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A method and apparatus of transmitting a control signal in a
multi-cell cooperative wireless communication system is
provided. The method comprises transmitting to a first user
equipment a first control signal for first downlink data by a
serving base station and transmitting to the first user equip-
ment a second control signal for second downlink data
received from a neighboring base station by the serving base
station, wherein the first downlink data is data for the first user
equipment, and the second downlink data is data for a second
user equipment in a neighbor cell and is restorable by the first
user equipment.
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[Fig. 4]
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[Fig. 5]
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[Fig. 9]
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[Fig. 10]
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METHOD OF TRANSMITTING CONTROL
SIGNAL IN MULTI-CELL COOPERATIVE
WIRELESS COMMUNICATION SYSTEM

TECHNICAL FIELD

[0001] The present invention relates to wireless communi-
cations, and more particularly, to a method of transmitting a
control signal in a multi-cell cooperative wireless communi-
cation system.

BACKGROUND ART

[0002] In next generation multimedia mobile communica-
tion systems, which have been actively studied in recent
years, there is a demand for a system capable of processing
and transmitting a variety of information (e.g., video and
radio data) at a higher data rate in addition to the early-stage
voice service.

[0003] Orthogonal {frequency division multiplexing
(OFDM) capable of having a high data rate has drawn atten-
tion in recent years. The OFDM is a multi-carrier modulation
scheme for transmitting data by dividing a frequency band
into a plurality of orthogonal subcarriers. Orthogonal fre-
quency division multiple access (OFDMA) is a scheme for
providing multi-user multiplexing by combining the OFDM
with frequency division multiple access (FDMA), time divi-
sion multiple access (TDMA), or code division multiple
access (CDMA).

[0004] A wireless communication system includes a base
station (BS) and at least one user equipment (UE). The UE
may be fixed or mobile, and may be referred to as another
terminology, such as a mobile station (MS), a user terminal
(UT), a subscriber station (SS), a wireless device, etc. The BS
is generally a fixed station that communicates with the UE
and may be referred to as another terminology, such as an
evolved node-B (eNB), a base transceiver system (BTS), an
access point, etc. Hereinafter, an uplink (UL) denotes a com-
munication link from the UE to the BS, and a downlink (DL)
denotes a communication link from the BS to the UE.
[0005] For effective system configuration, the wireless
communication system has a cell structure. A cell is a region
in which a wide area is divided into small areas for effective
frequency use. In general, the BS is installed in a center of the
cellto relay the UE, and the cell corresponds to a service area
of one BS.

[0006] Ifthesame subcarrier is used by neighbor cells of an
OFDM/OFDMA system in a multi-cell environment, users
may experience interference. This is referred to as inter-cell
interference. In particular, the inter-cell interference is seri-
ously problematic for a UE located near a cell boundary.
When the UE is located near the cell boundary in DL trans-
mission, the UE experiences strong interference from the
neighbor cells. When the UE is located near the cell boundary
in UL transmission, the UE produces strong interference to
the neighbor cells, and has a low data rate due to a path loss in
a serving cell.

[0007] A multi-cell cooperation scheme supporting inter-
cell cooperation is proposed to reduce inter-cell interference
and to satisfy high data rate and system performance. A new
type of control signal is required when using the multi-cell
cooperation scheme. In addition, inter-cell signal processing
requires a large amount of control signals, and thus there is a
need for an effective control mechanism.
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[0008] A multi-cell cooperation scheme supporting inter-
cell cooperation requires a new type of control signal and
control mechanism.

DISCLOSURE OF INVENTION
Technical Problem

[0009] The present invention provides a control signal sup-
porting inter-cell cooperation in a multi-cell cooperative
wireless communication system.

[0010] The present invention also provides a control
mechanism supporting inter-cell cooperation in a multi-cell
cooperative wireless communication system.

Technical Solution

[0011] According to an aspect of the present invention, a
method of transmitting a control signal in a multi-cell coop-
erative wireless communication system comprises transmit-
ting to a first user equipment a first control signal for first
downlink data by a serving base station and transmitting to
the first user equipment a second control signal for second
downlink data received from a neighboring base station by the
serving base station, wherein the first downlink data is data
for the first user equipment, and the second downlink data is
data for a second user equipment in a neighbor cell and is
restorable by the first user equipment.

[0012] According to another aspect of the present inven-
tion, a method of transmitting a control signal in a multi-cell
cooperative wireless communication system comprises trans-
mitting to a first user equipment a first control signal for first
downlink data by a serving base station and transmitting to
the first user equipment a second control signal for second
downlink data by a neighbor base station, wherein the first
downlink data is data for the first user equipment, and the
second downlink data is data for a second user equipment in
a neighbor cell and is restorable by the first user equipment.
[0013] The second control signal may comprise informa-
tion required for restoration of the second downlink data.
[0014] The second control signal may comprise at least one
of radio resource region information, a modulation and cod-
ing scheme (MCS) level, reference signal (RS) information, a
user identifier, and a flag indicating whether to discard the
second downlink data after restore.

[0015] The RS information may comprise at least one of an
RS index, a cell index, a user index, and an RS pattern.
[0016] The user identifier may be an identifier for the sec-
ond user equipment or a common identifier.

