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Description

METHOD FOR BEAMFORMING
Technical Field

The present invention relates to a method for beamforming, and more particularly, to
a method for random beamforming based on a codebook.

Background Art

Multiuser diversity is one of diversities caused by independently time-varying a
channel environment between users in a wireless communication system. Multiuser
diversity gain is obtained by allocating a resource when a channel of each user reaches
the best condition through scheduling during observation of a change of a channel of
each user. As the change of the channel is increased, the diversity gain is increased.
Accordingly, the diversity gain is limited under a channel environment where the
change of the channel is small or slow. Under the above-mentioned environment, the
diversity gain is generated by inducing a large and quick change of the channel using
multiple transmission antennas. This method is called opportunistic beamforming
(hereinafter referred to as "OBF") or random beamforming.

OBF technology is limited to the diversity thereof under an environment cor-
responding to a small number of users, since it uses only one beam to search an
optimal user at each time slot. Therefore, technologies that generate multibeams and
select an optimal beam of each user to increase multiuser diversity gain, have been
proposed in order to overcome the above-mentioned limitation. As these technologies
in the related art, there are codebook-based opportunistic beamforming (hereinafter
referred to as "COBF") and codebook-based beamforming with code rotation
(hereinafter referred to as "CBF-CR"), where the codebook contains multiple vectors
used for multibeams.

The COBF uses a pilot only for channel estimation, and allows each user to estimate
a channel. A base station receives from each user the maximum beam index and
channel quality information (hereinafter referred to as "CQI") corresponding to the
beam, as feedback. Then, the base station performs scheduling by allocating a user
having the maximum gain to each beam thereof, and transmits data. In the COBF
method, a unitary matrix varying with time is multiplied by one of beam vectors in
codebook, so that a beam varying with time is obtained. The COBF has a merit in that
a pilot is fixed to a pilot used for channel estimation and a selective diversity effect is
thus increased to infinity.

The CBF-CR generates multiple codebooks by grouping large-sized codebooks and

then obtains multiple beams that vary with time by diversely using the codebooks with
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change of time. Therefore, the same effect as the COBF method is obtained in the

CBF-CR.
In the COBF, multibeams have been obtained by multiplying unitary matrices, which

vary with time, by beam vectors of one codebook. In contrast, in the CBF-CR,
multibeams are obtained by generating multiple codebooks, and then using the
codebook while exchanging the codebook with time.

However, the method of designing a beam and the method of designing a beam
parameter in the related art have a problem in that performance deteriorates.

The above information disclosed in this Background section is only for enhancement
of understanding of the background of the invention and therefore it may contain in-
formation that does not form the prior art that is already known in this country to a

person of ordinary skill in the art.
Disclosure of Invention

Technical Problem

The present invention has been made in an effort to provide a method for
beamforming that designs a beam according to correlation between channels for a
method for random beamforming based on a codebook.
Technical Solution

An exemplary embodiment of the present invention provides a method for
beamforming of a base station. The method includes: generating a first random
variable corresponding to a Gaussian distribution; generating a second random variable
corresponding to a uniform distribution; generating a plurality of beam elements by
using the first variable, the second variable, spatial correlation between channels, and
indexes of transmitting antennas; and forming a beam by using the plurality of beam
elements.

Another embodiment of the present invention provides a method for beamforming of
a base station. The method includes: generating a first random variable corresponding
to a Gaussian distribution; generating a second random variable corresponding to a
uniform distribution; generating a plurality of codeword elements by using the first
variable, the second variable, spatial correlation between channels, and indexes of
transmitting antennas; generating a codeword by using the plurality of codeword
elements; and repeatedly performing the generating of the first random variable, the
generating of the second random variable, the generating of the plurality of codeword
elements, and the generating of the codeword, thereby generating a plurality of
codewords.

Yet another embodiment of the present invention provides a method for

beamforming of a base station. The method includes: generating a first random
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variable corresponding to uniform distribution; generating a plurality of codewords by
using the first random variable and indexes of transmitting antennas; generating a
second random variable corresponding to a uniform distribution; generating a third
random variable corresponding to a Gaussian distribution; and forming a plurality of
matrices by using the second random variable, the third random variable, spatial cor-
relation between channels, and the indexes of the transmitting antennas.
Advantageous Effects

As described above, according to the present invention, a beam is designed according
to the correlation between the channels. Therefore, it is possible to optimize the per-

formance of the method for random beamforming that includes a COBF method and a
CBF-CR method.
Brief Description of the Drawings

FIG. 1 is a flowchart illustrating a method for beamforming according to a first
exemplary embodiment of the present invention.

