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METHOD FOR REDUCING INTER-CELL INTERFERENCE

TECHNICAL FIELD

The present invention relates to a communication

system of a multi-cell environment, and more particularly,
to a method for reducing inter-cell interference in a
multi-cell environment and a method for transmitting and
receiving a signal by a collaborative multiple-input

multiple-output (MIMO) scheme.

BACKGROUND ART

With the popularization of information communication
services, the emergence of various multimedia services, and
the provision of high-quality services, demand for a
wireless communication service has rapidly increased. To
actively cope with such demand, the capacity of a
communication system should be increased and the
reliability of data transmission should be improved.

To increase communication capacity in wireless
communication environments, a method for newly searching
available frequency bands and a method for increasing
efficiency for limited resources may be considered. As to
the latter method, a multiple-input multiple-output (MIMO)

scheme has recently drawn attention and has been actively
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developed. The MIMO scheme obtains a diversity gain by
equipping a transmitter and a receiver with a plurality of
antennas to additionally ensure a spatial region for
utilizing resources, or increases transmission capacity by
transmitting data in parallel via the plurality of antennas.

Generally, the MIMO scheme is considered to raise the
reliability of a communication system or to improve
transmission efficiency and may be <classified into
beamforming, spatial diversity, and spatial multiplexing
schemes.

The beamforming scheme and spatial diversity scheme,
which use multiple transmit antennas to raise reliability,
transmit a single data stream through multiple transmit
antennas. The spatial multiplexing scheme, used to raise
transmission efficiency, simultaneously transmits multiple
data streams via multiple transmit antennas.

In the spatial multiplexing scheme, the number of
simultaneously transmitted data streams is called a spatial
multiplexing rate. The spatial multiplexing rate should be
appropriately selected according to the number of transmit
and receive antennas and to a channel state. Generally,
the spatial multiplexing rate which can maximally be
obtained is limited to a smaller value of the number of

transmit antennas and the number of receive antennas. If
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correlation of a channel is increased, a low spatial
multiplexing rate is used.

When employing the spatial multiplexing scheme,
various gains can be obtained by applying a virtual antenna
signaling scheme. For example, since channel environment
of multiple data streams become the same by application of
the wvirtual antenna signaling scheme, robust channel
quality information (CQI) can be provided and the
reliability of a data stream having a bad channel state can
be increased.

Further, a transmit power of physical antennas to
which a virtual antenna signaling scheme is applied can be
nearly uniformly maintained. In more detaill, sets of
physical transmit antennas form a plurality of beams each
corregponding to a virtual antenna. Different beams are
generated not only to transmit the same power from all the
physical antennas but also to reserve a channel
characteristic.

The total number of virtual antennas determines an
available spatial diversity or spatial multiplexing rate.
Moreover, the total number of virtual antennas determines
the amount of overhead required to measure space channels.
Hereinbelow, the number of physical transmit antennas is

denoted by Mr, the number of available virtual transmit
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antennas is denoted by Me, and the number of simultaneously
transmitted layers is denoted by M. The layer indicates a
transmission symbol which 1is independently coded and
modulated for transmission.

Meanwhile, a precoding scheme refers to a spatial
processing scheme to raise the reliability of a
communication system and to improve transmission efficiency.
The precoding scheme can be used irrespective of a spatial
multiplexing rate in a multiple antenna system and
increases a signal-to-noise ratio (SNR) of a channel.
Generally, a transmitting side multiplies the most proper
matrix or vector in a current channel environment by data
for transmission. The multiplied matrix or vector is fed
back from a receiving side. If the transmitting side can
determine channel information of a downlink, a proper

matrix or vector can be selectively used.

DISCLOSURE OF THE INVENTION

TECHNICAL PROBLEM

An object of the present invention devised to solve
the problem lies in providing a method for efficiently
reducing inter-cell interference in a multi-cell
environment and a method for transmitting and receiving a

signal by a collaborative MIMO scheme.
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TECHNICAL SOLUTION

One aspect of the present invention for achieving the
object provides a method for mitigating, by a wmobile
station, inter-cell interference in a multi-cell
environment.

In one embodiment, a method for mitigating inter-cell
interference includes measuring the channel from at least
one neighboring base station generating interference with a
signal received from a serving base station, determining at
least one of a first precoding matrix index in which the
interference is maximized and a second precoding matrix
index in which the interference is minimized, wherein the
first and second precoding matrix indexes are determined
based on the measured channel, and transmitting the at
least one of the first and second precoding matrix indexes
to the serving base station together with corresponding
base station identifier information.

The first precoding matrix index may be a precoding
matrix index for requesting the at least one neighboring
base station to restrict use of the precoding matrix
index, and the second precoding matrix index may be a
precoding matrix index for requesting the at least one

neighboring base station to recommend wuse of the
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precoding matrix index.