[0017] Ifthe flagis ‘1°, the second downlink data may be
regarded as data of a corresponding user equipment, and ifthe
flag is ‘0’, the second downlink data may be discarded.
[0018] The second control signal may be cyclic redundancy
check (CRC)-masked with a user address of the first user
equipment.

[0019] The second control signal may be CRC-masked
with a user identifier of the second user equipment or a com-
mon identifier.

[0020] According to another aspect of the present inven-
tion, a method of processing data in a multi-cell cooperative
wireless communication system comprises receiving a first
control signal for first downlink data and a second control
signal for second downlink data, receiving the first downlink
data from a serving cell and the second downlink data from a
neighbor cell, removing interference caused by the second
downlink data by restoring the second downlink data and
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restoring the first downlink data in a state where the interfer-
ence caused by the second downlink data is removed.
[0021] The second control signal may be received from the
serving cell or the neighbor cell.

[0022] The second control signal may comprise informa-
tion required for restore of the second downlink data.

[0023] The second control signal may comprise at least one
of'radio resource region information, an MCS level, RS infor-
mation, a user identifier, and a flag indicating whether the
second downlink data needs to be discarded after restore.
[0024] The RS information may comprise at least one of an
RS index, a cell index, a user index, and an RS pattern.
[0025] If the flag is ‘1°, the second downlink data may be
regarded as data of a corresponding user equipment, and if the
flag is ‘0’, the second downlink data may be discarded.
[0026] The second control signal may be CRC-masked
with a user identifier.

[0027] According to another aspect of the present inven-
tion, a user equipment comprises a radio frequency (RF) unit
for transmitting and receiving a radio signal and a processor
connected to the RF unit and configured to receive a first
control signal for first downlink data and a second control
signal for second downlink data, receive the first downlink
data from a serving cell and the second downlink data from a
neighbor cell, remove interference caused by the second
downlink data by restoring the second downlink data, and
restore the first downlink data in a state where the interference
caused by the second downlink data is removed.

[0028] According to another aspect of the present inven-
tion, a method of transmitting a control signal in a multi-cell
cooperative wireless communication system comprises trans-
mitting to a user equipment a first control signal for first
uplink data and a second control signal for second uplink data
and transmitting to a neighbor base station the second control
signal for the second uplink data, wherein the first uplink data
is restorable in only a serving cell, and the second uplink data
is restorable in both the serving cell and a neighbor cell.
[0029] The second control signal may comprise informa-
tion required for restore of the second uplink data.

[0030] The second control signal may comprise at least one
of'radio resource region information, an MCS level, RS infor-
mation, and a user identifier.

[0031] TheRS information may comprise at least one of an
RS index, a cell index, a user index, and an RS pattern.
[0032] The user identifier may be an identifier for the user
equipment or a common identifier.

Advantageous Effects

[0033] It is possible to obtain a new type of control signal
and control mechanism for supporting inter-cell cooperation
when downlink data transmission and uplink data transmis-
sion are achieved in a multi-cell cooperative wireless com-
munication system.

BRIEF DESCRIPTION OF DRAWINGS

[0034] FIG. 1 shows an example of a wireless communica-
tion system in a multi-cell environment.

[0035] FIG. 2 shows an operation of transmitting downlink
data based on inter-cell cooperation.

[0036] FIG. 3 is a flowchart showing a method of transmit-
ting downlink data based on inter-cell cooperation according
to an embodiment of the present invention.
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[0037] FIG. 4 is a flowchart showing a method of transmit-
ting a control signal for downlink data transmission according
to an embodiment of the present invention.

[0038] FIG. 5 is a flowchart showing a method of transmit-
ting a control signal for downlink data transmission according
to another embodiment of the present invention.

[0039] FIG. 6 shows an example of a radio resource region
according to an embodiment of the present invention.
[0040] FIG. 7 is a flowchart showing a method of process-
ing downlink data according to an embodiment of the present
invention.

[0041] FIG. 8 shows an operation of transmitting uplink
data based on inter-cell cooperation.

[0042] FIG.9 is a flowchart showing a method of transmit-
ting uplink data based on inter-cell cooperation according to
an embodiment of the present invention.

[0043] FIG. 10 is a flowchart showing a method of trans-
mitting a control signal for uplink data transmission accord-
ing to an embodiment of the present invention.

MODE FOR THE INVENTION

[0044] FIG. 1 shows an example of a wireless communica-
tion system in a multi-cell environment.

[0045] Referring to FIG. 1, the wireless communication
system includes a base station (BS) 20 and at least one user
equipment (UE) 10. The wireless communication system
may be an orthogonal frequency division multiplexing
(OFDM)/orthogonal frequency division multiple access
(OFDMA)-based system. The OFDM uses a plurality of
orthogonal subcarriers. Further, the OFDM uses an orthogo-
nality between inverse fast Fourier transform (IFFT) and fast
Fourier transform (FFT). A transmitter transmits data by per-
forming IFFT. A receiver restores original data by performing
FFT on a received signal. The transmitter uses IFFT to com-
bine the plurality of subcarriers, and the receiver uses FFT to
split the plurality of subcarriers. In downlink transmission,
the transmitter may be a part of the BS 20, and the receiver
may be a part of the UE 10. In uplink transmission, the
transmitter may be a part of the UE 10, and the receiver may
be a part of the BS 20.

