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METHOD FOR ESTIMATING CHANNEL
STATE IN A WIRELESS COMMUNICATION
SYSTEM USING FRACTIONAL FREQUENCY
REUSE AND MOBILE STATION USING THE
SAME

[0001] Pursuant to 35 U.S.C. §119(e), this application
claims the benefit of priority to Provisional Application No.
61/183,946, filed on Jun. 3, 2009, Provisional Application
No. 61/218,980, filed on Jun. 21, 2009, Provisional Applica-
tion No. 61/302,945, filed on Feb. 9, 2010, the contents of
which are incorporated by reference herein in their entirety.

[0002] Pursuant to 35 U.S.C. §119(e), this application
claims the benefit of priority to Korean application No.
10-2010-0002224, filed on Jan. 11, 2010

BACKGROUND OF THE INVENTION

[0003] 1. Field of the Invention

[0004] The present invention relates to a wireless commu-
nication system, and more particularly, to a method for esti-
mating channel state in a wireless communication system
using Fractional Frequency Reuse (FFR).

[0005] 2. Discussion of the Related Art

[0006] FFR is one of techniques that can increase the num-
ber of channels per unit area in a cellular system. Typically, a
signal gets weaker as it propagates. This means that the same
frequency channel can be used at places apart from each other
by a certain distance or more. Relying on the principle, sub-
scriber capacity may be increased significantly by simulta-
neously using the same frequency at a plurality of locations.
This efficient frequency use is called frequency reuse.
[0007] A cell (or sector) is defined as a geographically
distinguished unit area and frequency channel switching
between cells to continue on-going communication is called
handoff. Frequency reuse is essential to analog cellular
mobile communication. A frequency reuse factor is one of
parameters that represent frequency efficiency in a cellular
system. In a multi-cell environment, the frequency reuse fac-
tor is the value of dividing the total number of cells (sectors)
using the same frequency simultaneously by the total number
of cells.

[0008] A first-generation (1G) system (e.g. Advanced
Mobile Phone Service (AMPS)) has a frequency reuse factor
less than 1. For example, the frequency reuse factor is %7 in
7-cell frequency reuse. The frequency reuse factor is higher in
a second-generation (2G) system (e.g. Code Division Mul-
tiple Access (CDMA) and Time Division Multiple Access
(TDMA)). For instance, Global System for Mobile commu-
nications (GSM) being Frequency Division Multiple Access
(FDMA) and TDMA in combination boasts a frequency reuse
factor of up to ¥4 or ¥5. A 2G CDMA or 3" generation (3G)
Wideband CDMA (WCDMA) system may support a fre-
quency reuse factor of 1, thus increasing spectral efficiency
and reducing network deployment cost.

[0009] The frequency reuse factor of 1 can be achieved
when all sectors within a cell and all cells within a network
operate on the same frequency channel. Nonetheless, even a
system with the frequency reuse factor of 1 may suffer from
poor throughput at a cell edge or sector edge due to severe
interference between neighbor cells and thus may face ser-
vice outage. That is, signal reception performance is poor for
users at a cell edge because of inter-cell interference.
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[0010] In Orthogonal Frequency Division Multiple Access
(OFDMA), a channel is divided into subchannels and a signal
is transmitted on subchannels. Unlike 3G (CDMA2000 or
WCDMA), an entire channel is not occupied for signal trans-
mission. Throughput may be increased at the same time for
users at a cell center and users at a cell edge by taking advan-
tage of this feature.

[0011] To be more specific, a cell center is an area close to
a Base Station (BS) that is relatively immune to co-channel
interference. Thus users at the cell center may operate on all
available subchannels. On the other hand, users at a cell edge
are only allowed to operate on a fraction of all available
subchannels. This fraction of sub-channels is allocated in
such a way that neighbor cells’ edges will operate on different
sets of subchannels. This is called FFR. The co-channel inter-
ference between neighbor cells can be mitigated by orthogo-
nally dividing entire subcarriers into a plurality of Frequency
Partitions (FPs) and deploying the FAs such that each cell
does not use a certain FA or uses the certain FA at alow power
level.

[0012] Multiple Input Multiple Output (MIMO) has
recently attracted much attention as a broadband wireless
mobile communication technology. A MIMO system seeks to
increase data communication efficiency by use of a plurality
of antennas. Depending on whether the same data or different
data are transmitted through antennas, MIMO techniques are
classified into spatial multiplexing and spatial diversity.
[0013] Spatial multiplexing is characterized in that differ-
ent data are transmitted simultaneously through a plurality of
Transmission (Tx) antennas. Therefore, data can be transmit-
ted at a high rate without increasing a system bandwidth. In
spatial diversity, the same data is transmitted through a plu-
rality of Tx antennas, thus achieving transmit diversity. Space
time channel coding is a kind of spatial diversity scheme.
[0014] Depending on whether a receiver feeds back chan-
nel information to a transmitter, MIMO techniques are also
categorized into open-loop MIMO and closed-loop MIMO.
Open-loop MIMO schemes include Bell Labs Layered
Space-Time (BLAST) and Space-Time Trellis Coding
(STTC). According to BLAST, the transmitter transmits
information in parallel and the receiver detects signals by
repeating Zero Forcing (ZF) or Minimum Mean Square Error
(MMSE) detection. Thus as much information as the number
of Tx antennas can be transmitted. STTC achieves transmit
diversity and coding gain by utilizing space. Transmit
Antenna Array (TxAA) is a closed-loop MIMO technique.
[0015] In a wireless channel environment, channel state
changes irregularly in time and frequency, that is, fading is
inevitable. Accordingly, a receiver corrects a received signal
using channel information in order to recover data transmitted
by a transmitter and detect the correct data. The transmitter
transmits a signal known to both the transmitter and the
receiver to the receiver so that the receiver acquires channel
information based on signal distortion created during trans-
mission. The signal is a reference signal or a pilot signal and
the process of acquiring channel information is called chan-
nel estimation. The reference signal is transmitted with high
power, carrying no data. If data is transmitted and received
through a plurality of antennas, the receiver should know
channel states between the transmission antennas and the
reception antennas. Thus, a reference signal is transmitted
through each transmission antenna.

[0016] Coordinated Multi-Point (CoMP) was proposed to
improve the throughput of a user at a cell edge by applying
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advanced MIMO under a multi-cell environment. The use of
CoMP in a wireless communication system may increase the
communication performance of an MS at a cell edge. For this
purpose, accurate channel estimation needs to be performed
based on reference signals received from a plurality of BSs.
Multi-cell BSs may provide joint data support to an MS by a
CoMP operation. Also, each BS may improve system perfor-
mance by simultaneously supporting one or more MSs MS1,
MS2, ..., MSK. Further, a BS may implement Space Divi-
sion Multiple Access (SDMA) based on channel state infor-
mation between the BS and MSs.

