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Description
Title of Invention: APPARATUS AND METHOD FOR IN-
TERFERENCE MITIGATION IN A WIRELESS COMMU-

NICATION SYSTEM
Technical Field

The present invention relates to an apparatus and method for mitigating inter-cell in-
terference in a wireless communication system. More particularly, the present
invention relates to an apparatus and method for mitigating inter-cell interference in a

wireless communication system, which uses a femto Base Station (BS).

Background Art

In cellular wireless communication systems, Mobile Stations (MSs) positioned at cell
edges fall under interference from adjacent cells. In recent years, attention is being
paid to an inter-cell interference mitigation technique that makes use of limited coor-
dination. For example, the inter-cell interference mitigation technique includes a
Collision Avoidance - Beam Forming (CA-BF) technique and a Precoding Matrix
Index (PMI) coordination technique.

Regarding the CA-BF technique, a master scheduler schedules BSs inducing inter-
cell interference such that the inter-cell interference is minimized. That is, the master
scheduler performs scheduling such that a sum capacity is maximized using PMI in-
formation provided from the BSs through a backhaul.

Regarding the PMI coordination technique, BSs determine a precode or matrix for
beamforming using PMI information exchanged with other BSs through the backhaul.

A wireless communication system provides a femto-cell service for providing a high-
speed data service while addressing a service problem of a propagation shadow area.
Here, the femto cell denotes a service area of a compact BS, which has access to a
mobile communication core network through a commercial broadband network.

With respect to providing the femto-cell service, dozens of femto cells can exist
within a macro cell. In this case, the macro cell and femto cells need a lot of backhaul
capacity to exchange information with each other. In addition, there is a problem in
that, as the number of cells adjacent to an MS increases, an amount of information that
the MS feeds back to a serving station increases and adjacent cell information for the
serving station to consider in order to mitigate inter-cell interference also increases,

thereby increasing a complexity for mitigating the inter-cell interference.
Disclosure of Invention

Solution to Problem
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An aspect of the present invention is to address at least the above-mentioned
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 mitigating inter-cell interference in a wireless communication system including a
femto cell.

Another aspect of the present invention is to provide an apparatus and method for
mitigating inter-cell interference with no information exchange using a backhaul
between a macro Base Station (BS) and a femto BS in a wireless communication
system.

A further aspect of the present invention is to provide an apparatus and method for
restricting a codebook available for beamforming every resource block in a macro BS
of a wireless communication system.

Yet another aspect of the present invention is to provide an apparatus and method for
determining an available resource block according to an amount of interference from a
macro BS in a Mobile Station (MS) receiving a service from a femto BS.

Still another aspect of the present invention is to provide an apparatus and method for
performing iterative power control in consideration of feedback information provided
from an MS in a femto BS of a wireless communication system.

The above aspects are addressed by providing an apparatus and method for in-
terference mitigation in a wireless communication system.

In accordance with an aspect of the present invention, a method for mitigating inter-
cell interference in a macro BS of a wireless communication system having at least one
femto cell is provided. The method includes restricting the use of at least one code
among at least one available code when forming a beam by resource block, con-
structing a codebook set for each resource block, when feedback information is
received from at least one MS, allocating a resource to the MS in consideration of the
feedback information, determining a weight for forming a beam to the MS in con-
sideration of the codebook set for each resource block and the resource allocated to the
MS, and forming the beam to the MS using the weight.

In accordance with another aspect of the present invention, a method for mitigating
inter-cell interference in an MS receiving a service from a macro BS in a wireless com-
munication system having at least one femto cell is provided. The method includes de-
termining a codebook set for each resource block, the codebook set being constructed
by restricting at least one code among at least one available code when forming a beam
by resource block in the macro BS, estimating a channel with the macro BS and a
channel with at least one adjacent femto BS, estimating a Signal to Interference and
Noise Ratio (SINR) for at least one code available by at least one resource block in

consideration of the channel with the macro BS and the channel with the at least one
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adjacent femto BS, determining a code capable of obtaining the maximum sum rate by
at least one resource block using the SINR, and feeding back the maximum sum rate
for the at least one resource block and the determined code to the macro BS. The at
least one code available by resource block is included in the codebook set.

In accordance with a further aspect of the present invention, a method for mitigating
inter-cell interference in a femto BS of a wireless communication system having at
least one femto cell is provided. The method includes, when receiving feedback in-
formation from at least one MS, allocating a resource for service provision to the MS
in consideration of at least one piece of resource block information available in the
MS, included in the feedback information, updating a transmit power for transmitting a
signal through iterative power control in consideration of an SINR for each resource
block, included in the feedback information, and transmitting a signal using the
resource allocated to the MS and the updated transmit power.

In accordance with yet another aspect of the present invention, a method for
mitigating inter-cell interference in an MS receiving a service from a femto BS in a
wireless communication system having at least one femto cell is provided. The method
includes determining a codebook set for each resource block, which is constructed by
restricting at least one code among at least one available code when forming a beam by
resource block in a macro BS, calculating a correlation value of the at least one code
available when forming the beam by resource block, calculating the greatest amount of
interference from the macro BS by resource block in consideration of the correlation
value of the code, determining at least one resource block available when receiving a
service from the femto BS in consideration of the greatest amount of interference of
the resource blocks, and feeding back at least one available resource block information
to the femto BS. The at least one code available when forming the beam by resource
block is included in the codebook set.

In accordance with still another aspect of the present invention, an apparatus for
mitigating inter-cell interference in a macro BS of a wireless communication system
having at least one femto cell is provided. The apparatus includes at least one antenna,
a codebook controller, a resource allocator, a weight generator, and a precoder. The
codebook controller restricts at least one code among at least one available code when
forming a beam by resource block and constructs a codebook set for each resource
block. When feedback information is received from at least one MS, the resource
allocator allocates a resource to the MS in consideration of the feedback information.
The weight generator determines a weight for forming a beam to the MS in con-
sideration of the codebook set for each resource block and the resource allocated to the
MS. The precoder precodes a transmit signal using the weight.

In accordance with still another aspect of the present invention, an apparatus for
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mitigating inter-cell interference in an MS receiving a service from a macro BS in a
wireless communication system having at least one femto cell is provided. The
apparatus includes at least one antenna, a codebook controller, a channel estimator, an
SINR estimator, and a feedback controller. The codebook controller stores a codebook
set for each resource block, constructed by restricting at least one code among at least
one available code when forming a beam by resource block in the macro BS. The
channel estimator estimates a channel with the macro BS and a channel with at least
one adjacent femto BS using a signal received through the antenna. The SINR
estimator estimates an SINR for at least one code available by at least resource block
in consideration of the channel with the macro BS and the channel with the at least one
adjacent femto BS. The feedback controller feeds back a code, which is capable of
obtaining the maximum sum rate by at least one resource block using the SINR and the
maximum sum rate for the resource block, to the macro BS. The at least one code
available by resource block is included in the codebook set.

In accordance with still another aspect of the present invention, an apparatus for
mitigating inter-cell interference in a femto BS of a wireless communication system
having at least one femto cell is provided. The apparatus includes at least one antenna,
a feedback information receiver, a resource allocator, a power controller, and a
transmitter. The feedback information receiver receives feedback information from at
least one MS. The resource allocator allocates a resource for service provision to an
MS in consideration of at least one piece of resource block information available in the
MS, included in the feedback information received through the feedback information
receiver. The power controller updates a transmit power for transmitting a signal
through iterative power control in consideration of an SINR for each resource block,
included in the feedback information. The transmitter transmits a signal using the
resource allocated to the MS and the updated transmit power.

