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PRECODING MATRIX CHANNEL relatively low precision . Therefore , precision of the phase 
INFORMATION TRANSMISSION information of the precoding matrix is higher than precision 

APPARATUS AND METHOD , AND SYSTEM of the amplitude information . On the one hand , channel 
information feedback overheads can be reduced ; on the 

CROSS - REFERENCE TO RELATED 5 other hand , channel information feedback precision can be 
APPLICATIONS ensured . 

Alternatively , after generating the precoding matrix , the 
This application is a continuation of International Appli first device generates only the first channel information that 

cation No. PCT / CN2016 / 092522 , filed on Jul . 30 , 2016 , the is used to indicate the precoding matrix , but does not 
disclosure of which is hereby incorporated by reference in 10 generate the second channel information , and sends only the 
its entirety . first channel information when sending channel information 

to the second device . Optionally , the first channel informa 
TECHNICAL FIELD tion is channel information that is unquantized or channel 

information that is quantized . Optionally , the first channel 
This application relates to the field of wireless commu- 15 information is generated for each preset subband in a system 

nications technologies , and in particular , to a channel infor frequency band . After receiving the first channel informa 
mation transmission apparatus and method , and a system . tion , the second device generates the precoding matrix based 

on the first channel information , and sends data to the first 
BACKGROUND device based on the generated precoding matrix . When 

20 generating the precoding matrix , the second device may 
At present , in a Long Term Evolution ( LTE ) frequency generate the precoding matrix by using a preset amplitude 

division duplex ( FDD ) system , user equipment ( UE ) per value as an amplitude value of each element in the precoding 
forms channel estimation based on a reference signal sent by matrix ; or may determine an amplitude value based on 
a base station , and then determines and feeds back channel information such as a rank value or a quantity of transmit 
state information . The channel state information includes a 25 antenna ports , and then generate the precoding matrix by 
rank indicator ( RI ) , a precoding matrix indicator ( PMI ) , and using the determined amplitude value as an amplitude value 
a channel quality indicator ( CQI ) . of each element in the precoding matrix . Because the first 

The PMI is an index of a precoding matrix . The UE feeds channel information is available , the first channel informa 
back the PMI to the base station . The base station determines tion may be fed back with relatively high precision , so that 
the corresponding precoding matrix based on the received 30 the second device obtains a relatively precise precoding 
PMI , and performs precoding processing based on the matrix based on the first channel information , and sends data 
determined precoding matrix , to improve downlink commu based on the relatively precise precoding matrix , so as to 
nication quality . Precision of the PMI fed back by the UE obtain a relatively good link adaptation effect and improve 
determines downlink adaptation performance from the base system performance . 
station to the UE . There are a plurality of manners of implementing that the 
How to improve feedback precision of precoding - matrix precision of the first channel information is higher than the 

related channel information , such as the PMI , to improve the precision of the second channel information . In specific 
downlink adaptation performance is a problem . implementation , the following one or more manners may be 

used . In an embodiment , the first channel information is 
SUMMARY 40 channel information that is unquantized , and the second 

channel information is channel information that is quan 
In view of this , a channel information transmission appa tized . In an embodiment , both the first channel information 

ratus and method , and a system are provided to improve and the second channel information are channel information 
feedback precision of precoding - matrix - related channel that is quantized , and a quantity of quantization bits of the 
information and improve downlink adaptation performance . 45 first channel information is greater than a quantity of quan 

According to a first aspect , a channel information trans tization bits of the second channel information . In an 
mission method is provided . In the method , a second device embodiment , the first device generates the first channel 
sends a reference signal , and a first device performs channel information for each preset subband in a system frequency 
estimation based on the received reference signal , generates band , and generates the second channel information for 
a precoding matrix , generates first channel information and 50 entire system bandwidth . In an embodiment , a sending 
second channel information that are used to indicate the period of the first channel information is less than a sending 
precoding matrix , and sends the first channel information period of the second channel information . 
and the second channel information that are generated to the A relatively highly precise feedback of phase information 
second device . The second device generates the precoding may be implemented by using a relatively small period , a 
matrix based on the first channel information and the second 55 relatively intensive frequency band , or a relatively large 
channel information that are received , and sends data to the quantity of quantization bits , or skipping quantization , or the 
first device based on the generated precoding matrix . like . 

Precision of the first channel information is higher than In an optional implementation , the first channel informa 
precision of the second channel information . The first chan tion includes K groups of first channel sub - information . K is 
nel information includes phase information of each element 60 a positive integer and is a quantity of column vectors 
in the precoding matrix , and the second channel information included in the precoding matrix , and each column vector is 
includes amplitude information of each element in the corresponding to one group of first channel sub - information . 
precoding matrix . The first channel sub - information includes basic first chan 

The phase information in the channel information is nel sub - information , where the basic first channel sub 
relatively crucial for restoring a channel matrix and requires 65 information is phase information of a reference element in a 
high precision , and the amplitude information is not crucial column vector corresponding to the first channel sub - infor 
information for restoring the channel matrix and may have mation , and a phase of the reference element is non - zero . 

35 
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The first channel sub - information includes L - 2 pieces of According to a fifth aspect , a computer storage medium is 
relative first channel sub - information , where L is a length of provided , and is configured to store a computer software 
the column vector , one piece of relative first channel sub instruction used by the first device in the first aspect . The 
information is corresponding to one element whose phase is computer software instruction includes a program designed 
non - zero in the column vector other than the reference 5 to execute the foregoing aspects . 
element , and is used to indicate a deviation between a phase According to a sixth aspect , a computer storage medium 
of the corresponding element and the phase of the reference is provided , and is configured to store a computer software 
element . The first channel sub - information includes the instruction used by the second device in the first aspect . The 
basic first channel sub - information is channel information computer software instruction includes a program designed 
that is unquantized , and the relative first channel sub to execute the foregoing aspects . 
information is channel information that is quantized . According to a seventh aspect , a channel information 

In this optional implementation , the second channel infor transmission method is provided . In the method , a second 
mation may be channel information that is quantized , and a device sends a reference signal . A first device performs 
quantity of quantization bits of each piece of relative first 15 and generates a precoding matrix W , where W is an Nt - row channel estimation based on the received reference signal , 
channel sub - information is greater than a quantity of quan 
tization bits of the second channel information . R - column matrix , and 

In this optional implementation , the second channel infor 
mation may be channel information that is quantized , and a 
quantity of quantization bits of each piece of relative first 20 x W2 ; 
channel sub - information is greater than a quantity of quan 
tization bits of the second channel information . 

According to a second aspect , a first device is provided . X is an Nt / 2 - row M - column ix , and X = [ bo , bl , 
The first device has a function of implementing behavior of bm - 1 ) ; b ; is a column vector whose dimensionality is Nt / 2 , 
the first device in the method provided in the first aspect . The 25 and OsisM - 1 ; Nt is a quantity of antenna ports for sending 
function may be implemented by hardware , or may be the reference signal by the second device ; W2 is a 2M - row 
implemented by executing corresponding software by hard R - column matrix , and 
ware . The hardware or software includes one or more 
modules that correspond to the foregoing function . 

In an optional implementation , a structure of the first 30 
device includes a processor , a receiver , and a transmitter . W2 = 

?oeko ?iekt The processor is configured to support the first device in 
implementing a corresponding function in the method pro 
vided in the first aspect . The receiver is configured to support is a unit vector whose dimensionality is M , a value 
the first device in receiving a reference signal , and may be 35 only of a kinth element is 1 , values of other elements are all 
further configured to support the first device in receiving 0 , and OsmsR - 1 ; An is a complex number whose modulus 
data . The transmitter is configured to support the first device is 1 , and OsnsR - 1 ; M , R , and Nt are all positive integers , 
in sending channel information , and may be further config and Nt is an even number . 
ured to support the first device in sending data . The first The first device generates third channel information , 
device may further include a memory . The memory is 40 fourth channel information , and fifth channel information , 
configured to be coupled with the processor and stores a where the third channel information is used to indicate X , 
program instruction and data necessary for the first device . the fourth channel information is used to indicate @kp 

According to a third aspect , a second device is provided . @km ? and the fifth channel information is used 
The second device has a function of implementing behavior to indicate do One · 
of the second device in the method provided in the first 45 Precision of the third channel information is lower than 
aspect . The function may be implemented by hardware , or precision of the fifth channel information . The first device 
may be implemented by executing corresponding software sends the third channel information , the fourth channel 
by hardware . The hardware or software includes one or more information , and the fifth channel information to the second 
modules that correspond to the foregoing function . device . 