[0017] Ina CoMP wireless communication system, a serv-
ing BS and one or more neighbor BSs, BS1, BS2, ..., BSM
are connected to a scheduler over a backbone network. The
scheduler receives feedback channel information represent-
ing channel states between the MSs, MS1 to MSK and the
BSs BS1, BS2, . . ., BSM, as measured by the BSs. For
example, the scheduler may schedule cooperative MIMO
information for the serving BS and the one or more cooper-
ating BSs. That is, the scheduler issues a command related to
a cooperative MIMO operation directly to each BS.

[0018] FIG. 1 conceptually illustrates a CoMP scheme
applied to a wireless communication system under a multi-
cell environment.

[0019] Referring to FIG. 1, there are intra enhanced Node
Bs (eNBs) 110 and 120 and an inter eNB 130 in the multi-cell
environment. An intra eNB covers a plurality of cells (or
sectors) in a Long Term Evolution (LTE) system. Cells cov-
ered by an eNB to which a User Equipment (UE) belongs are
in an intra eNB relationship with the UE. That is, cells cov-
ered by the same eNB that manages a cell in which a UE is
located are intra-eNB cells, and cells covered by a different
eNB from the eNB that manages the serving cell of the UE are
inter-eNB cells.

[0020] Cells covered by the same eNB that serves a UE
exchange information (e.g. data and Channel State Informa-
tion (CSI)) through an x2 interface, while cells covered by a
different eNB from the serving eNB of the UE exchange
inter-cell information via a backhaul 140. As illustrated in
FIG. 1, a single-cell MIMO user 150 located in a single cell
(or sector) may communicate with one serving eNB in the cell
(or sector), and a multi-cell MIMO user 160 located at a cell
edge may communicate with a plurality of serving eNBs in a
plurality of cells (or sectors).

[0021] As described above, eNBs (or cells) perform a
CoMP operation for a UE in a multi-cell environment. How-
ever, a technique for efficiently estimating interference from
neighbor cells to improve the performance of a UE at a cell
edge is yet to be specified for an FFR-based CoMP operation
under a multi-cell environment.

SUMMARY OF THE INVENTION

[0022] Accordingly, the present invention is directed to a
method for estimating channel state in a wireless communi-
cation system using fractional frequency reuse and a mobile
station using the same that substantially obviate one or more
problems due to limitations and disadvantages of the related
art.

[0023] An object of the present invention is to provide a
method for estimating channel state in a wireless communi-
cation system using Fractional Frequency Reuse (FFR).
[0024] Another object of the present invention is to provide
a Mobile Station (MS) for estimating channel state in a wire-
less communication system using FFR.
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[0025] 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 hereof as well as the appended draw-
ings.

[0026] To achievethese objects and other advantages and in
accordance with the purpose of the invention, as embodied
and broadly described herein, a method for estimating a chan-
nel state at an MS in a wireless communication system using
FFR includes acquiring cell Identifiers (IDs) of a serving cell
and one or more neighbor cells, acquiring information about
predefined power level patterns for one or more frequency
partitions to which FFR is applied according to the acquired
cell IDs, and estimating a channel state of the serving cell
based on the power level pattern information.

[0027] The method may further include receiving from the
serving cell a power level of a boosted frequency partition of
the serving cell, and for the channel state estimation, channel
states of the serving cell and/or the one or more neighbor cells
may be estimated using the acquired power level pattern
information and a power level of the boosted frequency par-
tition of the serving cell.

[0028] The method may further include receiving cells
from the one or more neighbor cells power levels of boosted
frequency partitions boost of the one or more neighbor cell,
and for the channel state estimation, channel states of the one
or more neighbor cells may be estimated using the acquired
power level pattern information and the power levels of the
boosted frequency partitions of the one or more neighbor
cells.

[0029] The method may further include feeding back chan-
nel state information generated based on the estimated chan-
nel state to the serving cell.

[0030] Thepredefined power level pattern information may
include information indicating frequency partitions set as
boosted or non-boosted among the one or more frequency
partitions to which the FFR is applied.

[0031] Inanother aspect of the present invention, an MS for
estimating a channel state in a wireless communication sys-
tem using FFR includes a cell ID acquisition module for
acquiring cell IDs of'a serving cell and one or more neighbor
cells, a power level pattern acquisition module for acquiring
information about predefined power level patterns for one or
more frequency partitions to which FFR is applied according
to the cell IDs, and a channel estimation module for estimat-
ing a channel state of the serving cell based on the power level
pattern information.

[0032] The MS may further include a reception module for
receiving from the serving cell a power level of a boosted
frequency partition of the serving cell, and the channel esti-
mation module may estimate channel states of the serving cell
and/or the one or more neighbor cells using the acquired
power level pattern information and a power level of the
boosted frequency partition of the serving cell.

[0033] The MS may further include a reception module for
receiving cells from the one or more neighbor cells power
levels of boosted frequency partitions of the one or more
neighbor cells, and the channel estimation module may esti-
mate channel states of the one or more neighbor cells using
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the acquired power level pattern information and the power
levels of the boosted frequency partitions of the one or more
neighbor cells.

[0034] Itisto 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.

BRIEF DESCRIPTION OF THE DRAWINGS

[0035] 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 embodiments of the invention and together with the
description serve to explain the principle of the invention. In
the drawings:

[0036] FIG. 1 illustrates the concept of conventional intra-
enhanced Node B (eNB) Coordinated Multi-Point (CoMP)
and inter-eNB CoPM.

[0037] FIG. 2 illustrates physical channels used in a mobile
communication system, 3™ Generation (3G) Partnership
Project (3GPP) Long Term Evolution (LTE) and a general
signal transmission method using the physical channels.
[0038] FIG. 3 illustrates an example in which a User Equip-
ment (UE) receives a service from one or more eNBs accord-
ing to the location of the UE within a cell in a multi-cell
environment.

[0039] FIG. 4 illustrates an example of implementing hard
Fractional Frequency Reuse (FFR) for an FFR-based CoMP
operation in a multi-cell environment.

[0040] FIG. 5 illustrates an example of implementing soft
FFR for an FFR-based CoMP operation in a multi-cell envi-
ronment.

[0041] FIG. 6 illustrates another example of implementing
soft FFR for an FFR-based CoMP operation in a multi-cell
environment.

[0042] FIG. 7 illustrates an exemplary format of a Fre-
quency Division Duplex (FDD) DownLink (DL) frame in the
3GPP LTE mobile communication system.