In accordance with still another aspect of the present invention, an apparatus for
mitigating inter-cell interference in an MS receiving a service from a femto BS in a
wireless communication system having at least one femto cell is provided. The
apparatus includes at least one antenna, a receiver, a codebook controller, an in-
terference determiner, and a feedback controller. The receiver receives a signal through
the antenna. The codebook controller stores a codebook set for each resource block,
constructed by restricting at least one code among at least one available code when
forming a beam by resource block in a macro BS. The interference determiner
calculates the greatest amount of interference from the macro BS by resource block in
consideration of a correlation value of the at least one code available when forming the
beam by resource block. The feedback controller feeds back at least one piece of

resource block information available when receiving a service from the femto BS, to
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the femto BS in consideration of the greatest amount of interference of the resource

blocks.
Other aspects, advantages, and salient features of the invention will become apparent

to those skilled in the art from the following detailed description, which, taken in con-
junction with the annexed drawings, discloses exemplary embodiments of the
invention.

Brief Description of Drawings

The above and other aspects, features, and advantages of certain exemplary em-
bodiments of the present invention will be more apparent from the following de-
scription taken in conjunction with the accompanying drawings, in which:

FIG. 1 is a flow diagram illustrating a procedure for transmitting a signal in a macro
Base Station (BS) according to an exemplary embodiment of the present invention;

FIG. 2 is a flow diagram illustrating a procedure for selecting a codebook in a macro
Mobile Station (MS) according to an exemplary embodiment of the present invention;

FIG. 3 is a flow diagram illustrating a procedure for selecting a resource block in a
femto MS according to an exemplary embodiment of the present invention;

FIG. 4 is a flow diagram illustrating a procedure for transmitting a signal in a femto
BS according to an exemplary embodiment of the present invention;

FIG. 5 is a block diagram illustrating a construction of a macro BS according to an
exemplary embodiment of the present invention;

FIG. 6 is a block diagram illustrating a construction of a macro MS according to an
exemplary embodiment of the present invention;

FIG. 7 is a block diagram illustrating a construction of a femto MS according to an
exemplary embodiment of the present invention;

FIG. 8 is a block diagram illustrating a construction of a femto BS according to an
exemplary embodiment of the present invention;

FIG. 9 is a graph illustrating a variation of a sum rate of a macro cell and femto cell
dependent on a number of femto BSs according to an exemplary embodiment of the
present invention;

FIG. 10 is a graph illustrating a Cumulative Density Function (CDF) of a macro-cell
sum rate dependent on a number of femto BSs according to an exemplary embodiment
of the present invention; and

FIGS. 11A-12B are graphs illustrating a CDF of a macro-cell sum rate dependent on
a threshold amount of interference according to exemplary embodiments of the present
invention.

Throughout the drawings, it should be noted that like reference numbers are used to

depict the same or similar elements, features, and structures.
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Best Mode for Carrying out the Invention

The following description with reference to the accompanying drawings is provided
to assist in a comprehensive understanding of exemplary embodiments of the invention
as defined by the claims and their equivalents. It includes various specific details to
assist in that understanding but these are to be regarded as merely exemplary. Ac-
cordingly, those of ordinary skill in the art will recognize that various changes and
modifications of the embodiments described herein can be made without departing
from the scope and spirit of the invention. Also, descriptions of well-known functions
and constructions are omitted for clarity and conciseness.

The terms and words used in the following description and claims are not limited to
the bibliographical meanings, but, are merely used by the inventor to enable a clear and
consistent understanding of the invention. Accordingly, it should be apparent to those
skilled in the art that the following description of exemplary embodiments of the
present invention are provided for illustration purpose only and not for the purpose of
limiting the invention as defined by the appended claims and their equivalents.

It is to be understood that the singular forms “a,” “an,” and “the” include plural
referents unless the context clearly dictates otherwise. Thus, for example, reference to
“a component surface” includes reference to one or more of such surfaces.

By the term “‘substantially” it is meant that the recited characteristic, parameter, or
value need not be achieved exactly, but that deviations or variations, including for
example, tolerances, measurement error, measurement accuracy limitations and other
factors known to those of skill in the art, may occur in amounts that do not preclude the
effect the characteristic was intended to provide.

A technology for mitigating inter-cell interference with no information exchange
using a backhaul between a macro Base Station (BS) and a femto BS in a wireless
communication system including a femto cell according to exemplary embodiments of
the present invention is described below.

The following description is made assuming an Orthogonal Frequency Division Mul-
tiplexing (OFDM) wireless communication system. However, exemplary embodiments
of the present invention are equally applicable to other wireless communication
system.

In the following description, a macro Mobile Station (MS) denotes an MS receiving a
service from a macro BS, and a femto MS denotes an MS receiving a service from a
femto BS.

In the following description, it is assumed that a macro BS includes antennas of Ny
number, and a macro MS includes antennas of Nz number. Also, it is assumed that a

femto BS and a femto MS each include one antenna. However, exemplary em-
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bodiments of the present invention are equally applicable when any of the macro BS,
the macro MS, the femto BS, and the femto MS have a different number of antennas. If
the femto MS and macro MS include a plurality of antennas, the femto MS and macro
MS may either receive one stream through one antenna or combine signals received
through the plurality of antennas and receive at least one stream.

FIG. 1 illustrates a procedure for transmitting a signal in a macro BS according to an
exemplary embodiment of the present invention.

Referring to FIG. 1, in step 101, the macro BS restricts a codebook available by
resource block to, when forming a beam to a macro MS, restrict the direction of
beamforming in a spatial domain such that interference in a femto cell is restricted.
That is, the macro BS restricts a codebook set by resource block such that, when
forming a beam, the macro BS can form the beam only in the partial direction of the
whole spatial domain. For example, the macro BS designates a unique code (u,) by
resource block. After that, the macro BS constructs a codebook set available in a
resource block through a correlation with a unique code designated to a resource block,
as given in Equation 1 below. At this time, the macro BS can pseudo-randomly select

the unique code (u,) by resource block.

w. ., = {Wn n=arg(u’ -u’ > Thresh()ld)}. ............... (1)

t f

In Equation 1, the ‘W, ;’ represents a codebook set available in a resource block (R, ;
), which is the t* time in time axis and the f** time in frequency axis, the ‘W’
represents an n® code, the ‘n’ represents a codebook index, the ‘u,” represents a matrix
of the n* code, and the ‘“Threshold’ represents a threshold for selecting a code available
in the resource block (R ).

As in Equation 1 above, the macro BS constructs the codebook set available in the
resource block (R, ) by codes whose correlations with the unique code (u,) designated
to the resource block (R, ;) are equal to or are greater than the threshold.

After constructing the codebook set available by resource block, the macro BS
proceeds to step 103 and transmits the codebook set information constructed in step
101 to a femto BS or a macro MS. For example, in a case where the femto BS has
initial access, the macro BS transmits codebook set information available by resource
block, to the femto BS through a core network. For another example, the macro BS
may transmit codebook set information available by resource block, to macro MSs
through a broadcast control message.

