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Description

[Technical Field]

[0001] The present invention relates to a wireless communication system, and more particularly, to a method and
apparatus for coordinating and reducing inter-cell interference in a wireless communication system.

[Background Art]

[0002] FIG. 1 illustrates a heterogeneous network wireless communication system 100 including a macro base station
eNB1 and a micro base station eNB2. In the description of the present invention, the term "heterogeneous network"
refers to a network wherein a macro base station 110 and a micro base station 120 co-exist even when the same RAT
(Radio Access Technology) is being used.
[0003] A macro base station 110 refers to a general base station of a wireless communication system having a broad
coverage range (service provision area) and a high transmission power. The macro base station 110 may also be referred
to as a macro cell. The micro base station 120 may also be referred to as a micro cell, a pico cell, a femto cell, a home
eNB (HeNB), a relay, and so on. More specifically, the micro base station 120 corresponds to a smaller version of the
macro base station 110. Accordingly, the micro base station 120 may independently perform most of the functions of
the macro base station. Herein, the micro base station 120 may correspond to an overlay base station, which may be
installed in an area covered by the macro base station, or to a non-overlay base station, which may be installed in a
shadow area that cannot be covered by the macro base station. As compared to the macro base station 110, the micro
base station 120 has a narrower coverage range and a lower transmission power and may accommodate a smaller
number of terminals.
[0004] A terminal 130 may directly receive services from (or be served by) the macro base station 110 (hereinafter
referred to as a macro-terminal) or may directly receive services from (or be served by) the micro base station 120
(hereinafter referred to as a micro-terminal). In some cases, a terminal 130 present within the coverage area of the micro
base station 120 may receive services from the macro base station 110. FIG. 1 shows a state in which the terminal 130
is connected to the micro base station 120.
[0005] Depending upon whether or not the terminal has limited access, the micro base station may be categorized
into two different types, the first type being a CSG (Closed Subscriber Group) micro base station, and the second type
being an OA (Open Access) or OSC (Open Subscriber Group) micro base station. More specifically, the CSG micro
base station may serve only specific terminals that are authorized, and the OSG micro base station may serve all types
of terminals without any particular access limitations.
[0006] Document EP 2 553 970 A2 constitutes prior art under Art. 54(3) EPC and may be construed to disclose a
wireless communication system and, more specifically, a measurement method and apparatus for inter-cell interference
coordination in a wireless communication system. A method for supporting measurement of a User Equipment (UE) by
a first base station in a wireless communication system includes the steps of acquiring information of downlink subframe
configuration of a second base station, determining measurement objects of downlink resource of the first base station
based on the downlink subframe configuration of the second base station; transmitting information of the measurement
objects to the UE, and receiving measurement result for the measurement objects from the UE.
[0007] Document WO 2010/087172 A1 (and its patent family member EP 2 393 300 A1) constitutes prior art under
Art. 54(3) EPC and may be construed to disclose a technique in which, if a CSG (Closed Subscriber Group) cell available
for use by subscribers is installed within a macro cell region, in the region of the CSG cell, interference between the
macro cell and the CSG cell will disable communication. To solve this, a mobile communication system is configured
so that a CSG cell, which is provided in the CSG cell region and uses radio frames to transmit downlink synchronization
signals, allocates a control signal to a first sub-frame and second sub-frame from among a plurality of sub-frames
constituting a radio frame, while a macro cell, which is provided in the macro cell region and uses radio frames to transmit
downlink synchronization signals, allocates a control signal to a third sub-frame and fourth sub-frame among the plurality
of sub-frames constituting the radio frame and offset from the first sub-frame and second sub-frame by a predetermined
number of sub-frames. These transmit synchronized with each other.
[0008] Document "Potential Problems and Performance Analysis in Time Domain Solutions to UE", CATT, 3GPP draft
R1-104346 may be construed to disclose a technique pertaining to Radio link monitoring (RLM) and problem on unnec-
essary RLF, PBCH/SCH detection, CQI feedback and interference from CRS problem to UE side for time domain
interference coordination solutions in het-net.
[0009] Document "Understanding the Time Domain eICIC Schemes", Huawei, 3GPP draft R1-104308 may be con-
strued to disclose a technique pertaining to remaining issues of TDM solutions which could impact the backward com-
patibility of Rel.8/9 UEs being analyzed. As for the backward compatibility, it could be concluded that the TDM solutions
may have some backward compatibility issues to Rel.8/9 UEs such as the inaccurate RLM, RRM measurement and
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channel feedback, common channel decoding failure, and unreliable control channel/SIB-1/paging channel reception.

[Disclosure]

[Technical Problem]

[0010] As shown in FIG. 1, if the terminal 130 served by the micro base station 120 receives a desired signal from the
micro base station 120 in the heterogeneous network, interference may occur due to a strong signal from the macro
base station 110. Alternatively, if the terminal served by the macro base station is adjacent to a micro base station,
interference may occur in a signal received by the terminal from the macro base station due to a strong signal from the
micro base station. Such interference may be referred to as inter-cell interference and the above-described example
relates to inter-cell interference in downlink from a base station to a terminal. Similarly, inter-cell interference may occur
in uplink from a terminal to a base station.
[0011] An object of the present invention devised to solve the problem lies in a method of transmitting and receiving
a cooperative signal between cells in which interference occurs, in order to reduce inter-cell interference.
[0012] The technical problems to be solved by the present invention are not limited to the above-described technical
problems and other technical problems which are not described are understood by those skilled in the art from the
following description.

[Technical Solution]

[0013] According to the disclosure, there are provided methods, apparatuses and a computer-readable medium claim
according to the independent claims. Developments are set forth in the dependent claims.
[0014] Preferably, there is a method of transmitting channel state information (CSI) measurement resource information
by a base station, including determining first and second subframe sets, in which CSI measurement will be performed,
among a plurality of downlink subframes, transmitting information indicating the first and second subframe sets to a
terminal, and receiving the CSI of each of the first and second subframe sets from the terminal. Preferably, a subframe
belonging to the first subframe set and a subframe belonging to the second subframe set do not overlap, and some of
the plurality of subframes do not belong to either of the first and second subframe sets.
[0015] Preferably, there is provided a method of performing channel state information (CSI) measurement by a terminal,
including receiving, from a base station, information indicating first and second subframe sets, in which the CSI meas-
urement will be performed, among a plurality of downlink subframes, performing CSI measurement with respect to each
of the first and second subframe sets, and transmitting the CSI to the base station. Preferably, a subframe belonging to
the first subframe set and a subframe belonging to the second subframe set do not overlap, and some of the plurality
of subframes do not belong to either of the first and second subframe sets.
[0016] Preferably, there is provided a base station for transmitting channel state information (CSI) measurement
resource information, including a reception module configured to receive an uplink signal from a terminal, a transmission
module configured to transmit a downlink signal to the terminal, and a processor configured to control the base station
including the reception module and the transmission module. Preferably, the processor is configured to determine first
and second subframe sets, in which CSI measurement will be performed, among a plurality of downlink subframes,
transmit information indicating the first and second subframe sets to the terminal through the transmission module, and
receive the CSI of each of the first and second subframe sets from the terminal through the reception module. Preferably,
a subframe belonging to the first subframe set and a subframe belonging to the second subframe set do not overlap,
and some of the plurality of subframes do not belong to either of the first and second subframe sets.
[0017] Preferably, there is provided a terminal for performing channel state information (CSI) measurement, including
a reception module configured to receive a downlink signal from a base station, a transmission module configured to
transmit an uplink signal to the base station, and a processor configured to control the terminal including the reception
module and the transmission module. Preferably, the processor is configured to receive, from the base station, information
indicating first and second subframe sets, in which the CSI measurement will be performed, among a plurality of downlink
subframes through the reception module, perform the CSI measurement with respect to each of the first and second
subframe sets, and transmit the CSI to the base station through the transmission module. Preferably, a subframe
belonging to the first subframe set and a subframe belonging to the second subframe set do not overlap, and some of
the plurality of subframes do not belong to either of the first and second subframe sets.
[0018] Examples preferably have the following features.
[0019] The base station preferably determines the first and second subframe sets using information indicating a subset
of blank subframes of a neighbor cell.
[0020] The first subframe set preferably includes a subframe in which a probability of being set as a blank subframe
by a neighbor cell is higher than that of the second subframe set.
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[0021] Preferably, there is provided a method of setting measurement resources by a first base station, including
receiving information about setting of a blank subframe of a second base station among a plurality of subframes, and
setting resources in which a terminal will perform measurement using the information about setting of the blank subframe
of the second base station. Preferably, the information about setting of the blank subframe of the second base station
includes first and second bitmaps, the first bitmap indicates blank subframes and non-blank subframes, and the second
bitmap indicates a subset of subframes indicated as the blank subframes by the first bitmap.
[0022] Preferably, there is provided a base station of a cell which is subject to interference, which sets measurement
resources, including a reception module configured to receive a signal from a base station of a cell which causes
interference, a transmission module configured to transmit a signal to the base station of the cell which causes interfer-
ence, and a processor configured to control the base station of the cell which is subject to interference, which includes
the reception module and the transmission module. Preferably, the processor is configured to receive information about
setting of a blank subframe of the base station of the cell which causes interference among a plurality of subframes
through the reception module, and set resources in which a terminal will perform measurement using the information
about setting of the blank subframe of the base station of the cell which causes interference. Preferably, the information
about setting of the blank subframe of the base station of the cell which causes interference includes first and second
bitmaps, the first bitmap indicates blank subframes and non-blank subframes, and the second bitmap indicates a subset
of subframes indicated as the blank subframes by the first bitmap.
[0023] The examples preferably have the following features.
[0024] Each of the blank subframes of the second base station indicated by the first bitmap preferably belongs to any
one of a first group or a second group, the first group may include subframes indicated by the second bitmap as belonging
to a subset of blank subframes, and the second group preferably includes subframes indicated by the second bitmap
as not belonging to a subset of blank subframes.
[0025] A probability of the second base station setting a subframe belonging to the first group to a blank subframe
preferably is different from a probability of the second base station setting a subframe belonging to the second group to
a blank subframe.
[0026] The probability of the second base station setting the subframe belonging to the first group to the blank subframe
preferably is higher than the probability of the second base station setting the subframe belonging to the second group
to the blank subframe.
[0027] The setting of the resources preferably is performed by the first base station using a subset of blank subframes
of the second base station indicated by the second bitmap.
[0028] Preferably, there is provided a method of transmitting information indicating resources from a first base station
to a second base station, including determining a downlink subframe which cannot be used by the first base station due
to inter-cell interference among a plurality of downlink subframes, and transmitting information indicating the determined
downlink subframe to the second base station. Preferably, the first base station is a base station of a cell which is subject
to interference and the second base station is a base station of a cell which causes interference.
[0029] Preferably, there is provided a base station of a cell which is subject to interference, which transmits information
indicating resources, including a reception module configured to receive a signal from a base station of a cell which
causes interference, a transmission module configured to transmit a signal to the base station of the call which causes
interference, and a processor configured to control the base station of the cell which is subject to interference, which
includes the reception module and the transmission module. Preferably, the processor is configured to determine a
downlink subframe which cannot be used by the base station of the cell which is subject to interference due to inter-cell
interference among a plurality of downlink subframes, and transmit information indicating the determined downlink
subframe to the base station of the cell which causes interference through the transmission module.
[0030] The examples preferably have the following features.
[0031] The information indicating the determined downlink subframe preferably is configured in the form of a bitmap.
[0032] The method preferably further includes receiving, by the first base station, blank subframe setting information
set by the second base station in consideration of the information indicating the determined downlink subframe.
[0033] The downlink subframe which cannot be used by the first base station preferably is determined based on a
downlink measurement result from a terminal served by the first base station.
[0034] The downlink subframe which cannot be used by the first base station preferably is determined to be a subframe
in which the strength of inter-cell interference from the second base station is higher than the strength of a signal from
the first base station to the terminal served by the first base station by a predetermined threshold.
[0035] The above general description of the present invention and a detailed description thereof which will be described
hereinbelow are exemplary and are for an additional description of the invention disclosed in the accompanying claims.

[Advantageous Effects]

[0036] According to the present invention, it is possible to provide a method and apparatus for transmitting and receiving
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a cooperative signal between cells in which inter-cell interference occurs so as to reduce inter-cell interference.
[0037] The effects of the present invention are not limited to the above-described effects and other effects which are
not described herein will become apparent to those skilled in the art from the following description.

[Description of Drawings]

[0038] The accompanying drawings, which are included 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.
[0039] In the drawings:

FIG. 1 is a diagram showing a heterogeneous network wireless communication system;
FIG. 2 is diagram showing the structure of a downlink radio frame;
FIG. 3 is a diagram showing a resource grid in a downlink slot;
FIG. 4 is a diagram showing the structure of a downlink subframe;
FIG. 5 is a diagram showing the structure of an uplink subframe;
FIG. 6 is a diagram showing the configuration of a radio communication system having multiple antennas;
FIG. 7 is a diagram showing patterns of CRSs and DRSs defined in the existing 3GPP LTE system;
FIG. 8 is a diagram showing the structure of an uplink subframe including an SRS symbol;
FIG. 9 is a diagram showing an example of implementing transmission and reception functions of an FDD-mode
relay node (RN);
FIG. 10 is a diagram showing transmission to a UE from an RN and downlink transmission to the RN from a base
station;
FIG. 11 is a flowchart illustrating a method of transmitting inter-cell cooperative information from a cell which is
subject to interference to a cell which causes interference according to an embodiment of the present invention;
FIG. 12 is a flowchart illustrating a method of transmitting and receiving cooperative information between cells in
which interference occurs according to an embodiment of the present invention;
FIG. 13 is a diagram showing an example of setting a subframe group; and
FIG. 14 is a diagram showing a base station (eNB) device and a terminal device according to an exemplary em-
bodiment of the present invention.

