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ABSTRACT

A channel information sending method, a data sending method, and a device are provided, to
improve feedback precision of a precoding matrix. A first device includes: a receiving module
(1301), configured to receive a reference signal; a processing module (1302), configured to measure
the reference signal to obtain first channel information and second channel information; and a
sending module (1303), configured to send the first channel information and the second channel
information, where the first channel information includes identification information of M first
vectors, M is an integer not less than 2, the second channel information includes information about
a weighted combination factor used for performing weighted combination on N first vectors in the
M first vectors, N is a positive integer not greater than M, and the first channel information and the
second channel information are used to constitute a precoding matrix. When generating the
precoding matrix, the second device may perform weighted combination on the M first vectors
based on the weighted combination factor indicated by the received second channel information,
instead of selecting only one eigenvector from a plurality of eigenvectors, so that the generated

precoding matrix is more precise.
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CHANNEL INFORMATION SENDING METHOD, DATA SENDING
METHOD, AND DEVICE

TECHNICAL FIELD

[0001] The present invention relates to the field of wireless commumications technologies, and

in particular, to a channel information sending method, a data sending method, and a device.

BACKGROUND

[0002] Currently, in a Long Term Evolution (Long Term Evolution, LTE) frequency division
duplex (Frequency Division Duplexing, FDD) system, user equipment (User Equipment, UE)
performs channel estimation based on a reference signal sent by a base station, then determines
channel state information, and feeds back the channel state information. The channel state
imformation includes a rank indicator (Rank Indicator, RI), a precoding matrix index (Precoding
Matrix Indicator, PMI), and a channel quality indicator (Channel Quality Indicator, CQI).

[0003] The PMI is an index of a precoding matrix. The UE feeds back the PMI to the base
station, and the base station determines the corresponding precoding matrix based on the received
PMI, and performs precoding processing based on the determined precoding matrix, to improve
downlink communication quality.

[0004] Currently, a manner of feeding back the PMI in the LTE FDD system is feeding back a
precoding matrix W based on a dual-stage codebook structure:

W =W, xW, Formula 1
where
W by b -+ b,, 0 0 - 0 }
0 0 « 0 b b - b,
[0005]  Herein, b,, b,,..., b, , arevectors included in a code word W, corresponding to the
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precoding matrix W, and may be DFT vectors, where M is an integer not less than 2. A vector bisa
column vector whose length is a quantity of transmit antenna ports of the base station. A value of M
may be a preset value or may be a value preconfigured by the base station.

[0007] When a channel matrix rank is equal to 1, there is:

€
W2 = Formula 2
¢&é%
[0008] When a channel matrix rank is equal to 2, there is:
e, e
W, = Formula 3
q%ek_'¢%q

|0009] Herein, W, indicates a set including M vectors, and W, includes column selection
information and co-phase (co-phase) information.

[0010]  Column selection informatione, is an M x 1 unit vector, only a value of a k" element is 1,
and values of all other elements are 0. A case of ¢, is similar to that of e,.

[0011] Co-phase information ¢, is a phase difference between two polarization directions of
transmit antennas of a second device 102, and a value is any number in a range from 0 to27 .

[0012] In the current dual-stage codebook structure, W, can only be used to select one vector

from the M vectors: b,, b, ..., and b,,_,. Consequently, feedback of the precoding matrix W is

not sufficiently precise.

SUMMARY

[0013] In view of this, a channel information sending method, a data sending method, and a
device are provided, to improve feedback precision of channel information related to a precoding
matrix, and further improve downlink adaptation performance.
[0014] According to a first aspect, an embodiment of the present invention provides a channel
information sending method, including:

sending, by a second device, a reference signal to a first device, where the reference
signal is sent on S antenna ports, the S antenna ports belong to H reference signal resource port
groups, and H is an integer greater than or equal to 1; after receiving the reference signal, measuring,
by the first device, the received reference signal, and obtaining and sending first channel
information and second channel information to the second device; and generating, by the second

device, a precoding matrix based on the received first channel information and the received second

2
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channel information, and sending data to the first device based on the generated precoding matrix.
[0015]  The first channel information includes identification information of M first vectors,
where M is an integer not less than 2. The second channel information includes information about a
weighted combination factor used for performing weighted combination on N first vectors in the M
first vectors, where N is a positive integer not greater than M. The weighted combination factor
includes a first factor and/or a second factor. The first factor is an amplitude factor, and the second
factor is a phase factor or a time delay factor.

[0016] A dimension of the first vector is a quantity of antenna ports in each reference signal
resource port group, or a dimension of the first vector is half of a quantity of antenna ports in each
reference signal resource port group.

[0017] The first device performs channel estimation based on the received reference signal, and
feeds back, to the second device, the second channel information of the weighted combination
factor used for performing weighted combination on the M first vectors. In this way, when
generating the precoding matrix, the second device may perform weighted combination on the M
first vectors based on the weighted combination factor indicated by the received second channel
information, instead of selecting only one eigenvector from a plurality of eigenvectors, so that the
generated precoding matrix is more precise, thereby improving a link adaptation capability of the
second device for sending data, and improving system performance.

[0018] Optionally, the weighted combination factor includes an element 0, so that the N first
vectors are selected.

[0019]  Optionally, the first device further measures the reference signal to obtain third channel
information, and sends the third channel information to the seccond device.

[0020] The third channel information is used to indicate a phase difference between two groups
of antenna ports for the reference signal, and the second device generates the precoding matrix
based on the first channel information, the second channel information, and the third channel
information.

[0021] Optionally, the first device further measures the reference signal to obtain fourth channel
information, and sends the fourth channel information to the second device.

[0022]  The fourth channel information includes selection information used to select the N first
vectors from the M first vectors.

[0023]  The second device generates the precoding matrix based on the first channel information,
the second channel information, and the fourth channel information. Optionally, the second device
may generate the precoding matrix based on the third channel information. The second channel

information includes only the information about the weighted combination factor used for
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performing weighted combination on the N first vectors indicated by the fourth channel
information.

[0024]  The first device feeds back the fourth channel information, so that the N first vectors can
be selected, and accordingly an information feedback amount of the second channel information is
reduced.

[0025]  Optionally, the first device further measures the reference signal to obtain seventh
channel information, and sends the seventh channel information to the second device. The seventh
channel information includes identification information used to select Y reference signal resource
port groups from the H reference signal resource port groups. The second device generates the
precoding matrix based on the first channel information, the second channel information, and the
seventh channel information. Optionally, the second device may generate the precoding matrix
based on the third channel information and/or the fourth channel information.

[0026] Optionally, the seventh channel information is not fed back in a same subframe as other
channel information.

[0027] Optionally, the first channel information includes a group number, in K vector groups, of
each of X vector groups including the M first vectors, and all first vectors in the K vector groups
constitute a universal set of the first vectors, where K is a positive integer, and X is a positive
integer not greater than K.

[0028] Optionally, the M first vectors are obtained by performing measurement based on the Y
reference signal resource port groups selected from the H reference signal resource port groups,
where Y is a positive integer.

[0029] Optionally, the M first vectors correspond to the X vector groups, each vector group
corresponds to one of the Y reference signal resource port groups, and X=Y. Alternatively, the M
first vectors correspond to the X vector groups, at least two vector groups correspond to one of the
Y reference signal resource port groups, and X>Y.

[0030] The M first vectors are grouped, so that a plurality of strong beam groups may be
selected, the generated precoding matrix can better adapt to an actual channel condition, and link
adaptation performance is improved.

[0031] Optionally, the first device sends, to the second device, information used to indicate a
value of X. Alternatively, the first device receives, from the second device, information used to
indicate a value of X.

[0032] Optionally, different vector groups in the K vector groups include or do not include a
same first vector.

[0033]  Different vector groups in the K vector groups include a same quantity of first vectors or
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different quantities of first vectors.
[0034] Optionally, different vector groups in the X vector groups correspond to the same second
channel information, and for the different vector groups, the first device feeds back only one same
piece of second channel information; or

different vector groups correspond to different second channel information, and for the
different vector groups, the first device separately feeds back the second channel information.
[0035]  Optionally, each piece of channel information may be fed back in a flexible feedback
manner, to improve channel information feedback precision, and reduce an information feedback
amount as much as possible.
[0036]  For example, a feedback manner of the first channel information is wideband based
feedback, and a feedback manner of the second channel information is subband based feedback.
Alternatively, both a feedback manner of the first channel information and a feedback manner of the
second channel information are subband based feedback, and feedback bandwidth for the first
channel information is greater than feedback bandwidth for the second channel information.
[0037] A feedback period of the first channel information is longer than a feedback period of
the second channel information.
[0038] For another example, a feedback manner of the first channel information is wideband
based feedback, and a feedback manner of the second channel information and a feedback manner
of the third channel information are subband based feedback. Alternatively, a feedback manner of
the first channel information, a feedback manner of the second channel information, and a feedback
manner of the third channel information are all subband based feedback, and feedback bandwidth
for the first channel information is greater than feedback bandwidth for the second channel
information and feedback bandwidth for the third channel information.
[0039] A feedback period of the first channel information is longer than a feedback period of
the second channel information and a feedback period of the third channel information.
[0040] For another example, a feedback manner of the first channel information and a feedback
manner of the second channel information are wideband based feedback, and a feedback manner of
the third channel information is subband based feedback. Alternatively, both feedback bandwidth
for- the first channel information and feedback bandwidth for the second channel information are
greater than feedback bandwidth for the third channel information.
[0041] A feedback manner of the first channel information and a feedback manner of the second
channel information are long-term feedback, and a feedback manner of the third channel
information is short-term feedback.

[0042]  Alternatively, both a feedback period of the first channel information and a feedback
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period of the second channel information are longer than a feedback period of the third channel
information.

[0043] For another example, a feedback manner of the first channel information is wideband
based feedback, and a feedback manner of the second channel information, a feedback manner of
the third channel information, and a feedback manner of the fourth channel information are all
subband based feedback. Alternatively, feedback bandwidth for the first channel information is
greater than feedback bandwidth for the second channel information, feedback bandwidth for the
third channel information, and feedback bandwidth for the fourth channel information.

[0044] A feedback period of the first channel information is longer than a feedback period of
the second channel information, a feedback period of the third channel information, and a feedback
period of the fourth channel information.

[0045] Optionally, both a feedback manner of the first channel information and a feedback
manner of the second channel information are wideband based feedback, and both a feedback
manner of the third channel information and a feedback manner of the fourth channel information
are subband based feedback. Alternatively, feedback bandwidth for the first channel information
and feedback bandwidth for the second channel information are greater than feedback bandwidth
for the third channel information and feedback bandwidth for the fourth channel information.

[0046] A feedback period of the first channel information and a feedback period of the second
channel information are longer than a feedback period of the third channel information and a
feedback period of the fourth channel information.

[0047]  Optionally, a feedback manner of the first channel information, a feedback manner of the
second channel information, and a feedback manner of the fourth channel information are all
wideband based feedback, and a feedback manner of the third channel information is subband based
feedback. Alternatively, feedback bandwidth for the first channel information, feedback bandwidth
for the second channel information, and feedback bandwidth for the fourth channel information are
greater than feedback bandwidth for the third channel information.

[0048] A feedback period of the first channel information, a feedback period of the second
channel information, and a feedback périod of the fourth channel information are longer than a
feedback period of the third channel information.

[0049] Optionally, both a feedback manner of the first channel information and a feedback
manner of the fourth channel information are wideband based feedback, and both a feedback
manner of the second channel information and a feedback manner of the third channel information
are subband based feedback. Alternatively, feedback bandwidth for the first channel information
and feedback bandwidth for the fourth channel information are greater than feedback bandwidth for
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the second channel information and feedback bandwidth for the third channel information.
[0050] A feedback period of the first channel information and a feedback period of the fourth
channel information are longer than a feedback period of the second channel information and a
feedback period of the third channel information.
[0051] Optionally, the first device measures the reference signal to obtain fifth channel
information and sixth channel information, and the first device sends the fifth channel information
and the sixth channel information to the second device.
[0052]  The fifth channel information includes information used to indicate an amount of
spatially multiplexed data from the second device to the first device, and the sixth channel
information includes information used to indicate channel quality of a channel from the second
device to the first device.
[0053]  The second device further generates the precoding matrix based on the fifth channel
information and the sixth channel information.
[0054]  The first channel information and the fifth channel information are fed back in a first
subframe by using a first period, and the second channel information and the sixth channel
information are fed back in a second subframe by using a second period, where the first period is
not less than the second period; or

the first channel information and the fifth channel information are fed back in a first
subframe by using a first period, the second channel information is fed back in a second subframe
by using a second period, and the sixth channel information is fed back in a third subframe by using
a third period, where the first period is not less than the second period, and the second period is not
less than the third period; or

the first channel information and the fifth channel information are fed back in a first
subframe by using a first period, the second channel information is fed back in a second subframe
by using a second period, and the sixth channel information is fed back in a third subframe by using
a third period, where the first period is not less than the second period, and the second period is not
less than the third period; or

the fifth channel information is fed back in a first subframe by using a first period, the
first channel information is fed back in a second subframe by using a second period, the second
channel information is fed back in a third subframe by using a third period, and the sixth channel
information is fed back in a fourth subframe by using a fourth period, where the first period is not
less than the second period, the second period is not less than the third period, and the third period
is not less than the fourth period.