In an optional implementation , a structure of the second 50 The second device generates a precoding matrix based on 
device includes a processor , a receiver , and a transmitter . the third channel information , the fourth channel informa 
The processor is configured to support the second device in tion , and the fifth channel information that are received , and 
implementing a corresponding function in the method pro sends data to the first device based on the generated pre 
vided in the first aspect . The transmitter is configured to coding matrix . 
support the second device in sending a reference signal , and 55 The fifth channel information in the channel information 
may be further configured to support the second device in is relatively crucial for restoring a channel matrix and 
sending data . The receiver is configured to support the requires high precision , and the third channel information is 
second device in receiving channel information , and may be not crucial information for restoring the channel matrix and 
further configured to support the second device in receiving may have relatively low precision . Therefore , the precision 
data . The second device may further include a memory . The 60 of the fifth channel information is higher than the precision 
memory is configured to be coupled with the processor and of the third channel information . On the one hand , channel 
stores a program instruction and data necessary for the information feedback overheads can be reduced ; on the 
second device . other hand , channel information feedback precision can be 

According to a fourth aspect , a wireless communications ensured . 
system is provided . The wireless communications system 65 There are a plurality of manners of implementing that the 
includes the first device and the second device described in precision of the fifth channel information is higher than the 
the first aspect . precision of the third channel information . In specific imple 

where ekme 
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mentation , the following one or more manners may be used . In an optional implementation , a structure of the second 
In an embodiment , it may be determined whether quantiza device includes a processor , a receiver , and a transmitter . 
tion is performed and a quantity of quantization bits . In an The processor is configured to support the second device in 
embodiment , it may be determined whether channel infor implementing a corresponding function in the method pro 
mation is generated for entire system bandwidth , or sepa- 5 vided in the first aspect . The transmitter is configured to 
rately generated for each preset subband . For example , the support the second device in sending a reference signal , and 
first device generates the third channel information for the may be further configured to support the second device in 
entire system bandwidth , and generates the fourth channel sending data . The receiver is configured to support the 
information and the fifth channel information for each preset second device in receiving channel information , and may be 
subband in the system frequency band . In an embodiment , 10 further configured to support the second device in receiving 
high feedback precision of the fifth channel information is data . The second device may further include a memory . The 
implemented by controlling a channel information sending memory is configured to be coupled with the processor and 
period . For example , a sending period of the third channel stores a program instruction and data necessary for the 
information is greater than a sending period of the fourth second device . 
channel information , and the sending period of the third 15 According to a tenth aspect , a wireless communications 
channel information is greater than a sending period of the system is provided . The wireless communications system 
fifth channel information . includes the first device and the second device described in 
Any one of the following manners may be used to the seventh aspect . 

implement , through quantization , that feedback precision of According to an eleventh aspect , a computer storage 
the fifth channel information is higher than feedback preci- 20 medium is provided , and is configured to store a computer 
sion of the third channel information . In an embodiment , the software instruction used by the first device in the seventh 
third channel information is channel information that is aspect . The computer software instruction includes a pro 
quantized , and the fifth channel information is channel gram designed execute the foregoing aspects . 
information that is unquantized . In an embodiment , both the According to a twelfth aspect , a computer storage 
third channel information and the fifth channel information 25 medium is provided , and is configured to store a computer 
are channel information that is quantized , and a quantity of software instruction used by the second device in the sev 
quantization bits of each vector indicated by the third enth aspect . The computer software instruction includes a 
channel information is less than a quantity of quantization program designed to execute the foregoing aspects . 
bits of the fifth channel information . In an embodiment , both 
the third channel information and the fifth channel informa- 30 BRIEF DESCRIPTION OF THE DRAWINGS 
tion are channel information that is quantized , and a quantity 
of quantization bits of each vector indicated by the third FIG . 1 is a schematic structural diagram of a wireless 
channel information is less than a quantity of quantization communications system according to an embodiment of this 
bits of any on indicated by the fifth channel information . In application ; 
an embodiment , both the third channel information and the 35 FIG . 2 is a flowchart of channel estimation according to 
fifth channel information are channel information that is an embodiment of this application ; 
quantized , and a quantity of quantization bits of each ele FIG . 3 is a flowchart of a first channel information 
ment in any vector indicated by the third channel informa reporting solution according to an embodiment of this 
tion is less than a quantity of quantization bits of any on application ; 
indicated by the fifth channel information . FIG . 4 is a schematic diagram of generating , by a first 

According to an eighth aspect , a first device is provided . device , first channel information for each subband in an 
The first device has a function of implementing behavior of entire system frequency band according to an embodiment 
the first device in the method provided in the seventh aspect . of this application ; 
The function may be implemented by hardware , or may be FIG . 5 is a schematic diagram of generating , by a first 
implemented by executing corresponding software by hard- 45 device , second channel information for an entire system 
ware . The hardware or software includes one or more frequency band according to an embodiment of this appli 
modules that correspond to the foregoing function . cation ; 

In an optional implementation , a structure of the first FIG . 6 is a flowchart of a second channel information 
device includes a processor , a receiver , and a transmitter . reporting solution according to an embodiment of this 
The processor is configured to support the first device in 50 application ; 
implementing a corresponding function in the method pro FIG . 7 is a schematic diagram of generating , by a first 
vided in the first aspect . The receiver is configured to support device , third channel information for an entire system fre 
the first device in receiving a reference signal , and may be quency band according to an embodiment of this applica 
further configured to support the first device in receiving tion ; 
data . The transmitter is configured to support the first device 55 FIG . 8 is a schematic diagram of modulating , by a first 
in sending channel information , and may be further config device , third channel information onto a ZC sequence for 
ured to support the first device in sending data . The first sending according to an embodiment of this application ; 
device may further include a memory . The memory is FIG . 9 is a schematic diagram of generating , by a first 
configured to be coupled with the processor and stores a device , fourth channel information for each subband in an 
program instruction and data necessary for the first device . 60 entire system frequency band according to an embodiment 

According to a ninth aspect , a second device is provided . of this application ; 
The second device has a function of implementing behavior FIG . 10 is a schematic diagram of generating , by a first 
of the second device in the method provided in the seventh device , fifth channel information for each subband in an 
aspect . The function may be implemented by hardware , or entire system frequency band according to an embodiment 
may be implemented by executing corresponding software 65 of this application ; 
by hardware . The hardware or software includes one or more FIG . 11 is a schematic structural diagram of a first 
modules that correspond to the foregoing function . first - device according to an embodiment of this application ; 

40 
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FIG . 12 is a schematic structural diagram of a second A relationship between a receiving signal y and a sending 
first - device according to an embodiment of this application ; signal x after the transmit end performs precoding process 
FIG . 13 is a schematic structural diagram of a first ing may be shown in the following formula : 

second - device according to an embodiment of this applica 
tion ; and y = HFx + n , where 

FIG . 14 is a schematic structural diagram of a second F is the precoding matrix . 
second - device according to an embodiment of this applica 3. Pre - Processing Method During Downlink Sending in a 
tion . Current LTE FDD System 

A base station sends a measurement reference signal to 
DETAILED DESCRIPTION OF ILLUSTRATIVE 10 UE . The UE performs channel estimation based on the 

EMBODIMENTS received measurement reference signal , to obtain a channel 
matrix H , and selects a precoding matrix S from a preset 

The following provides detailed descriptions . The codebook set C = { Wi } , so as to maximize a capacity or 
detailed descriptions illustrate various implementations of maximize a signal - to - noise ratio ( SNR ) . The UE feeds back 
an apparatus and / or a method by using accompany drawings 15 an index PMI of the selected precoding matrix to the base 
such as block diagrams and flowcharts , and / or examples . station . 
These block diagrams , flowcharts , and / or examples include For example , a codebook in which a quantity of antenna 
one or more functions and / or operations . Persons skilled in polls is 2 is shown in the following table . At present , there 
the art may understand that each function and / or operation are only four precoding matrices whose ranks are 1 . 
in the block diagrams , the flowcharts , and / or the examples 20 
can be performed independently and / or jointly by using 
various hardware , software , and firmware , and / or any com Codebook Quantity of layers ( Number of 
bination thereof . index ( Code layers ) 

To make the embodiments of this application more under Index ) standable , the following first explains some descriptions in 25 
the embodiments of this application . These explanations 
shall not be considered as a limitation on the protection 
scope required by the present invention . 

1. Channel Matrix 1 [ 1 

Assuming that in a wireless communications system , a 30 sending signal is x , a receiving signal is y , a channel impulse 
response of a channel between x and y is h , and additive 
Gaussian noise is n , the receiving signal y and the sending 
signal x satisfy the following relationship : 

1 2 

0 

vali taloni 
1 1 1 1 

-1 

2 C 1 . 

35 3 y = hx + n tel . For a multiple input multiple output ( Multiple Input 
Multiple Output , MIMO ) system that has Nt transmit anten 
nas and Nr receiving antennas , the receiving signal y and the It can be learned that the precoding matrix fed back by the 
sending signal x satisfy the following relationship : 40 UE is quantized . Therefore , an error exists , and conse 

quently , channel information obtained by the base station is y = Hx + n , where inaccurate , and link adaptation performance is poor . 
xEfvxl , yEfVx1 , H is a channel matrix , HEFV * NT , and 4. Another Channel Information Feedback Method 

nEfNrx1 . A base station sends a measurement reference signal to 
An ith row and a jth column of the channel matrix H 45 UE . The UE performs channel estimation based on the 

indicate complex valued channel gain from a jih transmit received measurement reference signal , to obtain a channel 
antenna to an ith receiving antenna . matrix H , and the UE directly feeds back , to the base station , 
When Nt = 1 and Nr > 1 , the MIMO system is a single input channel information that is used to describe H. In this case , 

multiple output ( SIMO ) system ; or when Nt > 1 and Nr = 1 , the an amount of information to be fed back is relatively large , 
MIMO system is a multiple input single output ( MISO ) 50 and overheads are large . Consequently , data transmission 
system . Both the SIMO system and the MISO system may efficiency is reduced , and system performance is reduced . 
be considered as particular cases of the MIMO system . The In the embodiments of this application , for information , in 
embodiments of this application are applicable to the MIMO channel information that is fed back , that is relatively crucial 
system . for restoring a channel matrix and that requires high preci 