After that, the macro BS proceeds to step 105 and determines if feedback information
is received from a macro MS. Here, the feedback information received from the macro
MS includes the greatest sum rate in at least one resource block and code information

capable of obtaining the greatest sum rate.
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In a case where the feedback information is received from the macro MS, the macro
BS proceeds to step 107 and, on the basis of the feedback information, the macro BS
allocates a resource to the macro MS to be serviced. For example, the macro BS de-
termines a resource block to allocate a resource to the macro MS on the basis of the
feedback information. After that, the macro BS allocates a resource for service
provision to the macro MS using the determined resource block. At this time, the
macro BS allocates the macro MS the resource according to a scheduling type.

After allocating the resource to the macro MS, the macro BS proceeds to step 109
and, on the basis of the feedback information, determines a weight for forming a beam
to the macro MS. For example, in a case where the macro BS allocates a macro MS a
resource of a resource block (R, ¢) in step 107, the macro BS determines a code capable
of obtaining the greatest sum rate in the resource block (R, ), included in the feedback
information, as a weight for beamforming.

After determining the weight for beamforming, the macro BS proceeds to step 111
and forms a beam to a corresponding macro MS using the weight determined in step
109.

After that, the macro BS terminates the procedure according to the exemplary em-
bodiment of the present invention.

As described above, in a case where a macro BS restricts a codebook set available by
resource block, a macro MS operates as illustrated in FIG. 2 below.

FIG. 2 illustrates a procedure for selecting a codebook in a macro MS according to
an exemplary embodiment of the present invention.

Referring to FIG. 2, in step 201, the macro MS determines codebook set information
available by resource block constructed by a macro BS. For example, the macro MS
determines codebook set information available by resource block through a broadcast
control message transmitted by the macro BS. For another example, the macro MS
may directly generate codebook set information constructed by the macro BS. That is,
in a case where the macro BS constructs a codebook set available by resource block in
a constant pattern, the macro MS can be aware of the pattern in which the macro BS
constructs the codebook set, through identifier information of the macro BS. Thus, the
macro MS may directly generate the codebook set information constructed by the
macro BS.

After determining the codebook set information available by resource block, the
macro MS proceeds to step 203 and estimates a channel with the macro BS and
channels with adjacent femto BSs.

After that, the macro MS proceeds to step 205 and estimates a Signal to Interference
and Noise Ratio (SINR) for codes available by resource block. That is, regarding at

least one resource block capable of being allocated from a macro BS, the macro MS
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estimates an SINR for each of codes available by the resource block. For example, in a
case where the macro BS transmitting a signal through one subcarrier included in a
resource block (R, ¢) allocates an m® code to a k™ macro MS, the signal received by the

kt» macro MS can be expressed as given in Equation 2 below.

yk 1 \/7hMtoMk nzwmn X + Z thoMk nf xf +vk’ kEKMaCIO MS? me t/Q’)

LB Fnto BS

In Equation 2, the ‘y, ,” represents a signal received by a k' macro MS in a case
where a macro BS transmitting a signal through one subcarrier included in a resource
block (R, ;) allocates an m® code to the k™ macro MS, the ‘hy;m . represents a
channel vector from a macro BS including transmit antennas of N, number to an n
stream of the k™ macro MS, the ‘W, represents an n® column of the m®* code (W),
the ‘x,” represents a signal transmitted by the macro BS, the ‘hggy 1 0 ¢ represents a
channel vector from an fth femto BS to the n™ stream of the kth macro MS, the ‘x¢’
represents a signal transmitted by the f* femto BS, the ‘v,’ represents an Additive
White Gaussian Noise (AWGN) for the k™ macro MS, and the ‘y’ represents power
loaded on each stream. Here, the ‘n’ represents a value of dividing power (Pycro)
allocated to one subcarrier by the number (N;) of the whole stream. Also, the n* stream
represents a stream of the n time among streams of Ns number.

At this time, an SINR of the signal received through the n® stream of the k™ macro

MS can be calculated as given in Equation 3 below.

nakmn

/<n+77 Z gkmn FtoM,n
neN,—{n}

SINR,

mn_

In Equation 3, the ‘SINRy ., " represents an SINR of a signal received through an n®
stream of a k™ macro MS in a case where a macro BS allocates the k® macro MS an mt

code at one subcarrier included in a resource block (R, ¢), the ‘oy .~ represents power

(

2

. ‘hﬂ/lloM,k,n W:n,n
) of a signal received from the macro BS, the ‘I, represents power (
2
Z ‘th()M,k,n,]“ Pf
J EBromo B
) of interference signals received from femto BSs, the ‘Ny ,,” represents a noise power
of the k® macro MS receiving the signal through the n® stream, the

Z ak mn
)

neN —(n

" represents a self cell interference power at which the n® stream is influenced by in-
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terference from other stream, and the ‘y’ represents power loaded on each stream. At
this time, the ‘n’ represents a value of dividing power (Py...,) allocated to one
subcarrier by the number (N;) of the whole stream.

After estimating the SINR for each code available by resource block, the macro MS
proceeds to step 207 and selects a code capable of obtaining the greatest sum rate by
resource block, using the estimated SINR. For example, the macro MS selects a code
capable of obtaining the greatest sum rate among codes available in a resource block
(R..¢), using Equation 4 below.

max

Ng
R, = log,(1+ SINR, )........... 4
k I/I/IEM[J, Z ng( k,m,n) ( )

n=1

In Equation 4, the ‘R,’ represents the maximum sum rate obtainable using codes
included in a codebook set available in a resource block (R, ¢), the ‘M, ¢’ represents the
number of the codes included in the codebook set available in the resource block (R, ;),
the ‘N’ represents the number of all streams, and the ‘SINR,_,, ,” represents an SINR
of a signal received through an n® stream of a k* macro MS in a case where the macro
BS allocates the k* macro MS an m* code at one subcarrier included in the resource
block (R, y).

After selecting the code capable of obtaining the maximum sum rate by resource
block, the macro MS proceeds to step 209 and transmits the selected code capable of
obtaining the maximum sum rate by resource block and the maximum sum rate, to the
macro BS. In other words, the marco MS transmits codebook index information of the
maximum sum rate.

After that, the macro MS terminates the procedure according to the exemplary em-
bodiment of the present invention.

In a case where a macro BS restricts a codebook set available by resource block, a
femto MS operates as illustrated in FIG. 3 below.

FIG. 3 illustrates a procedure for selecting a resource block in a femto MS according
to an exemplary embodiment of the present invention.

Referring to FIG. 3, in step 301, the femto MS determines codebook set information
available by resource block constructed by a macro BS. For example, the femto MS
determines codebook set information available by resource block through a broadcast
control message transmitted by a femto BS. For another example, the femto MS may
directly generate codebook set information constructed by the macro BS. That is, in a
case where the macro BS constructs a codebook set available by resource block in a
constant pattern, the femto MS can be aware of the pattern in which the macro BS
constructs the codebook set, through identifier information of the macro BS. Thus, the

femto MS may directly generate the codebook set information constructed by the
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macro BS.

After determining the codebook set information available by resource block, the
femto MS proceeds to step 303 and estimates an interference channel with the macro
BS. For example, in a case where an f» femto BS transmitting a signal through one
subcarrier included in a resource block (R, ;) allocates an m® code to a k™ femto MS,

the signal received by the k* femto MS can be expressed as given in Equation 5 below.