[0046] The BS 20 may belong to at least one cell. The cell
is a region in which the BS 20 provides a communication
service. A plurality of BSs having at least one cell may be
arranged to establish a multi-cell configuration. A BS provid-
ing the UE 10 with the communication service is referred to as
aserving BS. A BS adjacent to the serving BS is referred to as
a neighbor BS. A cell of the serving BS is referred to as a
serving cell. A cell of the neighbor BS is referred to as a
neighbor cell.

[0047] Assume that a BS , 20-A provides a UE , 10-A with
a communication service and a BS; 20-B provides a UE,
10-B with a communication service. From the perspective of
the UE, 10-A, the BS , 20-A is a serving BS and the BS;20-B
is a neighbor BS. From the perspective of the UE; 10-B, the
BS; 20-Bisaserving BS, and the BS , 20-A is a neighbor BS.
Assume that the UE ; 10-A and the UE; 10-B are located in
boundaries of their serving cells. The BS, 20-A performs
scheduling to allocate a radio resource to the UE , 10-A, and
transmits downlink (DL ) data. The DL data transmitted by the
BS; 20-B can be received not only by the UE, 10-B but also
by the UE , 10-A. Therefore, the DL data ofthe BS;20-B may
act as strong interference to the UE, 10-A. The UE, 10-A
transmits uplink (UL) data by using the allocated radio
resource. The UL data transmitted by the UE, 10-A can be
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received not only by the BS ; 20-A but also by the BS; 20-B.
Therefore, the UL data of the UE, 10-A may act as strong
interference to the BS; 20-B. Since an OFDMA system has
an orthogonality in a frequency domain in the same cell, UEs
using different frequency bands do not interfere with each
other. The orthogonality is not maintained between UEs using
the same frequency band in neighbor cells, and thus interfer-
ence may occur. [fthe BS , 20-A and the BS; 20-B cooperate
with each other, antennas located in each BS operate by
considering UEs located in different cells. That is, the
OFDMA system can be regarded as a multi-antenna system in
which antennas are distributed over several cells. A scheme in
which the BS, 20-A and the BS; 20-B cooperate with each
other can be referred to as a multi-cell cooperation scheme.
[0048] In general, a control signal can be classified into a
control signal for UL data transmission and a control signal
for DL data transmission. The control signal for DL data
transmission may include radio resource region information,
a modulation and a coding scheme (MCS) level, reference
signal (RS) information, a user identifier, etc. The radio
resource region (i.e., DL-MAP or resource allocation) infor-
mation is information regarding a radio resource occupied by
each UE which receives DL data. Upon receiving the control
signal from the BS, the UE verifies its radio resource region
by using the radio resource region information, estimates a
channel by referencing the RS information, and decodes data
based on the MCS level. By the user identifier, the control
signal and data transmitted from the BS are identified for each
UE. The control signal for UL data transmission serves to
transmit control information (e.g., the radio resource region
information, the MCS level, etc.) by the BS to the UE.
[0049] In the multi-cell cooperative wireless communica-
tion system, UL data or DL data may be transmitted by being
divided to multiple layers so as to reduce inter-cell interfer-
ence and to improve system performance. A new control
signal and a new control mechanism are required for the data
transmitted by being divided to multiple layers.

[0050] A control signal for transmitting and processing DL
data in a multi-cell cooperative wireless communication sys-
tem will be described.

[0051] FIG. 2 shows an operation of transmitting DL data
based on inter-cell cooperation.

[0052] Referringto FIG. 2, a user A is located in a center of
acell A, and a user B is located at a boundary of a cell B. ABS
Abelongstothecell A, and a BS B belongs to the cell B. From
the perspective of the user A, the cell A is a serving cell, and
the cell B is a neighbor cell. From the perspective of the user
B, the cell B is a serving cell, and the cell A is a neighbor cell.
The cell A and the cell B use the same time and frequency
bands, and the user B is located in the boundary of the cell B.
Thus, the user B may experience strong interference caused
by the cell A. Since the user A is located in the center of the
cell A, the user A may experience relatively weak interference
caused by the cell B. The cell A and the cell B can share
scheduling information for time and frequency resources. Itis
assumed that the cell A intends to reduce DL interference
acting on the user B.

[0053] FIG. 3 is a flowchart showing a method of transmit-
ting DL data based on inter-cell cooperation according to an
embodiment of the present invention. For convenience of
explanation, the following description will be based on the
cells and users exemplified in FIG. 2.

[0054] Referring to FIG. 3, a BS A divides DL data d ,, for
aUE A into common data d ;. ,,; and private datad,,, ,,; (step
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S100). The common data d ;. ,,; is defined as data that can be
restored by both the UE A and a UE B. The private data d,,,, .,
is defined as data that can be restored by the UE A and but
cannot be restored by the UE B.