[0043] FIG. 8 is a block diagram of a UE according to an
exemplary embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0044] Reference will now be made in detail to the exem-
plary embodiments of the present invention with reference to
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 embodi-
ments 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 detailed descrip-
tion is given under the assumption that a mobile communica-
tion system is a 3’ Generation Partnership Project (3GPP)
Long Term Evolution (LTE) system. However, the descrip-
tion is applicable to any other mobile communication system
except for specific features inherent to the 3GPP LTE system.
[0045] Insome instances, known structures and devices are
omitted, or are shown in a block diagram form focusing on
important features of the structures and devices, so as not to
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obscure the concept of the present invention. The same ref-
erence numbers will be used throughout this specification to
refer to the same or like parts.

[0046] In the following description, ‘User Equipment
(UE)’ is assumed to refer to a mobile or fixed user end device
such as a Mobile Station (MS), an Advanced Mobile Station
(AMS), etc. and ‘enhanced Node B (eNB or eNode B)’ is
assumed to refer to any node of a network end, such as a Node
B, a Base Station (BS), an Access Point (AP), etc., commu-
nicating with the UE.

[0047] In a mobile communication system, a UE may
receive information from an eNB on a DownLink (DL) and
transmit information to the eNB on an UpLink (UL). The
information transmitted from or received at the UE includes
data and various control information and a variety of physical
channels are defined according to the types and usages of the
information.

[0048] FIG. 2 illustrates physical channels used in a mobile
communication system, 3GPP LTE and a general signal
transmission method using the physical channels.

[0049] Referringto FIG. 2, upon power-on or when initially
entering a cell, a UE performs initial cell search that involves
acquisition of synchronization with an eNB in step S201.
More specifically, the UE acquires synchronization with the
eNB and information such as a cell Identifier (ID) by receiv-
ing a Primary Synchronization CHannel (P-SCH) and a Sec-
ondary Synchronization CHannel (S-SCH) from the eNB.
Subsequently, the UE may acquire information broadcast
within the cell by receiving a Physical Broadcast CHannel
(PBCH). Meanwhile, the UE may determine a DL channel
state by receiving a DL Reference Signal (RS) during the
initial cell search.

[0050] After the initial cell search, the UE may further
acquire specific system information by receiving a Physical
Downlink Control CHannel (PDCCH) and a Physical Down-
link Shared CHannel (PDSCH) associated with the PDCCH
in step S202.

[0051] If the UE initially accesses the eNB or radio
resources for signal transmission have not been allocated to
the UE yet, the UE may perform a random access procedure
in steps S203 through 5206. Specifically, the UE may trans-
mit a predetermined sequence to the eNB on a Physical Ran-
dom Access CHannel (PRACH) in step S203 and receive a
response message for the transmitted sequence on a PDCCH
and a PDSCH associated with the PDCCH in step S204. For
contention-based random access except handover, the UE
may perform a contention resolution procedure by transmit-
ting an additional PRACH in step S205 and receiving a
PDCCH and a PDSCH associated with the PDCCH in step
S206.

[0052] Then, a general DL/UL transmission/reception pro-
cedure follows. To be more specific, the UE receives a
PDCCH and a PDSCH associated with the PDCCH in step
S207 and transmits a Physical Uplink Shared CHannel
(PUSCH) and a Physical Uplink Control CHannel (PUCCH)
in step S208. Control information that the UE transmits to the
eNB on the UL or receives from the eNB on the DL includes
a DL/UL ACKnowledgment/Negative ACKnowledgment
(ACK/NACK) signal, a Channel Quality Indicator (CQI)/
Precoding Matrix Index (PMI)/Rank Indicator (RI), etc. In
the 3GPP LTE system, the UE may transmit control informa-
tion such as a CQIL, PMI and RI on a PUSCH and/or a
PUCCH.
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[0053] The term used herein, “eNB” is interchangeable
with “cell” or “sector” when it is used in a geographical sense.
A serving eNB (or cell), which may be regarded as a conven-
tional eNB that provides main services, can transmit and
receive control information in CoMP. In this context, the
serving eNB (or cell) may be referred to as an anchor eNB (or
cell). Similarly, a neighbor eNB may also be called aneighbor
cell in a geographical sense. The terms “cell” and “sector” are
meant to refer to basic network elements that implement FFR.
Thus these terms are interchangeably used with each other in
that both a cell and a sector provide a service to a UE at a cell
edge by FFR.

[0054] A CoMP operation may improve the communica-
tion performance of a UE at a cell edge in a multi-cell envi-
ronment. There are largely two CoMP operation modes, Joint
Processing (JP) mode which is cooperative Multiple Input
Multiple Output (MIMO) based on data sharing and Coordi-
nated Scheduling/Beamforming (CS/CB) mode which is
branched into worst companion and best companion, aiming
to reduce inter-cell interference. The worst companion
scheme reduces interference as a UE reports worst PMIs that
cause the severest interference for cells that perform a CoMP
operation (CoMP cells) to a serving eNB and thus the CoMP
cells use sub-optimal PMIs except the worst PMIs. Compared
to the worst companion scheme, the UE reports best PMIs
that cause the least interference for the CoMP cells to the
serving eNB and thus the CoMP cells use the best PMIs to
thereby reduce inter-cell interference in the best companion
scheme. In this context, it can be said that CoMP covers
communication schemes in which a serving eNB and a neigh-
bor eNB cooperate for a UE in a multi-cell environment.
[0055] To implement FFR in the multi-cell environment,
each eNB may use different frequency bands (or a different
Frequency Partitions (FPs) on a subchannel. However, some
tones are commonly used in all sectors, thus with a frequency
reuse factor of 1, whereas other tones are used in the sectors,
4 of the tones in each sector and thus with a frequency reuse
factor of V4. The frequency reuse factor may vary with net-
work setting. FFR schemes are classified into hard FFR and
soft FFR. While some tones are not used in hard FFR, some
tones are used at a low power level in soft FFR. Thus, FFR
may be implemented in various manners depending on setting
and reduce inter-cell interference effectively. Accordingly,
FFR configuration information should be shared between
eNBs and/or UEs to effectively implement FFR in a real
application.

[0056] Particularly in soft FFR, a UE needs to know the
transmission power of each frequency band (or FP) when
measuring CQIls from signals received from a plurality of
cells. That is, it is necessary to estimate information such as
the interference levels of neighbor eNBs, for performing an
efficient CoMP operation using FFR in a multi-cell environ-
ment.

[0057] Incase of cell edge UEs, Reception performance of
signals may be degraded due to interference from neighbor
cells. However, multi-cell based FFR scheme can increase the
performance of UEs at a cell edge by reducing interference
from neighbor cells. Multi-cell FFR may be regarded as a
special case of CS/CB in a CoMP system.

[0058] In a environment using multi-cell based FFR, cells
that implement FFR may reduce inter-cell interference that
affects a UE located at a cell edge operating in a specific
frequency band, by setting a specific band in boosting or
non-boosting by the cells.
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[0059] FIG. 3 illustrates an example in which a UE receives
a service from one or more eNBs according to its location
within a cell in the multi-cell environment.