N,
yk,f,m :\ Pf' thnF, k, fxf + Z v P/ thE/(,,f xf +\/77 h/\/lmE/( Z‘Vm,n xn +V/{ ’ k eI<Fem10MS“'($
n

1B vumo niS)

In Equation 5, the ‘yy ; ,,” represents a signal received by a k* femto MS in a case
where an f* femto BS transmitting a signal through one subcarrier included in a
resource block (R, ;) allocates an m® code to the k* femto MS, the ‘hg. 1 i represents a
channel vector from the f* femto BS to the k™ femto MS, the ‘x;” represents the signal
transmitted by the f'» femto BS, the ‘P;’ represents a transmit power of the f* femto BS,
the ‘hyer 1 represents a channel vector from a macro BS to the k* femto MS, the ‘W, ,
> represents an n* column of an m®* code (W), the ‘v’ represents an AWGN for the k™
femto MS, and the ‘g’ represents power loaded on each stream. At this time, the ‘g’
represents a value of dividing power (Py.o) allocated to one subcarrier by the number
(Ny) of the whole stream.

In a case where the k® femto MS receives the signal of Equation 5, an SINR of the
receive signal can be calculated as given in Equation 6 below.

Pf |hmor‘.k,/’|2

SINRy ;= 6)
k

lrol” Mol ,m
In Equation 6, the ‘SINRy  represents an SINR of a signal received by a k* femto
MS, the ‘Py’ represents a transmit power of an f* femto BS, the ‘hp.r i ¢ represents a

channel vector from the f* femto BS to the k* femto MS, the ‘Irom m represents power

(
77 Z‘hlmul‘",k Wm.n

neNg

2

) of an interference signal received from a macro BS, the ‘I represents power (

Z Pf |h1<‘rg1<‘>/(‘f

o _f 1
T EBiomo 85—}

o

) of interference signals received from adjacent femto BSs, the ‘N’ represents a
noise power of the k* femto MS, the ‘W, represents an n* column of an m* code (W
m), and the ‘g’ represents power loaded on each stream. At this time, the ‘n’ represents
a value of dividing power (Py..0, allocated to one subcarrier by the number (N;) of the
whole stream.

In calculating the SINR of the k» femto MS as given in Equation 6 above, it is
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assumed that a relationship of Iy, m >> Iror 1S formed since the macro BS has a greater
amount of interference on the k™ femto MS than adjacent femto BSs. In this case, the
femto MS can disregard interference of the adjacent femto BSs and thus, estimates the
channel from the macro BS to mitigate interference of the macro BS.

After that, the femto MS proceeds to step 305 and calculates correlation values
between all codes available by resource block using the estimated interference channel
with the macro BS. For example, in a case where the macro BS uses an n® column of
an m™ code included in a codebook set (W, p), a k' femto MS calculates a correlation

value of a codebook as given in Equation 7 below.

o)
Brmn = ‘hMtoF,kVVm,n /‘H/monk

In Equation 7, the ‘3. ...  represents a correlation value of a codebook calculated by

2
k€K poions-ME M, o (7)

a k™ femto MS in a case where a macro BS uses an n®* column of an m* code included
in a codebook set (W, ), the ‘hy.r i represents a channel vector from the macro BS to
the k™ femto MS, the ‘W’ represents the n® column of the m® code (W), the ‘Kgem,
ms_ represents the number of femto MSs, and the ‘M, ;” represents the number of codes
included in the codebook set (W ;).

After calculating correlation values between codes by resource block in step 305, the
femto MS proceeds to step 307 and calculates the greatest amount of interference by
resource block. That is, the femto MS calculates the maximum value among the sum of
correlation values of respective streams as given in Equation 8 below.

max N

= > B 8
j/k l’nEM[’f ;ﬁk,m,n ( )

In Equation 8, the “y,’ represents the maximum value among the sum of correlation
values of respective streams, the ‘M, ;" represents the number of codes included in a
codebook set (W, ), the ‘N’ represents the number of all streams, and the By m. o’
represents a correlation value of a codebook calculated by a k* femto MS in a case
where a macro BS uses an n™ column of an m® code included in the codebook set (W, ¢
).

As given in Equation &, the k» femto MS calculates a normalized amount of in-
terference, which is generated when selecting a code inducing the greatest interference
from the macro BS among all codes available in a specific resource block.

After calculating the greatest amount of interference by resource block, the femto MS
proceeds to step 309 and determines an available resource block in consideration of the
greatest amount of interference for each resource block. For example, the femto MS
determines, as an available resource block, a resource block whose greatest amount of

interference is less than a threshold (T) amount of interference among resource blocks.
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After determining the available resource block in step 309, the femto MS proceeds to
step 311 and feeds back SINR information of the available resource block to a serving
femto BS. If there exist a plurality of available resource blocks, the femto MS de-
termines the number of resource blocks for feedback to the femto BS in consideration
of a resource allocation technique of the femto BS and a scheduling criterion. For
instance, the femto MS feeds back SINR information on resource blocks of the de-
termined number to the femto BS in order of high SINR among available resource
blocks.

After that, the femto MS terminates the procedure according to the exemplary em-
bodiment of the present invention.

As described above, by selecting resource blocks whose greatest amounts of in-
terference are less than a threshold interference amount among resource blocks and
sending a feedback to a femto BS, a femto MS can restrict, by
TU‘hM oy ‘2
, the maximum value of interference (I"y.r) from a macro BS to the femto MS itself,

as given in Equation 9 below.

, 5 max N,
MtoF k ‘ = 772
meM f o

In Equation 9, the ‘I"ys” represents the maximum value of interference from a macro

[N}

* 2
[ Mol = 7/1{ 77 hz\lt()F,k Wm,n < T77‘h}\4mF,k ‘ """"" (9)

BS to a femto MS, the “y,’ represents the maximum value among the sum of cor-
relation values of respective streams, the ‘hyr i’ represents a channel vector from the
macro BS to a k femto MS, the ‘W, represents an n® column of an m* code (W),
the “T” represents a threshold amount of interference, the ‘M, ; represents the number
of codes included in a codebook set (W, ;), and the ‘’ represents power loaded on each
steam. At this time, the ‘f’ represents a value of dividing power (Py...) allocated to
one subcarrier by the number (N;) of the whole stream.

The following description is made for an operation of a femto BS for transmitting a
signal using feedback information received from a femto MS.

FIG. 4 illustrates a procedure for transmitting a signal in a femto BS according to an
exemplary embodiment of the present invention.

Referring to FIG. 4, in step 401, the femto BS determines if feedback information is
received from a femto MS positioned in a service area.

If the feedback information is received from the femto MS, the femto BS proceeds to
step 403 and allocates a resource for service provision to the femto MS in con-
sideration of the feedback information. For example, the femto BS can determine at

least one resource block available in a femto MS through the feedback information.



14

WO 2010/123320 PCT/KR2010/002578

[96]

[97]

[98]

[99]

[100]

[101]

[102]

Thus, the femto BS determines a resource block to use to allocate a resource to the
femto MS, among the resource blocks available in the femto MS. After that, the femto
BS allocates a resource for service provision to the femto MS using the determined
resource block.

After allocating the femto MS the resource for service provision, the femto BS
proceeds to step 405 and determines a transmit power for transmitting a signal to the
femto MS in consideration of the feedback information. For instance, the femto BS de-
termines a transmit power through iterative power control as given in Equation 10

below.

