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Description
METHOD OF TRANSMITTING PRECODING INFORMATION

IN MULTIPLE ANTENNA SYSTEM

Technical Field
[1] The present invention relates to wireless communications, and more particularly, to a

method for more effectively transmitting precoding information in a multiple antenna

system.

Background Art
[2] Wireless communication systems are widely used to provide various types of com

munications. For example, voice and/or data are provided by the wireless commu

nication systems. A conventional wireless communication system provides multiple

users with one or more shared resources. For example, the wireless communication

system can use various multiple access schemes such as code division multiple access

(CDMA), time division multiple access (TDMA), and frequency division multiple

access (FDMA).

[3] An orthogonal frequency division multiplexing (OFDM) scheme uses a plurality of

orthogonal subcarriers. Further, the OFDM scheme uses an orthogonality between

inverse fast Fourier transform (IFFT) and fast Fourier transform (FFT). A transmitter

transmits data by performing IFFT. A receiver restores original data by performing

FFT on a received signal. The transmitter uses IFFT to combine the plurality of sub-

carriers, and the receiver uses FFT to split the plurality of subcarriers. According to the

OFDM scheme, complexity of the receiver can be reduced in a frequency selective

fading environment of a broadband channel, and spectral efficiency can be improved

through selective scheduling in a frequency domain by utilizing channel characteristics

which are different from one subcarrier to another. An orthogonal frequency division

multiple access (OFDMA) scheme is an OFDM-based multiple access scheme.

According to the OFDMA scheme, a radio resource can be more efficiently used by a l

locating different subcarriers to multiple users.

[4] Recently, to maximize performance and communication capability of a wireless com

munication system, a multiple input multiple output (MIMO) system has drawn

attention. Being evolved from the conventional technique in which a single transmit

(Tx) antenna and a single receive (Rx) antenna are used, a MIMO technique uses

multiple Tx antennas and multiple Rx antennas to improve transfer efficiency of data

to be transmitted or received. The MIMO system is also referred to as a multiple

antenna system. In the MIMO technique, instead of receiving one whole message

through a single antenna path, data segments are received through a plurality of



antennas and are then collected as one piece of data. As a result, a data transfer rate can

be improved in a specific range, or a system range can be increased with respect to a

specific data transfer rate.

[5] The MIMO technique includes transmit diversity, spatial multiplexing, and

beamforming. The transmit diversity is a technique in which the multiple Tx antennas

transmit the same data so that transmission reliability increases. The spatial mul

tiplexing is classified into single -user spatial multiplexing and multi-user spatial mul

tiplexing. The single-user spatial multiplexing is also referred to as a single user

MIMO (SU-MIMO). The multi-user spatial multiplexing is also referred to as a spatial

division multiple access (SDMA) or a multi user MIMO (MU-MIMO). A capacity of a

MIMO channel increases in proportion to the number of antennas. The MIMO channel

can be decomposed into independent channels. If the number of Tx antennas is Nt and

the number of Rx antennas is Nr, then the number of independent channels is Ni where

Ni < min{Nt, Mr}. Each independent channel can be referred to as a spatial layer. A

rank represents the number of non-zero eigen- values of the MIMO channel and can be

defined as the number of spatial streams that can be multiplexed. The spatial mul

tiplexing is a technique in which the multiple Tx antennas simultaneously transmit

different data so that the data can be transmitted at a high speed without increasing a

system bandwidth.

[6] The beamforming is used to add a weight factor to multiple antennas according to a

channel condition so as to increase a signal to interference plus noise ratio (SINR) of a

signal. The weight factor can be expressed by a weight vector. Two or more weight

vectors can be expressed by a weight matrix. The weight vector is referred to as a

precoding vector. The weight matrix is referred to as a precoding matrix. Channel

dependent precoding is a precoding method using a weight factor depending on the

channel condition. The channel dependent precoding uses a weight factor suitable for

the channel condition in order to maximize capacity of a transport channel. Channel in

formation for the channel dependent precoding can be obtained using a sounding

channel, a codebook, channel quantization, etc. A system using codebook-based

precoding among a variety of precoding methods creates a codebook set that can

reflect the channel condition, and selects a codebook that maximizes a reception

capacity of the transport channel. In general, the reception capacity of the transport

channel can increase in proportion to the number of codebooks of the codebook set.

