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(57) ABSTRACT 

A method for avoiding an inter-cell interference (ICI) in a 
multi-cell environment is disclosed. The method includes 
restricting the use of a PMI in an interfering cell so as to 
improve a reception performance of a mobile station located 
at an interfered cell edge. The mobile station measures a 
restricted-PMI of the interfering cell, which is prohibited 
from use in the interfering cell, and transmits the measured 
restricted PMI to the interfering cell. The use of the restricted 
PMI is prohibited from use in a mobile station in the interfer 
ing cell. 
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METHOD FORAVOIDING INTER-CELL 
INTERFERENCE IN A MULTI-CELL 

ENVIRONMENT 

TECHNICAL FIELD 

0001. The present invention relates to mobile communi 
cation, and more particularly to a method for avoiding an 
inter-cell interference (ICI) in a multi-cell environment. 

BACKGROUND ART 

0002 Generally, the next-generation mobile communica 
tion and wireless communication systems increasingly 
require an improved data transfer rate and an improved sys 
tem capacity in a multi-cell environment. Due to the above 
mentioned demand, technologies of a multi-input multi-out 
put (MIMO) system for transmitting data using a plurality of 
antennas have been intensively researched by many develop 
ers and companies. A closed-loop MIMO system, which uses 
channel information to increase a data transferrate in a multi 
cell environment, can improve a transmission throughput or 
performance using this channel information. 
0003 Generally, in the MIMO system, a terminal, a 
mobile station (MS), or a user equipment (UE) is able to 
recognize information of a reception (RX) channel using 
received data, but a base station is unable to recognize this 
channel information. Therefore, in order to improve the sys 
tem performance or throughput using the above channel 
information, the base station must recognize this channel 
information. In case of using a time division duplex (TDD) 
scheme, uplink/downlink (UL/DL) channels between the 
base station and the mobile station are equal to each other, 
Such that the base station is able to recognize channel infor 
mation. 

0004. In the closed-loop MIMO system, the base station 
transmits data using information of a transmission (TX) chan 
nel of each mobile station. In this case, base stations are 
unable to recognize information of the transmission (TX) 
channel of the serving mobile stations, such that they receive 
channel information (e.g., a channel quality indicator (COI)) 
from each mobile station through a feedback path. 
0005. The mobile station estimates a channel receiving 
data using a signal received from the base station. The mobile 
station calculates a COI using the estimated channel. Such 
that it can apply a modulation coding scheme (MCS) appro 
priate for a channel status when the base station transmits 
data. In addition, the mobile station selects a channel coeffi 
cient (e.g., a precoding vector of a codebook), which is the 
most appropriate for a channel status, from a known code 
book using the estimated channel and the codebook. Channel 
information, which has been calculated by the mobile station 
using the estimated channel, is transferred over a feedback 
channel between the base station and the mobile station. The 
base station transmits data to the mobile station using the 
channel information, the selected MCS, and the codebook's 
precoding vector which have been received from the mobile 
station. 
0006 Presently, many researches for the closed-loop 
MIMO system have been intensively conducted, and the 
closed-loop MIMO scheme is being applied to not only a 
single-cell environment but also a multi-cell environment. 
However, researched for reducing influences caused by inter 
ferences from other cells in multi-cell environment, by which 
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usage of precoding matrixes in a codebook used in each cell 
is restricted, have been barely performed. 
0007. In the closed-loop MIMO system in a multi-cell 
environment, individual base stations allocate an optimum 
pre-codebook to each mobile station on the basis of a channel 
status between each base station and each mobile station, 
such that the base stations are able to provide each mobile 
station contained in a cell with a high-quality service. 
0008. However, because the strength of a signal transmit 
ted from a base station of a cell is weak when a mobile station 
located at an edge of the cell receives the signal, the signal is 
affected by another signal which is processed with a optimum 
precoding matrix allocated to another mobile station in a 
neighboring cell and then transmitted from a neighboring 
base station located in the neighboring cell. Due to the inter 
cell interference caused by the signal from the neighboring 
cell processed with the optimum precoding matrix, perfor 
mance or throughput of a mobile station located at a cell edge 
is unavoidably decreased. 

DISCLOSURE OF INVENTION 

Technical Problem 

0009. Accordingly, the present invention is directed to a 
method for avoiding an inter-cell interference (ICI) in a multi 
cell environment that substantially obviates one or more 
problems due to limitations and disadvantages of the related 
art. 

0010. An object of the present invention is to provide a 
method and/or apparatus for Solving the problem that perfor 
mance or throughput of a mobile station which is located at a 
cell edge is deteriorated by an inter-cell interference caused 
by a precoding matrix used in a neighboring cell. 

Technical Solution 

0011. Some terms among all terms disclosed in the fol 
lowing specification and the attached claims will hereinafter 
be described. Referring to FIG. 1, a first user equipment UE 
is located at an edge of cell A (Cell A), and the first user 
equipment UE receives services from cell A. The user equip 
ment UE is affected by cell B (Cell B), cell C (Cell C), and 
cell D (Cell D), which are neighboring to cell A (Cell A), as 
denoted by dotted lines. In other words, cell B (Cell B), cell 
C (Cell C), or cell D (Cell D) may be defined as an interfer 
ing cell for causing interference to user equipment UE. On 
the contrary, cell A providing the user equipment UE with 
services may be defined as a serving cell for user equipment 
UE. 
0012. In order to solve the above-mentioned problems, the 
present invention uses a closed-loop MIMO system using a 
precoding matrix index (PMI) restriction, in order to reduce 
inter-cell interference in multi-cell environment simulta 
neously while increasing a reception performance of a mobile 
station located at cell edge. 
0013. In order to perform PMI restriction of an interfering 
cell which may generate interference in a mobile station of a 
neighbor cell, the present invention provides a method for 
configuring a user equipment (UE) or mobile station (MS) for 
transmitting information of an interfering cell. In more detail, 
the present invention provides a method for establishing a 
threshold value to be applied to user equipments which are 
allowed to transmit information of an interfering cell using 
feedback information received from the user equipments, a 
method for transferring a predetermined threshold value from 
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a base station to a mobile station, a method for using an 
arbitrary threshold value to select mobile stations which are 
allowed to transmit information of an interfering cell, a 
method for allowing a base station, when all mobile stations 
transmit information to the base station, to recognize a recep 
tion status of each mobile station and transmit a confirmation 
signal, and a method for allowing a base station to transmit 
signals to a mobile station satisfying a predetermined thresh 
old value. 
0014 Besides, the present invention provides a method for 
measuring, at a mobile station contained in a cell, information 
of an interfering cell causing interference. In more detail, the 
present invention provides a method for measuring informa 
tion of an interfering cell using handover message (e.g., base 
station ID(BS. ID), CELL ID, RSSI), a method for measur 
ing information of an interfering cell using channel informa 
tion obtained by channel estimation, a Signal to Interference 
plus Noise Ratio (SINR), and a COI and the like. 
0015. Further, the present invention provides a method for 
measuring at least one restricted PMI of the interfering cell, 
and a method for measuring, at a mobile station, an interfering 
cell generating the highest or strongest interference. Herein, 
restricted PMI indicates the PMI which is being used in a 
neighboring cell and causes the strongest interference to a 
mobile station in a cell adjacent to the neighboring cell. 
0016 Further, the present invention provides a method for 
estimating, at a mobile station which is located at a cell edge, 
PMI information of at least one interfering cell to perform 
PMI restriction of the interfering cell. The PMI information, 
which is fed back to the interfering cell may contain one or 
more of channel quality information (CQI), interference 
power/level, and carrier to interference+noise ratio (CINR). 
which correspond to the restricted PMI as well as the 
restricted PMI. 
0017. Also, the present invention provides a method for 
reducing influences caused by an interfering cell using PMI 
restriction in connection with rank adaptation. In more detail, 
the present invention provides a method for allowing a mobile 
station located at a cell edge to measure a restricted PMI for 
each rank for an interfering cell such that it restricts the use of 
a PMI of the interfering cell using the measured PMI. In 
addition, the present invention provides a method for allow 
ing a mobile station located at a cell edge to measure a 
restricted PMI corresponding to Rank 1 such that it restricts 
all precoding vectors including this restricted PMI, and a 
method for allowing a mobile station located at a cell edge to 
measure interfering-cell PMI information corresponding to 
Rank 1 Such that only the mobile stations employing Rank 1 
is restricted in PMI usage. 
0018. The present invention provides a method for con 
structing a table for PMI restriction of the interfering cell 
using PMI information of the interfering cell measured by a 
mobile station located at a cell edge, and then employing the 
constructed PMI table. In more detail, the present invention 
provides a method for performing the restriction using statis 
tical values of the PMI information of the interfering cell, a 
method for transferring the constructed PMI table to an upper 
layer such that it uses this PMI table as downlink signaling 
information, and a method for indicating the constructed PMI 
table in a bitmap form. 
0019. The present invention provides a method for collect 
ing PMI information regarding an interfering cell, which is 
fed back from a mobile station, in order to perform PMI 
restriction to the interfering cell, and a method for restricting 
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the collected PMI information. In more detail, the present 
invention provides a method for establishing a feedback 
period during which information of the interfering cell is fed 
back from a mobile station, a specific period during which a 
base station receives information of the interfering cell from 
a mobile station, and a specific interval or range during which 
a base station restricts a PMI use, and provides a method for 
transferring the information of the interfering cell to a base 
station at different periods for individual mobile stations. 
0020. The present invention provides a method for 
restricting the use of a codebook of an interfering cell using 
the interfering-cell information measured by a mobile station. 
In more detail, the present invention provides a method for 
allowing specific mobile stations satisfying a threshold value 
to feedback interfering-cell information in order to perform 
PMI restriction of an interfering cell, a method for performing 
PMI restriction of an interfering cell using interfering-cell 
PMI information being fedback from a mobile station located 
at a cell edge, a method for restricting a PMI used by a mobile 
station located in an interfering cell using interfering-cell 
PMI information measured by another mobile station located 
at a cell edge, a method for allowing a base station in an 
interfering cell to transfera threshold value, which is used for 
PMI restriction to mobile stations of the interfering cell, to the 
mobile stations of the interfering cell, a method for perform 
ing PMI restriction on only a mobile station having at least a 
specific status according to status information (e.g., SINR, 
throughput, COI) of a mobile station contained in a cell, a 
method forestablishing a threshold value for the PMI restric 
tion using feedback information of a mobile station, and a 
method for performing the restriction on only a mobile station 
satisfying a threshold value received from a base station. The 
present invention provides a method for performing the 
restriction for each band or the whole band used by a mobile 
station when a PMI used by a mobile station of an interfering 
cell is restricted using PMI information of an interfering cell. 
Also, the present invention provides a method for employing 
a sub-optimal PMI for restriction when a PMI to be used by an 
interfering cell is restricted. 
0021. Furthermore, the present invention provides a 
method for feeding back information of an interfering cell to 
a base station. In more detail, the present invention provides 
a method for transferring information from a serving base 
station to an interfering base station overabackbone network, 
a method for allowing a mobile station to directly transfer 
information to the interfering base station over a feedback 
channel, and a method for employing a common feedback 
channel used for transmitting a restricted PMI to an interfer 
ing base station or employing an arbitrary channel for each 
base station. 