Fk ' (Nk + ]l“lol" (P/ (t)) + [11/1 1ol ,m (t))

P (t+1)=min

2
thF,k, _/"

In Equation 10, the ‘P«(t+1)’ represents a transmit power of an f** femto BS at a time
(t+1), the ‘I',” represents a target CINR desired by a k* femto MS, the

max
by

’ represents the maximum transmit power in the f* femto BS, the ‘N,’ represents a
noise of the k™ femto MS, the ‘Ir.r(P(t))’ represents interference from adjacent femto
BSs to a femto MS when the f* femto BS uses a transmit power (Pg(t)) at a t* time, the
‘Intor, m(t)” represents interference from a macro BS to the femto MS during a time (t),
and the ‘hp.r 1 ¢ represents a channel vector from the f femto BS to the k* femto MS.

After determining the transmit power in step 405, the femto BS proceeds to step 407
and transmits a signal to the femto MS using the resource allocated to the femto MS in
step 403 and the transmit power determined in step 405.

After that, the femto BS terminates the procedure according to the exemplary em-
bodiment of the present invention.

Although not illustrated, a femto BS is provided with codebook set information
available by resource block from a macro BS through a core network, for example. For
another example, the femto BS may directly generate codebook set information con-
structed by the macro BS. That is, in a case where the macro BS constructs a codebook
set available by resource block in a constant pattern, the femto BS can be aware of the
pattern in which the macro BS constructs the codebook set, through identifier in-
formation of the macro BS. Thus, the femto BS may directly generate the codebook set
information constructed by the macro BS.

In the aforementioned exemplary embodiment, a femto MS assumes the maximum
amount of interference by resource block in place of an absolute amount of in-
terference, as an amount of interference from a macro BS, and determines a resource

block available for communication with a serving BS. The reason for this is given as
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follows. That is, an amount of interference from the macro BS to the femto MS is
different depending on a transmit power of the macro BS and a distance between a
femto cell and the macro BS. However, a femto BS and the femto MS cannot, in
advance, be aware of whether the macro BS allocates each resource block at any
transmit power. Thus, in a case where the femto BS determines a resource block to
allocate a resource to the femto MS, it is advantageous in mitigating interference from
the macro BS that the femto BS selects a resource block with an amount of in-
terference less than the absolute amount of interference as compared to other resource
blocks. Thus, the femto MS assumes the maximum amount of interference by resource
block in place of the absolute amount of interference, as the amount of interference
from the macro BS, and determines the available resource block.

The following description is made for a construction of a macro BS for restricting a
codebook set available by resource block.

FIG. 5 is a block diagram illustrating a construction of a macro BS according to an
exemplary embodiment of the present invention.

Referring to FIG. 5, the macro BS includes modulators 501-1 to 501-Ny, a layer
mapper 503, a precoder 505, resource mappers 507 including resource mappers 507-1
to 507-Nr, OFDM modulators 509-1 to 509-Ny, Radio Frequency (RF) processors
511-1 to 511-Nr, a resource allocator 513, a weight generator 515, and a codebook
controller 517.

The modulators 501-1 to 501-N modulate encoded signals provided from respective
encoders according to a modulation level suitable to a channel state with each receive
end. Here, the modulation level means a Modulation and Coding Scheme (MCS) level.

The layer mapper 503 maps modulation symbols provided from the modulators
501-1 to 501-N, to paths for respective antennas such that the modulation symbols can
be transmitted through the respective antennas.

The precoder 505 precodes modulated signals provided from the layer mapper 503
by a precode provided from the weight generator 515, and outputs the precoded signals
to the resource mappers 507-1 to 507-Ny connected to the respective antennas.

The resource allocator 513 allocates a resource to a macro MS to get a service, on the
basis of feedback information received from macro MSs positioned in a service area.
For example, the resource allocator 513 determines a resource block to allocate a
resource to a macro MS, on the basis of the feedback information. After that, the
resource allocator 513 allocates a resource for service provision to the macro MS using
the determined resource block. At this time, the resource allocator 513 allocates the
resource to the macro MS according to a corresponding scheduling type. Here, the
feedback information received from the macro MS includes the greatest sum rate in at

least one resource block and code information capable of obtaining the greatest sum
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rate in each resource block.

The codebook controller 517 restricts codes available by resource block and
constructs a codebook set by resource block. For example, the codebook controller 517
designates a unique code (u,) by resource block. After that, the codebook controller
517 constructs a codebook set available in a resource block through a correlation with
a unique code designated to the resource block as given in Equation 1 above. At this
time, the codebook controller 517 can pseudo-randomly select the unique code (u,)
designated by resource bock.

The weight generator 515 generates a weight for beamforming, in consideration of
the feedback information and resource allocation information provided from the
resource allocator 513 and the codebook set provided from the codebook controller
517. For example, in a case where the resource allocator 513 allocates a resource of a
resource block (R, ¢) to a macro MS, the weight generator 515 determines a code
capable of obtaining the greatest sum rate in the resource block (R, ;), included in the
feedback information, as a weight for beamforming.

The resource mappers 507-1 to 507-Ny map signals provided from the precoder 505
through the respective antenna paths, to corresponding resources according to the
resource allocation information provided from the resource allocator 513.

The OFDM modulators 509-1 to 509-Nr convert signals provided from the respective
resource mappers 507-1 to 507-Nr into time domain signals through Inverse Fast
Fourier Transform (IFFT).

The RF processors 511-1 to 511-Ny convert digital signals provided from the re-
spective OFDM modulators 509-1 to 509-Ny into analog signals. After that, the RF
processors 511-1 to 511-Ny convert the analog signals into RF signals and transmit the
converted RF signals through the corresponding antennas.

The following description is made for a construction of a macro MS for feeding back
channel information using a codebook set available by resource block restricted in a
macro BS.

FIG. 6 is a block diagram illustrating a construction of a macro MS according to an
exemplary embodiment of the present invention.

Referring to FIG. 6, the macro MS includes RF processors 601-1 to 601-Nz, OFDM
demodulators 603-1 to 603-Ng, a Multiple Input Multiple Output (MIMO) detector
605, a demodulator 607, a channel estimator 609, an SINR estimator 611, a feedback
controller 613, and a codebook controller 615.

The RF processors 601-1 to 601-Ng convert RF signals received through respective
antennas into baseband signals. Also, the RF processors 601-1 to 601-Ng convert the
respective baseband signals into digital signals.

The OFDM demodulators 603-1 to 603-Ng convert signals provided from the re-
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spective RF processors 601-1 to 601-Ny into frequency domain signals through Fast
Fourier Transform (FFT).

The MIMO detector 605 detects a signal, which is transmitted by a macro BS, in
multiplexed signals provided from the OFDM demodulators 603-1 to 603-Ng. For
example, the MIMO detector 605 calculates a Euclidean distance between symbol
vectors transmissible in the macro BS, and selects a signal of the shortest Euclidean
distance as a signal transmitted by the macro BS.

The demodulator 607 demodulates the signal detected in the MIMO detector 605
according to a corresponding modulation level.

The channel estimator 609 estimates a channel with a macro BS and channels with
adjacent femto BSs using signals provided from the OFDM demodulators 603-1 to
603-Ng.

The codebook controller 615 stores codebook set information available by resource
block constructed by a macro BS. For example, the codebook controller 615 stores
codebook set information available by resource block, which is received through a
broadcast control message transmitted by the macro BS. For another example, the
codebook controller 615 may directly generate and store codebook set information
constructed by the macro BS. At this time, the codebook controller 615 can directly
generate codebook set information, which is constructed by the macro BS, using
identifier information of the macro BS.

The SINR estimator 611 estimates SINRs for codes by each resource block according
to codebook set information available by resource block provided from the codebook
controller 615. That is, regarding at least one resource block capable of being allocated
from the macro BS, the SINR estimator 611 estimates an SINR for each of codes
available by the resource block.