[7] When the OFDM system applies the channel dependent precoding, optimal per

formance can be obtained using a weight factor for each subcarrier. However, the use

of the weight factor for each subcarrier may result in a significantly large overhead

caused by signaling. The overhead caused by control signaling when the weight factor

for each subband is used by dividing a whole frequency band into a subband which is a



group of consecutive subcarriers. A user equipment (UE) reports to a base station (BS)

a preferred codebook and a channel condition for each subband, and the BS performs

scheduling by considering the reported information. In general, the BS improves

system performance by assigning a subband having a good channel condition to the

UE. That is, the subband having a good channel condition has a higher possibility of

being assigned than a subband having a poor channel condition. An unnecessary

overhead may occur when the UE transmits a channel condition and a codebook not

only for the subband having a high possibility of being assigned but also for all

subbands having a low possibility of being assigned.

[8] Accordingly, there is a need for a method capable of reducing a transfer amount of

control information while ensuring scheduling efficiency in a multiple antenna system.

[9]

Disclosure of Invention

Technical Problem
[10] The present invention provides a method capable of reducing a transfer amount of

control information while ensuring scheduling efficiency in a multiple antenna system.

Technical Solution
[11] In an aspect, a method of transmitting precoding information in a multiple antenna

system includes selecting M subbands from a plurality of subbands constituting a

whole frequency band in a descending order of a channel quality indicator (CQI),

where M is an integer satisfying M>0, and transmitting a first precoding matrix

indicator (PMI) for the M subbands and a second PMI for a remaining band, wherein

the first PMI is a PMI of a codebook selected from a first codebook set including a

plurality of codebooks and the second PMI is a PMI of a codebook selected from a

second codebook set including a part of the plurality of codebooks of the first

codebook set.

[12] In another aspect, a method of transmitting control information in a multiple antenna

system includes transmitting downlink control information indicating a reporting

scheme of feedback data, and receiving the feedback data in response to the downlink

control information, wherein the downlink control information includes a first

codebook set for a primary subband selected to report a CQI and a PMI and a second

codebook set for a secondary subband prepared to report the CQI and the PMI, and the

second codebook set is selected from the first codebook set.

[13]

Advantageous Effects
[14] According to the present invention, precoding information can be effectively

transmitted by separately preparing a codebook for a best band and a codebook for a



non-selected band.

Brief Description of Drawings
[15] FIG. 1 shows a wireless communication system.

[16] FIG. 2 is a block diagram showing a structure of a transmitter according to an em

bodiment of the present invention.

[17] FIG. 3 shows feedback data according to an embodiment of the present invention.

[18] FIG. 4 shows feedback data according to another embodiment of the present

invention.

[19] FIG. 5 is a flow diagram showing a method for transmitting control information

according to an embodiment of the present invention.

[20]

Mode for the Invention
[21] FIG. 1 shows a wireless communication system. The wireless communication system

can be widely deployed to provide a variety of communication services, such as

voices, packet data, etc.

[22] Referring to FIG. 1, the wireless communication system includes at least one user

equipment (UE) 10 and a base station (BS) 20. The UE 10 may be fixed or mobile, and

may be referred to as another terminology, such as a mobile station (MS), a user

terminal (UT), a subscriber station (SS), a wireless device, etc. The BS 20 is generally

a fixed station that communicates with the UE 10 and may be referred to as another

terminology, such as a node-B, a base transceiver system (BTS), an access point, etc.

There are one or more cells within the coverage of the BS 20.

[23] A downlink (DL) represents a communication link from the BS 20 to the UE 10, and

an uplink (UL) represents a communication link from the UE 10 to the BS 20. In the

DL, a transmitter may be a part of the BS 20, and a receiver may be a part of the UE

10. In the UL, the transmitter may be a part of the UE 10, and the receiver may be a

part of the BS 20.