2. Precoding Matrix 55 sion , relatively high feedback precision is used , for example , 
A signal transmit end obtains channel information about by skipping quantization or performing quantization but 

a channel between the transmit end and a receive end , and with a relatively large quantity of quantization bits ; for 
then may perform pre - processing on a to - be - sent signal another example , by performing feedback by using a rela 
based on the obtained channel information . Some or all tively short period ; for another example , by performing 
interference between data streams may be eliminated in 60 feedback for each preset subband in system bandwidth , 
advance at the transmit end , and link adaptation for data instead of performing feedback for the entire system band 
sending may be implemented . In other words , different data width . 
sending manners may be used depending on different chan An example is first channel information in the following 
nel conditions , to reduce interference between data streams solution 1 , namely , unquantized phase information of each 
to the greatest extent . 65 element in a precoding matrix . Another example is fourth 
A matrix used when the transmit end performs precoding channel information ( for example , column selection infor 

processing is a “ precoding matrix ” . mation ) and fifth channel information ( for example , co 
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phasing information ) in the following solution 2. Such Evolution - Advanced ( LTE - advanced ) , the personal handy 
information is fed back with relatively high feedback pre phone system ( PHS ) , Wireless Fidelity ( Wi - Fi ) stipulated in 
cision . the 802.11 series protocols , Worldwide Interoperability for 

Optionally , information , in channel information that is fed Microwave Access ( WiMAX ) , and various future evolved 
back , that is not as crucial for restoring a channel matrix and 5 wireless communications systems . 
does not require high precision is fed back with relatively The terminal device may be a wireless terminal . The low feedback precision , for example , by using a relatively wireless terminal may be a device that provides a user with small quantity of quantization bits during quantization ; for voice and / or data connectivity , a handheld device with a another example , by performing feedback by using a rela wireless connection function , or another processing device tively long feedback period ; for another example , by per- 10 connected to a wireless modem . The wireless terminal may forming feedback for entire system bandwidth . communicate with one or more core networks by using a An example is second channel information in the follow 
ing solution 1 , namely , amplitude information of each ele radio access network ( RAN ) . The wireless terminal may be 
ment in the precoding matrix . Another example is third a mobile terminal , such as a mobile phone ( also referred to 
channel information in the following solution 2. Such infor- 15 as a " cellular ” phone ) and a computer with a mobile termi 
mation is fed back with relatively low feedback precision . nal , for example , may be a portable , pocket - sized , handheld , 

This effectively reduces system overheads and improves computer built - in , or in - vehicle mobile apparatus , which 
system performance while ensuring channel information exchanges voice and / or data with the radio access network . 
precision . For example , the wireless terminal may be a device such as 

The following describes the embodiments of this appli- 20 a personal communication service ( PCS ) phone , a cordless 
cation in detail with reference to the accompanying draw telephone set , a Session Initiation Protocol ( SIP ) phone , a 
ings . wireless local loop ( WLL ) station , or a personal digital 
FIG . 1 is a schematic structural diagram of a wireless assistant ( PDA ) . The wireless terminal may also be referred 

communications system according to an embodiment of this to as a subscriber unit , a subscriber station , a mobile station , 
application . As shown in FIG . 1 , the wireless communica- 25 a mobile console , a remote station , an access point , a remote 
tions system includes a first device 101 and a second device terminal , an access terminal , a user terminal , a user agent , a 
102 . user device , or user equipment . 
The second device 102 sends a reference signal to the first The network device may include a base station , or a radio 

device 101. The first device 101 performs channel estima resource management device configured to control a base 
tion based on the reference signal received from the second 30 station , or may include a base station and a radio resource 
device 102 , and sends , to the second device 102 , channel management device configured to control the base station . 
information used to indicate a channel estimation result . The The base station may be a macro cell or a small cell such as 
second device 102 sends data to the first device 101 based a small cell or a pico cell . Alternatively , the base station may 
on the received channel information . be a home base station such as a home NodeB ( HNB ) or a 

The foregoing interaction process between the first device 35 home evolved NodeB ( HeNB ) . Alternatively , the base sta 
101 and the second device 102 may be shown in FIG . 2 . tion may include a relay node , or the like . 
The first device 101 may be a network device such as a For example , for LTE systems such as a TDD LTE 

base station , and the second device 102 may be a terminal system , an FDD LTE system , or an LTE - A system , the 
device . Alternatively , the first device 101 may be a terminal network device may be an evolved NodeB ( eNodeB ) , and 
device , and the second device 102 may be a network device . 40 the terminal device may be UE . For a TD - SCDMA system 
Alternatively , both the first device 101 and the second device or a WCDMA system , the network device may include a 
102 are terminal devices . Alternatively , both the first device NodeB ( NodeB ) and / or a radio network controller ( RNC ) , 
101 and the second device 102 are network devices . and the terminal device may be UE . For a GSM system , the 

Provided that the second device 102 sends the reference network device may include a base transceiver station ( BTS ) 
signal to the first device 101 and the first device 101 45 and / or a base station controller ( BSC ) , and the terminal 
performs channel estimation based on the reference signal device may be a mobile station ( MS ) . For a Wi - Fi system , 
and feeds back the channel information , the solution pro the network device may include an access point ( AP ) and / or 
vided in this embodiment of this application may be used to an access controller ( Access Controller , AC ) , and the ter 
report channel information and send data , to obtain a more minal device may be a station ( STA ) . 
precise channel estimation result and improve link adapta- 50 The following FIG . 3 and FIG . 6 show two channel 
tion performance . information reporting solutions . 

In addition , regardless of which duplex manner is used for The following separately describes the two solutions 
communication between the first device 101 and the second shown in FIG . 3 and FIG . 6 . 
device 102 , for example , the foregoing FDD manner or a FIG . 3 shows a procedure of a first channel information 
time division duplex ( TDD ) manner , the solution provided 55 reporting solution according to an embodiment of this 
in this embodiment of this application may be used to obtain application . As shown in FIG . 3 , the procedure includes the 
a precise channel estimation result and improve link adap following steps . 
tation performance . S301 : A second device 102 sends a reference signal to a 

Communications standards for communication between first device 101 , where the reference signal is used to 
the first device 101 and the second device 102 include but 60 perform channel estimation on a channel from the second 
are not limited to : Global System for Mobile Communica device 102 to the first device 101 . 
tions ( GSM ) , Code Division Multiple Access ( CDMA ) Optionally , when the second device 102 is a base station 
IS - 95 , CDMA 2000 , Time Division - Synchronous Code in an LTE system and the first device 101 is user equipment 
Division Multiple Access ( TD - SCDMA ) , Wideband Code in the LTE system , the reference signal may be a demodu 
Division Multiple Access ( WCDMA ) , Time Division 65 lation reference signal ( DMRS ) . 
Duplex - Long Term Evolution ( TDD LTE ) , Frequency Divi S302 : The first device 101 performs channel estimation 
sion Duplex - Long Term Evolution ( FDD LTE ) , Long Term based on the reference signal , to obtain a channel matrix H. 
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S303 : The first device 101 obtains a precoding matrix implementation , various means may be used , for example , 
based on the channel matrix H. quantization , a feedback period , and whether channel infor 
When the first device 101 obtains the precoding matrix mation is generated for a subband or entire system band 

based on the channel matrix H , singular value decomposi width . For example , the first channel information is channel 
tion ( SVD ) or another manner may be used . 5 information that is unquantized , and the second channel 

S304 : The first device 101 generates first channel infor information is channel information that is quantized . For 
mation and second channel information that are used to example , both the first channel information and the second 
describe the precoding matrix ( marked as a “ matrix W ” ) . channel information are channel information that is quan 

The first channel information includes phase information tized , and a quantity of quantization bits of the first channel 
of each element in the matrix W. 10 information is greater than a quantity of quantization bits of 

The second channel information includes amplitude infor the second channel information . For example , the first 
mation of each element in the matrix W. channel information is generated for each preset subband in 

S305 : The first device 101 sends the first channel infor a system frequency band , and the second channel informa 
mation and the second channel information that are gener tion is generated for entire system bandwidth . For example , 
ated to the second device 102 . 15 a sending period of the first channel information is less than 

The first device 101 may send the first channel informa a sending period of the second channel information . 
tion and the second channel information to the second The following separately describes feedbacks of the first 
device 102 together , or may send the two types of channel channel information and the second channel information in 
information to the second device 102 separately . detail . 

For example , if the first channel information and the 20 1. Generation and Feedback Manner of the First Channel 
second channel information are quantized , the first channel Information 
information and the second channel information are pro ( 1 ) Quantization Manner 
cessed , for example , encoded or modulated , and then sent to For the first channel information , one of the following 
the second device 102. If the first channel information and quantization manners may be used . Manner 1 : Skip quan 
the second channel information are unquantized , the first 25 tization on the first channel information and directly feed 
channel information and the second channel information back an analog parameter . Manner 2 : Use a high - precision 
may be directly carried on a ZC sequence and sent to the quantization manner for the first channel information . 
second device 102. Because the ZC sequence has relatively Using a high - precision quantization manner for the first 
good auto - correlation characteristics and cross - correlation channel information can ensure precision of the first channel 
characteristics , when the second device 102 obtains the 30 information obtained by the second device 102 , so that a 
channel information from the ZC sequence , relatively good relatively precise precoding matrix is obtained , data is sent 
signal demodulation performance can be obtained , and based on the relatively precise precoding matrix , a relatively 
channel information obtaining accuracy can be improved . good link adaptation effect can be tained , and system 

The ZC sequence is merely an example . The first channel performance is improved . 
information and the second channel information may be 35 Optionally , a quantity of quantization bits for quantization 
alternatively carried on another sequence for sending , or of the first channel information is not less than a quantity of 
may be sent in another manner , provided that the second quantization bits for quantization of the second channel 
device 102 can obtain the channel information . information . In this way , the first channel information and 

