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Description
Technical Field

[0001] The present invention relates to digital communication field, and particularly to a method for feeding back
channel state information and user equipment.

Background of the Related Art

[0002] In a Long Term Evolution (LTE) system, there are three ways to reflect downlink physical Channel State
Information (CSI): Channel Quality Indication (CQl), Pre-coding Matrix Indicator (PMI), Rank Indicator (RlI).

[0003] The CQlis one indicator used for measuring downlink channel quality. The CQl is denoted by an integer value
which represents different CQIl grade respectively in a range of 1~15 in 36-213 protocol, wherein the different CQI
corresponds to its respective Modulation and Coding Scheme (MCS), and there are totally 16 conditions, which may be
represented by 4 bits of information, as shown in TABLE 1.

[0004] PMI indicates that the User Equipment (UE) informs an eNode B (eNB) what a pre-coding matrix should be
used to perform pre-coding on a PDSCH channel sent to the UE according to measured channel quality only in a
transmission mode of closed loop space multiplexing, while Rl is used for UE feeding back the number of layers for
downlink transmission to eNB. A feedback granularity of PMI may be that the entire bandwidth feed back one PMI, or
feed back PMI according to subband.

[0005] RI is used to describe the number of space separate channels, which corresponds to the rank of a channel
response matrix. In a mode of open loop space multiplexing and closed loop space multiplexing, a UE is needed to feed
back Rl information, and there is no need to feed back Rl information in other modes. The rank of the channel matrix
corresponds to the number of layers of the channel matrix.

[0006] A transmission layer is a concept of multi-antenna "layer" in LTE and LTE-A, which denotes the number of valid
separate channels in space multiplexing, and corresponds to antenna ports one by one in version 10, wherein an antenna
port in version 10 is a logic port, and the total number of the transmission layers is RI. In addition in IEEE802.16m, a
layer corresponds to a concept of "MIMO stream", which has same physical meanings.

TABEL 1 Relation between CQI index and MCS

CQl index | Modulationmode | Codingratex 1024 | efficiency

0 excess

1 QPSK 78 0.1523
2 QPSK 120 0.2344
3 QPSK 193 0.3770
4 QPSK 308 0.6016
5 QPSK 449 0.8770
6 QPSK 602 1.1758
7 16QAM 378 1.4766
8 16QAM 490 1.9141
9 16QAM 616 2.4063
10 64QAM 466 2.7305
11 64QAM 567 3.3223
12 64QAM 666 3.9023
13 64QAM 772 45234
14 64QAM 873 5.1152
15 64QAM 948 5.5547

[0007] Inthe LTE system, the feedback of CQI/PMI, Rl may be a periodic feedback, or may be a non-periodic feedback,
and the specific feedbacks are as shown in TABLE 2. Wherein, for periodic feedback CQI/PMI, RI, if UE needs not to
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send data, then the periodic feedback CQI/PM, RI are transmitted in a Physical Uplink Control Channel in a format of
2/2a/2b (in PUCCH format2/2a/2b), and if the UE needs to send data, then CQI/PMI, RI are transmitted in a Physial
Uplink Shared Channel (PUSCH); and for non-periodical feedback CQI/PMI, RI, they are transmitted only in PUSCH.

TABEL 2 Uplink physical channels corresponding to periodic feedbacks and non-periodic feedbacks

Scheduling mode Periodic CQl report channel Non-periodic CQI report channel
Frequency non-selective PUCCH
Frequency selective PUCCH PUSCH

[0008] InalLTE system, in different transmission modes, payload sizes of periodic CQI/PMI, Rl transmitted in PUCCH
channel are different, however, the biggest payload size is 11 bits. In a periodic feedback, a Reed-Muller (20, A) is
adopted firstly to code M (M <=11) bits of CQI/PMI, RI to be fed back, and then the modulation is performed on coded
bits, and they are transmitted in the form of PUCCH format 2/2a/2b.

[0009] As an evolution standard of LTE, the Long Term evolution Advanced (LTE-A) needs to support a greater system
bandwidth (up to a maximum of 100 MHz), and an average spectral efficiency and a spectral efficiency of a cell edge
user need to be enhanced, for this reason, the LTE-A system introduces many new technologies: (1) a downlink high-
order Multiple Input Multiple Output (MIMO), the LTE system supports 4-antenna transmission at most in downlink, while
an introduction of high-order MIMO make the LTE-A system support 8-antenna transmission at most in downlink, and
then the dimensions of the channel state matrix increase; (2) Coordinated Multiple Point Transmission (CoMP), which
is the coordinated transmission by utilizing multiple cell transmission antennas, the UE may need to feed back the
channel state information of multiple cells.

[0010] By usingmultiple antennas atthe sender (eNB), we may enhance transmission rate by way of space multiplexing,
that is, different data are transmitted in different antenna locations in the same time-frequency resources of the sender,
and by using multiple antennas at receiver (UE), we may distribute all of the antenna resources to the same user in the
case of single user, and this transmission form is called as Single -User MIMO (SU-MIMO), in addition, we may also
distribute resources of different antenna spaces to different users in the case of multiple users, and this transmission
form is called as Multiple-User MIMO (MU-MIMO). In a single transmission mode, eNB may dynamically select the
downlink SU-MIMO transmission or downlink MU-MIMO transmission according to reported channel state information,
which we call as SU/MU MIMO dynamic switching.

[0011] A general process flow for dynamic switching transmission modes of single-user MIMO and multiple-user MIMO
will be described as follows:

At first, a sender sends the pilot to user equipment in order for user equipment measuring downlink channel state,
and the user equipment estimates the downlink channel according to the received pilot information, and the user
equipment determines a format of feedback channel state information and reports the channel state information,
and then the eNB selects a transmission mode of downlink SU-MIMO or a transmission mode of MU-MIMO dynam-
ically according to the reported channel state information, and communicates according to the selected transmission
mode.