FIG. 2 is a schematic block diagram of an apparatus for beamforming using a CBF-
CR method according to a second exemplary embodiment of the present invention.

FIG. 3 is a flowchart illustrating a method for beamforming according to a second
exemplary embodiment of the present invention.

FIG. 4 is a schematic block diagram of an apparatus for beamforming using a COBF
method according to a third exemplary embodiment of the present invention.

FIG. 5 is a flowchart illustrating a method for beamforming according to the third
exemplary embodiment of the present invention.

FIG. 6 is a graph showing the system capacity of the related art and the method for
beamforming according to an exemplary embodiment of the present invention without
regard to a pilot.

FIG. 7 is a graph showing the system capacity of the related art and the method for
beamforming according to an exemplary embodiment of the present invention with

regard to a pilot.

Mode for the Invention

In the following detailed description, only certain exemplary embodiments of the
present invention have been shown and described, simply by way of illustration. As
those skilled in the art would realize, the described embodiments may be modified in
various different ways, all without departing from the spirit or scope of the present
invention. Accordingly, the drawings and description are to be regarded as illustrative
in nature and not restrictive. Like reference numerals designate like elements
throughout the specification.

It will be further understood that the terms "comprise" and/or "comprising," when
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used in this specification, specify the presence of stated features, integers, steps, op-
erations, elements, and/or components, but do not preclude the presence or addition of
one or more other features, integers, steps, operations, elements, components, and/or
groups thereof. In addition, the terms "-er", "-or", and "module" described in the spe-
cification mean units for processing at least one function and operation and can be im-
plemented by hardware components or software components and combinations thereof.

First, a method of designing a beam according to a first exemplary embodiment of
the present invention and a method for beamforming using the beam will be described
in detail with reference to FIG. 1. FIG. 1 is a flowchart illustrating a method for
beamforming according to a first exemplary embodiment of the present invention. A
method of designing a beam for random beamforming and a method for beamforming
using the beam will be described in the first exemplary embodiment of the present
invention.

First, a base station designs a beam (S110).

A method for random beamforming uses temporally different beams, and adds
selective diversity for allowing a user to select one from a plurality of beams in order
to supply insufficient multiuser diversities.

When a single stream is transmitted instantaneously, the g-th beam at a time t is rep-
resented by Equation 1.

(Equation 1)

T
w, (= w () w, (), (O]
Here, wq(t) indicates the g-th beam at a time t, and M; indicates the

number of antennas of a transmitting terminal.

Further, a channel at a time t is represented by Equation 2.
(Equation 2)

W) =[n @~y O]
Here, h(t) indicates a channel at a time t.
When the spatial correlation between channels is very high and a linear array is used,
each element of the channel h(t) is modeled by Equation 3.
(Equation 3)

B, (1) = (1) exp [j(m e

2zd coSs gzﬁ(t))

Here, d indicates an interval between antennas, A indicates a

wavelength, m indicates an index of a transmitting antenna, and ) indicates
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an angle of departure AoD.

When there is no spatial correlation between the channels, the channels have in-
dependent identically distributed (hereinafter referred to as "i.i.d.") characteristics due
to countless scatters. Further, it has been generally known that the channels have an
1.1.d. complex Gaussian distribution. Therefore, each element of the channel h(t) is
modeled by Equation 4.

(Equation 4)

n0~CN(0.£{n,0f })

Here, CN(x,y) indicates a complex Gaussian distribution that has an average of x and
a variance of y.
The average sizes of all the channels are the same. Therefore,

b, (0)=h, )]k, 0|

considering the normalized channel , If the spatial correlation

is very high, each element of the normalized channel is modeled by Equation 5.

(Equation 5)

2xd
A

P ineor (1) = €XP [J'(m -D cos g( )}

If there is no spatial correlation, each element of the normalized channel is modeled
by Equation 6.

(Equation 6)

n ()~ CN(0,1)

i, cor

If it is assumed that the spatial correlation between the channels is ? in
the range of 0 to 1, each element of the channel is modeled by Equation 7 using
Equations 5 and 6.

(Equation 7)

hm, (I) = 1 - phm,tmcor’ (t) + \/;hm,cor’ (r)

A case where the spatial correlation is a linear array has been exemplified in the first
exemplary embodiment of the present invention. However, even if other arrays are
used, it is possible to design a beam in the same manner.

