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1. 

APPARATUS AND METHOD FOR 
BEAMFORMING IN A MULTIANTENNA 

MULTIUSER COMMUNICATION SYSTEM 

CROSS-REFERENCE TO RELATED 

APPLICATION(S) AND CLAIM OF PRIORITY 

The present application claims the benefit under 35 U.S.C. 
S119(a) of a Korean Patent Application filed in the Korean 
Intellectual Property Office on Mar. 20, 2008 and assigned 
Serial No. 10-2008-0026081, the disclosures of which are 
incorporated herein by reference. 

TECHNICAL FIELD OF THE INVENTION 

The present invention relates to an apparatus and method 
for beam forming in a multi-antenna multiuser communica 
tion system. 

BACKGROUND OF THE INVENTION 

Pre-coding and post-processing used by a transmission 
device of a multi-antenna multi-user communication system 
are classified into liner types and nonlinear types. The linear 
pre-coding can be subdivided into unitary pre-coding and 
non-unitary pre-coding. Coordinated beam forming belongs 
to non-unitary pre-coding. 

In coordinated beam forming, a transmission device calcu 
lates pre-coding matrices and receive beam forming vectors 
(or receive beam forming matrices) using downlink channel 
information to all active users. The pre-coding matrices and 
the receive beam forming vectors are calculated using an 
iteration algorithm so that inter-user interference may be 
minimized. The inter-user interference is also known as mul 
tiple-access interference. 

Coordinated beam forming uses the following two methods 
to calculate transmit/receive beam forming vectors. 

In a first method, using pilot beam forming, a transmission 
device allocates dedicated pilots to respective reception 
devices. Thereafter, the transmission device beam-forms 
dedicated pilots as receive beam forming vectors for reception 
devices and transmits them. Each of the reception devices 
estimates an effective channel using the dedicated pilot, 
forms a matched filter on the estimated effective channel, and 
uses it as a receive beam forming vector. 

In a second method, a transmission device quantizes 
receive beam forming vectors for respective reception devices 
and transmits them to the reception devices over a feedfor 
ward channel. One of the two methods is selected depending 
on whether or not the multiantenna multiuser communication 
system uses dedicated pilots. 

Meanwhile, since coordinated beam forming uses an itera 
tion algorithm that converges pre-coding vectors and receive 
beam forming vectors on a value at which user interference is 
minimized, its calculation is given as a random variable. 
Therefore, signal transmission by the transmission device 
may be delayed until calculation of transmit/receive beam 
forming vectors has converged. On the other hand, when 
iteration of the iteration algorithm is restricted by compul 
Sion, the transmit/receive beam forming vectors may be cal 
culated incorrectly, causing a reduction in performance. 

In addition, after calculating the transmit/receive beam 
forming vectors using the iteration algorithm, coordinated 
beam forming must go through two steps of quantizing 
receive beam forming vectors using a codebook, and readjust 
ing the transmit beam forming vectors using the quantized 
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2 
receive beam forming vectors. Therefore, in Some cases per 
formance may be degraded due to the quantization. 

SUMMARY OF THE INVENTION 

To address the above-discussed deficiencies of the prior art, 
it is a primary object of the present invention to address at 
least the problems and/or disadvantages and to provide at 
least the advantages described below. Accordingly, an aspect 
of the present invention is to provide an apparatus and method 
for beam forming in a multi-antenna multi-user communica 
tion system. 

Another aspect of the present invention is to provide an 
apparatus and method, wherein a reception device detects a 
receive beam forming vector using codebook-based pre-cod 
ing information transmitted by a transmission device in a 
multi-antenna multi-user communication system. 

In accordance with one aspect of an exemplary embodi 
ment of the present invention, there is provided a method for 
beam forming by a transmission device in a multi-antenna 
multi-user communication system. The method includes 
grouping codebook indexes included in a codebook into 
codebook index combinations, and calculating a sum of trans 
mission rate for each of the codebook index combinations; 
selecting a codebook index combination with a maximum 
Sum of transmission rate among the calculated Sums of trans 
mission rate as an optimal codebook index combination; and 
transmitting a codebook index corresponding to a particular 
reception device among codebook indexes included in the 
optimal codebook index combination, to the particular recep 
tion device. 