[0055] The BS A transmits the common data d,_ ,; and/or
private data d, 5, for the UE A in downlink, and a BS B
transmits private data d, ,, for the UE B in downlink by a
radio resource overlapping with that used for the UE A (step
S110). The private data d, ,; for UE Bis defined as data that
can be restored by the UE B but cannot be restored by the UE
A. In step S110, the BS A can simultaneously transmit the
common data d,. ,, and the private data d ,, ,,, by superpo-
sition coding or the like. Although the BS A transmits the
common data d . ,,; and the private data d;,, ,,; to the UE A,
the UE B can receive the common data d ,_ ,,, and the private
datad,, ., since the UE B is located at a boundary of a cell A
and a cell B.

[0056] The UE A restores the common data d_ 5, and
removes interference (step S120). The UE B also restores the
common data d,_ ;, and removes interference (step S121).
In step 8120, the UE A restores the common datad,,_ ,,, in a
state where interference caused by the private data d, 5,
exists, and removes interference caused by the common data
d 4. pr- The UE A performs a suitable process by recognizing
the common datad,,. ,,; as data of the UE A. In step S121, the
UE B restores the common data d,,_ ,; in a state where inter-
ference caused by the private data d y, ,,; and dy, ,; exists,
and removes interference caused by the common datad,,_ ., .
The UE B restores the common data d,_,,; and removes
interference. The UE B may utilize the common data d,_ ,,,
for various purposes or discard it according to a flag bit
included in a second control signal.

[0057] After removing the interference, the UE A restores
the private data d , ., (step S130). After removing the inter-
ference, the UE B restores the private data d;, ,, (step S131).
[0058] Accordingly, from the perspective of the UE B,
there is an advantage as if the BS A transmits DL data by
decreasing power to reduce interference acting on the UE B.
In addition, from the perspective of the BS A, transmit (Tx)
power and a data rate can be maintained to the maximum
extent possible while minimizing interference on the UE B.
[0059] As described above with reference to FIG. 3, it is
necessary for each UE to be capable of receiving both the
privatedatad,, ,,; or dg, 5, and the commondatad,,,, ;. For
such an operation, there is a need to define a new control
signal and a new method of transmitting the control signal.
[0060] FIG. 4 is a flowchart showing a method of transmit-
ting a control signal for DL data transmission according to an
embodiment of the present invention. For convenience of
explanation, the following description will be based on the
cells and users exemplified in FIG. 2.

[0061] Referring to FIG. 4, a BS B receives fromaBS A a
control signal C ,_ ,,; forcommondatad,, ,,, fora UE A (step
S200). Since neighbor BSs can cooperate with each other, the
control signal can be exchanged between the BSs.

[0062] The BS B transmits to a UE B (i.e., a first UE) a
control signal Cg, ,,; (i.€., a first control signal) for private
data dz, r,; (i-€., first DL data) of the UE B and the control
signal C,_ 5 (i-e., a second control signal) received in step
200 for the common data d Ac,DL (i.e., second DL data) of
the UE A (step S210). In addition thereto, the BS A may
transmit to the UE A (i.e., a second UE) a control signal
C .z Tor private data dy, ,,, of the UE A and the control

P
signal C,_ r,; for the common data d,_ 5, (step S211).
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[0063] The BS B transmits only the private data d,, 5, for
the UE B in downlink. However, since the UE B is located at
a boundary of a cell A and a cell B, the UE B can receive a
signal transmitted by the BS A to the UE A. Therefore, the UE
B restores the signal received from the BS A and removes
interference from the signal. Thereafter, the UE B restores the
private data dg, ,,;. In this case, the UE B requires control
information for restoring the signal received from the BS A.
That is, the UE B can receive from the BS B the control signal
C 4.pz required for restore of the common data d . ;.
[0064] The control signal C,_,, may include radio
resource region information, an MCS level, RS information,
a user identifier (or user address), and a flag indicating
whether to discard the common data d,_ ,; after restore.
[0065] The control signals C,,. 57, C4, pz> and Cy,, 1, may
be transmitted by being cyclic redundancy check (CRC)-
masked with an user identifier (or user address). That is, the
BS B may transmit to the UE B the control signal Cg, 5,
which is CRC-masked with an identifier of the UE B. The BS
B may transmit to the UE B the control signal C , ,; whichis
CRC-masked with a common identifier or the identifier of the
UE B. In addition, the BS A may transmit to the UE A the
control signals C , ., which are CRC-masked with an iden-
tifier of the UE A. The BS A may transmit to the UE A the
control signal C ,_ 5,; which is CRC-masked with a common
identifier or the identifier of the UE A. Therefore, the UE A (or
UE B) performs CRC checking upon receiving the control
signal, and can determine whether the control signal is
received for the UE A (or UE B).

[0066] FIG. 5 is a flowchart showing a method of transmit-
ting a control signal for DL data transmission according to
another embodiment of the present invention.

[0067] Referringto FIG.5,aBS Btransmitstoa UEB (i.e.,
a first UE) a control signal Cz, 1, (i.e., a first control signal)
for private data dg, ,;, (i.e., first data) of the UE B (step
S300). In addition thereto, a BS A transmits toa UE A (i.e., a
second UE) a control signal C, 5, for private datad,,, 5, of
the UE A and a control signal C,_ ,,, for common datad,,, ,,
of'the UE A (step S301). The BS A transmits to the UE B (i.e.,
the first UE) a control signal C,,_,,, (i.e., a second control
signal) for common data d,_ 5, (i.e., second DL data) of the
UE A (step S310). Instead of step S310, a signal transmitted
by the BS A to the UE A in step 301 may be received and used
by the UE B.