[0060] Referring to FIG. 3, UE a belongs to Cell A and thus
receives a service from Cell A. However, since UE a is located
atacell edge between Cell A and Cell B, UE amay be affected
by Cell B. Similarly, although UE b belongs to Cell B and thus
receives a service from Cell B, UE b may be affected by Cell
A since UE b is located at a cell edge between Cell A and Cell
B. Cell C services UE c1 but Cell B may affect UE c1 due to
its location at a cell edge between Cell C and Cell B. Cell C
also services UE ¢2 but a neighbor cell (not shown) may affect
UE c2 dueto its location at a cell edge between Cell C and the
neighbor cell. Although UE d receives a service from Cell D,
Cells B and C may affect UE d because it is located at a cell
edge among Cells B, C and D.

[0061] Because UEs a, b, c1, ¢2 and d are affected simul-
taneously by their neighbor cells due to their locations at a cell
edge between at least two cells, the data throughput of ser-
vices that they receive may be decreased due to co-channel
interference from the neighbor cells. On the contrary, UEs at
cell centers (i.e. inner UEs) are immune to interference from
neighbor cells.

[0062] FIG. 4 illustrates an example of implementing hard
FFR for an FFR-based CoMP operation in the multi-cell
environment.

[0063] Referring to FIG. 4, total frequency resources avail-
able to cells may be grouped according to several criteria in
relation to FFR implementation. First, the total frequency
bands (or FPs) of the cells are divided largely into a frequency
band for edge users (i.e. edge UEs) and a frequency band for
inner users (i.e. inner UEs).

[0064] InFFR, the frequency band for edge users may be in
turn divided into a plurality of smaller frequency bands. Inthe
illustrated case of FIG. 4, the frequency reuse factor of FFR is
V5 (FFR %5). In case of FFR V4, the frequency resources for the
edge users are divided into three frequency areas and each
eNB provides a service to edge users in one of the three
frequency areas.

[0065] Inaccordance with the present invention, frequency
resources available to each cell in servicing UEs may be
grouped into a plurality of frequency resource groups. The
frequency resource groups may be referred to as frequency
bands or FPs. The frequency resource groups may be classi-
fied according to FFR-related usages. As illustrated in FI1G. 4,
total frequency resource groups available to cells may be
divided into three frequency bands according to FFR-related
usages.

[0066] For Cell A, for example, a first frequency band 410
is a frequency resource group used for edge users, denoted by
“FFR_band_edge”. Second frequency bands 420 and 430 are
frequency resource groups that are not used for the edge users
among frequency resource groups designated as used for
edge users, denoted by “FFR_band_inner”. A third frequency
band 440 is a frequency resource group for inner users,
denoted by “inner_band”.

[0067] As illustrated in FIG. 4, each cell uses only 5 of
frequency resources allocated to edge users, for edge users of
the cell. Therefore, the frequency reuse factor for the cell edge
users is 3. On the other hand, the whole frequency resources
allocated to inner users are used for inner users in the cells.
Hence, the frequency reuse factor is 1 for the inner users.
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[0068] FIG. 5 illustrates an example of implementing soft
FFR for an FFR-based CoMP operation in the multi-cell
environment.

[0069] Referring to FIG. 5, total frequency resources avail-
able to cells may be divided into four frequency resource
groups 510 to 540 (Group 1 to Group 4). Group 1, Group 2
and Group 3 are frequency resources allocated to edge UEs of
the cells, corresponding to the frequency resource groups
410, 420 and 430 illustrated in FIG. 4. Group 4 is a frequency
resource group allocated to inner UEs at cell centers, corre-
sponding to the frequency resource group 440 illustrated in
FIG. 4. Cells A, B and C in FIG. 5 correspond to Cells A, B
and C in FIG. 4.

[0070] The soft FFR illustrated in FIG. 5 is implemented in
a similar manner to the hard FFR illustrated in FIG. 4, except
that the soft FFR may prevent a decrease in bandwidth effi-
ciency, which is encountered with the hard FFR due to non-
use of some frequency resource groups (for example, the
frequency resource groups 420 and 430 in Cell A in FIG. 4).
The following description will be made in the context of Cell
A. Total frequency resources available to Cell A may be
divided into four frequency resource groups. In FIG. 5, Group
1, Group 2 and Group 3 are used for UEs at cell edges, with a
frequency reuse factor of 1. Therefore, Cell A may provide a
service to UEs at its cell edge in one of Group 1, Group 2 and
Group 3, that is, Group 1 (FFR_band_edge). The other two
frequency resource groups, Group 1 and Group 2 (FFR_
band_inner) may not be used for the edge UEs. In the mean
time, Group 4 is a frequency resource group (inner_band) that
is allocated to UEs at the center of Cell A, with a frequency
reuse factor of 1.

[0071] Compared to the hard FFR illustrated in FIG. 4, Cell
A may provide a service to inner UEs additionally in Group 2
and Group 3 (FFR_band_inner) in the soft FFR scheme. For
this purpose, Cell A sets low transmission power for Group 2
and Group 3 to thereby avoid interference with UEs at cell
edges of Cell B and Cell C.

[0072] Inthis manner, the soft FFR may increase frequency
efficiency by grouping frequency resources and setting dif-
ferent transmission power levels for the frequency resource
groups according to their usages.

[0073] In the illustrated case of FIG. 5, three power levels
may be defined to service UEs in each cell according to the
usages of the frequency resource groups, such that PFFR_
band_edge=Pinner_band>PFFR_band_inner. A service may
be provided to edge UEs at the power level PFFR_band_edge
in the frequency resource group FFR_band_edge with the
frequency reuse factor of V4, to inner UEs at the power level
PFFR_band_inner in the frequency resource groups FFR_
band_inner with the frequency reuse factor of %4, and to inner
UEs at the power level Pinner_band in the frequency resource
group inner_band with the frequency reuse factor of 1.

[0074] For efficient implementation of the soft FFR, a
power level needs to be set for each frequency resource group
and an eNB and/or a UE needs to know the power levels of
frequency resource groups. Especially to efficiently operate
in CoMP CS (Coordinated Scheduling) mode using FFR in
the multi-cell environment, the UE needs to estimate infor-
mation such as the interference levels of neighbor cells. Pref-
erably, the UE has knowledge of the power levels of the
frequency resource groups in each neighbor cell as well as the
power levels of the frequency resource groups in a serving
cell, in order to efficiently estimate CQIs or the like.