[0055]  Alternatively, when the third channel information is fed back,
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the first channel information and the fifth channel information are fed back in a first
subframe by using a first period, the second channel information and the third channel information
are fed back in a second subframe by using a second period, and the sixth channel information is
fed back in a third subframe by using a third period, where the first period is not less than the
second period, and the second period is not less than the third period; or

the first channel information and the fifth channel information are fed back in a first
subframe by using a first period, and the second channel information, the third channel information,
and the sixth channel information are fed back in a second subframe by using a second period,
where the first period is not less than the second period; or

the first channel information, the second channel information, and the fifth channel
information are fed back in a first subframe by using a first period, and the third channel
information and the sixth channel information are fed back in a second subframe by using a second
period, where the first period is not less than the second period; or

the first channel information and the fifth channel information are fed back in a first
subframe by using a first period, the second channel information is fed back in a second subframe
by using a second period, and the third channel information and the sixth channel information are
fed back in a third subframe by using a third period, where the first period is not less than the
second period, and the second period is not less than the third period; or

the first channel information and the fifth channel information are fed back in a first
subframe by using a first period, the second channel information is fed back in a second subframe
by using a second period, the third channel information is fed back in a third subframe by using a
third period, and the sixth channel information is fed back in a fourth subframe by using a fourth
period, where the first period is not less than the second period, the second period is not less than
the third period, and the third period is not less than the fourth period; or

the fifth channel information is fed back in a first subframe by using a first period, the
first channel information is fed back in a second subframe by using a second period, the second
channel information is fed back in a third subframe by using a third period, the third channel
information is fed back in a fourth subframe by using a fourth period, and the sixth channel
information is fed back in a fifth subframe by using a fifth period, where the first period is not less
than the second period, the second period is not less than the third period, the third period is not less
than the fourth period, and the fourth period is not less than the fifth period.
[0056]  Alternatively, when the fourth channel information is fed back,

the first channel information, the fourth channel information, and the fifth channel

information are fed back in a first subframe by using a first period, the second channel information
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and the third channel information are fed back in a second subframe by using a second period, and
the sixth channel information is fed back in a third subframe by using a third period, where the first
period is not less than the second period, and the second period is not less than the third period; or

the first channel information, the fourth channel information, and the fifth channel
information are fed back in a first subframe by using a first period, and the second channel
information, the third channel information, and the sixth channel information are fed back in a
second subframe by using a second period, where the first period is not less than the second period;
or

the fifth channel information is fed back in a first subframe by using a first period, the
first channel information and the fourth channel information are fed back in a second subframe by
using a second period, the second channel information and the third channel information are fed
back in a third subframe by using a third period, and the sixth channel information is fed back in a
fourth subframe by using a fourth period, where the first period is not less than the second period,
the second period is not less than the third period, and the third period is not less than the fourth
period; or

the fifth channel information is fed back in a first subframe by using a first period, the
first channel information and the fourth channel information are fed back in a second subframe by
using a second period, and the second channel information, the third channel information, and the
sixth channel information are fed back in a third subframe by using a third period, where the first
period is not less than the second period, and the second period is not less than the third period; or

the fifth channel information, the first channel information, the second channel
information, and the fourth channel information are fed back in a first subframe by using a first
period, and the third channel information and the sixth channel information are fed back in a second
subframe by using a second period, where the first period is not less than the second period; or

the fifth channel information, the first channel information, and the fourth channel
information are fed back in a first subframe by using a first period, the second channel information
is fed back in a second subframe by using a second period, and the third channel information and
the sixth channel information are fed back in a third subframe by using a third period, where the
first period is not less than the second period, and the second period is not less than the third period;
or

the fifth channel information, the first channel information, and the fourth channel
information are fed back in a first subframe by using a first period, the second channel information
is fed back in a second subframe by using a second period, the third channel information is fed back

in a third subframe by using a third period, and the sixth channel information is fed back in a fourth
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subframe by using a fourth period, where the first period is not less than the second period, the
second period is not less than the third period, and the third period is not less than the fourth period;
or

the fifth channel information is fed back in a first subframe by using a first period, the
first channel information and the fourth channel information are fed back in a second subframe by
using a second period, the second channel information is fed back in a third subframe by using a
third period, the third channel information is fed back in a fourth subframe by using a fourth period,
and the sixth channel information is fed back in a fifth subframe by using a fifth period, where the
first period is not less than the second period, the second period is not less than the third period, the
third period is not less than the fourth period, and the fourth period is not less than the fifth period.
[0057] Optionally, the first channel information, the second channel information, and the third

channel information constitute, in the following manner, the precoding matrix whose rank is 1:

s il
lafL 0 B [ e : where

B. is the M first vectors; ¢, is the weighted combination factor, where ¢;, is used to

perform weighting on b,,, ¢, is used to perform weighting on b, and ¢y, is used to
perform weighting on 8,,,; m is an integer, and 0<m<M; ¢, is the phase difference that is
between the two groups of antenna ports for the reference signal and that is indicated by the third
channel information; and ||q” is a normalization factor.

[0058] Optionally, B; is a vector group whose group number is i in the K vector groups.

[0059] All the first vectors in the K vector groups constitute the universal set of the first vectors,
and K is a positive integer.

[0060] The first channel information includes information used to indicate i.
[0061]  Optionally, B;= I:B,.U L B L BiX-1:| , where the X vector groups
Bj0 L B,-x L Bix.1 are vector groups whose group numbers are sequentially i to i inthe

K vector groups, X is an integer, 0<x<X-1, and X is a positive integer.
[0062]  All the first vectors in the K vector groups constitute the universal set of the first vectors,

and K is a positive integer.

[0063] The first channel information includes information separately used to indicate i, to

X-1°

10
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[0064] Optionally, the first channel information, the second channel information, the third
channel information, and the fourth channel information constitute, in the following manner, the

precoding matrix whose rank is 1:

1{B Ole, Ae, 0 0 0 | c
W= ! e : where
lg[lo Bl O 0 0e, Ae, |oc ’

ck=[ck,0 Lec, L cky,\._l]r,and Bi:[b,,o b. L bi,.\/]-l:l;and

B. is the M first vectors; ¢, is the weighted combination factor used for performing

1

weighted combination on the N first vectors, where C,  is used to perform weighting on b, ,

Cim is used to perform weighting on bi.mm ,and €,y is used to perform weighting on

gy > T is an integer, and 0<m£M-1; ¢, is the phase difference that is between the two groups

of antenna ports for the reference signal and that is indicated by the third channel information; a

quantity of rows of emO ~ emv 1 is M, and the fourth channel information is information used

to indicate m, to m,_ ;and la| is a normalization factor.

[0065]  Optionally, the first device sends, to the second device, information used to indicate a
value of N. Alternatively, the first device receives, from the second device, information used to
indicate a value of N.

[0066]  Optionally, the fourth channel information is used to indicate

e, Le, 0 00

my

0 0 0 emo L em,vfl

[0067] Alternatively, the fourth channel information includes M bits. In the M bits, an 7, th bit
toan ™v-11" bit are 1, and remaining bits are 0.
[0068] Optionally, the first channel information, the second channel information, and the third

channel information constitute, in the following manner, the precoding matrix whose rank is 2:

1 { B-c, B c,
- nq” (DnBi G —¢v1Bj c

ck:[ck,o Cm L Ck,R-l]T7Bi:|:bi‘o b, L b,,R_J;

¢,=[c,0 e L ¢ B[l b, L bl

R and S are positive integers, R<M, S<M, and B; and B; jointly constitute the M first

w } ; where

y
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vectors; and

¢, and ¢, are weighted combination factors, where ¢, is used to perform weighting
on b, ¢ isused to perform weighting on b.n, ¢,z is used to perform weighting on b, 4.,
c,, isused to perform weightingon b,,, ¢,, is used to perform weighting on b,,,and ¢, 5, is
used to perform weighting on b, 5, ; m is an integer, and 0<m<R~1; n is an integer, and 0<n<S-1;
@, is the phase difference that is between the two groups of antenna ports for the reference signal
and that is indicated by the third channel information; and |g|| is a normalization factor.
[0069]  Optionally, B isthesameas B,,and c, isdifferent from ¢, ;or

B, is different from B, ,and ¢, isthe sameas c,;or

1

B, is different from B, and c, is different from ¢, ; or

i

B, isthe sameas B,,and ¢, isthesameas c,.

[0070]  Optionally, B,=[B, L BL B_].
[0071]  The X vector groups B, L B L B_  are vector groups whose group numbers are

sequentially i to i_ in the K vector groups, x is an integer, 0<x<X-1, and X is a positive
0 \ g p

X-1
integer.

[0072] All the first vectors in the K vector groups constitute the universal set of the first vectors,
and K is a positive integer.

[0073]  The first channel information includes information separately used to indicate i, to i,,.
[0074] B,-o corresponds to a first reference signal resource port group in the Y reference signal

resource port groups in an H reference signal resource port group, B, corresponds to an x"

reference signal resource port group in the Y reference signal resource port groups in the H

reference signal resource port group, and B, corresponds to an X reference signal resource port
group in the Y reference signal resource port groups in the H reference signal resource port group.
[0075] Optionally, the second channel information is a time delay factor.

[0076] A form that is of the precoding matrix including the first channel information and the

second channel information and that is in time domain is as follows:

N-1
W(r)= Z b, ,p,0(t —T,); where

m=0
7, is the time delay factor corresponding to an m™ vector in the N first vectors.

m
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[0077]  Optionally, B, is the M first vectors,and B=[b,, b, L B, ].
[0078] Each first vector in B, is a Kronecker product of a second vector in a second vector
group and a third vector in a third vector group: 5,2, ®d, . , where

b,, is the first vector, a,, is the second vector whose number is =, in the second

vector group whose number is p, and d,, is the third vector whose number is m, in the third
vector group whose number is t.

[0079]  The first channel information includes first subchannel information and second
subchannel information.

[0080]  The first subchannel information is used to indicate p, and the second subchannel
information is used to indicate t.

jartm) jzn——(Nr])%p*Sﬁ'"n) d
[0081] a =1 e @ L e © , where ~ is a quantity of

p.m

first-dimension antenna ports in an antenna array, ¢ is a factor used for oversampling DFT
vectors that constitute a code word set of first-dimension antennas, and s, is a positive integer.

o J2n0kesyemy) T
0082 d = 1 e NyO, A e N>, , Where N iS a uantit Of
2 q Yy

t,my

(1*Sy+my)

second-dimension antenna ports in the antenna array, @, is a factor used for oversampling DFT

vectors that constitute a code word set of second-dimension antennas, and S, is a positive integer.

[0083] Optionally, a quantity of second vector groups is greater than or equal to 2, and a
quantity of third vector groups is equal to 1; or

a quantity of third vector groups is greater than or equal to 2, and a quantity of second
vector groups is equal to 1; or

a quantity of third vector groups is equal to 1, and a quantity of second vector groups is
equal to 1.
[0084] Optionally, the second vector and the third vector are DFT vectors.
[0085] A quantity of vectors included in a universal set of second vectors and a quantity of
vectors included in a universal set of third vectors are mutually independently configured.
[0086]  Optionally, the second channel information includes third subchannel information, and
the third subchannel information is used to indicate the first factor.

[0087] The third subchannel information is not quantized.
13
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[0088]  Alternatively, first quantization is performed on the third subchannel information, and a
quantization order of the first quantization is not greater than a preset first-quantization order
threshold.

[0089] Optionally, the second channel information includes fourth subchannel information, and
the fourth subchannel information is used to indicate the second factor.

[0090] The fourth subchannel information is not quantized.

[0091]  Alternatively, second quantization is performed on the fourth subchannel information,
and a quantization order of the second quantization is not less than a preset second-quantization
order threshold.

[0092] According to a second aspect, an embodiment of the present invention provides a first
device, and the first device has a function of implementing behavior of the first device in the
foregoing method. The function may be implemented by using hardware, or may be implemented
by executing corresponding software by hardware. The hardware or the software includes one or
more modules corresponding to the function.

[0093] In an optional implementation solution, a structure of the first device includes a
processor, a transmitter, and a receiver. The processor is configured to support the first device in
performing the corresponding function in the foregoing method. The transmitter is configured to
support the first device in sending a message or data in the foregoing method to a second device.
The receiver is configured to receive the message or the data in the foregoing method from the
second device. The first device may further include a memory, and the memory is configured to
couple to the processor, and stores a program instruction and data that are necessary for the first
device.

[0094] According to a third aspect, an embodiment of the present invention provides a second
device, and the second device has a function of implementing behavior of the second device in the
foregoing method. The function may be implemented by using hardware, or may be implemented
by executing corresponding software by hardware. The hardware or the software includes one or
more modules corresponding to the function.

[0095] In an optional implementation solution, a structure of the second device includes a
transmitter, a receiver, and a processor. The receiver is configured to support the second device in
receiving a message or data in the foregoing method from a first device. The transmitter is
configured to support the second device in sending the message or the data in the foregoing method
to the first device. The processor is configured to support the second device in performing the
corresponding function in the foregoing method. The second device may further include a memory,

and the memory is configured to couple to the processor, and stores a program instruction and data
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that are necessary for the second device.
[0096] According to a fourth aspect, an embodiment of the present invention provides a
wireless communications system, and the wireless communications system includes the first device
and the second device according to any one of the first aspect to the third aspect.
[0097)  According to a fifth aspect, an embodiment of the present invention provides a computer
storage medium. The computer storage medium is configured to store a computer software
instruction used by the first device according to any one of the first aspect to the fourth aspect, and
includes a program designed for executing the foregoing aspects.
[0098] According to a sixth aspect, an embodiment of the present invention provides a
computer storage medium. The computer storage medium is configured to store a computer
software instruction used by the second device according to any one of the first aspect to the fourth
aspect, and includes a program designed for executing the foregoing aspects.
[0099] According to a seventh aspect, an embodiment of the present invention provides a
channel information sending method, including:

sending, by a second device, a reference signal to a first device; receiving, by the first
device, the reference signal sent by the second device; after receiving the reference signal,
measuring, by the first device, the received reference signal, to obtain first channel information and
second channel information, and sending the first channel information and the second channel
information to the second device; and generating, by the second device, a precoding matrix based
on the received first channel information and the received second channel information, and sending
data to the first device based on the generated precoding matrix.
[0100]  The first channel information includes identification information of N antenna ports in
M antenna ports for the reference signal, where M is an integer not less than 2, and N is a positive
integer not greater than M. The second channel information includes information about a weighted
combination factor used for performing weighted combination on the N antenna ports. The
weighted combination factor includes a first factor and/or a second factor. The first factor is an
amplitude factor, and the second factor is a phase factor or a time delay factor.
[0101] The first device performs channel estimation based on the received reference signal, and
feeds back, to the second device, the second channel information of the weighted combination
factor used for performing weighted combination on the M antenna ports for the reference signal. In
this way, when generating the precoding matrix, the second device may perform weighted
combination on the M antenna ports based on the weighted combination factor indicated by the
received second channel information, so that a relatively precise precoding matrix can also be

generated, thereby also improving a link adaptation capability of the second device for sending data,
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and improving system performance.

[0102]  Optionally, the weighted combination factor includes an element 0, so that the N antenna
ports are selected.

[0103]  Optionally, the first device measures the reference signal to obtain third channel
information, and sends the third channel information to the second device. The third channel
information includes a phase difference between two groups of antenna ports obtained by grouping
the M antenna ports. The second device generates the precoding matrix based on the first channel
information, the second channel information, and the third channel information.