[Best Mode]

[0040] The following embodiments are proposed by combining constituent components and characteristics of the
present invention according to a predetermined format. The individual constituent components or characteristics should
be considered to be optional factors on the condition that there is no additional remark. If required, the individual constituent
components or characteristics may not be combined with other components or characteristics. Also, some constituent
components and/or characteristics may be combined to implement the embodiments of the present invention. The order
of operations to be disclosed in the embodiments of the present invention may be changed to another. Some components
or characteristics of any embodiment may also be included in other embodiments, or may be replaced with those of the
other embodiments as necessary.
[0041] The embodiments of the present invention are disclosed on the basis of a data communication relationship
between a base station and a terminal. In this case, the base station is used as a terminal node of a network via which
the base station can directly communicate with the terminal. Specific operations to be conducted by the base station in
the present invention may also be conducted by an upper node of the base station as necessary.
[0042] In other words, it will be obvious to those skilled in the art that various operations for enabling the base station
to communicate with the terminal in a network composed of several network nodes including the base station will be
conducted by the base station or other network nodes other than the base station. The term "Base Station (BS)" may
be replaced with a fixed station, Node-B, eNode-B (eNB), or an access point as necessary. The term "relay" may be
replaced with a Relay Node (RN) or a Relay Station (RS). The term "terminal" may also be replaced with a User Equipment
(UE), a Mobile Station (MS), a Mobile Subscriber Station (MSS) or a Subscriber Station (SS) as necessary.
[0043] It should be noted that specific terms disclosed in the present invention are proposed for the convenience of
description and better understanding of the present invention, and the use of these specific terms may be changed to
another format within the technical scope of the appended claims.
[0044] In some instances, well-known structures and devices are omitted in order to avoid obscuring the concepts of
the present invention and the important functions of the structures and devices are shown in block diagram form. The
same reference numbers will be used throughout the drawings to refer to the same or like parts.
[0045] Exemplary embodiments of the present invention are supported by standard documents disclosed for at least
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one of wireless access systems including an Institute of Electrical and Electronics Engineers (IEEE) 802 system, a 3rd

Generation Project Partnership (3GPP) system, a 3GPP Long Term Evolution (LTE) system, and a 3GPP2 system. In
particular, the steps or parts, which are not described to clearly reveal the technical idea of the present invention, in the
embodiments of the present invention may be supported by the above documents. All terminology used herein may be
supported by at least one of the above-mentioned documents.
[0046] The following embodiments of the present invention can be applied to a variety of wireless access technologies,
for example, CDMA (Code Division Multiple Access), FDMA (Frequency Division Multiple Access), TDMA (Time Division
Multiple Access), OFDMA (Orthogonal Frequency Division Multiple Access), SC-FDMA (Single Carrier Frequency Di-
vision Multiple Access), and the like. The CDMA may be embodied with wireless (or radio) technology such as UTRA
(Universal Terrestrial Radio Access) or CDMA2000. The TDMA may be embodied with wireless (or radio) technology
such as GSM (Global System for Mobile communications) /GPRS (General Packet Radio Service) /EDGE (Enhanced
Data Rates for GSM Evolution). The OFDMA may be embodied with wireless (or radio) technology such as Institute of
Electrical and Electronics Engineers (IEEE) 802.11 (Wi-Fi™), IEEE 802.16 (WiMAX), IEEE 802-20, and E-UTRA (Evolved
UTRA). The UTRA is a part of the UMTS (Universal Mobile Telecommunications System). The 3GPP (3rd Generation
Partnership Project) LTE (long term evolution) is a part of the E-UMTS (Evolved UMTS), which uses E-UTRA. The 3GPP
LTE employs the OFDMA in downlink and employs the SC-FDMA in uplink. The LTE -Advanced (LTE-A) is an evolved
version of the 3GPP LTE. WiMAX can be explained by an IEEE 802.16e (WirelessMA -OFDMA Reference System) and
an advanced IEEE 802.16m
(WirelessMAN-OFDMA Advanced System). For clarity, the following description focuses on the 3GPP LTE and 3GPP
LTE-A system. However, technical features of the present invention are not limited thereto.
[0047] The structure of a downlink radio frame will be described with reference to FIG. 2.
[0048] In a cellular Orthogonal Frequency Division Multiplexing (OFDM) radio packet communication system, up-
link/downlink data packet transmission is performed in subframe units. One subframe is defined as a predetermined
time interval including a plurality of OFDM symbols. The 3GPP LTE standard supports a type 1 radio frame structure
applicable to Frequency Division Duplex (FDD) and a type 2 radio frame structure applicable to Time Division Duplex
(TDD).
[0049] FIG. 2(a) is a diagram showing the structure of the type 1 radio frame. A downlink radio frame includes 10
subframes, and one subframe includes two slots in time domain. A time required for transmitting one subframe is defined
in a Transmission Time Interval (TTI). For example, one subframe may have a length of 1 ms and one slot may have a
length of 0.5 ms. One slot may include a plurality of OFDM symbols in time domain and include a plurality of Resource
Blocks (RBs) in frequency domain. Since the 3GPP LTE system uses OFDMA in downlink, the OFDM symbol indicates
one symbol duration. The OFDM symbol may be called a SC-FDMA symbol or a symbol duration. A RB is a resource
allocation unit and includes a plurality of contiguous subcarriers in one slot.
[0050] The number of OFDM symbols included in one slot may be changed according to the configuration of a Cyclic
Prefix (CP). The CP includes an extended CP and a normal CP. For example, if the OFDM symbols are configured by
the normal CP, the number of OFDM symbols included in one slot may be seven. If the OFDM symbols are configured
by the extended CP, the length of one OFDM symbol is increased, the number of OFDM symbols included in one slot
is less than that of the case of the normal CP. In case of the extended CP, for example, the number of OFDM symbols
included in one slot may be six. If a channel state is instable, for example, if a User Equipment (UE) moves at a high
speed, the extended CP may be used in order to further reduce interference between symbols.
[0051] In case of using the normal CP, since one slot includes seven OFDM symbols, one subframe includes 14 OFDM
symbols. At this time, the first two or three OFDM symbols of each subframe may be allocated to a Physical Downlink
Control Channel (PDCCH) and the remaining OFDM symbols may be allocated to a Physical Downlink Shared Channel
(PDSCH).
[0052] FIG. 2(b) is a diagram showing the structure of the type 2 radio frame. The type 2 radio frame includes two half
frames, each of which includes five subframes, a downlink pilot time slot (DwPTS), a guard period (GP), and an uplink
pilot time slot (UpPTS). One of these subframes includes two slots. The DwPTS is used for initial cell search, synchro-
nization and channel estimation at a user equipment. The UpPTS is used for channel estimation and uplink transmission
synchronization of the user equipment. The guard period is to remove interference occurring in an uplink due to multi-
path delay of a downlink signal between the uplink and a downlink. Meanwhile, one subframe includes two slots regardless
of a type of the radio frame.
[0053] The structure of the radio frame is only exemplary. Accordingly, the number of subframes included in the radio
frame, the number of slots included in the subframe or the number of symbols included in the slot may be changed in
various manners.
[0054] FIG. 3 is a diagram showing a resource grid in a downlink slot. Although one downlink slot includes seven
OFDM symbols in a time domain and one RB includes 12 subcarriers in a frequency domain in the figure, the present
invention is not limited thereto. For example, in case of a normal Cyclic Prefix (CP), one slot includes 7 OFDM symbols.
However, in case of an extended CP, one slot includes 6 OFDM symbols. Each element on the resource grid is referred
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to as a resource element. One RB includes 12x7 resource elements. The number NDL of RBs included in the downlink
slot is determined based on a downlink transmission bandwidth. The structure of the uplink slot may be equal to the
structure of the downlink slot.
[0055] FIG. 4 is a diagram showing the structure of a downlink subframe. A maximum of three OFDM symbols of a
front portion of a first slot within one subframe corresponds to a control region to which a control channel is allocated.
The remaining OFDM symbols correspond to a data region to which a Physical Downlink Shared Channel (PDSCH) is
allocated. Examples of the downlink control channels used in the 3GPP LTE system include, for example, a Physical
Control Format Indicator Channel (PCFICH), a Physical Downlink Control Channel (PDCCH), a Physical Hybrid automatic
repeat request Indicator Channel (PHICH), etc. The PCFICH is transmitted at a first OFDM symbol of a subframe, and
includes information about the number of OFDM symbols used to transmit the control channel in the subframe. The
PHICH includes a HARQ ACK/NACK signal as a response of uplink transmission. The control information transmitted
through the PDCCH is referred to as Downlink Control Information (DCI). The DCI includes uplink or downlink scheduling
information or an uplink transmit power control command for a certain UE group. The PDCCH may include resource
allocation and transmission format of a Downlink Shared Channel (DL-SCH), resource allocation information of an Uplink
Shared Channel (UL-SCH), paging information of a Paging Channel (PCH), system information on the DL-SCH, resource
allocation of an higher layer control message such as a Random Access Response (RAR) transmitted on the PDSCH,
a set of transmit power control commands for an individual UEs in a certain UE group, transmit power control information,
activation of Voice over IP (VoIP), etc. A plurality of PDCCHs may be transmitted within the control region. The UE may
monitor the plurality of PDCCHs. The PDCCHs are transmitted on an aggregation of one or several consecutive control
channel elements (CCEs). The CCE is a logical allocation unit used to provide the PDCCHs at a coding rate based on
the state of a radio channel. The CCE corresponds to a plurality of resource element groups. The format of the PDCCH
and the number of available bits are determined based on a correlation between the number of CCEs and the coding
rate provided by the CCEs. The base station determines a PDCCH format according to a DCI to be transmitted to the
UE, and attaches a Cyclic Redundancy Check (CRC) to control information. The CRC is masked with a Radio Network
Temporary Identifier (RNTI) according to an owner or usage of the PDCCH. If the PDCCH is for a specific UE, a cell-
RNTI (C-RNTI) of the UE may be masked to the CRC. Alternatively, if the PDCCH is for a paging message, a paging
indicator identifier (P-RNTI) may be masked to the CRC. If the PDCCH is for system information (more specifically, a
system information block (SIB)), a system information identifier and a system information RNTI (SI-RNTI) may be masked
to the CRC. To indicate a random access response that is a response for transmission of a random access preamble
of the UE, a random access-RNTI (RA-RNTI) may be masked to the CRC.
[0056] FIG. 5 is a diagram showing the structure of an uplink frame. The uplink subframe may be divided into a control
region and a data region in a frequency domain. A Physical Uplink Control Channel (PUCCH) including uplink control
information is allocated to the control region. A Physical uplink Shared Channel (PUSCH) including user data is allocated
to the data region. In order to maintain single carrier property, one UE does not simultaneously transmit the PUCCH
and the PUSCH. The PUCCH for one UE is allocated to a RB pair in a subframe. RBs belonging to the RB pair occupy
different subcarriers with respect to two slots. Thus, the RB pair allocated to the PUCCH is "frequency-hopped" at a slot
boundary.

Modeling of Multi-Input Multi-Output (MIMO) System

[0057] FIG. 6 is a diagram showing the configuration of a radio communication system having multiple antennas.
[0058] As shown in FIG. 6(a), if the number of transmission antennas is increased to NT and the number of reception
antennas is increased to NR, a theoretical channel transmission capacity is increased in proportion to the number of
antennas, unlike the case where a plurality of antennas is used in only a transmitter or a receiver. Accordingly, it is
possible to improve a transfer rate and to remarkably improve frequency efficiency. As the channel transmission capacity
is increased, the transfer rate may be theoretically increased by a product of a maximum transfer rate R0 upon using a
single antenna and a rate increase ratio Ri. 

[0059] For example, in an MIMO system using four transmission antennas and four reception antennas, it is possible
to theoretically acquire a transfer rate which is four times that of a single antenna system. After the increase in the
theoretical capacity of the MIMO system was proved in the mid-1990s, various technologies of substantially improving
a data transfer rate have been actively developed up to now. In addition, several technologies are already applied to
the various radio communication standards such as the third-generation mobile communication and the next-generation
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wireless local area network (LAN).
[0060] According to the researches into the MIMO antenna up to now, various researches such as researches into
information theory related to the computation of the communication capacity of a MIMO antenna in various channel
environments and multiple access environments, researches into the model and the measurement of the radio channels
of the MIMO system, and researches into space-time signal processing technologies of improving transmission reliability
and transmission rate have been actively conducted.
[0061] The communication method of the MIMO system will be described in more detail using mathematical modeling.
In the above system, it is assumed that NT transmission antennas and NR reception antennas are present.
[0062] In transmitted signals, if the NT transmission antennas are present, the number of pieces of maximally trans-
mittable information is NT. The transmitted information may be expressed as follows. 

[0063] The transmitted information s1,s2,···,sNT may have different transmit powers. If the respective transmit powers
are P1,P2,···,PNT, the transmitted information with adjusted powers may be expressed as follows. 

[0064] In addition, s may be expressed using a diagonal matrix P of the transmit powers as follows. 