[24] The wireless communication system may be an orthogonal frequency division mul

tiplexing (OFDM)/orthogonal frequency division multiple access (OFDMA)-based

system. The OFDM uses a plurality of orthogonal subcarriers. Further, the OFDM uses

an orthogonality between inverse fast Fourier transform (IFFT) and fast Fourier

transform (FFT). The transmitter transmits data by performing IFFT. The receiver

restores original data by performing FFT on a received signal. The transmitter uses

IFFT to combine the plurality of subcarriers, and the receiver uses FFT to split the

plurality of subcarriers.

[25] The wireless communication system may be a multiple antenna system. The multiple

antenna system may be a multiple input multiple output (MIMO) system. The multiple



antenna system may be a multiple-input single-output (MISO) system, a single-input

single-output (SISO) system, or a single-input multiple-output (SIMO) system. The

MIMO system uses a plurality of transmit (Tx) antennas and a plurality of receive (Rx)

antennas. The MISO system uses a plurality of Tx antennas and one Rx antenna. The

SISO system uses one Tx antenna and one Rx antenna. The SIMO system uses one Tx

antenna and a plurality of Rx antennas.

[26] The multiple antenna system can use a scheme using multiple antennas. In case of a

rank 1, the scheme may be space-time coding (STC) (e.g., space frequency block code

(SFBC) and space time block code (STBC)), cyclic delay diversity (CDD), frequency

switched transmit diversity (FSTD), time switched transmit diversity (TSTD), etc. In

case of a rank 2 or higher ranks, the scheme may be spatial multiplexing (SM), gen

eralized cyclic delay diversity (GCDD), selective virtual antenna permutation

(S-VAP), etc. The SFBC is a scheme for effectively applying selectivity in a space

domain and a frequency domain to ensure both a diversity gain and a multi-user

scheduling gain in a corresponding dimension. The STBC is a scheme for applying se

lectivity in the space domain and a time domain. The FSTD is a scheme in which

signals transmitted to multiple antennas are divided in the time domain, and the TSTD

is a scheme in which the signals transmitted to the multiple antennas are divided in the

frequency domain. The SM is a scheme for transmitting different data to each antenna

to improve a transfer rate. The GCDD is a scheme for applying selectivity in the time

domain and the frequency domain. The S-VAP is a scheme using a single precoding

matrix, and includes a multi-codeword (MCW) S-VAP for mixing multi-codewords to

antennas in spatial diversity or spatial multiplexing and a single codeword (SCW) S-

VAP using a single codeword.

[27] FIG. 2 is a block diagram showing a structure of a transmitter according to an em

bodiment of the present invention.

[28] Referring to FIG. 2, a transmitter 100 includes encoders 110-1,...,HO-K, modulators

120-l,...,120-K, a layer mapper 130, a precoder 140, subcarrier mappers

150-l,...,150-K, and OFDM signal generators 160-l,...,160-K. The transmitter 100 also

includes Nt (Nt>l) Tx antennas 170-1,...,170-Nt.

[29] The encoders 110-1,...,HO-K generate coded data by encoding input data according

to a predetermined coding scheme. The modulators 120-l,...,120-K arrange the coded

data into symbols representing locations on a signal constellation. A modulation

scheme is not limited to a specific modulation scheme, and may be an m-phase shift

keying (m-PSK) or an m-quadrature amplitude modulation (m-QAM). Examples of the

m-PSK include binary PSK (BPSK), quadrature PSK (QPSK), and 8-PSK. Examples

of the m-QAM include 16-QAM, 64-QAM, and 256-QAM.

[30] The layer mapper 130 defines a layer of an input symbol so that each antenna can



distribute a specific symbol to a path of each antenna. The layer is defined as an in

formation path input to the precoder 140. The information path located ahead of the

precoder 140 can be called a virtual antenna (or layer).