[0012] For a dynamic switching transmission mode of single-user MIMO and multiple-user MIMO, on one hand, it
keeps backward compatibility to support SU-MIMO as a priority principle and be compatible with a feedback form of
CQI/PMI/RI of R8 as possible, on other hand, it needs to take into account forward compatibility to support MU-MIMO
and COMP, ensuring that the new technology has acceptable performances. And there is a lack of mechanism for
reporting overall and effective channel state information in a SU-MIMO and MU-MIMO dynamic switching system in the
existing technology, causing that the eNB can not correctly select a downlink channel used when sending data to the
UE, thereby causing that a fast switching of two transmission forms of SU-MIMO and MU-MIMO is not supported,
reducing the work efficiency of the system.

[0013] The document SAMSUNG: "Dynamic Mode Switching between Single and Multi-User MIMO", 3GPP DRAFT;
R1-062525 concerns dynamic SU-MIMO/MU-MIMO switching and discloses reporting a precoder index, the index of
the layer with the maximum CQI, the maximum CQI and the CQI of a second layer.

Summary of the Invention
[0014] The present invention provides a method for feeding back channel state information and a user equipment

thereof, to solve a problem of lacking a mechanism of reporting overall and effective channel state information in a SU-
MIMO and MU-MIMO dynamic switching system. The invention is as defined in the independent claims.
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[0015] Embodiments of the present invention provide a method for feeding back channel state information and user
equipment thereof, when the user equipment sends channel state information to a network side, an indication of selecting
the best transmission layer is carried in the information, to indicate the network side to send data to the user equipment
by the best transmission layer, thus when the network side determines to adopt a MU-MIMO, it may detennine a best
transmission layer quickly according to the indication for selecting the best transmission layer in the channel state
information, thereby enhancing the transmission efficiency and transmission quality, and solving the problem of lacking
amechanism of reporting overall and effective channel state informationin a SU-MIMO and MU-MIMO dynamic switching
system.

Brief Description of Drawings
[0016]

FIG. 1is aflowchart of a method for feeding back channel state information provided by embodiment 5 of the present
invention;

PIG. 2 is a flowchart oaf a method for feeding back channel state information provided by embodiment 6 of the
present invention;

FIG. 3 is a structure schematic diagram of channel state information used in embodiment 6 of the present invention;
FIG. 4 is a flowchart of a method for feeding back channel state information provided by embodiment 7 of the present
invention;

FIG. 5 is a structure schematic diagram of channel state information used in embodiment 7 of the present invention;
FIG. 6 is a flowchart of a method for feeding back channel state information provided by embodiment 8 of the present
invention;

FIG. 7 is a structure schematic diagram of t.TE provided by an embodiment of the present invention;

FIG. 8 is a structure schematic diagram of user equipment provided by another embodiment of the present invention.

Preferred Embodiments of the Present Invention

[0017] In order to obtain a higher peak spectral efficiency in an LTE-A system, a dynamic switch of single-user MIMO
and multiple-user MIMO needs to be supported in downlink, and on one hand, a feedback control signaling of channel
information needs to keep a backward compatibility, to take SU-MIMO as a priority principle and be compatible with a
feedback form of CQI/PMI/RI of the existing Release 8 as possible; on other hand, the feedback control signaling of the
channel information needs to take a forward compatibility into account, considering a support to MU-MIMO and COMP,
to ensure that the new technology has acceptable performances.

[0018] In order to implement reporting overall and effective channel state information in a SU-MIMO and MU-MIMO
dynamic switching system, embodiments of the present invention provide a method for feeding back channel state
information.

[0019] Embodiment 1 of the present invention will be described as follows.

[0020] An embodiment of the present invention provides a method for feeding back channel state information, com-
prising: in a single transmission mode, a UE sending channel state information to a network side end, the channel state
information comprising information indicating a transmission layer with best channel quality.

[0021] Further,the signal transmission mode is a transmission mode of SU-MIMO or MU-MIMO, or a mixed transmission
mode of SU-MIMO and MU-MIMO.

[0022] Further, the information indicating the transmission layer with best channel quality carries out indication by way
of fixing a best layer location, for example fixing the first layer as the best layer, or fixing the first and second layer as
the best layers.

[0023] Further, the information indicating the transmission layer with best channel quality is specifically a pre-coding
matrix index (PMI) of a right unitary matrix of a channel matrix, before the step of the UE sending the channel state
information to the network side, the method further comprises:

the UE obtains a channel matrix according to the channel estimation, and the UE determines a pre-coding matrix
index PMI from a preset codebook, so that the first transmission layer indicated by the PMI has a best channel
quality or the transmission layers corresponding to the first and second transmission layers indicated by the PMI
have the best and the second best channel quality.

[0024] Further,the UE determining a unitary matrix matching the transmission layer from the preset codebook according
to the obtained channel matrix through channel estimation comprises:
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a singular value decomposition is performed on the channel matrix to obtain a right unitary matrix and a diagonal
matrix of the channel matrix, and the singular value of the first column of the diagonal matrix is the maximum, the
corresponding singular values of various columns decrease sequentially in a order of column;

one unitary matrix which is closest to the right unitary matrix is selected as the unitary matrix matching the transmission
layer from the preset codebook, and its corresponding index is the pre-coding matrix index.

[0025] Further,the UE determining a unitary matrix matching the transmission layer from the preset codebook according
to the obtained channel matrix through channel estimation comprises:

performing a singular value decomposition on the channel matrix to obtain the right unitary matrix of the channel
matrix,;

performing a full permutation on each column vector of the right unitary matrix, and quantizing combinations of
various sequencing respectively;

selecting a combination with minimum quantization error as a final right unitary matrix, and selecting one unitary
matrix closest to the right unitary matrix as the unitary matrix matching the transmission layer from the preset
codebook.

[0026] More specifically, for example in a LTE-A system, in a transmission mode of SU/MU MEMO dynamic switching,
the UE determines 4 transmission layers and fixes the first transmission layer as the best transmission layer, or fixes
the first and the second transmission layers as the best and the second best transmission layers respectively.