[0065] Consider that the NT actually transmitted signals x1,x2,···,xNT
 are configured by applying a weight matrix W to

the information vector s with the adjusted transmit powers. The weight matrix W serves to appropriately distribute the
transmitted information to each antenna according to a transport channel state, etc. x1,x2,···,xNT

 may be expressed by
using the vector X as follows.

where, wij denotes a weight between an i-th transmission antenna and j-th information. W is also called a precoding matrix.
[0066] In received signals, if the NR reception antennas are present, respective received signals y1,y2,···,yNR of the
antennas are expressed as follows. 

^

^
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[0067] If channels are modeled in the MIMO radio communication system, the channels may be distinguished according
to transmission/reception antenna indexes. A channel from the transmission antenna j to the reception antenna i is
denoted by hij. In hij, it is noted that the indexes of the reception antennas precede the indexes of the transmission
antennas in view of the order of indexes.
[0068] FIG. 6(b) is a diagram showing channels from the NT transmission antennas to the reception antenna i. The
channels may be combined and expressed in the form of a vector and a matrix. In FIG. 6(b), the channels from the NT
transmission antennas to the reception antenna i may be expressed as follows. 

[0069] Accordingly, all the channels from the NT transmission antennas to the NR reception antennas may be expressed
as follows. 

[0070] An Additive White Gaussian Noise (AWGN) is added to the actual channels after a channel matrix H. The
AWGN n1,n2,···,nNR

 added to the NT transmission antennas may be expressed as follows. 

[0071] Through the above-described mathematical modeling, the received signals may be expressed as follows. 

[0072] The number of rows and columns of the channel matrix H indicating the channel state is determined by the
number of transmission and reception antennas. The number of rows of the channel matrix H is equal to the number
NR of reception antennas and the number of columns thereof is equal to the number NT of transmission antennas. That
is, the channel matrix H is an NR3NT matrix.
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[0073] The rank of the matrix is defined by the smaller of the number of rows or columns, which is independent from
each other. Accordingly, the rank of the matrix is not greater than the number of rows or columns. The rank rank(H) of
the channel matrix H is restricted as follows. 

[0074] When the matrix is subjected to Eigen value decomposition, the rank may be defined by the number of Eigen
values excluding 0. Similarly, when the matrix is subjected to singular value decomposition, the rank may be defined by
the number of singular values excluding 0. Accordingly, the physical meaning of the rank in the channel matrix may be
a maximum number of different transmittable information in a given channel.

Reference Signal (RS)

[0075] In a radio communication system, since packets are transmitted through a radio channel, a signal may be
distorted during transmission. In order to enable a reception side to correctly receive the distorted signal, distortion of
the received signal should be corrected using channel information. In order to detect the channel information, a method
of transmitting a signal, of which both the transmission side and the reception side are aware, and detecting channel
information using a distortion degree when the signal is received through a channel is mainly used. The above signal is
referred to as a pilot signal or a reference signal (RS).
[0076] When transmitting and receiving data using multiple antennas, the channel states between the transmission
antennas and the reception antennas should be detected in order to correctly receive the signal. Accordingly, each
transmission antenna has an individual RS.
[0077] A downlink RS includes a Common RS (CRS) shared among all UEs in a cell and a Dedicated RS (DRS) for
only a specific-UE. It is possible to provide information for channel estimation and demodulation using such RSs.
[0078] The reception side (UE) estimates the channel state from the CRS and feeds back an indicator associated with
channel quality, such as a Channel Quality Indicator (CQI), a Precoding Matrix Index (PMI) and/or a Rank Indicator (RI),
to the transmission side (eNodeB). The CRS may be also called a cell-specific RS. Alternatively, an RS associated with
the feedback of Channel State Information (CSI) such as CQI/PMI/RI may be separately defined as a CSI-RS.
[0079] The DRS may be transmitted through REs if data demodulation on a PDSCH is necessary. The UE may receive
the presence/absence of the DRS from a higher layer and receive information indicating that the DRS is valid only when
the PDSCH is mapped. The DRS may be also called a UE-specific RS or a Demodulation RS (DMRS).
[0080] FIG. 7 is a diagram showing a pattern of CRSs and DRSs mapped on a downlink RB pair defined in the existing
3GPP LTE system (e.g., Release-8). The downlink RB pair as a mapping unit of the RSs may be expressed in units of
one subframe on a time domain 3 12 subcarriers on a frequency domain. That is, on the time axis, one RB pair has a
length of 14 OFDM symbols in case of the normal CP (FIG. 7(a)) and has a length of 12 OFDM symbols in case of the
extended CP (FIG. 7(b)).
[0081] FIG. 7 shows the locations of the RSs on the RB pair in the system in which the eNodeB supports four trans-
mission antennas. In FIG. 7, Resource Elements (REs) denoted by "0", "1", "2" and "3" indicate the locations of the
CRSs of the antenna port indexes 0, 1, 2 and 3, respectively. In Fig. 7, the RE denoted by "D" indicates the location of
the DRS.

Hereinafter, the CRS will be described in detail.

[0082] The CRS is used to estimate the channel of a physical antenna and is distributed over the entire band as an
RS which is able to be commonly received by all UEs located within a cell. The CRS may be used for CSI acquisition
and data demodulation.
[0083] The CRS is defined in various formats according to the antenna configuration of the transmission side (eNodeB).
The 3GPP LTE (e.g., Release-8) system supports various antenna configurations, and a downlink signal transmission
side (eNodeB) has three antenna configurations such as a single antenna, two transmission antennas and four trans-
mission antennas. If the eNodeB performs single-antenna transmission, RSs for a single antenna port are arranged. If
the eNodeB performs two-antenna transmission, RSs for two antenna ports are arranged using a Time Division Multi-
plexing (TDM) and/or Frequency Division Multiplexing (FDM) scheme. That is, the RSs for the two antenna ports are
arranged in different time resources and/or different frequency resources so as to be distinguished from each other. In
addition, if the eNodeB performs four-antenna transmission, RSs for four antenna ports are arranged using the TDM/FDM
scheme. The channel information estimated by the downlink signal reception side (UE) through the CRSs may be used
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to demodulate data transmitted using a transmission scheme such as single antenna transmission, transmit diversity,
closed-loop spatial multiplexing, open-loop spatial multiplexing, or Multi-User MIMO (MU-MIMO).
[0084] If multiple antennas are supported, when RSs are transmitted from a certain antenna port, the RSs are trans-
mitted at the locations of the REs specified according to the RS pattern and any signal is not transmitted at the locations
of the REs specified for another antenna port.
[0085] The rule of mapping the CRSs to the RBs is defined by Equation 12. 

[0086] In Equation 12, k denotes a subcarrier index, 1 denotes a symbol index, and p denotes an antenna port index.
NDL

symb denotes the number of OFDM symbols of one downlink slot, NDL
RB denotes the number of RBs allocated to

the downlink, ns denotes a slot index, and Ncell
ID denotes a cell ID. mod indicates a modulo operation. The location of

the RS in the frequency domain depends on a value Vshift. Since the value Vshift depends on the cell ID, the location of
the RS has a frequency shift value which varies according to the
cell.
[0087] More specifically, in order to increase channel estimation performance through the CRSs, the locations of the
CRSs in the frequency domain may be shifted so as to be changed according to the cells. For example, if the RSs are
located at an interval of three subcarriers, the RSs are arranged on 3k-th subcarriers in one cell and arranged on (3k+1)-th
subcarriers in the other cell. In view of one antenna port, the RSs are arranged at an interval of 6 REs (that is, interval
of 6 subcarriers) in the frequency domain and are separated from REs, on which RSs allocated to another antenna port
are arranged, by 3 REs in the frequency domain.
[0088] In addition, power boosting is applied to the CRSs. The power boosting indicates that the RSs are transmitted
using higher power by bringing (stealing) the powers of the REs except for the REs allocated for the RSs among the
REs of one OFDM symbol.
[0089] In the time domain, the RSs are arranged from a symbol index (l=0) of each slot as a starting point at a constant
interval. The time interval is differently defined according to the CP length. The RSs are located on symbol indexes 0
and 4 of the slot in case of the normal CP and are located on symbol indexes 0 and 3 of the slot in case of the extended
CP. Only RSs for a maximum of two antenna ports are defined in one OFDM symbol. Accordingly, upon four-transmission
antenna transmission, the RSs for the antenna ports 0 and 1 are located on the symbol indexes 0 and 4 (the symbol
indexes 0 and 3 in case of the extended CP) of the slot and the RSs for the antenna ports 2 and 3 are located on the
symbol index 1 of the slot. The frequency locations of the RSs for the antenna ports 2 and 3 in the frequency domain
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are exchanged with each other in a second slot.
[0090] In order to support spectrum efficiency higher than that of the existing 3GPP LTE (e.g., Release-8) system, a
system (e.g., an LTE-A system) having the extended antenna configuration may be designed. The extended antenna
configuration may have, for example, eight transmission antennas. In the system having the extended antenna config-
uration, UEs which operate in the existing antenna configuration needs to be supported, that is, backward compatibility
needs to be supported. Accordingly, it is necessary to support a RS pattern according to the existing antenna configuration
and to design a new RS pattern for an additional antenna configuration. If CRSs for the new antenna ports are added
to the system having the existing antenna configuration, RS overhead is rapidly increased and thus data transfer rate
is reduced. In consideration of these problems, in an LTE-A (Advanced) system which is an evolution version of the
3GPP LTE system, separate RSs (CSI-RSs) for measuring the CSI for the new antenna ports may be used.
[0091] Hereinafter, the DRS will be described in detail.
[0092] The DRS (or the UE-specific RS) is used to demodulate data. A precoding weight used for a specific UE upon
multi-antenna transmission is also used in an RS without change so as to estimate an equivalent channel, in which a
transfer channel and the precoding weight transmitted from each transmission antenna are combined, when the UE
receives the RSs.
[0093] The existing 3GPP LTE system (e.g., Release-8) supports four-transmission antenna transmission as a max-
imum and the DRS for Rank 1 beamforming is defined. The DRS for Rank 1 beamforming is also denoted by the RS
for the antenna port index 5. The rule of the DRS mapped on the RBs is defined by Equations 13 and 14. Equation 13
is for the normal CP and Equation 14 is for the extended CP. 
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In equations 13 and 14, k denotes a subcarrier index, l denotes a symbol index, and p denotes an antenna port index.

 denotes the resource block size in the frequency domain and is expressed by the number of subcarriers. nPRB

denotes a physical resource block number.  denotes the bandwidth of the RB of the PDSCH transmission. ns

denotes a slot index, and  denotes a cell ID. mod indicates a modulo operation. The location of the RS in the
frequency domain depends on a value Vshift. Since the value Vshif depends on the cell ID, the location of the RS has a

frequency shift value which varies according to the cell.
[0094] In the LTE-A system which is the evolution version of the 3GPP LTE system, high-order MIMO, multi-cell
transmission, evolved MU-MIMO or the like is considered. In order to support efficient RS management and a developed
transmission scheme, DRS-based data demodulation is considered. That is, separately from the DRS (antenna port
index 5) for Rank 1 beamforming defined in the existing 3GPP LTE (e.g., Release-8) system, DRSs for two or more
layers may be defined in order to support data transmission through the added antenna.

Cooperative Multi-Point (CoMP)

[0095] According to the improved system performance requirements of the 3GPP LTE-A system, CoMP transmis-
sion/reception technology (may be referred to as co-MIMO, collaborative MIMO or network MIMO) is proposed. The
CoMP technology can increase the performance of the UE located on a cell edge and increase average sector throughput.
[0096] In general, in a multi-cell environment in which a frequency reuse factor is 1, the performance of the UE located
on the cell edge and average sector throughput may be reduced due to Inter-Cell Interference (ICI). In order to reduce
the ICI, in the existing LTE system, a method of enabling the UE located on the cell edge to have appropriate throughput
and performance using a simple passive method such as Fractional Frequency Reuse (FFR) through the UE-specific
power control in the environment restricted by interference is applied. However, rather than decreasing the use of
frequency resources per cell, it is preferable that the ICI is reduced or the UE reuses the ICI as a desired signal. In order
to accomplish the above object, a CoMP transmission scheme may be applied.
[0097] The CoMP scheme applicable to the downlink may be largely classified into a Joint Processing (JP) scheme
and a Coordinated Scheduling/Beamforming (CS/CB) scheme.
[0098] In the JP scheme, each point (eNodeB) of a CoMP unit may use data. The CoMP unit refers to a set of eNodeBs
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used in the CoMP scheme. The JP scheme may be classified into a joint transmission scheme and a dynamic cell
selection scheme.
[0099] The joint transmission scheme refers to a scheme for transmitting a PDSCH from a plurality of points (a part
or the whole of the CoMP unit). That is, data transmitted to a single UE may be simultaneously transmitted from a plurality
of transmission points. According to the joint transmission scheme, it is possible to coherently or non-coherently improve
the quality of the received signals and to actively eliminate interference with another UE.
[0100] The dynamic cell selection scheme refers to a scheme for transmitting a PDSCH from one point (of the CoMP
unit). That is, data transmitted to a single UE at a specific time is transmitted from one point and the other points in the
cooperative unit at that time do not transmit data to the UE. The point for transmitting the data to the UE may be
dynamically selected.
[0101] According to the CS/CB scheme, the CoMP units may cooperatively perform beamforming of data transmission
to a single UE. Although only a serving cell transmits the data, user scheduling/beamforming may be determined by the
coordination of the cells of the CoMP unit.
[0102] In uplink, coordinated multi-point reception refers to reception of a signal transmitted by coordination of a
plurality of geographically separated points. The CoMP scheme applicable to the uplink may be classified into Joint
Reception (JR) and Coordinated Scheduling/Beamforming (CS/CB).
[0103] The JR scheme indicates that a plurality of reception points receives a signal transmitted through a PUSCH,
the CS/CB scheme indicates that only one point receives a PUSCH, and user scheduling/beamforming is determined
by the coordination of the cells of the CoMP unit.

