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Description
Title of Invention: METHOD AND APPARATUS FOR

TRANSMITTING AND RECEIVING MULTI-USER CONTROL

[1]

[2]

[3]

CHANNELS IN A WIRELESS COMMUNICATION SYSTEM

WITH MULTIPLE ANTENNAS
Technical Field

The present invention relates generally to a method and apparatus for transmitting
and receiving multi-user control channels for a plurality of user equipment in a
wireless communication system using multiple antennas and, more particularly, to a
method and apparatus for transmitting and receiving control channels multiplexed
being based on a space division in a data channel region and also a definition of a
control channel search space in consideration of characteristics of the data channel
region.

Background Art

Modern mobile communication systems are evolving toward high-speed, high-
quality wireless packet data communication systems for providing data services and
multimedia services as well as offering traditional voice-based services. In order to
support a high-speed, high-quality wireless packet data transmission service, a variety
of mobile communication standards, such as HSDPA (High Speed Downlink Packet
Access) and HSUPA (High Speed Uplink Packet Access) of 3GPP (the third
Generation Partnership Project), HRPD (High Rate Packet Data) of 3GPP2, IEEE
802.16, and the like, have been developed in the art.

The existing third-generation wireless packet data communication systems such as
HSDPA, HSUPA, HRPD, etc. use the Adaptive Modulation and Coding (AMC)
technique, the channel dependent scheduling technique, etc. in order to improve its
transmission efficiency. The AMC technique allows a transmitter to adjust the amount
of transmitted data according to channel conditions. Namely, the transmitter decreases
the amount of transmitted data under unfavorable channel conditions and thereby sets
the probability of errors in receiving data to a desired level. Also, the transmitter
increases the amount of transmitted data under favorable channel conditions and
thereby effectively transmits a lot of information while setting the probability of errors
in receiving data to a desired level. Meanwhile, the use of the channel dependent
scheduling technique allows a transmitter to provide service to selected user equipment
with excellent channel conditions among several user equipment. Therefore, system

capacity is increased more in this case than in other cases wherein a channel is



[4]

[5]

[6]

[7]

WO 2011/043616 PCT/KR2010/006882

allocated to only one of the user equipment. Normally this increase of capacity refers
to a multi-user diversity gain. In short, the AMC technique and the channel dependent
scheduling technique may apply a proper modulation and coding type at the most
efficient time determined depending on the feedback of information about partial
channel conditions received from a receiver.

A recent trend in the art is to replace the CDMA (Code Division Multiple Access)
method used in the second or third generation mobile communication systems with the
OFDMA (Orthogonal Frequency Division Multiple Access) method in the next
generation system. Currently, the 3GPP and the 3GPP2 are performing standardization
for evolved systems using the OFDMA method, which is expected to produce a
capacity increase in comparison with CDMA. One reason for a capacity increase in
OFDMA is to allow frequency domain scheduling. As the channel dependent
scheduling technique based on time-dependent variations of a channel produces a
capacity gain, so can using frequency-dependent variations of a channel.

When the AMC technique and the channel dependent scheduling technique are
realized, a base station adaptively allocates given wireless resources such as frequency,
time, power, etc. according to the channel condition of user equipment. This adaptive
allocation information is sent from a base station to user equipment through PDCCH
(Physical Downlink Control Channel). By receiving PDCCH, the respective user
equipment recognize their allocated wireless resources.

The allocation of wireless resources includes resource allocation for the downlink
from a base station to user equipment and resource allocation for the uplink from user
equipment to a base station. Downlink resource allocation is adaptively made
according to channel condition reported by user equipment as well as the amount of
data to be transmitted from a base station to the user equipment. A base station reports,
through PDCCH, which resource is allocated to which user equipment for data
transmission and which transport format indicating a modulation and coding type is
used. Through PDCCH information, each user equipment recognizes whether a
downlink resource is allocated and, if so, how to receive the transmitted signal through
the allocated resource. Similarly, uplink resource allocation is adaptively made
according to channel condition reported by user equipment as well as the amount of
data to be transmitted. A base station reports, through PDCCH, which resource is
allocated to which user equipment for data transmission and which transport format is
used to send data to the allocated resource. Through PDCCH information, each user
equipment recognizes whether an uplink resource is allocated and, if so, which
transport format should be used.

Downlink Control Information (DCI) contained in PDCCH for a downlink resource

allocation is generally as follows.
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User Equipment Identification (UE ID) refers to information used for user equipment
to determine whether there exists a signal transmitted to user equipment. Normally
CRC (Cyclic Redundancy Check) depending on specific UE ID is inserted into DCI, so
if specific user equipment successfully restores DCI, such control information is
considered as information for such user equipment.

If DCI is successfully restored, user equipment recognizes from the Downlink
Resource Block (DL RB) allocation information which resource blocks its own data is
actually sent through.

Transport Format (TF) refers to a modulation and coding type of a transmitted signal.
If the AMC technique is used, user equipment should know TF in order to perform a
demodulation and decoding process.

