W may match actually deployed antenna configuration. Because a granularity

of a value of  is 4



, more precise spatial quantization is achieved, and feedback

precision of CSI can be improved. In addition, two columns of the precoding matrix20

W are orthogonal to each other, which can reduce inter-layer interference.

[0038] Step S103: Send a precoding matrix indicator PMI to the base station,

where the PMI is corresponding to the selected precoding matrix W.
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through a physical uplink control channel (Physical Uplink Control Channel,

PUCCH) or a physical uplink shared channel (Physical Uplink Shared Channel,

PUSCH). It should be noted that, the precoding matrix W in this embodiment of the

present invention may be a precoding matrix obtained after row or column

displacement. For example, different antenna numbers correspondingly lead to row5

displacement of the precoding matrix.

[0042] It can be learned from the foregoing method for feeding back channel state

information according to this embodiment of the present invention that, a user

equipment may select a precoding matrix from a codebook based on a received

reference signal, and send a precoding matrix indicator corresponding to the selected10

precoding matrix to the base station. The codebook includes at least one precoding

matrix W, and a column vector of the precoding matrix W may be expressed as

Tje    v v
,

1 je    v
, where  is a constant,  and  are phases, and

 
T

indicates transposing of a matrix or vector. The foregoing codebook structure

may match actually deployed antenna configuration, for example, configuration of a15

four-port dual-polarized antenna or a uniform linear array antenna; phases  and 

are flexibly selected, which cannot only further improve quantization precision as

required, but also achieve balance between overheads and the quantization precision.

In addition, column vectors of the precoding matrix W are orthogonal to each other,

which further reduces inter-layer interference. After the user equipment feeds back the20

precoding matrix indicator corresponding to the precoding matrix W to the base

station, the base station performs precoding on a sent signal according to the fed back

precoding matrix indicator, which improves system throughput.

[0043] With reference to FIG. 1, the foregoing embodiment describes in detail a

method for feeding back channel state information according to the embodiment of25

the present invention from a perspective of a UE; with reference to FIG. 2, the

following describes a method for feeding back channel state information according to

an embodiment of the present invention from a perspective of a base station.

[0044] FIG. 2 is a method for feeding back channel state information according to

another embodiment of the present invention. The method in FIG. 2 is implemented30

by a base station, which, for example, may be a node B (NodeB), an access point

(Access Point, AP), a transmission point (Transmission Point, TP), an evolved node B
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(Evolved Node B, eNB), or a relay (Relay).

[0045] It should be understood that description about a UE side in interaction

between a UE and a base station, and related characteristics and functions of the UE

and the base station is corresponding to description about a base station side. For

brevity, details are not described herein again.5

[0046] The following describes a method illustrated in FIG. 2, which mainly

includes step S201 and step S202. Detailed description is as follows:

[0047] Step S201: Send a reference signal to a user equipment UE.

[0048] Specifically, the reference signal may include a CSI RS, a DM RS, a CRS,

or the like. The base station may instruct the UE to receive the reference signal10

through higher layer signaling such as RRC signaling or downlink control information

DCI; or the base station sends the reference signal over a resource or a subframe of a

corresponding reference signal based on a cell identity ID. This embodiment of the

present invention sets no limitation on a specific manner of sending a reference signal.

[0049] Step S202: Receive a precoding matrix indicator PMI sent by the UE,15

where the PMI is corresponding to a precoding matrix W that is selected by the UE

from a codebook based on the reference signal, and a column vector of the precoding

matrix W may be expressed as

Tje    v v
,

1 je    v
, where  is a constant,

 and  are phases, and  
T

indicates transposing of a matrix or vector.

[0050] Specifically, values of phases  and  may be flexibly selected20

according to a requirement of quantization precision.

[0051] Further, column vectors of the precoding matrix W may be orthogonal to

each other, that is, W meets
2H W W I , where

HW indicates a conjugate

transpose of the matrix W, and I is an identity matrix. The foregoing structure

divides antenna ports into two groups; a vector v may match channel characteristics25

corresponding to each antenna group of the two groups, and a phase between the two

antenna port groups may be expressed by  .

[0052] As an embodiment of the present invention, the precoding matrix W is at

least one matrix in the matrix set shown in the expression (1), where

 1 22 4
16

i i


     
, 1 0,...,15i  , 2 0,...,15i  , and 2 4i   indicates that its value30
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is the greatest integer not greater than 2 / 4i .