In accordance with another aspect of an exemplary 
embodiment of the present invention, there is provided a 
method for beam forming by a transmission device in a multi 
antenna multi-user communication system. The method 
includes grouping codebook indexes included in a codebook 
into codebook index combinations, and calculating a sum of 
transmission rate for each of the codebook index combina 
tions; calculating eigenvalues and eigen vectors by perform 
ing eigen decomposition on each of the Sums of transmission 
rate calculated separately for the codebook index combina 
tions, selecting a reception device corresponding to an eigen 
vector with a maximum eigenvalue as a reference reception 
device, for each codebook index combination, and determin 
ing the eigen vector with the maximum eigenvalue as an 
initial value of a transmit beam forming vector for the refer 
ence reception device; and determining, by each of reception 
devices except for the reference reception device, an eigen 
vector with a maximum eigenvalue among the eigen vectors 
except for the eigen vector with the maximum eigenvalue 
among eigen vectors calculated in a codebook index combi 
nation used by the reception device, as a transmit beam form 
ing vector of corresponding reception device. 

In accordance with further another aspect of an exemplary 
embodiment of the present invention, there is provided an 
apparatus for beam forming in a multi-antenna multi-user 
communication system. The apparatus includes a controller 
for grouping codebook indexes included in a codebook into 
codebook index combinations, calculating a sum of transmis 
sion rate for each of the codebook index combinations, and 
selecting a codebook index combination with a maximum 
Sum of transmission rate among the calculated Sums of trans 
mission rate as an optimal codebook index combination; and 
transmit antennas for transmitting, to a particular reception 
device, a codebook index corresponding to the particular 
reception device among codebook indexes included in the 
optimal codebook index combination. 
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In accordance with yet another aspect of an exemplary 
embodiment of the present invention, there is provided an 
apparatus for beam forming in a multi-antenna multi-user 
communication system. The apparatus includes a controller 
for grouping codebook indexes included in a codebook into 
codebook index combinations, calculating a sum of transmis 
sion rate for each of the codebook index combinations, cal 
culating eigenvalues and eigen vectors by performing eigen 
decomposition on each of the Sums of transmission rate cal 
culated separately for the codebook index combinations, 
selecting a reception device corresponding to an eigenvector 
with a maximum eigenvalue as a reference reception device, 
for each codebook index combination, determining the eigen 
vector with the maximum eigenvalue as an initial value of a 
transmit beam forming vector for the reference reception 
device, and determining, by each of reception devices except 
for the reference reception device, an eigen vector with a 
maximum eigenvalue among the eigenvectors except for the 
eigen vector with the maximum eigenvalue among eigen 
vectors calculated in a codebook index combination used by 
the reception device, as an initial value of a transmit beam 
forming vector for corresponding reception device. 

Before undertaking the DETAILED DESCRIPTION OF 
THE INVENTION below, it may be advantageous to set forth 
definitions of certain words and phrases used throughout this 
patent document: the terms “include” and “comprise.” as well 
as derivatives thereof, mean inclusion without limitation; the 
term 'or' is inclusive, meaning and/or; the phrases “associ 
ated with and “associated therewith, as well as derivatives 
thereof, may mean to include, be included within, intercon 
nect with, contain, be contained within, connect to or with, 
couple to or with, be communicable with, cooperate with, 
interleave, juxtapose, be proximate to, be bound to or with, 
have, have a property of, or the like; and the term “controller 
means any device, system or part thereofthat controls at least 
one operation, Such a device may be implemented in hard 
ware, firmware or software, or some combination of at least 
two of the same. It should be noted that the functionality 
associated with any particular controller may be centralized 
or distributed, whether locally or remotely. Definitions for 
certain words and phrases are provided throughout this patent 
document, those of ordinary skill in the art should understand 
that in many, if not most instances, such definitions apply to 
prior, as well as future uses of such defined words and 
phrases. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a more complete understanding of the present disclo 
Sure and its advantages, reference is now made to the follow 
ing description taken in conjunction with the accompanying 
drawings, in which like reference numerals represent like 
parts: 