Dec. 9, 2010

[0075] An adaptive FFR scheme may be considered to effi-
ciently implement FFR according to a distribution of users
within a cell (or sector). The adaptive FFR scheme flexibly
adjusts the bandwidth or proportion of each frequency
resource group. For implementation of the adaptive FFR
scheme, each eNB and/or UE needs to know information
about the bandwidth or proportion of each frequency resource
group.

[0076] Now a description will be made of FFR information
required for implementing FFR for a CoMP operation in the
multi-cell environment.

[0077] A serving eNB may notify a UE that performs FFR
for a CoMP operation of a boosted frequency resource group
and a non-boosted frequency resource group of a serving cell
and/or one or more neighbor cells. The notification may be
made by transmitting a bitmap or by transmitting the index of
the boosted frequency resource group of the serving cell
and/or the one or more neighbor cells.

[0078] Inthe case where a plurality of cells that implement
FFR use an identical boosting level and an identical non-
boosting level and the boosting and non-boosting levels are
preset, the power levels may be expressed in on/off binary
codes. Then the serving eNB may have only to notify the UE
whether each of the frequency resource groups used in the
serving cell and the neighbor cells is boosted or not. If the
boosting power levels are equal in all FFR cells, the boosting
power level may be predefined or the boosting power level of
each neighbor cell may be setto be equal to that of the serving
cell.

[0079] Alternatively or additionally, patterns of boosting
and non-boosting power level may be preset with respect to
FFR factors (e.g. FFR %4, V4, V4, . . ., 1/n). Thus the serving
eNB may notify the UE of only the FFR boosting level pat-
terns of the cells according to a frequency reuse factor. Here-
inbelow, FFR boosting level patterns will be described, by
way of example.

[0080] Referring to FIG. 5, FFR is implemented with a
frequency reuse factor of V4. Three boosting level patterns
may be defined for the frequency reuse factor of /3. Each of
cells that implement the FFR may determine the transmission
power levels of its frequency resource groups according to the
boosting power level and non-boosting power level of one of
the three FFR boosting level patterns.

[0081] [Table 1] below tabulates an example of FFR boost-
ing level patterns for cells, in case of a frequency reuse factor
of V4.

TABLE 1
Group 1 Group 2 Group 3
Cell A boosting non-boosting non-boosting
Cell B non-boosting boosting non-boosting
Cell C non-boosting non-boosting boosting
[0082] Referring to [Table 1], first, second and third FFR

boosting level patterns may be defined as [Group 1, Group 2,
Group 3]=[boosting, non-boosting, non-boosting], [Group 1,
Group 2, Group 3]=[non-boosting, boosting, non-boosting],
and [Group 1, Group 2, Group 3]|=[non-boosting, non-boost-
ing, boosting], respectively.

[0083] [Table 2] below tabulates an example of FFR boost-
ing level patterns for cells, in case of a frequency reuse factor
of Va.
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TABLE 2
Group 1 Group 2 Group 3 Group 4
Cell A boosting non-boosting ~ non-boosting non-boosting
Cell B non-boosting boosting non-boosting non-boosting
Cell C non-boosting non-boosting  boosting non-boosting
Cell D non-boosting non-boosting  non-boosting Boosting
[0084] Referring to [Table 2], when an FFR factor is Y,

there may be four FFR boosting level patterns. For example,
first to fourth FFR boosting level patterns may be defined
respectively as [Group 1, Group 2, Group 3, Group 4]=
[boosting, non-boosting, non-boosting, non-boosting],
[Group 1, Group 2, Group 3, Group 4]=[non-boosting, boost-
ing, non-boosting, non-boosting], [Group 1, Group 2, Group
3, Group 4]=[non-boosting, non-boosting, boosting, non-
boosting], and [Group 1, Group 2, Group 3, Group 4]=[non-
boosting, non-boosting, non-boosting, boosting]. The serv-
ing cell may notify the UE of the FFR boosting level patterns
of the neighbor cells as described above.

[0085] Aside from the above-described method for notify-
ing a UE of the boosting and non-boosting levels of frequency
bands used in a plurality of cells that implement FFR by an
eNB, the UE may select a preset FFR boosting power level
pattern based on a cell ID. Hence, FFR may be efficiently
implemented without any particular indication from the eNB.
That is, the UE can efficiently perform FFR based on the cell
IDs of neighbor cells that implement FFR. The UE uses a
preset FFR boosting power level pattern according to a cell
function of each neighbor cell (e.g. (cell ID modulus (1/FFR
factor)). In this case, the UE has only to acquire the cell IDs of
the neighbor cells during measuring about the neighbor cells.
Also, the UE can acquire ID of serving cell. The cells that
implement FFR may use an identical boosting power level
and an identical non-boosting power level.

[0086] For example, in an FFR-V4 system, a UE may use a
preset FFR boosting power level pattern according to the
(Cell ID modulus 3) of each neighbor cell. Referring to [ Table
1], if (Cell ID modulus 3)=0, [boosting, non-boosting, non-
boosting] is given as the FFR boosting level pattern of Cell A.
If (Cell ID modulus 3)=1, the FFR boosting level pattern of
Cell B is [non-boosting, boosting, non-boosting]. In the same
manner, if (Cell ID modulus 3)=2, [non-boosting, non-boost-
ing, boosting] is given as the FFR boosting level pattern of
Cell C. In this manner, once the UE has information about
preset mapping between FFR boosting level patterns and cell
1Ds, it can perform FFR efficiently simply with the cell IDs.

[0087] As described above, each UE may implement FFR
according to an FFR boosting level pattern that specifies a
boosting or non-boosting level for each physical frequency
region, when using a predetermined power level pattern based
ona cell ID.

[0088] Aside from this method, it may be further contem-
plated that a boosted physical frequency region for each cell
is designated as Group 1 and FFR is implemented according
to a power level pattern that is predetermined based on the
group indexing. More specifically, Group 1 may always be
preset as a boosted frequency region, instead of performing
an FFR operation according to different boosted frequency
resource groups set for different cells (for example, Group 1,
Group 2 and Group 3 is set respectively for Cell A, Cell B and
Cell C, for an FFR operation in FIG. 5). In this case, the UE
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also performs the cell ID-based FFR using a predetermined
power level pattern based on the group indexing.

[0089] Referring to FIG. 5, in the case where a power level
pattern is used according to a cell ID in the manner described
before, if (cell ID modulus 3=0), the FFR boosting level
pattern of [Group 1, Group 2, Group 3]=[boosting, non-
boosting, non-boosting] is given for Cell A. Cell B with (cell
ID modulus 3=1) has the FFR boosting level pattern of
[Group 1, Group 2, Group 3|=[non-boosting, boosting, non-
boosting]. In the same manner, the FFR boosting level pattern
of [Group 1, Group 2, Group 3]=[non-boosting, non-boost-
ing, boosting] is set for Cell C with (cell ID modulus 3=2).