0022. Also, if channel information is used for a feedback 
message transferred for the PMI restriction, a restricted PMI, 
a base station identifier (BS. ID), a cell identifier (Cell ID), 
and a band index (band index) may be used. If a handover 
message is used as the feedback message for the PMI restric 
tion, the restricted PMI and the band index may be used. 
(0023. Further, in order to perform PMI restriction of an 
interfering cell, the present invention provides a method for 
measuring, at a mobile station located at a celledge, restricted 
PMI information of the interfering cell, transferring the mea 
sured restricted PMI information to a base station including 
the mobile station, and forwarding, at the base station, the 
measured restricted PMI information to be restricted to the 
interfering cell over a backbone network so as to perform the 
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PMI restriction. The restricted PIM information may include 
CQI, interference power/lever, and CINR, as well as a 
restricted PMI. The CQI, interference power/lever, and CINR 
may be delivered to an interfering cell along with the 
restricted PMI when occasion demands. 
0024. Also, in order to perform the PMI restriction of the 
interfering cell, the present invention provides a method for 
directly transferring, at a mobile station, PMI information of 
the interfering cell over a feedback channel established 
between the interfering cell and the mobile station located at 
a cell edge, thereby performing the PMI restriction. 
0025. Also, the present invention provides a method for 
transferring a table of a restricted PMI(s) to a mobile station, 
and employing, at the mobile station, the remaining PMI 
information except for the PMI(s) restricted by the trans 
ferred table. In this case, the above-mentioned table may be 
represented in bitmap form. At this time, the base station may 
not allocate the restricted PMI to the mobile station using 
restricted PMI information received from the interfered cell 
or neighbor cell. If a PMI fed back from a mobile station is 
equal to the restricted PMI received from a base station, the 
base station may transmit a signal for commanding the 
mobile station to use another PMI, and then another PMI may 
also be transferred to the base station. The base station in an 
interfering cell may transfer restricted PMI information 
received from an interfered cell to the mobile station, such 
that the mobile station may use another PMI except for the 
restricted PMI. 
0026. Further, the present invention may use a fractional 
frequency reuse (FFR) for reducing an inter-cell interference 
(ICI) and a cooperative MIMO in connection with the sug 
gested PMI restriction methods, such that it can greatly 
decrease the influence of such ICI. 
0027. Additional advantages, objects, and features of the 
invention will be set forth in part in the description which 
follows and in part will become apparent to those having 
ordinary skill in the art upon examination of the following or 
may be learned from practice of the invention. The objectives 
and other advantages of the invention may be realized and 
attained by the structure particularly pointed out in the written 
description and claims hereofas well as the appended draw 
ings. 
0028. To achieve these objects and other advantages and in 
accordance with the purpose of the invention, as embodied 
and broadly described herein, a method for avoiding an inter 
cell interference (ICI) in a network of a wireless communi 
cation system employing a codebook, the method includes: 
receiving information, which is used to restrict a use of some 
parts of the codebook in an interfering cell, from a neighbor 
cell; and deciding at least one restriction element associated 
with the codebook using the received information, wherein 
the use of the restriction element is restricted in the interfering 
cell. 
0029. The information received from the neighbor cell 
may be used for a predetermined time period or several pre 
determined time periods. 
0030 The information received from the neighbor cell 
may be received over a backbone network for interconnecting 
the neighbor cell and the interfering cell, or may be received 
over a feedback channel established between a mobile station 
belonging to the neighbor cell and a network of the interfering 
cell. 
0031. The method may further include: establishing a 
threshold value which is used to decide a specific mobile 
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station among mobile stations contained in the interfering 
cell, wherein a use of the decided restriction element is 
restricted in the specific mobile station; and transferring 
information associated with the decided restriction element 
and the established threshold value to the mobile station 
contained in the interfering cell. 
0032. Information of the restriction element associated 
with the codebook may be a precoding matrix belonging to 
the codebook. 

0033 Information of the codebook-associated restriction 
element may be an index of a precoding matrix belonging to 
the codebook. 

0034. In the above methods, the restriction element asso 
ciated with the codebook may be a precoding matrix belong 
ing to the codebook. 
0035. The information received from the neighbor cell 
may be an index of a precoding matrix belonging to the 
codebook, and the codebook-associated restriction element 
may be equal to an element corresponding to an index 
received from the neighbor cell among elements of the code 
book, or may be decided by statistics of an element corre 
sponding to an index received from the neighbor cell among 
elements of the codebook. 

0036. The information received from the neighbor cell 
may be channel state information (CSI), and the deciding of 
the codebook-associated restriction element may include 
deciding a precoding matrix corresponding to the received 
CSI among precoding matrixes contained in the codebook, 
wherein the codebook associated restriction element may be 
equal to the decided precoding matrix, or may be decided by 
statistics of the decided precoding matrix. 
0037. The element of the codebook may be formed by a 
product of an element of a base codebook and an element of 
a concatenation codebook, and the restriction element asso 
ciated with the codebook may be a precoding matrix belong 
ing to the base codebook. 
0038. The information received from the neighbor cell 
may be an index of a precoding matrix belonging to the base 
codebook, and the codebook-associated restriction element 
may be equal to an element corresponding to an index 
received from the neighbor cell among elements of the base 
codebook, or may be decided by statistics of an element 
corresponding to an index received from the neighbor cell 
among elements of the base codebook. 
0039. In another aspect of the present invention, there is 
provided a method for avoiding an inter-cell interference 
(ICI) in a network of a wireless communication system 
employing a codebook, the method includes: receiving infor 
mation, which uses only some parts of the codebook in an 
interfering cell, from a neighbor cell; and deciding at least one 
request element associated with the codebook using the 
received information, wherein the use of the request element 
is requested in the interfering cell. 
0040. The method may further include: establishing a 
threshold value which is used to decide a specific mobile 
station among mobile stations contained in the interfering 
cell, whereinause of the decided request element is requested 
in the specific mobile station; and transferring information 
associated with the decided request element and the estab 
lished threshold value to the mobile station contained in the 
interfering cell. 
0041. The request element associated with the codebook 
may be a precoding matrix belonging to the codebook. 
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0042. The element of the codebook may be formed by a 
product of an element of a base codebook and an element of 
a concatenation codebook, and the request element associ 
ated with the codebook may be a precoding matrix belonging 
to the base codebook. 

0043. In another aspect of the present invention, there is 
provided a method for avoiding an inter-cell interference 
(ICI) in a network of a wireless communication system 
employing a codebook, the method includes: establishing a 
threshold value for deciding whether to transmit at least one 
restriction element associated with the codebook or at least 
one request element associated with the codebook by a 
mobile station belonging to the serving cell, wherein a use of 
the at least one restriction element is restricted in an interfer 
ing cell and a use of the at least one request element is 
requested in the interfering cell; and transferring information 
associated with the established threshold value to the mobile 
station. 

0044. The codebook-associated restriction element or the 
codebook-associated request element may be a precoding 
matrix belonging to the codebook. 
0045. The element of the codebook may be formed by a 
product of an element of a base codebook and an element of 
a concatenation codebook, and the codebook-associated 
restriction element or the codebook-associated request ele 
ment may be a precoding matrix contained in the base code 
book. 

0046. The method may further include: upon receiving 
channel state information (CSI) of the interfering cell from 
the mobile station, generating the codebook-associated 
restriction element or the codebook-associated request ele 
ment on the basis of the received CSI, and transmitting the 
generated elements to a base station of the interfering cell; or 
receiving the codebook-associated restriction element or the 
codebook-associated request element from the mobile sta 
tion, and transferring the received elements to the base station 
of the interfering cell. 
0047. The method may further include: receiving not only 
a request for allowing transmission of the codebook-associ 
ated restriction element or the codebook-associated request 
element but also channel information of the mobile station 
from the mobile station; and transferring an acceptance mes 
sage in response to the request to the mobile station, if a 
comparison result between a measurement value of the 
received channel information and the threshold value satisfies 
a predetermined relationship. 
0048. The threshold value may include at least one of CQI, 
SINR, CSI, interference power, interference vector, and 
geometry information, and is established on the basis offeed 
back information from the mobile station contained in the 
serving cell. 
0049. In another aspect of the present invention, there is 
provided a method for avoiding an inter-cell interference 
(ICI) in a network of a wireless communication system 
employing a codebook, the method includes: measuring, in 
association with at least one interfering cell, at least one 
restriction element associated with the codebook, at least one 
request element associated with the codebook, or channel 
state information (CSI) of the interfering cell, wherein a use 
of the at least one restriction element is restricted in the 
interfering cell and a use of the at least one request element is 
requested in the interfering cell; and transferring the mea 
Sured restriction element, the measured request element, or 
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the measured CSI of the interfering cell to a network of a 
serving cell or a network of the interfering cell. 
0050. The codebook-associated restriction element or the 
codebook-associated request element may be a precoding 
matrix belonging to the codebook. 
0051. The element of the codebook may be formed by a 
product of an element of a base codebook and an element of 
a concatenation codebook, and the codebook-associated 
restriction element or the codebook-associated request ele 
ment may be a precoding matrix contained in the base code 
book. 
0.052 The transferring step may include: transferring the 
measured CSI of the interfering cell to a base station of the 
serving cell or a base station of the interfering cell through an 
analog feedback. 
0053. The measuring step may be performed in each 
frame, or is performed every predetermined frame period. 
0054 The codebook-associated restriction element or the 
codebook-associated request element may be measured using 
channel information related to the interfering cell or han 
dover-associated information. 

0055. The codebook-associated restriction element or the 
codebook-associated request element may be measured in 
connection with at least one of a rank and the number of 
transmission streams. 

0056. In another aspect of the present invention, there is 
provided a method for avoiding an inter-cell interference 
(ICI) in a network of a wireless communication system 
employing a codebook, the method includes: receiving a 
broadcast signal, which includes information of at least one 
restriction element associated with the codebook and infor 
mation of a threshold value for deciding whether to restrict a 
use of the codebook-associated restriction element, from a 
network of an interfering cell, whereina use of the at least one 
restriction element is restricted in the interfering cell; and 
deciding an optimum precoding matrix index (PMI) on the 
basis of the codebook-associated restriction element, if a 
comparison result between a measurement value of channel 
information and the threshold value satisfies a predetermined 
relationship. 
0057 The codebook-associated restriction element may 
be a precoding matrix belonging to the codebook, and the 
optimum PMI may be decided on the basis of the codebook 
other than the received restriction element. 

0058. The element of the codebook may be formed by a 
product of an element of a base codebook and an element of 
a concatenation codebook, the restriction element associated 
with the codebook may be a precoding matrix belonging to 
the base codebook, and the optimum PMI may be decided on 
the basis of the base codebook except for the received restric 
tion element. 

0059. In another aspect of the present invention, there is 
provided a method for avoiding an inter-cell interference 
(ICI) in a network of a wireless communication system 
employing a codebook, the method includes: receiving a 
broadcast signal, which includes information of at least one 
request element associated with the codebook and informa 
tion of a threshold value for deciding whether to use the 
codebook-associated request element, from a network of an 
interfering cell, wherein a use of the at least one request 
element is requested in the interfering cell; and deciding an 
optimum precoding matrix index (PMI) on the basis of the 
codebook-associated request element, if a comparison result 
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between a measurement value of channel information and the 
threshold value satisfies a predetermined relationship. 
0060. The codebook-associated request element may be a 
precoding matrix belonging to the codebook, and the opti 
mum PMI is decided on the basis of the received request 
element and the concatenation codebook. 
0061 The element of the codebook may be formed by a 
product of an element of a base codebook and an element of 
a concatenation codebook, the restriction element associated 
with the codebook may be a precoding matrix belonging to 
the base codebook, and the optimum PMI may be decided on 
the basis of the received request element and the concatena 
tion codebook. 
0062. It is to be understood that both the foregoing general 
description and the following detailed description of the 
present invention are exemplary and explanatory and are 
intended to provide further explanation of the invention as 
claimed. 

ADVANTAGEOUSEFFECTS 

0063. According to the present invention, inter-cell-inter 
ference can be effectively avoided. 

BRIEF DESCRIPTION OF DRAWINGS 

0064. The accompanying drawings, which are included to 
provide a further understanding of the invention and are 
incorporated in and constitute a part of this application, illus 
trate embodiment(s) of the invention and together with the 
description serve to explain the principle of the invention. In 
the drawings: 
0065 FIG. 1 is a block diagram illustrating a closed-loop 
MIMO system: 
0066 FIG. 2 is a conceptual diagram illustrating an inter 
cell interference in a multi-cell environment; 
0067 FIG. 3 illustrates a mobile station which transfers 
PMI information of an interfering cell to a serving base sta 
tion so as to restrict the use of a precoding vector of the 
interfering cell according to an embodiment of the present 
invention; 
0068 FIG. 4 illustrates a method for estimating a precod 
ing matrix causing interference and restricting the precoding 
matrix for use at a mobile station of an interfering cell accord 
ing to the present invention; 
0069 FIG. 5 (a) is a conceptual diagram illustrating a 
method for allowing a mobile station located at an edge to 
feedback information of an interfering cell over a backbone 
network according to the present invention; 
0070 FIG. 5 (b) is a conceptual diagram illustrating a 
method for allowing a mobile station located at an edge to 
feedback information of an interfering cell over a feedback 
channel established between the interfering cell and the 
mobile station according to the present invention; 
0071 FIGS. 6 and 7 are conceptual diagrams illustrating a 
system for restricting the use of a PMI of an interfering cell 
according to the present invention; 
0072 FIG. 8 illustrates a method for avoiding an inter-cell 
interference (ICI) in a network of a wireless communication 
system, and showing an internal processing step of a mobile 
station located at an edge of a serving cell; 
0073 FIG. 9 illustrates a method for avoiding an inter-cell 
interference (ICI) in a network of a wireless communication 
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system, and showing an internal processing step of a network 
entity (e.g., a base station) of a serving cell according to the 
present invention; 
0074 FIG. 10 illustrates a method for avoiding an inter 
cell interference (ICI) in a network of a wireless communi 
cation system, and showing an internal processing step of a 
network entity of the interfering cell (i.e., a base station of the 
interfering cell) according to the present invention; 
0075 FIG. 11 illustrates a method for avoiding an inter 
cell interference (ICI) in a network of a wireless communi 
cation system, and showing an internal processing step of a 
mobile station contained in an interfering cell according to 
the present invention; and 
0076 FIG. 12 illustrates a method for removing an inter 
cell interference (ICI) according to another embodiment of 
the present invention. 