The manner of being carried on the ZC sequence or the second channel information are treated differently . For 
another sequence is actually a physical - layer sending man- 40 phase information that is crucial for restoring a channel 
ner . Actually , channel information may also be transmitted matrix , high - precision quantization is used ; and for ampli 
by using Medium Access Control ( MAC ) signaling , or tude information that is not as crucial , low - precision quan 
higher layer signaling , for example , Radio Resource Control tization is used . This can not only ensure channel informa 
( RRC ) signaling . tion feedback precision , but also effectively reduce an 

S306 : The second device 102 generates a precoding 45 information feedback amount , reduce system overheads , and 
matrix based on the first channel information and the second improve data transmission efficiency . 
channel information that are received , and determines , based Manner 3 : Send the first channel information in groups , 
on the generated precoding matrix , a sending manner to be where in each group , some information is unquantized , and 
used for sending data to the first device 101. For a method some information undergoes high - precision quantization . 
for determining , by the second device 102 , the data sending 50 The first channel information is divided into K groups of 
manner based on the generated precoding matrix , refer to a first channel sub - information , where K is a positive integer 
prior - art method for determining , by a base station , a data and is a quantity of column vectors included in the precoding 
sending manner based on a quantized precoding matrix . matrix W , and each column vector is corresponding to one 

S307 : The second device 102 sends data to the first device group of first channel sub - information . 
101 in the determined sending manner . The first channel sub - information further includes basic 

In step S304 , when the first device 101 generates the first first channel sub - information . The basic first channel sub 
channel information , the first device 101 may generate the information is phase information of a reference element in a 
first channel information for each preset subband in a system column vector corresponding to the first channel sub - infor 
frequency band . mation , a phase of the reference element is non - zero , and the 

This is because it is found from massive simulations and 60 basic first channel sub - information is unquantized . The first 
experiments that , phase information of each element in a channel sub - information further includes L - 2 pieces of 
matrix W is relatively crucial for restoring a channel matrix , relative first channel sub - information , where L is a length of 
and amplitude information of each element in the matrix W the column vector , that is , a quantity of transmit antenna 
is not as important as the phase information . Therefore , ports of the second device 102. One piece of relative first 
when the first device 101 feeds back the channel informa- 65 channel sub - information is corresponding to one element 
tion , precision of the first channel information is higher than whose phase is non - zero in the column vector other than the 
precision of the second channel information . In specific reference element , and is used to indicate a deviation 

55 
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between a phase of the corresponding element and the phase ity is relatively good , the first device 101 may set the 
of the reference element , and the relative first channel subband width to a relatively large value ; or when the first 
sub - information is channel information that is quantized . device 101 determines that channel quality is relatively poor , 

Optionally , a quantity of quantization bits for quantization the first device 101 may set the subband width to a relatively 
of the relative first channel sub - information is not less than 5 small value , to feed back first channel information with 
a quantity of quantization bits for quantization of the second relatively high precision . For another example , the first 
channel information . Likewise , in this way , the first channel device 101 may set the subband width based on an amount 
information and the second channel information are treated of to - be - sent data . When the amount of to - be - sent data is 
differently . For phase information that is crucial for restoring relatively small , the first device 101 may set the subband 
a channel matrix , high - precision quantization is used ; and 10 width to a relatively small value . In this case , although 
for amplitude information that is not as crucial , low - preci overheads of the first channel information are relatively 
sion quantization is used . This can not only ensure channel large , system performance is not significantly affected 
information feedback precision , but also effectively reduce because the amount of to - be - sent data is small . If the amount 
an information feedback amount , reduce system overheads , of to - be - sent data is relatively large , the first device 101 may 
and improve data transmission efficiency . 15 set the subband width to a relatively large value , to reduce 

The following describes the manner 3 by using an overheads of the first channel information and ensure data 
example . sending 

It is assumed that phase information of any column vector ( 3 ) Feedback Period 
of the matrix W may be expressed as follows : The first device 101 may feed back the first channel 

20 information in a relatively short period , and feed back the v = ( e ) 90 , 8091,6042 , , EVYPL - 2,1 ) second channel information in a relatively long period . In 
Po , 01 , .. PL - 2 are phases of first L - 1 elements of a this way , the second device 102 can obtain relatively inten 

column vector v , and L is the quantity of transmit antenna sive first channel information , so as to generate a relatively 
ports of the second device 102. Any phase is used to precise precoding matrix . 
represent another phase . For example : For example , in the LTE system , if the first device 101 is 

UE , and the second device 102 is a base station , a period in v = ( @ j40 , ejd 190 , ejd290 , ejdL - 241,1 ) which the UE sends the first channel information to the base 
In the formula 2 , the reference element is a first element station may be not greater than a PMI feedback period in the 

e1Po ( certainly , the reference element may be another element current LTE system . For example , a PMI feedback period in 
in the column vector , provided that a phase is non - zero ) . The 30 a current FDD LTE system is 5 milliseconds ( ms ) , and in this 
basic first channel sub - information is used to describe Po , embodiment of this application , a period in which the first 
and the first device 101 may feed back C , by using an analog device 101 feeds back the first channel information may be 
parameter during the feedback . 

d , d2 , ... , dz - 2 is information described by the foregoing To sum up , when generating and feeding back the first 
L - 2 pieces of relative first channel sub - information . These 35 channel information , the first device 101 may generate the 
related factors may be fed back after quantization . first channel information for each subband , feed back the 

In this way , for all phase information of a column vector , first channel information in a non - quantization analog man 
only one analog parameter and L - 2 quantized digital param ner or a high - precision quantization digital manner , and feed 
eters need to be fed back . This reduces overheads compared back the first channel information in a relatively short 
with a direct feedback of L - 1 analog parameters . 40 feedback period . In this way , the second device 102 can 

( 2 ) Generation Manner obtain relatively precise and relatively important phase 
Referring to FIG . 4 , it is assumed that an entire system information . 

frequency band is divided in advance into 10 subbands 2. Generation and Feedback Manner of the Second Chan 
( subband ) , for example , a subband 1 to a subband 10 shown nel Information 
in FIG . 4 . ( 1 ) Quantization Manner 

Optionally , the first device 101 generates corresponding For the second channel information , a quantization man 
first channel information for each of the 10 subbands . ner with different precision , in particular , a low - precision 

Using the LTE system as an example , the first device 101 quantization manner , may be used . For example , an ampli 
may measure a precoding matrix by using every P RBs as a tude value of an element in a matrix W is 0.1855 . A value 
group , where P is a positive integer . For example , for a 10 50 obtained after 2 - bit quantization is 0.25 , and a value 
MHz system frequency band ( 50 resource blocks ( Resource obtained after 4 - bit quantization is 0.1875 . Quantization 
Block , RB ) ) , the first device 101 measures a precoding precision of the 4 - bit quantization is higher than quantiza 
matrix by using every 10 RBs as a group and feeds back tion precision of the 2 - bit quantization . 
phase information of the precoding matrix . This is a sub ( 2 ) Generation Manner 
band - based feedback . Referring to FIG . 5 , the first device 101 may generate the 

In this way , the second device 102 may obtain first second channel information for the entire system frequency 
channel information of each subband . Compared with a band , in other words , perform a broadband - based feedback , 
broadband feedback ( that is , channel information is fed back measure the amplitude information of the matrix W on the 
for the entire system frequency band ) , the subband - based entire bandwidth , and feed back the amplitude information . 
feedback has relatively high feedback precision , and can 60 ( 3 ) Feedback Period 
also effectively improve system performance . The first device 101 may feed back the second channel 
A subband width may be a preset value , or may be information in a relatively long period . This can effectively 

determined by the first device 101 depending on a specific control an amount of information of the second channel 
situation , or may be notified by the second device 102 to the information within a unit time and reduce overheads of the 
first device 101 by using a message . For example , when the 65 second channel information . 
first device 101 performs channel estimation based on the Still using the LTE system as an example , if the first 
received reference signal and determines that channel qual device 101 is UE , and the second device 102 is a base 
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station , a period in which the UE sends the second channel FIG . 6 shows a procedure of a second channel information 
information to the base station may be not less than a PMI reporting solution according to an embodiment of this 
feedback period in the current LTE system . For example , a application . As shown in FIG . 6 , the procedure includes the 
PMI feedback period in a current FDD LTE system is 5 following steps . 
milliseconds ( ms ) , and in this embodiment of this applica S601 : A second device 102 sends a reference signal to a 
tion , a period in which the first device 101 feeds back the first device 101 , where the reference signal is used to 
second channel information may be 5 ms , 10 ms , or the like . perform channel estimation on a channel from the second 

To sum up , when generating and feeding back the second device 102 to the first device 101 . 
channel information , the first device 101 may generate the For step S601 , refer to step S301 . 
second channel information for the entire system frequency S602 : The first device 101 performs channel estimation 
band , feed back the second channel information in a low based on the reference signal , to obtain a precoding matrix , 
precision quantization digital manner , and feed back the which is marked as W herein . 
second channel information in a relatively long feedback Refer to steps S302 and S303 . That is , the second device 
period . This can reduce overheads of the second channel 102 performs channel estimation based on the reference 
information to the greatest extent and improve system signal to obtain the channel matrix H , and then decomposes 
performance . the channel matrix H to obtain the precoding matrix . 