[31] The precoder 140 processes an input symbol by using a MIMO scheme according to

the multiple Tx antennas 170-1,...,170-Nt. For example, the precoder 140 can use

codebook-based precoding. The precoder 140 can use a codebook selected from a

primary codebook set which is a group of predetermined codebooks and a codebook

selected from a secondary codebook set which includes a less number of codebooks

than the primary codebook set. The precoder 140 distributes an antenna- specific

symbol to the subcarrier mappers 150-l,...,150-K for a path of a specific antenna. Each

information path transmitted to one antenna by the precoder 140 by the use of one

subcarrier mapper is called a stream. The antenna may be a physical antenna.

[32] The subcarrier mappers 150-l,...,150-K allocate input symbols to suitable subcarriers

and then multiplex the resultant symbols according to a user. The OFDM signal

generators 160- 1,...,16O-K modulate input symbols according to an OFDM scheme and

then outputs OFDM symbols. The OFDM signal generators 160-l,...,160-K can

perform inverse fast Fourier transform (IFFT) on input symbols. A cyclic prefix (CP)

may be inserted into a time-domain symbol which has undergone the IFFT. The

OFDM symbols are transmitted through the respective Tx antennas 170-1,...,170-Nt.

[33] In the MIMO system, the transmitter 100 can operate in two modes. One is an SCW

mode and the other is an MCW mode. In the SCW mode, Tx signals transmitted

through a MIMO channel have the same data rate. In the MCW mode, data transmitted

through the MIMO channel is independently encoded, and thus the Tx signals can have

different data rates. The MCW mode operates when a rank is greater than 1.

[34] Hereinafter, feedback data transmitted from a UE to a BS will be described. The

feedback data may be transmitted periodically or may be transmitted at the request of

the BS. The feedback data is uplink control information and is transmitted through an

uplink control channel. Examples of the control information included in the feedback

data include a channel quality indicator (CQI) indicating a channel condition, a

precoding matrix indicator indicating a precoding matrix preferred by the UE, a rank

indicator (RI) indicating a rank, etc.

[35] FIG. 3 shows feedback data according to an embodiment of the present invention.

[36] Referring to FIG. 3, a whole frequency band can be divided into a plurality of

subbands. Radio resources for user data or a control signal are allocated on a frame

which includes a plurality of OFDM symbols in a time domain and a plurality of sub-

carriers in a frequency domain. A plurality of subcarriers consecutive in the frequency

domain is a resource block (RB) which is a basic unit of radio resource allocation. The

RB may include 12 consecutive subcarriers in the frequency domain. A subband



includes at least one RB. For example, one subband may be two consecutive RBs.

[37] A UE can measure a channel condition for each subband, and can transmit a CQI

according to a best-M scheme. The best-M scheme is a scheme for selecting M specific

subbands from a plurality of subbands, where M is an integer satisfying M≥ l . In CQI

transmission based on the best-M scheme, M subbands are selected as a best band in a

descending order of a CQI level (or a CQI value), and a CQI of the best band and an

indicator indicating the best band are transmitted. A remaining band denotes subbands

remaining after excluding the best band from a whole frequency band. A whole band

denotes a whole frequency band including the best band. When the feedback data is

transmitted according to the best-M scheme, the best band is referred to as a selected

band, and the remaining band or the whole band is referred to as a non-selected band.

[38] It is assumed herein that the whole frequency band includes 6 subbands, and a CQI

and a PMI are transmitted as feedback data according to a best-M scheme (M=2) in

which two subbands among the 6 subbands are selected as the best band. When a PMI

band is defined as a frequency band at which the PMI is obtained, a granularity of the

PMI band may be the same as or a multiple of a granularity of the subband. If the

granularity of the PMI band is double of the granularity of the subband, one PMI can

be used for two subbands selected as the best band. A PMI of the best band is referred

to as PMI #B. Another PMI can be used for the whole band. A PMI of the whole band

is referred to as PMI #A.