The feedback controller 613 sends a feedback of a code capable of obtaining the
maximum sum rate for at least one resource block and the maximum sum rate ob-
tainable through the code, to the macro BS in consideration of SINRs of codes by
resource block estimated in the SINR estimator 611. At this time, the feedback
controller 613 applies the SINR estimated in the SINR estimator 611 to Equation 4
above, and determines the code capable of obtaining the greatest sum rate by each
resource block.

The following description is made for a construction of a femto MS for feeding back
channel information using a codebook set available by resource block restricted in a
macro BS.

FIG. 7 is a block diagram illustrating a construction of a femto MS according to an
exemplary embodiment of the present invention.

Referring to FIG. 7, the femto MS includes an RF processor 701, an OFDM de-
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modulator 703, a demodulator 705, a decoder 707, a channel estimator 709, an in-
terference determiner 711, a feedback controller 713, and a codebook controller 715.

The RF processor 701 converts an RF signal received through at least one antenna
into a baseband signal. Also, the RF processor 701 converts the baseband signal into a
digital signal.

The OFDM demodulator 703 converts a signal provided from the RF processor 701
into a frequency domain signal through FFT.

The demodulator 705 demodulates a signal provided from the OFDM demodulator
703 according to a corresponding modulation level.

The decoder 707 decodes a signal demodulated in the demodulator 705 according to
a corresponding modulation level.

The channel estimator 709 estimates a channel with a macro BS using a signal
provided from the OFDM demodulator 703. For example, in a case where a k* femto
MS calculates an SINR of a received signal as given in Equation 7 above, it is assumed
that a relationship of Iyr, m >>Irer 1S formed since the macro BS has greater amount of
interference on the k™ femto MS than adjacent femto BSs. Thus, the channel estimator
709 can disregard interference of the adjacent femto BSs and thus, estimates the
channel from the macro BS to mitigate interference of the macro BS.

The codebook controller 715 stores codebook set information available by resource
block constructed by a macro BS. For example, the codebook controller 715 stores
codebook set information available by resource block, which is received through a
broadcast control message transmitted by the macro BS. For another example, the
codebook controller 715 may directly generate and store codebook set information
constructed by the macro BS. At this time, the codebook controller 715 can directly
generate codebook set information, which is constructed by the macro BS, using
identifier information of the macro BS.

According to codebook set information available by resource block provided from
the codebook controller 715, the interference determiner 711 predicts the greatest
amount of interference by resource block. For example, the interference determiner
711 may be distinguished into a correlation unit (not shown) and an interference es-
timating unit (not shown). The correlation unit calculates correlation values between
all codes available by resource block, using an interference channel with a macro BS
estimated in the channel estimator 709. If the macro BS uses an n** column of an m™
code included in a codebook set (W, ), a correlation unit of a k™ femto MS calculates a
correlation value of a codebook as given in Equation 7 above.

The interference estimating unit calculates the greatest amount of interference by
resource block. For example, the interference estimating unit calculates a normalized

amount of interference, which is generated when selecting a code inducing the greatest
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interference from the macro BS among all codes available in a specific resource block
as given in Equation 8 above.

The feedback controller 713 sends a feedback of resource block information
available in the femto MS to a serving femto BS, in consideration of the greatest
amount of interference by resource block estimated in the interference determiner 711.
For example, the feedback controller 713 determines, as an available resource block, a
resource block whose greatest amount of interference is less than a threshold (T)
amount of interference among resource blocks. If a plurality of available resource
blocks exist, the feedback controller 713 determines the number of resource blocks for
feedback to the femto BS in consideration of a resource allocation technique of the
femto BS and a scheduling criterion. At this time, the feedback controller 713 sends a
feedback of SINR information on resource blocks of the determined number, to the
femto BS in order of high SINR among the available resource blocks.

The following description is made for a construction of a femto BS for transmitting a
signal using feedback information provided from a femto MS.

FIG. 8 is a block diagram illustrating a construction of a femto BS according to an
exemplary embodiment of the present invention.

Referring to FIG. 8, the femto BS includes an encoder 801, a modulator 803, a
resource mapper 805, an OFDM modulator 807, an RF processor 809, a feedback in-
formation receiver 811, a resource allocator 813, and a power controller 815.

The encoder 801 encodes a signal to be transmitted to a femto MS receiving a
service, according to a corresponding modulation level.

The modulator 803 modulates an encoded signal provided from the encoder 801
according to a corresponding modulation level.

The resource mapper 805 maps a signal provided from the modulator 803 to a corre-
sponding resource according to resource allocation information provided from the
resource allocator 813.

The feedback information receiver 811 receives feedback information provided from
femto MSs positioned in a service area, and provides the feedback information to the
resource allocator 813 and the power controller 815.

The resource allocator 813 allocates a resource for service provision to a femto MS
in consideration of feedback information provided from the feedback information
receiver 811. For example, the resource allocator 813 determines a resource block to
allocate a resource to a femto MS, on the basis of feedback information. After that, the
resource allocator 813 allocates a resource for service provision to the femto MS using
the determined resource block.

The OFDM modulator 807 converts a signal provided from the resource mapper 805

into a time domain signal through IFFT.
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The RF processor 809 converts a digital signal provided from the OFDM converter
807 into an analog signal. After that, the RF processor 809 converts the analog signal
into an RF signal and transmits the RF signal through a corresponding antenna. At this
time, the RF processor 809 amplifies power of a signal according to a transmit power
provided from the power controller 815, and transmits the amplified signal.

The power controller 815 determines a transmit power for transmitting a signal to a
femto MS in consideration of feedback information provided from the feedback in-
formation receiver 811. For example, the power controller 815 determines a transmit
power through iterative power control as given in Equation 10 above.

Although not illustrated, the femto BS further includes a codebook controller. The
codebook controller stores code set information available by resource block con-
structed by a macro BS.

The following description is made for a variation of performance dependent on a
macro BS restricting a codebook set available by resource block to form a beam, and a
femto BS predicts the maximum amount of interference by resource block and controls
a resource and a transmit power for a femto MS. A variation of performance is
described below on the assumption that a target SINR (I') of the femto MS is equal to
10 dB and distances (R) with a macro BS and a femto cell are equal to 250 m.

FIG. 9 illustrates a variation of a sum rate of a macro cell and femto cell dependent
on a number of femto BSs according to an exemplary embodiment of the present
invention.

More specifically, FIG. 9 shows a comparison of a sum rate of a macro cell and
femto cell between a first method 900 restricting a codebook set available by resource
block and a second method 910 using the whole codebook at all resource blocks, when
assuming that a threshold (T) amount of interference for a femto MS to select an
available resource block is equal to ‘0.2’.

Referring to FIG. 9, in a case of the second method 910, as the number of femto cells
increases, a sum rate of a macro cell is seriously deteriorated.

Unlike this, in a case of the first method 900, although the number of femto cells
increases, a sum rate of a macro cell is not greatly deteriorated.

FIG. 10 illustrates a Cumulative Density Function (CDF) of a macro-cell sum rate
dependent on a number of femto BSs according to an exemplary embodiment of the
present invention.