The transmitting of the at least one of the first and
second precoding matrix indexes may further transmit
interference amount information £from the at least one
neighboring base station.

Two or more first precoding matrix indexes and two
or more second precoding matrix indexes may be determined
in order of ma#imum interference or minimum interference
based on the measured channel and may be transmitted to
the serving base station.

The first and second precoding matrix indexes
transmitted to the serving base station together with the
base station identifier information may be transmitted to
a neighboring base station corresponding to the base
station identifier information via the serving base
station.

In another embodiment, a method for mitigating inter-
cell interference includes measuring the channel from at
least one neighboring base station generating interference
with a signal received from a serving base station, and
calculating an interference value based on the measured
channel signal and transmitting the interference value to
the serving base station, wherein the interference value is

used to determine priority for selection of a precoding
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matrix index in each base station, and information about
the priority is transmitted from the serving base station
to the at least one neighboring base station.

The interference value may include at least one of
signal to interference plus noise ratio (SINR), normalized
interference power, and interference over thermal (IOoT).

The priority for the selection of the precoding
matrix index may be used to determine the precoding
matrix index used in each base station, when a request
for use restriction of a specific precoding index and a
request for use recommendation of the specific precoding
index from two or more mobile stations collide.

The measured interference value is transmitted to
the serving base station together with corresponding base
station identifier information.

The method may further includes, after measuring the
channel, determining at least one of a first precoding
matrix index in which interference is maximized and a
second precoding matrix index in which interference is
minimized, and transmitting the at least one of the first
and second precoding matrix indexes to the serving base
station together with corresponding base station
identifier information.

Another aspect of the present invention for achieving
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the object provides a method for mitigating, by a specific
bagse station, inter-cell interference in a multi-cell
environment.

In one embodiment, a method for mitigating inter-cell
interference includes receiving, from a mobile station, at
least one of a first precoding matrix index in which
interference is maximized and a second precoding matrix
index in which the interference is minimized, together with
corresponding base station identifier information, wherein
the interference is generated by a channel signal of at
least one neighboring base station with respect to a signal
transmitted by the specific base station to the mobile
station, and transmitting the at least one of the first and
second precoding matrix indexes to the at 1least one
neighboring base station according to the base station
identifier information.

In another embodiment, a method for mitigating inter-
cell interference includes receiving, from a mobile
station, an interference value used to determine priority
for selection of a precoding matrix in each base station,
and transmitting priority information based on the
interference wvalue to at least one mneighboring base
station, wherein the interference value is the amount of

interference caused by a channel signal of at least one
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neighboring base station with respect to a signal
transmitted to the mobile station by the specific base
station.

A further aspect of the present invention provides a
method for receiving, by a mobile station, a signal by a
collaborative multiple-input multiple-output (Co~-MIMO)
scheme in a multi-cell environment.

In one embodiment, a method for receiving a signal by
a collaborative MIMO scheme includes measuring a channel
signal received from a serving |lbase station and
collaborative base stations including at 1least one
neighboring base station, wherein the collaborative base
stations perform the collaborative MIMO scheme together
with the serving base station, determining precoding matrix
indexes for each of the collaborative base stations and
reporting the precoding matrix indexes to the serving base
station, and receiving the same signal or independent
signals from the collaborative base statiomns.

The precoding matrix indexes for each of the
collaborative base stations may be selected based on a
codebook predetermined by a system.

The precoding matrix indexes for each of the
collaborative base stations may be determined by

selecting precoding matrix indexes in which a multi-cell
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diversity gain or a multi-cell multiplexing gain is
maximally obtained, when the mobile station
collaboratively receives the same signal or independent
signals from the collaborative base stations.

The precoding matrix indexes for each of the
collaborative base stations may be determined Dby
sequentially selecting a prescribed number of precoding
matrix indexes in which a multi-cell diversity gain or a
multi-cell multiplexing gain is maximally obtained, when
the mobile station collaboratively receives the same
signal or independent signals from the collaborative base
stations.

The collaborative base stations may share resource
allocation information for the mobile station and
transmit the same signal or independent signals to the
mobile station using a common resource.

The precoding matrix indexes reported to the serving
base station may be respectively transmitted from the
serving base station to the collaborative base stations
via an interface between networks, for example, wvia a
backbone network connecting the base stations.

The mobile station may receive the same signal from
the collaborative base gstations when the collaborative

base stations are operated in a multi-cell diversity mode,
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and the mobile station may receive the independent
signals from the collaborative base stations when the
collaborative base stations are operated in a multi-cell
multiplexing mode.