[39] In a case where one precoding is used for the whole band in a system using channel

dependent precoding, feedback data can be transmitted in such a format that the PMI

of the whole band is added to a general CQI transmission scheme. A transfer rate of

the best band can be increased by additionally using a codebook for the best band,

thereby increasing system performance. The PMI #B used for the best band may be a

PMI of a codebook selected from a first codebook set prepared in advance for the best

band. The PMI #A used for the whole band may be a PMI of a codebook selected from

a second codebook set additionally prepared for the whole band. The second codebook

set may consist of some of codebooks selected from a plurality of codebooks included

in the first codebook set.

[40] The UE obtains a CQI by using the PMI #A or the PMI #B. The CQI can be obtained

in various manners as follows.

[41] L A CQI for each of the subbands #5 and #6 belonging to the best band can be

obtained by using the PMI #B of the best band.

[42] 2. An average CQI of the subbands #5 and #6 belonging to the best band can be

obtained by using the PMI #B of the best band.

[43] 3. An average CQI of the whole band can be obtained by using the PMI #A of the

whole band.



[44] 4. An average CQI of the remaining band can be obtained by using the PMI #A of

the whole band.

[45] 5. An average CQI of a CQI for the remaining band using the PMI #A of the whole

band and a CQI for the best band using the PMI #B of the best band can be obtained.

[46] A method for transmitting only a CQI of each subband selected as the best band is

referred to as a best-M CQI scheme. In the best-M CQI scheme, M CQIs and an

indicator indicating the best band are transmitted. Since only a CQI for the best band is

transmitted, an overhead caused by CQI transmission can be reduced, and data transfer

efficiency can be increased by performing scheduling in consideration of the best band.

[47] A method for transmitting only an average CQI of subbands selected as the best band

is referred to as a best-M average CQI scheme. In the best-M average CQI scheme, one

CQI and an indicator indicating the best band are transmitted, thereby further de

creasing the overhead caused by CQI transmission.

[48] When only the CQI for the best band is transmitted according to the best-M CQI

scheme or the best-M average CQI scheme, radio resource scheduling can be

performed on the non-selected remaining band. Scheduling efficiency may deteriorate

when radio resource scheduling is performed on the remaining band for which the CQI

is not reported. To avoid this problem, the average CQI of the remaining band or the

whole band may be transmitted together with the CQI for the best band, which is

referred to as a best-M CQI supplementary scheme. The BS preferentially performs

radio resource scheduling by considering the best band of the UE, and if the best band

cannot be assigned to the UE, the BS allocates radio resources to the remaining band.

It can be said that the best band is a primary subband preferentially considered for

radio resource scheduling, and the remaining band is a secondary subband secondarily

considered for radio resource scheduling. Decrease in scheduling efficiency can be

compensated for with respect to the non-selected band according to the best-M CQI

supplementary scheme.

[49] In the best-M CQI supplementary scheme, a CQI obtained for the best band (by

using a CQI measuring method 1 or 2) and a CQI obtained for a subband which is not

selected (by using a CQI measuring method 3, 4, or 5) are transmitted, and a PMI (PMI

#B and PMI #A) used for CQI transmission is transmitted. For example, the average

CQI of the best band and the PMI #B can be transmitted for the best band, and the

average CQI of the whole band and the PMI #A can be transmitted for the non-selected

band.

[50] The BS can report information regarding the best-M CQI scheme, the best-M average

CQI scheme, the best-M CQI supplementary scheme, etc., to be used by the UE

through a downlink control channel. The downlink control channel may be a broadcast

channel that can be received by all UEs or a dedicated control channel which can be



received by a specific UE.

[51] FIG. 4 shows feedback data according to another embodiment of the present

invention.

[52] Comparing with FIG. 3, FIG. 4 shows a case where PMI #A belonging to a

remaining band is used for a non-selected band.

[53] In the best-M scheme, a CQI for a subband which is not selected can be obtained as

follows.

[54] 1. An average CQI of the remaining band can be obtained by using the PMI #A of

the remaining band.

[55] 2. An average CQI of a whole band can be obtained by using the PMI #A of the

remaining band.