FIG. 1 is a block diagram of a transmission device accord 
ing to an exemplary embodiment of the present invention; 

FIG. 2 is a block diagram of a kth reception device accord 
ing to an exemplary embodiment of the present invention; and 

FIG. 3 is a flowchart illustrating an operation of a trans 
mission device according to an exemplary embodiment of the 
present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

FIGS. 1 through 3, discussed below, and the various 
embodiments used to describe the principles of the present 
disclosure in this patent document are by way of illustration 
only and should not be construed in any way to limit the scope 
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4 
of the disclosure. Those skilled in the art will understand that 
the principles of the present disclosure may be implemented 
in any suitably arranged communication system. 

Embodiments of the present invention will now be 
described in detail with reference to the figures. In the fol 
lowing description, a detailed description of known functions 
and configurations incorporated herein has been omitted for 
clarity and conciseness. 
The present invention provides an apparatus and method 

for beam forming in a multi-antenna multi-user communica 
tion system. 

Before a description of the present invention is given, it is 
to be noted that a beam forming method proposed by the 
present invention should satisfy the following assumptions. 

First, a transmission device (e.g., a base station) knows 
downlink channel information for all reception devices (e.g., 
mobile stations). The transmission device, when it uses Time 
Division Duplexing (TDD), may use an uplink Sounding 
channel or receive downlink channel information estimated 
by a reception device, being fed back through a feedback 
channel. Though it is assumed herein that a transmission 
device knows accurate downlink channel information, inac 
curate downlink channel information can also be considered 
without departing from the scope of this disclosure. 

In addition, the channel environment concerned is a flat 
fading environment, and the transmission device and the 
reception devices use the same codebook. Codewords corre 
sponding to approximate values of transmit beam forming 
vector values and receive beam forming vector values are 
mapped to codebook indexes included in the codebook on a 
one-to-one basis. The approximate value means one repre 
sentative value obtained by quantizing values included in a 
predetermined range. 

FIG. 1 is a block diagram of a transmission device accord 
ing to an exemplary embodiment of the present invention. 

Referring to FIG. 1, a transmission device 100 includes K 
transmit antennas 116-1-116-K, Kchannel codecs/interleav 
ers 102-1-102-K, K modulators 104-1-104-K, Kbeam form 
ers 108-1-108-K, Kadders 110-1-110-K, a controller 106, 
an optimization/quantization controller 112, and a channel 
information/control information generator 114. 
The channel codecs/interleavers 102-1-102-K each chan 

nel-code/interleave transmission signals and deliver them to 
their associated modulators 104-1-104-K under the control 
of the controller 106. The modulators 104-1-104-K, under 
the control of the controller 106, modulate the received chan 
nel-coded and interleaved signals using a modulation scheme 
and deliver them to their associated beam formers 108-1-108 
K. Thereafter, the beam formers 108-1-108-K, under the con 
trol of the optimization/quantization controller 112, perform 
beam forming on the signals to be transmitted through the 
transmit antennas 116-1-116-K, and deliver them to the 
adders 110-1-110-K. The adders 110-1-110-K add the 
received beam formed signals and transmit them to reception 
devices via the transmit antennas 116-1-116-K. 
The channel information/control information generator 

114 generates channel information and control information 
by using an uplink sounding channel or receiving downlink 
channel information estimated by reception devices, being 
fedback through a feedback channel, and delivers them to the 
controller 106 and the optimization/quantization controller 
112. The optimization/quantization controller 112 calculates 
transmit/receive beam forming vectors for respective recep 
tion devices and transmits the calculated transmit beam form 
ing vectors and codebook indexes that the reception devices 
need to generate receive beam forming vectors to the recep 
tion devices. As an example, a description will be made of an 
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operation wherein the optimization/quantization controller 
112 generates transmit/receive beam forming vectors for a 
reception device corresponding to a k"user among a plurality 
of reception devices. For convenience, the reception device 
corresponding to the k" user is referred to as a k" reception 
device. 