[0104] Optionally, each piece of channel information may be fed back in a flexible feedback
manner, to improve channel information feedback precision, and reduce an information feedback
amount as much as possible.

[0105] For example, a feedback manner of the first channel information is wideband based
feedback, and a feedback manner of the second channel information is subband based feedback.
Alternatively, both a feedback manner of the first channel information and a feedback manner of the
second channel information are subband based feedback, and feedback bandwidth for the first
channel information is greater than feedback bandwidth for the second channel information.

[0106] A feedback period of the first channel information is longer than a feedback period of
the second channel information.

[0107] For another example, a feedback manner of the first channel information is wideband
based feedback, and a feedback manner of the second channel information and a feedback manner
of the third channel information are subband based feedback. Alternatively, a feedback manner of
the first channel information, a feedback manner of the second channel information, and a feedback
manner of the third channel information are all subband based feedback, and feedback bandwidth
for the first channel information is greater than feedback bandwidth for the second channel
information and feedback bandwidth for the third channel information.

[0108] A feedback period of the first channel information is longer than a feedback period of
the second channel information and a feedback period of the third channel information.

[0109]  For another example, a feedback manner of the first channel information and a feedback
manner of the second channel information are wideband based feedback, and a feedback manner of
the third channel information is subband based feedback. Alternatively, both feedback bandwidth
for the first channel information and feedback bandwidth for the second channel information are
greater than feedback bandwidth for the third channel information.

[0110] A feedback manner of the first channel information and a feedback manner of the second

channel information are long-term feedback, and a feedback manner of the third channel
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information is short-term feedback. Alternatively, both a feedback period of the first channel
information and a feedback period of the second channel information are longer than a feedback
period of the third channel information.
[0111]  Optionally, the first device measures the reference signal to obtain fifth channel
information and sixth channel information, and the first device sends the fifth channel information
and the sixth channel information to the second device.
[0112]  The fifth channel information includes information used to indicate an amount of
spatially multiplexed data from the second device to the first device, and the sixth channel
information includes information used to indicate channel quality of a channel from the second
device to the first device.
[0113]  The second device further generates the precoding matrix based on the fifth channel
information and the sixth channel information.
[0114]  The first channel information and the fifth channel information are fed back in a first
subframe by using a first period, and the second channel information and the sixth channel
information are fed back in a second subframe by using a second period, where the first period is
not less than the second period; or

the first channel information and the fifth channel information are fed back in a first
subframe by using a first period, the second channel information is fed back in a second subframe
by using a second period, and the sixth channel information is fed back in a third subframe by using
a third period, where the first period is not less than the second period, and the second period is not
less than the third period; or

the first channel information and the fifth channel information are fed back in a first
subframe by using a first period, the second channel information is fed back in a second subframe
by using a second period, and the sixth channel information is fed back in a third subframe by using
a third period, where the first period is not less than the second period, and the second period is not
less than the third period; or

the fifth channel information is fed back in a first subframe by using a first period, the
first channel information is fed back in a second subframe by using a second period, the second
channel information is fed back in a third subframe by using a third period, and the sixth channel
information is fed back in a fourth subframe by using a fourth period, where the first period is not
less than the second period, the second period is not less than the third period, and the third period
is not less than the fourth period.
[0115] Alternatively, when the third channel information is fed back,

the first channel information and the fifth channel information are fed back in a first
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subframe by using a first period, the second channel information and the third channel information
are fed back in a second subframe by using a second period, and the sixth channel information is
fed back in a third subframe by using a third period, where the first period is not less than the
second period, and the second period is not less than the third period; or

the first channel information and the fifth channel information are fed back in a first
subframe by using a first period, and the second channel information, the third channel information,
and the sixth channel information are fed back in a second subframe by using a second period,
where the first period is not less than the second period; or

the first channel information, the second channel information, and the fifth channel
information are fed back in a first subframe by using a first period, and the third channel
information and the sixth channel information are fed back in a second subframe by using a second
period, where the first period is not less than the second period; or

the first channel information and the fifth channel information are fed back in a first
subframe by using a first period, the second channel information is fed back in a second subframe
by using a second period, and the third channel information and the sixth channel information are
fed back in a third subframe by using a third period, where the first period is not less than the
second period, and the second period is not less than the third period; or

the first channel information and the fifth channel information are fed back in a first
subframe by using a first period, the second channel information is fed back in a second subframe
by using a second period, the third channel information is fed back in a third subframe by using a
third period, and the sixth channel information is fed back in a fourth subframe by using a fourth
period, where the first period is not less than the second period, the second period is not less than
the third period, and the third period is not less than the fourth period; or

the fifth channel information is fed back in a first subframe by using a first period, the
first channel information is fed back in a second subframe by using a second period, the second
channel information is fed back in a third subframe by using a third period, the third channel
information is fed back in a fourth subframe by using a fourth period, and the sixth channel
information is fed back in a fifth subframe by using a fifth period, where the first period is not less
than the second period, the second period is not less than the third period, the third period is not less
than the fourth period, and the fourth period is not less than the fifth period.
[0116]  Optionally, the first channel information, the second channel information, and the third

channel information constitute, in the following manner, the precoding matrix whose rank is 1:

W——l— e, MNe, 0 00 ¢ | .
—”q” 0 00 e"‘o Ae”’zv—l P P
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c}(:[ck,o Le¢, L ck’N_l]’[,and B1=[b,.’0 b, L bi,M-l:l;and

€, Ae, 0 00

N-1

0 00e¢, Ag,

corresponds to the first channel information; ¢, isa

i

weighted combination factor used for performing weighted combination on the N/2 ports, where

C, o is used to perform weighting on an m,™ port and an (m, +N/2)" port, ¢, . is used to
perform weighting on an m ® port and an (m_ +N/2)™ port, and C; y_; is used to perform

weighting on an m ™ port and an ( my, +N/2)™ port; m is an integer, and 0<m<M-1; ¢, is the

N
phase difference that is between the two groups of antenna ports for the reference signal and that is
indicated by the third channel information; a quantity of rows of e, ~e¢, = isM;and Hq” is a

normalization factor.

[0117] Optionally, the first device sends, to the second device, information used to indicate a
value of N.

[0118] Alternatively, the first device receives, from the second device, information used to
indicate a value of N.

[0119]  Optionally,
e, Le, 0 00

1

0 0 e, L e,

the first channel information is used to indicate

[0120]  Alternatively, the first channel information includes M bits. In the M bits, an », " bit to

an . ™ bitare 1, and remaining bits are 0.

[0121] Optionally, the first channel information, the second channel information, and the third

channel information constitute, in the following manner, the precoding matrix whose rank is 2:
1| E ¢ E ¢

W=—o
lalL2.Ei-cc —9.E, ¢

; where

T
ck=[ck’o Le¢, L ck’m] ,Ei=[ei0 Le L e,.RJ;

T
c, :|:Cy,0 Le, L c},,s_J ,Ej=[ej0 Le L ejs_‘:l;
R and S are positive integers, R<M, and S<M; and

¢, and ¢, are weighted combination factors, where C, is used to perform
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weighting on an i,™ port and an (i, +N/2)®" port, ¢, is used to perform weighting on an i
port and an (i, +N/2)"" port, Cr g1 1s used to perform weighting on an iR_l % port and an
(1. *N2)" port, ¢,, is used to perform weighting ona J, " port and a (j, +N/2)" port, €, , is
used to perform weighting on a jn * port and a ( jn +N/2)* port, and €, 51 isusedto perform

weighting on a jg , ™ port and a (Jjs.,+N/2)™ port; m is an integer, and 0<m<R-1; n is an integer,
and 0<n<S-1; @, is the phase difference that is between the two groups of antenna ports for the

reference signal and that is indicated by the third channel information; and la| is a normalization
factor.

[0122] Optionally, E isthesameas E,, and ¢, is different from c¢,;or

1

E, isdifferent from E,, and ¢, isthesameas c,;or

i

E, is different from E,, and ¢, isdifferent from c,;or

E, isthesameas £, ,and ¢, isthesameas ¢,.
[0123] Optionally, the second channel information is a time delay factor.
[0124] A form that is of the precoding matrix including the first channel information and the

second channel information and that is in time domain is as follows:

N-1
W(r)=>Y & p,5(t—1,); where

m=0

t, is the time delay factor corresponding to an m™ vector in the N first vectors.

[0125]  Optionally, the second channel information includes first subchannel information, and
the first subchannel information is used to indicate the first factor.

[0126] The first subchannel information is not quantized.

[0127] Alternatively, first quantization is performed on the first subchannel information, and a
quantization order of the first quantization is not greater than a preset first-quantization order
threshold.

[0128] Optionally, the second channel information includes second subchannel information, and
the second subchannel information is used to indicate the second factor.

[0129]  The second subchannel information is not quantized.

[0130]  Alternatively, second quantization is performed on the second subchannel information,
and a quantization order of the second quantization is not less than a preset second-quantization

order threshold.
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[0131]  According to an eighth aspect, an embodiment of the present invention provides a first
device, and the first device has a function of implementing behavior of the first device in the
method provided in the seventh aspect. The function may be implemented by using hardware, or
may be implemented by executing corresponding software by hardware. The hardware or the
software includes one or more modules corresponding to the function.

[0132] In an optional implementation solution, a structure of the first device includes a
processor, a transmitter, and a receiver. The processor is configured to support the first device in
performing the corresponding function in the method provided in the seventh aspect. The
transmitter is configured to support the first device in sending a message or data in the foregoing
method to a second device. The receiver is configured to receive the message or the data in the
foregoing method from the second device. The first device may further include a memory, and the
memory is configured to couple to the processor, and stores a program instruction and data that are
necessary for the first device.

[0133]  According to a ninth aspect, an embodiment of the present invention provides a second
device, and the second device has a function of implementing behavior of the second device in the
method provided in the seventh aspect. The function may be implemented by using hardware, or
may be implemented by executing corresponding software by hardware. The hardware or the
software includes one or more modules corresponding to the function.

[0134] In an optional implementation solution, a structure of the second device includes a
transmitter, a receiver, and a processor. The receiver is configured to support the second device in |
receiving a message or data in the foregoing method from a first device. The transmitter is
configured to support the second device in sending the message or the data in the foregoing method
to the first device. The processor is configured to support the first device in performing the
corresponding function in the foregoing method. The second device may further include a memory,
and the memory is configured to couple to the processor, and stores a program instruction and data
that are necessary for the second device.

[0135] According to a tenth aspect, an embodiment of the present invention provides a wireless
communications system, and the wireless communications system includes the first device and the
second device according to any one of the seventh aspect to the ninth aspect.

[0136] According to an eleventh aspect, an embodiment of the present invention provides a
computer storage medium. The computer storage medium is configured to store a computer
software instruction used by the first device according to any one of the seventh aspect to the tenth
aspect, and includes a program designed for executing the foregoing aspects.

[0137]  According to a twelfth aspect, an embodiment of the present invention provides a
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computer storage medium. The computer storage medium is configured to store a computer
software instruction used by the second device according to any one of the seventh aspect to the

tenth aspect, and includes a program designed for executing the foregoing aspects.

BRIEF DESCRIPTION OF DRAWINGS

[0138] FIG. 1 is a schematic structural diagram of a wireless communications system according
to an embodiment of the present invention;

[0139]  FIG. 2 is a diagram of interaction between a first device and a second device according
to an embodiment of the present invention;

[0140]  FIG. 3 is a schematic diagram of beam directions;

[0141] FIG. 4 to FIG. 8 are schematic diagrams of a beam selection and weighted combination
process according to an embodiment of the present invention;

[0142]  FIG. 9 is a schematic diagram in which a system frequency band is divided into a
plurality of subbands;

[0143]  FIG. 10A and FIG. 10B are a schematic diagram of a channel information feedback
manner according to an embodiment of the present invention;

[0144] FIG. 11 is a schematic diagram of beams formed by antennas in one polarization
direction;

[0145] FIG. 12 is a schematic diagram of beams generated by a dual-polarized antenna through
precoding;

[0146]  FIG. 13 is a schematic structural diagram of a first device according to an embodiment of
the present invention; and

[0147] FIG. 14 is a schematic structural diagram of a second device according to an

embodiment of the present invention.

DESCRIPTION OF EMBODIMENTS

[0148] To make the objectives, technical solutions, and advantages of this application more
understandable, the following provides detailed descriptions. The detailed descriptions provide
various implementations of an apparatus and/or a method by using block diagrams, flowcharts,
and/or examples. These block diagrams, flowcharts, and/or examples include one or more functions
and/or operations. Persons skilled in the art may understand that each function and/or operation in
the block diagrams, the flowcharts, and/or the examples can be performed independently and/or
jointly by using various hardware, software, and firmware, or any combination of hardware,
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software, and firmware.

[0149] In the embodiments of the present invention, a second device sends a reference signal to
a first device. The first device performs channel estimation based on the received reference signal,
generates channel information, and feeds back the channel information to the second device. The
second device determines a precoding matrix based on the received channel information, and sends
data to the first device based on the determined precoding matrix.

[0150] In the embodiments of the present invention, solutions can be categorized into Solution 1
and Solution 2, based on different channel information fed back by the first device and different
manners of constituting the precoding matrix.

[0151] In Solution 1, reference signals sent by the second device are a reference signal on which
beamforming is not performed and a reference signal on which beamforming is performed. The
reference signal on which beamforming is not performed corresponds to H=1, and the reference
signal on which beamforming is performed corresponds to H>1. For H>1, different reference signal
resource port groups correspond to different beam directions, and antenna ports in one reference
signal resource port group correspond to a same beam direction. For example, there are H=4 groups,
and each group has eight antenna ports. A beam direction 1 is obtained by performing same
beamforming on all eight antenna ports in a first reference signal resource port group, a beam
direction 2 is obtained by performing same beamforming on all eight antenna ports in a second
reference signal resource port group, and so on. The first device performs channel estimation based
on the received reference signal, and feeds back, to the second device, second channel information
of a weighted combination factor used for performing weighted combination on M first vectors. The
M first vectors may be vectors included in a code word W; corresponding to the foregoing
precoding matrix W. In this way, when generating the precoding matrix, the second device may
perform weighted combination on the M first vectors based on the weighted combination factor
indicated by the received second channel information, instead of selecting only one vector from a
plurality of vectors, so that the generated precoding matrix is more precise, thereby improving a
link adaptation capability of the second device for sending data, and improving system
performance.