[56] 3. An average CQI of a CQI for the remaining band using the PMI #A of the

remaining band and a CQI for the best band using the PMI #B for the best band can be

obtained.

[57] The PMI #B used for the best band may be a PMI of a codebook selected from a first

codebook set prepared in advance for the best band. The PMI #A used for the

remaining band may be a PMI of a codebook selected from a second codebook set ad

ditionally prepared for the remaining band.

[58] In the best-M CQI supplementary scheme, the PMI #B and the average CQI of the

best band can be transmitted for the best band, and the PMI #A and the average CQI of

the remaining band can be transmitted for the non-selective band.

[59] As such, in a system using channel dependent precoding, a CQI is obtained by using

a PMI of the best band and the whole band/remaining band, and feedback data is

transmitted by including the PMI and the CQI. The best band is preferentially

considered when radio resource scheduling is performed. Thus, system performance

can be determined according to the best band. As a result, system performance can be

improved when a precoding granularity for the best band is set to a small value. In

addition, system performance can be further improved by selecting precoding

optimized for the whole band or the remaining band.

[60] A codebook used in the best band has a small precoding granularity. However, if the

codebook of the best band is directly used for precoding of the whole band or the

remaining band which is relatively less utilized, it may cause an unnecessary control

signaling overhead. The BS transmits a codebook to the UE so that the UE can use a

preferred precoding matrix. The UE transmits an index (i.e., PMI) of the preferred

precoding matrix to the BS. System performance can be improved by using a codebook

set having a large number of codebooks. However, when the codebook set having the

large number of codebooks is directly used for a non-selected band which is relatively

less utilized, control signaling is increased to that extent.



[61] Hereinafter, a method for improving system performance by additionally preparing a

codebook set for a best band and a codebook set for a whole band or a remaining band

will be described.

[62] FIG. 5 is a flow diagram showing a method for transmitting control information

according to an embodiment of the present invention.

[63] Referring to FIG. 5, a BS transmits a measurement request message to a UE (step

S l 10). The measurement request message is a message for instructing the UE to

measure and report a channel condition for radio resource scheduling. The mea

surement request message may include information regarding a period for reporting the

channel condition or an uplink radio resource for reporting the channel condition.

Further, the measurement request message may include a feedback data reporting

scheme or precoding information. That is, the measurement request message can

indicate the feedback data reporting scheme such as the best-M CQI scheme, the best-

M average CQI scheme, the best-M CQI supplementary scheme, etc. In addition, the

measurement request message can indicate precoding information. That is, for

example, the measurement request message can indicate a first codebook set for a best

band or a second codebook set for a non-selected band.

[64] The first codebook set is a group of defined codebooks. The first codebook can be

configured using various schemes such as a discrete Fourier transform (DFT),

householder, Grassmanian, etc., in a codebook-based precoding. In the DFT scheme,

an NxN DFT matrix is configured and an input signal is multiplied by the DFT matrix

to generate a DFT signal. In the householder scheme, a householder matrix is

configured such that a vector on a three-dimensional space is projected on one plane

and a Hermitian matrix is found according to QR decomposition of the household

matrix. In the Grassmanian scheme, a channel set and a codebook are configured with

a k-dimensional subspace included in an n-dimensional channel space by using a

subspace packing method. A codebook of the first codebook set may be a codebook

known between the BS and the UE.

[65] The second codebook set can be selected from the first codebook set in the con

figuration process of the second codebook set. If the first codebook set is CA=[Ci, C2,

...,Cn], the second codebook set can be selected with a specific interval from codebooks

included in the first codebook set in the configuration process of the second codebook

set. For example, when the first codebook set includes 64 codebooks (n=64), if the

second codebook set is configured by a codebook selected with an interval of 4 from

the first codebook set, the second codebook set can be configured as CB=[Ci, C5,...,C6i]

and thus can include 16 codebooks.