FIG. 2 is a block diagram of a k" reception device accord 
ing to an exemplary embodiment of the present invention. 

Referring to FIG. 2, a reception device 200 includes N 
receive antennas 202-1-202N, a controller 204, a combiner 
206, a channel estimator 208, a demodulator 210 and a 
deinterleaver? channel decodec 212. 
The reception device 200 receives a signal transmitted by 

the transmission device 100, via the receive antennas 202 
1-2O2N. 

If the signal that the transmission device 100 transmitted to 
the k" reception device is represented by x, the transmit 
beamforming vector used for the signal transmitted to the k" 
reception device is indicated by m, then the transmit beam 
formed signal for the k" reception device becomes mix. In 
this case, a signally, that the k" reception device has received 
can be defined as Equation 1: 

Eqn. 1 y = Q(m)'. Hi Him: y + 
K 

Q(m)"Hi H. X mix. + Q(m)" Hink. 
l=1,1-Ek 

In Equation 1, Q( ) denotes a quantization function, K 
indicates the number of transmit antennas used in the trans 
mission device, and n indicates a Gaussian noise vector of 
the k" reception device. 
A Signal Interference & Noise Ratio (SINR) of the signal 

y can be expressed as Equation 2: 

SINR = k 

X Hi H. mimi Hi H. Q(m) + 
l=1,1-Ek 

In addition, it is assumed that the transmission signals that 
the transmitter transmits to respective reception devices are 
independent of each other, and their power is normalized. 

With reference to FIGS. 1 and 2, a detailed description will 
now be made of a procedure for generating a receive beam 
forming vector according to an exemplary embodiment of the 
present invention. As described above, in the present inven 
tion, the transmission device generates a transmit beam form 
ing vector and transmits it along with a codebook index used 
to generate a receive beam forming vector to a reception 
device so that the reception device can generate a receive 
beam forming vector. 

For example, when codebook indexes are quantized using 
N, bits, the codebook includes 2" codewords and a codebook 
C is defined Equation 3: 

N}. C-c1, C2, ... c2 Eqn. 3 

Since the total number of transmit antennas is K, there are 
a total of (2') index combinations of (ii., is . . . . i.). 
The optimization/quantization controller 112 generates 

Q(m) by selecting one codeword approximating m from 
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6 
among the codewords in the codebook C. Here, it indicates a 
fed-forward (feedforwarded) codebook index for a k" trans 
mit antenna. 
An effective channel matrix for fed-forward codebook 

indexes, selected for respective reception devices, is defined 
as Equation 4: 

Heif (i. i2, ... , i) = (i.e. ". (". ". (::). Eqn. 4 

In Equation 4, () denotes a matrix transpose, R. H.H. 
and H(i. i2. . . . i.) indicates an effective channel matrix 
made by each codebook index combination. 
The optimization/quantization controller 112 calculates an 

initial value ring of a transmit beam forming vector, which 
corresponds to a codebook index combination for the k" 
reception device, in accordance with Equation 5 using the 
effective channel matrix H(ii. i2. . . . ik). 

a LHit (ii. i2. . . . . ik)), Eqn. 5 
ink (i1, i2, ... ik) = - 

|LHI (ii, i..... . ik)), 

In Equation5, H., (ii, i.... i.) denotes a Pseudo-Inverse 
(PI) of the matrix H(ii. i2.... ik), II denotes a k" vector of 
the matrix, and represents the norm of a vector. 
The optimization/quantization controller 112 calculates an 

SINR of the k" reception device inaccordance with Equation 
6, using the in calculated by Equation 5. 

SNR (i. i2, ... , i) = Eqn. 6 

H a - . 12 ch R ink (i. i2, ... , i.) 
k 

H a ... y M H . . . Ci Rink (i1, i2, ... , ik)in (i. i2, ... , ik) Rt. 
l=1,1-Ek 

H ci + c, Rici, O-2 

For example, with use of the codebook C defined in Equa 
tion 3, there are (2') codebook index combinations, each 
consisting of K codebook indexes (i,i . . . . i.). Therefore, 
the optimization/quantization controller 112 calculates a Sum 
of transmission rate R for each codebook index combination 
using Equation 7: 

K Eqn. 7 

K 

X log, (1 + SINR (i,i ... , ik)). 