Another aspect of the present invention provides a
method for transmitting, by a specific base station, a
signal together with at least one neighboring base station
by a collaborative MIMO scheme.

In one embodiment, a method for transmitting a signal
by a collaborative MIMO scheme includes receiving, from a
mobile station that receives a signal by the collaborative
MIMO scheme,

precoding matrix indexes for each of the specific
base station and collaborative base stations including at
least one neighboring  base station, wherein the
collaborative base stations perform the collaborative MIMO
scheme together with the specific base station,
transmitting the precoding matrix indexes for each of the
collaborative base stations to the at least one neighboring
base station wvia an interface between networks, and
transmitting the same signal or independent signals to the
mobile station together with the at least one neighboring

base station.
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ADVANTAGEQUS EFFECTS

According to the present invention, inter-cell
interference can be efficiently removed in a multi-cell
environment and a signal can be efficiently transmitted and
received by a collaborative MIMO scheme.

When transmitting a data signal of one mobile station
from a plurality of base stations in a multi-cell
environment, closed-loop precoding can be performed by
sharing precoding matrix information transmitted £from the
mobile station.

A scheduler can determine a precoding matrix of a
plurality of adjacent base stations by combining precoding
matrix information received from the mobile station. Since
channels of the adjacent base stations are considered,
interference entering a corresponding mobile station from
the adjacent base stations can be mitigated.

When applying the precoding matrix information to
codebook-based MIMO for adjacent base stations, reception
performance in a mobile station can be raised by
maintaining a unitary characteristic between signals
transmitted to the mobile station.

When applying the precoding matrix iﬁformation to
codebook-based beamforming for adjacent base stations, the

strength of a signal transmitted to a mobile station can be
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amplified. Furthermore, interference which may be
generated between signals of a plurality of base stations

transmitted to the mobile station can be mitigated.

DESCRIPTION OF DRAWINGS

The accompanying drawings, which are dincluded to
provide a further understanding of the invention,
illustrate embodiments of the invention and together with
the description serve to explain the principle of the
invention.

In the drawings:

FIG. 1 illustrates signal transmission and reception
considering potential interference 1in a communication
system having a multi-cell environment;

FIG. 2 illustrates a signal transmission and
reception method in a communication system having a multi-
cell environmment according to an exemplary embodiment of
the present invention;

FIG. 3 illustrates an example of a method for
determining a precoding matrix index of each base station
in a scheduler according to an exemplary embodiment of the
present invention;

FIG. 4 illustrates signal transmission and reception

in a communication system to which a collaborative MIMO
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scheme is applied in a multi-cell environment; and

FIG. 5 illustrates a signal transmission and
reception method in a communication system to which a
collaborative MIMO scheme is applied according to an

exemplary embodiment of the present invention.

MODE FOR INVENTION

Reference will now be made in detail to the exemplary
embodiments of the present invention, examples of which are
illustrated in the accompanying drawings. The detailed
description, which will be given below with reference to
the accompanying drawings, is intended to explain exemplary
embodiments of the present invention, rather than to show
the only embodiments that can be implemented according to
the invention. The following detailed description includes
specific details in order to provide a  thorough
understanding of the present invention. However, it will
be apparent to those skilled in the art that the present
invention may be practiced without such specific details.
For example, the following description will be given
centering on specific terms, but the present invention is
not limited thereto and any other terms may be used to

represent the same meanings.

In some instances, known structures and/or devices
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are omitted or are shown in block diagram and/or flow chart
form, focusing on important features of the structures
and/or devices, so as not to obscure the concept of the
present invention. The same reference numbers will be used
throughout this specification to refer to the same or like
parts.

Exemplary embodiments described hereinbelow are
combinations of elements and features of the present
invention. The elements or features may be considered
selective unless otherwise mentioned. Each element or
feature may be practiced without being combined with other
elements or features. Further, an embodiment of the
present invention may be constructed by combining parts of
the elements and/or features. Operation orders described
in embodiments of the present invention may be rearranged.
Some constructions of any one embodiment may be included in
another embodiment and may be replaced with corresponding
constructions of another embodiment.

In exemplary embodiments of the present invention, a
description is made of a data transmission and reception
relationship between a base station and a mobile station.
Here, the term ‘base station’ refers to a terminal node of
a network communicating directly with the mobile station.

In some cases, a specific operation described as performed
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by the base station may be performed by an upper node of
the base station. Namely, it is apparent that, in a
network comprised of a plurality of network nodes including
a base station, various operations performed for
communication with a mobile station may be performed by the
base station, or network nodes other than the base station.

The term ‘base station’ may be replaced with the term

‘fixed station’, ‘Node B’, ‘eNode B’ (eNB), ‘access point’,
etc. The term ‘mobile station’ may be replaced with the
term ‘user equipment’, ‘mobile subscriber station’ (MSS),
etc.