MODE FOR THE INVENTION 

(0077 Reference will now be made in detail to the pre 
ferred embodiments of the present invention, examples of 
which are illustrated in the accompanying drawings. Wher 
ever possible, the same reference numbers will be used 
throughout the drawings to refer to the same or like parts. 
Additional advantages, objects, and features of the invention 
will be set forth in part in the description which follows and in 
part will become apparent to those having ordinary skill in the 
art upon examination of the following or may be learned from 
practice of the invention. The objectives and other advantages 
of the invention may be realized and attained by the structure 
particularly pointed out in the written description and claims 
hereofas well as the appended drawings. 
0078. In case of using a precoding or beam forming tech 
nology and the like, a used precoding matrix, a used precod 
ing vector, or a beam former may cause strong affects to a 
neighbor cell. This operation is called a flashlight effect. 
According to embodiments of the present invention, in order 
to reduce the flashlight effect when a precoding or beam form 
ing technology is used using a codebook, the embodiments 
may ask a neighbor base station not to use a specific codebook 
element of a codebook (e.g., a precoding matrix or a precod 
ing vector). On the contrary, the embodiments may ask the 
neighbor base station to use a specific codebook element. 
(0079 <Use Restriction or Use Request of either Code 
book Vector or Codebook Matrix> 
0080 A closed-loop MIMO system improves a transmis 
sion throughput using channel information. A reception sig 
nal for performing the precoding using the channel informa 
tion can be represented by the following equation 1: 

I0081. In Equation 1, H is a channel, and n is a Zero-mean 
Gaussian noise. W, is a vector contained in an optimum code 
book pre-foundby a base station prior to the beginning of data 
transmission. There are a variety of codebook vectors of a 
codebook (W) according to the number of transmission/re 
ception (TX/RX) antennas and the number of transmission 
(Tx) streams. This codebook (W) may include individual 
codebooks as shown in the following equation 2. 

Equation 1 

W=WWWWvi=1,2,...,N. 

I0082 In Equation 2, W, is an i-th precoding vector con 
tained in the codebook. 

I0083. A mobile station selects a codebook vector having 
the most optimum throughput from a codebook using a recep 

Equation 2 
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tion (RX) signal, and transmits the selected codebook vector 
to the base station over a feedback channel. By this precoding, 
a power and rate control of a transmission stream can be 
carried out, and co-channel interference can be removed. 
0084 FIG. 1 is a block diagram illustrating a closed-loop 
MIMO system. 
0085. Referring to FIG. 1, a mobile station 101 estimates a 
channel 103 receiving data using a signal received from a base 
station 102. Based on the estimated channel, the mobile sta 
tion 101 calculates a COI at step 104, such that a modulation 
coding scheme (MCS) appropriate for a channel status can be 
applied to a data transmission process of the base station 102. 
The mobile station selects a channel coefficient (i.e., a pre 
coding vector of a codebook) which is the most appropriate 
for the channel status, from a known codebook using the 
estimated channel and codebook at step 105. Channel infor 
mation, which has been calculated by the mobile station 101 
using the estimated channel, is transferred over a feedback 
channel 106 established between the base station 102 and the 
mobile station 101. In this case, the channel information may 
be transferred to the base station 102 by analog feedback. 
The term analog feedback means that the estimated channel 
information itself is fed back, not an fabricated form of the 
estimated channel information, such as quantized form by 
restricting the information to several quantized values and the 
transmitting the quantized value with an index indicating that. 
The base station 102 transmits data to the mobile station using 
the channel information received from the mobile station 101, 
the selected MCS, and the precoding vector of the codebook. 
I0086. The closed-loop MIMO system in a multi-cell envi 
ronment is greatly interfered by neighboring cells. Specifi 
cally, the strength of a reception signal of a mobile station 
(i.e., a first mobile station) located at an edge or boundary of 
a cell is weaker than that of another mobile station (i.e., a 
second mobile station) located in the cell, such that the mobile 
station located at the cell edge is greatly influenced by a 
neighbor cell. 
0087 FIG. 2 is a conceptual diagram illustrating an inter 
cell interference in a multi-cell environment. 
0088 Referring to FIG. 2, a user equipment UE located at 
an edge of a cell A (Cell A) is very far from a serving base 
station BS1 providing services to cell A (Cell A), such that a 
reception signal R has a very weak strength. The user equip 
ment (UE) is located at a boundary among neighbor cells 
(e.g., Cell B, Cell C, and Cell D), such that it is interfered 
from the neighbor cells (e.g., Cell B, Cell C, and Cell D), 
resulting in a very low reception performance or throughput. 
A user equipment UE located in the C cell (Cell C) is adja 
cent to a base station BS3, Such that its reception signal R has 
a very good strength. Also, although the user equipment UE 
is affected by the interference from the neighbor cells (e.g., 
Cell A, Cell B, Cell D), the strengths of signals received 
from the neighbor cells (e.g., Cell A, Cell B, Cell D) are 
weak, Such that they scarcely affect a reception throughput. 
Therefore, a user equipment (e.g., UE) located at a cell edge 
is affected by a neighbor cell much more than another user 
equipment (e.g., UE) located in the cell. Such that its perfor 
mance or throughput is unavoidably decreased. 
0089 Base stations BS1, BS2, BS3, BSN of individual 
cells employing the closed-loop MIMO system under a multi 
cell environment transmit data to user equipments (UES) 
located in the individual cells using the same codebook. In 
this case, based on a channel status between each base station 
and each UE, the individual cells transmit the data using an 
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optimum precoding vector for each UE. In this case, precod 
ing vectors for use in the individual UEs are not completely 
independent of each other, such that there is a correlation 
among them. Also, beam patterns caused by the precoding 
vectors overlap with each other, such that they mutually influ 
ence each other. Therefore, when each UE located in the cell 
receives data from a serving base station using its own opti 
mum precoding vector appropriate for a channel status, one 
UE located at a cell edge may experience a high or strong 
inter-cell interference (ICI) due to the influence of an opti 
mum precoding vector, which has been applied to another UE 
located in a neighbor cell by a base station of the neighbor 
cell. Thus, a user equipment for use in the closed-loop MIMO 
system may restrict the use of a specific precoding vector of a 
cell causing the interference, such that it can reduce the ICI 
influence under multi-cell environment simultaneously while 
reducing the mutual influence of used precoding vectors. In 
order to restrict the use of the precoding vector, it is preferable 
that a specific UE affected by interference recognizes a pre 
coding matrix index (PMI) which should not be used in a 
neighbor cell causing the interference, and transmits the rec 
ognized PMI to the serving base station. 
0090. A user equipment (UE) located in of a serving cell is 
able to transmit channel state information (CSI) between the 
UE itself and a base station of the serving cell and/or another 
CSI between the UE itself and an interfering cell using an 
analog feedback. In this case, the above CSI may have a 
specific format, for example, a channel matrix, a channel 
covariance matrix, or singular vector(s) of this channel cova 
riance matrix, quantized vector or matrix. The base station of 
the serving cell decides a codebook vector capable of being 
easily used by a user equipment (UE) and another codebook 
vector of an interfering cell giving the UE a large amount of 
interference, using CSI for the serving cell which is received 
from the UE, the CSI for the interfering cell which received 
from the UE, and information of a codebook owned by the 
base station. For example, in case of using a codebook for 
precoding, an restricted PMI of interfering-cell selected by 
the base station of the serving cell may be transferred to the 
interfering cell over a backbone network. In this case, the 
PMI, which has been decided and transferred by the base 
station of the serving cell, may be a restricted PMI for use in 
the interfering cell. The interfering-cell's base station, which 
has received the restricted PMI from the base station of the 
serving cell, may decide a PMI to be used at an UE of the 
interfering cell. Here, the decided PMI is selected from 
among codebook’s PMIs except for the restricted PMI trans 
ferred from the serving cell. At this time, the base station of 
the interfering cell may use analog feedback information 
transferred from the UE located in the interfering cell. 
0091. According to another method, the base station of a 
serving cell may transmit interfering-cell's CSI received from 
the UE located at an edge or boundary of the serving cell to the 
base station of an interfering cell over a backbone network. 
The interfering-cell's base station receiving the CSI of the 
interfering cell may decide the restricted PMI, the use of 
which will be restricted in the interfering cell, using codebook 
information. The UE located in the interfering cell uses PMIs 
except for the restricted PMI. In more detail, this UE located 
in the interfering cell decides a PMI, which gives another UE 
of the serving cell the interference, upon receiving the CSI 
from the base station of the serving cell, and restricts the use 
of the decided PMI within the interfering cell, such that it can 
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reduce the inter-cell interference (ICI). The above serving cell 
and the above interfering cell should be considered to be 
relatively to each other. 
0092 FIG. 3 illustrates a mobile station which transfers 
PMI information of an interfering cell to a serving base sta 
tion so as to restrict the use of a precoding vector of the 
interfering cell according to an embodiment of the present 
invention. 
0093. In order to reduce the influence of the interfering 
cell giving a mobile station of a neighbor cell the interference, 
a mobile station which is allowed to transfer precoding vector 
information (PMI) of an interfering cell is decided as shown 
in FIGS. 3 (a) and (b). 
0094 FIG. 3 (a) is a conceptual diagram illustrating a 
mobile for transferring information restricting the use of a 
precoding vector of the interfering cell, and showing a 
method for employing a threshold value. 
0095 Referring to FIG.3 (a), the base station of each cell 
may broadcast a threshold value, which is used to decide 
whether or not a mobile station of each cell is allowed to 
transfer PMI information of an interfering cell, to all mobile 
stations located at an edge or boundary of the cell. For 
example, in the A cell (Cell A) of FIG. 3 (a), a base station 
BS may broadcast a threshold value to mobile stations MS, 
MS, MS, and MS, as denoted by solid lines. In this case, 
the threshold value transferred to the mobile stations is 
decided at the base station based on a variety of values trans 
ferred from each mobile station of the cell, for example, CQI, 
SINR, geometry, CSI and the like. Based on a short-term 
reception SINR or a long-term reception SINR of all mobile 
stations, which is calculated based on SINR, channel infor 
mation, and geometry information of mobile station (MS) 
location information, the threshold value may be decided 
based on the lower 10% of such SINRs or a pre-fixed SINR 
(e.g., -2.5 dB). If a threshold value is decided by the calcu 
lated reception SINR, this threshold value may be changeable 
with MS's conditions and/or location in the geometry. The 
above-mentioned threshold value may be equally applied to 
all cells, or different threshold values may also be applied to 
individual cells. The decided threshold value may be fixed, or 
may be periodically changed to another value at intervals of 
either a frame or a long time interval (e.g., 100 frames or a 
super-frame). If an SINR of a mobile station which have 
received the threshold value from a base station is less than 
the threshold value, the mobile station may be allowed to 
transmit information of the interfering cell to the base station. 
For example, in the A cell (Cell A) of FIG. 3 (a), only two 
mobile stations MS and MS may transmit the interfering 
cell information to the base station BS, as denoted by dotted 
lines. According to FIG. 3 (a), the base station transmits the 
threshold value, and then only the mobile station satisfying 
this threshold value is allowed to transmit the interfering-cell 
information. 
0096 FIG. 3 (b) is a conceptual diagram illustrating a 
mobile station transferring specific information used for 
restricting the use of a precoding vector of the interfering cell, 
and showing a method for employing a request signal and a 
confirmation signal. 
0097. Referring to FIG. 3 (b), all mobile stations (e.g., 
MS, MS, MS, and MS of cell A (Cell A)) experiencing 
interference from neighbor cells transmit request information 
to the base station so as to get a permission to transmit infor 
mation of the interfering cell (solid lines). In this case, the 
base station selects a mobile station, which will be allowed to 
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transmit interfering-cell information, among the above 
mobile stations, using SINR, COI, and geometry information 
of the mobile stations, and then transmits a confirmation 
signal to two mobile stations MS and MS of the A cell 
(Cell A) as denoted by dotted lines. Then, the mobile stations 
receiving the confirmation signal from the base station trans 
mits information of the interfering cell to the base station. For 
example, if a mobile station located at an edge of the cell 
selected by the above-mentioned method estimates channel 
information of each of neighbor cells using signals received 
from the neighbor cells so as to reduce the influence of a 
strong interference caused by the neighbor cell. In this case, in 
order to decide a cell which applies the interference to the 
mobile station located at the cell edge, signal strengths (e.g., 
SINR or SIR, COI and the like) from each neighbor cell to this 
mobile station located at the cell edge are calculated using 
each estimated neighbor-cell channel information, such that 
the level of interference caused by each neighbor cell is mea 
sured. The mobile station located at the cell edge (hereinafter 
may be referred to as edge-located mobile station) may 
decide one or more interfering cells giving the above edge 
located mobile station the highest interference, using each 
cell's interference level calculated by the estimated channel 
information of the neighbor cell, and the number of decided 
interfering cells may be variable. 
0098. In FIG. 3, interfering-cell information transferred 
from the mobile station of the serving cell (Cell A) may be 
PMI information or a CSI transferred via an analog feedback. 
I0099. If the mobile station located at an edge or boundary 
of the serving cell transmits the PMI information, the base 
station of the interfering cell may directly use the above PMI 
information. 
0100 Otherwise, a mobile station of a serving cell may 
directly transmit CSI of an interfering cell to the base station 
of the interfering cell via an analog feedback, and the base 
station of the interfering cell may decide a PMI to be 
restricted within the interfering cell using the received CSI 
and codebook information. 
0101 Also, the mobile station of the serving cell may 
transmit the CSI of an interfering cell to the base station of the 
serving cell through analog feedback. In this case, the base 
station of the serving cell decides a PMI to be restricted in the 
interfering cell (hereinafter referred to as a restricted PMI), 
using the CSI and codebook information, and may then trans 
mit the decided restricted PMI to the base station of the 
interfering cell. 
0102 Alternatively, the mobile station of the serving cell 
may transmit the CSI of an interfering cell to the base station 
of the serving cell through analog feedback, the base station 
of the serving cell then transmits the received CSI to the base 
station of the interfering cell, and then the base station of the 
interfering cell may decide a restricted PMI of the interfering 
cell using the received CSI and codebook information. 
0103 Also, the mobile station located at the cell edge may 
directly measure information of the interfering cell using the 
received signal, or may measure interference information of 
the cell causing the interference and information of the inter 
fering cell using handover information. For example, if the 
mobile station located at the cell edge receives handover 
information, handover information applied to this edge-lo 
cated mobile station may include a neighbor-cell ID (Cell 
ID), a base-station ID (BS. ID), a Received Signal Strength 
Indication (RSSI) of the neighbor cell, etc. The mobile station 
located at the cell edge may decide a cell transferring the 
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highest RSSI as an interfering cell, using the neighbor cells 
RSSI contained in the received handover information. In case 
of measuring one or more interfering cells, corresponding 
cells or base stations may be determined to be interfering cells 
in descending numerical orders of their received RSSIs. The 
signal received in the mobile station located at the cell edge is 
represented by the following equation 3. 