[0068] The BS B transmits only the private data d,, 5, for
the UE B in downlink. However, since the UE B is located at
a boundary of a cell A and a cell B, the UE B can receive a
signal transmitted by the BS A to the UE A. Therefore, the UE
B restores the signal received from the BS A and removes
interference from the signal. Thereafter, the UE B restores the
private data dg, ,,;. In this case, the UE B requires control
information for restoring the signal received from the BS A.
That is, the UE B can receive from the BS A the control signal
C 4cpz Tor common data required for restore of the common
datad, ;.
[0069] The control signal C,_ ,; may include radio
resource region information, an MCS level, RS information,
a user identifier, and a flag indicating whether to discard the
common data d . ,; after restore.

[0070] The control signal C,_,; may be transmitted by
being CRC-masked with a user identifier. The UE B has to be
able to restore the control signal C . ,,; received from the BS
A. For this, if the BS A transmits the control signal C . ,,; to
a UE (e.g., UE B) participating in cooperation, the control
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signal C . ,,; may be transmitted by being CRC-masked with
a common identifier. The common identifier is commonly
applied to a plurality of UEs participating in cooperation. If
the UE B receives the control signal, the UE B has to deter-
mine whether there is a control signal received with not only
an identifier of the UE B but also the common identifier. The
control signal received with the common identifier may
include an additional user identifier to indicate a specific UE
for which the control signal is received. Instead of masking
with a common identifier, the BS A can transmit to the UE B
the control signal CAc,DL which is CRC-masked with an
identifier of the UE A. This has to be reported to the UE B by
the BS A or the BS B by an additional signal.

[0071] Hereinafter, a control signal required by the UE Bto
receive the common data d,_,,, according to the embodi-
ments of FIG. 4 and FIG. 5 will be described in detail.

[0072] The control signal C,_ ,, may include radio
resource region information, an MCS level, RS information,
a user identifier, and a flag indicating whether to discard the
common data d,_ ,, after restore.

[0073] FIG. 6 shows an example of a radio resource region
according to an embodiment of the present invention.

[0074] Referring to FIG. 6, a region A is a region for car-
rying private datad,,, ,,; and common datad,,_,, transmitted
for a UE A by a BS A. A region B is a region for carrying
private data d, ,,, transmitted for a UE B by a BS B. The
private datad,,, ,,, and common data d ;. ,; for the UE A and
the private data d,, ,,, for the UE B can be carried in a portion
where the region A is superposed with the region B. From the
perspective of the UE B, data transmitted for the UE A and
carried in the portion where the region A is superposed with
the region B may act as interference. Therefore, after restor-
ing the common data d,_,,; in a state where interference
caused by the private datad,,,, ,; and private datady,, ,; exist,
the UE B removes interference caused by the common data
d,. p;, and restores the private data dg for the UE B.

DL
Accordingly, the UE B can decrease interference from the BS

A.

[0075] In order to restore the common data d,_ ,,;, the UE
B has to know information on a radio resource region for
carrying the common data d;,_ ,,,. Therefore, a control signal
C 4.,pr may include information on the radio resource region

for carrying the common data d 4 ;.

[0076] The control signal C,_,; may include an MCS
level. The common data d . ,; has to be restorable by both the
UE A and the UE B. Therefore, among MCS levels that can be
received by the UE A and the UE B, the MCS level of the
common data d,_ 5, has to be set to an MCS level having a
low data rate.

[0077] The control signal C,_ ,,, may include RS informa-
tion. The UE B can estimate a channel by the RS information,
and can calculate a value for data restore. The UE B receives
the private data dg, ,, for the UE B from the BS B, and
receives the common datad . ,; for the UE A from the BS A.
Therefore, the RS information differs for each of the private
data dg, ;,; for the UE B and the common data d,. ;. In
addition, from the perspective of the UE A, the UE A receives
the private data d ;,, ,; and the common data d .. ,,, from the
BS A. In this case, for effective channel estimation, the RS
information may differ for each of the private data d , ,,; and
the common data d_ ;. Examples of the RS information
include an RS index, a cell index, a user index, an RS pattern,
etc.
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[0078] The control signal C,. 5, may include a user iden-
tifier. The private data d,, ,,; and the common data d .,
received by the UE B from the BS A are data for the UE A.
Therefore, in order to restore the data received by the UE B,
the user identifier is required to indicate a specific UE for
which the data is transmitted. An identifier for the common
datad,_ ,; of the UE A may be an identifier of the UEA or a
common identifier. If the identifier for the common data d,,,
pr is the identifier of the UE A, the BS A or the BS B has to
inform the UE B of the fact that the identifier of the UE A is
used for the common data d,_ ;. If the identifier for the
common data d,_,, is the common identifier, the common
identifier is a multicast identifier indicating both the UE A and
the UE B. A control signal including the common identifier
may further include user identifier information for each of a
plurality of UEs participating in cooperation. The control
signal C . ,,, may be transmitted by being CRC-masked with
a user identifier. In this case, the user identifier may be the
identifier of the UE A or the common identifier if the BS A
transmits the control signal C ,_ ,;. The user identifier may be
the identifier of the UE B or the common identifier if the BS
B transmits the control signal C . ;. By CRC checking, the
UE B can determine whether the control signal C,_p; is a
control signal transmitted to the UE B.