[0152]  In Solution 2, if the reference signal sent by the second device is a reference signal on
which beamforming is performed, the first device performs channel estimation based on the
received reference signal, and feeds back, to the second device, second channel information of a
weighted combination factor used for performing weighted combination on M antenna ports for the
reference signal. In this way, when generating the precoding matrix, the second device may perform

weighted combination on the M antenna ports based on the weighted combination factor indicated

23

CA 3023971 2019-01-31



10

15

20

25

30

by the received second channel information, so that a relatively precise precoding matrix can also
be generated, thereby also improving a link adaptation capability of the second device for sending
data, and improving system performance.

[0153]  The embodiments of the present invention are described below in detail with reference
to the accompanying drawings.

[0154]  First, composition of a wireless communications system to which both Solution 1 and
Solution 2 are applicable is described.

[0155] FIG. 1 is a schematic structural diagram of a wireless communications system according
to an embodiment of the present invention. As shown in FIG. 1, the wireless communications
system includes a first device 101 and a second device 102.

[0156] The second device 102 sends a reference signal to the first device 101. The first device
101 performs channel estimation based on the reference signal received from the second device 102,
and sends, to the second device 102, channel information used to indicate a channel estimation
result. The second device 102 sends data to the first device 101 based on the received channel
information.

[0157]  The foregoing process of interaction between the first device 101 and the second device
102 may be shown in FIG. 2.

[0158] The first device 101 may be a network device such as a base station, and the second
device 102 may be a terminal device. Alternatively, the first device 101 may be a terminal device,
and the second device 102 may be a network device. Alternatively, both the first device 101 and the
second device 102 are terminal devices. Alternatively, both the first device 101 and the second
device 102 are network devices.

[0159] Provided that the second device 102 sends a reference signal to the first device 101, and
that the first device 101 performs channel estimation based on the reference signal and feeds back
channel information, Solution 1 or Solution 2 provided in the embodiments of the present invention
may be used to report the channel information and send data, to obtain a more precise channel
estimation result and improve link adaptation performance.

[0160] In addition, regardless of a duplex manner used when the first device 101 and the second
device 102 communicate with each other, such as the foregoing FDD duplex manner or a time
division duplex (Time Division Duplexing, TDD) duplex manner, Solution 1 or Solution 2 provided
in the embodiments of the present invention may be used, to obtain a precise channel estimation
result and improve link adaptation performance.

[0161] A communications standard for communication between the first device 101 and the

second device 102 may include but is not limited to Global System for Mobile Communications
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(Global System for Mobile Communications, GSM), Code Division Multiple Access (Code
Division Multiple Access, CDMA) IS-95, Code Division Multiple Access (Code Division Multiple
Access, CDMA) 2000, Time Division-Synchronous Code Division Multiple Access (Time
Division-Synchronous Code Division Multiple Access, TD-SCDMA), Wideband Code Division
Multiple Access (Wideband Code Division Multiple Access, WCDMA), Time Division
Duplex-Long Term Evolution (Time Division Duplexing-Long Term Evolution, TDD LTE),
Frequency Division Duplex-Long Term Evolution (Frequency Division Duplexing-Long Term
Evolution, FDD LTE), Long Term Evolution-Advanced (Long Term Evolution-Advanced,
LTE-advanced), a personal handyphone system (Personal Handyphone System, PHS), Wireless
Fidelity (Wireless Fidelity, WiFi) regulated by the 802.11 series of protocols, Worldwide
Interoperability for Microwave Access (Worldwide Interoperability for Microwave Access,
WiMAX), and various evolved wireless communications systems in the future.

[0162]  The terminal device may be a wireless terminal. The wireless terminal may be a device
that provides voice and/or data connectivity for a user, a handheld device with a wireless connection
function, or another processing device connected to a wireless modem. The wireless terminal may
communicate with one or more core networks by using a radio access network (for example, RAN,
Radio Access Network). The wireless terminal may be a mobile terminal such as a mobile phone
(also referred to as a "cellular” phone) and a computer with a mobile terminal, for example, may be
a portable, pocket-sized, handheld, computer built-in, or in-vehicle mobile apparatus that exchanges
voice and/or data with the radio access network. For example, the wireless terminal may be a device
such as a personal communications service (PCS, Personal Communications Service) phone, a
cordless phone, a Session Initiation Protocol (SIP) phone, a wireless local loop (WLL, Wireless
Local Loop) station, or a personal digital assistant (PDA, Personal Digital Assistant). The wireless
terminal may also be referred to as a subscriber unit (Subscriber Unit), a subscriber station
(Subscriber Station), a mobile station (Mobile Station), a mobile (Mobile), a remote station (Remote
Station), an access point (Access Point), a remote terminal (Remote Terminal), an access terminal
(Access Terminal), a user terminal (User Terminal), a user agent (User Agent), a user device (User
Device), or user equipment (User Equipment).

[0163]  The network device may include a base station, or a radio resource management device
for controlling a base station, or may include a base station and a radio resource management device
for controlling the base station. The base station may be a macro base station or a micro base station,
such as a small cell (small cell) or a pico cell (pico cell). Alternatively, the base station may be a
home base station, such as a home NodeB (Home NodeB, HNB) or a home evolved NodeB (Home

eNodeB, HeNB). The base station may also include a relay node (relay) and the like.
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[0164] For example, in an LTE system such as TDD LTE, FDD LTE, or LTE-A, the network
device may be an evolved NodeB (evolved NodeB, eNodeB), and the terminal device may be UE.
In a TD-SCDMA system or a WCDMA system, the network device may include a NodeB (NodeB)
and/or a radio network controller (Radio Network Controller, RNC), and the terminal device may
be UE. In a GSM system, the network device may include a base transceiver station (Base
Transceiver Station, BTS) and/or a base station controller (Base Station Controller, BSC), and the
terminal device may be a mobile station (Mobile Station, MS). In a WiFi system, the network
device may include an access point (Access Point, AP) and/or an access controller (Access
Controller, AC), and the terminal device may be a station (Station, STA).

[0165] Solution 1 and Solution 2 are separately described below with reference to the wireless
communications system shown in FIG. 1.

[0166] Solution 1

[0167] In Solution 1, channel information sent by a first device 101 to a second device 102 is

shown in the following Table 1.

Table 1: Channel information in Solution 1

Channel information Meaning Description
First channel Identification information
information of M first vectors

Used for performing weighted combination
on N first vectors in the M first vectors, and

Second channel Weighted combination ~ |including a first factor and/or a second factor
information factor First factor: amplitude factor
Second factor: phase factor or time delay
factor
Third channel Phase difference between

two groups of antenna ports

information .
for a reference signal

Selection information used
to select N first vectors
from the M first vectors

Fourth channel
information

[0168] I. First vector and channel information

[0169]  The M first vectors are M first vectors in a universal set of first vectors. A value of M
may be preset, for example, may be predefined in a communications standard followed by both the
first device 101 and the second device 102 when the first device 101 and the second device 102

communicate with each other, or may be notified by the first device 101 to the second device 102
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before the first device 101 sends the first channel information to the second device 102, or may be
notified by the second device 102 to the first device 101 before the second device 102 sends the

reference signal.
[0170]  Herein, the universal set of first vectors is denoted as B = l:bo b L bL_l] ,

where L is a positive integer, and is a quantity of first vectors included in the universal set of first
vectors.
[0171] In the universal set of first vectors, each first vector may represent one direction of a

beam sent by the second device 102 to the first device 101.

[0172]  Referring to FIG. 3, it is assumed that L=12. In this case, B = [bo b L b, .

and vectors b, b L b, respectively represent 12 beam directions in FIG. 3.

[0173]  The first device 101 sends the first channel information to the second device 102 to
notify the second device 102 of a.beam direction from which the first device 101 expects to receive
the reference signal, and sends the second channel information to the second device 102 to notify
the second device 102 that a combined beam that the first device 101 expects to receive is a
weighted combination adjustment amount of amplitude and phase weighting of each corresponding
beam direction (each first vector) in the first channel information.

[0174] When determining the first channel information and the second channel information, the
first device 101 may measure the reference signal to obtain a channel estimation result; determine a
beam direction in which the second device 102 needs to send data when a maximum received signal
to noise ratio (Signal to Noise Ratio, SNR) can be reached or a capacity is maximized, and a
weighted combination adjustment amount of amplitude and phase weighting in each beam direction
in which the second device 102 needs to send data; and then notify the second device 102 by using

the first channel information and the second channel information.

0175 It is still assumed that L=12, and B={bh, b L b . If a dual stage
| o Dy 1 g

codebook structure W =W, xW, is used for a precoding matrix, M=4, and the first device 101

selects first four first vectors: b,, b, b,,and b, the precoding matrix W may be indicated as:

yoL[h B bob 00 0 0] ¢
“lqllo 0 0 0 B, B b, bl oc

ol

b, b b, b, 0 0 0 O ¢
W, = N ,and W, = .
0 0 0 0 b b b b ?,Cs

} Formula 4; where

[0176]  The first channel information is used to identify &,, b, b,,and b;.
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[0177] The second channel information is c,=p.*o, where

P € {Po,plapz’ps} ={-,

17 .. . .
,g,g}, a, e{aya,a,a}e{l,—1,j,—j}, p, is an amplitude factor,

S —
Hlw

@, is a phase factor, p, is used to perform amplitude weighting on b,, &, is used to perform
k P o

phase weighting on b,, and so on. Hq“ is a normalization factor. A value of the amplitude factor
and a value of the phase factor herein are merely examples. An entire beam selection and weighted

combination process may be shown in FIG. 4. Beams b,, b, b,, and b, are selected by using
W,, phase weighting is performed on the beams by using ¢, , to obtain vectors b,, b, b,, and

b, after phase weighting. Beams by, b, b,, and b, are obtained by performing amplitude

weighting by using p,, and then vectors bg, b, b, and b) are combined to obtain one

combined vector. The vector corresponds to one combined beam. In FIG. 4, phase weighting is
performed before amplitude weighting, and FIG. 4 herein is merely schematic. Actually, amplitude
weighting may be performed before phase weighting, or amplitude weighting and phase weighting
may be simultaneously performed. Optionally, if phase weighting amounts for all vectors are the
same, the first device 101 may feed back only one phase factor for a plurality of beams. Likewise, if
amplitude weighting values for all vectors are the same, the first device 101 may feed back only one
amplitude factor for a plurality of vectors, such as p shown in FIG. 5.

[0178]

foregoing precoding matrix W, and may be Discrete Fourier Transform (Discrete Fourier Transform,

The first vectors may be vectors included in a code word Wi corresponding to the

DFT) vectors, for example, in a form shown in the following formula 5:

1 1 L 1
2r 2r
T
DFT:[bo b L bl,-l]: M M L M Formula 5
: j%’%(l—l) L e,f%jlu-nu_n

[0179]

L and I are positive integers, and L indicates a quantity of first vectors included in the

universal set of first vectors, in other words, indicates a quantity of beams that are in different beam
directions and that can be sent by the second device 102. I is a dimension of the first vector, is a
quantity of antenna ports for the reference signal when a single-polarization manner is used for an
antenna used by the second device 102 to send the reference signal, and is half of a quantity of
antenna ports for the reference signal when a dual-polarization manner is used for an antenna used
by the second device 102 to send the reference signal. The antenna port for the reference signal is

an antenna port used by the second device 102 to send the reference signal.
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[0180] For example, if L=32, and =4,
B= [bo b L b31] Formula 6; where

27l
(B),,,,=€¢ *. i=0,1,2,31=0,1L 31
[0181] The second channel information may include only the first factor, or include only the
second factor, or include both the first factor and the second factor.
[0182]  For example, if the second channel information includes only the first factor, when
weighted combination is performed on the M first vectors, phase weighting may not be performed
on the vectors, or phase weighting is performed on the M first vectors based on a preset same phase
weighting amount, or phase weighting is performed based on preset different phase weighting
amounts for different first vectors. Because the phase weighting amount is preset, the first device
101 does not need to feed back the phase weighting amount to the second device 102.
[0183] For another example, if the second channel information includes only the second factor,
when weighted combination is performed on the M first vectors, weighting may be performed on
the first vectors based on a preset same amplitude value, or weighting is separately performed on
the first vectors based on preset different amplitude factors for different first vectors. Because the
amplitude value is preset, the first device 101 does not need to feed back the amplitude value to the
second device 102.
[0184] The phase factor and the time delay factor in the second factor are actually used to
respectively perform phase weighting on the first vector from perspectives of frequency domain and
time domain. A time delay in time domain is equivalent to phase weighting in frequency domain.
Therefore, if the phase factor needs to be fed back, only either of the phase factor and the time delay
factor needs to be fed back. Optionally, a feedback manner of the phase factor is subband based
feedback, and a feedback manner of the time delay factor is wideband based feedback.
[0185]  The third channel information is used to indicate the phase difference between the two
groups of antenna ports for the reference signal. For example, the two groups of antenna ports have
different polarization directions. In this case, the phase difference indicates a phase difference
between the two groups of antenna ports having different polarization directions. For example, there
are eight antenna ports in total, four antenna ports are horizontally polarized, and the other four
antenna ports are vertically polarized. In this case, the third channel information is used to indicate a
phase difference between the two groups of antenna ports that are respectively horizontally
polarized and vertically polarized.
[0186]  The M first vectors are some first vectors in the universal set of first vectors. In an
optional implementation, the universal set of first vectors is divided into K vector groups, and K isa
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positive integer. The M first vectors belong to X vector groups, and the X vector groups are some or
all of the K vector groups. K is a positive integer, and X is a positive integer not greater than K.
[0187] Different vector groups in the K vector groups include or do not include a same first

vector.

[0188]  For example, the universal set of first vectors is B =[b0 b L b3,:| . Vectors

b, b L b areall 32 first vectors.

[0189] A grouping manner in which different vector groups in the K vector groups do not
include a same first vector may be as follows: b, b L b, are grouped into eight groups
(K=8), and each group has four first vectors. For example, b,, b, b,, and b, forms a vector
group, b,, by, b,,and b, forms a vector group, and so on.

[0190] A grouping manner in which different vector groups in the K vector groups include a
same first vector may be as follows: b, b L b, are grouped into 16 groups (K=16), and
each group has four first vectors. For example, b,, b, b,, and b, forms a vector group, b,,

b,, b,,and b, forms a vector group, and so on.