[66] The BS can indicate the second codebook set through higher-layer signaling so that

the UE can know the second codebook set. Since the first codebook set is known both



to the BS and the UE, if the BS indicates the first codebook or an interval of a

codebook selected from the first codebook set, the UE can know codebooks included

in the second codebook set. The UE can assign a logical number according to an order

of the codebooks included in the second codebook set and thus can report to the BS a

logical number of a codebook selected by the UE.

[67] Upon receiving the measurement result message, the UE measures a channel

condition and generates feedback data (step S120). The UE measures a CQI according

to a scheme indicated by the measurement request message, and selects a best band in

a descending order of the CQI. It is assumed herein that the UE transmits a CQI/PMI

of a non-selected band together with a CQI/PMI of the best band according to the best-

M CQI supplementary scheme. The UE selects a codebook suitable for the best band

from the first codebook set. Further, the UE selects a codebook suitable for the non-

selected band from the second codebook set which is partially selected from the first

codebook set according to the indication of the BS.

[68] Instead of indicating the second codebook set by the BS, codebooks of the second

codebook set can be selected according to a codebook for the best band which is

selected by the UE through channel measurement. If the first codebook set includes N

codebooks and a codebook selected for the best band among the N codebooks is Ws, K

codebooks having a greatest distance from the codebook Ws can be selected as a

codebook of the second codebook set from the codebooks of the first codebook set

(where N and K are integers satisfying N>K and N,K>0). Equation 1 shows a method

for configuring the second codebook set according to a codebook selected for the best

band from the first codebook set.

[69] MathFigure 1

[Math.l]

Min c?et(wf WP), p =0, l,...,2N- 1

[70] Herein, det(.) denotes a determinant, and (.)H denotes a Hermitian matrix.

[71] Codebooks of the second codebook set configured according to the codebook

selected from the first codebook set are renumbered. For example, it is assumed that

the first codebook set consists of 16 codebooks W0 to Wi5, and the second codebook

set is configured by 4 codebooks Wi, W2, W3, and W4 where W0 is selected as a

reference codebook from the first codebook set. The codebooks of the second

codebook set can be numbered as shown in Table 1.

[72] Table 1 shows an example of renumbering the codebooks of the second codebook

set.

[73] Table 1



[Table 1]

[Table ]

[74] The UE selects a codebook suitable for a non-selected band from the second

codebook set, and transmits the renumbering result to the BS. Thus, the UE can report

a codebook selected by the UE from the second codebook set.

[75] When the UE selects the codebooks of the second codebook set according to the

codebook for the best band selected through channel measurement, the codebook for

the best band can be included in the configuration process of the second codebook set.

The second codebook set can be configured such that (K-I) codebooks are selected by

using the codebook for the best band as a reference codebook and then the reference

codebook is added to the second codebook set. Alternatively, the second codebook set

can be configured such that K codebooks are selected by using the codebook for the

best band as the reference codebook and then one codebook closest in distance to the

reference codebook is excluded from the second codebook set whereas the reference

codebook is added to the second codebook set. In this case, the codebooks of the

second codebook set are also renumbered.

[76] Table 2 shows another example of renumbering the codebooks of the second

codebook set.

[77] Table 2

[Table 2]

[Table ]

[78] In the second codebook set, reference codebooks may be renumbered in the same

manner as other codebooks, or the reference codebooks may be numbered to specific

numbers.

[79] The UE selects a codebook suitable for the best band from the first codebook set, and

obtains a CQI of the best band by using a PMI of the selected codebook. The UE

selects a codebook suitable for the non-selected band from the second codebook set,



and obtains a CQI of the non-selected band by using a PMI of the selected codebook.

The UE generates feedback data by adding a CQFPMI of the best band and the non-

selected band to the feedback data.

[80] The UE transmits the feedback data through an uplink control channel (step S130).

The feedback data may include an indicator of the best band selected by the UE, a

CQFPMI of the best band, a CQI/PMI of a non-selected band, second codebook set in

formation, etc.

[81] The BS performs radio resource scheduling according to information included in the

feedback data received from the UE (step S140), and transmits scheduling information

to the UE (step S150).