More specifically, FIG. 10 shows a comparison of a CDF for a macro-cell sum rate
between a first method 1000 restricting a codebook set available by resource block and
a second method 1010 using the whole codebook at all resource blocks, when
assuming that a threshold (T) amount of interference for a femto MS to select an

available resource block is equal to ‘0.2’.
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Referring to FIG. 10, the first method 1000 improves a deterioration of a sum rate at
low SINR more than the second method 1010. That is, the first method 1000 can
improve performance of a femto MS having relatively low SINR, since the femto MS
is positioned closely to a femto cell, more than the second method 1010.

In the aforementioned exemplary embodiment, it is assumed that a threshold (T)
amount of interference for a femto MS to select an available resource block is equal to
‘0.2’ If there is a change of the threshold (T) amount of interference, a variation of
performance according to an exemplary embodiment of the present invention is shown
as illustrate in FIGs. 11-12.

FIGs. 11A-12B illustrate a CDF of a macro-cell sum rate dependent on a threshold
amount of interference according to exemplary embodiments of the present invention.

More specifically, FIG. 11A illustrates a CDF for a sum rate of a macro cell in a case
where a threshold (T) amount of interference is set to ‘0.4’. FIG. 11B illustrates a CDF
for a sum rate of the macro cell in a case where the threshold (T) amount of in-
terference is set to ‘0.6°. FIG. 12A illustrates a CDF for a sum rate of the macro cell in
a case where the threshold (T) amount of interference is set to ‘0.8’. FIG. 12B il-
lustrates a CDF for a sum rate of the macro cell in a case where the threshold (T)
amount of interference is set to ‘1°.

Referring to FIGs. 11A-12B, as the threshold (T) amount of interference is set low, a
sum rate of a femto cell decreases and thus interference from the femto cell to the
macro cell decreases. Thus, as the threshold (T) amount of interference is set low, a
CDF for a sum rate of the macro cell is improved.

On the other hand, as the threshold (T) amount of interference is set high, the sum
rate of the femto cell increases and thus interference from the femto cell to the macro
cell increases. Thus, as the threshold (T) amount of interference is set high, a CDF for
a sum rate of the macro cell is deteriorated.

In a case of using a codebook set restricted by resource block according to exemplary
embodiments of the present invention as described above, a threshold (T) amount of
interference for a femto MS to select an available resource block determines tradeoff
for performance of a femto cell and macro cell.

As described above, an exemplary embodiment of the present invention restricts a
codebook available for beamforming every resource block in a macro BS of a wireless
communication system including a femto cell, thereby mitigating inter-cell interference
with no information exchange through a backhaul between the macro BS and a femto
BS. Also, a femto MS, in advance, predicts the maximum amount of interference from
the macro BS, thus being capable of effectively predicting a resource block of less in-
terference from the macro BS. Also, an exemplary embodiment of the present

invention has an advantage in which the femto BS allocates a resource of a resource
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block of less interference from a macro BS to a femto MS, and uses a transmit power
necessary for satisfying an SINR needed by the femto MS, thereby being capable of
reducing interference from the femto BS to a macro MS.

While the invention has been shown and described with reference to certain
exemplary embodiments thereof, it will be understood by those skilled in the art that
various changes in form and details may be made therein without departing from the
spirit and scope of the invention as defined by the appended claims and their

equivalents.
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Claims

A method for mitigating inter-cell interference in a macro Base Station
(BS) of a wireless communication system having at least one femto
cell, the method comprising:

restricting the use of at least one code among at least one available code
when forming a beam by resource block;

constructing a codebook set for each resource block;

when feedback information is received from at least one Mobile Station
(MS), allocating a resource to the MS in consideration of the feedback
information;

determining a weight for forming a beam to the MS in consideration of
the codebook set for each resource block and the resource allocated to
the MS; and

forming the beam to the MS using the weight.

The method of claim 1, further comprising, after the constructing of the
codebook set, transmitting codebook set information to at least one
femto cell and at least one MS, which are positioned within a macro
cell.

The method of claim 1, wherein the allocating of the resource to the
MS comprises:

determining a resource block to allocate a resource to the MS in con-
sideration of code information capable of obtaining the maximum sum
rate by resource block, the code information being comprised in the
feedback information; and

allocating a resource for service provision to the MS using the de-
termined resource block.

A method for mitigating inter-cell interference in a Mobile Station
(MS) receiving a service from a macro Base Station (BS) in a wireless
communication system having at least one femto cell, the method
comprising:

determining a codebook set for each resource block, the codebook set
being constructed by restricting at least one code among at least one
available code when forming a beam by resource block in the macro
BS;

estimating a channel with the macro BS and a channel with at least one
adjacent femto BS;

estimating a Signal to Interference and Noise Ratio (SINR) for at least
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one code available by at least one resource block, in consideration of
the channel with the macro BS and the channel with the at least one
adjacent femto BS;

determining a code capable of obtaining the maximum sum rate by at
least one resource block, using the SINR; and

feeding back the maximum sum rate for the at least one resource block
and the determined code to the macro BS,

wherein the at least one code available by resource block is comprised
in the codebook set.

A method for mitigating inter-cell interference in a femto Base Station
(BS) of a wireless communication system having at least one femto
cell, the method comprising:

when receiving feedback information from at least one Mobile Station
(MS), allocating a resource for service provision to the MS in con-
sideration of at least one piece of resource block information available
in the MS, comprised in the feedback information;

updating a transmit power for transmitting a signal through iterative
power control in consideration of a Signal to Interference and Noise
Ratio (SINR) for each resource block, comprised in the feedback in-
formation; and

transmitting a signal using the resource allocated to the MS and the
updated transmit power.

The method of claim 5, further comprising, before the receiving of the
feedback information, determining a codebook set for each resource
block, the codebook set being constructed by restricting at least one
code among at least one available code when forming a beam by
resource block in a macro BS.

The method of claim 6, wherein the determining of the codebook set
comprises receiving a codebook set for each resource block, con-
structed by restricting at least one code among at least one available
code when forming a beam, from the macro BS through a core
network.

A method for mitigating inter-cell interference in a Mobile Station
(MS) receiving a service from a femto Base Station (BS) in a wireless
communication system having at least one femto cell, the method
comprising:

determining a codebook set for each resource block, which is con-

structed by restricting at least one code among at least one available
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code when forming a beam by resource block in a macro BS;
calculating a correlation value of the at least one code available when
forming the beam by resource block;

calculating the greatest amount of interference from the macro BS by
resource block, in consideration of the correlation value of the code;
determining at least one resource block available when receiving a
service from the femto BS, in consideration of the greatest amount of
interference of the resource blocks; and

feeding back at least one available resource block information to the
femto BS,

wherein the at least one code available when forming the beam by
resource block is comprised in the codebook set.

[Claim 9] An apparatus for mitigating inter-cell interference in a macro Base
Station (BS) of a wireless communication system having at least one
femto cell, the apparatus comprising:
at least one antenna;

a codebook controller for restricting at least one code among at least
one available code when forming a beam by resource block and con-
structing a codebook set for each resource block;

a resource allocator for, when feedback information is received from at
least one MS, allocating a resource to the MS in consideration of the
feedback information;

a weight generator for determining a weight for forming a beam to the
MS, in consideration of the codebook set for each resource block and
the resource allocated to the MS; and

a precoder for precoding a transmit signal using the weight.

[Claim 10] The method of claim 1 or the apparatus of claim 9, wherein the con-
structing of the codebook set comprises:
designating any one unique code by each resource block;
selecting at least one code available when forming a beam in each
resource block, through a correlation with the unique code designated
to each resource block; and
constructing a codebook set for each resource block using the selected
at least one code.