W Equation 3 
r(t) = H. W. St (t) + X. Hiwis (t) 

i= i 
isik 

0104. In Equation3, a first term of the right side represents 
a signal which has been transferred from a serving cell to a 
mobile station contained in this serving cell, and a second 
term represents interference caused by neighbor cells. In this 
case, each mobile station located at the edge of the serving 
cell measures a precoding vector, which may give this mobile 
station the highest interference, using the estimated interfer 
ing-cell channel information and a codebook. For example, 
the following equation 4 is used to calculate a precoding 
gector of the interfering cell in a (2x2) MIMO system based 
on Rank-1 codebook. 

hnn h wi (O) Equation 4 H. v = OO | K = H.() h10 hill we (1) 

, WN: k = 1, 2, ... , N 

hoowk (O) + howk (1) 
howk (1) + hit wi (1) h 

0105. In Equation 4, Wrepresents a Rank-1 codebook, and 
w, w, ..., w represent precoding vectors contained in the 
codebook. His channel information of an i-th interfering cell, 
and H., (k) is a channel value which has been calculated by 
interference channel information and a k-th precoding vector. 
The mobile station calculates a COI, an SINR, or an SIR of 
the interfering cell using channel values of individual precod 
ing vectors calculated by Equation 4. Such that it can obtain 
one precoding vector having the highest interference. The 
precoding vector of the interfering cell may be performed in 
each period or a specific period, or may also be performed at 
intervals of any specified period. Restriction of each mea 
Sured vector may be performed in each period or a specific 
period, or may also be at intervals of any specified period. 
0106 FIGS. 4 (a) to (e) are conceptual diagrams illustrat 
ing a method for estimating and restricting a precoding vector 
causing an interference by a mobile station of an interfering 
cell according to the present invention. In this case, one frame 
may be used as a unit of a period for calculating precoding 
vector information (PMI) of the interfering cell. In FIGS. 4 
(a) to (e), indicates a time at which the precoding vector of 
an interfering cell is estimated, and indicates a time at 
which the interfering cell restricts the use of the estimated 
precoding vector within the interfering cell. 
0107 Referring to FIG. 4 (a), the mobile station located at 
the cell edge in each frame measures PMIs P, P., P., and P. 
which generate a large amount of interference in this mobile 
station, using channel information of the interfering cell. 
Each measured PMI may be set to a PMI, the use of which 
should be restricted in the measured interfering cell. Then, the 
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interfering cell may restrict the use of the set PMIs in the 
following frames, as shown in R, R2, and R. As shown in R 
of FIG. 4 (a), the use restriction in the interfering cell of PMI 
P. measured at a time index 1 is performed in a time index 2. 
As shown in R of FIG. 4 (a), the use restriction in the 
interfering cell of PMIP measured at the time index 2 is 
performed in a time index 3. As shown in R of FIG. 4 (a), the 
use restriction in the interfering cell of PMIP measured at the 
time index 3 is performed in a time index 4. 
(0.108 Referring to FIG. 4 (b), a restricted PMI of the 
interfering cell is measured on a basis of each frame in the 
same manner as in FIG. 4 (a). The measured PMI is set to a 
restricted PMI of the interfering cell. Thereafter, the interfer 
ing cell may restrict the use of the set PMI in a specific frame 
located after predetermined intervals (e.g., after four frames). 
As can be seen from R of FIG. 4 (b), the use restriction of the 
interfering cell by the PMIP measured at a time index 1 is 
performed at a time index 5. As can be seen from R of FIG. 
4 (b), the use restriction of the interfering cell by the PMIP, 
measured at a time index 2 is performed at a time index 6. As 
can be seen from Rs of FIG. 4 (b), the use restriction of the 
interfering cell by the PMIP measured at a time index 3 is 
performed at a time index 7. 
0109 Referring to FIGS. 4 (c) and (d), specific PMI infor 
mation, which is a plurality of PMIs for restriction fed back 
from each edge-located mobile station for a predetermined 
collection period (i.e., a predetermined frame period A1, A2, 
. . . ) may be used as either precoding vector information for 
restricting the use of PMI in the interfering cellor PMI infor 
mation causing the inter-cell interference (ICI) when the 
interfering cell is used for the mobile station contained in this 
interfering cell. In this case, based on either statistical values 
offeedback information for each frame during the predeter 
mined collection period, or a PMI causing the highest or 
strongest interference among the feedback information of 
individual frames during the predetermined collection 
period, a restricted PMI of the measured interfering cell may 
be established. 

0110 Referring to FIG. 4 (c), interfering-cell PMI infor 
mation, which has been fed back for a collection time having 
a predetermined length (A1, A2, . . . ; for example, a length 
corresponding to four frames), is measured. This measure 
ment may be repeatedly executed every frame. Based on the 
measurement value, a restricted PMI of the measured inter 
fering cell may be established. The interfering cell may 
restrict the use of the established PMI in the next frame 
starting from the end part of the collection period having a 
predetermined length A1, A2, . . . . In FIG. 4 (c), PMI infor 
mation of the interfering cell may be collected at time indexes 
1, 2, 3, and 4, and be then transferred. Based on statistical 
values of the interfering-cell PMI information or a specific 
PMI causing the highest or strongest interference among the 
statistical values, a PMI of the interfering cell may be 
restricted at the time index5. This processing may be repeated 
every frame. In more detail, PMI information of the interfer 
ing cell may be collected in time indexes 2, 3, 4, and 5, and be 
then transferred. Based on statistical values of the transferred 
interfering-cell PMI information or a specific PMI causing 
the highest or strongest interference among the statistical 
values, a PMI of the interfering cell may be restricted at the 
time index 6. In this way, PMI information of the interfering 
cell may be collected at time indexes 3,4,5, and 6, and be then 
transferred. Based on statistical values of the transferred 
interfering-cell PMI information or a specific PMI causing 
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the highest or strongest interference among the statistical 
values, a PMI of the interfering cell may be restricted at the 
time index 7. 

0111 Referring to FIG. 4 (d), using feedback information 
which has been measured for a predetermined period having 
a predetermined length A1, A2, ... shown in FIG.4(c), a PMI 
of the interference may be restricted for a restricted period 
having a predetermined length B1, B2, . . . . In this case, the 
length of a collection period having a predetermined length 
A1, A2, ... during which information of the interference is 
collected, and the length of a restricted period having a pre 
determined length B1, B2, ... during which the PMI of the 
interfering cell is restricted may not be fixed but variable. 
Also, a process for collecting interfering-cell information 
during the collection period having a predetermined length 
A1, A2, ... need not always be executed every frame. For 
example, the mobile station located at the cell edge may 
transmit the interfering-cell information to the base station 
every super-frame, or may restrict the use of the PMI in the 
interfering cell during the Super-frame using the transferred 
interfering-cell information. Referring to FIG. 4 (d), the PMI 
information of the interfering cell may be collected at time 
indexes 1, 2, 3 and 4, and be then transferred. Based on 
statistical values of the transferred interfering-cell PMI infor 
mation or a specific PMI causing the highest or strongest 
interference among the statistical values, a PMI of the inter 
fering cell may be restricted at the time indexes 5, 6, 7 and 8. 
In this way, PMI information of the interfering cell may be 
collected at time indexes 5, 6, 7, and 8, and be then trans 
ferred. Based on statistical values of the transferred interfer 
ing-cell PMI information or a specific PMI causing the high 
est or strongest interference among the statistical values, a 
PMI of the interfering cell may be restricted at the time 
indexes 9, 10, 11 and 12. 
0112 Referring to FIG. 4 (e), the edge-located mobile 
station measures precoding vector information (i.e., PMI) for 
restricting a PMI of the interfering cell at only a predeter 
mined frame or time (e.g., time indexes 1, 6,...), and feeds 
back the measured information to the base station of the 
interfering cell. The base station of the interfering cell may 
restrict the use of the interfering-cell PMI during a restricted 
frame having a predetermined length B1, B2, ... using feed 
back information of the mobile station. Referring to FIG. 4 
(e), the PMI information of the interfering cell may be col 
lected at a time index 1, and be then transferred. Based on the 
transferred interfering-cell PMI information, a PMI of the 
interfering cell may be restricted at time indexes 2, 3, 4 and 5. 
Likewise, the PMI information of the interfering cell may be 
collected at a time index 6, and be then transferred. Based on 
the transferred interfering-cell PMI information, a PMI of the 
interfering cell may be restricted at time indexes 7, 8, 9 and 
10. 