In order to maximize the performance of the random beamforming, a beam should be
designed so that the beam and the channel have the maximum gain, that is, perform

maximum ratio combining on a scheduled user's position. In this case, the beam
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becomes a conjugate matrix of the channel. Accordingly, each element of the beam is
modeled by Equation 8.
(Equation 8)

— _ 2xd
W, O =1-pz (1) + /Mﬁ exp[](m—l)Tcosgzﬁq(f)j, m=1-M,

z,(1) ~ CN(0,1/M,)

Here, there is and an arbitrary random variable that

¢,()~U(0,27]

has the distribution of Here, U(x,y] means that distribution is

uniform in a range that is larger than x and less than y.

The base station generates Q beams instantaneously and differently by Equation 8.

w,

Here, the electric power of a transmission beam becomes 1 on

average. There are many cases where the electric power of the beam should be in-
stantaneously maintained in some systems. In these cases, wy(t) is generated using
Equation 8 and then normalized, or the elements of the beam until the M,-1-th element
are generated using Equation 8 and the M,-th element may then be obtained by sub-
tracting the electric power of 1st to M,-1 th elements from 1.

Equation 8 may be applied to any kind of beamforming using the random
beamforming.

The base station determines the optimum beam from the Q beams (S120), multiplies
data to be transmitted by the optimum beam to precode the data to be transmitted
(S130), inserts pilots into the precoded data to be transmitted, and transmits the data
through a plurality of transmitting antennas (S140).

Next, a method of designing a beam according to a second exemplary embodiment of
the present invention and a method and apparatus for beamforming using the beam will
be described in detail with reference to FIGS. 2 and 3. A method of designing a beam
for a CBF-CR method and a method and apparatus for beamforming using the beam
will be described in the second exemplary embodiment of the present invention.

FIG. 2 is a schematic block diagram of an apparatus for beamforming using a CBF-
CR method according to a second exemplary embodiment of the present invention.

As shown in FIG. 2, an apparatus for beamforming for a CBF-CR method according
to the second exemplary embodiment of the present invention includes a receiver 210,
a codeword generating and grouping unit 220, a scheduler 230, an adaptive modulator
and coder (AMC) 240, a CBF-CR precoder 250, and a pilot insertion unit 260.

The receiver 210 receives feedback information from each user terminal, and
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transmits the feedback information to the scheduler 230, the AMC 240, and the CBF-
CR precoder 250. The feedback information includes indexes of codewords selected by
each of the users and channel quality information (CQI).

The codeword generating and grouping unit 220 generates a plurality of codewords,
and groups a plurality of codewords to generate a plurality of small codebooks. The
scheduler 230 determines the optimum codeword and the optimum user terminal by
using the feedback information of the user terminals, and the AMC 240 performs the
modulation and coding of data to be transmitted.

The CBF-CR precoder 250 multiplies the data, which is to be transmitted to the
optimum user terminal, by the optimum code vector to perform precoding. The pilot
insertion unit 260 inserts pilots into the output values of the CBF-CR precoder 250,
and then transmits the output values through a plurality of transmitting antennas.

FIG. 3 is a flowchart illustrating a method for beamforming according to a second
exemplary embodiment of the present invention.

The base station generates the codewords (S310).

The CBF-CR generate N codebooks by grouping the plurality of codewords by Q
and diversely uses the codebooks with change of time. Accordingly, the number of all
the codewords is N*Q, and is represented by Equation 9.

(Equation 9)

c nzlﬁ--.DNﬂq:]‘D...)Q

n,q?’

C
The base station uses — ToUENITLG - a9 the g-th beam wy(t) at a time t.
Mod(x, y) means the remainder when x is divided by y.

w (7)=¢

Accordingly, 9( ) mod(LN LG s satisfied. Therefore, when
Equation 8 is used, the m-th element of the codeword vector ¢, 4 is modeled by
Equation 10.

(Equation 10)

— 2zd
C, my=1-pz, + /ﬁexp[j(m—l)%cosgbw), m=1-,M,
3

é,,~U(0,27]

Z,, ~CN(0M,) o g |

Here, there is 7«

The base station generates N*Q codewords instantaneously and differently by
Equation 10.

The base station groups the generated codewords by Q (S320) to generate N
codebooks.

The base station receives feedback from the user terminals (S330). The feedback
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include indexes q,’(t) of codewords selected by the user terminal and CQI when
precoding is performed using the selected codewords.