In case of a communicating mobile station, especially,
a mobile station in an edge of each cell in a multi-cell
environment, a signal transmitted £from a serving base
station to the mobile station is weak in strength and a
probability of generating interference is high due to
signals transmitted to the mobile station from other
neighboring base stations. Accordingly, the mobile station
in an edge of a cell may efficiently mitigate inter-cell
interference in consideration of a communication
environment or improve reception performance of a user
through collaborative MIMO as will be described hereinbelow.

FIG. 1 1llustrates the concept of potential

interference in signal transmission and reception of a
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communication system having a multi-cell environment.

When a plurality of base stations located in two or
more cell regions transmit signals to one mobile station,
interference may occur in a mobile station in one cell due
to signals transmitted to mobile stations in other cells,
as shown in FIG. 1.

Referring to FIG. 1, mobile stations (MS:, MS;, and
MS;) 23, 24, and 25 receive signals from base stations (BS;,
BS,, and BS;) 20, 21, and 22. A signal @ transmitted from
the base station 20 to the mobile stations 24 and 25 may
create interference with respect to the mobile station 23.
A signal @ transmitted from the base station 21 to the
mobile station 25 may create interference with respect to
the mobile station 24. Similarly, a signal @ transmitted
from the base station 22 to the mobile station 23 may
create interference with respect to the mobile station 25.

Exemplary embodiments of the present invention which
will be described hereinbelow provide a signal transmission
method capable of reducing interference caused by signals
transmitted from a plurality of base stations, through a
closed-loop operation employing a codebook in using
precoding information in a communication system having a

multi-cell environment.
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FIG. 2 illustrates a signal transmission and
reception method in a communication system having a multi-
cell environment according to an exemplary embodiment of
the present invention.

An example of a method will now be described in
detail for minimizing interference in neighboring cells
when applying codebook-based closed-loop precoding to a
mobile station in an edge of a cell, according to the
exemplary embodiment of the present invention.

In step S840, a mobile station, especially, a mobile
station positioned in an edge of a cell may perform a
channel estimation for the same fregquency band of each base
station BS; to BSy of neighboring cells including a serving
base station. The mobile station determines signal
strength of each base station based on the channel
estimation result for each base station.

The mobile station may detect a codebook index in
which signal strength of the serving base station is
maximized by wminimizing interference and cause the
neighboring cells to wuse the codebook index, thereby
minimizing interference in the neighboring cells.
Alternatively, the mobile station may cause the neighboring
cells not to use a codebook index in which signal strength

of the serving base station is minimized by maximizing
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interference, thereby minimizing interference in the
neighboring cells. The above methods may be used

simultaneously.

Assuming that the neighboring base stations BS: to BSy
use a common codebook with respect to the mobile station,
for example, the mobile station located in an edge of a
cell estimates channels through pilot signals received from
the respective basge stations in step S40. In step S41, the
mobile station calculates covariance values Ryi, Rwz,.., Ruy
by sequentially applying a precoding matrix in order of a
precoding matrix index (PMI) from the common codebook.
Here, subscripts of the covariance values indicate
precoding matrices applied to each base station and denote
identifiers for discriminating the base statiomns.

If the mobile station is located in the base station
BS,, the values Ry2, Ruzs-., Ruw except for Ry; indicating a
signal component of the serving base station BS; may act as
interference components.

A method for detecting a codebook index in which
signal strength of the base station BS; is maximized and a
method for detecting a codebook index in which signal
strength of the base station BS; is minimized may be

expressed by the following Formula 1 and Formula 2,

respectively.
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[Formula 1]

£y max
Ri,min

Dmmax:: M

W’!.max »Wz:nazn *"'WN.min eC

v

-~
[
(%]

[Formula 2]

R
DURyy =  MIN i
Wl,_max,:Wzmv x'"WN:max eC Z 'Ri nax
i=2

In Formula 1 and Formula 2, Wi mx denotes a precoding
matrix maximizing signal strength of an i-th base station
BS;, Wimin denotes a precoding matrix minimizing signal
strength of the i-th base station BS;.

Wi max and Wi nmin may be calculated through codebook
search of a channel received from the i-th base station BS;.
A precoding matrix having a maximum desired to undesired
signal power ratio DURmpax Or a minimum desired to undesired
signal power ratio DURny, may be obtained by calculating
Wi, max and Wi,min. Namely, to obtain DURpx, & precoding matrix
is applied in which signal strength of the serving base
station is maximized and signal strengths of neighboring
base stations are minimized. To obtain DURni,, a precoding
matrix is applied in which signal strength of the serving
base station is maximized and signal strengths of

neighboring base stations are also maximized.
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Rwi, Ruz,.., Runy indicate signal strength of each base
station and may be expressed in the form of covariance as
shown in the following Formula 3 using, for example, the
channel estimated by the mobile station through a signal
received from each base station in step S40 and the
codebook applied commonly between each base station and the
mobile station.