0113. The interfering-cell associated PMI information, 
which has been measured and fed back by the edge-located 
mobile station so as to restrict the use of a PMI in the inter 
fering cell, may be grouped or established in a way different 
from the collection periods A1, A2, ... or collection times 
(e.g., time indexes 1, 2, 3,...) as shown in FIGS. 4 (a) to (e). 
Also, the interval for prohibiting the use of the restricted PMI 
in the interfering cell may be grouped or established in a way 
different from other restricted periods (e.g., B1, B2 . . . ) of 
FIGS. 4 (a) to (e). 
0114. In FIGS. 4 (a) to (e), the mobile station of the serv 
ing cell measures a CSI of the interfering cell, instead of PMIs 
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P. P., P., and Pa, and transmits the measured CSI to the 
serving cell through an analog feedback. The serving cell may 
decide a restricted PMI of the interfering cell using the 
received CSI, and transmits the decided PMI to the base 
station of the interfering cell. 
0115 Alternatively, the mobile station of the serving cell 
measures a CSI of the interfering cell, and transmits the 
measured CSI to the base station of the serving cell through an 
analog feedback. The serving cell may transmit the received 
CSI to the base station of the interfering cell. The interfering 
cell may decide a restricted PMI of the interfering cell using 
the received CSI and codebook information. 
0116. Alternatively, the mobile station of the serving cell 
measures a CSI of the interfering cell, and transmits the 
measured CSI to the base station of the interfering cell thor 
ough an analog feedback. The base station of the interfering 
cell may decide a restricted PMI of the interference using the 
received CSI and codebook information. 
0117. One or more interfering-cell PMI information col 
lected from several periods may be directly used to restrict a 
PMI of the interfering cell, or may be statistically processed 
and used to restrict the PMI of the interfering cell. 
0118. A first range for collecting feedback information to 
restrict the PMI use of the interfering cell, and a second range 
for restricting another PMI available in the interfering cell 
may have a variety of combinations as shown in examples of 
FIGS. 4 (a) to (e). 
0119. In order to restrict a PMI of the interfering cell, the 
edge-located mobile station may measure a restricted PMI of 
the interfering cell for a predetermined period or interval and 
may then restrict the PMI of the interfering cell. In addition, 
in order to restrict the PMI of the interfering cell, the base 
station may transmit information of a feedback period of the 
restricted PMI for each mobile station to the edge-located 
mobile station on the basis of status information of individual 
mobile stations. Thus, the individual mobile stations may 
transmit the restricted PMI to the serving base station during 
the same and/or different periods. In this case, the interfering 
cell may statistically use feedback information having differ 
ent periods such that it may restrict the use of a codebook 
within a predetermined interval. Otherwise, the interfering 
cell may restrict the use of a codebook according to a period 
of each feedback information. 
I0120. In order to restrict the use of a PMI of the interfering 
cell in view of a frequency, interfering-cell PMI information 
being fed back from the edge-located mobile station may be 
set to a measurement PMI of each frequency band of the 
interfering cell, or may be set to a restricted PMI of either a 
whole band or a specific frequency band. If the edge-located 
mobile station measures PMI information of the interfering 
cell in each of N number of frequency band, N number of 
feedback information may be transmitted to the base station. 
Otherwise, if the PMI information of the interfering cell is 
measured in the whole frequency band, only one feedback 
information is transferred to the base station. Because of the 
use of the transmission feedback information, the use of a 
precoding vector in the interfering cell may be restricted in 
each frequency band, a whole frequency band, or a specific 
frequency band. 
I0121 For example, if the edge-located mobile station 
feeds back P number of restricted PMIs of the interfering cell 
for M frequency bands from among N frequency bands to the 
serving base station, the use of the PMIs may be restricted in 
the interfering cell as shown in the following examples. A first 
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example provides a method for restricting the use of a PMI for 
each frequency band causing the interference. In this first 
example, the interfering cell may restrict the use of a 
restricted PMI, which has been fed back from the edge 
located mobile station, in M corresponding frequency bands. 
In a second example, the interfering cell may apply P 
restricted PMIs to the whole frequency band (i.e., N bands) 
such that it may be unable to use the Prestricted PMIs. 
According to the above-mentioned examples, the interfering 
cell PMI being fedback from the edge-located mobile station 
is applied to each band or the whole band, such that the PMI 
use of the interfering cell may be restricted. 
0122 Even in case that a base station of a cell transmits 
data to a mobile station using rank adaptation scheme for 
adaptively controlling the number of transmission streams 
according to a channel environment, the PMI restriction 
method according to the present invention may be used. For 
example, if the base station performs the rank adaptation on 
the mobile station using a specific rank (e.g., Rank 2), the 
edge-located mobile station calculates a restricted PMI of the 
interfering cell having the greatest influence according to the 
used rank using channel information of the interfering cell, 
and transmits the calculated PMI to the serving base station. 
The interfering cell, which has received the restricted PMI for 
each rank from the serving base station, allows each inner 
user of the interfering cell to use another sub-optimal PMI 
except for the PMI of the received rank. 
0123. In an example of the rank adaptation, when the 
edge-located mobile station measures PMI information of the 
interfering cell, it measures a restricted PMI corresponding to 
rank 1, instead of measuring restricted PMIs of all ranks, such 
that it can restrict the PMI using the measured restricted PMI. 
The interfering cell may restrict each inner-user mobile sta 
tion of the interfering cell employing rank 1, using the mea 
sured precoding vector of rank 1. If the inner-user mobile 
station of the interfering cell employs rank 2, all rank-2 pre 
coding vectors including the received rank-1 precoding vec 
tor may be restricted. In this way, in addition to the above case 
in which all the used ranks are restricted, only a mobile station 
employing the Rank 1 may be restricted using the Rank-1 
restricted PMI measured by the edge-located mobile station. 
0.124. As shown in FIG. 4, the edge-located mobile sta 
tions of each cell should transfer information of the measured 
interfering-cell information to their base stations or a base 
station of the interfering cell, using PMIs of the interfering 
cell measured at a specific period or time, such that the inter 
fering cell causing the interference may use a PMI used for its 
own inner mobile station. A method for feeding back infor 
mation of the interfering cell measured by the mobile station 
is shown in FIGS. 5 (a) and (b). 
0.125 FIG. 5 (a) is a conceptual diagram illustrating a 
method for allowing a mobile station located at an edge to 
feedback information of an interfering cell over a backbone 
network according to the present invention. 
0126 Referring to FIG. 5 (a), the mobile station (MS) 
located at a cell edge receives a high or strong interference 
from neighbor base stations BS2 and BS3. For the conve 
nience of description, the above mobile station (MS) may be 
hereinafter referred to as an edge-located mobile station. This 
edge-located mobile station (MS) measures PMIs wandw 
of the interfering cells so as to restrict the PMI use of the 
interfering cells greatly affecting this MS. Then, the mobile 
station (MS) feeds back not only the PMI w between the 
mobile station (MS) and the serving base station BS1 but also 
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other PMIs w and w of the interfering cell to the base station 
BS1 of the serving cell through a feedback channel toward the 
base station. Information fed back from the mobile station 
(MS) to the serving cell may include a Cell ID, a BS ID, a 
restricted PMI, a band indicator, etc. 
I0127. If the above mobile station (MS) uses a handover 
message to perform PMI restriction, the mobile station may 
not feedback the Cell ID and the BS ID contained in the 
handover message. Also, if the mobile station restricts a PMI 
of the whole band, not restricting a PMI for each band, the 
band indicator may not be contained in the feedback infor 
mation. If the mobile station restricts a PMI for each band, 
indicator for indicating the band may be contained in the 
feedback information. Interfering-cell information being fed 
back from the edge-located mobile station may be transferred 
to a base station of a corresponding interfering cell over a 
backbone network, or may be transferred to an upper layer, 
such that the PMI use of the interfering cell is unavoidably 
restricted. Referring to FIG. 5 (a), the edge-located mobile 
station transmits all information to the serving base station, 
and transmits information between the serving base station 
and the interfering-cell base station over the backbone net 
work. 

I0128 FIG. 5 (b) is a conceptual diagram illustrating a 
method for allowing a mobile station located at an edge to 
feedback information of an interfering cell over a feedback 
channel related to the interfering cell according to the present 
invention. 

I0129 Referring to FIG. 5 (b), the edge-located mobile 
station (MS) may directly transmit interfering-cell informa 
tion w and w over a feedback channel toward the base 
stations BS2 and BS3 of the interfering cell. In this case, the 
feedback channel between the edge-located mobile station 
(MS) and the base station BS2 or BS3 may be a common 
channel, or may be arbitrary channels allocated to each cell. If 
the feedback channel between the edge-located mobile sta 
tion (MS) and the base station BS2 or BS3 of the interfering 
cell is a common channel, individual base stations may sort 
data using their unique codes or hopping signals so as to 
reduce errors caused by the overlapping of data which may 
occur while a feedback channel is used. 

0.130 Base stations, which may directly receive PMIs for 
restricting the PMI use of the interfering cell from the edge 
located mobile station over a feedback channel or may receive 
the same PMIs from a base station of another cell via such a 
feedback path, may make a table of restricted PMIs using the 
feedback PMIs so that they can restrict the use of PMIs in the 
interfering cell. 
0131 The PMI table made to restrict the PMI use of an 
inner mobile station of the interfering cell may be made in 
each frame according to the method of FIG. 3, or may also be 
made at intervals of a predetermined time. The table made of 
restricted PMIs transferred from the edge-located mobile sta 
tion may be represented by a bitmap. This table orbitmap may 
be used to restrict PMIs of the interfering cell for along period 
of time. If the table orbitmap made of restricted PMIs may be 
used for a long period of time, the above table orbitmap may 
be transferred to an upper layer, such that the table orbitmap 
can be used as downlink signals for a cell base station. 
0.132. The interfering cell, which has received restricted 
PMI information over a backbone network or a feedback 
channel, restricts the PMI use of the inner mobile station of 
the interfering cell using the received information. A method 
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for restricting the PMI use of the interfering cell using the 
restricted PMI can be classified into the following two meth 
ods. 

0133. In a first method, a base station (i.e., a interfering 
base station), which has received the restricted PMI informa 
tion, does not allocate the restricted PMI to the mobile station 
served by the base station. In more detail, if a feedback PMI 
is equal to a restricted PMI received in the base station of the 
interfering cell when a reception status of the mobile station 
contained in the cell satisfies a threshold value for PMI 
restriction, the base station of the interfering cell transmits to 
an inner mobile station of the interfering cell a request signal 
requesting the inner mobile station of the interfering cell to 
feedback a PMI different from the restricted PMI received in 
the base station of the interfering cell. In this case, the inner 
mobile station of the interfering cell, which has received this 
feedback request signal, transmits another PMI (e.g., a Sub 
optimal PMI) except for pre-transmitted PMIs to the base 
station. 

0134. In a second method, a base station of the interfering 
cell, which has received the restricted PMI, transmits a 
threshold value for applying the restricted PMI information 
and the PMI restriction to inner mobile stations in the inter 
fering cell, and allows inner mobile stations of the interfering 
cell to use the remaining PMIs except for the restricted PMIs. 
An inner mobile station of the interfering cell may be prohib 
ited from the use of a specific PMI, which is indicated by the 
interfering cell, if the SINR at the inner mobile station is less 
than a threshold value which is received from the interfering 
cell. In this case, if the PMIs of the inner mobile stations of the 
interfering cell are restricted, PMIs of all the inner mobile 
stations of the interfering cell may be restricted according to 
a threshold value transferred from the base station, or may be 
variably restricted according to a reception status of each 
mobile station. 

0135) In sum, for the first method, only the base station of 
the interfering cell has the knowledge of the restricted PMI, 
whereas for the second method, both the base station and the 
mobile station in the interfering cell have the knowledge of 
the restricted PMI 

0136. The threshold value for the above restriction may be 
decided at a base station of the interfering cell on the basis of 
information transferred from the inner mobile stations, and 
may also be decided according to the rule described above in 
connection with FIG. 3 (a). The threshold value is decided at 
the base station of the interfering cell based on a variety of 
values transferred from each inner mobile station of the inter 
fering cell, for example, COI, SINR, geometry, CSI and the 
like. Based on a short-term reception SINR or a long-term 
reception SINR of all the inner mobile stations, which is 
calculated by SINR, channel information, and geometry 
information of the inner mobile station (MS), the threshold 
value may be decided based on the lower 10% of such SINRS 
or a pre-fixed SINR (e.g., -2.5 dB). The decided threshold 
value may be fixed, or may be periodically changed to another 
value at intervals of either a frame or a longtime interval (e.g., 
100 frames or a super-frame). 
0137 The PMI restriction in the interfering cell may be 
used along with either a fractional frequency reuse (FFR) 
method or a collaborative MIMO method, such that it can 
more effectively reduce the influence of the inter-cell inter 
ference (ICI). 
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0.138 FIGS. 6 and 7 are conceptual diagrams illustrating a 
system for restricting the use of a PMI of an interfering cell 
according to the present invention. 
0.139. In the closed-loop MIMO system in a multi-cell 
environment, a mobile station located at a cell edge is greatly 
interfered by a precoding vector used by another mobile 
station located in a neighbor cell. The edge-located mobile 
station has a performance or throughput lower than that of 
another mobile station located at an edge or boundary of the 
cell, due to the occurrence of inter-cell interference (ICI). In 
order to reduce the influence of ICI applied to the edge 
located mobile station in a multi-cell environment, operations 
for restricting the PMI use of the interfering cell are shown in 
FIGS. 6 and 7. 
0140 FIG. 6 is a flow chart illustrating a method for allow 
ing an interfering base station to broadcast information 
needed for PMI restriction, and deciding whether the mobile 
station contained in the interfering cell will restrict the PMI 
US 