[0090] Meanwhile, if the boosted frequency regions are all
designed as Group 1, the FFR boosting level patterns are
respectively defined as [Group 1, Group 2, Group 3|=[boost-
ing, non-boosting, non-boosting] or [Group 1, Group 3,
Group 2]=[boosting, non-boosting, non-boosting] for Cell A
with (cell ID modulus 3=0) and as [Group 2, Group 1, Group
3]=[non-boosting, boosting, non-boosting] or [Group 3,
Group 1, Group 2]=[non-boosting, boosting, non-boosting]
for Cell B with (cell ID modulus 3=1).

[0091] Inthe same manner, for cell C with (cell ID modulus
3=2), the FFR boosting level pattern is [Group 2, Group 3,
Group 1]=[non-boosting, non-boosting, boosting| or [Group
3, Group 2, Group 1]=[non-boosting, non-boosting, boost-
ing].

[0092] As the boosted physical frequency region of each
cell is labeled with the same group index (e.g. Group 1),
different group indexes may be allocated to the same physical
frequency regions for different cells. New FFR boosting level
patterns created by indexing the boosted physical frequency
region of each cell as Group 1 and indexing the other fre-
quency regions of the cell as Group 2 and Group 3 may be
signaled to each UE by an eNB or may be known beforehand
to the UE without additional signaling.

[0093] Inthis manner, each UE may implement FFR using
a predetermined power level pattern for each cell ID accord-
ing to the above group indexing of aboosted frequency region
as Group 1, which will be described with reference to FIG. 6.

[0094] FIG. 6 illustrates another example of implementing
soft FFR for an FFR-based CoMP operation in a multi-cell
environment.

[0095] Compared to the illustrated case of FIG. 5 in which
FFR frequency regions of each cell are physically aligned,
that is, the same physical frequency regions of different cells
are indexed as the same numbers (e.g. the frequency area 610
as Group 1, the frequency area 620 as Group 2, and the
frequency area 630 as Group 3), physical frequency regions
may be indexed in different manners for different cells. Spe-
cifically, a physical frequency region 610 may be indexed as
Group 1 being a boosted frequency area for Cell A, as a
non-boosted frequency area, Group 3 for Cell B, and as a
non-boosted frequency area, Group 2 for Cell C.

[0096] Similarly, a physical frequency region 620 may be
indexed as Group 2 for Cell A, as Group 1 for Cell B, and as
Group C for Cell C.

[0097] In this manner, the same physical frequency region
may be labeled with different indexes for different cells.
[0098] A UE’s operation for acquiring cell IDs from one or
more neighbor cells that operate in CoMP mode (i,e, coordi-
nation mode between cells), for efficient cell ID-based FFR,
will be described in brief.
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[0099] FIG. 7 illustrates an exemplary format of a Fre-
quency Division Duplex (FDD) DL frame in the 3GPP LTE
mobile communication system as an example of mobile com-
munication system.

[0100] Referring to FIG. 7, one downlink frame may
include 10 subframes, each subframe having two slots. Each
slot may have 6 or 7 Orthogonal Frequency Division Multi-
plexing (OFDM) symbols. To be more specific, one slot may
include 7 OFDM symbols, when a normal Cyclic Prefix (CP)
is used, whereas one slot may include 6 OFDM symbols when
an extended CP is used.

[0101] A Primary Synchronization CHannel (P-SCH) and
a Secondary Synchronization CHannel (S-SCH) may be allo-
cated to the first slots of subframe 0 and subframe 5. A
Primary Synchronization Signal (PSS) may be mapped to the
last OFDM symbols of slot 0 and slot 10, and a Secondary
Synchronization Signal (SSS) may be mapped to the symbols
previous to the symbols carrying the PSS.

[0102] Inthe LTE system, a UE may not have information
about neighbor cells that operate in CoMP, but receive cell ID
set information including neighbor cell ID information from
a serving eNB. Therefore, the UE may identity the neighbor
cells using a cell ID set and the SCHs of the neighbor cells.

[0103] There are 504 Physical Cell Identifiers (PCls) in the
LTE system. The 504 PCIs are grouped into 168 cell ID
groups, each having three cell IDs. A PCI is expressed as the
following equation.

Npfe'=3N (V4N @ [Equation 1]

where N,,,°°” denotes the PCI, N, denotes the number ofa
PCI group, ranging from 0 to 167, and N, denotes the
number of a PCI within the PCI group, ranging from 0 to 2.

[0104] The UE may acquire information about a cell ID out
of three cell IDs within a cell ID group from a PSS and
information about a cell ID group out of 168 cell ID groups
from an SSS. Thus the UE may identify a neighbor cell based
onthe acquired cell ID group and cell ID. That is, the UE may
acquire a sequence that a neighbor cell uses for pilot trans-
mission, from the SCHs of the neighbor cell.

[0105] A sequence d(n) used for the PSS of a neighbor cell
is generated from a frequency-domain Zadoff-Chu sequence
d,(n) according to

[Equation 2]

_funintl)
e’ e p=0,1,...,30
dy(n) =
i n=31,32,... ,61

where the Zadoff-Chu root sequence index u is given as

TABLE 3
Np@® Root Index u
0 25
1 29
2 34

[0106] [Table 3] above illustrates the root indexes for PSSs.
A PSS sequence may be generated using a root index illus-
trated in [Table 3].
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[0107] An SSS sequence d(0), . .., d(61) is an interleaved
concatenation of two length-31 binary sequences. The con-
catenated sequence is scrambled with a scrambling sequence
given by the PSS.

[0108] The combination of two length-31 sequences defin-
ing the SSS differs between subframe 0 and subframe 5
according to

(mg)

s © (m)co(r) in subframe 0 [Equation 3]
d(2n) =

s(lml )(n)co (n) in subframe 5
(my) (mg)
s ey (mzg

Weimz™

(n) in subframe 0

d(2n+1) =
{58"0’ )(n) in subframe 5

where 0=n=30 and the indexes m, and m, are derived from
the PCI group N,,,*” according to

mo = m’'mod 31 [Equation 4]

my = (my +|m’ /31] + Dmod 31

Nig+q'(d +1)/2

m =N +qlg+1)/2, q= =

¢ =N /30]

[0109] When the UE performs FFR efficiently using a pre-
set FFR boosting level pattern based on a cell ID, the cell ID
may be a physical cell ID or a global cell ID, or both.

[0110] A boosting power level and a non-boosting power
level may be differently set in a plurality of cells that imple-
ment FFR in the multi-cell environment. The boosting and
non-boosting power levels of each cell may be predefined as
quantized power values. The serving eNB may notify the UE
of'indexes indicating the quantized power values of the boost-
ing and non-boosting power levels of each cell.