[Formula 3]
Ry = (H W, )H(Hlm ),
Ry, =(HW, )H (HW,),

Ryy = (HNWN)H HyWy)

In Formula 3, H,, Hs,.., Hy indicate channels estimated
by the mobile station through signals received from the
respective base stations, and W, W, .., Wy may be determined
as specific precoding matrices according to channel
estimation of signals received from the base stations among
precoding matrices included in the codebook used commonly
in the base stations and the mobile station. Namely,
signal strength of each precoding matrix is determined by
applying the precoding matrices included in the commonly
used codebook to Formula 3. DURpyax Or DURy, in Formula 1 and

Formula 2 may be calculated using the determined signal
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strength of each precoding matrix.

In step 841, the mobile station may calculate DURmax
and DURmn by applying the precoding matrix included in a
codebook of each base station through Formula 1 to Formula
3. In step S42, the mobile station may construct a
precoding matrix set DURpax[Wi, #W2,..,Wy] dincluding precoding
matrices of the respective base stations determining DURpax
and a precoding matrix set DURninlWi, Wo,.., Wyl including
precoding matrices of the respective base stations
determining DURpin.

Next, the mobile station may transmit DURp.x and/or
DURmin, and corresponding precoding matrix set information
to the serving base station. The mobile station may
further transmit interference control mode start
information, corresponding cell identifier (ID), etc. A
numeral N may be limited to 1 or 2 in consideration of
operational capabilities of the mobile station, overhead
for uplink feedback information, interference strength, etc.

The serving base station transmits DURpax and/or DURyin,
and the precoding matrix set information to a scheduler
through a network interface, for example, a backbone
network. The serving base station may transmit only the
precoding matrix set information considering uplink

overhead.
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To update PMI, to prevent deterioration in
performance due to a transmission delay of the backbone
network, and to prevent an increase in overhead of the
serving base station, the mobile station may transmit the
precoding matrix set information including PMIs of
neighboring base stations through an uplink channel of a
corresponding base station without passing through the
serving base station.

To effectively wuse wireless resources based on
information received via the Dbackbone network, the
scheduler may select or combine a precoding matrix suitable
for each base station according to a specific scheduling
algorithm and determine a PMI for each base station, in
step S45.

For example, the scheduler is operated such that a
precoding matrix included in the precoding matrix set
DURpax [W1, Wo,..,Wy] 1s first selected and a precoding matrix
included in the precoding matrix set DURun[Wi, Wa,.., Wyl 1s
not selected. That 1s, the scheduler may allocate a
precoding vector or matrix suitable for a base station
corresponding to each corresponding base station ID or
restrict use of the precoding vector or matrix.

In step 844, the scheduler may preset a variable

reference value considering channel environment or system

1
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environment and compare DURpax Or DURnin With the reference
value.

In step S$46, the scheduler transmits the PMI for each
base station determined in step S45 to a corresponding base
station through the backbone network.

FIG. 3 4illustrates an example of a method for
determining a PMI of each base station in a scheduler
according to an exemplary embodiment of the present
invention

The scheduler, which performs a coordination function
between base stations in a cell boundary, sets a reference
value to obtain precoding matrices Wi, Wo,..,Wy for
respective base stations as illustrated in FIG. 3 and can
perform scheduling such that an SINR of a received signal
of each mobile station may be maximized, using PMI
information transmitted to Dbase stations from mobile
stations located in edges of a cell.

The scheduler serves to receive and apply precoding
matrix set information which can obtain maximum performance
in each base station. However, in some cases, precoding
cannot be performed according to the precoding matrix set
information that can obtain maximum performance in
consideration of a relationship with other neighboring base

stations.
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For example, although a base station BS; transmits
precoding matrix set information including a precoding
matrix index PMI_1 as precoding matrix set information of
maximum performance, a base station BS;, which is a
neighboring base station, may transmit the precoding matrix
set information including the precoding matrix index PMI_1
as precoding matrix set information of minimum performance.

Then although the base station BS; can not use the
precoding matrix index PMI_1, the scheduler may inform the
base station so as to use a precoding matrix which is
recombined by other precoding matrices approximating to the
maximum performance.

For example, the scheduler may determine a PMI
suitable for each base station according to DURy.x 50 and
DURgin 51. That is, the scheduler may perform scheduling
with respect to a specific base station to cause mobile
stations within a cell thereof not to use a PMI leading to
DURgin 51 or a similar value thereto or may recommend that
the mobile stations use a PMI leading to DURpx 50 or a
gimilar value thereto. In this case, the PMI transmitted
to each base station may guarantee performance above a
threshold value 52 set by the scheduler.