0141 Referring to FIG. 6, an edge-located mobile station 
Edge MS measures channel characteristics transferred from 
neighbor cells or base stations of this neighbor cells, using 
signal received from the neighbor cells I BS, I BS, . . . 
I BS at step S601, decides one or more interfering cells 
causing high or strong interference at step S602, and esti 
mates channel information of the decided interfering cell at 
step S603. The edge-located mobile station Edge MS mea 
Sures restricted PMI information w, w, w, which gives the 
Edge MS the highest influence, using the estimated interfer 
ence channel and precoding vectors of a codebook. The 
restricted PMI information w, w, w, measured by the 
mobile station Edge MS is transferred to the serving base 
station S. BS of the mobile station Edge MS or the interfer 
ing base stations I BS, I BS, ... I BS. Each interfering 
base station I BS, (where j=1,2,..., N) may broadcast the 
restricted PMI w, (where j=1,2,..., N) to mobile stations 
contained in the interfering cell including the interfering base 
station itself. In addition, the above-mentioned interfering 
base station I BS, may also broadcast a threshold value used 
for deciding whether to restrict the PMI use of respective 
mobile stations contained in the interfering cell. In this case, 
the threshold value may be an SINR value as an example. If 
the mobile station MS, (wherei=1,2,...,N) contained in the 
j-th interfering cell (j=1,2,..., N) satisfies the following two 
tests, their PMI use may be restricted. In a first test, it is 
determined whether a restricted PMI w, broadcast from the 
interfering base station I BS, is equal to a PMI initially mea 
sured by the mobile station MS. In a second test, it is deter 
mined whether the SINR of the mobile station MS, is greater 
than the threshold value broadcast from the interfering base 
station I BS. If the compared PMIs of the above two tests are 
equal to each other and at the same time the SINR of the 
mobile station MS, is greater than the broadcast threshold 
value, a PMI is decided in a codebook except for the broadcast 
restricted PMI w, at step S604 (where j=1,2,..., N). 
0.142 FIG. 7 is a flow chart illustrating a method for decid 
ingatabase station of a interfering cella mobile station which 
is prohibited from using a specific restricted PMI, using both 
restricted PMI information transmitted from a neighboring 
cell and information, e.g. SINR, transmitted from mobile 
stations in the interfering cell. 
0.143 Referring to FIG. 7, an edge-located mobile station 
Edge MS measures channel characteristics transferred from 
neighbor cells or base stations of this neighbor cells, using 
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signals received from the neighbor cells I BS, I BS, . . . 
I BS at step S701, decides one or more interfering cells 
having high or strong interference at step S702, and estimates 
channel information of the decided interfering cell at step 
S703. The edge-located mobile station Edge MS measures 
restricted PMIs w, w, ..., w, which gives the Edge MS 
the highest influence, using the estimated interference chan 
nel and precoding vectors of a codebook. The restricted PMI 
information w, w, ..., w measured by the mobile station 
Edge MS is transferred to the serving base station S. BS of 
the mobile station or the interfering base stations I BS, 
I BS, ... I BS. Each interfering base station (I BS, where 
j=1,2,..., N) may compare the received restricted PMI with 
a feedback PMI of the inner mobile station of the interfering 
cell at step S704 (where j=1,2,..., N). If the compared 
restricted PMI is equal to a feedback PMI of the inner mobile 
station of the interfering cell, the inner mobile station of the 
interfering cell has a restriction to use the restricted PMI. In 
this case, the interfering-cell inner mobile station, which is 
prohibited from using a restricted PMI, uses a suboptimal 
precoding vector, and receives databased on a Sub-optimal 
precoding vector from the base station. 
014.4 FIGS. 8 (a) and (b) are flow charts illustrating 
method for avoiding an inter-cell interference (ICI) in a net 
work of a wireless communication network according to the 
present invention, and showing an internal processing step of 
a mobile station located at an edge of a serving cell. 
0145 FIG. 8 (a) is a flow chart illustrating a method for 
asking a network entity (e.g., a base station) of the serving cell 
to confirm whether or not a mobile station located at an edge 
or boundary of the serving cell transmits PMI information of 
the interfering cell to a network of the interfering cell. 
014.6 Referring to FIG. 8 (a), the mobile station located at 
an edge or boundary of the serving cell measures PMI infor 
mation of the interfering cell which interferes the mobile 
station, and transmits a request message for deciding whether 
it is allowed to transfer the PMI information to the interfering 
cell at step S801a. The base station of the serving cell may 
previously include a threshold value used for deciding 
whether to transfer the PMI information of the interfering cell 
to the interfering cell. This threshold value may be, for 
example, an SINR value. The base station receiving the 
request message of the step S801 a may compare the SINR 
value of the requesting mobile station with the pre-included 
threshold value (not shown in FIG. 8 (a). For example, if the 
SINR value of the above mobile station is lower than the 
threshold value, the base station may transfer a message for 
allowing the mobile station to transfer interfering-cell PMI 
information to the interfering cell. If the mobile station con 
tained in the serving cell does not receive the above-men 
tioned message from the base station, the restricted PMI is not 
transferred to the interfering cell at step S802a. On the con 
trary, if the mobile station contained in the serving cell 
receives the above-mentioned message from the base station, 
it may measure one or more restricted PMIs, the use of which 
will be restricted in the interfering cell causing the interfer 
ence in association with the mobile station itself among 
neighbor cells adjacent to the serving cell, at intervals of a 
predetermined time at step S803a. Thereafter, this mobile 
station may transfer one or more measured restricted PMIs to 
a network of the interfering cell at step S804a. 
0147 FIG. 8 (b) is a flow chart illustrating a method for 
transferring, at a base station of a serving cell, a threshold 
value used for deciding whether to transfer information of the 

Feb. 10, 2011 

interfering cell to mobile stations contained in the serving 
cell, and deciding, at a mobile station in the serving cell, 
whether to transfer the restricted PMI to the interfering cell 
based on the transferred threshold value. As can be seen from 
the method of FIG. 8 (a), the base station decides whether to 
transfer the restricted PMI to the interfering cell according to 
the method of FIG. 8(a). On the contrary, as can be seen from 
FIG. 8 (b), each mobile station contained in the serving cell 
decides whether to transfer the restricted PMI to the interfer 
ing cell. 
0.148. In FIG. 8 (b), each mobile station may receive a 
threshold value (e.g., SINR value), which is used at a mobile 
station to decide whether to transfer information of the inter 
fering cell causing the interference in the mobile station itself 
to the interfering cell, from the base station at step S801b. At 
step S802b, each mobile station may decide whether its own 
SINR value is lower than the threshold value of the step 
S801b. If the SINR value is greater than the threshold value at 
step S802b, the restricted PMI information is not transferred 
to the interfering cell. Otherwise, if the SINR value is less 
than the threshold value at step S802b, each mobile station 
may measure the restricted PMI, the use of which should be 
restricted in the interfering cell causing the interference in 
each mobile station from among neighbor cells adjacent to 
the serving cell, at intervals of a predetermined time at Step 
S803b. The measured restricted PMI may be transferred to a 
network of the interfering cell at step S804b. 
0149. The above steps S804a and/or S804b may include a 
step for transferring one or more restricted PMIs of the inter 
fering cell to the network of the serving cell, and another step 
for transferring one or more restricted PMIs transferred to the 
network of the serving cell to the network of the interfering 
cell over a backbone network. 
0150. The measuring of one or more restricted PMIs in the 
embodiments of FIGS. 8(a) and (b) may be performed on the 
basis of interfering-cell information which has been directly 
measured by signals received from the interfering cell. Alter 
natively, the above-mentioned measuring of one or more 
restricted PMIs may also be performed on the basis of han 
dover information. 
0151. In another way, the above operation for transferring 
the measured one or more restricted PMIs to the network of 
the interfering cell at steps S804a and S804b may also be 
performed over a feedback channel related to the network of 
the interfering cell. Also, one or more restricted PMIs may be 
measured according to individual ranks. 
0152 FIGS. 9 (a) and (b) are flow charts illustrating meth 
ods for avoiding an inter-cell interference (ICI) in a network 
of a wireless communication system according to the present 
invention. For example, FIGS. 9 (a) and (b) show internal 
processing steps of a network (i.e., a base station) of the 
serving cell. 
(O153 FIG. 9 (a) is a flow chart illustrating a method for 
deciding, at a base station, the allowance or disallowance of a 
specific request from a mobile station of the serving cell 
asking the base station to allow for the mobile stations to 
transfer information of the interfering cell. 
0154 The base station may set a threshold value (e.g., 
SINR) used for deciding whether to receive information of 
the interfering cell, which causes the interference in a mobile 
station contained in the serving cell among neighbor cells 
adjacent to the serving cell, from the mobile station at step 
S901a. At step S902a, the base station may receive not only a 
request for allowing transmission of the interfering-cell infor 
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mation but also channel information (e.g., SINR) of this 
mobile station from a mobile station belonging to the serving 
cell. Then, at step S903a, the base station decides whether the 
measurement value of the received channel information is 
less than the threshold value of the step S901a. If it is deter 
mined that the measurement value of the received channel 
information is less than the threshold value of the step S901a, 
the request from the mobile station may be accepted at Step 
S904a. Alternatively, at steps S903a and S904a, there may be 
used a method for deciding whether the comparison result 
between the channel information and the threshold value has 
a predetermined relationship. 
(O155 FIG. 9 (b) is a flow chart illustrating a method for 
broadcasting a threshold value to mobile stations contained in 
the serving cell by a base station of the serving cell, wherein 
the threshold value is used to decide whether the operation for 
enabling the base station of the serving cell to transmit the 
interfering-cell information is acceptable. 
0156. At step S901b, a threshold value for deciding 
whether to receive information of the interfering cell, causing 
the interference in a mobile station belonging to the serving 
cell among neighbor cells adjacent to the serving cell, from 
the mobile station is established. At step S902b, information 
related to the established threshold value is transferred to the 
mobile station. The information related to the transferred 
threshold value may be received in mobile stations contained 
in the serving cell. Each mobile station which has received the 
information related to the threshold value may decide 
whether to transfer the interfering-cell information to a net 
work (e.g., a base station) of the serving cell on the basis of the 
threshold value. If a certain mobile station transmits informa 
tion of the interfering cell, the base station may receive this 
interfering-cell information at step S903b. 
0157. In this case, the threshold value used for deciding 
whether to receive the interfering-cell information from the 
mobile station may be established on the basis of feedback 
information of the base station. In this case, the feedback 
information may include at least one of a COI, an SINR, a 
CSI, and geometry information. 
0158 FIGS. 10 (a) and (b) are flow charts illustrating 
methods for avoiding the inter-cell interference (ICI) in a 
network of a wireless communication system according to the 
present invention. For example, FIGS. 10 (a) and (b) show 
internal processing steps of a network entity of the interfering 
cell (i.e., a base station of the interfering cell). 
0159. In FIG.10 (a), the base station of the interfering cell 
may receive one or more restricted PMIs, the use of which 
should be restricted in the interfering cell, at intervals of a 
predetermined time at step S1001a. For example, the prede 
termined time may be easily understood by referring to FIGS. 
4 (a) to (e). Then, the base station may establish not only a 
restricted PMI table used for restricting the PMI use of the 
mobile station contained in the interfering cell, but also a 
threshold value used for deciding whether to restrict the PMI, 
using one or more received restricted PMIs at step S1002a. In 
this case, the restricted PMI table may be represented by a 
bitmap format, the threshold value may be an SINR value as 
an example, and the restricted PMI table may include 
restricted PMI information, the use of which should be 
restricted in the interfering cell. Thereafter, the base station of 
the interfering cell may receive a feedback PMI and channel 
information from the mobile station contained in the interfer 
ing cell at step S1003a. At step S1004a, the base station of the 
interfering cell may decide whether the feedback PMI of the 
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step S1003a is a specific PMI restricted by the table of the step 
S1002a. If the feedback PMI is not determined to be the 
specific PMI, the use of which need not be restricted, at step 
S1004a, then all the processes are finished. Otherwise, if the 
feedback PMI is determined to be the specific PMI, the use of 
which should be restricted, it is determined at step S1005a 
whether a mobile station’s feedback SINR value of the step 
S1003a is greater than the threshold value of the step S1002a. 
If the above feedback SINR value of the mobile station is not 
greater than the threshold value at step S1005a, all the pro 
cesses are finished. On the contrary, if the above-mentioned 
feedback SINR value of the mobile station is greater than the 
threshold value at step S1005a, the base station may transmit 
a specific message for using the remaining PMIS except for 
pre-transferred PMIs to the feedback mobile station at step 
S1006a. At step S1006a, the request for restricting the use of 
the restricted PMI may be performed for each band used by 
the mobile station contained in the interfering cell. 
0160. It can be easily understood in the flow chart of FIG. 
10 (a) that the steps S1004a and S1005a can be changed in 
order without departing from the spirit of the present inven 
tion, which means that comparing the mobile station's feed 
back SINR value with the threshold value is performed before 
comparing the PMI fed back from the mobile station with the 
restricted PMI. 