Sounding RS (SRS)

[0104] An SRS is used for enabling an eNodeB to measure channel quality so as to perform frequency-selective
scheduling on the uplink and is not associated with uplink data and/or control information transmission. However, the
present invention is not limited thereto and the SRS may be used for improved power control or supporting of various
start-up functions of UEs which are not recently scheduled. Examples of the start-up functions may include, for example,
initial Modulation and Coding Scheme (MCS), initial power control for data transmission, timing advance, and frequency-
semi-selective scheduling (scheduling for selectively allocating frequency resources in a first slot of a subframe and
pseudo-randomly hopping to another frequency in a second slot).
[0105] In addition, the SRS may be used for downlink channel quality measurement on the assumption that the radio
channel is reciprocal between the uplink and downlink. This assumption is particularly valid in a Time Division Duplex
(TDD) system in which the same frequency band is shared between the uplink and the downlink and is divided in the
time domain.
[0106] The subframe through which the SRS is transmitted by a certain UE within the cell is indicated by cell-specific
broadcast signaling. 4-bit cell-specific "srsSubframeConfiguration" parameter indicates 15 possible configurations of the
subframe through which the SRS can be transmitted within each radio frame. By such configurations, it is possible to
provide adjustment flexibility of SRS overhead according to a network arrangement scenario. The remaining one (six-
teenth) configuration of the parameters indicates the switch-off of the SRS transmission within the cell and is suitable
for a serving cell for serving high-rate UEs.
[0107] As shown in FIG. 8, the SRS is always transmitted on a last SC-FDMA symbol of the configured subframe.
Accordingly, the SRS and a Demodulation RS (DMRS) are located on different SC-FDMA symbols. PUSCH data trans-
mission is not allowed on the SC-FDMA symbol specified for SRS transmission and thus sounding overhead does not
approximately exceed 7% even when it is highest (that is, even when SRS transmission symbols are present in all
subframes).
[0108] Each SRS symbol is generated by the basic sequence (random sequence or Zadoff-Chu (ZC) -based sequence
set) with respect to a given time unit and frequency band, and all UEs within the cell use the same basic sequence. At
this time, the SRS transmission of the plurality of UEs within the cell in the same time unit and the same frequency band
is orthogonally distinguished by different cyclic shifts of the base sequence allocated to the plurality of UEs. The SRS
sequences of different cells can be distinguished by allocating different basic sequences to respective cells, but the
orthogonality between the different basic sequences is not guaranteed.

Relay Node (RN)

[0109] A RN may be considered for, for example, enlargement of high data rate coverage, improvement of group
mobility, temporary network deployment, improvement of cell edge throughput and/or provision of network coverage to
a new area.
[0110] A RN forwards data transmitted or received between the eNodeB and the UE, two different links (backhaul link
and access link) are applied to the respective carrier frequency bands having different attributes. The eNodeB may
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include a donor cell. The RN is wirelessly connected to a radio access network through the donor cell.
[0111] The backhaul link between the eNodeB and the RN may be represented by a backhaul downlink if downlink
frequency bands or downlink subframe resources are used, and may be represented by a backhaul uplink if uplink
frequency bands or uplink subframe resources are used. Here, the frequency band is resource allocated in a Frequency
Division Duplex
(FDD) mode and the subframe is resource allocated in a Time Division Duplex (TDD) mode. Similarly, the access link
between the RN and the UE(s) may be represented by an access downlink if downlink frequency bands or downlink
subframe resources are used, and may be represented by an access uplink if uplink frequency bands or uplink subframe
resources are used.
[0112] The eNodeB must have functions such as uplink reception and downlink transmission and the UE must have
functions such as uplink transmission and downlink reception. The RN must have all functions such as backhaul uplink
transmission to the eNodeB, access uplink reception from the UE, the backhaul downlink reception from the eNodeB
and access downlink transmission to the UE.
[0113] FIG. 9 is a diagram showing an example of implementing transmission and reception functions of a FDD-mode
RN. The reception function of the RN will now be conceptually described. A downlink signal received from the eNodeB
is forwarded to a Fast Fourier Transform (FFT) module 912 through a duplexer 911 and is subjected to an OFDMA
baseband reception process 913. An uplink signal received from the UE is forwarded to a FFT module 922 through a
duplexer 921 and is subjected to a Discrete Fourier Transform-spread-OFDMA (DFT-s-OFDMA) baseband reception
process 923. The process of receiving the downlink signal from the eNodeB and the process of receiving the uplink
signal from the UE may be simultaneously performed. The transmission function of the RN will now be described. The
uplink signal transmitted to the eNodeB is transmitted through a DFT-s-OFDMA baseband transmission process 933,
an Inverse FFT (IFFT) module 932 and a duplexer 931. The downlink signal transmitted to the UE is transmitted through
an OFDM baseband transmission process 943, an IFFT module 942 and a duplexer 941. The process of transmitting
the uplink signal to the eNodeB and the process of transmitting the downlink signal to the UE may be simultaneously
performed. In addition, the duplexers shown as functioning in one direction may be implemented by one bidirectional
duplexer. For example, the duplexer 911 and the duplexer 931 may be implemented by one bidirectional duplexer and
the duplexer 921 and the duplexer 941 may be implemented by one bidirectional duplexer. The bidirectional duplexer
may branch into the IFFT module associated with the transmission and reception on a specific carrier frequency band
and the baseband process module line.
[0114] In association with the use of the band (or the spectrum) of the RN, the case where the backhaul link operates
in the same frequency band as the access link is referred to as "in-band" and the case where the backhaul link and the
access link operate in different frequency bands is referred to as "out-band". In both the in-band case and the out-band
case, a UE which operates according to the existing LTE system (e.g., Release-8), hereinafter, referred to as a legacy
UE, must be able to be connected to the donor cell.
[0115] The RN may be classified into a transparent RN or a non-transparent RN depending on whether or not the UE
recognizes the RN. The term "transparent" indicates that the UE cannot recognize whether communication with the
network is performed through the RN and the term "non-transparent" indicates that the UE recognizes whether commu-
nication with the network is performed through the RN.
[0116] In association with the control of the RN, the RN may be classified into a RN configured as a part of the donor
cell or a RN for controlling the cell.
[0117] The RN configured as the part of the donor cell may have a RN ID, but does not have its cell identity. When at
least a part of Radio Resource Management (RRM) of the RN is controlled by the eNodeB to which the donor cell belongs
(even when the remaining parts of the RRM are located on the RN), the RN is configured as the part of the donor cell.
Preferably, such an RN can support a legacy UE. For example, examples of such an RN include various types of relays
such as smart repeaters, decode-and-forward relays, L2 (second layer) relays and Type-2 relays.
[0118] In the RN for controlling the cell, the RN controls one or several cells, unique physical layer cell identities are
provided to the cells controlled by the RN, and the same RRM mechanism may be used. From the viewpoint of the UE,
there is no difference between access to the cell controlled by the RN and access to the cell controlled by a general
eNodeB. Preferably, the cell controlled by such an RN may support a legacy UE. For example, examples of such an
RN include self-backhauling relays, L3 (third layer) relays, Type-1 relays and Type-1a relays.
[0119] The Type-1 relay is an in-band relay for controlling a plurality of cells, which appears to be different from the
donor cell, from the viewpoint of the UE. In addition, the plurality of cells has respective physical cell IDs (defined in the
LTE Release-8) and the RN may transmit its synchronization channel, RSs, etc. In a single-cell operation, the UE may
directly receive scheduling information and HARQ feedback from the RN and transmit its control channel (Scheduling
Request (SR), CQI, ACK/NACK, etc.) to the RN. In addition, a legacy UE (a UE which operates according to the LTE
Release-8 system) regards the Type-1 relay as a legacy eNodeB (an eNodeB which operates according to the LTE
Release-8 system). That is, the Type-1 relay has backward compatibility. The UEs which operates according to the LTE-
A system regard the Type-1 relay as an eNodeB different from the legacy eNodeB, thereby achieving performance
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improvement.
[0120] The Type-1a relay has the same characteristics as the above-described Type-1 relay except that it operates
as an out-band relay. The Type-1a relay may be configured so as to minimize or eliminate an influence of the operation
thereof on an L1 (first layer) operation.
[0121] The Type-2 relay is an in-band relay and does not have a separate physical cell ID. Thus, a new cell is not
established. The Type-2 relay is transparent to the legacy UE and the legacy UE does not recognize the presence of
the Type-2 relay. The Type-2 relay can transmit a PDSCH, but does not transmit at least a CRS and a PDCCH.
[0122] In order to enable the RN to operate as the in-band relay, some resources in a time-frequency space must be
reserved for the backhaul link so as not to be used for the access link. This is called resource partitioning.
[0123] The general principle of the resource partitioning in the RN will now be described. The backhaul downlink and
the access downlink may be multiplexed on one carrier frequency using a Time Division Multiplexing (TDM) scheme
(that is, only one of the backhaul downlink or the access downlink is activated in a specific time). Similarly, the backhaul
uplink and the access uplink may be multiplexed on one carrier frequency using the TDM scheme (that is, only one of
the backhaul uplink or the access uplink is activated in a specific time).
[0124] The multiplexing of the backhaul link using a FDD scheme indicates that backhaul downlink transmission is
performed in a downlink frequency band and the backhaul uplink transmission is performed in an uplink frequency band.
The multiplexing of the backhaul link using the TDD scheme indicates that the backhaul downlink transmission is per-
formed in a downlink subframe of the eNodeB and the RN and the backhaul uplink transmission is performed in an uplink
subframe of the eNodeB and the RN.
[0125] In the in-band relay, for example, if the backhaul downlink reception from the eNodeB and the access downlink
transmission to the UE are simultaneously performed in a predetermined frequency band, the signal transmitted from
the transmitter of the RN may be received by the receiver of the RN and thus signal interference or RF jamming may
occur in the RF front end of the RN. Similarly, if the access uplink reception from the UE and the backhaul uplink
transmission to the eNodeB are simultaneously performed in a predetermined frequency band, signal interference may
occur in the RF front end of the RN. Accordingly, it is difficult to implement the simultaneous transmission and reception
in one frequency band at the RN unless the received signal and the transmitted signal are sufficiently separated (for
example, unless the transmission antennas and the reception antennas are sufficiently separated from each other (for
example, on the ground or under the ground) in terms of geographical positions).
[0126] As a method for solving the signal interference, the RN operates so as not to transmit a signal to the UE while
a signal is received from the donor cell. That is, a gap may be generated in the transmission from the RN to the UE and
any transmission from the RN to the UE (including the
legacy UE) may not be performed. Such a gap may be set by configuring a Multicast Broadcast Single Frequency
Network (MBSFN) subframe (see FIG. 10). In FIG. 10, a first subframe 1010 is a general subframe, in which a downlink
(that is, access downlink) control signal and data is transmitted from the RN to the UE, and a second subframe 1020 is
an MBSFN subframe, in which a control signal is transmitted from the RN to the UE in a control region 1021 of the
downlink subframe, but any signal is not transmitted from the RN to the UE in the remaining region 1022 of the downlink
subframe. Since the legacy UE expects the transmission of the PDCCH in all downlink subframes (that is, the RN needs
to enable the legacy UEs within its own area to receive the PDCCH in every subframe so as to perform a measurement
function), for the correct operation of the legacy UEs, it is necessary to transmit the PDCCH in all the downlink subframes.
Accordingly, even on the subframe (the second subframe 1020)) set for the transmission of the downlink (that is, the
backhaul downlink) from the eNodeB to the RN, the RN needs to transmit the access downlink in first N (N=1, 2 or 3)
OFDM symbol intervals of the subframe, without receiving the backhaul downlink. Since the PDCCH is transmitted from
the RN to the UE in the control region 1021 of the second subframe, it is possible to provide backward compatibility to
the legacy UE served by the RN. While any signal is not transmitted from the RN to the UE in the remaining region 1022
of the second subframe, the RN may receive the signal transmitted from the eNodeB. Accordingly, the resource parti-
tioning disables the in-band RN to simultaneously perform the access downlink transmission and the backhaul downlink
reception.
[0127] The second subframe 1022 using the MBSFN subframe will now be described in detail. The MBSFN subframe
is essentially used for a Multimedia Broadcast and Multicast Service (MBMS) which simultaneously transmits the same
signal in the same cell. The control region 1021 of the second subframe may be a RN non-hearing interval. The RN
non-hearing interval refers to an interval in which the RN does not receive a backhaul downlink signal and transmits an
access downlink signal. This interval may be set to 1, 2 or 3 OFDM lengths as described above. The RN performs the
access downlink transmission to the UE in the RN non-hearing interval 1021 and performs the backhaul downlink
reception from the eNodeB in the remaining region 1022. At this time, since the RN cannot simultaneously perform the
transmission and reception in the same frequency band, it takes a certain length of time to switch the RN from the
transmission mode to the reception mode. Accordingly, it is necessary to set a guard time (GT) to switch the RN from
the transmission mode to the reception mode in a first portion of the backhaul downlink reception region 1022. Similarly,
even when the RN receives the backhaul downlink from the eNodeB and transmits the access downlink to the UE, a
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guard time (GT) to switch the RN from the reception mode to the transmission mode may be set. The length of the guard
time may be set to values of the time domain, for example, values of k (k≥1) time samples Ts or one or more OFDM
symbol lengths. Alternatively, if the backhaul downlink subframes of the RN are consecutively set or according to a
predetermined subframe timing alignment relationship, the guard time of a last portion of the subframes may not be
defined or set. Such a guard time may be defined only in the frequency domain set for the transmission of the backhaul
downlink subframe, in order to maintain backward compatibility (the legacy UE cannot be supported if the guard time is
set in the access downlink interval). The RN can receive a PDCCH and a PDSCH from the eNodeB in the backhaul
downlink reception interval 1022 except for the guard time. Such PDCCH and the PDSCH are physical channels dedicated
for RN and thus may be represented by a R-PDCCH (Relay-PDCCH) and a R-PDSCH (Relay-PDSCH).