In addition , another manner is that the first device 101 Alternatively , the first device 101 may use a method in a 
current LTE system and obtain the precoding matrix when does not send the second channel information , and sends performing channel estimation based on the reference sig only the first channel information to the second device 102 . nal . In other words , in step S304 , the first device 101 does not The precoding matrix W is an Nt - row R - column matrix , generate the second channel information , and in step S305 , and the first device 101 does not send the second channel 

information either . 
After receiving the first channel information , the second 25 

device 102 may generate the precoding matrix by using a x W2 ; 

preset amplitude value as an amplitude value of each ele 
ment in the precoding matrix ; or the second device 102 may 
determine an amplitude value based on information such as X is an Nt / 2 - row M - column matrix , and X = [ bo , bl , 
a rank value or a quantity of transmit antenna ports , and then 30 bm - 1 ] ; b ; is a column vector whose dimensionality is Nt / 2 , 
generate the precoding matrix by using the determined and OsisM - 1 ; Nt is a quantity of antenna ports for sending 
amplitude value as an amplitude value of each element in the the reference signal by the second device ; W2 is a 2M - row 

R - column matrix , and precoding matrix . Because the first channel information is 
available and the first channel information may be fed back 
with relatively high precision , precision of the first channel 
information obtained by the second device 102 can be W2 
ensured , so that a relatively precise precoding matrix is ?oeko ?iek 
obtained , data is sent based on the relatively precise pre 
coding matrix , a relatively good link adaptation effect can be 40 where is a unit vector whose dimensionality is M , a value obtained , and system performance is improved . only of a kmth element is 1 , values of other elements are all Certainly , if the first device 101 generates and feeds back 0 , and OsmsR - 1 ; Pn is a complex number whose modulus the second channel information to the second device 102 , is 1 , and OsnsR - 1 ; M , R , and Nt are all positive integers , channel information obtained by the second device 102 is and Nt is an even number . b ; may be an eigenvector of the more precise , a restored precoding matrix is more precise , 45 channel matrix , or may be a DFT vector . and a better link adaptation effect can be obtained . S603 : The first device 101 generates third channel infor The following describes , by using an example , a manner mation , fourth channel information , and fifth channel infor of obtaining a precoding matrix based on a channel matrix mation that are used to describe the precoding matrix W. H in the procedure shown in FIG . 3. Herein , for example , The third channel information is used to indicate X. SVD decomposition is performed on the channel matrix H The fourth channel information is used to indicate to obtain the precoding matrix . A useable decomposition . , and manner is not limited to the SVD decomposition manner , The fifth channel information is used to indicate provided that the precoding matrix can be obtained based on Po , ... , Pn , ... , and PR - 1 : the channel matrix H. Alternatively , the matrix H may be a Precision of the third channel information is lower than covariance matrix of the channel matrix , provided that the 55 precision of the fifth channel information . matrix can represent channel characteristics . S604 : The first device 101 sends the third channel infor The first device 101 may perform eigenvalue decompo mation , the fourth channel information , and the fifth channel sition on the channel matrix H based on the following information that are generated to the second device 102 . formula 3 , to obtain an eigenvector of the channel matrix H : The first device 101 directly adds one or more of the third 

60 channel information , the fourth channel information , and the H = UÓV fifth channel information to a ZC sequence , and sends the 
Ó is a diagonal matrix and V is a matrix including the information to the second device 102 , without undergoing an 

eigenvector of the channel matrix H. A rank ( Rank ) and an encoding or modulation process . For example , the first 
SNR of the channel matrix H may be obtained based on Ó , device 101 may directly add unquantized information in the 
and a precoding matrix W of a channel may be obtained 65 third channel information , the fourth channel information , 
based on V , where a quantity of columns of the matrix W and the fifth channel information to the ZC sequence , and 
may be equal to the rank of the channel matrix H. sends the information to the second device 102. Because the 
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ZC sequence has relatively good auto - correlation character When a channel matrix rank is equal to 1 : 
istics and cross - correlation characteristics , when the second 
device 102 obtains the channel information from the ZC 

Formula 5 sequence , relatively good signal demodulation performance W2 = can be obtained , and channel information obtaining accu 
racy can be improved . 

The ZC sequence is merely an example . The third channel 
information , the fourth channel information , and the fifth When a channel matrix rank is equal to 2 : 
channel information may be alternatively carried on another 
sequence for sending , provided that the second device 102 Formula 6 
can obtain the channel information . W2 = 

The manner of being carried on the ZC sequence or ?oeko — ?iek 
another sequence is actually a physical - layer sending man 
ner . Actually , channel information may also be transmitted where , W , indicates a set of M column vectors , W2 by using Medium Access Control ( MAC ) signaling , or indicates a specific direction of a beam , and W , includes 
higher layer signaling , for example , Radio Resource Control column selection information ex and co - phasing ( co - phas 
( RRC ) signaling . ing ) information on . S605 : The second device 102 generates a precoding Co - phasing information On is a phase deviation between 
matrix based on the third channel information , the fourth 20 two polarization directions of a transmit antenna of the 
channel information , and the fifth channel information that second device 102 , and may be any value in a range of 0 to are received , and determines , based on the generated pre 21. When the first device 101 sends information to the coding matrix , a sending manner to be used for sending data second device 102 , quantization may be not performed on to the first device 101. For a method for determining , by the the information , and the information may be fed back by second device 102 , the data sending manner based on the using an analog parameter . The co - phasing information is an generated precoding matrix , refer to a prior - art method for 
determining , by a base station , a data sending manner based example of the fifth channel information . 
on a quantized precoding matrix . A circumstance in which the rank of the channel matrix is 

S606 : The second device 102 sends data to the first device another value may be deduced by using the formulas 5 and 
101 in the determined sending manner . 6. If the rank is equal to m ( m is a positive integer ) , W2 
The third channel information , the fourth channel infor includes m column vectors . 

mation , and the fifth channel information are used by the In step S603 , when generating the third channel informa 
second device 102 to determine the precoding matrix , and tion , the first device 101 may obtain the third channel 
the precoding matrix is obtained from channel estimation information for the entire system frequency band . For 
performed by the first device 101 based on the reference 35 details , refer to FIG . 7. For example , as described earlier , the 
signal sent by the second device 102 . entire system frequency band is divided into 10 subbands : a 

Optionally , the column vector in X may be a discrete subband 1 to a subband 10 , and the first device 101 generates 
Fourier transform ( DFT ) vector , or may be an unquantized the third channel information for the entire system frequency 
or a quantized column vector that is obtained from channel band . 
matrix decomposition . When generating the fourth channel information , the first 

For example , referring to the following formula 4 , the device 101 may generate the fourth channel information for 
precoding matrix W includes two codebooks W1 and W2 : each subband of the entire system frequency band . 

When generating the fifth channel information , the first 
W = W1 XW2 device 101 may generate the fifth channel information for 

each subband of the entire system frequency band . 
where , Optionally , the third channel information , the fourth chan 

nel information , and the fifth channel information can all be 
bo bi bM - 1 0 0 

W1 = fed back periodically , and a feedback period of the fifth 
bo bi bM - 1 channel information is less than a feedback period of the 

third channel information . 
bo , b1 , ... , bm - 1 are examples of M vectors included in It is found from massive simulations and experiments 

X. Optionally , are column vectors obtained after SVD that , in the matrix W , W2 is relatively crucial for restoring 
decomposition is performed on the channel matrix H. The the channel matrix , and W is not as important as W2 . 
vectors are obtained from long - term statistics and are 55 Therefore , when the first device 101 feeds back channel 
unquantized . information , precision of the fifth channel information is 
A vector b ; is a column vector whose length is a quantity higher than precision of the third channel information . For 

of transmit antenna ports of the second device 102 ( for example , various manners may be used , for example , quan 
example , a base station ) . A value of M may be a preset value , tization , a feedback period , and whether a feedback is for a 
or a value preconfigured by the second device 102 . 60 subband or entire system bandwidth , to implement that the 

For example , if a period in which the first device 101 precision of the fifth channel information is higher than the 
feeds back channel information is 20 ms , a channel mea precision of the third channel information . This can not only 
surement period is 5 ms , and the channel matrix H is a 4x4 ensure channel information feedback precision , but also 
matrix , statistics is collected on a total of 16 column vectors effectively reduce a feedback amount representing the chan 
in 20 ms . The value of M may be preset to 4 , or may be 65 nel information . 
preconfigured by the second device 102 to a value , for The following describes generation and sending manners 
example , 2 , 4 , or 8 . of various channel information in detail . 

40 
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1. Generation and Feedback Manner of the Third Channel and in this embodiment of this application , a period in which 
Information the first device 101 feeds back the fourth channel informa 

( 1 ) Quantization Manner tion may be 2 ms or the like . 
Manner 1 : Skip quantization on the third channel infor To sum up , when generating and feeding back the fourth 

mation and directly feed back an analog parameter . 5 channel information , the first device 101 may generate the 
Manner 2 : A quantity of quantization bits for quantization fourth channel information for each subband of the system 

of the third channel information is less than a quantity of frequency band , feed back the fourth channel information in quantization bits for quantization of the fifth channel infor a digital manner , and feed back the fourth channel informa 
mation . tion in a relatively short feedback period . This can effec ( 2 ) Generation Manner tively improve feedback precision of the fourth channel As described earlier , when generating the third channel 
information , the first device 101 may generate the third information , so that the second device 102 can generate a 
channel information for the entire system frequency band . relatively precise precoding matrix . 

2. Generation and Feedback Manner of the Fifth Channel ( 3 ) Feedback Period Information The first device 101 may send the third channel informa- 15 
tion in a relatively long period , and send the fifth channel ( 1 ) Quantization Manner 
information in a relatively short period . By properly setting For the fifth channel information , one of the following 
the feedback period of the third channel information , an quantization manners may be used : 
amount of the third channel information can be effectively Manner 1 : Skip quantization on the fifth channel infor 
reduced . 20 mation and directly feed back an analog parameter . 