The optimization/quantization controller 112 selects a 
codebook index combination with the maximum Sum of 
transmission rate among the Sum of transmission rates calcu 
lated for the codebook index combinations as an optimal 
codebook index combination for the k" reception device in 
accordance with Equation 8: 

(i1, i2, ..., ik)–arg, i2. . . . . maxR(i1, i2, . . . . ik). Eqn. 8 

The optimization/quantization controller 112 determines a 
transmit beam forming vector with inter-user interference 
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minimized, using the selected optimal codebook index com 
bination. In other words, the optimization/quantization con 
troller 112 calculates a transmit beam forming vector for the 
k" reception device in accordance with Equation 9: 

Eqn. 9 

Next, the optimization/quantization controller 112 feeds 
forward a codebook index i for the k" reception device, 
included in the optimal codebook index combination, to the 
k" reception device. 

Thereafter, the combiner 206 in the reception device 200 
acquires a codeword corresponding to the fed-forward code 
book index i among the codewords in the already known 
codebook. After that, the combiner 206 calculates a receive 
beam forming vector in accordance with Equation 10 using 
the acquired codeword and the channel matrix H acquired 
from the channel estimator 208. 

w-H.C. Eqn. 10 

As described above, the transmission device calculates 
transmit/receive beam forming vectors for each user using the 
optimal codebook index combination, thereby making it pos 
sible to calculate transmit/receive beam forming vectors for 
each user without the iteration procedure for finding the con 
Verged value where interference between transmit antennas is 
minimized. 

FIG. 3 is a flowchart illustrating an operation of a trans 
mission device according to an exemplary embodiment of the 
present invention. 

Referring to FIG. 3, in step 300, the transmission device 
groups indexes in a codebook that was previously agreed 
upon with a reception device into combinations of indexes. In 
step 305, the transmission device calculates sums of trans 
mission rate of the grouped index combinations using Equa 
tion 6 and Equation 7. Here, the total number of the index 
combinations is determined by exponentially multiplying the 
number of quantized codewords by the number of transmit 
antennas of the transmission device. 

In step 310, the transmission device selects a codebook 
index combination with the maximum sum of transmission 
rate among the Sum of transmission rates of the index com 
binations as the optimal codebook index combination for the 
k" reception device in accordance with Equation 8. In step 
315, the transmission device calculates a transmit beam form 
ing vector for the k" reception device in accordance with 
Equation 9 using the optimal codebook index combination. In 
step 320, the transmission device feeds forward a codebook 
index corresponding to the k" reception device, included in 
the optimal codebook index combination, to the k" reception 
device. 

Thereafter, the k" reception device that has received the 
codebook index, calculates a receive beam forming vector in 
accordance with Equation 10 using a codeword correspond 
ing to the codebook index. 

Meanwhile, when the number of transmit antennas 
increases, the number of indexes constituting the index com 
bination also increases, causing an increase in calculation. 
Therefore, another exemplary embodiment of the present 
invention provides a method for determining a transmit 
beam forming vector using an eigenvector, because as trans 
mit beam forming vectors have higher orthogonality, their 
SINRs increase. 
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8 
To be specific, an R matrix is calculated for each user's 

reception device in accordance with Equation 7, and eigen 
values and eigen vectors are calculated by performing eigen 
decomposition on the calculated R matrix. Here, a matrix U. 
made by gathering eigen vectors of the R is generated for 
each reception device, and eigenvectors in the U. matrix are 
reordered in descending order of a level of the eigenvalues. 
That is, U is an eigenvector having the maximum eigen 
value among the eigen vectors in the R. A reception device 
corresponding to UI with the maximum value among the 
U eigen vectors of the reception devices is selected as a 
reference reception device, and an eigenvalue corresponding 
to the reference reception device is determined as a transmit 
beam forming vector. That is, m-U. 