Reduction in Inter-Cell Interference

[0128] In the case where the coverage portions of two base stations partially overlap as in the case where two base
stations eNB1 and eNB2 are adjacently arranged, interference may occur in a terminal served by one base station due
to a strong downlink signal from another base station. If inter-cell interference occurs, it is possible to reduce inter-cell
interference using a method of transmitting an inter-cell cooperative signal between the two base stations. In the following
various embodiments of the present invention, it is assumed that a signal may be smoothly transmitted and received
between two base stations in which interference occurs. For example, it is assumed that reliability for transmission and
reception of a cooperative signal between base stations is high due to presence of a wired/wireless link (e.g., a backhaul
link or Un interface) between two base stations with good transmission conditions such as a good transmission bandwidth
or time delay. If time synchronization between two base stations is performed within an allowable error range (e.g., if a
downlink subframe boundary between two base stations in which interference occurs is aligned), it is assumed that an
offset of a subframe boundary between the two base stations is clearly recognized.
[0129] Referring back to FIG. 1, the eNB1 110 is a macro base station which provides services over a wide area with
high transmit power and the eNB2 120 is a micro base station (e.g., a pico base station) which provides services over
a narrow area with low transmit power. As shown in FIG. 1, if the terminal 130 which is located at a cell edge of the
eNB2 120 and is served by the eNB2 120 receives strong interference from the eNB1 110, it may be difficult to perform
efficient communication without appropriate inter-cell cooperation.
[0130] In particular, if a large number of terminals is connected to the eNB2 120 which is the micro base station with
low power so as to distribute load for providing services by the eNB1 110 which is the macro base station, a probability
of inter-cell interference occurring is high. For example, if a terminal sets a serving base station, a predetermined
coordination (bias) value may be added to power received from the micro base station and may not be added to power
received from the macro base station so as to compute and compare the received powers of the downlink signals from
the macro and micro base stations. As a result, the terminal may set a base station which provides highest downlink
receive power as a serving base station. Then, more terminals may be connected to the micro base station. Even when
the signal from the macro base station is stronger than the signal from the micro base station in terms of the strength
of the downlink signal actually received by the terminal, the micro base station may be set as the serving base station,
and the terminal connected to the micro base station may experience strong interference from the macro base station.
In this case, it may be difficult for terminals located at the edge of the micro base station to perform correct operations
due to strong interference from the macro base station if inter-cell cooperation is not provided.
[0131] Even when inter-cell interference is present, in order to perform efficient operation, appropriate cooperation
should be performed between two base stations in which inter-cell interference occurs, and a signal enabling such
cooperative operation may be transmitted and received through a link between the two base stations. In this case, if
inter-cell interference occurs between a macro base station and a micro base station, the macro base station may control
an inter-cell cooperative operation and the micro base station may perform an appropriate operation according to a
cooperative signal indicated by the macro base station.
[0132] The above-described situation in which inter-cell interference occurs is merely exemplary and the embodiments
of the present invention are applicable to the case where inter-cell interference occurs in other situations (e.g., the case
where inter-cell interference occurs between a CSG HeNB and an OSG macro base station, the case where a micro
base station causes interference and a macro base station is subject to interference, the case where inter-cell interference
occurs between micro base stations or macro base stations, etc.).
[0133] Hereinafter, for convenience of description, a cell which causes interference is referred to as an eNB1 and a
cell which is subject to interference is referred to as an eNB2. It is assumed that the eNB1 is a macro base station and
the eNB2 is a micro base station. However, the present invention is not limited thereto and the principle of the present
invention is applicable to various forms of inter-cell interference.
[0134] As an example of coordinating inter-cell interference, a method of silencing operation which reduces the trans-
mission power of eNB1 (including power reduction to zero transmission power) to mitigate inter-cell interference to a
terminal connected to the eNB2 in a specific resource region (that is, this method may be represented by a method of
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transmitting a null signal or a silencing method) is applicable. As an example of a silencing operation, a cell which causes
interference may configure a specific subframe by an MBSFN subframe. In a downlink subframe configured by the
MBSFN subframe, a signal is transmitted only in a control region and a signal is not transmitted in a data region. As
another example of a silencing operation, a cell which causes interference may configure a specific subframe by an
Almost Blank Subframe (ABS) or ABS-with MBSFN. The ABS refers to a subframe in which only a CRS is transmitted
in a control region and data region of a downlink subframe and the other control information and data are not transmitted.
However, even in the ABS, a downlink channel and downlink signal such as a PBCH, PSS or SSS may be transmitted.
The ABS-with-MBSFN refers to a subframe in which even the CRS of the data region is not transmitted unlike the above-
described ABS.
[0135] The specific resource region in which silencing is performed may be represented by time resources and/or
frequency resources. For example, a time resource location in which silencing is performed may be determined by a
combination of at least one of an overall time domain, a specific subframe, a specific slot and a specific OFDM symbol
unit. For example, a frequency resource location in which silencing is performed may be determined by a combination
of at least one of an overall frequency band, a specific carrier (in case of carrier aggregation in which a plurality of carriers
is used), a specific resource block and a specific subcarrier unit. The resource region in which silencing is performed is
clearly specified.
[0136] The present invention proposes an inter-cell cooperative signal transmission/reception method for blanking
downlink transmissions in the cell eNB1 which causes interference in a specific resource region (that is, silencing), in
order to smoothly operate the terminal (UE) of the cell eNB2 which is subject to interference. Hereinafter, for convenience
of description, it is assumed that specific resources in which silencing is performed are determined in subframe units.
However, the range of the present invention is not limited thereto and the principle of the present invention is applicable
to an operation for performing silencing in specific frequency resources between the cell eNB1 which causes interference
and the cell eNB2 which is subject to interference.

Signal transmitted from cell eNB2, which is subject to interference, to cell eNB1, which causes interference

[0137] FIG. 11 is a flowchart illustrating an operation S1100 for transmitting inter-cell cooperative information from the
cell eNB2 which is subject to interference to the cell eNB1 which causes interference according to an embodiment of
the present invention. As shown in FIG. 11, the eNB2 may determine a subframe in which a silencing operation of the
eNB1 is required and inform the eNB1 of the subframe.
[0138] The present embodiment relates to a method of enabling the cell eNB2 which is subject to interference to
transmit the index of a downlink subframe with strong interference to the cell eNB1 which causes interference in the
form of load indication information. The eNB2 may determine a downlink subframe in which the eNB1 needs to perform
silencing (that is, a subframe set to be set to a blank subframe (ABS)) and transmit information indicating the determined
downlink subframe to the eNB1. The eNB1 may determine a subframe in which silencing will be performed (that is, a
subframe which will be set to an ABS) and inform the eNB2 of the subframe.
[0139] More specifically, in step S1110, the eNB2 may receive, from the terminal (UE), information about downlink
measurement from each base station to the terminal. The information about downlink measurement may include channel
state information (CSI), radio resource management (RRM) measurement information, radio link monitoring (RLM)
measurement information, etc. Then, the eNB2 may check the strength of a signal from each base station to the terminal,
channel quality, link state, etc.
[0140] In step S1120, the eNB2 may determine the number/indices of subframes for requesting the eNB1 to perform
silencing based on the information received in step S1110.
[0141] More specifically, the eNB2 may determine the locations and/or number of specific subframes in which the
eNB1 should perform silencing (that is, subframes in which the eNB2 may provide a service to the UE without strong
interference from the eNB1), based on the number and locations of UEs connected thereto and traffic load of the UEs.
[0142] The eNB2 may determine in which UE a problem occurs in reception of a control channel and/or a data channel
when the eNB1 does not perform silencing. For example, the eNB2 may determine a list of UEs in which a difference
between the strength of a signal received by the UE from the eNB1 and the strength of a signal from the eNB2 is greater
than a predetermined threshold. Thus, the eNB2 may determine the number of subframes necessary to process all
traffic for the determined UE on the assumption that interference is not caused by the eNB1. The eNB2 may determine
in which subframe the eNB1 performs silencing (that is, a subframe index).
[0143] In step S1130, the eNB2 may send information about the subframe in which the silencing operation of the eNB1
is requested to the eNB1. That is, the eNB2 may transmit information specifying preferred silent subframes in which the
eNB1 performs the silencing operation to the eNB1. The information specifying the subframes may be information
implicitly indicating (estimating) the number of subframes, a subframe index, or the number/indices of subframes. After
step S1130, the eNB1 may perform the silencing operation in consideration of the silencing subframe information sent
from the eNB2.
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[0144] Hereinafter, the information specifying the information sent from the eNB2 to the eNB1, that is, the subframe
in which the silencing operation is requested, will be described in detail.
[0145] For example, the eNB2 may compute the preferred number of subframes in which the silencing operation of
the eNB1 is requested in constant duration (e.g., four radio frames (that is, 40 subframes) units and transmit the preferred
number of subframes to the eNB1. In this case, since the eNB1 may appropriately select subframes in which silencing
will be performed within the duration, the operation of the eNB1 is not restricted.
[0146] Alternatively, the eNB2 may determine the indices (or locations) of the subframes in which the silencing operation
of the eNB1 is requested and transmit the indices of the subframes to the eNB1. Transmission of the indices of the
subframes in which the silencing operation will be performed indicates that the eNB1 is informed of the pattern of
subframes in which silencing is desired to be performed. Thus, an inter-cell interference coordination operation (that is,
silencing) may be performed to be further compatible with the operation of the UE connected to the eNB2, as compared
to the case where only the number of subframes in which silencing will be performed within a predetermined duration
is indicated.
[0147] For example, if a large number of UEs located at the edge of the coverage of the eNB2 use semi-persistent
scheduling (SPS) of a period of 10 ms, the pattern of a subframe in which silencing is performed with the period of 10
ms may be determined and the eNB1 may be informed thereof, thereby improving the effect of inter-cell interference
coordination for the SPS traffics. Alternatively, if a large number of UEs located at the edge of the coverage of the eNB2
does not use SPS but uses a general HARQ scheme of a period of 8 ms, the pattern of a subframe in which silencing
is performed with the period of 8 ms may be determined and the eNB1 may be informed thereof, thereby improving the
effect of inter-cell interference coordination for the general HARQ processes.
[0148] The pattern of the subframe in which silencing of the eNB1 is requested, which is preferred by the eNB2, may
be represented in the form of an overload indicator (OI) or a load indication for downlink. The existing OI is defined for
uplink in the 3GPP LTE and is information indicating that the cell which is subject to interference informs a neighbor cell
which causes interference that a specific resource region is subject to strong interference from the neighbor cell in uplink.
The present invention defines the OI with respect to the downlink subframe and proposes a method of enabling the
eNB2 to inform the eNB1 of the indices of specific resources (e.g., specific subframes) in which an efficient service is
impossible due to strong interference from the eNB1 among resources (e.g., subframes), in which the UE connected to
the eNB2 should receive a downlink service, in the form of the OI. In other words, the eNB2 may inform the eNB1 of
information indicating specific resources which cannot be used by the eNB2 (that is, specific resources which are not
available as resources protected from inter-cell interference) due to presence of strong interference from the eNB1
among downlink resources. This may be analyzed as a signal for enabling the eNB2 to request the eNB1 to reduce
inter-cell interference with respect to a specific resource region (that is, to perform the silencing operation in a resource
region indicated by the OI). Accordingly, the eNB1 may control designation of a blank subframe of the eNB1 in consid-
eration of the OI information from the eNB2. Here, the specific resource region may be determined by a combination of
time resources and/or frequency resources. For example, the OI may be sent from the eNB2 to the eNB1 in the form of
a bitmap per RB.