Still using the LTE system as an example , if the first Manner 2 : Use a high - precision quantization manner for 
device 101 is UE , and the second device 102 is a base the fifth channel information . 
station , a period in which the UE sends the third channel By setting a quantity of quantization bits of the fifth 
information to the base station may be not less than a PMI channel information , quantization precision of the fifth 
feedback period in the current LTE system . For example , a 25 channel information can be effectively controlled , so that 
PMI feedback period in a current FDD LTE system is 5 ms , precision of the fifth channel information obtained by the 
and in this embodiment of this application , a period in which second device 102 can be ensured , a relatively precise 
the first device 101 feeds back the third channel information precoding matrix is obtained , data is sent based on the 
may be 5 ms , 10 ms , or the like . relatively precise precoding matrix , a relatively good link 

The double - codebook structure shown in the formula 4 is 30 adaptation effect can be obtained , and system performance 
used as an example . Referring to FIG . 8 , the first device 101 is improved . 
may modulate valid information a ; in W , onto a ZC sequence ( 2 ) Generation Manner 
and send the ZC sequence to the second device 102. A signal As described earlier , when generating the fifth channel 
corresponding to a slash part is a reference signal . In the information , the first device 101 may generate the fifth 
figure , IFFT represents Inverse Fast Fourier Transform ( In- 35 channel information for each subband of the system fre 
verse Fast Fourier Transform ) . quency band . For details , refer to FIG . 10 . 

To sum up , when generating and feeding back the third ( 3 ) Feedback Period 
channel information , the first device 101 may generate the The first device 101 may send the fifth channel informa 
third channel information for the entire system frequency tion in a relatively short period . By properly setting the 
band , feed back the third channel information in a low- 40 feedback period of the fifth channel information , the second 
precision quantization digital manner , and feed back the device 102 can obtain relatively intensive fifth channel 
third channel information in a relatively long feedback information , and generate a relatively precise precoding 
period . This can effectively reduce the amount of the third matrix . 
channel information . Still using the LTE system as an example , if the first 

2. Generation and Feedback Manner of the Fourth Chan- 45 device 101 is UE , and the second device 102 is a base 
nel Information station , a period in which the UE sends the fifth channel 

( 1 ) Quantization Manner information to the base station may be not greater than a 
The fourth channel information is fed back in a digital PMI feedback period in the current LTE system . For 

example , a PMI feedback period in a current FDD LTE 
( 2 ) Generation Manner 50 system is 5 ms , and in this embodiment of this application , 
As described earlier , when generating the fourth channel a period in which the first device 101 feeds back the fifth 

information , the first device 101 may generate the fourth channel information may be 2 ms or the like . 
channel information for each subband of the system fre To sum up , when generating and feeding back the fifth 
quency band . For details , refer to FIG . 9 . channel information , the first device 101 may generate the 

( 3 ) Feedback Period 55 fifth channel information for each subband of the system 
The first device 101 may send the fourth channel infor frequency band , feed back the fifth channel information in a 

mation in a relatively short period . By properly setting the non - quantization analog manner or a high - precision quan 
feedback period of the fourth channel information , the tization digital manner , and feed back the fifth channel 
second device 102 can obtain relatively intensive fourth information in a relatively short feedback period . This can 
channel information , and generate a relatively precise pre- 60 effectively improve feedback precision of the fifth channel 
coding matrix . information , so that the second device 102 can generate a 

Still using the LTE system as an example , if the first relatively precise precoding matrix . 
device 101 is UE , and the first device 102 is a base station , In addition , the period in which the first device 101 sends 
a period in which the UE sends the fourth channel informa the third channel information is not less than the period in 
tion to the base station may be not greater than a PMI 65 which the first device 101 sends the fourth channel infor 
feedback period in the current LTE system . For example , a mation , and is not less than the period in which the first 
PMI feedback period in a current FDD LTE system is 5 ms , device 101 sends the fifth channel information . 

manner . 
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If both the third channel information and the fifth channel further configured to generate third channel information , 
information are fed back after quantization , a quantity of fourth channel information , and fifth channel information . 
quantization bits for quantization of the third channel infor The third channel information is used to indicate X. The 
mation is not greater than a quantity of quantization bits for fourth channel information is used to indicate eko ? 

5 ekmei . and quantization of the fifth channel information . The fifth channel information is used to 
indicate do FIG . 11 is a schematic structural diagram of a first Png ... , and PR - 1 • Precision of the third 
channel information is lower than precision of the fifth first - device according to an embodiment of this application . channel information . The sending module 1103 is config As shown in FIG . 11 , the first device includes a receiving ured to send the third channel information , the fourth 

module 1101 , a processing module 1102 , and a sending channel information , and the fifth channel information to the 
module 1103 . second device . 

In a first optional implementation . The receiving module For another optional implementation of the apparatus , 
1101 is configured to receive a reference signal from a refer to the foregoing implementation in which the first 
second device . The processing module 1102 is configured to device 101 generates and feeds back the third channel 
obtain a precoding matrix based on the reference signal information , the fourth channel information , and the fifth 
received by the receiving module 1101 , and generate first 15 channel information . The receiving module 1101 may be 
channel information and second channel information that are configured to implement receiving operations of the first 
used to indicate the precoding matrix . The sending module device 101 , for example , receiving the reference signal , data , 
1103 is configured to send the first channel information and and control information . The processing module 1102 may 
the second channel information to the second device . Pre be configured to implement processing operations of the first 
cision of the first channel information is higher than preci- 20 device 101 , for example , performing channel estimation 
sion of the second channel information . The first channel based on the reference signal and generating channel infor 

mation . The sending module 1103 may be configured to information includes phase information of each element in implement sending operations of the first device 101 , for the precoding matrix , and the second channel information example , sending the channel information , data , and control includes amplitude information of each element in the information . precoding matrix . FIG . 12 is a schematic structural diagram of a second For another optional implementation of the apparatus , first - device according to an embodiment of this application . 
refer to the foregoing implementation in which the first As shown in FIG . 12 , the first device includes a receiver 
device 101 generates and feeds back the first channel 1201 , a processor 1202 , and a transmitter 1203 . 
information and the second channel information . The receiv In a first optional implementation . The receiver 1201 is 
ing module 1101 may be configured to implement receiving configured to receive a reference signal from a second 
operations of the first device 101 , for example , receiving the device . The processor 1202 is configured to obtain pre 
reference signal , data , and control information . The process coding matrix based on the reference signal received by the 
ing module 1102 may be configured to implement process receiver 1201 , and generate first channel information and 
ing operations of the first device 101 , for example , perform second channel information that are used to indicate the 
ing channel estimation based on the reference signal and 35 precoding matrix . The transmitter 1203 is configured to send 
generating channel information . The sending module 1103 the first channel information and the second channel infor 
may be configured to implement sending operations of the mation to the second device . Precision of the first channel 
first device 101 , for example , sending the channel informa information is higher than precision of the second channel 
tion , data , and control information . information . The first channel information includes phase 

In a second optional implementation , the receiving mod- 40 information of each element in the precoding matrix , and the second channel information includes amplitude information ule 1101 is configured to receive a reference signal from a of each element in the precoding matrix . second device . The processing module 1102 is configured to For another optional implementation of the apparatus , obtain a precoding matrix W based on the reference signal refer to the foregoing implementation in which the first received by the receiving module 1101. W is an Nt - row 45 device 101 generates and feeds back the first channel R - column matrix , and information and the second channel information . The 
receiver 1201 may be configured to implement receiving 
operations of the first device 101 , for example , receiving the 
reference signal , data , and control information . The proces 

50 sor 1202 may be configured to implement processing opera 
tions of the first device 101 , for example , performing 

X is an Nt / 2 - row M - column matrix , and X = [ bo , b , . . channel estimation based on the reference signal and gen 
bm - 1 ] ; b ; is a column vector whose dimensionality is Nt / 2 , erating channel information . The transmitter 1203 may be 
and OsisM - 1 ; Nt is a quantity of antenna ports for sending configured to implement sending operations of the first 
the reference signal by the second device ; W , is a 2M - row 55 device 101 , for example , sending the channel information , 
R - column matrix , and data , and control information . 