[82] As such, in a process of transmitting a CQI and a PMI by the UE to the BS, a prede

termined first codebook set is used for the best band, and a second codebook set

consisting of some codebooks of the first codebook set is used for a non-selected band,

thereby reducing an overhead caused by control signaling.

[83] Table 3 shows basic parameters used for experiments of the proposed method.

[84] Table 3

[Table 3]

[Table ]

[85] Table 4 shows system parameters used for experiments of the proposed method



[86] Table 4



[Table 4]

[Table ]



[87] 300 subcarriers are included in a 5MHz bandwidth. Thus, if 12 subcarriers are

grouped to constitute one radio block, a whole frequency band consists of 25 resource

blocks. To reduce an overhead caused by CQI transmission, two resource blocks are

grouped to constitute one subband for CQI transmission, and the CQI is fed back by

selecting three subbands as a best band. This information is in regard to 6 resource

blocks corresponding to approximately 1/4 resource blocks among 25 resource blocks

of the whole frequency band. If four users exist in one cell, there is a high probability

that only the best band is scheduled. If three users exist in one cell, the non-selected

band is also scheduled, and an effect of a codebook used for the non-selected band can

be experimentally examined.

[88] Table 5 shows a result of experiments for examining the effect of the codebook used

for the non-selected band.

[89] Table 5

[Table 5]

[Table ]

[90] It can be seen that, when three users exist, a case of using a 3-bit codebook for the

non-selected band shows a spectral efficiency higher about 1.4% than a case of using a

4-bit codebook for the non-selected band.

[91] Every function as described above can be performed by a processor such as a micro

processor based on software coded to perform such function, a program code, etc., a

controller, a micro-controller, an ASIC (Application Specific Integrated Circuit), or the

like. Planning, developing and implementing such codes may be obvious for the skilled

person in the art based on the description of the present invention.

[92] Although the embodiments of the present invention have been disclosed for i l

lustrative purposes, those skilled in the art will appreciate that various modifications,

additions and substitutions are possible, without departing from the scope of the

invention. Accordingly, the embodiments of the present invention are not limited to the

above-described embodiments but are defined by the claims which follow, along with

their full scope of equivalents.



Claims
[1] A method of transmitting precoding information in a multiple antenna system,

the method comprising:

selecting M subbands from a plurality of subbands constituting a whole

frequency band in a descending order of a channel quality indicator (CQI), where

M is an integer satisfying M>0; and

transmitting a first precoding matrix indicator (PMI) for the M subbands and a

second PMI for a remaining band, wherein the first PMI is a PMI of a codebook

selected from a first codebook set comprising a plurality of codebooks and the

second PMI is a PMI of a codebook selected from a second codebook set

comprising a part of the plurality of codebooks of the first codebook set.

[2] The method of claim 1, wherein the second PMI is a PMI for the whole

frequency band comprising the remaining band.

[3] The method of claim 1, wherein codebooks included in the second codebook set

are selected according to a codebook selected from the first codebook set for the

M subbands.

[4] The method of claim 1, wherein the second codebook set comprises a codebook

selected from the first codebook set for the M subbands.

[5] The method of claim 1, wherein indices of the codebooks included in the second

codebook set are renumbered after being selected from the first codebook set.

[6] The method of claim 1, wherein information on the codebooks included in the

second codebook set is transmitted from a base station to a user equipment.

[7] A method of transmitting control information in a multiple antenna system, the

method comprising:

transmitting downlink control information indicating a reporting scheme of

feedback data; and

receiving the feedback data in response to the downlink control information,

wherein the downlink control information comprises a first codebook set for a

primary subband selected to report a channel quality indicator (CQI) and a

precoding matrix indicator (PMI) and a second codebook set for a secondary

subband prepared to report the CQI and the PMI, and the second codebook set is

selected from the first codebook set.

[8] The method of claim 7, wherein the primary subband is a best band selected in a

descending order of the CQI.

[9] The method of claim 8, wherein the secondary subband is a remaining subband

other than the best band.

[10] The method of claim 7, wherein the secondary subband is a whole band



comprising the primary subband.
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