Signal transmitted from cell which causes interference to cell which is subject to interference

[0149] As shown in FIG. 12, the cell eNB1 which causes interference may determine an operation which will be
performed in downlink resources (S1210) and transmit information about the operation to the cell eNB2 which is subject
to interference (S1220). More specifically, the eNB1 may determine information indicating in which downlink resources
silencing will be performed and transmit the information to the eNB2.
[0150] The operation for enabling the eNB1 to transmit information about the resources in which silencing will be
performed to the eNB2 may be transmitted as a response to information about silencing request resources received by
the eNB1 from the eNB2. For example, as shown in FIG. 12, the information about silenced resources preferred by
eNB2 may be transmitted from the eNB2 before step S1210, which corresponds to the result of performing the operations
of S1110 to S1130 of FIG. 11 by the eNB2.
[0151] In addition, the information specifying resources in which the eNB1 will perform silencing may be determined
based on information specifying resources in which the silencing operation of the eNB1 is requested, which is received
from the eNB2, as described above. Determining resources in which the eNB1 performs silencing based on the silencing
request resource information from the eNB2 may include enabling the eNB1 to use the silencing request information
from the eNB2 or enabling the eNB1 to appropriately determine resources in which silencing will be performed (the
silencing operation of the eNB1 may not be performed in the resources in which the eNB2 requests the silencing operation)
in consideration of the silencing request information from the eNB2.
[0152] Alternatively, even when the silencing request resource information from the eNB2 is not present, the eNB1
may specify resources in which the eNB1 may perform silencing and inform cells which are subject to interference of
neighbors of the resources in which the eNB1 may perform silencing. That is, in FIG. 12, a step of receiving, by the
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eNB1, the silencing resource information from the eNB2 is not performed before step S1210 and only step S1210 may
be performed.
[0153] In either case, the cell (e.g., eNB2) which receives the information about the resources in which the eNB1 will
perform silencing may schedule downlink transmission to terminals connected thereto in specific resources in which
interference from the eNB1 is not present (or is low) based on the information or operate in a manner of indicating
resources (subframes) in which downlink measurement will be performed in consideration of presence/absence of
interference (or severity of interference) (step S1230). An example in which the eNB2 indicates subframes in which
downlink measurement will be performed to the terminals connected thereto will be described subsequent to the de-
scription of the present embodiment.
[0154] Although the case in which the resources in which silencing will be performed are determined in subframe units
is described, the scope of the present invention is not limited thereto and silencing may be performed in predetermined
time-frequency resource units.
[0155] As an example of a method of transmitting silencing-associated information from the eNB1 to the eNB2, the
eNB1 may inform the eNB2 of the indices of the subframes in which silencing will be performed. For example, the eNB1
may transmit a downlink low interference indicator (LII) to the eNB2 with respect to each subframe. Setting LII to 1 with
respect to a certain subframe indicates that the eNB1 performs the silencing operation in the subframe so as to secure
low inter-cell interference. Setting LII to 0 with respect to a certain subframe indicates that the eNB1 may not secure low
inter-cell interference in the subframe.
[0156] This scheme can be efficient when the eNB1 can accurately predict traffic load. That is, if information indicating
in which downlink subframe the silencing operation will be performed is provided in advance, the eNB1 performs the
silencing operation according to the provided information so as to prevent the eNB2 from being subject to interference.
Accordingly, it is possible to accurately control interference according to a predetermined agreement between the cells
eNB1 and eNB2 in which interference occurs.
[0157] The above-described scheme may inefficiently use resources when the eNB1 may not accurately predict traffic
load thereof. For example, in the case where the eNB1 informs the eNB2 that silencing will be performed in some
subframes in advance, even when the traffic load of the eNB1 is reduced more than expected and thus silencing may
be performed in more subframes than the number of subframes reported in advance, the eNB2 is unaware of information
about the operation of the eNB1 in the subframes other than the subframes reported to the eNB2 that silencing will be
performed. Accordingly, even when silencing is possible in the subframes other than the subframes reported in advance,
the eNB1 may not perform the silencing operation in the subframes other than the subframe reported in advance.
Accordingly, resource use efficiency may be deteriorated. In this case, although the eNB1 may inform the eNB2 of newly
determined silencing subframes based on the changed traffic load, time delay may occur due to transmission and
application of the new information. Accordingly, this scheme may not be immediately (or dynamically) used according
to traffic load changes.
[0158] As a method of solving this problem, the present invention proposes a method of grouping, by the eNB1,
subframes according to silencing priority and informing, by the eNB1, the eNB2 of information about the subframe group
according to the priority. FIG. 13 is a diagram showing an example of configuring a subframe group according to silencing
priority. As shown in FIG. 13, the eNB1 may configure the subframe group and inform the eNB2 of subframe group
setting (corresponding to S1220 of FIG. 12), and the eNB2 may perform downlink scheduling or indicate resources in
which downlink measurement of the terminal will be performed based on the subframe group setting information (cor-
responding to S1230 of FIG. 12).
[0159] For example, a subframe group 0 includes a set of subframe(s) in which silencing is necessarily performed, a
subframe group 1 includes a set of subframe(s), silencing priority of which is lower than that of the group 0, and subframe
groups 2 to N may be similarly determined according to silencing priority. That is, as the index of the subframe group is
decreased (approaches 0), a probability of the eNB1 performing silencing is increased. As the index of the subframe
group is increased (approaches N), a probability of the eNB1 not performing silencing is increased. In other words, the
eNB1 may perform silencing with a probability close to 1 in the subframe group 0 and perform downlink transmission
with a probability close to 1 in the subframe group N. The subframe groups 1 to N-1 may be soft cooperative silencing
subframes in which the eNB1 stochastically performs silencing. As the index of the subframe group is increased, a
probability of silencing being performed is decreased.
[0160] In the case where the subframe groups are set according to silencing priority, the eNB1 may preferentially
perform silencing in all subframes of the subframe group 0 and may perform silencing in the subframes of the subframe
group 1 if additional silencing becomes possible due to traffic load changes, etc. A determination as to whether or not
the silencing operation of the eNB1 is performed in the subframe groups 2 to N may be made in a similar manner.
[0161] The eNB2 may use the subframe group information in downlink scheduling of the terminals connected thereto.
For example, the eNB2 may preferentially select subframes belonging to the subframe group 0 and perform downlink
scheduling with respect to terminals which require silencing of the eNB1 due to strong interference from the eNB1 (e.g.,
terminals located at the cell edge). Additionally, with respect to terminals which additionally require silencing of the eNB1,
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subframes belonging to the subframe group 1 may be selected so as to perform downlink scheduling. In a similar manner,
subframes belonging to the subframe groups 2 to N are sequentially selected such that the eNB2 may perform downlink
scheduling with respect to the terminals connected thereto. That is, subframes which may be scheduled to the terminals
which require silencing of the eNB1 by the eNB2 may be selected in ascending order of the indices of the subframe groups.
[0162] As described above, as an example of a method of setting the subframe group according to silencing priority,
the case in which the eNB1 sets the subframes to two groups will be described. Subframe(s) in which a probability of
performing silencing in the eNB1 is high are set to a first subframe group and subframe(s) in which a probability of not
performing silencing in the eNB1 is high may be set to a second subframe group. The eNB1 may inform the eNB2 of
such subframe group setting and then the eNB2 may determine in which subframe the eNB1 performs silencing (that
is, whether interference of the eNB1 is high or low). Accordingly, the eNB2 may not perform downlink scheduling with
respect to the terminals connected to the eNB2 in subframes in which the interference of the eNB1 is high, thereby
coordinating interference.
[0163] The first subframe group (subframes in which the eNB1 will perform silencing) may correspond to the subframe
groups 0 to N-1 in the example of FIG. 13 and the second subframe group (subframes in which a probability of not
performing silencing in the eNB1 is high) may correspond to the subframe group N in the example of FIG. 13.
[0164] In other words, the eNB1 may transmit a downlink high interference indicator (HII) to the eNB2. That is, a
subframe in which the HII is set to 1 corresponds to the second subframe group (e.g., the subframe group N of FIG. 13)
and indicates that a probability of the eNB1 causing high inter-cell interference in the subframe is high. Alternatively, a
subframe in which the HII is set to 0 corresponds to the first subframe group (e.g., the subframe group 0 to N-1 of FIG.
13) and indicates that the eNB1 causes low inter-cell interference in the subframe (alternatively, indicates that high inter-
call interference is not caused as in the subframe in which the HII is set to 1) .
[0165] The LII and the HII may be selectively or complementarily applied.
[0166] For example, when using the LII, the number of subframes in which a probability of (necessarily) performing
silencing in the eNB1 is high is generally small. In this case, operation of the eNB1 may be restricted to only silencing
in a subframe in which LII=1 is set and the eNB1 may operate without limitation in the other subframes (that is, subframes
in which LII=0 is set). Accordingly, it is possible to increase a degree of freedom of the operation of the eNB1 which
causes interference.
[0167] In contrast, in case of using the HII, a subframe in which a probability of not performing silencing in the eNB1
is high (that is, the eNB1 will perform downlink transmission) may be specified. In this case, the downlink scheduling of
the eNB2 may be restricted in a subframe in which HII=1 is set and the eNB1 may operate without limitation in the other
subframes (that is, subframes in which HII=0 is set). Accordingly, it is possible to increase a degree of freedom of the
operation of the eNB2 which is subject to interference.
[0168] In case of using both the LII and the HII, a subframe in which interference of the eNB1 is low (that is, which is
used by the eNB2 for downlink scheduling) and a subframe in which interference of the eNB1 is high (that is, which is
not used by the eNB2 for downlink scheduling) may be clearly determined. In a subframe in which LII=0 and HII=1 are
set, the two cells in which interference occurs may operate without limitation.
[0169] In the example of setting the subframe group shown in FIG. 13, the example of complementarily using the LII
and the HII will be described in greater detail. Subframes belonging to the subframe group index 0 (subframes with
highest silencing priority or subframes with lowest interference) are denoted by LII="1" and subframes belonging to the
other subframe groups (subframe groups 1 to N) may be denoted by LII="0". Alternatively, subframes belonging to the
subframe group index N (subframes with lowest silencing priority or subframes with highest interference) are denoted
by HII="1" and subframes belonging to the other subframe groups (subframe groups 0 to N-1) may be denoted by HII="0".
In this case, the subframes corresponding to the subframe group indices 1 to N-1 do not belong to the subframes with
highest interference and do not belong to the subframes with lowest interference. The subframe group with LII="1" and
the subframe group with HII="1" do not overlap. That is, in case of using both the LII and the HII, a certain subframe
belongs to any one of a subframe group with lowest interference, a subframe group with highest interference or the
remaining subframe group.
[0170] Although the method of setting the subframe group according to the silencing priority of the cell which causes
interference is described on the assumption that the case in which the silencing priority is increased as the index of the
subframe group is decreased, the subframe group may be set using an opposing method. That is, the index of the
subframe group may be increased as the silencing priority is increased. Even in this case, as described above, a subframe
in which a probability of the cell which causes interference performing silencing is high may be indicated to neighbor
cells using the LII and/or HII.

Method of indicating subframe group

[0171] If the subframe group is set according to silencing priority as described above, the same channel state and
interference degree may be expected within one subframe group. If a plurality of subframe groups is present, subframes
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belonging to each of the plurality of subframe groups needs to be reported. The present invention proposes a method
of sending subframe group setting information. More specifically, the cell (eNB1) which causes interference may inform
the cell (eNB2) which is subject to interference of subframe group setting information, and the cell (eNB2) which is
subject to interference may send the information to the terminals served by the cell (eNB2).
[0172] First, such information may be transmitted and received between the cells, in which interference occurs, through
an X2 interface (or a backhaul link), and information indicating which subframe belongs to which subframe group may
be expressed in a bitmap manner. In case of the X2 interface, since restriction of signaling overhead is low, system
performance is not deteriorated even when the size of transmitted information is large.
[0173] In the transmission of the subframe group setting information from the cell, which is subject to interference, to
the terminal, system performance is deteriorated as signaling overhead is increased. Thus, there is a need for a method
of efficiently transmitting information. Hereinafter, the method of transmitting the subframe group setting information will
be described in detail.
[0174] For example, in inter-cell interference coordination in a heterogeneous network (HetNet), a heterogeneous
network of a macro cell and a pico cell and a heterogeneous network of a macro cell and a femto cell may be considered.
An enhanced inter-cell interference coordination (eICIC) scheme has been discussed as a method for solving a problem
in that the strength of inter-cell interference is greater than the strength of a signal of a serving cell. As a representative
eICIC scheme, a method of setting a specific subframe to an ABS by a cell which causes interference so as to reduce
interference with another cell may be considered. The cell which causes interference may transmit information (that is,
ABS information) about the subframe which is set to the ABS to the cell which is subject to interference. In this case,
the terminal of the cell which is subject to interference performs measurement of a downlink channel in the subframe
which is set to the ABS in the cell which causes interference, thereby reducing the influence of interference. For the
measurement operation of the terminal, the cell which causes interference may transmit information about ABS setting
to the cell which is subject to interference through an X2 interface and the eNB of the cell which is subject to interference
may signal information about measurement which will be performed by the terminal on a per subframe basis to the terminal.
[0175] The method of transmitting information about a subframe pattern will now be described in detail. The eNB of
the cell which causes interference may signal two bitmaps to the eNB of the cell which is subject to interference through
the X2 interface. Each bitmap may include 40 bits and express the attribute of each subframe in units of 40 subframes.
Among others, one bitmap (first bitmap) represents information indicating a subframe which is currently set to the ABS
although being differently set in the future (or information indicating a subframe which is not currently set to the ABS
and may not be set to the ABS in the future). Another bitmap (second bitmap) represents a subframe in which a possibility
of changing ABS setting is low. In other words, the first bitmap may correspond to a bitmap in which the ABS subframe
is set to "1" and the other subframes are set to "0". A second bitmap may correspond to a bitmap indicating a subframe
in which a probability of being set to an ABS is high in the first bitmap (that is, a subframe which is necessarily set to an
ABS in the second bitmap may correspond to a subset of subframes which are set to an ABS in the first bitmap).
[0176] In other words, the first bitmap corresponds to information indicating subframes in which silencing priority of
the cell (eNB1) which causes interference is relatively low (that is, silencing is performed but silencing probability is
relatively low) and the second bitmap corresponds to information indicating subframes in which silencing priority of the
cell (eNB1) which causes interference is relatively high (that is, a probability of silencing being performed is high). In
this case, a subframe which does not correspond to the ABS in the first bitmap may correspond to a subframe in which
a probability of interference occurring is high. In association with the above-described embodiments, a subframe in which
LII="1" is set may correspond to a subframe in which a probability of being set to an ABS is high in the second bitmap.
A subframe in which HII="1" is set may correspond to a subframe other than a subframe which is set to an ABS in the
first bitmap. A subframe in which LII="1" is not set and HII="1" is not set may correspond to a subframe which is set to
an ABS in the first bitmap and in which a probability of being set to the ABS is low.
[0177] The eNB of the cell which is subject to interference may select subframes in which the terminal should perform
measurement based on the information about the subframe pattern received through the X2 interface and transmit the
information about a subframe set, in which the terminal will perform measurement, to a terminal which requires meas-
urement restriction among terminals within the cell. The reason why measurement restriction is necessary is because
an accurate measurement result cannot be obtained when the terminal performs measurement using the same method
in both a subframe with high interference (e.g., a subframe which is not set to an ABS in the cell which causes interference)
and a subframe with low interference (e.g., a subframe in which a probability of being set to an ABS is high in the cell
which causes interference) and thus downlink measurement should be performed using different methods according to
presence/absence of interference (or severity of interference). Then, it is possible to accurately measure an actual
channel state. For the measurement operation of the terminal, the eNB of the cell which is subject to interference may
transmit the information about the subframe set to be measured to the terminal through RRC signaling.
[0178] The number of subframe patterns transmitted to the terminal through RRC signaling is 3. One subframe pattern
is associated with radio resource management (RRM)/radio link monitoring (RLM) measurement. RRM measurement
may include reference signal received power (RSRP), reference signal received quality (RSRQ), a received signal
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strength indicator (RSSI), etc. RLM measurement may include measurement for detection of radio link failure (RLF)
such as downlink control signal reception impossibility or received signal quality deterioration. A terminal which receives
a subframe pattern associated with RRM/RLM measurement may perform RRM/RLM measurement using a reference
signal (e.g., a CRS, etc.) transmitted in the subframe. The remaining two subframe patterns transmitted to the terminal
through RRC signaling are associated with channel state information (CSI) measurement. The terminal which receives
the subframe patterns associated with CSI measurement may perform CSI measurement (RI, PMI, CQI measure-
ment/computation) using a reference signal (e.g., a CSI-RS, etc.) transmitted in the subframe. At this time, the two
subframe patterns associated with CSI measurement may include a pattern indicating a subframe with high interference
(e.g., a subframe in which the cell which causes interference does not perform silencing) and a pattern indicating a
subframe with low interference (e.g., a subframe in which a probability of the cell which causes interference performing
silencing is high).
[0179] Each subframe pattern is signaled with a period of 40 ms and information indicating one subframe pattern has
a size of 40 bits. The length of one subframe is 1 ms and a subframe pattern of units of 40 subframes may be indicated
by 40 bits. In order to signal three subframe patterns, signaling overhead of a total of 120 bits (40 bitsx3) occurs. Each
subframe pattern which is signaled from the cell, which is subject to interference, to the terminal is shown in Table 1.