[0027] Embodiment 2 of the present invention will be described in detail as follows.

[0028] A method for feeding back channel state information comprises: in a single transmission mode, UE sending
channel state information to a network side eNB, wherein the channel state information comprises information indicating
a transmission layer with best channel quality.

[0029] Further, the information indicating the transmission layer with best channel quality refers to a CQl report, and
the UE determines the channel quality information CQlI of each transmission layer by a CQl report, and indicates which
layer is the best according to the CQlI of each transmission layer, and the UE sends the CQI report to the eNB.

[0030] Furthermore, the CQlI report comprises the CQI of each layer, and a transmission layer with the maximum CQl
is the best layer.

[0031] Furthermore, average CQls of different transmission layer sets and the differential CQl between CQI of each
transmission layer and the average CQI of the transmission layer set to which said each transmission layer belongs are
calculated, the transmission layer with the maximum differential CQI in the transmission layer set with the maximum
average CQl is the best layer.

[0032] Furthermore, the UE firstly determines the total number of layers of a single user MIMO as r, and then the UE
determines an average channel quality CQI_1 of transmission layers 1 to ceil(r/2) and an average channel quality CQI_2
of transmission layers foor(r/2) to r, and determines differential CQls between each transmission layer from 1 to ceil(r/2)
and CQI_1 and differential CQls between each transmission layer from floor(r/2) to r and CQI_2. Herein r is a positive
integer greater than 1, ceils represents rounding up, and floor represents rounding down.

[0033] More specifically, for example in a LTE-A system, in a transmission mode of SU/MU MIMO dynamic switching,
a UE determines 4 transmission layers, each of which has one CQl, CQl4, CQl,, CQl; and CQl, respectively. Assuming
that CQl; is the maximum, then it indicates that the third transmission layer is the best transmission layer. Assuming
that CQlj3 is the maximum and CQl, is the second maximum, then it indicates that the third transmission layer and the
first transmission layer are the best and the second best transmission layers respectively.

[0034] Embodiment 3 of the present invention will be described in detail as follows.

[0035] A method for feeding back channel state information comprises: in a single transmission mode, UE sending
channel state information to a network side eNB, the channel state information comprising information indicating a
transmission layer with best channel quality.

[0036] Further, the information indicating the transmission layer with best channel quality refers to adding an uplink
indication signaling, and the UE sending the uplink indication signaling together with the reported additional uplink
indication signaling and other channel state information to eNB.

[0037] Furthermore, the channel state information comprises the added additional uplink indication signaling with
log2(combnk (r,1)) bits, indicating the location of the best layer in transmission layers 1 to r. Herein, the total number of
layers of a single user MIMO is r, and r is a positive integer greater than 1, and combnk(n,j) denotes a combinatorial
number of taking j from n, wherein n and j are positive integers greater than or equal to 1, and n is greater than or equal to .
[0038] More specifically, for example in a LTE-A system, in a transmission mode of SU/MU MIMO dynamic switching,
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the UE determines 8 transmission layers, and the added additional uplink indication signalings are composed of 3 bits,
b1, b2, b3 respectively, the meanings of different uplink indication signalings are as shown in TABLE 3.

TABLE 3 Relation between the additional uplink indication signaling and the bestlayer

b1,b2,b3 The indicated best layer

000 The first transmission layer
001 The second transmission layer
010 The third transmission layer
011 The fourth transmission layer
100 The fifth transmission layer

101 The sixth transmission layer
110 The seventh transmission layer
111 The eighth transmission layer

[0039] Embodiment 4 of the present invention will be described in detail as follows.

[0040] A method for feeding back channel state information comprises: in a single transmission mode, UE sending
channel state information to a network side eNB, the channel state information comprising information indicating a
transmission layer with best channel quality.

[0041] Further, the information indicating a transmission layer with best channel quality refers to an uplink indication
signaling, and the UE sends the uplink indication signaling together with the reported additional uplink indication signaling
and other channel state information to an eNB.

[0042] Furthermore, the channel state information comprises an uplink indication signaling and average CQls of
different transmission layer sets, and the uplink indication signaling is used to indicate the transmission layer with best
channel quality in the transmission layer set with maximum average CQI as the best transmission layer of all layers.
[0043] Furthermore, the average CQls of different transmission layer sets are the average channel quality CQI_1 of
transmission layers 1 to ceil(r/2) and the average channel quality CQI_2 of transmission layers foor(r/2) to r.

[0044] Furthermore, when r=1,2, the number of additional indication signalings is 0; when r=3,4, the number of the
additional indication signalings is 1; when r=5,6,7,8, the number of the additional indication signalings is 2.

[0045] Furthermore, if CQI_1 is less than or equal to CQI_2, then the best transmission layer appears in transmission
layers foor(r/2) to r, the additional uplink indication signaling with log2(combnk (ceil(r/2),1)) bits is used to indicate the
location of the best layer of them; if CQI_1 is greater than CQI_2, then the best transmission layer appears in transmission
layers 1 to ceil(r/2), the additional uplink indication signaling with log2(combnk (ceil(r/2),1)) bits is used to indicate the
location of the best layer of them; herein, a UE firstly determines that the total number of layers of the single user MIMO
isr,andris a positive integer greater than 1, ceil denotes rounding up, floor denotes rounding down, combnk(n,j) denotes
a combinatorial number of taking j from n, wherein n and j are positive integers greater than or equal to 1, and n is greater
than or equal to .

[0046] Furthermore, the UE determines an average channel quality CQI_1 of transmission layers 1 to ceil(r/2) and an
average channel quality CQI_2 of transmission layers foor(r/2) to r, and if CQI_1 is less than CQI_2, then the best
transmission layer appears in transmission layers foor(r/2) to r, the additional uplink indication signaling with
log2(C(ceil(r/2),1)) bits is used to indicate the location of the best layer; if CQI_1 is greater than or equal to CQI_2, then
the best transmission layer appears in transmission layers 1 to ceil(r/2), the additional uplink indication signaling with
log2(C(ceil(r/2),1)) bits is used to indicate the location of the best layer; herein, the UE firstly determines that the total
number of layers of a single user MIMO is r, wherein r is a positive integer greater than 1, ceils denotes rounding up,
floor denotes rounding down, combnk (n,j) denotes a combinatorial number of taking j from n, wherein n and j are positive
integers greater than or equal to 1 and n is greater than or equal to j.