[0191] The following is also a grouping manner in which different vector groups in the K vector
groups include a same first vector: The 32 first vectors are divided into 16 groups in total, a group

number k is 0 to 15, and K=16.
x® e{ [bzkmodu Bt tymoas: brir2ymoas: b(2k+3)mod32:‘ tk=0,LL 315} Formula 7,

where
Wﬂk)z )(M) 0
‘ 0 x©|
[0192] If the M first vectors include two vector groups X and X%

{X") XU 9 0 }

"/] = 0 0 X(‘) X(J)

[0193] In this case,

W:—l— by b,.’l b, b,,y3 bj‘0 bI’1 ijz b” 0 0 0 0 0 0 0 0 W, Formula 8:
[dlo 0o 0 0 0 0 0 0By b, by by by by by byl ’

where
bo, b, b,,and b are four vectors in a vector group i, b, b,,, b,,, and b;

are four vectors in a vector group j, the eight vectors together constitute the M first vectors, M=38,

and |lq|| is a normalization factor, and is equal to a square root of a quadratic sum of modulus of all
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elements in W, so that a power sum of all beams is 1.

[0194]  If the foregoing grouping manner is used, the first channel information includes a group
number of each of X vector groups including the M first vectors in the K vector groups, for example,
information used to indicate the foregoing vector group numbers i and j. In such a feedback manner,
a quantity of information bits of the first channel information can be reduced.

[0195] It is assumed that the first device 101 selects the vector group i and the vector group j,

W,

. is used to separately perform weighting, for example, including both amplitude weighting and

phase weighting, on all first vectors in Wf” and W, In this case, an expression of W> may be:

c.
w,=| ' Formula 9; where
(pnc J

7 7
¢ :|:cr',0 C1 Cia ci,3:| ,and Cj:|:cj,0 Cin €2 cj,3:1 .

1317 -
[0196] Cp =Pis*2,,. For example, p,, € {Z,Z,g,g}, and o, €{l,-1,j,~/}, where «,, is

a phase adjustment amount before the first vectors are combined, the given {1,-1,/,—/} is merely
an example, and the phase adjustment amount is not limited to the four values; p,, is an

amplitude adjustment amount before the first vectors are combined; and first vectors in a same
vector group may have a same amplitude factor and a same weighting factor.

[0197] In an application scenario of grouping the first vectors, a plurality of beams may be
divided into different beam clusters (cluster). In practice, the first device 101 may select, from the
plurality of clusters, a beam cluster in which received signal strength or a power value of a received
reference signal is relatively large. In this way, after the first device 101 feeds back the channel
information, the second device 102 may separately send data on beams in the plurality of beam
clusters, and the first device 101 may receive downlink data on a plurality of beams with better
receiving quality, so that performance is better.

[0198] Referring to FIG. 6, first, two groups of first vectors are selected. A vector group 1
includes four first vectors: b,, b, b,, and b,, and beams represented by the four vectors
constitute a relatively strong beam cluster: cluster 1. A vector group 2 includes four first vectors:

b,, b, b,,and b,, and beams represented by the four vectors constitute a relatively strong beam

cluster: cluster 2. W,V is used to select the cluster 1, and W@ is used to select the cluster 2.

a,, 0, a,,a, are respectively used to perform phase weighting on the beams represented by the
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first vectors b,, b, b,,and b;. First vectors obtained after phase weighting are respectively b, ,
b, b,, and b;. a,,q; 0,0, are respectively used to perform phase weighting on the beams
represented by the first vectors b,, b, by, and b,. First vectors obtained after phase weighting

are respectivelyb,, b,, b, and b.. In FIG. 6, amplitude factors of all the vectors in the vector

group | (namely, the cluster 1) are po, and amplitude factors of all the vectors in the vector group 2
(namely, the cluster 2) are p;. Therefore, when sending the second channel information, the first
device 101 may feed back only one amplitude factor po for all the first vectors in the vector group 1,
and feed back only one amplitude factor p; for all the first vectors in the vector group 2.

[0199] Optionally, the first device 101 may further send, to the second device 102, information
used to indicate a value of X, to be specific, a quantity of vector groups to which the M first vectors
belong. Alternatively, the first device 101 receives, from the second device 102, information used to
indicate a value of X.

[0200] In the foregoing example, quantities of first vectors included in different vector groups
are the same. However, in actual implementation, quantities of first vectors included in different
vector groups may not be the same, as shown in FIG. 7.

[0201] In an optional implementation, different vector groups in the foregoing X vector groups
correspond to same second channel information. For the different vector groups, the first device 101
sends only one same piece of second channel information to the second device 102. In this way, a
bit quantity of the second channel information can be reduced.

[0202] In another optional implementation, different vector groups correspond to different
second channel information. For the different vector groups, the first device 101 needs to separately
feed back the second channel information.

[0203] Referring to Table 1, the second channel information is used to perform weighted
combination on the N first vectors in the M first vectors. In this case, there are the following cases:
[0204] Case 1: If M=N, weighted combination is performed on all the M first vectors, and the
second channel information needs to include a weighting factor of each of the M first vectors.
[0205] Case 2: If N<M, the N first vectors may be selected from the M first vectors in two
manners:

[0206] The weighted combination factor indicated by the second channel information includes
an element 0.

[020'7] For example, an amplitude factor corresponding to a specific first vector in the M first
vectors is 0. In this case, the first vector whose amplitude factor is 0 is removed from the M first

vectors. In other words, the first vector corresponding to the amplitude factor is not selected.
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[0208]  The fourth channel information is sent to instruct to select the N first vectors from the M
first vectors.

[0209]  If the first device 101 sends the fourth channel information, when sending the second
channel information, the first device 101 does not need to send a weighted combination factor of
each of the M first vectors, but sends only a weighted combination factor of each of the N selected
first vectors.

[0210] If the M first vectors include X vector groups, each of the X vector groups may have
corresponding fourth channel information, so as to select a first vector from the vector group. A
same quantity of first vectors or different quantities of first vectors may be selected from different
vector groups.

[0211] Referring to FIG. 8, column selection is performed inside each vector group. To be
specific, weighted combination is performed after a first vector is selected. In addition, different
quantities of columns may be selected from all vector groups. For example, for WD, two first
vectors are selected (in other words, two beams are selected). For W), three first vectors are
selected (in other words, three beams are selected). Then, phase weighting and amplitude
adjustment are separately performed on the two beams and the three beams.

[0212]  The first vector and each piece of channel information are described above. How to
construct a precoding matrix based on the channel information is described below.

[0213] II. Construction of a precoding matrix

[0214] 1. The precoding matrix is constituted based on the first channel information, the second
channel information, and the third channel information, and a rank is 1.

[0215] The precoding matrix W is:

i
”q” 0 B oo : where

(o :[cm L Cim L Ck’M_,:|T,Bi=|:b,,o L b,,m L bt,M-l:l

B. isthe M first vectors; ¢, is the weighted combination factor, where ¢,, is used to

perform weighting on b,,, ¢, is used to perform weighting on b,,, and ¢\, is used to
perform weighting on b,,,; m is an integer, and 0<sm<M; ¢, is the phase difference that is
between the two groups of antenna ports for the reference signal and that is indicated by the third
channel information; and |q|| is a normalization factor.

[0216] If the M first vectors are grouped, B, is a vector group whose group number is i in the

K vector groups. In this case, the first channel information includes information used to indicate i. If

B, is indicated as B, =|:B,-O LBL B,XJ, where the X vector groups B, L B L B
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are vector groups whose group numbers are sequentially i, to i in the K vector groups, X is an

integer, 0<x<X-1, X is a positive integer, all first vectors in the K vector groups constitute a
universal set of the first vectors, and K is a positive integer, the first channel information includes
information used to separately indicate i, to i,,.

[0217] 2. The precoding matrix is constituted based on the first channel information, the second
channel information, the third channel information, and the fourth channel information, and a rank
is 1.

[0218] The precoding matrix W is:

1 B: O err A em- 0 0 0 Ck
W= o vt ; where
lgllo BJO 0 0e, Ae, jocl

c, =[c,‘.0 Le¢, L ck‘N_l]T , and Bi=[b,»,O b, L b,’M_l] ; and

B, is the M first vectors; ¢, is the weighted combination factor used for performing
weighted combination on the N first vectors, where ¢, is used to perform weighting on b, ,
¢, isused to perform weightingon &, ,and ¢,y isused to perform weightingon &,,, ;mis
an integer, and 0<m<M-1; ¢, is the phase difference that is between the two groups of antenna

ports for the reference signal and that is indicated by the third channel information; a quantity of

rows of e, ~e,  is M, and the fourth channel information is information used to indicate =, to

1

m,;and |q| is a normalization factor.

[0219] Optionally, the first device 101 sends, to the second device 102, information used to
indicate a value of N.

[0220] Alternatively, the first device 101 receives, from the second device 102, information
used to indicate a value of N.

[0221] Optionally, the fourth channel information may be wused to indicate
e, Le, 0 00
[ 00 0 (;-l e, Le,

[0222] Alternatively, the fourth channel information includes M bits. In the M bits, an », ™ bit
toan =, " bitare 1, and remaining bits are 0.

[0223] 3. The precoding matrix is constituted based on the first channel information, the second
channel information, and the third channel information, and a rank is 2.

[0224] The precoding matrix W is:
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(pnBl 'ck _¢t1Bj c

y

W:L{ B -c, B, -c,
lal

ck=[ck,0 ¢m L C’k,R.,]T:Biz[br.O b, L bl..R_J;

} ; where

,
¢, = [cy’o ¢, L cy‘“] ,Bj=[bk0 b,, L bj’s‘l];
R and S are positive integers, R<M, S<M, and B; and B; jointly constitute the M first
vectors; and

¢, and ¢, are weighted combination factors, where ¢, is used to perform weighting
on b,, ¢ isused to perform weighting on b,,, ¢,z is used to perform weighting on b, ...,
¢,o isused to perform weightingon 8,5, ¢,, isused to perform weighting on b, and ¢, g, is
used to perform weighting on b, ; m is an integer, and 0<m<R-1; n is an integer, and 0<n<S-1;
@, is the phase difference that is between the two groups of antenna ports for the reference signal
and that is indicated by the third channel information; and |q| is a normalization factor.
[0225] B, isthe sameas B,,and ¢, isdifferent from c,;or

B, is different from B,,and ¢, isthe sameas ¢, ;or

B, is different from B,,and ¢, isdifferent from ¢, or

1

B, isthesameas B,,and ¢, isthesameas c,.

[0226] 4. If the second channel information is a time delay factor, a form that is of the
precoding matrix including the first channel information and the second channel information and

that is in time domain is as follows:

W(r)= Nz_‘:bi’mpmé‘(r -7,); where
0

7, is the time delay factor corresponding to an m™ vector in the N first vectors.
[0227] [11. Two-dimension codebook
[0228] The foregoing description in Solution 1 may be used when transmit antennas of the
second device 102 are a linear array, and a codebook of the precoding matrix is a one-dimension
(Dimension, D) codebook. Solution 1 may also be used when transmit antennas of the second
device 102 include an antenna array with a horizontal direction and a vertical direction. In this case,
a codebook of the precoding matrix is a 2D codebook. In a case of the 2D codebook, the precoding
matrix may be still indicated as W =W W,

[0229] However, different from the 1D codebook, each first vector in W; is a Kronecker
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product of vectors in two dimensions. The vectors in two dimensions are respectively referred to as

a "second vector" and a "third vector".

[0230] B, isthe M first vectors, and Bi=[b,-,0 b, L b,»YMJ].

1

[0231]  Each first vector in B, is a Kronecker product of a second vector in a second vector

group and a third vector in a third vector group: bi, m =a pom; ® d f,m, ° where
b,-,,,, is the first vector, &, is a second vector whose number is m, in the second

vector group whose number is p, and dt m, is a third vector whose number is m, in the third

vector group whose number is t.

[0232]  The first channel information includes first subchannel information and second
subchannel information.

[0233] The first subchannel information is used to indicate p, and the second subchannel
information is used to indicate t.

j2ﬂ(—p—M jzﬂw
[0234 a, =1 e Mo L e Mo ; where

N, is a quantity of first-dimension antenna ports (for example, the foregoing horizontal

antennas) in an antenna array, o is a factor used for oversampling DFT vectors that constitute a

code word set of first-dimension antennas, and s, is a positive integer.
j2nSatms) 2 M08 emy) T
[0235] d =1 e NoQs A e N>0, ; where

£,m,

~, is a quantity of second-dimension antenna ports in the antenna array, o, is a factor

used for oversampling DFT vectors that constitute a code word set of second-dimension antennas,
and s, isa positive integer.
[0236] Optionally, a quantity of second vector groups is greater than or equal to 2, and a
quantity of third vector groups is equal to 1; or

a quantity of third vector groups is greater than or equal to 2, and a quantity of second
vector groups is equal to 1; or

a quantity of third vector groups is equal to 1, and a quantity of second vector groups is

equal to 1.
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[0237] Optionally, the second vector and the third vector are DFT vectors.

[0238] A quantity of vectors included in a universal set of second vectors and a quantity of
vectors included in a universal set of third vectors are mutually independently configured.

[0239] IV. Cases of grouping the antenna ports for the reference signal

[0240] The foregoing description in Solution 1 is applicable to a case in which the antenna ports
for the reference signal are not grouped. In another possible case, the reference signal is on S
antenna ports, and the S antenna ports belong to H reference signal resource port groups, where H is
an integer greater than or equal to 1. The reference signal is a reference signal on which
beamforming is performed.

[0241] A dimension of the first vector is a quantity of antenna ports in each reference signal
resource port group when a single-polarization manner is used for an antenna used by the second
device 102 to send the reference signal. A dimension of the first vector is half of a quantity of
antenna ports in each reference signal resource port group when a dual-polarization manner is used
for an antenna used by the second device 102 to send the reference signal.

[0242] It can be learned that when H=1, in other words, the antenna ports for the reference
signal are not grouped, that is, the case in Solution 1, Solution 1 is applicable to a case in which a
reference signal on which beamforming is not performed.

[0243] For example, a quantity of antenna ports for the reference signal is 32, H=1, there is only
one reference signal resource port group, and a quantity of ports in the reference signal resource
port group is 32. In this case, a dimension of the first vector is 32 or 16.