In a second optional implementation , the receiver 1201 is 
configured to receive a reference signal from a second 
device . The processor 1202 is configured to obtain pre 

W2 = 60 coding matrix W based on the reference signal received by ?oeko ?iek the receiver 1201. W is an Nt - row R - column matrix , and 

30 

W = = [ % & ] xw x W2 ; 

eko eki ekr - 1 

ekrai 
XW2 ; 

where is a unit vector whose dimensionality is M , a value 
only of a knih element is 1 , values of other elements are all 
0 , and OsmsR - 1 ; On is a complex number whose modulus 65 
is 1 , and OsnsR - 1 ; M , R , and Nt are all positive integers , 
and Nt is an even number . The processing module 1102 is 
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X is an Nt / 2 - row M - column matrix , and X = [ bo , b1 , . second channel information . The receiving module 1301 
bm - 1 ] ; b ; is a column vector whose dimensionality is Nt / 2 , may be configured to implement receiving operations of the 
and OsisM – 1 ; Nt is a quantity of antenna ports for sending second device 102 , for example , receiving channel informa 
the reference signal by the second device ; W2 is a 2M - row tion , data , and other control information . The processing 
R - column matrix , and 5 module 1302 may be configured to implement processing 

operations of the second device 102 , for example , generating 
the precoding matrix based on the channel information , and 
determining a data sending manner based on the generated W2 = 

???? ???? precoding matrix . The sending module 1303 may be con 
figured to implement sending operations of the second 
device 102 , for example , sending the reference signal , data , where ek is a unit vector whose dimensionality is M , a value and control information . 

only of a knih element is 1 , values of other elements are all In a second optional implementation , the sending module 0 , and OsmsR - 1 ; 0n is a complex number whose modulus 1303 is configured to send a reference signal to a first device . is 1 , and OsnsR - 1 ; M , R , and Nt are all positive integers , 15 The receiving module 1301 is configured to receive third and Nt is an even number . The processor 1202 is further channel information , fourth channel information , and fifth configured to generate third channel information , fourth channel information from the first device , where precision of channel information , and fifth channel information . The the third channel information is lower than precision of the third channel information is used to indicate X. The fourth fifth channel information . The processing module 1302 is channel information is used to indicate ekos ekm ? configured to determine a precoding matrix W based on the The fifth channel information is used to indicate Po , third channel information , the fourth channel information , Ano ... , and OR - 1 Precision of the third channel information and the fourth channel information . The sending module is lower than precision of the fifth channel information ; and 1303 is configured to send data to the first device based on the transmitter 1203 is configured to send the third channel the precoding matrix W determined by the processing mod information , the fourth channel information , and the fifth 25 ule 1302. The precoding matrix W is obtained by the first channel information to the second device . device based on the received reference signal ; W is an For another optional implementation of the apparatus , Nt - row R - column matrix , and refer to the foregoing implementation in which the first 
device 101 generates and feeds back the third channel 
information , the fourth channel information , and the fifth 30 
channel information . The receiver 1201 may be configured x W2 ; 
to implement receiving operations of the first device 101 , for 
example , receiving the reference signal , data , and control 
information . The processor 1202 may be configured to X is an Nt / 2 - row M - column matrix , and 
implement processing operations of the first device 101 , for 35 X = [ bo , b , . : , bm - 1 ] ; b ; is a column vector whose 
example , performing channel estimation based on the ref dimensionality is Nt / 2 , and OsisM - 1 ; Nt is a quantity of 
erence signal and generating channel information . The trans antenna ports for sending the reference signal by the second 
mitter 1203 may be configured to implement sending opera device ; W2 is a 2M - row R - column matrix , and 
tions of the first device 101 , for example , sending the 
channel information , data , and control information . 
FIG . 13 is a schematic structural diagram of a first 

second - device according to an embodiment of this applica W2 ????? ?iek 
tion . As shown in FIG . 13 , the second device includes a 
receiving module 1301 , a processing module 1302 , and a 
sending module 1303 . is a unit vector whose dimensionality is M , a value 

In a first optional implementation , the sending module only of a knih element is 1 , values of other elements are all 
1303 is configured to send a reference signal to a first device . 0 , and OsmsR - 1 ; Pn is a complex number whose modulus 
The receiving module 1301 is configured to receive first is 1 , and OsnsR - 1 ; M , R , and Nt are all positive integers , 
channel information and second channel information from and Nt is an even number . The third channel information is 
the first device , where the first channel information and the 50 used to indicate X. The fourth channel information is used 
second channel information are used to indicate a precoding to indicate and The fifth channel 
matrix , and the precoding matrix is obtained by the first information is used to indicate po , Pn , ... , 
device based on the received reference signal . Precision of For another optional implementation of the apparatus , 
the first channel information is higher than precision of the refer to the foregoing implementation in which the second 
second channel information . The first channel information 55 device 102 receives the third channel information , the fourth 
includes phase information of each element in the precoding channel information , and the fifth channel information . The 
matrix , and the second channel information includes ampli receiving module 1301 may be configured to implement 
tude information of each element in the precoding matrix . receiving operations of the second device 102 , for example , 
The processing module 1302 is configured to determine the receiving channel information , data , and other control infor 
precoding matrix based on the first channel information and 60 mation . The processing module 1302 may be configured to 
the second channel information . The sending module 1303 implement processing operations of the second device 102 , 
is further configured to send data to the first device based on for example , generating the precoding matrix based on the 
the precoding matrix determined by the processing module channel information , and determining a data sending manner 
1302 . based on the generated precoding matrix . The sending 

For another optional implementation of the apparatus , 65 module 1303 may be configured to implement sending 
refer to the foregoing implementation in which the second operations of the second device 102 , for example , sending 
device 102 receives the first channel information and the the reference signal , data , and control information . 
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FIG . 14 is a schematic structural diagram of a second is a unit vector whose dimensionality is M , a value 
second - device according to an embodiment of this applica only of a knth element is 1 , values of other elements are all 
tion . As shown in FIG . 14 , the second device includes a 0 , and OsmsR - 1 ; Pn is a complex number whose modulus 
receiver 1401 , a processor 1402 , and a transmitter 1403 . is 1 , and OsnsR - 1 ; M , R , and Nt are all positive integers , 

In a first optional implementation , the transmitter 1403 is 5 and Nt is an even number . The third channel information is 
configured to send a reference signal to a first device . The used to indicate X. The fourth channel information is used 
receiver 1401 is configured to receive first channel infor to indicate e and ekr_13 and the fifth channel mation and second channel information from the first information is used to indicate Pos One device , where the first channel information and the second For another optional implementation of the apparatus , channel information are used to indicate a precoding matrix , and the precoding matrix is obtained by the first device 10 refer to the foregoing implementation in which the second device 102 receives the third channel information , the fourth based on the received reference signal . Precision of the first channel information , and the fifth channel information . The channel information is higher than precision of the second 
channel information . The first channel information includes receiver 1401 may be configured to implement receiving 
phase information of each element in the precoding matrix , operations of the second device 102 , for example , receiving 
and the second channel information includes amplitude 15 channel information , data , and other control information . 
information of each element in the precoding matrix . The The processor 1402 may be configured to implement pro 
processor 1402 is configured to determine the precoding cessing operations of the second device 102 , for example , 
matrix based on the first channel information and the second generating the precoding matrix based on the channel infor 
channel information . The transmitter 1403 is further con mation , and determining a data sending manner based on the 
figured to send data to the first device based on the precoding 20 generated precoding matrix . The transmitter 1403 may be 
matrix determined by the processor 1402 . configured to implement sending operations of the second 

For another optional implementation of the apparatus , device 102 , for example , sending the reference signal , data , 
refer to the foregoing implementation in which the second and control information . 
device 102 receives the first channel information and the To sum up , the embodiments of this application provide 
second channel information . The receiver 1401 may be 25 the channel information transmission apparatus and method , 
configured to implement receiving operations of the second and the system . When information , in channel information , 
device 102 , for example , receiving channel information , that is relatively crucial for restoring a channel matrix and 
data , and other control information . The processor 1402 may that requires high precision is fed back , relatively high 
be configured to implement processing operations of the feedback precision is used . Information that is not as crucial 
second device 102 , for example , generating the precoding 30 for restoring the channel matrix and that does not require 
matrix based on the channel information , and determining a high precision is fed back with relatively low feedback 
data sending manner based on the generated precoding precision . This effectively reduces system overheads and 
matrix . The transmitter 1403 may be configured to imple improves system performance while ensuring channel infor 
ment sending operations of the second device 102 , for mation precision . 
example , sending the reference signal , data , and control 35 Persons skilled in the art should understand that the 
information . embodiments of this application may be provided as a 

In a second optional implementation , the transmitter 1403 method , a system , or a computer program product . There 
is configured to send a reference signal to a first device . The fore , this application may use a form of hardware only 
receiver 1401 is configured to receive third channel infor embodiments , software only embodiments , or embodiments 
mation , fourth channel information , and fifth channel infor- 40 with a combination of software and hardware . Moreover , 
mation from the first device , where precision of the third this application may use a form of a computer program 
channel information is lower than precision of the fifth product that is implemented on one or more computer 
channel information . The processor 1402 is configured to usable storage media ( including but not limited to a disk 
determine a precoding matrix W based on the third channel memory , a CD - ROM , an optical memory , and the like ) that 
information , the fourth channel information , and the fifth 45 include computer usable program code . 
channel information . The transmitter 1403 is configured to This application is described with reference to the flow 
send data to the first device based on the precoding matrix charts and / or block diagrams of the method , the device 
W determined by the processor 1402. The precoding matrix ( system ) , and the computer program product according to 
W is obtained by the first device based on the received the embodiments of this application . It should be understood 
reference signal ; W is an Nt - row R - column matrix , and 50 that computer program instructions may be used to imple 

ment each process and / or each block in the flowcharts and / or 
the block diagrams , and a combination of a process and / or 
a block in the flowcharts and / or the block diagrams . These x W2 ; computer program instructions may be provided for a gen 

55 eral - purpose computer , a dedicated computer , an embedded 
processor , or a processor of another programmable data X is an Nt / 2 - row M - column matrix , and X = [ bo , bi , processing device to generate a machine , so that the instruc bm - 1 ] ; b ; is a column vector whose dimensionality is Nt / 2 , tions executed by a computer or a processor of another and OsisM - 1 ; Nt is a quantity of antenna ports for sending programmable data processing device generate an apparatus 

the reference signal by the second device ; W , is a 2M - row 60 for implementing a specified function in one or more pro R - column matrix , and cesses in the flowcharts and / or in one or more blocks in the 
block diagrams . 