0.161. In FIG.10(b), the base station of the interfering cell 
may receive one or more restricted PMIs, the use of which 
should be restricted in the interfering cell, at intervals of a 
predetermined time at step S1001b. Then, the base station of 
the interfering cell may establish not only a restricted PMI 
table used for restricting the PMI use of the mobile station 
contained in the interfering cell, but also a threshold value 
used for PMI restriction at step S1002b. Thereafter, the base 
station of the interfering cell may transfer the established 
restricted PMI table and the established threshold value to 
mobile stations contained in the cell at step S1003b. 
(0162. At steps S1001a and S1001b, one or more restricted 
PMIs, the use of which should be restricted in the interfering 
cell, may be received from a cell adjacent to the interfering 
cell over a backbone network interconnecting the interfering 
cell and its neighbor cell. Alternatively, at steps S1001a and 
S1001b, one or more restricted PMIs, the use of which should 
be restricted in the interfering cell, may also be received over 
a feedback channel established between the edge mobile sta 
tion of the cell adjacent to the interfering cell and the network 
of this interfering cell. In addition, at steps S1001a and 
S1001b, one or more restricted PMIs, the use of which should 
be restricted in the cell, may be measured according to indi 
vidual ranks. In this case, if the interfering cell restricts the 
inner-user mobile station of the interfering cell employing the 
Rank 1 using a precoding vector measured at the Rank 1, and 
the inner-user mobile station of the interfering cell uses the 
Rank 2, all Rank-2 precoding vectors including the received 
Rank-1 precoding vector may be restricted. In this way, in 
addition to the above case in which all the used ranks are 
restricted, only a mobile station employing the Rank 1 may 
also be restricted using the Rank-1 restricted PMI measured 
by the edge-located mobile station. 
(0163 The restricted PMI contained in the above-men 
tioned restricted PMI table may be set on the basis of statis 
tical values of one or more restricted PMIs received at steps 
S1001a and S1001b, or may also be set to a restricted PMI 
causing the highest or largest interference among one or more 
restricted PMIs received at steps S1001a and S1001b. Also, 
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the restricted PMI table may be represented by a bitmap 
format, and may be transferred to an upper layer Such that it 
may be used as downlink signaling information. 
0164 FIGS. 11 (a) and 11 (b) are flow charts illustrating 
methods for avoiding the inter-cell interference (ICI) in a 
network of a wireless communication system according to the 
present invention. For example, FIGS. 11 (a) and (b) show 
internal processing steps of a mobile station located in the 
interfering cell. 
0.165 Referring to FIG. 11 (a), the mobile station con 
tained in the interfering cell may receive not only a restricted 
PMI table for restricting the PMI use but also a threshold 
value used for the PMI restriction from a network of the 
interfering cell at step S1101a. In this case, for example, the 
network of the interfering cell may be a base station of the 
interfering cell, and the threshold value may be set to the 
SINR value as an example. Then, at step S1102a, each mobile 
station of the interfering cell determines whether an optimum 
PMI measured by each mobile station is a restricted PMI to be 
restricted by the restricted PMI table which has been received 
at the above step S1101a. If the optimum PMI is not the above 
restricted PMI to be restricted by the restricted PMI table at 
step S1102a, the measured optimum PMI is fed back to the 
network of the interfering cell at step S1102a. Otherwise, if 
the optimum PMI is equal to the above restricted PMI at step 
S1102a, it is determined whether the measured SINR value is 
greater than the received threshold value at step S1103a. If the 
measured SINR value is not greater than the threshold value 
at step S1103a, the measured optimum PMI is fedback to the 
network of the interfering cell. On the contrary, if the mea 
sured SINR value is greater than the threshold value at step 
S1103a, each mobile station of the interfering cell may per 
form a feedback of an optimum PMI among the remaining 
PMIs except for the restricted PMIs requested by the 
restricted PMI table at step S1104a. 
0166 It can be easily understood in the flow chart of FIG. 
11 (a) that the steps S1102a and S1103a can be changed in 
order without departing from the spirit of the present inven 
tion, which means that comparing the mobile station's feed 
back SINR value with the threshold value is performed before 
comparing the PMI fed back from the mobile station with the 
restricted PMI. 

0167 Referring to FIG. 11 (b), the mobile station con 
tained in the interfering cell may transmit PMI information 
and channel information to the network of the interfering cell 
at step S1101b. Then, at step S1102b, the mobile station may 
receive a request for restricting the use of a specific restricted 
PMI from the network of the interfering cell. If the mobile 
station receives the above-mentioned request, it may feed 
back an optimum PMI among the remaining PMIs except for 
the restricted PMIs at step S1103b. 
0168 FIGS. 6 to 11 have exemplarily disclosed methods 
for deciding, at the mobile station of the serving cell, a 
restricted PMI of the interfering cell, and then transmitting 
the decided PMI to the base station of the interfering cell over 
a backbone network or directly transmitting the decided PMI 
to the base station of the interfering cell. However, as previ 
ously disclosed in FIGS. 3 (a) and (b), the mobile station of 
the serving cell measures a CSI of the interfering cell, trans 
mits the measured CSI to the base station of the serving cellor 
another base station of the interfering cell via an analog 
feedback. The restricted PMI of the interfering cell may be 
decided by the base station of the serving cell or the base 
station of the interfering cell using the CSI transferred from 
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the mobile station of the serving cell. In other words, the base 
station of the serving cell may decide a restricted PMI of the 
interfering cell using the CSI received from the mobile station 
of the serving cell, and may then transfer the decided PMI to 
the base station of the interfering cell. Alternatively, the base 
station of the serving cell may transfer the CSI of the inter 
fering cell to the base station of the interfering cell, and the 
base station of the interfering cell may decide a restricted PMI 
of the interfering cell using the received CSI and the code 
book information. 
0169. In the above-mentioned embodiments of the present 
invention, the information transferred from the edge-located 
mobile station to the interfering cell has been defined as a 
restricted PMI, the use of which is restricted in the interfering 
cell. 
0170 However, according to another embodiment of the 
present invention, the information transferred from the edge 
located mobile station to the interfering cell may be defined as 
a requested PMI to be used by the interfering cell. In other 
words, if the edge-located mobile station transmits at least 
one PMI information to the interfering cell, the interfering 
cell may select an optimum PMI from among the at least one 
PMI transmitted from the edge-located mobile station, and 
may then use the selected optimum PMI for a specific mobile 
station contained in the interfering cell itself. It is obvious to 
those skilled in the art that a method for using the requested 
PMI can be easily combined with all the above-mentioned 
embodiments of the present invention. Herein, requested 
PMI indicates the PMI which is being used in a neighboring 
cell and causes the weakest interference to a mobile station in 
a cell adjacent to the neighboring cell. 
0171 <Use Restriction or Use Request of either Base 
Codebook Vector or Base-Codebook Matrix> 

(0172 Ifatransmitter has Nantennas and a rankis N, each 
element of a codebook CAM (i.e., a codebook set CMM) 
may be defined as the product of an element selected from a 
concatenation codebook Away(i.e., a concatenation code 
book set A) and another element selected from a base code 
book Bay (i.e., a base codebook set Byw), or may be 
defined as the product of an element selected from a base 
codebook B (i.e., a base codebook set Bw) and 
another element selected from a concatenation codebook 
Ayy (i.e., a concatenation codebook Away). Next, a 
method for restricting the use of a precoding vector in the 
interfering cell in case of using the above-mentioned code 
book will hereinafter be described in detail. 

(0173. In the above-defined codebook, if the number of 
elements of the concatenation codebook A is set to 1, the 
number of elements of the base codebook B is set to m, 
and the number of elements of the codebook C is set to n, 
the relationship of n-mx1 can be obtained. Individual ele 
ments A (where i–0, 1,2,..., 1-1) of the concatenation 
codebook A may have a structure of an NXN, matrix, 
individual elements B (where i=0,1,2,..., m-1) of the 
base codebook B may have a structure of an NXN, 
matrix, and individual elements C (where i-0, 1,2,... 
, n-1) of the codebook C may have a structure of an 
NXN, matrix. Thus, the concatenation codebook A may 
be defined by the set of NXN, matrixes, the base codebook 
B may be defined by the set of NXN, matrixes, and the 
codebook C may be defined by the set of NXN, matrixes. 
The above-mentioned relationship may be represented by the 
following equations 5 and 6. The above relationship may also 
be easily applied to the cases of the concatenation codebook 
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Ayy, and the base codebook Bay. For example, as can be 
seen from Equation 6, CNN, is equal to B'Av,xA.N. as 
denoted by CNN, B'Av,xAvey. 

- A0 2 i-l ANtvN = {AXN, Avant Air N. . . . . Aviv, Equation 5 
- 20 2 -l BNaN = {BRN, B.N. BitNr. ... , BR, 

2 2-1 CNN = {CRNr. Cvtnr CityNr. . . . . CRN) 
p g CWXN = ARXN, XB, XN, Equation 6 

g g 
P60 P6.(N-1) 

g g 
P(N-1).0 . . . P(N-1).(N-1) 
woo wo.(N-1) 

r (N-1).0 . . . (N-1).(N-1) 

0.174 Furthermore, provided that C, is a precoderata time 
(t) and C is a precoder at a time (t-1), the following equa 
tion 7 may be provided, and this equation 7 may also be easily 
applied to the cases of the concatenation codebook A and 
the base codebook B. 

Co-AN.NXBN.N. 

C.A.N.NXC-1 
(0175 FIG. 12 shows the concept of Equation 6. 
0176 Provided that the number of elements of the concat 
enation codebook A is 1, 1 elements contained in the 
concatenation codebook A may be multiplied by respec 
tive elements of the base codebook B. Therefore, 1 
different elements may be generated in individual elements of 
the base codebook. In this case, 1 different codebook ele 
ments generated by individual elements of the base codebook 
may be considered to be one group. In this case, provided that 
the base codebook has m elements, n (where n-mx1) code 
book elements generated by the base codebook and the con 
catenation codebook may be divided into a total of m groups. 
Each group may consist of one codebook element. 
0177 FIG. 12 shows NxN, concatenation vectors gener 
ated by a base matrix having N. Vectors and a concatenation 
matrix having N, rows as represented by Equation 6. In this 
case, as shown in FIG. 12, it is considered that a specific 
matrix corresponding to one element of the codebook C. 
is divided into vector units. 

(0178 If N =1, namely, if the rank is 1, each element of the 
base codebook B and the codebook C is represented 
by a matrix (i.e., a vector) having only one column, such that 
it can be easily represented by a diagram. In this case, each 
element of the codebook C and each element of the base 
codebook B may also be represented in a similar way as in 
FIG. 12. 

0179. Each of the base codebook and the concatenation 
codebook capable of forming the codebook may consist of a 
predetermined fixed codebook or a variable codebook which 
has been fed back at a long-term based period or a short-term 
based period. The individual consisting methods may be 
selected independent of each other. Also, the base codebook 
and the concatenation codebook may be fed back at different 
periods which are independent of each other. For example, 
each of the base codebook and the concatenation codebook 
may be fed back with an almost fixed period, a relatively 

Equation 7 

Feb. 10, 2011 

long-term based period, or a relatively short-tem based 
period. Such that the resultant codebook may be configured. 
0180. The above equation 6 may also be represented by the 
following equation 8. 