[0244] For another example, a quantity of antenna ports for the reference signal is 32, and H=4.
In this case, the 32 antenna ports are grouped into four reference signal resource port groups, and a
quantity of antenna ports in each reference signal resource port group is 8. For example, antenna
ports in a first reference signal resource port group are a port (port) 0 to a port 7, antenna ports in a
second reference signal resource port group are a port 8 to a port 15, antenna ports in a third
reference signal resource port group are a port 16 to a port 23, and antenna ports in a fourth
reference signal resource port group are a port 24 to a port 31. In this case, a dimension of the first
vector is 8 (single polarization) or 4 (dual polarization).

[0245]  Optionally, the first device 101 further measures the reference signal to obtain seventh
channel information, and sends the seventh channel information to the second device.

[0246]  The seventh channel information includes identification information used to select Y
reference signal resource port groups from the H reference signal resource port groups.

[0247]  The seventh channel information is not fed back in a same subframe as other channel

information, in other words, is independently fed back. In addition, a feedback period of the seventh
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channel information is greater than or equal to a feedback period of the other channel information.
[0248] The M first vectors may be obtained by performing measurement based on the Y
reference signal resource port groups selected from the H reference signal resource port groups,
where Y is a positive integer.

[0249] Optionally, the M first vectors correspond to X vector groups, each vector group
corresponds to one of the Y reference signal resource port groups, and X=Y.

[0250]  Alternatively, the M first vectors correspond to X vector groups, at least two vector
groups correspond to one of the Y reference signal resource port groups, and X>Y.

[0251] When the first device 101 feeds back the seventh channel information to the second

device 102, it is assumed that Bl- = |:B:‘o L B;’ L B,.X_1 :|
[0252] The X vector groups Bio L BIL fo1 are vector groups whose group

numbers are sequentially i, to i . in the K vector groups, x is an integer, 0<x<X-1, and X isa

positive integer.
[0253] All the first vectors in the K vector groups constitute the universal set of the first vectors,

and K is a positive integer.

[0254]  The first channel information includes information separately used to indicate i, to i,,.

[0255] Bio is obtained by the first device 101 by measuring a reference signal sent on a first

reference signal resource port group in the Y reference signal resource port groups in an H reference
signal resource port group. Bl- is obtained by the first device 101 by measuring a reference
X

signal sent on an x™ reference signal resource port group in the Y reference signal resource port

groups in the H reference signal resource port group. B, is obtained by the first device 101 by

measuring a reference signal sent on an X™ reference signal resource port group in the Y reference
signal resource port groups in the H reference signal resource port group.

[0256] Solution 2

[0257] In Solution 2, channel information sent by a first device 101 to a second device 102 is

shown in the following Table 2.

Table 2: Channel information in Solution 2

Channel information Meaning Description

First channel Identification information of N
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information antenna ports in M antenna
ports for a reference signal

Used for performing weighted
combination on the N antenna ports, and
including a first factor and/or a second

Second channel Weighted combination factor factor

information First factor: amplitude factor
Second factor: phase factor or time delay
factor
. Phase difference between two
Third channel .
. . groups of antenna ports obtained
information

by grouping the M antenna ports

[0258] Optionally, the weighted combination factor indicated by the second channel
information includes an element 0.

[0259] In Solution 2, a manner of constructing a precoding matrix is as follows.

[0260] 1. A precoding matrix whose rank is 1 is constituted based on the first channel

information, the second channel information, and the third channel information in the following

W_ 1 emo A emel 0 O O ck - wh
) ||q" 0 0 0 emo A emN—l Pl e

manner:

ck=l:ck!0 Le¢, L ck’N_l]T,and Bi:[bi,0 b. L bi’M_liI;and

e Ae 0 00

my my_y

0 0 0e, Ae,.

corresponds to the first channel information; C, is

a weighted combination factor used for performing weighted combination on N/2 ports, where

C,o is used to perform weighting on an 7,  port and an (m,+N/2)™ port, C; . is used to
perform weighting on an m_ ™ port and an (m_ +N/2)" port, and Cyy. Is used to perform

weighting on an m ™ port and an (m +N/2)™ port; m is an integer, and 0<m<M-1; @, is the

N-
phase difference that is between the two groups of antenna ports for the reference signal and that is

indicated by the third channel information; a quantity of rows of €, ~e, — isM;and Hq” isa

N-1
normalization factor.
[0261] Optionally, the first device 101 sends, to the second device 102, information used to

indicate a value of N, or the first device 101 receives, from the second device 102, information used
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to indicate a value of N.

[0262] Optionally, ~ the  first  channel information is used to indicate

e, Le, 0 00

my_y

0 00e, Le,,
[0263]  Alternatively, the first channel information includes M bits. In the M bits, an =, ™ bit to

an =, M bitare 1, and remaining bits are 0.

[0264] 2. A precoding matrix whose rank is 2 is constituted based on the first channel
information, the second channel information, and the third channel information in the following

manner:
1| E ¢ E;c,

Wy:z]ﬂ;u qzﬂzi.ck -_¢%E5j.cy

; where

T
ckz[ck’O Le¢, L ck’R_l] ,El.=[e,.0 Le L e,.R_l];

T
€ = I:Cyao L Cyon L cy,S-l} ’Ej:[ejo L e./n L ejS-l }
R and S are positive integers, R<M, and S<M; and

¢, and ¢, are weighted combination factors, where C, , is used to perform
weighting on an i,™ port and an (i, +N/2)" port, €, is used to perform weighting on an it
port and an (i, *N/2)* port, C; p; is used to perform weighting on an iR-l t port and an
(1, *N2)% port, c,, isused to perform weighting ona J, ™ port and a (j, +N/2)" port, €, is
used to perform weighting on a j_ ™ port and a ( jn +N/2)" port, and €, 5, is used to perform

weighting on a jg_, ™ port and a (Js,+N/2)™ port; m is an integer, and 0<m<R-1; n is an integer,
and 0<n<S-1; @, is the phase difference that is between the two groups of antenna ports for the

reference signal and that is indicated by the third channel information; and laj is a normalization
factor.

[0265]  Optionally, E isthesameas E;,and c, is different from ¢, ; or

E isdifferent from E,, and c, isthesameas ¢,;or

1

E, is different from £,,and c, isdifferent from c,;or

1

E isthesameas E,, and ¢, isthesameas c,.

i
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[0266] 3. The second channel information is a time delay factor, and a form that is of the
precoding matrix including the first channel information and the second channel information and

that is in time domain is as follows:
N-1
W(r)= Ze,.mpm5(r —Tm) ; where
m=0

7 is the time delay factor corresponding to an m™ vector in the N first vectors.

[0267]  Herein, for example, the reference signal is a channel state information-reference signal
(Channel State Information-Reference Signal, CSI-RS) on which beamforming is performed.
Herein, a beam direction has been formed after precoding processing is performed on each antenna
port for the reference signal, and the precoding may be digital beamforming (digital beamforming)
or analog beamforming.

[0268] As shown in FIG. 11, four beam directions b0, b1, b2, and b3 respectively correspond to
antenna ports: a port 0, a port 1, a port 2, and a port 3.

[0269] FIG. 11 shows only beams formed by antennas in one polarization direction. If a
dual-polarized antenna is considered, two groups of antennas in two polarization directions each
generate a same beam direction. As shown in FIG. 12, one group of four antennas on a left side
generate a beam 1, a beam 2, a beam 3, and a beam 4 through precoding and weighting, and
correspondingly, the other group of four antennas in a polarization direction on a right side generate
a beam 1, a beam 2, a beam 3, and a beam 4 through precoding and weighting. The second device
102 sends CSI-RSs on eight antenna ports in total.

[0270] It is assumed that there are four propagation paths from the second device 102 to the first
device 101: a direct path: a ray 1, and reflection paths: a ray 0, a ray 2, and a ray 3. The second
device 102 transmits four beams for scanning, which are respectively a beam 0, a beam 1, a beam 2,
and a beam 3. Because the beam 0, the beam 2, and the beam 3 match the propagation paths better,
the first device 101 may receive energy of b0, b2, and b3. Because a beam in the direction b1 has no
propagation path, the first device 101 cannot detect energy of the beam.

[0271] The first device 101 determines a port 0, a port 2, and a port 3 that correspond to the
beams b0, b2, and b3 whose detected energy exceeds a specific threshold, and determines a port 4, a
port 6, and a port 7 in the other polarization direction. The first device 101 reports antenna port
selection information (namely, the first channel information), and reports amplitude and phase

weighting information (namely, the second channel information) on each antenna port.
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€, =

0
1 :

s Em a
0 1S

e e
[0272] W=WW,, where W, =Lm "}, e, is a unit vector, € =

m ei’l

1

0

0 9
0 0

column vector in which an m™ element is 1 and all other elements are 0, a dimension of the column
vector of ¢, is equal to half of a quantity of ports for the reference signal corresponding to W, .

[0273] Channel information feedback manner:

[0274]  Regardless of Solution 1 or Solution 2, when feeding back channel information, the first
device 101 may use different feedback manners for different channel information.

[0275] In the following description, a feedback manner of the first channel information, a
feedback manner of the second channel information, and a feedback manner of the third channel
information are applicable to both Solution 1 and Solution 2, but content of the channel information
is different in Solution 1 and Solution 2. A feedback manner of the fourth channel information and a
feedback manner of the seventh channel information are applicable to only Solution 1.

[0276] Various feedback manners are specifically described below.

[0277]  The feedback manner includes wideband based feedback or subband based feedback, a
feedback period, and analog feedback or feedback after quantization. The feedback manners are
described below one by one.

[0278] 1. Wideband based feedback or subband based feedback

[0279] The wideband based feedback means that, for entire system bandwidth, channel
information is fed back only once in one feedback period.

[0280]  The subband based feedback means that, for a plurality of subbands preset in system
bandwidth, channel information is fed back on each subband in one feedback period.

[0281] When the subband based feedback is used, channel information feedback precision is
higher, but information overheads are also relatively large. When the wideband based feedback is
used, channel information feedback precision is low, and accordingly information overheads are
relatively small. The subband based feedback may be used for some channel information that is
important to channel feature restoration, or for channel information in which a difference between
values of different subbands is relatively large. The wideband based feedback may be used for
channel information that is less important to channel feature restoration, or for channel information
in which a difference between values of different subbands is small.

[0282] Referring to FIG. 9, it is assumed that an entire system frequency band is divided in
advance into ten subbands (subband): a subband 1 to a subband 10. The subband based feedback

means that the first device 101 generates corresponding channel information for each of the ten
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subbands. The wideband based feedback means that the first device 101 generates one piece of
channel information for the entire system frequency band.

[0283] I1. Feedback period

[0284]

information that changes relatively fast with time may be fed back by using a relatively short

Some channel information that is important to channel feature restoration or channel

feedback period. Channel information that is less important to channel feature restoration or channel
information that changes relatively slowly with time may be fed back by using a relatively long
feedback period.

[0285]
[0286]

back after being quantized in a high-precision quantization manner, for example, by using a

111. Analog feedback or feedback after quantization

Some channel information that is important to channel feature restoration may be fed

relatively large quantization order. Channel information that is less important to channel feature
restoration may be fed back after being quantized in a low-precision quantization manner.
[0287]

ensure channel information feedback precision, so that a high-precision precoding matrix can be

A purpose of using different feedback manners for different channel information is to

generated, and to reduce an information feedback amount as much as possible.

[0288] In practice, different feedback manners may be used based on different product

implementations.

[0289]

manner in Table 3 may be used.

For example, for wideband based feedback or subband based feedback, any feedback

Table 3: Feedback manner of wideband based feedback or subband based feedback

CA 3023971 2019-01-31

Feedback First Second Third Fourth
channel channel channel channel Description
manner |. . . . . . . .
information | information | information | information
Wideband Subband
Manner 1 based based Not fed back | Not fed back
feedback feedback
Feedback bandwidth for the
Subband Subband first channel information is
Manner 2 based based Not fed back | Not fed back greater than feedback
feedback feedback bandwidth for the second
channel information
Wideband Subband Subband
Manner 3 based based based Not fed back
feedback feedback feedback
Manner 4 Subband Subband Subband Not fed back Feedback ban_dwidth fpr tk'le
based based based ~ first channel information is
43
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feedback feedback feedback greater than feedback
bandwidth for the second
channel information and
feedback bandwidth for the
third channel information
Wideband | Wideband Subband
Manner 5 based based based Not fed back
feedback feedback feedback
Both feedback bandwidth for
the first channel information
Subband Subband Subband and feedback bandwidth for
Manner 6 based based based Not fed back the second channel
feedback feedback feedback information are greater than
feedback bandwidth for the
third channel information
Wideband Subband Subband Subband
Manner 7 based based based based
feedback feedback feedback feedback
Feedback bandwidth for the
first channel information is
greater than feedback
Subband | Subband | Subband | Subband | Dandwidth for the second
channel information,
Manner 8 based based based based feedback bandwidth for the
feedback feedback feedback feedback . A )
third channe! information,
and feedback bandwidth for
the fourth channel
information
Feedback bandwidth for the
first channel information and
feedback bandwidth for the
Wideband Wideband Subband Subband second channel information
Manner 9 based based based based are greater than feedback
feedback feedback feedback feedback bandwidth for the third
channel information and
feedback bandwidth for the
fourth channel information
Manner Subband Subband Subband Subband
10 based based based based
feedback feedback feedback feedback
Manner Wideband Wideband Subband Wideband
1 based based based based
feedback feedback feedback feedback
Feedback bandwidth for the
Manner Subband Subband Subband Subband first channel information,
12 based based based based feedback bandwidth for the
feedback feedback feedback feedback second channel information,
and feedback bandwidth for
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the fourth channel
information are greater than
feedback bandwidth for the
third channel information
M Wideband Subband Subband Wideband
al“3“"r based based based based
feedback feedback feedback feedback
Feedback bandwidth for the
first channel information and
feedback bandwidth for the
Manner Subband Subband Subband Subband fourth channel information
14 based based based based are greater than feedback
feedback feedback feedback feedback bandwidth for the second
channel information and
feedback bandwidth for the
third channel information
[0290] For a feedback period, the following optional manners may be used.
[0291] Manner 1
[0292] A feedback period of the first channel information is longer than a feedback period of

the second channel information, and the third channel information and the fourth channel
information are not fed back.

[0293]
[0294]

the second channel information and a feedback period of the third channel information, and the

Manner 2

A feedback period of the first channel information is longer than a feedback period of

fourth channel information is not fed back.
[0295]
[0296]

channel information are long-term feedback, and a feedback manner of the third channel

Manner 3

A feedback manner of the first channel information and a feedback manner of the second

information is short-term feedback.