Meanwhile, initial values of transmit beam forming vectors 
for the remaining users’ reception devices are determined as 
vectors which are most similar to theirs U. among the 
vectors in the U except for the vectors in the matrix U that 
have already been allocated to other antennas, in accordance 
with Equation 11: 

r H P = argo-1,2...K-selected inder max(Ul |Ul Eqn. 11 

mk = (Ule. 

As described above, since an initial value of the transmit 
beam forming vector is determined for each reception device 
using Equation 11, a codebook index appropriate to each user 
can be determined without calculating Sums of transmission 
rate of all codebook index combinations. In other words, the 
determined codebook index with a codeword approximating 
the initial value of the transmit beam forming vector is 
selected from the codebook of Equation 3 as a codebook 
index for each user. 

Therefore, calculating and comparing (2) SINR sums is 
replaced by calculating and comparing K-2' SINR sums, 
thereby contributing to a remarkable reduction in computa 
tion. 
A transmission rate for each user's codebook index is 

calculated in accordance with Equation 12: 

Eqn. 12 
HR; m: f C c 

K 

ck X. Rmin H}, +ch Re, r l=1,1-Ek 

Thereafter, the optimization/quantization controller 112 
calculates transmit beam forming vectors considering the 
receive beam forming vectors to minimize the inter-user inter 
ference. That is, the optimization/quantization controller 112 
selects an optimal codebook index with the maximized trans 
mission rate among the codebook indexes as a codebook 
index of the k" user, using Equation 13: 

i-argimaxR.(i). Eqn. 13 

The optimization/quantization controller 112 calculates a 
transmit beam forming vector for the k" user using the opti 
mal codebook index i for the k" user, in accordance with 
Equation 14: 

Eqn. 14 
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As is apparent from the foregoing description, according to 
an exemplary embodiment of the present invention, in the 
multi-antenna multi-user communication system using coor 
dinated beam forming, the transmission device allows a 
reception device to detect a receivebeam forming vector with 
out using the iteration algorithm, thereby preventing a delay 
in signal transmission caused by calculation of the receive 
beam forming vector at the transmission device. In addition, 
the conventional two-step calculation can be reduced to one 
step computation, contributing to the simplification and inte 
gration of system design and thus preventing performance 
degradation due to the quantization, compared to the conven 
tional method. 

Although the present disclosure has been described with an 
exemplary embodiment, various changes and modifications 
may be suggested to one skilled in the art. It is intended that 
the present disclosure encompass Such changes and modifi 
cations as fall within the scope of the appended claims. 
What is claimed is: 
1. A method for beam forming by a transmission device in 

a multi-antenna multi-user communication system, compris 
ing: 

grouping codebook indexes included in a codebook into 
codebook index combinations, and calculating a Sum of 
transmission rate for each of the codebook index com 
binations; 

Selecting a codebook index combination with a maximum 
Sum of transmission rate among the calculated Sums of 
transmission rate as an optimal codebook index combi 
nation; and 

transmitting a codebook index corresponding to a particu 
lar reception device among codebook indexes included 
in the optimal codebook index combination, to the par 
ticular reception device, 

wherein codewords corresponding to approximate values 
of transmit beam forming vector values and receive 
beam forming vector values are mapped to the codebook 
indexes included in the codebook on a one-to-one basis, 
and each of the approximate values represents one rep 
resentative value selected from values included in a pre 
determined range. 

2. The method of claim 1, further comprising: 
calculating a transmit beam forming vector value for the 

particular reception device using the optimal codebook 
index combination so that inter-user interference 
between multiple reception devices is minimized. 

3. The method of claim 1, wherein a codeword correspond 
ing to the codebook index for the particular reception device 
is used for calculating a receive beam forming vector for the 
particular reception device. 