[0047] More specifically, for example in a LTE-A system, in a transmission mode of SU/MU MIMO dynamic switching,
the UE determines 8 transmission layers, and there is one average channel quality indication information GQI-1 in layers
1-4, and there is one average channel quality indication information CQI-2 in layers 5-8. Besides CQI-1, CQI-2 and so
on, the channel state information further comprises an additional signaling with 2 bits which is used to indicate the biggest
transmission layer in different transmission layer sets.

[0048] Assuming that CQI-1>CQl-2, the additional uplink indication signaling are b, b,, the meaning of each uplink
indication signaling is as shown in TABLE 4.
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TABLE 4 Relation between the additional uplink indication signaling and the best

layer
b1,b2 The indicated best layer
00 The first transmission layer
01 The second transmission layer
10 The third transmission layer
11 The fourth transmission layer

[0049] Assuming that CQI-2>CQI-1, the additional signaling are b4, b,, herein the meaning of each uplink indication
information is as shown in TABLE 5.

TABLE 5 Relation between the additional uplink indication signaling and the best

layer
b1;b2 The indicated best layer
00 The fifth transmission layer
01 The sixth transmission layer
10 The seventh transmission layer
11 The eighth transmission layer

[0050] Embodiment 5 of the present invention will be described in combination with drawings as follows.

[0051] Embodiment5 ofthe presentinvention provides a method for feeding back channel state information, by carrying
an indication of selecting the best transmission layer in the channel state information, it solves a problem of lacking a
mechanism of reporting overall and effective channel state information in a SU-MIMO and MU-MIMO dynamic switching
system. In an embodiment of the present invention, the indication of selecting the best transmission layer is specifically
a PMI of a unitary matrix, and a network side device is specifically a data sender (such as eNB), a UE is specifically a
UE. Aflowchart ofimplementing channel state information feedback by using the method is as shownin FIG. 1, comprising:

in step 101, a codebook is set at the UE and the network side.

[0052] In an embodiment of the present invention, 16 u vectors defined by LTE when there are 4 antennas are nearly
distributed uniformly in n-dimension space.

[0053] n refers to size of each u vector herein, that is n =4. It means herein that, 16 typical u vectors denotes [a4 a,
a5 a4]" vector through quantization, wherein a4,a,, as,a, are arbitrary complexes, and [a; a, a3 a4]"[a4 a, ag a4]=1.
[0054] 16 codebooks as shown in TABLE 3 is generated based on Householder transform Expression 1 of u vector.

W, =1-2uu lulu :
" ntm o Tmom Expression |

[0055] Wherein, | is a unit matrix of 4*4, assuming that the number of receiving antennas of a certain UE is 4, then 4
transmission layers exist between the UE and the eNB, so the rank is 4, and the codebook includes 16 quantized unitary
matrixes according to TABLE 3, the size of each unitary matrix is 4*4, the UE and the eNB have the same codebook.
[0056] In step 102, the network side sends the transmission layer pilot reference information to UE, which is used for
UE measuring the downlink channel state;

in step 103, the UE receives the transmission layer pilot reference information sent by the network side, and performs
channel estimation on the transmission layer according to the information;

in step 104, the UE determines the unitary matrix matching the transmission layer from a preset codebook according to
the obtained channel matrix through channel estimation;

in step 103, after performing the channel estimation on the entire transmission layers, the UE obtains a channel matrix
H, and in this step, the UE performs Singular Value Decomposition (SVD) on H according to Expression 2, and obtains
a left unitary matrix U, a right unitary matrix V and a diagonal matrixZ, and ensures that each singular value of the
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diagonal matrixZ satisfies|o4|>|o,|>|o3|2|0y|.
[0057] V =[v4,vs,v3,v4], according to the right unitary matrix V, one closest unitary matrix is selected from 16 unitary
matrixes of the codebook, and an index PMI of the unitary matrix is obtained.

o, 0 0 0]
0 , 0 0
H=UzV" = [ul,uz,%,li] 0 C::) 0 [vi,vz,xq,vél]ﬂ
g,
00 0 o Expression 2

[0058] By determining a size relation between the above SVD and an absolute value of the singular value, a PMI with
implicit reflection relation is obtained, which may ensure that the best one or two column vectors are always located at
the first one column or the first two columns of the right unitary matrix corresponding to the PMI.

[0059] In step 105, the UE sends channel state information to eNB;

in this step, the UE sends channel state information to eNB, and the channel state information includes a PMI, one or
two CQls and Rls,

[0060] Thus, after receiving channel state information sent by the UE, eNB may obtain a corresponding unitary matrix
from a locally stored preset codebook according to the PMI therein, and thereby determines a best transmission layer
according to an established column vector permutation order when the codebook is set.

[0061] Alternatively, in step 104, the unitary matrix may also be determined according to the following method:

First, the UE performs SVD on H to obtain a right unitary matrix V = [v4,v,,v3,v,] of the channel matrix, and performs
a full permutation on the unitary matrix according to different orders, and obtains possible 24 permutation modes
as follows:

V, = vl,va,vz,w]

Vi [ 4> V15V2, Vs ]

[0062] Assuming that there is a certain permutation V, = [v;,v;,v|,v|], and one closest unitary matrix V,, = v; /,vk,v,] is

selected from 16 unitary matrixes of the codebook, so that the quantization error of the first column vector is minimum,
and the quantization error of the column vector of the second column is the second smallest, that is, satisfying
denord(Vis ,,)<dchord(v v)<dchord(vk,\~/k),dchord(v,,\?,),wherein, ij,k,Ibelong to set{1,2,3,4}, and i,j,k,/are four different digits.