[0297] Manner 4

[0298] Both a feedback period of the first channel information and a feedback period of the
second channel information are longer than a feedback period of the third channel information.
[0299] Manner 5

[0300] A feedback period of the first channel information is longer than a feedback period of

the second channel information, a feedback period of the third channel information, and a feedback
period of the fourth channel information.

[0301]
[0302]

Manner 6

A feedback period of the first channel information and a feedback period of the second
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channel information are longer than a feedback period of the third channel information and a
feedback period of the fourth channel information.
[0303] Manner 7
[0304] A feedback period of the first channel information, a feedback period of the second
channel information, and a feedback period of the fourth channel information are longer than a
feedback period of the third channel information.
[0305] Manner 8
[0306] A feedback period of the first channel information and a feedback period of the fourth
channel information are longer than a feedback period of the second channel information and a
feedback period of the third channel information.
[0307] In addition to feeding back the foregoing channel information, the first device 101 may
measure the reference signal sent by the second device 102, to obtain fifth channel information
and/or sixth channel information, and send the information to the second device 102.
[0308] The fifth channel information includes information used to indicate an amount of
spatially multiplexed data from the second device 102 to the first device 101, for example, an Rl in
an LTE system. The sixth channel information includes information used to indicate channel quality
of a channel from the second device 102 to the first device 101, for example, a CQI in the LTE
system. A feedback manner of the fifth channel information and a feedback manner of the sixth
channel information are applicable to both Solution 1 and Solution 2.
[0309] When the third channel information and the fourth channel information are not fed back,
the following channel information feedback manners may be used.
[0310] The first channel information and the fifth channel information are fed back in a first
subframe by using a first period, and the sccond channel information and the sixth channel
information are fed back in a second subframe by using a second period. where the first period is
not less than the second period; or

the first channel information and the fifth channel information are fed back in a first
subframe by using a first period, the second channel information is fed back in a second subframe
by using a second period, and the sixth channel information is fed back in a third subframe by using
a third period, where the first period is not less than the second period, and the second period is not
less than the third period; or

the first channel information and the fifth channel information are fed back in a first
subframe by using a first petiod, the second channel information is fed back in a second subframe
by using a second period, and the sixth channel information is fed back in a third subframe by using

a third period, where the first period is not less than the second period, and the second period is not
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less than the third period; or

the fifth channel information is fed back in a first subframe by using a first period, the
first channel information is fed back in a second subframe by using a second period, the second
channel information is fed back in a third subframe by using a third period, and the sixth channel
information is fed back in a fourth subframe by using a fourth period, where the first period is not
less than the second period, the second period is not less than the third period, and the third period
is not less than the fourth period.
[0311]  When the fourth channel information is not fed back, the following channel information
feedback manners may be used.
[0312]  The first channel information and the fifth channel information are fed back in a first
subframe by using a first period, the second channel information and the third channel information
are fed back in a second subframe by using a second period, and the sixth channel information is
fed back in a third subframe by using a third period, where the first period is not less than the
second period, and the second period is not less than the third period; or

the first channel information and the fifth channel information are fed back in a first
subframe by using a first period, and the second channel information, the third channel information,
and the sixth channel information are fed back in a second subframe by using a second period,
where the first period is not less than the second period; or

the first channel information, the second channel information, and the fifth channel
information are fed back in a first subframe by using a first period, and the third channel
information and the sixth channel information are fed back in a second subframe by using a second
period, where the first period is not less than the second period; or

the first channel information and the fifth channel information are fed back in a first
subframe by using a first period, the second channel information is fed back in a second subframe
by using a second petiod, and the third channel information and the sixth channel information are
fed back in a third subframe by using a third period, where the first period is not less than the
second period, and the second period is not less than the third period; or

the first channel information and the fifth channel information are fed back in a first
subframe by using a first period, the second channel information is fed back in a second subframe
by using a second period, the third channel information is fed back in a third subframe by using a
third period, and the sixth channel information is fed back in a fourth subframe by using a fourth
period, where the first period is not less than the second period, the second period is not less than
the third period, and the third period is not less than the fourth period; or

the fifth channel information is fed back in a first subframe by using a first period, the
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first channel information is fed back in a second subframe by using a second period, the second
channel information is fed back in a third subframe by using a third period, the third channel
information is fed back in a fourth subframe by using a fourth period, and the sixth channel
information is fed back in a fifth subframe by using a fifth period, where the first period is not less
than the second period, the second period is not less than the third period, the third period is not less
than the fourth period, and the fourth period is not less than the fifth period.
[0313]  When both the third channel information and the fourth channel information are fed
back, the following channel information feedback manners may be used.
[0314] The first channel information, the fourth channel information, and the fifth channel
information are fed back in a first subframe by using a first period, the second channel information
and the third channel information are fed back in a second subframe by using a second period, and
the sixth channel information is fed back in a third subframe by using a third period, where the first
period is not less than the second period, and the second period is not less than the third period; or

the first channel information, the fourth channel information, and the fifth channel
information are fed back in a first subframe by using a first period, and the second channel
information, the third channel information, and the sixth channel information are fed back in a
second subframe by using a second period, where the first period is not less than the second period;
or

the fifth channel information is fed back in a first subframe by using a first period, the
first channel information and the fourth channel information are fed back in a second subframe by
using a second period, the second channel information and the third channel information are fed
back in a third subframe by using a third period, and the sixth channel information is fed back in a
fourth subframe by using a fourth period, where the first period is not less than the second period,
the second period is not less than the third period, and the third period is not less than the fourth
period; or

the fifth channel information is fed back in a first subframe by using a first period, the
first channel information and the fourth channel information are fed back in a second subframe by
using a second period, and the second channel information, the third channel information, and the
sixth channel information are fed back in a third subframe by using a third period, where the first
period is not less than the second period, and the second period is not less than the third period; or

the fifth channel information, the first channel information, the second channel
information, and the fourth channel information are fed back in a first subframe by using a first
period, and the third channel information and the sixth channel information are fed back in a second

subframe by using a second period, where the first period is not less than the second period; or
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the fifth channel information, the first channel information, and the fourth channel
information are fed back in a first subframe by using a first period, the second channel information
is fed back in a second subframe by using a second period, and the third channel information and
the sixth channel information are fed back in a third subframe by using a third period, where the
first period is not less than the second period, and the second period is not less than the third period;
or

the fifth channel information, the first channel information, and the fourth channel
information are fed back in a first subframe by using a first period, the second channel information
is fed back in a second subframe by using a second period, the third channel information is fed back
in a third subframe by using a third period, and the sixth channel information is fed back in a fourth
subframe by using a fourth period, where the first period is not less than the second period, the
second period is not less than the third period, and the third period is not less than the fourth period;
or

the fifth channel information is fed back in a first subframe by using a first period, the
first channel information and the fourth channel information are fed back in a second subframe by
using a second period, the second channel information is fed back in a third subframe by using a
third period, the third channel information is fed back in a fourth subframe by using a fourth period,
and the sixth channel information is fed back in a fifth subframe by using a fifth period, where the
first period is not less than the second period, the second period is not less than the third period, the
third period is not less than the fourth period, and the fourth period is not less than the fifth period.
[0315] FIG. 10A and FIG. 10B show a possible channel information feedback manner.
[0316] For analog feedback or quantization feedback, a flexible feedback manner may be used
for the second channel information.
[0317] For example, the second channel information includes third subchannel information, and
the third subchannel information is used to indicate the first factor. The third subchannel
information is not quantized. Alternatively, first quantization is performed on the third subchannel
information, and a quantization order of the first quantization is not greater than a preset
first-quantization order threshold.
[0318] Optionally, the second channel information includes fourth subchannel information, and
the fourth subchannel information is used to indicate the second factor. The fourth subchannel
information is not quantized. Alternatively, second quantization is performed on the fourth
subchannel information, and a quantization order of the second quantization is not greater than a
preset second-quantization order threshold.

[0319]  FIG. 13 is a schematic structural diagram of a first device according to an embodiment of
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the present invention. As shown in FIG. 13, the first device includes a receiving module 1301, a
processing module 1302, and a sending module 1303.
[0320] In an optional implementation,

the receiving module 1301 is configured to receive a reference signal sent by a second
device, where the reference signal is sent on S antenna ports, the S antenna ports belong to H
reference signal resource port groups, and S and H are integers greater than or equal to 1;

the processing module 1302 is configured to measure the reference signal to obtain first
channe} information and second channel information; and

the sending module 1303 is configured to send the first channel information and the
second channel information to the second device.
[0321] The first channel information includes identification information of M first vectors,
where M is an integer not less than 2.
[0322] The second channel information includes information about a weighted combination
factor used for performing weighted combination on N first vectors in the M first vectors, where N
is a positive integer not greater than M.
[0323] The weighted combination factor includes a first factor and/or a second factor.
[0324] The first factor is an amplitude factor, and the second factor is a phase factor or a time
delay factor.
[0325] The first channel information and the second channel information are used to constitute
a precoding matrix.
[0326] A dimension of the first vector is a quantity of antenna ports in each reference signal
resource port group, or a dimension of the first vector is half of a quantity of antenna ports in each
reference signal resource port group.
[0327] In this optional implementation, for another optional implementation of the first device,
refer to the first device 101 in Solution 1. The receiving module 1301 is configured to perform a
receiving operation of the first device 101, the processing module 1302 is configured to perform a
processing operation of the first device 101, and the sending module 1303 is configured to perform
a sending operation of the first device 101.
[0328] In another optional implementation,

the receiving module 1301 is configured to receive a reference signal sent by a second
device;

the processing module 1302 is configured to measure the reference signal to obtain first
channel information and second channel information; and

the sending module 1303 is configured to send the first channel information and the
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second channel information to the second device.
[0329]  The first channel information includes identification information of N antenna ports in
M antenna ports for the reference signal, where M is an integer not less than 2, and N is a positive
integer not greater than M.
[0330]  The second channel information includes information about a weighted combination
factor used for performing weighted combination on the N antenna ports.
[0331]  The weighted combination factor includes a first factor and/or a second factor.
[0332]  The first factor is an amplitude factor, and the second factor is a phase factor or a time
delay factor.
[0333] The first channel information and the second channel information are used to constitute
a precoding matrix.
[0334] In this optional implementation, for another optional implementation of the first device,
refer to the first device 101 in Solution 2. The receiving module 1301 is configured to perform a
receiving operation of the first device 101, the processing module 1302 is configured to perform a
processing operation of the first device 101, and the sending module 1303 is configured to perform
a sending operation of the first device 101.
[0335] Optionally, the receiving module 1301 may be implemented by a receiver, the processing
module 1302 may be implemented by a processor, and the sending module 1303 may be
implemented by a transmitter.
[0336] FIG. 14 is a schematic structural diagram of a second device according to an
embodiment of the present invention. As shown in FIG. 14, the second device includes a receiving
module 1401, a processing module 1402, and a sending module 1403.
[0337] In an optional implementation,

the sending module 1403 is configured to send a reference signal to a first device, where
the reference signal is sent on S antenna ports, the S antenna ports belong to H reference signal
resource port groups, and S and H are integers greater than or equal to 1;

the receiving module 1401 is configured to receive first channel information and second
channel information from the first device, where the first channel information and the second
channel information are obtained by the first device by measuring the received reference signal,
where

the first channel information includes identification information of M first vectors,
where M is an integer not less than 2;

the second channel information includes information about a weighted combination factor

used for performing weighted combination on N first vectors in the M first vectors, where N is a
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positive integer not greater than M;
the weighted combination factor includes a first factor and/or a second factor;
the first factor is an amplitude factor, and the second factor is a phase factor or a time
delay factor; and
a dimension of the first vector is a quantity of antenna ports in each reference signal
resource port group, or a dimension of the first vector is half of a quantity of antenna ports in each
reference signal resource port group; and
the processing module 1402 is configured to generate the precoding matrix based on the
first channel information and the second channel information.
[0338]  The sending module 1403 is further configured to send data to the first device based on
the precoding matrix generated by the processing module.
[0339] In this optional implementation, for another optional implementation of the second
device, refer to the second device 102 in Solution 1. The receiving module 1401 is configured to
perform a receiving operation of the second device 102, the processing module 1402 is configured
to perform a processing operation of the second device 102, and the sending module 1403 is
configured to perform a sending operation of the second device 102.
[0340] In another optional implementation,
the sending module 1403 is configured to send a reference signal to a first device;
the receiving module 1401 is configured to receive first channel information and second
channel information from the first device, where the first channel information and the second
channel information are obtained by the first device by measuring the received reference signal,
where
the first channel information includes identification information of N antenna ports in M
antenna ports for the reference signal, where M is an integer not less than 2, and N is a positive
integer not greater than M;
the second channel information includes information about a weighted combination factor
used for performing weighted combination on the N antenna ports;
the weighted combination factor includes a first factor and/or a second factor; and
the first factor is an amplitude factor, and the second factor is a phase factor or a time
delay factor; and
the processing module 1402 is configured to generate a precoding matrix based on the
first channel information and the second channel information.
[0341]  The sending module 1403 is further configured to send data to the first device based on

the precoding matrix generated by the processing module 1402.
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[0342] In this optional implementation, for another optional implementation of the second
device, refer to the second device 102 in Solution 2. The receiving module 1401 is configured to
perform a receiving operation of the second device 102, the processing module 1402 is configured
to perform a processing operation of the second device 102, and the sending module 1403 is
configured to perform a sending operation of the second device 102.

[0343] Persons skilled in the art should understand that the embodiments of the present
invention may be provided as a method, a system, or a computer program product. Therefore, the
present invention may use a form of hardware only embodiments, software only embodiments, or
embodiments with a combination of software and hardware. Moreover, the present invention may
use a form of a computer program product that is implemented on one or more computer-usable
storage media (including but not limited to a disk memory, a CD-ROM, an optical memory, and the
like) that include computer-usable program code.

[0344] The present invention is described with reference to the flowcharts and/or block
diagrams of the method, the device (system), and the computer program product according to the
embodiments of the present invention. It should be understood that computer program instructions
may be used to implement 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 computer program instructions may be provided for a general-purpose computer, a dedicated
computer, an embedded processor, or a processor of any other programmable data processing
device to generate a machine, so that the instructions executed by a computer or a processor of any
other programmable data processing device generate an apparatus for implementing a specific
function in one or more processes in the flowcharts and/or in one or more blocks in the block
diagrams.