[0079] The control signal C,,_ ,,, may include a valid flag.
The valid flag is a bit for indicating whether data is for a
corresponding UE. For example, if the common datad ,_ ,,, is
transmitted with the common identifier, the BS A may set the
flag to ‘on’ so that the UE A can process the common data
d4. p; as data of the UE A. In addition, the BS B may set the
flag to ‘oft” so that the UE B can restore the common data
d4. pr, remove interference from the data, and discard the
data.

[0080] FIG. 7 is a flowchart showing a method of process-
ing DL data according to an embodiment of the present inven-
tion. For convenience of explanation, the following descrip-
tion will be based on the cells and users exemplified in FIG. 2.

[0081] Referringto FIG. 7, a UE B receives a control signal
Cpgp.pz (i-€., a first control signal) for private datad,, 5, (i-e.,
first DL data) of the UE B and a control signal C,_ 5, (i.e., a
second control signal) for common data d . 5, (i.e., second
DL data) of a UE A (step S400). The control signal C,_ ,
may be transmitted by a BS B to the UE B by exchanging
signals between a BS A and the BS B, or may be directly
transmitted by the BS A to the UE B.

[0082] The UE B receives the private data d, ., of the UE
B from the BS B, and receives private data d , ,,, and com-
mon datad,,_ ,; of the UE A from the BS A (step S410). The
private data d, ,, and the common data d,. 5, are data
transmitted by the BS A to the UE A. However, since the UE
B is located at a boundary of'a cell A and a cell B, the UE B
can receive the private data d, ,,;, and the common data
d

dc,DL*
[0083] After restoring the common data d,_ ,,, in a state
where interference caused by the private data d, ,,, and
private data dg, 5, exist, the UE B removes interference
caused by the common datad,_ ,; (step S420). The UE B can
restore the common data d, r,; by the control signal C,_ .,
received in step S400.

[0084] The UE B can restore the private data dg, ,,; in a
state where interference caused by the common data d,, ; is
removed (step S430). The UE B can restore the private data

d, oy by the control signal C,, ,; received step S400.
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[0085] The UE B may include a radio frequency (RF) unit
and a processor. The RF unit transmits and receives a radio
signal. The processor is coupled to the RF unit. The processor
receives the control signal Cy, 5, for the private data dj,, ,,,
and the control signal C,_,; for the common data d_ 5,
receives the private data d,, ,,, from a serving cell, receives
the common data d,_,, for a neighbor cell, removes inter-
ference from the neighbor cell by restoring the common data
d . - andrestores the private data d,, ,,; ina state where the
interference from the neighbor cell is removed.

[0086] Accordingly, an effective control mechanism and a
control signal required for DL data transmission can be
obtained in a multi-cell cooperative wireless communication
system.

[0087] Next, a control signal used for transmitting and pro-
cessing UL data in a wireless communication system support-
ing inter-cell cooperation will be described.

[0088] FIG. 8 shows an operation of transmitting UL data
based on inter-cell cooperation.

[0089] Referring to FIG. 8, auser A islocated at a boundary
ofacell A, and a user B is located in a center of a cell B. A BS
Abelongstothe cell A, and a BS B belongs to the cell B. From
the perspective of the user A, the cell A is a serving cell, and
the cell B is a neighbor cell. From the perspective of the user
B, the cell B is a serving cell, and the cell A is a neighbor cell.
The cell A and the cell B use the same time and frequency
bands, and the user A is located in the boundary of the cell A.
Thus, the cell A may produce strong interference to the cell B
in UL data transmission. Since the user B is located in the
center of the cell B, the user B may produce relatively weak
interference to the cell A. The cell A and the cell B can share
scheduling information for time and frequency resources. Itis
assumed that the cell A intends to reduce UL interference
acting on the user B. The following description on the present
invention is for exemplary purposes only, and thus the present
invention also applies to a case where the user A is located in
the cell center and the user B is located in the cell boundary.
[0090] FIG.9 is a flowchart showing a method of transmit-
ting UL data based on inter-cell cooperation according to an
embodiment of the present invention. For convenience of
explanation, the following description will be based on the
cells and users exemplified in FIG. 8. However, a user loca-
tion is not limited thereto.

[0091] Referring to FIG. 9, a UE A divides UL datad, .,
into common datad,,. ,; and private datad,,, ;; (step S500).
The UL data d, ;; is data to be transmitted by the UE A to a
BS A. The common data d,_ ., is defined as data that can be
restored both in a serving cell (i.e., a cell A) and a neighbor
cell (i.e., a cell B) of the UE A. The private data d , ,, is
defined as data that can be restored in the cell A but cannot be
restored in the cell B.