<t ||

VV V.V

‘“Immf (:V” ’) - _\/ﬁ E Frobeiis
Wherein, d,,.,4(v; V;) denotes a chord distance between vectors v;and v;, »
an index PMI of the unitary matrix is obtained. Wherein, h is a positive integer belonging to set {1,2,3,...,24}. Thus, one

unitary matrix with minimum quantization error is obtained as the unitary matrix of the UE.
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[0063] Embodiment 6 of the present invention will be described in combination with drawings as follows.

[0064] Embodiment6 ofthe presentinvention provides a method for feeding back channel state information, by carrying
an indication of selecting the best transmission layer in the channel state information, it solves a problem of lacking a
mechanism of reporting overall and effective channel state information in a SU-MIMO and MU-MIMO dynamic switching
system. In an embodiment of the present invention, the indication of selecting the best transmission layer is specifically
a CQl report, and CQls of entire transmission layers are included in the CQI report, a network side device is specifically
a data sender (such as eNB), and a UE is specifically a UE.

[0065] In embodiment of the present invention, 16 u vectors defined by LTE when there are 4 antennas are nearly
distributed in n-dimension space uniformly. 16 codebooks as shown in TABLE 3 are generated based on Householder
transform Expression 1 of u vectors.

[0066] A flowchart of completing channel state information feedback by using a method for feeding back channel state
information provided by an embodiment of the present invention is as shown in FIG. 2, comprising the following steps.
[0067] In step 201, a network side sends the transmission layer pilot reference information which is used for UE
measuring the downlink channel state to UE;

in step 202, the UE receives the transmission layer pilot reference information sent by the network side, and performs
channel estimation on the transmission layer according to the information;

in step 203, the UE determines a unitary matrix matching the transmission layer and CQI of each transmission layer
from a preset codebook according to the obtained channel matrix through channel estimation;

in this step, the UE performs SVD on the channel matrix H obtained through the channel estimation according to
Expression 2 to obtain a right unitary matrix V = [ v4,v5,v3,v,4] of the channel matrix, and it selects one closest unitary
matrix from 16 unitary matrixes of the codebook to obtain an index PMI of the unitary matrix.

[0068] Herein, the UE also needs to determine the channel quality indication information CQI of transmission layers
corresponding to each column of the unitary matrix, and the embodiment of the present invention has 4 transmission
layers, so there are 4 CQls.

[0069] In step 204, the UE sends the channel state information to eNB;

[0070] The structure of channel state information used in the embodiment of the presentinvention is as shown in FIG. 3.
[0071] In this step, the UE feeds back the PMI and 4 CQls to the eNB.

[0072] After receiving the channel state information, eNB may determine the best transmission layer which may be
used when performing MU-MIMO for the UE (that is, the transmission layer corresponding to the maximum CQlI value).
For example, CQls of the four transmission layers are respectively CQl4, CQl,, CQl; and CQly, and CQl, > CQIl, > CQl,
> CQI5, then the second column vector v, of the right unitary matrix V is the best column vector, and the second column
Vv, of the matrix indicated by the PMI in the codebook is a quantization value of v,, eNB may obtain the quantization
information, thereby determining that the best transmission layer is the transmission layer corresponding to v;.

[0073] It should be noted that, the quality of each transmission varies a lot according to different CQl values, so eNB
may select a best transmission layer with best signal or multiple transmission layers with better signals to carry out
transmission according to actual requirements when sending data to the UE by using MU-MIMO, which is not limited by
the embodiment of the present invention.

[0074] In additional, when there are more transmission layers, the amount of data of CQl set of each transmission
layer is larger, which requires to occupy much bandwidth resource, reducing the system transmission efficiency, so
when there are more transmission layers (there exist 8 transmission layers, for example), the UE divides the transmission
layer into different sets. For example, the 8 transmission layers are divided into two sets, and each set comprises 4
transmission layers, and the average CQI value of each set is obtained; the differential CQl value of each transmission
layer is obtained respectively, specifically through the difference between the CQI of transmission layer and the average
CQl of the set where the transmission layer is located to obtain the differential CQl value, and the differential CQl value
of each transmission layer is taken as CQI report to be sent to eNB, and eNB judges which is a transmission layer with
best channel quality according to the differential value of each transmission layer, in general, the transmission layer with
maximum differential CQl in the set with highest average CQl is taken as the transmission layer with best channel quality.
[0075] Embodiment 7 of the present invention will be described in combination with drawings.

[0076] Embodiment7 ofthe presentinvention provides a method for feeding back channel state information, by carrying
an indication of selecting the best transmission layer in the channel state information, it solves a problem of lacking a
mechanism of reporting overall and effective channel state information in a SU-MIMO and MU-MIMO dynamic switching
system. In an embodiment of the present invention, the indication of selecting the best transmission layer is an uplink
indication signaling, specifically a best layer index (BLI), and a network side device is specifically a data sender (such
as eNB), a UE is specifically a UE.

[0077] Inthe embodiment of the present invention, 16 u vectors defined by LTE when there are 4 antennas are nearly
distributed in n-dimension space uniformly. 16 codebooks as shown in TABLE 6 are generated based on Householder
transform Expression 1 of u vectors.

[0078] A flowchart of completing channel state information feedback by using a method for feeding back channel state
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information provided by an embodiment of the present invention is as shown in FIG. 4, comprising the following steps.
[0079] In step 401, a network side sends the transmission layer pilot reference information which is used for UE
measuring the downlink channel state to UE;

in step 402, the UE receives the transmission layer pilot reference information sent by the network side, and performs
channel estimation on the transmission layer according to the information;

in step 403, the UE determines a unitary matrix matching the transmission layer and BLI from a preset codebook according
to the obtained channel matrix through channel estimation;

in this step, the UE performs SVD on the channel matrix H obtained from the channel estimation according to Expression
2, and obtains a right unitary matrix V = [v4,v5,v3,,4] and a diagonal matrixX of the channel matrix, and selects one
closest unitary matrix from 16 unitary matrixes of the codebook to obtain an index PMI of the unitary matrix.