When scheduling a PMI for each base station as

illustrated in FIG. 3, 1f scheduling is performed to
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restrict a PMI generating strong interference between base
stations, a collision problem may occur while neighboring
mobile stations in edges of a cell try to restrict the PMI.
In this case, the mobile station can solve the collision
problem using a look-up table which quantizes sizes of
interference signals to be controlled to a given range of
interference amount. Namely, the mobile station informs
the base station of a corresponding quantization level by
comparing look-up table values, and the scheduler allocates
priority to the mobile stations according to the
guantization level, thereby preventing collision of PMIs
between mobile stations.

In more detail, the mobile station measures channel
signals of a serving base station and neighboring base
stations generating interference with a signal received
from the serving base station and calculates an
interference value based on the measured channel signal,
for transmission to the serving base station. The
interference value may include signal to interference plus
noise ratio (SINR), normalized interference power, and
interference over thermal (IoT).

The interference value may be used to determine
priority in selecting a PMI in each base station.

Interference value information received by the serving base
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station is used to determine priority for selection of a
precoding matrix index in each base as described above and
priority information may be transmitted to neighboring base
stations through a backbone network. The interference
value information may be transmitted to the serving base
station from the mobile station, together with ID
information of a corresponding base station generating
interference.

Meanwhile, if the base station scheduler desires to
allocate PMI information to each base station in order to
reduce overhead for an uplink control signal, the scheduler
may demand that corresponding mobile stations feed back
gquantization level information of interferehce amount, only
when a PMI to be restricted or suppressed collides with a
PMI of a counterpart base station.

As described above, a method for transmitting PMI in
which interference is maximized and/or a PMI in which
interference is minimized in a multi-cell environment may
be used by combination with a method for transmitting
interference value information used to determine priority
in selecting a PMI in each base station.

In another aspect of the present invention, if it is
necessary to raise reception performance according to

quality of service (QoS) demanded by a mobile station in an
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edge of a cell, a collaborative multi-cell MIMO scheme
rather than an interference elimination mode in a multi-
cell environment may be applied. In one embodiment, a
mobile station may transmit, to a serving base station,
mode conversion information which can be used in selecting
one of a collaborative MIMO mode or an inter-cell
interference mitigation mode. Such mode conversion may be
determined by a base station or a network end rather than
the mobile station and may be signaled to the mobile
station.

FIG. 4 illustrates signal transmission and reception
in a communication system to which a collaborative MIMO
scheme is applied in a multi-cell environment.

According to this embodiment, MIMO is applied using a
plurality of base stations in a multi-cell environment,
unlike conventional application of MIMO in a single-cell
environment to achieve diversity, single-user MIMO, and
multi-user MIMO.

Referring to FIG. 4, a mobile station (MS;) 13
receives signals from base stations (BS; and BS;) 10 and 12,
a mobile station (MS;) 14 receives signals from base
stations (BS; and BS,) 10 and 11, and a mobile station (MS;)
15 receives signals from base stations (BS; and BS;) 11 and

12. Data transmitted to a mobile station from a plurality
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of base stations is constructed in a scheduler considering
the plurality of base stations and then is transmitted to
each base station through an interface between networks,
for example, through a backbone network 17.

Signals received from the respective base stations
may be the same or different. When the same data is
received from the respective base stations, a diversity
gain can be obtained. When different data is received from
the respective base stations, a multiplexing gain can be
obtained by raising a data transmission rate, that is, data
processing amount.

Similarly to raising reception performance by single-
user MIMO or multi-user MIMO through multiple antennas éf a
base station in the same cell, a mobile station may
implement diversity, single-user MIMO, or multi-user MIMO
by receiving a signal of the same channel from base
stations located in a plurality of neighboring cells.
Especially, a mobile station in an edge of a cell which is
liable to be subject to interference from neighboring cells
may implement, when employing this situation in reverse,
diversity, single-user MIMO, or multi-user MIMO by
receiving a signal for the same channel from neighboring

base stations.

Since a plurality of independent streams are
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transmitted to multiple mobile stations or a specific
mobile station, when a collaborative MIMO scheme is applied
to implement single-ugser MIMO or multi-user MIMO, a
plurality of base stations may receive channel state
information (CSI) from the mobile stations and estimate a
channel wusing the CSI. Each base station independently
generates an antenna weight based on the channel estimation
result, and precodes and transmits the antenna weight.

FIG. 5 1llustrates a signal transmission and
reception method in a communication system to which a
collaborative MIMO scheme 1is applied according to an
exemplary embodiment of the present invention.