[0092] The UE A transmits the common data d_ ., and
private data d, ,, of the UE A to the BS A, and a UE B
transmits private data d,, ,, of the UE B to a BS B by a radio
resource overlapping with that used for the UE A (step S510).
The common data d ;.. ;; and the private data d;, ., are data
transmitted to the BS A. Since the UE A is located near a
boundary of the cell A and the cell B, the commondatad,,, ..
and private datad,,, ;,, of the UE A can be received by the BS
B.

[0093] The BS A restores the common datad,, ., in a state
where interference caused by the private data dAp,UL of the
UE A exists, and removes resultant interference (step S520).
The BS B restores the common data d . ;; in a state where
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interference caused by the private datad,, ,,, of the UE A and
the private datady,, ,, of the UE B exists, and removes result-
ant interference (step S521). After removing the interference
in step S520, the BS A recognizes the common datad,,_ ., as
data of the BS A, and performs a suitable process. After
removing the interference in step S521, the BS B utilizes or
discards the common data d ;.

[0094] After removing the interference, the BS A restores
the private data d , ;, of the UE A (step S530). After remov-
ing the interference, the BS B restores the private data d,, ,,
of the UE B (step S531).

[0095] Accordingly, from the perspective of the BS B, there
is an advantage as if the UE A transmits UL data by decreas-
ing power to reduce interference acting on the BS B. In
addition, from the perspective of the UE A, Tx power and a
data rate can be maintained to the maximum extent possible
while minimizing interference on the BS B.

[0096] As described above with reference to FIG. 9, the UE
can transmit the UL data to multiple layers divided for private
data and common data. Therefore, there is a need to define a
new control signal for UL data transmission and a new
method of transmitting the control signal.

[0097] FIG. 10 is a flowchart showing a method of trans-
mitting a control signal for UL data transmission according to
an embodiment of the present invention. For convenience of
explanation, the following description will be based on the
cells and users exemplified in FIG. 8. However, a user loca-
tion is not limited thereto. In case of UL data transmission, a
BS may transmit a control signal by adding control informa-
tion to the control signal. The control signal is for scheduling
UL data transmission of UEs belonging to a cell of the BS,
and the control information is for data divided for multiple
layers according to the embodiment of the present invention.
[0098] Referring to FIG. 10, a BS A transmits to a BSB a
control signal C, ;; (i.e., a first control signal) for private
data d, ., (i.e., first UL data) of a UE A and/or a control
signal C,_ ., (i.e., a second control signal) for common data
d. ¢z (€., second UL data) (step S600). Data transmission
between the BS A and the BS B may use a wired link through
which the BSs are connected. On the basis of the control
signal received in step S600, the BS B can determine a control
signal Cz, ., (i.e., a third control signal) for private data
dp,, o (i-e., third UL data) of a UE B.

[0099] The BS A transmits to the UE A the control signal
C .0 Tor the private datad , ,, of the UE A and the control
signal C ., forthe common datad,,. ,; (step S610). The BS
B transmits to the UE B the control signal C, ., for the
private data d, ,, of the UE B (step $620). Steps S610 and
S620 can be performed simultaneously.

[0100] The common data d, ., of the UE A is data trans-
mitted by the UE A to the BS A. Since the UE A is located at
aboundary of a cell A and a cell B, the data transmitted by the
UE A can be received by the BS B. Accordingly, the BS B
needs to receive control information for restoring the com-
mon data d,_,,. On the basis of the control information
received from the BS A, the BS B can perform scheduling for
UL data transmission of the UE B. An MCS level for the UL
data of the UE B may be set to be high by considering that
interference caused by the UE A can be removed.

[0101] The control signal C,,_,,, may include information
required for restoration of the common data d,_ ., . Specifi-
cally, the control signal C,_,, may include radio resource
region information, an MCS level, RS information, a user
identifier, etc.
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[0102] The control signal C_ ;,; may include information
on a radio resource region for carrying common data dy_ ;.
[0103] The control signal C,_ ., may include an MCS
level. The common datad,, ., has to be restorable by both the
BS A and the BS B. Therefore, among MCS levels that can be
received by the BS A and the BS B, the MCS level of the
common data d,_ ., has to be set to an MCS level having a
low data rate.

[0104] The control signal C,,_,,, may include RS informa-
tion. The BS B can estimate a channel by the RS information,
and can calculate a value for data restore. The BS B receives
the private data d, ;,, from the UE B, and receives the com-
mon data d,_ ., from the UE A. Therefore, the RS informa-
tion differs for each of the private datad;,, ,; and the common
datad,, ;. In addition, from the perspective of the BS A, the
BS A receives the private data d,, ;, and the common data
d ..oz from the UE A. In this case, for effective channel
estimation, the RS information may differ for each of the
private datad,,, ,, and the common datad . , ;- Examples of
the RS information include an RS index, a cell index, a user
index, an RS pattern, etc.

[0105] The control signal C,. ;,; may include a user iden-
tifier. The common data d ;. ,; received by the BS B from the
UE A is data for the BS A. Therefore, in order to restore the
data received by the BS B, the user identifier is required to
indicate a specific UE for which data is transmitted. An iden-
tifier for the common data d,_ ., of the UE A may be an
identifier of the UE A or a common identifier. If the user
identifier for the common data d_ ; is the identifier of the
UE A, the BS A or the UE A has to inform the BS B of the fact
that the identifier of the UE A is used for the common data
d ..oz If the user identifier for the common data d ;. ,; is the
common identifier, the BS A has to inform the UE A and BS
B of the fact that the common identifier is used for the com-
mon data d, ,;. The common identifier is a multicast iden-
tifier including the UE A and the UE B. A control signal
including the common identifier may further include user
identifier information for each of a plurality of UEs partici-
pating in cooperation.