[0080] In addition, the BLI of the UE needs to be determined, and the BLI denotes the column index of the column
vector corresponding to the absolute value of the maximum singular value in the unitary matrix corresponding to the
PMI index.

[0081] For example, there exists an index with 2 bits, and 00 denotes that v, is the best column vector, 01 denotes
that v, is the best column vector, 10 denotes that v5 is the best column vector, 11 denotes that v, is the best column
vector, and the transmission layer corresponding to the best column vector is the best transmission layer.

[0082] Indexes of multiple better column vectors may also be indicated in the BLI at the same time, for example,
column indexes of the two column vectors of the absolute value of the maximum singular value and absolute value of
the second maximum singular value corresponding to the BLI are provided. For example, there exists one index with 3
bits, 000 denotes that v4,v, are two better column vectors, 001 denotes that v4,v3 are two better column vectors, 010
denotes that v4,v, are two better column vectors, 011 denotes that v,,v5 are two better column vectors, 100 denotes
that v,,v, are two better column vectors, and 101 denotes that v5,v, are two better column vectors.

[0083] It should be noted that, the best column vector corresponding to each value of the BLI is appointed when the
system is initialized, that is, the eNB and the UE both know the best column vector represented by the BLI value and
the corresponding transmission layer.

[0084] In step 404, the UE sends channel state information to the eNB;

[0085] The structure of channel state information used in the embodiment of the presentinvention is as shown in FIG. 5.
[0086] After receiving the channel state infonnation, the eNB may determines that the best transmission layer (the
transmission layer which the BLI index points to) which may be used when performing MU-MIMO on the UE.

[0087] Embodiment 8 of the present invention will be described in combination with drawings as follows.

[0088] Embodiments 8 of the present invention provides a method for feeding back channel state information, by
carrying an indication of selecting the best transmission layer in the channel state information, it solves a problem of
lacking a mechanism of reporting overall and effective channel state information in a SU-MIMO and MU-MIMO dynamic
switching system. In an embodiment of the present invention, the indication of selecting the best transmission layer is
specifically a BLI and a CQl report, and the CQl report includes the average CQl of each transmission layer set (average
channel quality), and a network side device is specifically a data sender (such as eNB), a UE is specifically a UE.
[0089] Inthe embodiment of the present invention, 16 u vectors defined by LTE when there are 4 antennas are nearly
distributed in n-dimension space uniformly. 16 codebooks as shown in TABLE 6 are generated based on Householder
transform Expression 1 ofu vectors.

[0090] A flowchart of completing channel state information feedback by using a method for feeding back channel state
information provided by an embodiment of the present invention is as shown in FIG. 6, comprising the following steps.
[0091] In step 601, a network side sends the transmission layer pilot reference information which is used for UE
measuring the downlink channel state to UE;

in step 602, the UE receives the transmission layer pilot reference information sent by the network side, and performs
channel estimation on the transmission layer according to the information;

in step 603, the UE determines a unitary matrix matching the transmission layer, BLI and average CQIl from a preset
codebook according to the obtained channel matrix through channel estimation;

in this step, the UE performs SVD on the channel matrix H obtained from the channel estimation according to Expression
2, and obtains a right unitary matrix V = [v4,v,,v3,v4] and diagonal matrixXZ of the channel matrix, and selects one closest
unitary matrix from 16 unitary matrixes of the codebook to obtain an index PMI of the unitary matrix.

[0092] In addition, the BLI of the UE also needs to be determined, and the BLI denotes the column index of the column
vector corresponding to the absolute value of the maximum singular value in the unitary matrix corresponding to the
PMI index.

[0093] For example, there exists one index with 2 bits, 00 denotes that v, is the best column vector, 01 denotes that
v, is the best column vector, 10 denotes that v is the best column vector, 11 denotes that v, is the best column vector,
and the transmission layer corresponding to the best column vector is the best transmission layer.

[0094] Indexes of multiple better column vectors may also be indicated in the BLI at the same time, for example,
column indexes of the two column vectors of the absolute value of the maximum singular value and absolute value of
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the second maximum singular value corresponding to the BLI are provided. For example, there exists one index with 3
bits, 000 denotes that v4,v, are two better column vectors, 001 denotes that v4,v3 are two better column vectors, 010
denotes that v4,v, are two better column vectors, 011 denotes that v,,v5 are two better column vectors, 100 denotes
that v,,v, are two better column vectors, and 101 denotes that v5,v, are two better column vectors.

[0095] In order to further improve the transmission efficiency, when there are more layers of the transmission layers,
multiple transmission layers may be divided into different sets, and the average CQl of each set is obtained, and the set
with higher average CQl is taken as the set where the transmission layer with best channel quality is located, and a BLI
is constructed according to the set where the transmission layer with best channel quality is located, specifically referring
to TABLE 4 and TABLE 5.

[0096] It should be noted that, the best column vector corresponding to each value of the BLI is appointed when the
system is initialized, that is, the eNB and the UE both know the best column vector represented by the BLI value and
the corresponding transmission layer.

[0097] In step 604, the UE sends channel state information to the eNB;

after receiving the channel state information, the eNB may firstly judge an average CQI of each set, and select a set
with maximum average CQlI, and finally determine the transmission layer with best channel quality according to the BLI
from the set.

[0098] An embodiment of the present invention also provides a UE, and the structure of the UE is as shown in FIG.
7, comprising:

a information feedback module 701, which is used to send channel state information to the network side, and the
channel state information comprises information indicating transmission layers with best channel quality.

[0099] Further, the above UE is as shown in FIG. 8, further comprising:

a first information generating module 702, which is used to generate channel state information according to a preset
fixing location of best transmission layer;

a second information transmission module 703, which is used to obtain a CQl report according to the CQl of each
transmission layer, and generate channel state information according to the CQl report;

the average CQls of different transmission layer sets and the differential CQl between the CQI of each transmission
layer and the average CQI of the transmission layer set to which the each transmission layer belongs are calculated,
and channel state information is generated according to the calculation result;

a third information transmission module 704, which is used to generate a uplink indication signaling, and generate
channel state information according to the uplink indication signaling;

a fourth information transmission module 705, which is used to generate channel state information according to the
uplink indication signaling and the average CQI of each transmission layer set.