Referring to FIG. 5, M base stations, including a
serving base station 31-1 and (M-1) neighboring base
stations, transmit a data stream d to a mobile station 30
by a collaborative MIMO scheme. In this case, the serving
base station 31-1 and the neighboring base stations
including BSy 31-M transmit, to the mobile stations, the
data stream d which is constructed based on information
received by a scheduler 35 and transmitted through a
backbone network 34.

Data transmitted to each base station may be the same
or different data. However, the data transmitted to each

base station may be data which is appropriately coded and
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modulated according to channel information transmitted from
each base station.

Construction of the base station 31-1 among a
plurality of base stations will now be described in detail.
The base station 31-1 receives the data stream d through
the backbone network 34 and then precodes the data stream d
before transmission to the mobile station 30. A precoding
matrix generator 32-1 generates a weight or a precoding
matrix used to perform precoding.

The precoding matrix generator 32-1 may generate the
weight or precoding matrix using a codebook. For example,
the mobile station 30 transmits PMI as feedback information
and the precoding matrix generator 32-1 may generate the
precoding matrix using the PMI received as the feedback
information from the mobile station 30.

A precoder 33-1 performs precoding by multiplying the
generated weight or precoding matrix by the data stream d.
The precoder 33-1 then transmits the precoded signal to the
mobile station 30.

According to this embodiment, when a base station,
specifically the serving base station 31-1 receives the PMI
from the mobile station as the feedback information, the
serving base station 31-1 also receives PMIs of neighboring

base stations including the base station 31-M, as well as a
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PMI thereof, so that each base station can generate the
precoding matrix using the PMI.

The serving base station transmits the PMIs for the
base stations to corresponding base stations through the
backbone network 34. The backbone network 34 may be a
communication network defined to transmit/receive and share
information between a plurality of neighboring base
stations. The scheduler 35 may coordinate transmission of
the PMIs.

The scheduler 35 may recelive, through the backbone
network 34, channel information obtained through a signal
received by each base station from a mobile station and may
construct data transmitted to a corresponding mobile
station wusing the channel information. The channel
information may include channel quality information (CQI)
and rank information, as well as the above-described PMI.
Through the channel information, the scheduler 35 selects
optimal coding and modulation schemes suitable for a
channel state of a corresponding mobile station and may
transmit data constructed using the coding and modulation
schemes to each base station through the backbone network
34,

According to the above-described embodiment, if it is

determined that collaborative MIMO can obtain a received
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SINR for target QoS rather than removing interference,
corresponding information, for example, one bit may be
added for transmission to a serving base station. In this
case, the mobile station measures channel signals of a
serving base station and neighboring base stations for
performing a collaborative MIMO scheme and reports, to the
serving base station, PMI to be used in each base station
for collaborative MIMO based on the measured channel
signals. The PMI transmitted to each base station for
collaborative MIMO may be PMI capable of maximally
obtaining a diversity gain when the same signal is received
from collaborative base stations and/or may be a PMI
capable of maximally obtaining a multiplexing gain when
independent signals are received from collaborative base
stations. For example, if a base station receives
corresponding information from a mobile station, the base
station may recommend use of PMI information of base
stations included in the precoding matrix set DURuinlWi,
Wy,...Wy], which has been recommended to restrict use in an
interference elimination mode, to raise performance using
collaborative MIMO.

For collaborative MIMO, corresponding base stations
use a precoding vector or matrix having DURpin transmitted

from a scheduler and synchronize a transmission frequency
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band with a base station to which a mobile station desiring
a service belongs. The base stations transmit the same
data received from the corresponding mobile station or an
independent data stream to the corresponding mobile station.
Accordingly, the corresponding mobile station raises
reception performance for the same signal or increases a
reception data transmission rate by receiving a plurality
of independent data  streams, thereby ©performing a
collaborative MIMO mode.

In an inter-cell interference mitigation mode, a
precoding matrix corresponding to a PMI is suppressed as
much as possible, employing the same precoding matrix set
DURpin IWy, Wo,..,Wy]l. Therefore, inter-cell interference of a
mobile station desiring a service can be minimized.

Although a mobile station located in an edge of a
cell experiences weak reception performance due to inter-
cell interference, a codebook-based closed-loop precoding
scheme may be applied according to the above-described
embodiment.

A mobile station can determine PMIs for base stations
considering a channel characteristic of neighboring base
stations and transmit precoding matrix set information to a
serving base station. A scheduler can then perform

scheduling using the precoding matrix set information.
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The scheduler performs scheduling by determining a
PMI used between base stations through the precoding matrix
set information and thus interference from neighboring
cells can be mitigated, thereby improving a received SINR
performance of a mobile station.