[0106] Unlike in DL data transmission, the control signal
C 4.,z for UL data transmission does not include a valid flag.
Data is received by the BS in UL data transmission. Whether
to discard the common data d ;. ., may be determined by the
BS B in cooperation with the BS A. Therefore, additional
control information for determining whether to discard the
common data d ., is not necessary.

[0107] Upon receiving the control signals C . ,,, and C,,,
vz in step S600, the UE A transmits to the BS A the common
data d,. ., and the private data d, ,, on the basis of the
control signals. If the control signal C;_ ,; instructs to use the
user identifier as the common identifier, the UE A transmits
the common data d 4 ,; by the common identifier.

[0108] Accordingly, a control signal required for UL data
transmission and an effective control mechanism can be
obtained in a multi-cell cooperative wireless communication
system.

[0109] The present invention can be implemented with
hardware, software, or combination thereof. In hardware
implementation, the present invention can be implemented
with one of an application specific integrated circuit (ASIC),
a digital signal processor (DSP), a programmable logic
device (PLD), a field programmable gate array (FPGA), a
processor, a controller, a microprocessor, other electronic
units, and combination thereof, which are designed to per-
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form the aforementioned functions. In software implementa-
tion, the present invention can be implemented with a module
for performing the aforementioned functions. Software is
storable in a memory unit and executed by the processor.
Various means widely known to those skilled in the art can be
used as the memory unit or the processor.

[0110] While the present invention has been particularly
shown and described with reference to exemplary embodi-
ments thereof, it will be understood by those skilled in the art
that various changes in form and details may be made therein
without departing from the spirit and scope of the invention as
defined by the appended claims. The exemplary embodi-
ments should be considered in descriptive sense only and not
for purposes of limitation. Therefore, the scope of the inven-
tion is defined not by the detailed description of the invention
but by the appended claims, and all differences within the
scope will be construed as being included in the present
invention.

1. A method of transmitting a control signal in a multi-cell
cooperative wireless communication system, the method
comprising:

transmitting to a first user equipment (UE) a first control

signal for first downlink data at a serving base station;
and

transmitting to the first UE a second control signal for

second downlink data received from a neighboring base
station at the serving base station,

wherein the first downlink data is data for the first UE, and

the second downlink data is data for a second UE in a
neighbor cell and is restorable by the first UE.

2. The method of claim 1, wherein the second control
signal comprises information required for restore of the sec-
ond downlink data.

3. The method of claim 2, wherein the second control
signal comprises at least one of radio resource region infor-
mation, a modulation and coding scheme (MCS) level, refer-
ence signal (RS) information, a user identifier, and a flag
indicating whether to discard the second downlink data after
restore.

4. The method of claim 3, wherein the RS information
comprises at least one of an RS index, a cell index, a user
index, and an RS pattern.

5. The method of claim 3, wherein the user identifier is an
identifier for the second UE or a common identifier.

6. The method of claim 3, wherein, if the flag is ‘1°, the
second downlink data is regarded as data of a corresponding
UE, and if the flag is ‘0°, the second downlink data is dis-
carded.
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7. The method of claim 1, wherein the second downlink
data is common data for all UEs in a serving cell and a
neighboring cell.

8. A method of processing data in a multi-cell cooperative
wireless communication system, the method comprising:

receiving a first control signal for first downlink data and a

second control signal for second downlink data;
receiving the first downlink data from a serving cell and the
second downlink data from a neighbor cell;

removing interference caused by the second downlink data

by restoring the second downlink data; and

restoring the first downlink data in a state where the inter-

ference caused by the second downlink data is removed.
9. The method of claim 8, wherein the second control
signal is received from the serving cell or the neighbor cell.
10. The method of claim 8, wherein the second control
signal comprises information required for restore of the sec-
ond downlink data.
11. The method of claim 9, wherein the second control
signal comprises at least one of radio resource region infor-
mation, an MCS level, RS information, a user identifier, and
a flag indicating whether the second downlink data needs to
be discarded after restore.
12. The method of claim 11, wherein the RS information
comprises at least one of an RS index, a cell index, a user
index, and an RS pattern.
13. The method of claim 11, wherein, if the flag is “1°, the
second downlink data is regarded as data of a corresponding
user equipment, and if the flag is ‘0’ the second downlink
data is discarded.
14. The method of claim 8, wherein the second control
signal is CRC-masked with a user identifier.
15. A user equipment comprising:
a radio frequency (RF) unit for transmitting and receiving
a radio signal; and

a processor connected to the RF unit and configured to
receive a first control signal for first downlink data and a
second control signal for second downlink data, receive
the first downlink data from a serving cell and the second
downlink data from a neighbor cell, remove interference
caused by the second downlink data by restoring the
second downlink data, and restore the first downlink
data in a state where the interference caused by the
second downlink data is removed.
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