The base station scheduler 230 determines the optimum codeword and the optimum
user terminal by using the feedback information of the user terminals (S340). The
CBF-CR precoder 250 of the base station multiplies the
(1) Cq:m(f)

data of the optimum user terminal by the optimum codeword to

precode the data of the optimum user terminal (S350).

The pilot insertion unit 260 inserts pilots into the precoded data, and then transmits
the data through a plurality of transmitting antennas (S360).

Next, a method of designing a beam according to a third exemplary embodiment of
the present invention and a method and apparatus for beamforming using the beam will
be described in detail with reference to FIGS. 4 and 5. A method of designing a beam
for a COBF method and a method and apparatus for beamforming using the beam will
be described in the third exemplary embodiment of the present invention.

FIG. 4 is a schematic block diagram of an apparatus for beamforming using a COBF
method according to a third exemplary embodiment of the present invention.

As shown in FIG. 4, a COBF apparatus according to the third exemplary em-
bodiment of the present invention includes a receiver 410, a codeword and unitary
matrix generator 420, a scheduler 430, an adaptive modulator and coder (AMC) 440, a
COBF precoder 450, and a pilot insertion unit 460.

The receiver 410 receives feedback information from each user terminal, and
transmits the feedback information to the scheduler 430, the AMC 440, and the COBF
precoder 450. The feedback information includes indexes qi"(t) of codewords selected
by each of the users and a CQI (SINR or data rate).

The codeword and unitary matrix generator 420 generates a plurality of codewords,
and generates a plurality of unitary matrices to design a beam. The scheduler 430 de-
termines the optimum codeword and the optimum user terminal by using the feedback
information of the user terminals, and the AMC 440 performs the modulation and
coding of data to be transmitted.

The COBF precoder 450 multiplies the data, which is to be transmitted to the
optimum user terminal, by the optimum code vector and the unitary matrix to perform
precoding. The pilot insertion unit 460 inserts pilots into the precoded data, and then
transmits the data through a plurality of transmitting antennas.

FIG. 5 is a flowchart illustrating a method for beamforming according to the third
exemplary embodiment of the present invention.

The base station generates codewords and unitary matrices (S510).
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Among beams of a COBF method, the g-th beam U(t)c, at a time t is generated by
multiplying Q codewords ¢=[¢,{1}, c,{2}.... ¢,{M;}] (=1, 2, ...Q) by a random
unitary matrix U(t) of a predetermined pattern. Since U(t) should be known at
transmitting/receiving terminals, N unitary matrices are actually generated and re-
peatedly used. If it is assumed that the n-th unitary matrix is U,, U(t)c, becomes the
form of Unean+1€q-

The beam of the COBF method is in the form of W (t)=U ieny1€q. Accordingly, if
Equation 8 is applied to the COBF method, U, and ¢, may be determined by various
methods. However, herein, it is difficult to design a beam so that a phase part of the
beam has the optimum distribution. However, as an interval between the transmitting
antennas is increased, the optimum distribution of the phase part becomes uniform.
Therefore, the matrix U, and the codeword vector ¢, are designed using Equation 11.

(Equation 11)

] c, {m}= ﬁexp(j(m —1)/6’q)

t

U, =diag|v,

Here, there are Q phases, and each element of a vector v, is represented by Equation
12.

(Equation 12)

v {m}= ﬁexp(](m—l)@n)+1/1—pzn

Here, there are N phases and N phases.

If the matrix U, and the codeword vector ¢, are designed as described above, the m-
th element of the beam U,¢, is represented by Equation 13.

(Equation 13)

A%exp(j(m—l)(é’n +,6’q))+ lj_wpzn exp(j(m—l)ﬂq)

t 1

In this case, since the phase distribution of z, is uniform, the distribution

z, exp(j(m—l)ﬂq)

of becomes CN (0, 1) like z,. Accordingly, according to a
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comparison with Equation 8, only a phase part of a correlated part is changed to

v, {m}H

be uniform, and a probability density function (pdf) of is represented by
Equation 14. Therefore, it is possible to obtain a Ricean distribution that is a

distribution of an envelope of the optimum wpm 4(t).

(Equation 14)

2 exp{—ZQ +p}10(22\/;)
—p —F

Jo(2)= h

1

According to one noticeable characteristic, an existing U, is a unitary matrix but the
proposed U, is a non-unitary matrix. The reason to design a beam in a unitary matrix is
to maintain transmission electric power. However, a non-unitary matrix has been used
in the above-mentioned design, but transmission electric power is not increased on
average due to the design of the codeword.