[0180] In Table 1, the subframe patterns associated with CSI measurement (that is, a subset including CSI measure-
ment associated subframes among all subframes) may be classified into CSI_Subset1, CSI_Subset2 and a Comple-
mentary subset.
[0181] CSI_Subset1 is information indicating a subframe with low interference and has a size of 40 bits. CSI_Subset2
is information indicating a subframe with high interference and has a size of 40 bits. CSI_Subset1 and CSI_Subset2
may be set so as not to overlap. Although the case in which CSI_Subset1 indicates a subframe with low interference
and CSI_Subset2 indicates a subframe with high interference is described, the subframes indicated by CSI_Subset1
and CSI_Subset2 may have different interference characteristics.
[0182] The complementary subset includes subframes which do not belong to both CSI_Subset1 and CSI_Subset2.
Since the complementary subset is determined from CSI_Subset1 and CSI_Subset2, the complementary subset does
not need to be signaled. In a subframe which is determined to belong to the complementary subset, the terminal does
not perform measurement and the base station does not require a measurement result. That is, a certain subframe
belongs to any one of CSI_Subset1, CSI_Subset2 or Complementary subset.
[0183] Setting of CSI_Subset1, CSI_Subset2 or the complementary subset may be determined based on information
(ABS information) associated with a silenced subframe which is received by the cell, which is subject to interference,
from the cell which causes interference through the X2 interface. As described above, the ABS information may include
a first bitmap (indicating a subframe which is set to an ABS and a subframe which is not set to an ABS) and a second
bitmap (indicating a subframe in which a probability of being set to an ABS is high among ABS subframes) . For example,
CSI_Subset1 may correspond to a subframe in which a probability of being set to an ABS is high in the second bitmap
(or a subframe in which LII="1" is set). CSI_Subset2 may correspond to a subframe other than an ABS (or a subframe
in which HII="1" is set) in the first bitmap. The complementary subset may correspond to the other subframes (a subframe
which is set to an ABS in the first bitmap and in which a probability of being set to an ABS is relatively low or a subframe
in which LII="1" and HII="1" are not set).
[0184] RRM/RLM_Subset is information indicating a subframe in which the terminal will perform RRM/RLM measure-
ment and has a size of 40 bits. Since RRM/RLM measurement is for signal strength measurement, RLF detection, etc.,
RRM/RLM_Subset for accurate measurement may include subframes with low interference from the cell which causes
interference (subframes in which low interference is guaranteed).
[0185] As shown in Table 1, signaling overhead of a total of 120 bits occurs in transmission of the CSI measurement

Table 1

Classification Name Content Size

CSI measurement associated 
subset

CSI_Subset1 Subframe with low interference 40 bits

CSI_Subset2 Subframe with high 40 bits

interference

Complementary 
subset

Subframe which does not belong to CSI_
Subset1 and CSI_Subset2

0 (not 
signaled)

RRM/RLM measurement 
associated subset

RRM/RLM subset RRM/RLM measurement subframe 40 bits
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subframe pattern and the RRM/RLM measurement subframe pattern. Thus, it is necessary to reduce control signaling
overhead so as to efficiently use downlink transmission resources. The present invention proposes a method of reducing
the number of bits necessary to signal subframe patterns through a combination of the above-described subframe
patterns.
[0186] Among the subframe subsets described in Table 1, CSI_Subset1 and RRM/RLM_Subset may be regarded as
subframes having similar properties, because they are set to ABSs by the cell which causes interference and are
subframes in which dominant interference is barely present. When RRM/RLM measurement is compared with CSI
measurement, a portion necessary for RRM/RLM measurement (a portion to be measured) is relatively longer than a
portion necessary for CSI measurement and an RRM/RLM measurement interval (interval between a measurement
operation and a next measurement operation) is relatively longer than a CSI measurement interval. Accordingly,
RRM/RLM_Subset may be included in CSI_Subset1.
[0187] In this case, one subframe may be represented by four states, that is, (1) a state in which the subframe belongs
to both CSI_Subset1 and RRM/RLM_Subset, (2) a state in which the subframe belongs to CSI_Subset1, (3) a state in
which the subframe belongs to the CSI_Subset2, and (4) a state in which the subframe does not belong to any one of
(1) to (3). Such four states may be represented by subframe measurement types. The present invention proposes a
method of dividing subframes into four states in consideration of subframe properties and signaling information about
each subframe measurement type using 2 bits. This is shown in Tables 2 and 3.

[0188] In association with table 2, 2-bit information indicating each subframe measurement type may be configured
as shown in Table 3.

[0189] In Tables 2 and 3, the complementary subset includes subframes which do not belong to either CSI_Subset1
or CSI_Subset2 and do not belong to the RRM/RLM_Subset. As shown in Tables 2 and 3, if each subframe measurement
type is expressed by 2 bits, only 80 bits are required to express subframe patterns signaled in units of 40 ms. As shown
in Table 1, it is possible to remarkably reduce signaling overhead as compared to the case in which subframe setting is
signaled using 120 bits.
[0190] The terminal may be aware of each subframe measurement type through bitmap information having a size of
80 bits, which is signaled from the base station, and may perform measurement according to type. For example, if
information indicating the measurement type of a certain subframe has a value of "00", the terminal may perform
RRM/RLM measurement in the subframe while performing CSI measurement (e.g., computation/generation of an RI, a
PMI and a CQI on the assumption that interference from the cell which causes interference is low) corresponding to
CSI_Subset1 in the subframe.
[0191] Mapping of the combination of measurement subsets, the state and the bit value of Tables 2 and 3 is merely
exemplary and the scope of the present invention includes various modified examples in which subframe measurement
types are distinguishably defined and are sent through a bitmap having a reduced bit size using information having a
predetermined bit size. For example, if CSI_Subset2 and RRM/RLM_Subset have similar channel and interference
properties, these subsets may be combined and represented by one state of the subset measurement type. Alternatively,
in Tables 2 and 3, states 0, 1, 2 and 3 may be mapped to complementary subset, CSI_Subset2, CSI_Subset1 and
CSI_Subset1 & RRM/RLM_Subset, respectively. Alternatively, states 0, 1, 2 and 3 may be mapped to bit values "11",

Table 2

CSI_Subset1 CSI_Subset2 RRM/RLM_Subset Complementary subset

State 0 l l

State 1 l

State 2 l

State 3 l

Bit value State Subframe setting

"00" State 0 CSI_Subset1 & RRM/RLM_Subset

"01" State 1 CSI_Subset1

"10" State 2 CSI_Subset2

"11" State 3 Complementary_Subset
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"10", "01" and "00", respectively.
[0192] Additionally, information about the RRM/RLM_Subset of information indicating the subframe measurement
type may be separately signaled. In this case, as shown in Table 4, the subframe measurement type may be signaled.

[0193] As shown in Table 4, the state 0 (or "00") is not defined (instead being reserved) and subframe setting (that is,
measurement type) may be signaled using the remaining states 1, 2 and 3. For example, if RRM/RLM_Subset is separately
signaled, CSI_Subset1, CSI_Subset2 and Complementary_Subset may be mapped to "01", "10", and "11", respectively.
[0194] Information indicating the subframe measurement type in the above-described examples corresponds to infor-
mation indicating presence/absence of interference (or severity of interference) from the cell (eNB1) which causes
interference in each subframe and thus may be used as information indicating a degree of interference from the cell
which causes interference in each subframe in the above-described various embodiments.
[0195] As a representative example of the above-described subframe measurement type setting methods, a method
of informing, by a base station, a terminal of CSI measurement resource setting information is as follows. The base
station may determine first and second subframe sets (or CSI_Subset1 and CSI_Subset2) in which CSI measurement
will be performed among a plurality of downlink subframes and transmit information indicating the first and second
subframe sets to the terminal, and the terminal may receive information indicating the first and second subframe sets
and determine in which subframe CSI measurement is performed. The terminal may perform CSI measurement with
respect to each of the first and second subframe sets and transmit the result to the base station, and the base station
may receive the CSI measurement result. The subframe belonging to the first subframe set CSI_Subset1 and the
subframe belonging to the second subframe set CSI_Subset2 may not overlap. As described above, a subframe which
does not belong to either of the first and second subframe sets may be present among the plurality of subframes. If such
a base station belongs to a cell which is subject to interference, the first and second subframe sets CSI_Subset1 and
CSI_Subset2 may be determined as follows.
[0196] In addition, setting information of a subframe in which the cell (eNB1) which causes interference performs
silencing (that is, a subframe which is set to an ABS) may be sent from the cell (eNB1) which causes interference to the
cell (eNB2) which is subject to interference. Such ABS setting information may include a first bitmap indicating a blank
subframe and a non-blank subframe and a second bitmap indicating a subset of blank subframes. The first and second
subframe sets CSI_Subset1 and CSI_Subset2 may be determined based on blank subframe setting information. For
example, the subframe belonging to the first subframe set may correspond to the subset of blank subframes indicated
by the second bitmap, the subframe belonging to the second subframe set may correspond to the non-blank subframe
indicated by the first bitmap, and the subframe which does not belong to either of the first and second subframe sets
may correspond the blank subframe indicated by the first bitmap.
[0197] Details described in the above embodiments of the present invention may be independently applied or two or
more embodiments may be simultaneously applied to the above-described inter-cell interference coordination methods.
As such, a repeated description is omitted for clarity.
[0198] Although a base station is described as a downlink transmission subject and a terminal is described as an
uplink transmission subject in the description of the various embodiments of the present invention, the scope of the
present invention is not limited thereto. That is, the principle of the present invention described through the various
embodiments of the present invention is equally applicable to a relay device functioning as a downlink transmission
subject for transmitting a signal to a terminal or functioning as an uplink reception subject for receiving a signal from a
terminal or a relay device functioning as an uplink transmission subject for transmitting a signal to a base station or a
downlink reception subject for receiving a signal from a base station.
[0199] FIG. 14 is a diagram showing a base station (eNB) device and a terminal device according to an exemplary
embodiment of the present invention.
[0200] Referring to FIG. 14, the eNB device 1410 according to the present invention may include a reception module
1411, a transmission module 1412, a processor 1413, a memory 1414, and a plurality of antennas 1415. The plurality
of antennas 1415 supports MIMO transmission and reception. The reception module 1411 may receive signals, data,
and information from an external device. The transmission module 1412 may transmit signals, data, and information to