[0345] These computer program instructions may alternatively be stored in a computer readable
memory that can instruct the computer or any other programmable data processing device to work
in a specific manner, so that the instructions stored in the computer readable memory generate an
artifact that includes an instruction apparatus. The instruction apparatus implements a specific
function in one or more processes in the flowcharts and/or in one or more blocks in the block
diagrams.

[0346] These computer program instructions may alternatively be loaded onto a computer or
another programmable data processing device, so that a series of operations and steps are performed
on the computer or the another programmable device, thereby generating computer-implemented
processing. Therefore, the instructions executed on the computer or the another programmable

device provide steps for implementing a specific function in one or more processes in the
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flowcharts and/or in one or more blocks in the block diagrams.

[0347] Although embodiments of the present invention have been described, persons skilled in
the art can make changes and modifications to these embodiments once they learn the basic
inventive concept. Therefore, the following claims are intended to be construed as to cover the
embodiments and all changes and modifications falling within the scope of the present invention.
[0348] Obviously, persons skilled in the art can make various modifications and variations to
the embodiments of the present invention without departing from the scope of the embodiments of
the present invention. The present invention is intended to cover these modifications and variations
provided that they fall within the scope of protection defined by the following claims and their

equivalent technologies.
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CLAIMS

What is claimed is:

1. A first device, comprising;

a receiving module, configured to receive a reference signal sent by a second device, wherein
the reference signal is sent on S antenna ports, the S antenna ports belong to one reference signal
resource port group, and S is an integer greater than 1;

a processing module, configured to measure the reference signal to obtain first channel
information, second channel information and fourth channel information; and

a sending module, configured to send the first channel information, the second channel
information and the fourth channel information to the second device, wherein

the first channel information comprises identification information of M first vectors, wherein
M is notified by the second device before the second device sends the reference signal and is an
integer not less than 2, the M first vectors belongs to a universal set of first vectors which is divided
into K non-overlapping vector groups, the M first vectors belongs to one vector group in the K
vector groups, and the first channel information comprises group number of the vector group to
which the M first vectors belongs;

the second channel information comprises information about a weighted combination factor
used for performing weighted combination on N first vectors in the M first vectors, wherein N is
indicated by the second device and is a positive integer not greater than M;

the weighted combination factor comprises at least one of following factors: a first factor and a
second factor;

the first factor is an amplitude factor, and the second factor is a phase factor;

the fourth channel information comprises selection information used to select the N first
vectors from the M first vectors, and the second channel information comprises only the
information about the weighted combination factors used for performing weighted combination on
the N first vectors indicated by the fourth channel information;

the first channel information, the second channel information and the fourth channel
information are used to constitute a precoding matrix; and

a dimension of the first vector is half of a quantity of antenna ports in the reference signal
resource port group.

2. The first device according to claim 1, wherein the weighted combination factor is a product

of the first factor and the second factor.
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3. The first device according to any one of claims 1 to 2, wherein feedback of the phase factor
is subband based feedback.

4. The first device according to any one of claims 1 to 3, wherein the first factor is selected
from a first factor set and the second factor is selected from a second factor set.

5. The first device according to any one of claims 1 to 4, wherein when the precoding matrix
comprises two columns, N first vectors corresponding to the first column and N first vectors
corresponding to the second column are the same, weighted combination factors of N first vectors
corresponding to the first column are different from weighted combination factors of N first vectors
corresponding to the second column.

6. A second device, comprising:

a sending module, configured to send a reference signal to a first device, whercin the reference
signal is sent on S antenna ports, the S antenna ports belong to one reference signal resource port
group, and S is an integer greater than 1;

a receiving module, configured to receive first channel information, second channel
information and fourth channel information from the first device, wherein the first channel
information, the second channel information and the fourth channel information are obtained by the
first device by measuring the reference signal, wherein

the first channel information comprises identification information of M first vectors, wherein
M is notified by the second device before the second device sends the reference signal and is an
integer not less than 2, the M first vectors belongs to a universal set of first vectors which is divided
into K non-overlapping vector groups, the M first vectors belongs to one vector group in the K
vector groups, and the first channel information comprises group number of the vector group to
which the M first vectors belongs;

the second channel information comprises information about a weighted combination factor
used for performing weighted combination on N first vectors in the M first vectors, wherein N is
indicated by the second device and is a positive integer not greater than M;

the weighted combination factor comprises at least one of following factors: a first factor and a
second factor;

the first factor is an amplitude factor, and the second factor is a phase factor; and

a dimension of the first vector is half of a quantity of antenna ports in the reference signal
resource port group; and

a processing module, configured to generate a precoding matrix based on the first channel
information, the second channel information and the fourth channel information, wherein

the sending module is further configured to send data to the first device based on the precoding
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matrix generated by the processing module.

7. The second device according to claim 6, wherein the weighted combination factor is a
product of the first factor and the second factor.

8. The second device according to any one of claims 6 to 7, wherein feedback of the phase
factor is subband based feedback.

9. The second device according to any one of claims 6 to 8, wherein the first factor is selected
from a first factor set and the second factor is selected from a second factor set.

10. The second device according to any one of claims 6 to 9, wherein when the precoding
matrix comprises two columns, N first vectors corresponding to the first column and N first vectors
corresponding to the second column are the same, weighted combination factors of N first vectors
corresponding to the first column are different from weighted combination factors of N first vectors
corresponding to the second column.

11. A channel information sending method, comprising:

receiving, by a first device, a reference signal sent by a second device, wherein the reference
signal is sent on S antenna ports, the S antenna ports belong to one reference signal resource port
group, and S is an integer greater than 1;

measuring, by the first device, the received reference signal to obtain first channel information,
second channel information and fourth channel information; and

sending, by the first device, the first channel information, the second channel information and
the fourth channel information to the second device, wherein

the first channel information comprises identification information of M first vectors, wherein
M is notified by the second device before the second device sends the reference signal and is an
integer not less than 2, the M first vectors belongs to a universal set of first vectors which is divided
into K non-overlapping vector groups, the M first vectors belongs to one vector group in the K
vector groups, and the first channel information comprises group number of the vector group to
which the M first vectors belongs;

the second channel information comprises information about a weighted combination factor
used for performing weighted combination on N first vectors in the M first vectors, wherein N is
indicated by the second device and is a positive integer not greater than M;

the weighted combination factor comprises at least one of following factors: a first factor and a
second factor;

the first factor is an amplitude factor, and the second factor is a phase factor;

the fourth channel information comprises selection information used to select the N first
vectors from the M first vectors, and the second channel information comprises only the
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information about the weighted combination factors used for performing weighted combination on
the N first vectors indicated by the fourth channel information; and

the first channel information, the second channel information and the fourth channel
information are used to constitute a precoding matrix; and

a dimension of the first vector is half of a quantity of antenna ports in each reference signal
resource port group.

12. The method according to claim 11, wherein the weighted combination factor is a product of
the first factor and the second factor.

13. The method according to any one of claims 11 to 12, wherein feedback of the phase factor
is subband based feedback.

14. The method according to any one of claims 11 to 13, wherein the first factor is selected
from a first factor set and the second factor is selected from a second factor set.

15. The method according to any one of claims 11 to 14, wherein when the precoding matrix
comprises two columns, N first vectors corresponding to the first column and N first vectors
corresponding to the second column are the same, weighted combination factors of N first vectors
corresponding to the first column are different from weighted combination factors of N first vectors
corresponding to the second column.

16. A data sending method, comprising:

sending, by a second device, a reference signal to a first device, wherein the reference signal is
sent on S antenna ports, the S antenna ports belong to one reference signal resource port group, and
S is an integer greater than 1;

receiving, by the second device, first channel information, second channel information and
fourth channel information from the first device, wherein the first channel information, the second
channel information and the fourth channel information are obtained by the first device by
measuring the reference signal, wherein

the first channel information comprises identification information of M first vectors, wherein
M is notified by the second device before the second device sends the reference signal and is an
integer not less than 2, the M first vectors belongs to a universal set of first vectors which is divided
into K non-overlapping vector groups, the M first vectors belongs to one vector group in the K
vector groups, and the first channel information comprises group number of the vector group to
which the M first vectors belongs;

the second channel information comprises information about a weighted combination factor
used for performing weighted combination on N first vectors in the M first vectors, wherein N is
indicated by the second device and is a positive integer not greater than M;
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the weighted combination factor comprises at least one of following factors: a first factor and a
second factor;

the first factor is an amplitude factor, and the second factor is a phase factor; and

the fourth channel information comprises selection information used to select the N first
vectors from the M first vectors, and the second channel information comprises only the
information about the weighted combination factors used for performing weighted combination on
the N first vectors indicated by the fourth channel information;

a dimension of the first vector is half of a quantity of antenna ports in the reference signal
resource port group;

generating, by the second device, a precoding matrix based on the first channel information,
the second channel information and the fourth channel information; and

sending, by the second device, data to the first device based on the generated precoding matrix.

17. The method according to claim 16, wherein the weighted combination factor is a product
of the first factor and the second factor.

18. The method according to any one of claims 16 to 17, wherein feedback of the phase factor
is subband based feedback.

19. The method according to any one of claims 16 to 18, wherein the first factor is selected
from a first factor set and the second factor is selected from a second factor set.

20. The method according to any one of claims 16 to 19, wherein when the precoding matrix
comprises two columns, N first vectors corresponding to the first column and N first vectors
corresponding to the second column are the same, weighted combination factors of N first vectors
corresponding to the first column are different from weighted combination factors of N first vectors
corresponding to the second column.

21. A first device, comprising:

a memory, configured to store at least one computer instructions;

a processor, configured to execute the instructions on the memory, to perform following
operations:

receiving a reference signal sent by a second device, wherein the reference signal is sent
on S antenna ports, the S antenna ports belong to one reference signal resource port group, and

S is an integer greater than 1;

measuring the reference signal to obtain first channel information, second channel
information and fourth channel information; and

sending the first channel information, the second channel information and the fourth
channel information to the second device, wherein
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the first channel information comprises identification information of M first vectors,
wherein M is notified by the second device before the second device sends the reference signal
and is an integer not less than 2, the M first vectors belongs to a universal set of first vectors
which is divided into K non-overlapping vector groups, the M first vectors belongs to one
vector group in the K vector groups, and the first channel information comprises group number
of the vector group to which the M first vectors belongs;

the second channel information comprises information about a weighted combination
factor used for performing weighted combination on N first vectors in the M first vectors,

wherein N is indicated by the second device and is a positive integer not greater than M;

the weighted combination factor comprises at least one of following factors: a first factor
and a second factor;

the first factor is an amplitude factor, and the second factor is a phase factor;

the fourth channel information comprises selection information used to select the N first
vectors from the M first vectors, and the second channel information comprises only the
information about the weighted combination factors used for performing weighted
combination on the N first vectors indicated by the fourth channel information;

the first channel information, the second channel information and the fourth channel
information are used to constitute a precoding matrix; and

a dimension of the first vector is half of a quantity of antenna ports in the reference signal
resource port group.

22. The first device according to claim 21, wherein the weighted combination factor is a
product of the first factor and the second factor.

23. The first device according to any one of claims 21 to 22, wherein feedback of the phase
factor is subband based feedback.

24. The first device according to any one of claims 21 to 23, wherein the first factor is selected
from a first factor set and the second factor is selected from a second factor set.

25. The first device according to any one of claims 21 to 24, wherein when the precoding
matrix comprises two columns, N first vectors corresponding to the first column and N first vectors
corresponding to the second column are the same, weighted combination factors of N first vectors
corresponding to the first column are different from weighted combination factors of N first vectors
corresponding to the second column.

26. The first device according to any one of claims 21 to 25, wherein the first device further
comprises a transmitter and a receiver.

27. A second device, comprising:
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a memory, configured to store at least one computer instructions;
a processor, configured to execute the instructions on the memory, to perform following
operations:
sending a reference signal to a first device, wherein the reference signal is sent on S
antenna ports, the S antenna ports belong to one reference signal resource port group, and S is
an integer greater than 1;
receiving first channel information, second channel information and fourth channel
information from the first device, wherein the first channel information, the second channel
information and the fourth channel information are obtained by the first device by measuring
the reference signal, wherein
the first channel information comprises identification information of M first vectors,
wherein M is notified by the second device before the second device sends the reference signal
and is an integer not less than 2, the M first vectors belongs to a universal set of first vectors
which is divided into K non-overlapping vector groups, the M first vectors belongs to one
vector group in the K vector groups, and the first channel information comprises group number
of the vector group to which the M first vectors belongs;
the second channel information comprises information about a weighted combination
factor used for performing weighted combination on N first vectors in the M first vectors,
wherein N is indicated by the second device and is a positive integer not greater than M;
the weighted combination factor comprises at least one of following factors: a first factor
and a second factor;
the first factor is an amplitude factor, and the second factor is a phase factor; and
a dimension of the first vector is half of a quantity of antenna ports in the reference signal
resource port group; and
the processor is further configured to generate a precoding matrix based on the first
channel information, the second channel information and the fourth channel information; and
the processor is further configured to send data to the first device based on the precoding
matrix.
28. The second device according to claim 27, wherein the weighted combination factor is a
product of the first factor and the second factor.
29. The second device according to any one of claims 27 to 28, wherein feedback of the phase
factor is subband based feedback.
30. The second device according to any one of claims 27 to 29, wherein the first factor is
selected from a first factor set and the second factor is selected from a second factor set.
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31. The second device according to any one of claims 27 to 30, wherein when the precoding
matrix comprises two columns, N first vectors corresponding to the first column and N first vectors
corresponding to the second column are the same, weighted combination factors of N first vectors
corresponding to the first column are different from weighted combination factors of N first vectors
corresponding to the second column.

32. The first device according to any one of claims 27 to 31, wherein the second device further
comprises a transmitter and a receiver.

33. A computer program product comprising a computer-readable storage medium storing
computer-executable program code thereon, which when executed by a first device having a
computer processor, cause the first device to  perform the method as defined in any one of claims
11 to 15.

34. A computer program product comprising a computer-readable storage medium storing
computer-executable program code thereon, which when executed by a second device having a
computer processor, cause the second device to perform the method as defined in any one of
claims 16 to 20.

35. A computer readable storage medium storing a computer-executable program code thereon,
which when executed by a first device having a computer processor, cause the first device to
perform the method as defined in any one of claims 11 to 15.

36. A computer readable storage medium storing a computer-executable program code thereon,
which when executed by a second device having a computer processor, cause the second device to

perform the method as defined in any one of claims 16 to 20.
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