Even in this case, in order to make the system maintain instantaneous electric power
to be constant, the normalization is forcibly performed so that the vector v, of the
matrix U, has electric power M, or only the last element of the beam needs to be
generated to have electric power that is obtained by subtracting the former electric
power from the electric power M..

According to another characteristic, since the design of the proposed U, is a diagonal
matrix, the number of parameters to be stored is small. Therefore, if the above-
mentioned design is used, (N+Q)M, complex numbers should be stored in the case of
the COBF, and N*Q*M, complex numbers should be stored in the case of the CBF-
CR. For this reason, the COBF is advantageous in terms of required memory.

The base station receives feedback from the user terminals (S520). The feedback
include indexes q;’(t) of codewords selected by the user terminal and CQI when
precoding is performed using the selected codewords.

The base station scheduler 430 determines the optimum codeword and the optimum
user terminal by using the feedback information of the user terminals (S540). The
COBF precoder 450 of the base station multiplies the

d. (1) @)

C .
data of the optimum user terminal by the optimum codeword %"

and the unitary matrix U, to precode the data of the optimum user terminal

(S540).

The pilot insertion unit 460 inserts pilots into the precoded data, and then transmits

the data through a plurality of transmitting antennas (S550).
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Hereinafter, the performance of the method for beamforming according to an
exemplary embodiment of the present invention will be compared with the per-
formance of the related art. FIG. 6 is a graph showing the system capacity of the
related art and the method for beamforming according to an exemplary embodiment of
the present invention without regard to a pilot, and FIG. 7 is a graph showing the
system capacity of the related art and the method for beamforming according to an
exemplary embodiment of the present invention with regard to a pilot.

In a simulation where the method for beamforming according to the exemplary em-
bodiment of the present invention is compared with the related art, it was assumed that
a channel was generated to be a Kapa factor model and to have a terminal speed of 1
km/h. The channel gains of users were set to be the same on average, and generally-
used instantaneous electric power constraints were used. Further, it was assumed that a
ratio of one pilot in one time slot was 3.7% and the maximum number of pilots
required in the COBF and CBF-CR methods was as many as the number of
transmitting antennas per time slot. A 3 bit codebook (Q==8) was used as a codebook,
and it was assumed that the number of users was 10 and the number of transmitting
antennas was 4.

In FIGS. 6 and 7, a line represented as Fixed Beamforming is a line of a system that
uses a fixed codebook, and a line represented as Quantized Codebook is a line of a
system that uses only one codebook without code rotation in the CBF-CR method
according to the second exemplary embodiment of the present invention.

A line represented as MOBF (i.i.d. Gaussian) is a line of MOBF where a beam is
designed in an existing i.i.d. Gaussian form, a line represented as MOBF (coherent
beam) is a line of MOBF where a beam is designed in the form of a coherent beam,
and a line represented as MOBF (adaptive) is a line of MOBF where a beam is
designed using the method of designing a beam according to the first exemplary em-
bodiment of the present invention. According to the comparison between the per-
formances of the MOBF (i.i.d. Gaussian), the MOBF (coherent beam), and the MOBF
(adaptive), it can be seen that the performance of the MOBF (adaptive) is always
excellent. That is, the MOBF (adaptive) always has the optimum performance re-
gardless of spatial correlation.

Furthermore, the beam of the MOBF (adaptive) has the i.i.d. Gaussian form when the
spatial correlation is very low, and has the form of the coherent beam when the spatial
correlation is very high. Therefore, it can be seen that the graph of the MOBF
(adaptive) is similar to the graph of the MOBF (coherent beam) when a Kapa factor is
small, and the graph of the MOBF (adaptive) is similar to the graph of the MOBF
(1.i.d. Gaussian) when a Kapa factor is large.

A line represented as CBF-CR (adaptive) is a line of CBF-CR where a beam is
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[117]

[118]

[119]

[120]

[121]

designed using the method of designing a beam according to the second exemplary
embodiment of the present invention, and a line represented as COBF (adaptive) is a
line of COBF where a beam is designed using the method of designing a beam
according to the third exemplary embodiment of the present invention. Referring to
FIGS. 6 and 7, it can be seen that the performances of the CBF-CR (adaptive) and the
COBEF (adaptive) are most excellent.

When a pilot is not regarded, the performance of the MOBF (adaptive) is similar to
the performances of the CBF-CR (adaptive) and the COBF (adaptive) but a pilot
overhead thereof is large. Therefore, it can be seen that the performance of the MOBF
(adaptive) is low when a pilot is regarded.