Table 4

Bit value State Subframe setting

"00" State 0 reserved

"01" State 1 CSI_Subset1

"10" State 2 CSI_Subset2

"11" State 3 Complementary_Subset
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an external device. The processor 1413 may control the overall operation of the eNB device 1410.
[0201] The eNB device 1410 according to the embodiment of the present invention may be configured to transmit CSI
measurement resource information. The processor 1413 of the eNB device may be configured to determine first and
second subframe sets in which CSI measurement will be performed among a plurality of downlink subframes. In addition,
the processor 1413 may be configured to transmit information indicating the first and second subframe sets to the terminal
1420 through the transmission module 1412. The processor 1413 may be configured to receive CSI for the first and
second subframe sets from the terminal 1420 through the reception module 1411. Here, the subframe belonging to the
first subframe set and the subframe belonging to the second subframe set may not overlap. Some of the plurality of
subframes may not belong to either of the first and second subframe sets.
[0202] The eNB device 1410 according to another embodiment of the present invention may be configured to transmit
load indication information if it belongs to a cell which is subject to interference. The processor 1413 of the eNB device
1410 may be configured to determine a downlink subframe which is required to be set to a blank subframe by a base
station of a cell which causes interference among the plurality of downlink subframes. The processor 1413 may be
configured to transmit information indicating the determined downlink subframe to the base station of the cell which
causes interference through the transmission module 1412.
[0203] The eNB device 1410 according to another embodiment of the present invention may be configured to transmit
blank subframe setting information if it belongs to a cell which causes interference. The processor 1413 of the eNB
device 1410 may be configured to transmit the blank subframe setting information to the base station of a cell which is
subject to interference. Such blank subframe setting information includes first and second bitmaps, the first bitmap
includes information indicating a blank subframe and a non-blank subframe, and a second bitmap includes information
indicating a subset of blank subframes.
[0204] The processor 1413 of the eNB device 1410 performs a function for processing information received by the
eNB device 1410 and information to be transmitted to an external device. The memory 1414 may store the processed
information for a predetermined time and may be replaced with another component such as a buffer (not shown).
[0205] Referring to FIG. 14, the terminal device 1420 according to the present invention may include a reception
module 1421, a transmission module 1422, a processor 1423, a memory 1424 and a plurality of antennas 1425. The
plurality of antennas 1425 supports MIMO transmission and reception. The reception module 1421 may receive signals,
data, and information from an eNB. The transmission module 1422 may transmit signals, data, and information to an
eNB. The processor 1423 may control the overall operation of the terminal device 1420.
[0206] The terminal device 1420 according to the embodiment of the present invention may be configured to perform
CSI measurement. The processor 1423 of the terminal device 1420 may be configured to receive information indicating
first and second subframe sets in which CSI measurement will be performed among a plurality of downlink subframes
from the eNB 1410 through the reception module 1421. The processor 1423 may be configured to perform CSI meas-
urement with respect to each of the first and second subframe sets. The processor 1423 may be configured to transmit
CSI to the eNB 1410 through the transmission module 1422. Here, the subframe belonging to the first subframe set and
the subframe belonging to the second subframe set may not overlap. Some of the plurality of subframes may not belong
to either of the first and second subframe sets.
[0207] The processor 1423 of the terminal device 1420 performs a function for processing information received by the
terminal device 1420 and information to be transmitted to an external device. The memory 1424 may store the processed
information for a predetermined time and may be replaced with another component such as a buffer (not shown).
[0208] Details of the above embodiments of the present invention may be independently applied or two or more
embodiments may be simultaneously applied to the configurations of the eNB device and the terminal device. A repeated
description is omitted for clarity.
[0209] A description of the eNB device 1410 of FIG. 14 may be identically applied to a relay device functioning as a
downlink transmission subject or an uplink reception subject, and a description of the terminal device 1420 of FIG. 14
may be identically applied to a relay device functioning as a downlink reception subject or an uplink transmission subject.
[0210] The above-described embodiments of the present invention can be implemented by a variety of means, for
example, hardware, firmware, software, or a combination of them.
[0211] In the case of implementing the present invention by hardware, the present invention can be implemented with
application specific integrated circuits (ASICs), Digital signal processors (DSPs), digital signal processing devices
(DSPDs), programmable logic devices (PLDs), field programmable gate arrays (FPGAs), a processor, a controller, a
microcontroller, a microprocessor, etc.
[0212] If operations or functions of the present invention are implemented by firmware or software, the present invention
can be implemented in the form of a variety of formats, for example, modules, procedures, functions, etc. The software
codes may be stored in a memory unit so that it can be driven by a processor. The memory unit is located inside or
outside of the processor, so that it can communicate with the aforementioned processor via a variety of well-known parts.
[0213] The detailed description of the exemplary embodiments 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
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to the exemplary embodiments, those skilled in the art will appreciate that various modifications and variations can be
made in the present invention without departing from the scope of the appended claims. For example, those skilled in
the art may use each construction described in the above embodiments in combination with each other. Accordingly,
the invention should not be limited to the specific embodiments described herein, but should be accorded the broadest
scope consistent with the principles and novel features disclosed herein.
[0214] Those skilled in the art will appreciate that the present invention may be carried out in other specific ways than
those set forth herein without departing from the scope of the appended claims. The above exemplary embodiments
are therefore to be construed in all aspects as illustrative and not restrictive. The scope of the invention should be
determined by the appended claims, not by the above description.
[0215] 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 scope of the appended claims. Thus, it is intended that the present invention cover
the modifications and variations of this invention provided they come within the scope of the appended claims.

Claims

1. A method of transmitting channel state information, CSI, measurement resource information by a base station (1410),
comprising:

determining a first subframe set and a second subframe set, in which CSI measurement will be performed,
among a plurality of downlink subframes;
transmitting information indicating subframes belonging to the first subframe set or the second subframe set
among the plurality of downlink subframes, to a terminal (1420); and
receiving the CSI of each of the first subframe set and the second subframe set from the terminal,
wherein a subframe belonging to the first subframe set and a subframe belonging to the second subframe set
do not overlap, and
wherein some of the plurality of subframes do not belong to either of the first subframe set and the second
subframe set.

2. The method according to claim 1, wherein the base station determines the first subframe set and the second subframe
set using information indicating a subset of blank subframes of a neighbor cell.

3. The method according to claim 1, wherein the first subframe set includes a subframe in which a probability of being
set as a blank subframe by a neighbor cell is higher than that of the second subframe set.

4. A method of performing channel state information, CSI, measurement by a terminal, comprising:

receiving, from a base station, information indicating a first subframe set and a second subframe set, in which
the CSI measurement will be performed, among a plurality of downlink subframes;
performing CSI measurement with respect to each of the first subframe set and the second subframe set; and
transmitting the CSI to the base station,
wherein a subframe belonging to the first subframe set and a subframe belonging to the second subframe set
do not overlap, and
wherein some of the plurality of subframes do not belong to either of the first subframe set and the second
subframe set.

5. A computer-readable medium comprising code portions which, when executed on a processor, configure the proc-
essor to perform all steps of a method according to any one of the preceding method claims.

6. A base station (1410) for transmitting channel state information, CSI, measurement resource information, the base
station being configured to perform all steps of a method according to any one of claims 1 to 3.

7. A terminal for performing channel state information, CSI, measurement, the terminal being configured to perform
all steps of a method according to claim 4.
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Patentansprüche

1. Verfahren zum Senden von Kanalzustandsinformations-, CSI, - Messungsressourceninformationen durch eine Ba-
sisstation (1410), umfassend:

Bestimmen eines ersten Unterrahmensatzes und eines zweiten Unterrahmensatzes, in denen eine CSI-Mes-
sung durchgeführt werden wird, unter einer Vielzahl von Downlink-Unterrahmen;
Senden von Informationen, die Unterrahmen angeben, die zu dem ersten Unterrahmensatz oder dem zweiten
Unterrahmensatz unter der Vielzahl von Downlink-Unterrahmen gehören, zu einem Endgerät (1420); und
Empfangen der CSI von jedem des ersten Unterrahmensatzes und des zweiten Unterrahmensatzes von dem
Endgerät,
wobei ein Unterrahmen, der zu dem ersten Unterrahmensatz gehört, und ein Unterrahmen, der zu dem zweiten
Unterrahmensatz gehört, einander nicht überlappen, und
wobei einige der Vielzahl von Unterrahmen weder zu dem ersten Unterrahmensatz noch dem zweiten Unter-
rahmensatz gehören.

2. Verfahren gemäß Anspruch 1, wobei die Basisstation den ersten Unterrahmensatz und den zweiten Unterrahmen-
satz unter Verwendung von Informationen bestimmt, die einen Untersatz von leeren Unterrahmen einer Nachbarzelle
angeben.

3. Verfahren gemäß Anspruch 1, wobei der erste Unterrahmensatz einen Unterrahmen umfasst, bei dem eine Wahr-
scheinlichkeit, als ein leerer Unterrahmen durch eine Nachbarzelle gesetzt zu werden, höher als jene des zweiten
Unterrahmensatzes ist.

4. Verfahren zum Durchführen einer Kanalzustandsinformations-, CSI, - Messung durch ein Endgerät, umfassend:

Empfangen, von einer Basisstation, von Informationen, die einen ersten Unterrahmensatz und einen zweiten
Unterrahmensatz angeben, in denen die CSI-Messung durchgeführt werden wird, unter einer Vielzahl von
Downlink-Unterrahmen;
Durchführen einer CSI-Messung hinsichtlich eines jeden des ersten Unterrahmensatzes und des zweiten Un-
terrahmensatzes; und
Senden der CSI zu der Basisstation,
wobei ein Unterrahmen, der zu dem ersten Unterrahmensatz gehört, und ein Unterrahmen, der zu dem zweiten
Unterrahmensatz gehört, einander nicht überlappen, und
wobei einige der Vielzahl von Unterrahmen weder zu dem ersten Unterrahmensatz noch dem zweiten Unter-
rahmensatz gehören.

5. Computerlesbares Medium, das Codeabschnitte umfasst, die bei Ausführung auf einem Prozessor den Prozessor
konfigurieren, um alle Schritte eines Verfahrens gemäß zumindest einem der vorangegangenen Verfahrensansprü-
che durchzuführen.

6. Basisstation (1410) zum Senden von Kanalzustandsinformations-, CSI, - Messungsressourceninformationen, wobei
die Basisstation konfiguriert ist, um alle Schritte eines Verfahrens gemäß zumindest einem der Ansprüche 1 bis 3
durchzuführen.

7. Endgerät zum Durchführen einer Kanalzustandsinformations-, CSI, - Messung, wobei das Endgerät konfiguriert ist,
um alle Schritte eines Verfahrens gemäß Anspruch 4 durchzuführen.

Revendications

1. Procédé de transmission d’informations de ressource de mesure d’informations d’état de canal, CSI, par une station
de base (1410), comprenant les étapes consistant à :

déterminer un premier ensemble de sous-trames et un deuxième ensemble de sous-trames, dans lesquels la
mesure CSI sera exécutée, par une pluralité de sous-trames de liaison descendante ;
transmettre des informations indiquant les sous-trames appartenant au premier ensemble de sous-trames ou
au deuxième ensemble de sous-trames parmi la pluralité de sous-trames de liaison descendante, vers un
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terminal (1420) ; et
recevoir les CSI de chacun parmi le premier ensemble de sous-trames et le deuxième ensemble de sous-
trames depuis le terminal,
dans lequel une sous-trame appartenant au premier ensemble de sous-trames et une sous-trame appartenant
au deuxième ensemble de sous-trames ne se chevauchent pas, et
dans lequel certaines parmi la pluralité de sous-trames n’appartiennent ni à l’un ni à l’autre parmi le premier
ensemble de sous-trames et le deuxième ensemble de sous-trames.

2. Procédé selon la revendication 1, dans lequel la station de base détermine le premier ensemble de sous-trames et
le deuxième ensemble de sous-trames en utilisant des informations indiquant un sous-ensemble de sous-trames
d’ébauche d’une cellule voisine.

3. Procédé selon la revendication 1, dans lequel le premier ensemble de sous-trames comprend une sous-trame dans
laquelle une probabilité d’être établie en tant que sous-trame d’ébauche par une cellule voisine est supérieure à
celle du deuxième ensemble de sous-trames.

4. Procédé d’exécution d’une mesure d’informations d’état de canal, CSI, par un terminal, comprenant les étapes
consistant à :

recevoir, depuis une station de base, des informations indiquant un premier ensemble de sous-trames et un
deuxième ensemble de sous-trames, dans lequel la mesure CSI sera exécutée, parmi une pluralité de sous-
trames de liaison descendante ;
exécuter la mesure CSI par rapport à chacun parmi le premier ensemble de sous-trames et le deuxième en-
semble de sous-trames ; et
transmettre les CSI par la station de base,
dans lequel une sous-trame appartenant au premier ensemble de sous-trames et une sous-trame appartenant
au deuxième ensemble de sous-trames ne se chevauchent pas, et
dans lequel certaines parmi la pluralité de sous-trames n’appartiennent ni à l’un ni à l’autre parmi le premier
ensemble de sous-trames et le deuxième ensemble de sous-trames.

5. Support lisible sur ordinateur comprenant des parties de code qui, lorsqu’exécutées sur un processeur, configurent
le processeur pour exécuter toutes les étapes d’un procédé selon l’une quelconque des revendications de procédé
précédentes.

6. Station de base (1410) destinée à transmettre des informations de ressource de mesure d’informations d’état de
canal, CSI, la station de base étant configurée pour exécuter toutes les étapes d’un procédé selon l’une quelconque
des revendications 1 à 3.

7. Terminal destiné à exécuter une mesure d’informations d’état de canal, CSI, le terminal étant configuré pour exécuter
toutes les étapes d’un procédé selon la revendication 4.
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