[0053] As another embodiment of the present invention, the precoding matrix W

is at least one matrix in the matrix set shown in the expression (2) or (2'), where

 1 22 4
16

i i


     
, 1 0,...,15i  , 2 0,...,15i  ,

, ,...
16 8

 
 

, and 2 4i   indicates

that its value is the greatest integer not greater than 2 / 4i .5

[0054] As another embodiment of the present invention, the precoding matrix W

is at least one matrix in the matrix set shown in the expression (3), where

 1 24 2 4
8

i i


     
, 1 0,1, 2,3i  , 2 0,...,15i  , and 2 4i   indicates that its value

is the greatest integer not greater than 2 / 4i .

[0055] As another embodiment of the present invention, the precoding matrix W10

is at least one matrix in the matrix set shown in the expression (4) or (5), where

 1 24 2 2
8

i i


     
, 1 0,1, 2,3i  , 2 0,...,7i  , and 2 2i   indicates that its value

is the greatest integer not greater than 2 / 2i .

[0056] It can be learned from investigation on the foregoing precoding matrix W

that, the foregoing matrix structure may match actually deployed antenna15

configuration, for example, configuration of a four-port dual-polarized antenna or a

uniform linear array antenna. Phases  and  are flexibly selected, which cannot

only further improve quantization precision as required, but also achieve balance

between overheads and the quantization precision. Column vectors of the precoding

matrix W are orthogonal to each other, which further reduces inter-layer interference,20

thereby improving a transmission rate and spectral efficiency of a system.

[0057] The codebook is known to both the base station and the UE. As another

embodiment of the present invention, the precoding matrix indicator PMI may include

only one specific value, and the PMI directly indicates the selected precoding matrix.

For example, altogether 256 different precoding matrices may be selected from the25

matrix set (1) or (2), and then PMI = 0, …, 255 may be used to respectively indicate

the precoding matrices whose index values are 0, 1, …, 255. In this case, the base

station may obtain, according to the PMI, the precoding matrix selected by the UE

from the codebook.
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phases  and  are flexibly selected, which cannot only further improve

quantization precision as required, but also achieve balance between overheads and

the quantization precision. In addition, column vectors of the precoding matrix W are

orthogonal to each other, which further reduces inter-layer interference. After the user

equipment feeds back the precoding matrix indicator corresponding to the precoding5

matrix W to the base station, the base station performs precoding on a sent signal

according to the fed back precoding matrix indicator, which improves system

throughput.

[00101] An embodiment of the present invention further provides a computer

storage medium, where the computer storage medium may store a program, and when10

the program is executed, the steps illustrated in FIG. 1 or FIG. 2 are performed.

[00102] It should be noted that content such as information exchange between the

modules/units of the foregoing apparatus and the execution processes thereof is based

on the same idea as the method embodiments of the present invention, and produces

the same technical effects as the method embodiments of the present invention. For15

the specific content, refer to the description in the method embodiments of the present

invention, and the details are not described herein again.

[00103] A person of ordinary skill in the art may understand that all or some of the

steps of the foregoing embodiments may be implemented by a program that instructs

related hardware, for example, one or more or all of the following methods:20

[00104] Method 1: receiving a reference signal sent by a base station; selecting a

precoding matrix W from a codebook according to the reference signal, where a

column vector of the precoding matrix W is expressed as

Tje    v v
,

1 je    v
, where  is a constant,  and  are phases, and  

T

indicates

transposing of a matrix or vector; and sending a precoding matrix indicator PMI25

corresponding to the selected precoding matrix to the base station.

[00105] Method 2: sending a reference signal to a user equipment UE; receiving a

precoding matrix indicator PMI sent by the UE, where the PMI is corresponding to a

precoding matrix W that is selected by the UE from a codebook based on the

reference signal, and a column vector of the precoding matrix W is expressed as30

Tje    v v
,

1 je    v
, where  is a constant,  and  are phases, and
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 
T

indicates transposing of a matrix or vector.

[00106] A person of ordinary skill in the art may understand that all or a part of the

steps of the methods in the embodiments may be implemented by a program

instructing related hardware. The program may be stored in a computer readable

storage medium. The storage medium may include: a read-only memory (Read-Only5

Memory, ROM), a random access memory (Random Access Memory, RAM), a

magnetic disk, or an optical disc.

[00107] The foregoing has described a method for feeding back channel state

information, a user equipment, and a base station according to the embodiments of the

present invention in detail. Specific examples are used in this specification to expound10

the principles and implementation manners of the present invention. The description

of the embodiments is merely intended to help understand the method of the present

invention and core ideas thereof. In addition, persons of ordinary skill in the art can

make various modifications and variations to the invention with respect to specific

implementation manners and application scopes according to the ideas of the15

invention. In conclusion, the content of the specification shall not be construed as a

limitation on the present invention.