4. A method for beam forming by a transmission device in 
a multi-antenna multi-user communication system, compris 
ing: 

grouping codebook indexes included in a codebook into 
codebook index combinations, and calculating a Sum of 
transmission rate for each of the codebook index com 
binations; 

calculating eigenvalues and eigen vectors by performing 
eigen decomposition on each of the sums of transmis 
sion rate calculated separately for the codebook index 
combinations, selecting a reception device correspond 
ing to an eigen vector with a maximum eigenvalue as a 
reference reception device for each codebook index 
combination, and determining the eigenvector with the 
maximum eigenvalue as an initial value of a transmit 
beam forming vector for the reference reception 
device; and 
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10 
determining, by each of reception devices except for the 

reference reception device, an eigen vector with a maxi 
mum eigenvalue among the eigenvectors except for the 
eigenvector with the maximum eigenvalue among eigen 
vectors calculated in a codebook index combination 
used by the reception device as a transmit beam forming 
vector of corresponding reception device. 

5. The method of claim 4, wherein codewords correspond 
ing to approximate values of transmit beam forming vector 
values and receive beam forming vector values are mapped to 
the codebook indexes on a one-to-one basis and each of the 
approximate values represents one representative value 
selected from values included in a predetermined range. 

6. The method of claim 5, further comprising: 
selecting a codebook index corresponding to an initial 

value of a transmit beam forming vector of the corre 
sponding reception device from among the codebook 
indexes; and 

calculating a transmit beam forming vector for the corre 
sponding reception device using the selected codebook 
index. 

7. An apparatus for beam forming in a multi-antenna multi 
user communication system, comprising: 

a controller configured to group codebook indexes 
included in a codebook into codebook index combina 
tions, calculate a sum of transmission rate for each of the 
codebook index combinations, and select a codebook 
index combination with a maximum sum of transmis 
sion rate among the calculated Sums of transmission rate 
as an optimal codebook index combination; and 

transmit antennas configured to transmit, to a particular 
reception device, a codebook index corresponding to the 
particular reception device among codebook indexes 
included in the optimal codebook index combination, 

wherein codewords corresponding to approximate values 
of transmit beam forming vector values and receive 
beam forming vector values are mapped to codebook 
indexes included in the codebook on a one-to-one basis, 
and each of the approximate value represents one repre 
sentative value selected from values included in a pre 
determined range. 

8. The apparatus of claim 7, further comprising: 
a beam former configured to calculate a transmit beam 

forming vector value for the particular reception device 
using the optimal codebook index combination so that 
inter-user interference between multiple reception 
devices is minimized. 

9. The apparatus of claim 7, wherein a codeword corre 
sponding to the codebook index for the particular reception 
device is used for calculating a receive beam forming vector 
for the particular reception device. 

10. An apparatus for beam forming in a multi-antenna 
multi-user communication system, comprising: 

a controller configured to group codebook indexes 
included in a codebook into codebook index combina 
tions, calculate a sum of transmission rate for each of the 
codebook index combinations, calculate eigenvalues 
and eigen vectors by performing eigen decomposition 
on each of the Sums of transmission rate calculated sepa 
rately for the codebook index combinations, select a 
reception device corresponding to an eigenvector with a 
maximum eigenvalue as a reference reception device, 
for each codebook index combination, determine the 
eigen vector with the maximum eigenvalue as an initial 
value of a transmit beam forming vector for the reference 
reception device, and determine, by each of reception 
devices except for the reference reception device, an 
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eigen vector with a maximum eigenvalue among the 
eigenvectors except for the eigenvector with the maxi 
mum eigenvalue among eigen vectors calculated in a 
codebook index combination used by the reception 
device as an initial value of a transmit beam forming 5 
vector for corresponding reception device. 

11. The apparatus of claim 10, wherein codewords corre 
sponding to approximate values of transmit beam forming 
vector values and receive beam forming vector values are 
mapped to the codebook indexes on a one-to-one basis, and 10 
each of the approximate values represents one representative 
value selected from values included in a predetermined range. 

12 
12. The apparatus of claim 11, further comprising: 
a beam former configured to select a codebook index cor 

responding to a codeword to which an initial value of a 
transmit beam forming vector for the corresponding 
reception device approximates, from among the code 
book indexes, and calculate a transmit beam forming 
vector for the corresponding reception device using the 
selected codebook index. 