These computer program instructions may be stored in a 
W2 = computer readable memory that can instruct the computer or 

Poeko Oieki 65 another programmable data processing device to work in a 
specific manner , so that the instructions stored in the com 
puter readable memory generate an artifact that includes an 

X 
W = 
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instruction apparatus . The instruction apparatus implements is a length of the column vector , each of the L - 2 
a specified function in one or more processes in the flow pieces relative first channel sub - information corre 
charts and / or in one or more blocks in the block diagrams . sponds to an element in the column vector whose 

These computer program instructions may also be loaded phase is non - zero other than the reference element , 
onto a computer or another programmable data processing 5 and each of the L - 2 pieces relative first channel 
device , so that a series of operations and steps are performed sub - information indicates a deviation between a 
on the computer or the another programmable device , phase of the element corresponding to a respective 
thereby generating computer - implemented processing . piece of the first channel sub - information and the 
Therefore , the instructions executed on the computer or the phase of the reference element ; and 
another programmable device provide steps for implement- 10 wherein the basic first channel sub - information is unquan 
ing a specified function in one or more processes in the tized , and the L - 2 pieces of relative first channel 
flowcharts and / or in one or more blocks in the block sub - information is quantized . 
diagrams . 2. The first device according to claim 1 , wherein the 

Although some embodiments of this application have instructions comprise further instructions to : 
been described , persons skilled in the art can make changes 15 generate the first channel information as unquantized ; and 
and modifications to these embodiments once they learn the generate the second channel information as quantized . 
basic inventive concept . Therefore , the following claims are 3. The first device according to claim 1 , wherein the 
intended to be construed as to cover the preferred embodi instructions comprise further instructions to : 
ments and all changes and modifications falling within the generate the first channel information as quantized ; and 
scope of this application . generate the second channel information as quantized , 

Obviously , persons skilled in the art can make various wherein a quantity of quantization bits of the first 
modifications and variations to the embodiments of this channel information is greater than a quantity of quan 
application without departing from the spirit and scope of tization bits of the second channel information . 
the embodiments of this application . This application is 4. The first device of claim 1 , wherein the first frequency 
intended to cover these modifications and variations pro- 25 band is a subband of the second frequency band . 
vided that they fall within the scope of protection defined by 5. A second device , comprising : 
the following claims and their equivalent technologies . a transmitter configured to send a reference signal to a first 
What is claimed is : device ; 
1. A first device , comprising : a receiver configured to receive first channel information 
a receiver configured to receive a reference signal from a 30 and second channel information from the first device , 

second device ; wherein the first channel information and the second 
a processor ; channel information indicates a precoding matrix , and 
a non - transitory computer - readable storage medium the precoding matrix is obtained by the first device in 

ing a program to be executed by the processor , the accordance with the reference signal , wherein the first 
program including instructions for : channel information more precise than the second 
obtaining a precoding matrix in accordance with the channel information , the first channel information com 

reference signal ; and prises phase information of each element in the pre 
generating first channel information and second chan coding matrix , and the second channel information 

nel information corresponding to the precoding comprises amplitude information of each element in the 
matrix ; and precoding matrix ; 

a transmitter configured to send the first channel infor a processor ; and 
mation and the second channel information to the a non - transitory computer - readable storage medium stor 
second device , wherein : ing a program to be executed by the processor , the 
the first channel information corresponds to a first program including instructions for determining the 

frequency band , the second channel information 45 precoding matrix in accordance with the first channel 
corresponds to a second frequency band , and the information and the second channel information , 
second frequency band is wider than the first fre wherein the transmitter is further configured to send 
quency band such that the first channel information data to the first device in accordance with the precoding 
is more precise than the second channel information ; matrix ; 

the first channel information comprises phase informa- 50 wherein the first channel information comprises K groups 
tion of each element in the precoding matrix ; and of first channel sub - information , wherein K is a posi 

the second channel information comprises amplitude tive integer and is equal to a quantity of column vectors 
information of each element in the precoding matrix ; comprised in the precoding matrix ; 

wherein the instructions comprise further instructions to wherein each column vector corresponds to one group of 
generate the first channel information to comprise K 55 first channel sub - information ; 
groups of first channel sub - information ; wherein the first channel sub - information comprises : 

wherein K is a positive integer and is equal to a quantity basic first channel sub - information , wherein the basic 
of column vectors comprised in the precoding matrix ; first channel sub - information is phase information of 

wherein each column vector corresponds to one group of a reference element in a column vector correspond 
first channel sub - information ; ing to the first channel sub - information , and a phase 

wherein the first channel sub - information comprises : of the reference element is non - zero ; and 
basic first channel sub - information , wherein the basic L - 2 pieces of relative first channel sub - information , 

first channel sub - information is phase information of wherein L is a length of the column vector , each of 
a reference element in a column vector correspond the L - 2 pieces of relative first channel sub - informa 
ing to the first channel sub - information , and a phase 65 tion corresponds to an element in the column vector 
of the reference element is non - zero ; and L - 2 pieces whose phase is non - zero other than the reference 
of relative first channel sub - information , wherein L element , and each of the L - 2 pieces of relative first 
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channel sub - information indicates deviation 9. The method according to claim 8 , wherein : 
between a phase of the element corresponding to a the first channel information is unquantized ; and 
respective piece of the first channel sub - information the second channel information is quantized . 
and the phase of the reference element ; and 10. The method according to claim 8 , wherein : 

wherein the basic first channel sub - information is both the first channel information and the second channel unquan information are quantized ; and tized , and the L - 2 pieces of relative first channel 
sub - information is quantized . a quantity of quantization bits of the first channel infor 

mation is greater than a quantity of quantization bits of 
6. The second device according to claim 5 , wherein the the second channel information . 

receiver is further configured to : 11. A method , comprising : 
receive the first channel information as unquantized ; and sending , by a second device , a reference signal to a first 
receive the second channel information as quantized . device ; 
7. The second device according to claim 5 , wherein the receiving , by the second device , first channel information 

receiver is further configured to : and second channel information from the first device , 
receive the first channel information as quantized and wherein the first channel information and the second 
receive the second channel information as quantized , channel information indicate a precoding matrix , and 

wherein a quantity of quantization bits of the first the precoding matrix is obtained by the first device in 
channel information is greater than a quantity of quan accordance with the reference signal , wherein the first 

channel information corresponds to a first frequency tization bits of the second channel information . 
8. A method , comprising : band , the second channel information corresponds to a 
receiving , by a first device , a reference signal from a second frequency band , the second frequency band is 

second device ; wider than the first frequency band such that the first 
obtaining , by the first device , a precoding matrix in channel information is more precise than the second 

accordance with the reference signal ; channel information , the first channel information com 
generating , by the first device , first channel information prises phase information of each element in the pre 

and second channel information corresponding to the coding matrix , and the second channel information 
precoding matrix ; and comprises amplitude information of each element in the 

sending , by the first device , the first channel information precoding matrix ; 
and the second channel information to the second determining , by the second device , the precoding matrix 

in accordance with the first channel information and the device , wherein : 
the first channel information corresponds to a first second channel information ; and 

frequency band , the second channel information sending , by the second device , data to the first device in 
corresponds to a second frequency band , and the accordance with the precoding matrix ; 

wherein the first channel information comprises K groups second frequency band is wider than the first fre of first channel sub - information ; quency band such that the first channel information 
is more precise than the second channel information ; wherein K is a positive integer and is equal to a quantity 

the first channel information comprises phase informa of column vectors comprised in the precoding matrix ; 
tion of each element in the precoding matrix ; wherein each column vector corresponds to one group of 

the second channel information comprises amplitude first channel sub - information ; 
information of each element in the precoding matrix ; wherein the first channel sub - information comprises : 

the first channel information comprises K basic first channel sub - information , wherein the basic 
first channel sub - information , wherein K is a positive first channel sub - information is phase information of 

a reference element in a column vector correspond integer and is equal to a quantity of column vectors 
comprised in the precoding matrix ; ing to the first channel sub - information , and a phase 

each column vector corresponds to one group of first of the reference element is non - zero ; and L - 2 pieces 
channel sub - information ; of relative first channel sub - information , wherein L 

the first channel sub - information comprises : is a length of the column vector , each of the L - 2 
basic first channel sub - information , wherein the pieces of relative first channel sub - information cor 

basic first channel sub - information is phase infor responds to an element in the column vector whose 
mation of a reference element in a column vector phase is non - zero other than the reference element , 
corresponding to the first channel sub - informa and each of the L - 2 pieces of relative first channel 

sub - information indicates a deviation between a tion , and a phase of the reference element is phase of the element corresponding to a respective non - zero ; and 
L - 2 pieces of relative first channel sub - information , piece of the first channel sub - information and the 

wherein L is a length of the column vector , each of phase of the reference element ; and 
wherein the basic first channel sub - information is unquan the L - 2 pieces of relative first channel sub - infor 

mation corresponds to an element in the column tized , and the L - 2 pieces of relative first channel 
sub - information is quantized . vector whose phase is non - zero other than the 

reference element , and each of the L - 2 pieces of 12. The method according to claim 11 , wherein the first 
relative first channel sub - information indicates a channel information is unquantized , and the second channel 

60 information is quantized . deviation between a phase of the element corre 
sponding to a respective piece of the first channel 13. The method according to claim 11 , wherein both the 

first channel information and the second channel informa sub - information and the phase of the reference 
element ; and tion are quantized , and a quantity of quantization bits of the 

the basic first channel sub - information is unquantized , first channel information is greater than a quantity of quan 
and the L - 2 pieces of relative first channel sub - 65 tization bits of the second channel information . 
information is quantized . 
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