[0100] The above UE may be combined with a method for feeding back channel state information provided by the
embodiment of the present invention, and when the UE sends channel state information to the network side, the infor-
mation carries an indication of selecting the best transmission layer, indicating that the network side sends data to the
UE through the best transmission layer, thus, when the network side determines to adopt MU-MIMO, it can determine
the best transmission layer quickly according to the indication of selecting the best transmission layer in the channel
state information, thereby enhancing the transmission efficiency and the transmission quality, solving the problem of
lacking a mechanism of reporting overall and effective channel state information in a SU-MIMO and MU-MIMO dynamic
switching system.

[0101] The ordinary people skilled in the art should understand that the all or part of steps in the above-mentioned
method may be completed by program instructing relevant hardware, and the program may be stored in a computer
readable storage medium such as a read only memory, a magnetic disk or a compact disk and so on. Alternatively, all
or part of steps in the above-mentioned embodiments may also be implemented by using one or more integrated circuits.
Correspondingly, each module/unit in the above-mentioned embodiments may be implemented in the form of hardware,
or may be implemented in the form of software function module. The present invention is not limited to any specified
form of the combination of hardware and software.
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Industrial Applicability

[0102] Embodiments of the present invention provide a method for feeding back channel state information and user
equipment thereof, when the user equipment sends channel state information to a network side, an indication of selecting
the best transmission layer is carried in the information, to indicate the network side to send data to the user equipment
by the best transmission layer, thus when the network side determines to adopt a MU-MIMO, it may determine a best
transmission layer quickly according to the indication for selecting the best transmission layer in the channel state
information, thereby enhancing the transmission efficiency and transmission quality, and solving the problem of lacking
amechanism of reporting overall and effective channel state informationin a SU-MIMO and MU-MIMO dynamic switching
system.

Claims
1. A method for feeding back channel state information, comprising:

in a transmission mode of dynamic switching between a Single-User Multiple Input Multiple Output, SU-MIMO,
transmission mode and a Multiple-User Multiple Input Multiple Output, MU-MIMO, transmission mode, user
equipment, UE, sending the channel state information to a network side, which comprises a Pre-coding Matrix
Indicator, PMI, indicating a Pre-coding Matrix for the SU-MIMO mode and information indicating for the MU-
MIMO transmission mode a transmission layer with the best channel quality among all transmission layers
indicated by the Pre-coding Matrix, to indicate the network side to send data to the UE by the transmission layer
with the best channel quality when the network side determines to adopt the MU-MIMO transmission mode;
wherein the information indicating the transmission layer with the best channel quality includes average CQls
of different transmission layer sets and a differential CQIl between a CQI of each transmission layer and an
average CQI of the transmission layer set to which said each transmission layer belongs, before the step of the
UE sending the channel state information to the network side, the method further comprises:

dividing transmission layers into at least two transmission layer sets;

obtaining the average CQI of each transmission layer set respectively; and

obtaining the differential CQl between the CQI of each transmission layer and the average CQI of the
transmission layer set to which said each transmission layer belongs according to the average CQl of each
transmission layer set.

2. A user equipment, UE, applied to a transmission mode of dynamic switching between a Single-User Multiple Input
Multiple Output, SU-MIMO, transmission mode and a Multiple-User Multiple Input Multiple Output, MU-MIMO, trans-
mission mode, comprising:

an information feedback module, which is configured to: send channel state information to a network side,
wherein the channel state information comprises a Pre-coding Matrix Indicator, PMI, indicating a Pre-coding
Matrix for the SU-MIMO mode and information indicating for the MU-MIMO transmission mode a transmission
layer with the best channel quality among all transmission layers indicated by the Pre-coding Matrix, to indicate
the network side to send data to the UE by the transmission layer with the best channel quality when the network
side determines to adopt the MU-MIMO transmission mode;

a second information transmission module, which is configured to: calculate average CQls of different trans-
mission layer sets and a differential CQI between the CQI of each transmission layer and an average CQl of
the transmission layer set to which said each transmission layer belongs, and generate the channel state
information according to the calculation result, wherein the average CQls of different transmission layer sets
and the differential CQls are the information indicating a transmission layer with the best channel quality.

Patentanspriiche
1. Verfahren zum Feedback fiir Kanalstatusinformationen, umfassend:
in einem Ubertragungsmodus des dynamischen Schaltens zwischen einem Single-User Multiple Input Multiple

Output, SU-MIMO, Ubertragungsmodus und einem Multiple-User Multiple Input Multiple Output, MU-MIMO,
Ubertragungsmodus, Anwenderausstattung, UE, zum Senden der Kanalzustandsinformation zu einer Netz-
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werkseite, welche einen Pre-coding Matrix Indikator, PMI, zum Anzeigen einer Pre-coding Matrix fir den SU-
MIMO Modus und Informationen zum Anzeigen einer Ubertragungsschicht fiir den MU-MIMO Ubertragungs-
modus mit der besten Kanalqualitat zwischen allen durch die Pre-coding Matrix angezeigten Ubertragungs-
schichten umfasst, um die Netzwerkseite zum Senden der Daten zum UE iiber die Ubertragungsschicht mit
der besten Kanalqualitat anzuzeigen, wenn die Netzwerkseite bestimmt, den MU-MIMO Ubertragungsmodus
zu Ubernehmen;

wobei die Informationen, welche die Ubertragungsschicht mit der besten Kanalqualitat anzeigen, Durchschnitts-
CQls von verschiedenen Satzen von Ubertragungsschichten und Differenzial-CQls zwischen einer CQI jeder
Ubertragungsschicht und einem Durchschnitts-CQI des Satzes von Ubertragungsschichten enthalten, zu wel-
chen jede Ubertragungsschicht gehért, wobei vor dem Schritt des Sendes durch den UE der Kanalstatusinfor-
mationen zu der Netzwerkseite das Verfahren weiterhin umfasst:

Teilen von Ubertragungsschichten in zumindest zwei Satze von Ubertragungsschichten;

Erhalten des Durchschnitts-CQl jedes der Satze von Ubertragungsschichten; und

Erhalten des Differenzial-CQl's zwischen dem CQl jeder Ubertragungsschicht und dem Durchschnitts-CQI
des Satzes von Ubertragungsschichten, zu welchen jede Ubertragungsschicht gemaR dem Durchschnitts-
CQl jedes Satzes von Ubertragungsschichten gehort.