[0111] The serving eNB may transmit a bitmap indicating
the quantized power value of each frequency resource group
to the UE. In addition to the quantized power values of each
cell, the serving eNB may indicate the index of the boosted
frequency resource group of each cell to the UE. For example,
if 9 power levels P, to P, are defined for frequency resource
groups and three cells operate in FFR for three frequency
resource groups, the following bitmap may be configured.

TABLE 4
Group 1 Group 2 Group 3
Cell A Py Py Ps
Cell B Py P, Py
CellC Py Ps Py

[0112] Asdescribed above, the UE efficiently estimates the
interference levels of neighbor cells based on FFR informa-
tion received from the serving eNB. Therefore, the commu-
nication performance of a cell edge user is improved.

[0113] The specifics of FFR information that a serving eNB
transmits to a UE have been described above. The serving
eNB may transmit the FFR information to the UE in two
methods depending on how a CoMP set is configured. Hence,
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a description will first be made of methods for configuring a
CoMP set in a CoMP wireless communication system.
[0114] For an efficient CoMP operation, it is necessary to
define neighbor cells that will perform a CoMP operation for
a UE. A CoMP set may be defined as a set of neighbor cells
that will operate in CoMP for a UE.

[0115] First of all, both the serving eNB and the UE may
share information about the CoMP set in advance.

[0116] The CoMP set may be configured based on UE
measurements. This CoMP set configuration based on UE
measurements ensures flexibility in setting a CoMP set with
neighbor cells that directly affect the UE. The UE may make
a neighbor cell list by receiving a list of neighbor cells from
the serving eNB beforehand or by measuring about neighbor
cells on its own. The UE measures the interference levels of
neighbor cells listed in the neighbor cell list. The interference
level of a neighbor cell may be Reference Symbol Received
Power (RSRP), Reference Symbol Received Quality
(RSRQ), Reference Signal Strength Indicator (RSSI), Carrier
to Interference plus Noise Ratio (CINR), Signal to Interfer-
ence plus Noise Ratio (SINR), Propagation Delay (PD), or
the like.

[0117] In this manner, the UE may measure the channel
quality state between the UE and a cell based on an RSRP
being the power of a pilot signal received from the cell in the
LTE system. An RSRP is a linear average of power distributed
across resource elements to which a cell-specific RS is allo-
cated in a measured frequency bandwidth. The power of each
resource element in a resource block may be determined from
the received energy of a valid symbol period except for a CP.
The RSRP may be applicable to the UE in both Radio
Resource Control_idle (RRC_idle) state and RRC_con-
nected state. [fthe UE operates in receive diversity, a reported
value is equivalent to a linear average of the power values of
all diversity branches.

[0118] The UE may report information required for CoMP
set configuration to the serving eNB based on the measure-
ments of the neighbor cells (e.g. RSRP measurements). The
reported information may include one or more of the afore-
described measurements of each neighbor cell and the cell ID
of'each neighbor cell. When the UE makes a neighbor cell list
on its own, cell IDs of the one or more neighbor cells included
the neighbor cell list may be reported with the measurement
information by the UE. On the other hand, if the serving eNB
provides the UE with a neighbor cell list in advance, the UE
may transmit measurements about neighbor cells in a prede-
termined order of cell IDs, or both the measurements and
indexes of the cell IDs. Or, the UE may arrange the indexes of
cell IDs in an order of interference levels and transmit to the
serving eNB the arranged indexes of cell IDs and measure-
ments about neighbor cells corresponding to the arranged
indexes of cell IDs.

[0119] When the serving eNB and the UE share informa-
tion about a CoMP set, such as cell IDs, based on UE mea-
surements as described above, the serving eNB may transmit
preset FFR information about the CoMP set to the UE. More
specifically, the serving eNB may transmit the FFR informa-
tion in a predetermined order of cell IDs or in an order of
interference levels corresponding to the cell IDs, without
transmitting any cell ID information to the UE.

[0120] Secondly, the serving eNB may transmit informa-
tion about a CoMP set to the UE.

[0121] The CoMP set configuration based on UE measure-
ments may ensure the flexibility of CoMP set configuration at
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the risk of a significant increase in the measurement overhead
and feedback transmission overhead of the UE. In this con-
text, a CoMP set may be configured based on network param-
eters, to achieve an appropriate measurement overhead and
feedback transmission overhead. Hence, the serving eNB
may configure a CoMP set without UE measurements accord-
ing to a predetermined criterion. Then the serving eNB needs
to transmit information about the CoMP set to the UE. ID
information about a plurality of cells included in the CoMP
set may be indicated by temporary BS indexes. Specifically,
the serving eNB may configure a CoMP set and transmit the
temporary BS indexes of the neighbor cells (or neighbor
eNBs) of the CoMP set to the UE. Along with the temporary
BS indexes, the serving eNB may transmit FFR information
associated with each temporary BS index to the UE (i.e.
temporary BS indexes+FFR information).

[0122] The serving eNB may transmit the FFR information
to the UE by higher layer signaling or Layer 1/Layer 2 (L1/
L2) control signaling. By the higher layer signaling, the serv-
ing eNB may notity the UE of the cell IDs or cell ID indexes
of'the neighbor cells included in the CoMP set. When needed,
the serving eNB may transmit the FFR information about the
neighbor cells to the UE. In addition, the serving eNB may
transmit the cell IDs (or cell ID indexes) and/or the FFR
information to the UE periodically or in an event-triggered
manner.

[0123] In general, the serving eNB may transmit schedul-
ing assignments and other control information on a PDCCH.
A physical control channel may be transmitted on an aggre-
gation of one or several consecutive Control Channel Ele-
ments (CCEs), each CCR corresponding to 9 resource ele-
ment groups. The number of resource element groups that are
not assigned to a Physical Control Format Indicator CHannel
(PCFICH) or a Physical Hybrid Automatic Repeat reQuest
Indicator CHannel (PHICH) is N .. The CCEs available in
the system are numbered from O to N..z, where
Neez=Nrzo/9]. The PDCCH supports multiple formats
listed in [Table 5]. A PDCCH occupying n consecutive CCEs
starts only on a CCE fulfilling i mod n=0, where iis the CCE
number. Multiple PDCCHs may be transmitted in one sub-
frame.

TABLE 5
Number of

PDCCH Number of resource Number of
format CCEs element groups PDCCH bits

0 1 9 72

1 2 18 144

2 4 36 288

3 8 72 576

[0124] Referring to [Table 5], the eNB may select a

PDCCH format depending on the number of areas in which
control information is to be transmitted. The UE may read the
control information on a CCE-by-CCE basis, thus reducing
overhead.