[Claim 11] The apparatus of claim 9, wherein the resource allocator determines a
resource block to allocate a resource to the MS in consideration of code
information capable of obtaining the maximum sum rate by resource

block, and allocates a resource for service provision to the MS using
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the determined resource block, the code information being comprised
in the feedback information.

The apparatus of claim 9, further comprising:

at least one resource mapper for mapping the signal precoded in the
precoder, to the resource allocated to the MS in the resource allocator;
at least one Orthogonal Frequency Division Multiplexing (OFDM)
modulator for converting a signal provided from each resource mapper
into a time domain signal through Inverse Fast Fourier Transform
(IFFT); and

at least one Radio Frequency (RF) processor for modulating the signal
provided from each OFDM modulator into an RF signal and
transmitting the RF signal through each antenna.

An apparatus for mitigating inter-cell interference in a Mobile Station
(MS) receiving a service from a macro Base Station (BS) in a wireless
communication system having at least one femto cell, the apparatus
comprising:

at least one antenna;

a codebook controller for determining a codebook set for each resource
block, constructed by restricting at least one code among at least one
available code when forming a beam by resource block in the macro
BS;

a channel estimator for estimating a channel with the macro BS and a
channel with at least one adjacent femto BS, using a signal received
through the antenna;

a Signal to Interference and Noise Ratio (SINR) estimator for es-
timating an SINR for at least one code available by at least resource
block, in consideration of the channel with the macro BS and the
channel with the at least one adjacent femto BS; and

a feedback controller for feeding back a code, which is capable of
obtaining the maximum sum rate by at least one resource block using
the SINR and the maximum sum rate for the resource block, to the
macro BS,

wherein the at least one code available by resource block is comprised
in the codebook set.

The method of claim 4 or the apparatus of claim 13, wherein the de-
termining of the codebook set comprises determining a codebook set
for each resource block, constructed by restricting at least one code

among at least one available code when forming a beam, through a
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broadcast control message transmitted by the macro BS, and stores the
determined codebook set for each resource block.

The method of claim 5 or the apparatus of claim 13, wherein the de-
termining of the codebook set comprises:

determining a codebook set construction pattern that the macro BS has
used to construct a codebook set for each resource block, through
identifier information of the macro BS; and

generating a codebook set for each resource block, constructed by re-
stricting at least one code among at least one available code when
forming a beam, according to the codebook set construction pattern.
The apparatus of claim 13, further comprising:

at least one Radio Frequency (RF) processor for converting an RF
signal received through each antenna into a baseband signal; and

at least one Orthogonal Frequency Division Multiplexing (OFDM) de-
modulator for converting a signal provided from each RF processor
into a frequency domain signal through Fast Fourier Transform (FFT),
and for outputting the frequency domain signal to the channel estimator
and a Multiple Input Multiple Output (MIMO) detector.

An apparatus for mitigating inter-cell interference in a femto Base
Station (BS) of a wireless communication system having at least one
femto cell, the apparatus comprising:

at least one antenna;

a feedback information receiver for receiving feedback information
from at least one Mobile Station (MS);

a resource allocator for allocating a resource for service provision to an
MS in consideration of at least one piece of resource block information
available in the MS, comprised in the feedback information received
through the feedback information receiver;

a power controller for updating a transmit power for transmitting a
signal through iterative power control in consideration of a Signal to In-
terference and Noise Ratio (SINR) for each resource block, comprised
in the feedback information; and

a transmitter for transmitting a signal using the resource allocated to the
MS and the updated transmit power.

The apparatus of claim 17, further comprising a codebook controller for
determining a codebook set for each resource block, provided from a
macro BS through a core network, the codebook set being constructed

by restricting at least one code among at least one available code when
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forming a beam, and stores the determined codebook set for each
resource block.

The method of claim 6 or the apparatus of claim 17, wherein the de-
termining of the codebook set comprises:

determining a codebook set construction pattern that the macro BS has
used to construct a codebook set for each resource block, through
identifier information of the macro BS; and

generating a codebook set for each resource block, constructed by at
least one code available when forming a beam, according to the
codebook set construction pattern.

The apparatus of claim 17, wherein the transmitter comprises:

an encoder for encoding a signal for transmitting to a femto MS
providing a service, according to a corresponding modulation level;

a modulator for modulating a signal encoded in the encoder, according
to a corresponding modulation level;

a resource mapper for mapping the signal modulated in the modulator
to a resource allocated to the MS in the resource allocator;

an Orthogonal Frequency Division Multiplexing (OFDM) modulator
for converting the signal provided from the resource mapper into a time
domain signal through Inverse Fast Fourier Transform (IFFT); and

an RF processor for modulating the signal provided from the OFDM
modulator into an RF signal, and transmitting the RF signal through
each antenna.

An apparatus for mitigating inter-cell interference in a Mobile Station
(MS) receiving a service from a femto Base Station (BS) in a wireless
communication system having at least one femto cell, the apparatus
comprising:

at least one antenna;

a receiver for receiving a signal through the antenna;

a codebook controller for determining a codebook set for each resource
block, constructed by restricting at least one code among at least one
available code when forming a beam by resource block in a macro BS;
an interference determiner for calculating the greatest amount of in-
terference from the macro BS by resource block in consideration of a
correlation value of the at least one code available when forming the
beam by resource block; and

a feedback controller for feeding back at least one piece of resource

block information available when receiving a service from the femto



WO 2010/123320

[Claim 22]

[Claim 23]

[Claim 24]

[Claim 25]

[Claim 26]

29

PCT/KR2010/002578

BS, to the femto BS in consideration of the greatest amount of in-
terference of the resource blocks.

The method of claim 8 or the apparatus of claim 21, wherein the de-
termining of the codebook set comprises determining a codebook set
for each resource block through a broadcast control message
transmitted by the femto BS, the codebook set being constructed by re-
stricting at least one code among at least one available code when
forming a beam, and stores the determined codebook set for each
resource block.

The method of claim 8 or the apparatus of claim 21, wherein the de-
termining of the codebook set comprises:

determining a codebook set construction pattern that the macro BS has
used to construct a codebook set for each resource block, through
identifier information of the macro BS; and

generating a codebook set for each resource block, constructed by re-
stricting at least one code among at least one available code when
forming a beam, according to the codebook set construction pattern.
The method of claim 8 or the apparatus of claim 21, wherein the de-
termining of the available at least one resource block comprises:
comparing the greatest amount of interference of the resource blocks
with a threshold amount of interference; and

determining at least one resource block available when receiving a
service from the femto BS, according to the comparison result.

The method of claim 8 or the apparatus of claim 21, wherein the
feeding back comprises:

selecting at least one resource block for feedback among the de-
termined available resource blocks in consideration of a resource al-
location technique of the femto BS and a scheduling criterion; and
feeding back the selected at least one resource block to the femto BS.
The apparatus of claim 21, wherein the receiver comprises:

a Radio Frequency (RF) processor for converting an RF signal received
through the antenna into a baseband signal;

an Orthogonal Frequency Division Multiplexing (OFDM) demodulator
for converting the signal provided from the RF processor into a
frequency domain signal through Fast Fourier Transform (FFT);

a demodulator for demodulating the signal provided from the OFDM
demodulator, according to a corresponding modulation level; and

a decoder for decoding the signal demodulated in the demodulator,
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according to a corresponding modulation level.
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[Fig. 3]
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[Fig. 12]
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