2. Anwenderausstattung, UE, welche auf einen Ubertragungsmodus des dynamischen Schaltens zwischen einem
Single-User Multiple Input Multiple Output, SU-MIMO, Ubertragungsmodus und einem Multiple-User Multiple Input
Multiple Output, MU-MIMO, Ubertragungsmodus angewendet wird, umfassend:

ein Informations-Feedback-Modul, welches dazu ausgelegt ist: Kanalstatusinformationen zu einer Netzwerksei-
te zu senden, wobei die Kanalstatusinformationen eine Pre-coding Matrix Indikator, PMI, zum Anzeigen eine
Pre-coding Matrix fiir den SU-MIMO Modus und Informationen zum Anzeigen fiir den MU-MIMO Ubertragungs-
modus einer Ubertragungsschicht mit der besten Kanalqualitat zwischen allen durch die Pre-coding Matrix
angezeigten Ubertragungsschichten umfasst, um der Netzwerkseite anzuzeigen, die Daten zum UE (iber die
Ubertragungsschicht mit der besten Kanalqualitdt zu senden, wenn die Netzwerkseite bestimmt, den MU-MIMO
Ubertragungsmodus zu (ibernehmen;

ein zweites Informationsiibertragungsmodul, welches dazu ausgelegt ist:

einen Durchschnitts-CQI von verschiedenen Satzen von Ubertragungsschichten und einen Differenzial-
CQl zwischen dem CQI jeder Ubertragungsschicht und einen Durchschnitts-CQI des Satzes von Ubertra-
gungsschichten zu berechnen, zu welchen die Ubertragungsschicht jeweils gehért, und Kanalstatusinfor-
mationen gemafl dem Berechnungsergebnis zu erzeugen, wobei der Durchschnitts-CQl von verschiedenen
Sétzen von Ubertragungsschichten und der Differenzial-CQl die Informationen sind, welche eine Ubertra-
gungsschicht mit der besten Kanalqualitt anzeigen.

Revendications

Procédé pour retourner les informations sur un état de canal, comprenant :

dans un mode de transmission de commutation dynamique entre un mode de transmission SU-MIMO, utilisateur
unique et entrée multiple/sortie multiple, et

un mode de transmission MU-MIMO, utilisateur multiple et entrée multiple/sortie multiple, un équipement utili-
sateur, (UE), envoyant les informations sur un état de canal vers un c6té de réseau, qui comprend un indicateur
de matrice de pré-codage, (PMI), indiquant une matrice de pré-codage pour le mode SU-MIMO et des infor-
mations indiquant pour le mode transmission MU-MIMO une couche de transmission avec la meilleure qualité
de canal de toutes les couches de transmission indiquées par la matrice de pré-codage, pour indiquer le coté
réseau pour I'envoi des données a I'UE par la couche de transmission ayant la meilleure qualité de canal lorsque
le c6té réseau choisit d’adopter le mode de transmission MU-MIMO ;

dans lequel les informations indiquant la couche de transmission ayant la meilleure qualité de canal incluent
des indicateurs de qualité de canal (CQIl) moyens de différents jeux de couche de transmission et un CQl
différentiel entre un CQI de chaque couche de transmission et un CQl moyen du jeu de couches de transmission
auquel chaque dite couche de transmission appartient, avant I'étape dans laquelle 'UE envoie les informations
sur un état de canal vers le c6té réseau, le procédé comprenant en outre les étapes consistant a :
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diviser les couches de transmission en au moins deux jeux de couches de transmission ;

obtenir le CQI moyen de chaque jeu de couches de transmission, respectivement ; et

obtenirle CQl différentiel entre le CQI de chaque couche de transmission et le CQIl moyen du jeu de couches
de transmission auquel chaque dite couche de transmission appartient en fonction du CQI moyen de chaque
jeu de couches de transmission.

2. Equipement utilisateur (UE) appliqué & un mode de transmission de commutation dynamique entre un mode de
transmission SU-MIMO, utilisateur unique et entrée multiple/sortie multiple, et un mode de transmission MU-MIMO,
utilisateur multiple et entrée multiple/sortie multiple, comprenant :
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un module de retour d’informations qui est configuré pour : envoyer des informations sur un état de canal vers
un cbté réseau, dans lequel les informations sur un état de canal comprennent un indicateur de matrice de pré-
codage (PMI), indiquant une matrice de pré-codage pour le mode SU-MIMO et des informations indiquant pour
le mode transmission MU-MIMO une couche de transmission avec la meilleure qualité de canal parmi toutes
les couches de transmission indiquées par la matrice de pré-codage, pour indiquer le c6té réseau pour I'envoi
des données a I'UE par la couche de transmission avec la meilleure qualité de canal lorsque le c6té réseau
choisit d’adopter le mode de transmission MU-MIMO ;

un second module de transmission d’informations qui est configuré pour : calculer les CQI moyens de différents
jeux de couches de transmission et un CQl différentiel entre le CQI de chaque couche de transmission et un
CQI moyen du jeu de couches de transmission auquel chaque dite couche de transmission appartient, et générer
les informations sur un état de canal en fonction du résultat du calcul, dans lequel les CQI moyens de différents
jeux de couches de transmission et les CQls différentiels sont les informations indiquant une couche de trans-
mission ayant la meilleure qualité de canal.
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