Meanwhile, the precoding matrix set information may
be applied to codebook-based MIMO for neighboring base
stations. Then a unitary characteristic between signals
transmitted to a mobile station can be maintained to raise
reception performance.

The precoding matrix set information is applicable to
codebook-based beamforming for neighboring base stations.
Then strength of a signal transmitted to a mobile station
can be amplified. Moreover, interference which may be
generated between signals of a plurality of base stations
éan be mitigated.

The exemplary embodiments of the present invention may
be achieved by various means, for example, hardware,
firmware, software, or a combination thereof. In a
hardware configuration, a method for transmitting precoding
information in a collaborative MIMO communication system
according to the exemplary embodiment of the present
invention may be achieved by one or more application

specific integrated circuits (ASICs), digital =signal
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processors (DSPs), digital signal processing devices
(DSPDs) , programmable logic devices (PLDs) , field
programmable gate arrays (FPGAs), processors, controllers,
microcontrollers, microprocessors, etc.

In a firmware or software configuration, a method for
transmitting precoding information in a collaborative MIMO
communication system according to the exemplary embodiments
of the present invention may be implemented in the form of
a module, a procedure, a function, etc. performing the
above-described functions or operations. Software code may
be stored in a memory unit and executed by a processor.
The memory unit is located at the interior or exterior of
the processor and may transmit and receive data to and from
the procegsor via various known means.

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. Thus, it is intended that the
present invention cover the modifications and variations of
thig invention provided they come within the scope of the

appended claims and their equivalents.

INDUSTRIAL APPLICABILITY

Those skilled in the art will appreciate that the
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present invention may be embodied in other specific forms
than those set forth herein without departing from the
spirit and essential characteristics of the present
invention. The above description i1is therefore to be
construed in all aspects as 1llustrative and not
restrictive. The scope of the invention should be
determined by reasonable interpretation of the appended
claimg and all changes coming within the equivalency range
of the invention are intended to be embraced in the scope

of the invention.
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WHAT IS CLAIMED IS:

1. A method for a mobile sgstation to mitigate
inter-cell interference in a multi-cell environment, the
method comprising:

measuring a channel from at least one neighboring
base station generating interference with a signal received
from a serving base station;

calculating at least one of a first precoding matrix
index in which the interference is maximized and a second
precoding matrix index in which the interference is
minimized, wherein the first and second precoding matrix
indexes are determined based on the measured channel; and

transmitting the at least one of the first and second
precoding matrix indexes to the serving base station
together with corresponding base station identifier

information.

2. The method according to claim 1, wherein the
first precoding matrix index 1s for restricting a use of
a precoding matrix corresponding to the first precoding

matrix index by the at least one neighboring base station.

3. The method according to claim 1, wherein the
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second precoding matrix index is for recommending a use
of a precoding matrix corresponding to the second
precoding matrix index by the at least omne neighboring

base station.

4, The method according to c¢laim 1, wherein
transmitting the at least one of the first and second
precoding matrix indexes further transmits interference

amount information from the at least one neighboring base

station.

5. The method according to claim 1, wherein the
calculating at least one of the first precoding matrix
index and the second precoding matrix index comprises
calculating two or more of the first precoding matrix
index or the second precoding matrix index in order of
maximizing or minimizing the interference based on the
measured channel, and

wherein the two or more of the first precoding
matrix index or the second precoding matrix index are

transmitted to the serving base station.

6. The method according to claim 1, wherein the at

least one of the first and second precoding matrix
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indexes transmitted to the serving base station together
with  the base station identifier information is
transmitted to a neighboring base station corresponding
to the Dbase station identifier information via the

serving base station.

7. A method for a specific Dbase station to
mitigate inter-cell interference in a multi-cell
environment, the method comprising:

receiving, from a mobile station, at least one of a
first precoding matrix index in which interference 1is
maximized and a second precoding matrix index in which the
interference is minimized, together with corresponding base
station identifier information, wherein the interference is
generated by a channel signal of at least one neighboring
base station with respect to a signal transmitted by the
specific base station to the mobile; and

transmitting the at least one of the first and second
precoding matrix indexes to the at least one neighboring
base station according to the base station identifier

information.

8. The method according to claim 7, wherein the

first precoding matrix index is for restricting a use of
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a precoding matrix corresponding to the first precoding

matrix index by the at least one neighboring base station.

9. The method according to claim 7, wherein the
second precoding matrix index is for recommending a use
of a precoding matrix corresponding to the second
precoding matrix index by the at least one neighboring

base station.

10. The method according to c¢laim 7, wherein
receiving the at least one of the first and second
precoding matrix indexes further receives interference
amount information of interference caused by the at least

one neighboring base station.
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