The difference between the performances of the Fixed Beamforming method and the
CBF-CR (adaptive) / COBF (adaptive) methods is a random beamforming effect, and
the difference between the performances of the OBF method and the CBF-CR
(adaptive) / COBF (adaptive) methods is a gain that is obtained by adding selective di-
versities of multibeams.

Since the random beamforming effect and the effect of the selective diversity
addition are very large in the results of the simulation, it can be seen that the per-
formances of the COBF and CBF-CR methods are excellent.

The above-mentioned exemplary embodiments of the present invention are not
embodied only by a method and apparatus. Alternatively, the above-mentioned
exemplary embodiments may be embodied by a program performing functions, which
correspond to the configuration of the exemplary embodiments of the present
invention, or a recording medium on which the program is recorded. These em-
bodiments can be easily devised from the description of the above-mentioned
exemplary embodiments by those skilled in the art to which the present invention
pertains.

While this invention has been described in connection with what is presently
considered to be practical exemplary embodiments, it is to be understood that the
invention is not limited to the disclosed embodiments, but, on the contrary, is intended
to cover various modifications and equivalent arrangements included within the spirit

and scope of the appended claims.
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Claims

[1] A method for beamforming of a base station, the method comprising:
generating a first random variable corresponding to a Gaussian distribution;
generating a second random variable corresponding to a uniform distribution;
generating a plurality of beam elements by using the first random variable, the
second random variable, spatial correlation between channels, and indexes of
transmitting antennas; and
forming a beam by using the plurality of beam elements.

[2] The method of claim 1, wherein a number of the beam elements is the same as

that of the transmitting antennas.

[3] The method of claim 1, further comprising normalizing the plurality of beam
elements.
[4] The method of claim 1, wherein one of the plurality of beam elements is

generated using electric power of the rest of the beam elements except for the
one of the plurality of beam elements.

[5] The method of claim 1, further comprising repeatedly performing the generating
of the first random variable, the generating of the second random variable, the
generating of the plurality of beam elements, and the forming of the beam,
thereby forming a plurality of beams.

[6] The method of claim 5, further comprising:
selecting an optimum beam from the plurality of beams;
multiplying data to be transmitted by the optimum beam to precode the data to be
transmitted; and
inserting pilots into the precoded data to be transmitted and transmitting the data.

[7] A method for beamforming of a base station, the method comprising:
generating a first random variable corresponding to a Gaussian distribution;
generating a second random variable corresponding to a uniform distribution;
generating a plurality of codeword elements by using the first random variable,
the second random variable, spatial correlation between channels, and indexes of
transmitting antennas;
generating a codeword by using the plurality of codeword elements; and
repeatedly performing the generating of the first random variable, the generating
of the second random variable, the generating of the plurality of codeword
elements, and the generating of the codeword, thereby generating a plurality of
codewords.

[8] The method of claim 7, further comprising:

grouping the plurality of codewords to generating a plurality of codebooks;
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[9]

[10]

[11]
[12]

receiving feedback from a plurality of user terminals;

determining an optimum codeword from the plurality of codewords by using the
feedback, and determining an optimum user terminal from the plurality of user
terminals;

multiplying data, which is to be transmitted to the optimum user terminal, by the
optimum codeword to precode the data to be transmitted; and

inserting pilots into the precoded data to be transmitted and transmitting the data.
The method of claim 8, wherein the feedback includes indexes of codewords
selected by the user terminals and channel quality information when precoding is
performed using the selected codewords.

A method for beamforming of a base station, the method comprising:

generating a first random variable corresponding to a uniform distribution;
generating a plurality of codewords by using the first random variable and
indexes of transmitting antennas;

generating a second random variable corresponding to a uniform distribution;
generating a third random variable corresponding to a Gaussian distribution; and
forming a plurality of matrices by using the second random variable, the third
random variable, spatial correlation between channels, and the indexes of the
transmitting antennas.

The method of claim 10, wherein the matrix is a diagonal matrix.

The method of claim 10, further comprising:

receiving feedback from the plurality of user terminals;

determining an optimum codeword from the plurality of codewords by using the
feedback, and determining an optimum user terminal from the plurality of user
terminals;

multiplying data, which is to be transmitted to the optimum user terminal, by the
optimum codeword and one of the plurality of matrices to precode the data to be
transmitted; and

inserting pilots into the precoded data to be transmitted and transmitting the data.
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