V=dx V, Equation 8 

0181. In Equation 8, 
d 
0182 is a DFT-based codebook, and 

V, 
0183) is a predefined codebook (i.e., the 802.16 code 
book). These codebooks may be considered to be examples of 
the concatenation codebook A and the base codebook 
By shown in Equation 6. Also, 
d 
018.4 may use a codebook which has been fed back using 
a long-term based period longer than that of 

V, 
0185. The same method may also be applied to a precoder/ 
beam former transferred according to individual codebooks 
shown in the above equations 5 and 6. In this case, the mobile 
station of the neighbor base station may request the control of 
interference using the following methods. 
0186. In a first method, the mobile station may generate a 
request for prohibiting the use of the transferred precoder/ 
beam former, i.e., prohibiting the use of a specific element of 
a codebook set C, or may generate a request for using a 
specific element of the codebook set C. According to this 
first method, codebook elements actually causing the influ 
ence may be controlled by the interfering cell. It is obvious to 
those skilled in the art that methods shown in the embodi 
ments of the present invention can be equally applied to the 
first method. 
0187. In a second method, the mobile station may generate 
a request for prohibiting the use of a base-codebook element, 
i.e., prohibiting the use of a specific element of a codebook set 
By or may generate another request for using a specific 
element of the a codebook set B. 
0188 In another embodiment of the present invention, the 
above second method may be used. In case of comparing the 
above first method with the above second method. By has 
a total of m elements whereas Chas a total of n elements 
(where n-mx1). Therefore, the mobile station of the neighbor 
cell receiving the interference may designate an element, the 
use of which will be restricted, or another element, the use of 
which will be requested, and feeds back the designated ele 
ments to the interfering cell, an amount of overhead generated 
in the second method is smaller than that of the first method. 
That is, since the relationship of m-1 is satisfied, the number 
of bits used for the feedback of the second method may be 
lower than that of the first method. The transferred precoder/ 
beam former has been made on the basis of elements of the 
base codebook. So, if the elements of the base codebook are 
restricted, C (i.e., AB or BA) formed of the above elements 
may also be controlled. In case of using the above-mentioned 
method, although C actually causing the influence 
(where i=0,1,2,..., n-1) (i.e., elements of the codebook set 
C) is not controlled, the number of calculations of the 
mobile station and an amount of feedback overhead of the 
mobile station can be effectively reduced. 
(0189 In this embodiment, the base station of the interfer 
ing cell and the mobile station receiving the interference may 
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have a base codebook and a concatenation codebook, respec 
tively. In this case, the mobile station may decide elements of 
the base-codebook set the use of which should be restricted, 
or may decide elements of the base-codebook set the use of 
which should be requested, such that it can remove the inter 
ference caused by the neighbor cell using the above-men 
tioned elements. The base station may use or disuse elements 
of a specific codebook set using the transferred base-code 
book elements. 
0190. For example, if the mobile station decides base 
codebook's elements the use of which should be restricted in 
the base station of the interfering cell, and then transmits the 
measured elements, the base station of the interfering cell 
may calculate optimum codebook elements using the base 
codebook except for the transferred base-codebook's ele 
ments. That is, if the mobile station measures one element 
(e.g., B'Av.) of the base codebook, the use of which should 
be restricted in the base station of the interfering cell, and then 
transmits the measured element, the interfering cell may cal 
culate an optimum codebook element using the set except for 
B'vy in Bay of Equation 5. Here, one or more elements 
may be transferred. 
0191) On the contrary, if the base-codebook elements, the 
use of which will be requested, are transferred from the 
mobile station to the base station, the base station of the 
interfering cell may calculate optimum codebook elements to 
be used, using the transferred base-codebook elements and 
the concatenation-codebook set. In other words, if one ele 
ment B's of the base codebook, which must be used in the 
base station of interfering cell, is measured and transferred, 
the interfering cell can calculate an optimum codebook ele 
ment using B'wax, of Bway of Equation 5 and the concat 
enation codebook A. In this case, one or more elements 
may be transferred. 
(0192. The method of FIG. 4 may be modified, so that the 
modified method may be applied to the above-mentioned 
embodiments. In more detail, the mobile station measures the 
base-codebook element of the interfering cell giving the 
mobile station itself the influence at intervals of a predeter 
mined time, and transmits the measured element. Also, the 
interfering cell may apply a predetermined method to the 
transferred base-codebook element at intervals of a predeter 
mined time. 

(0193 Also, the method of FIG.5 may be modified so that 
the modified method may also be applied to the above-men 
tioned embodiments. That is, base-codebook elements of the 
interfering cell giving the mobile station the influence may be 
transferred over a feedback channel related to the interfering 
cell, or may also be transferred over a backbone network. 
0194 In addition, it is obvious to those skilled in the art 
that the methods of FIGS. 6 to 11 may be modified so that the 
modified methods may be applied to the above-mentioned 
embodiments. 
0.195 The above embodiments are proposed by combin 
ing constituent components and characteristics of the present 
invention according to a predetermined format. The indi 
vidual constituent components or characteristics should be 
considered to be optional factors on the condition that there is 
no additional remark. If required, the individual constituent 
components or characteristics may not be combined with 
other components or characteristics. 
0196. Also, some constituent components and/or charac 

teristics may be combined to implement the embodiments of 
the present invention. The order of operations to be disclosed 
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in the embodiments of the present invention may be changed 
to another. Some components or characteristics of any 
embodiment may also be included in other embodiments, or 
may be replaced with those of the other embodiments as 
necessary. It is obvious to those skilled in the art that claims 
having no explicit citation relationships are combined with 
each other to implement the embodiments, or new claims 
obtained by the amendment after the patent application may 
also be contained in the present invention without departing 
from the scope and spirit of the present invention. 
0197) The embodiments of the present invention have 
been disclosed on the basis of a data communication relation 
ship between the base station and the mobile station (or the 
user equipment (UE)). In this case, the base station is used as 
a terminal node of a network via which the Node-B can 
directly communicate with the mobile station. Specific opera 
tions to be conducted by the eNode-B in the present invention 
may also be conducted by an upper node as necessary. In other 
words, it will be obvious to those skilled in the art that various 
operations for enabling the eNode-B to communicate with the 
user equipment (UE) in a network composed of several net 
work nodes including the base stations will be conducted by 
the base station or other network nodes other than the base 
station. The term “base station (BS) may be replaced with a 
fixed station, Node-B, eNode-B (eNB), or an access point as 
necessary. The term “mobile station (MS) may be replaced 
with a user equipment (UE), a mobile station (MS), or a 
mobile subscriber station (MSS) as necessary. 
(0198 The above-mentioned embodiments of the present 
invention can be implemented by hardware, firmware, soft 
ware, or a combination of them. In the case of implementing 
the present invention by hardware, one embodiment of the 
present invention can be implemented with application spe 
cific integrated circuits (ASICs), digital signal processors 
(DSPs), digital signal processing devices (DSPDs), program 
mable logic devices (PLDS), field programmable gate arrays 
(FPGAs), a processor, a controller, a microcontroller, and a 
microprocessor. If operations or functions of the present 
invention are implemented by firmware or software, the 
present invention can be implemented in the form of a variety 
of formats, for example, modules, procedures, and functions, 
etc. The Software codes may be stored in a memory unit so 
that it can be driven by a processor. The memory unit is 
located inside or outside of the processor, so that it can com 
municate with the aforementioned processor via a variety of 
well-known parts. It will be apparent to those skilled in the art 
that various modifications and variations can be made in the 
present invention without departing from the spirit or scope of 
the invention. Therefore, the above-mentioned detailed 
description must be considered for only illustrative purposes 
instead of restrictive purposes. The scope of the present 
invention must be decided by a rational analysis of claims, 
and all modifications within equivalent ranges of the present 
invention are contained in the scope of the present invention. 
It is apparent that the present invention may be embodied by 
a combination of claims which do not have an explicit cited 
relation in the appended claims or may include new claims by 
amendment after application. 
0199 As apparent from the above description, a perfor 
mance or throughput of an edge-located mobile station 
employing a closed-loop MIMO system in a multi-cell envi 
ronment is greatly decreased. In order to reduce the interfer 
ing-cell's interference on the edge-located mobile station and 
the inter-cell interference (ICI) influence on the same edge 
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located mobile station, a base station of a cell causing the 
interference (i.e., an interfering cell) restricts a use of a pre 
coding vector affecting other cells and uses a Sub-optimal 
codebook vector, such that it can improve a performance or 
throughput of the edge-located mobile station and the whole 
cell. Also, the present invention may quantitatively use a PMI 
table made for restricting the use of the codebook vector of 
the interfering cell or may transmit the made table to an upper 
layer and use the table for a long period of time, such that it 
can reduce an amount of overhead. In addition, the present 
invention need not perform additional complicated calcula 
tions for removing the ICI, resulting in the implementation of 
a low complexity. 
0200. In conclusion, when a mobile station based on a 
closed-loop MIMO system in a multi-cell environment is 
located at a cell edge so that it unavoidably receives the 
interference from the neighbor cell, the present invention 
provides a method for reducing an inter-cell interference 
(ICI) such that a high-quality service can be provided to the 
mobile station located at the cell edge. 
0201 It will be apparent to those skilled in the art that 
various modifications and variations can be made in the 
present invention without departing from the spirit or scope of 
the inventions. Thus, it is intended that the present invention 
covers the modifications and variations of this invention pro 
vided they come within the scope of the appended claims and 
their equivalents. 

INDUSTRIAL APPLICABILITY 

0202 The present invention can be used for a telecommu 
nication device for a wireless mobile cellular communication 
system. 

1-40. (canceled) 
41. A method for allowing a mobile station to reduce an 

inter-cell interference (ICI) in a multi-cell environment, the 
method comprising: 

receiving a threshold value for an inter-cell interference 
(ICI) reduction mode operation from a serving base 
station; 

transmitting a request signal for transmission of a precod 
ing matrix index (PMI) to the serving base station, when 
an amount of interference applied to a specific frequency 
band by at least one neighbor base station is lower than 
the threshold value; 

upon receiving a confirmation signal corresponding to the 
request signal from the serving base station, calculating, 
in relation to the at least one neighbor base station, at 
least one of a first PMI for maximizing the interference 
applied to the specific frequency band and a second PMI 
for minimizing the interference; and 

transmitting at least one of the calculated first PMI and the 
calculated second PMI to the serving base station. 

42. The method according to claim 41, wherein the first 
PMI is a precoding matrix index (PMI) for requesting use 
restriction from the at least one neighbor base station. 

43. The method according to claim 41, wherein the second 
PMI is a precoding matrix index (PMI) for requesting use 
recommendation from the at least one neighbor base station. 

44. The method according to claim 41, wherein the thresh 
old value includes at least one of a Signal to Interference plus 
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Noise Ratio (SINR), a Carrier to Interference plus Noise 
Ratio (CINR), and an interference power value, and is estab 
lished on the basis of information fed back from mobile 
stations belonging to the serving base station. 

45. The method according to claim 41, wherein the amount 
of interference includes at least one of a Signal to Interference 
plus Noise Ratio (SINR), a Carrier to Interference plus Noise 
Ratio (CINR), and an interference power value. 

46. The method according to claim 41, wherein the pre 
coding matrix index (PMI) transmitted to the serving base 
station is transmitted to the at least one neighbor base station 
through an upper layer, and is configured in a form of a 
bitmap-type table. 

47. The method according to claim 41, wherein the thresh 
old value is broadcast to all mobile stations belonging to the 
serving base station. 

48. A method for allowing a specific base station to reduce 
an inter-cell interference (ICI) in a multi-cell environment, 
the method comprising: 

transmitting a threshold value for an inter-cell interference 
(ICI) reduction mode operation to several mobile sta 
tions belonging to the specific base station; 

receiving a request signal for transmission of a precoding 
matrix index (PMI) from a mobile station in which an 
amount of interference applied to a specific frequency 
band by at least one neighbor base station is lower than 
the threshold value, from among the several mobile sta 
tions; 

transmitting a response signal to the request signal to the 
mobile station having transmitted the request signal; 

receiving, in relation to the at least one neighbor base 
station, at least one of a first PMI for maximizing the 
interference applied to the specific frequency band and a 
second PMI for minimizing the interference from the 
mobile station having transmitted the request signal; and 

transmitting at least one of the received first PMI and the 
received second PMI to the at least one neighbor base 
station. 

49. The method according to claim 48, wherein the first 
PMI is a precoding matrix index (PMI) for requesting use 
restriction from the at least one neighbor base station. 

50. The method according to claim 48, wherein the second 
PMI is a precoding matrix index (PMI) for requesting use 
recommendation from the at least one neighbor base station. 

51. The method according to claim 48, wherein the thresh 
old value includes at least one of a Signal to Interference plus 
Noise Ratio (SINR), a Carrier to Interference plus Noise 
Ratio (CINR), and an interference power value, and is estab 
lished on the basis of information fed back from mobile 
stations belonging to the serving base station. 

52. The method according to claim 48, wherein the amount 
of interference includes at least one of a Signal to Interference 
plus Noise Ratio (SINR), a Carrier to Interference plus Noise 
Ratio (CINR), and an interference power value. 

53. The method according to claim 48, wherein the pre 
coding matrix index (PMI) received from the mobile station is 
represented by a bitmap-type table. 

c c c c c 
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