[0125] As stated before, the serving eNB may transmit to
the UE the cell IDs and FFR information of the cells included
in the CoMP set by L1/L.2 control signaling. That is, a
PDCCH carrying the cell IDs and the FFR information may
be configured in a Downlink Control Information (DCI) for-
mat different from a conventional DCI format. Or, to reuse the
conventional DCI format, the DCI format of the PDCCH may
be configured by still using some fields of the conventional
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DCI format and padding the other fields with zeroes or filling
arbitrary values in the other fields.

[0126] Now a description will be made of a UE for estimat-
ing channel state in a CoMP operation mode using FFR
according to the present invention.

[0127] FIG. 8 is a block diagram of a UE according to an
exemplary embodiment of the present invention.

[0128] Referring to FIG. 8, a UE 800 includes a Reception
(Rx) module 810, a processor 820, a memory unit 830, and a
Transmission (Tx) module 840.

[0129] The Rx module 810 may include a module 811 and
for receiving the boosting power level of a serving cell and a
module 812 and for receiving the boosting power level of a
neighbor cell. The Rx module 810 may receive signals or
information from an external device such as a serving eNB.
For example, the Rx module 810 may receive RSs from the
serving cell and the neighbor cell to estimate channel states.
On the other hand, the UE 800 may have prior knowledge of
predefined power level patterns for one or more frequency
bands to which FFR applies in the present invention.

[0130] The processor 820 may include a cell ID acquisition
module 821, a power level pattern acquisition module 822,
and a channel estimation module 823.

[0131] Thecell ID acquisition module 821 may acquire cell
IDs of the serving cell and one or more neighbor cells from
them. The power level pattern acquisition module 822 may
acquire predefined power level patterns according to the
acquired cell IDs. The channel estimation module 823 may
estimate the channel state of the serving cell using the
acquired power level patterns. Also, the channel estimation
module 823 may estimate the channel states of the serving
cell and/or the one or more neighbor cells using the boosting
power level of an FP boosted by the serving cell, received
through the Rx module 811, as well as the acquired power
level patterns. In addition, the channel estimation module 723
may estimate the channel states of the one or more neighbor
cells using the boosting power levels of FPs boosted by the
one or more neighbor cells, received through the Rx module
811, as well as the acquired power level patterns.

[0132] The memory unit 830 may store information
received at the Rx module 811 and information calculated by
the processor 820 for a predetermined time. The memory unit
830 may be replaced with a buffer (not shown).

[0133] The Tx module 840 may transmit signals, informa-
tion, etc. to an external device such as the serving eNB. For
example, the Tx module 840 may transmit the interference
level measurements and cell IDs of the neighbor cells to the
serving eNB. The Tx module 840 may also generate channel
state information based on the estimated channel states of the
neighbor cells and feed back the channel state information to
the serving eNB.

[0134] As is apparent from the above description, a UE can
accurately and efficiently estimate the channel states of cells
that perform a CoMP operation using FFR.

[0135] The detailed description of the preferred embodi-
ments of the present invention has been given to enable those
skilled in the art to implement and practice the invention.
Although the invention has been described with reference to
the preferred embodiments, those skilled in the art will appre-
ciate that various modifications and variations can be made in
the present invention without departing from the spirit or
scope of the invention described in the appended claims. For
example, an embodiment of the present invention may be
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constructed by combining parts of the elements and/or fea-
tures described in the embodiments of the present invention.
[0136] Accordingly, the present invention should not be
limited to the specific embodiments described herein, but
should be accorded the broadest scope consistent with the
principles and features disclosed herein

What is claimed is:

1. A method for estimating a channel state at a Mobile
Station (MS) in a wireless communication system using Frac-
tional Frequency Reuse (FFR), the method comprising:

acquiring cell Identifiers (IDs) of a serving cell and one or

more neighbor cells;
acquiring information about predefined power level pat-
terns for one or more frequency partitions to which FFR
is applied according to the acquired cell IDs; and

estimating a channel state of the serving cell based on the
power level pattern information.

2. The method according to claim 1, further comprising:

receiving from the serving cell a power level of a boosted

frequency partition of the serving cell,

wherein the channel state estimation comprises estimating

channel states of the serving cell and/or the one or more
neighbor cells using the acquired power level pattern
information and a power level of boosted frequency
partition of the serving cell.

3. The method according to claim 1, further comprising:

receiving from the one or more neighbor cells power levels

of boosted frequency partitions of the one or more neigh-
bor cells,

wherein the channel state estimation comprises estimating

channel states of the one or more neighbor cells using the
acquired power level pattern information and the power
levels of the boosted frequency partitions of the one or
more neighbor cells.

4. The method according to claim 1, further comprising:

feeding back channel state information generated based on

the estimated channel state to the serving cell.

5. The method according to claim 1, wherein the predefined
power level pattern information includes information indicat-
ing frequency partitions set as boosted or non-boosted among
the one or more frequency partitions to which the FFR is
applied.

6. The method according to claim 5, wherein the frequency
partitions set as boosted or non-boosted are indicated by
indexes.

7. The method according to claim 1, wherein the predefined
power level patterns are determined according to cell ID
function values of the serving cell and the one or more neigh-
bor cells.

8. The method according to claim 7, wherein the cell ID
function values are calculated by (cell ID modulus 1/FFR
factor).

9. The method according to claim 1, wherein each of the
cell IDs is a physical cell ID or a global cell ID.

10. The method according to claim 3, wherein the power
levels of the boosted frequency partitions of the one or more
neighbor cells are different from the power level of the
boosted frequency partition of the serving cell.

11. The method according to claim 2, wherein the power
level of the boosted frequency partition of the serving cell is
a quantized value.

12. The method according to claim 3, wherein the power
levels of the boosted frequency partitions of the one or more
neighbor cells are quantized values.
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13. A Mobile Station (MS) for estimating a channel state in
a wireless communication system using Fractional Fre-
quency Reuse (FFR), the MS comprising:

a cell Identifier (ID) acquisition module for acquiring cell
IDs of a serving cell and one or more neighbor cells;

a power level pattern acquisition module for acquiring
information about predefined power level patterns for
one or more frequency partitions to which FFR is
applied according to the acquired cell IDs; and

achannel estimation module for estimating a channel state
of the serving cell based on the power level pattern
information.

14. The MS according to claim 13, further comprising:

a reception module for receiving from the serving cell a
power level of a boosted frequency partition of the serv-
ing cell,
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wherein the channel estimation module estimates channel
states of the serving cell and/or the one or more neighbor
cells using the acquired power level pattern information
and the power level of the boosted frequency partition of
the serving cell.

15. The MS according to claim 13, further comprising:

areception module for receiving cells from the one or more
neighbor cells power levels of boosted frequency parti-
tions of the one or more neighbor cells,

wherein the channel estimation module estimates channel
states of the one or more neighbor cells using the
acquired power level pattern information and the power
levels of the boosted frequency partitions of the one or
more neighbor cells.
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