Hybrid Automatic Repeat reQuest (HARQ) refers to a process in which a receiver
informs a transmitter whether a transmitted packet is successfully received and then, in
case of success, the transmitter sends the next packet and in case of failure, resends the
same packet. HARQ related information includes a HARQ process number and any
other related information such as an indication that a certain transmitted signal is
original or repeated. Based on HARQ related information, user equipment determines
whether to decode a currently received packet by combining with an earlier received
packet or to decode it newly.

Additionally, DCI contained in PDCCH may further include information for
transmission through multiple antennas, information for a power control, information
about whether distributed transmission is used or not, and the like.

On the other hand, information contained in PDCCH for an uplink resource al-
location is generally as follows.

If control information is successfully restored, user equipment recognizes from UL
RB allocation information which resource blocks the data should be sent through.

User equipment should know the Transport Format (TF) to be used in order to create
a signal in a demodulation and decoding manner requested by a base station.

Additionally, DCI may further include information about an uplink reference signal
for supporting multiple access to the uplink space domain, information about whether
distributed transmission is used or not, information about whether a channel condition
report is requested or not, and the like.

FIG. 1 is a diagram illustrating a method for setting a control channel candidate
group in a conventional wireless communication system.

Referring to FIG. 1, a Control Channel Element (CCE) refers to a unit of a logical
channel that forms PDCCH. Particularly, a one-to-one correspondence exists between
CCEs and Resource Elements (REs) which are units of a physical channel. Meanwhile,
an Aggregation Level (AL) indicates how many CCEs constitute PDCCH. Namely, if
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PDCCH consists of N pieces of CCEs, AL becomes N. FIG. 1 shows examples of AL
1 in reference numeral 111, AL 2 in reference numeral 112, AL 4 in reference numeral
113 and AL 8 in reference numeral 114. If PDCCH uses one modulation type, the
number of encoded bits to be transmitted reduces as AL decreases. This means that the
code rate of channels in PDCCH is reduced. Namely, in case of a low AL, control in-
formation can be sent through fewer resources. However, user equipment can suc-
cessfully receive it under a good channel condition. In case of a high AL, while
relatively more resources are used, user equipment can successfully receive control in-
formation even under poor channel condition. For an effective use of resources, it is
desirable that a control channel may be formed with a low AL for user equipment
having good channel condition but formed with a high AL for user equipment having
poor channel condition.

Additionally, the number of information bits forming DCI may be varied according
to the attribute of control information. For instance, resource block allocation in-
formation may use many bits in order to increase the degree of freedom or use fewer
bits instead of reducing the degree of freedom. Also, the number of information bits
forming DCI is varied depending on whether to include various types of additional in-
formation. When different numbers of bits may form different DCls, they are dis-
tinguished from each other by DCI format. Since user equipment does not know DCI
format with which PDCCH is transmitted, it will be blind-decoded. Although
transmitted to user equipment having the same channel conditions, PDCCH with DCI
format using many bits, may be preferably transmitted with a higher AL than PDCCH
with DCI format using few bits.

Specifically, let’s suppose that eight CCEs, designated by reference numerals 100
to107, are given. The number of CCEs is only exemplary and may be varied
frequently. Factors that affect the number of CCEs include static values such as a
downlink system bandwidth, the number of transmitting antennas of a base station, and
the number of downlink ACK/NACK channels for supporting uplink HARQ, and
control region information the value of which is changed at every sub-frame thatis a
time unit for scheduling.

Reference numerals 120 to 127 are PDCCH candidates for AL 1 111. For instance,
reference numeral 120 indicates that PDCCH is formed using the only CCE 0 100, and
a reference numeral 127 indicates that PDCCH is formed using the only CCE 7 107.
Reference numerals 128 and 129 are PDCCH candidates for AL 2 112. For instance,
reference numeral 128 indicates that PDCCH is formed using CCE 0 100 and CCE 1
101. Reference numeral 132 is one of PDCCH candidates for AL 4 113 and indicates
that PDCCH is formed using four CCEs from CCE 0 100 to CCE 3 103. Reference
numeral 134 is the only PDCCH candidate for AL 8 114 and indicates that PDCCH is
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formed using eight CCEs from CCE 0 100 to CCE 7 107.

A way of forming PDCCH candidates according to AL is based on a tree structure.
Namely, AL 2 112 consists of a set of PDCCH candidates with AL 1 111, and AL 4
113 consists of a set of PDCCH candidates with AL 2 112. Also, AL 8 114 consists of
a set of PDCCH candidates with AL 4 113. For instance, PDCCH indicated by
reference numeral 132 is formed of four CCEs from CCE 0 to CCE 3, and this is a
combination of a PDCCH candidate 128 formed of CCE 0 and CCE 1 and a PDCCH
candidate 129 formed of CCE 2 and CCE 3 in AL 2 112. According to such a tree
structure, when the total number of CCEs is N_CCE, the number of possible PDCCHs
in specific AL is calculated by floor(N_CCE/AL). Here, floor(x) means a round-down
function, which results in the maximum integer smaller than or equal to x.

The user equipment should attempt to perform a blind decoding in a PDCCH
candidate group in order to find a downlink control channel transmitted to itself among
several downlink control channels. Here, a blind decoding means that, when a base
station sends PDCCH through one of control channel candidates defined in a control
channel candidate group, user equipment receives PDCCH without any information
about a control channel candidate through which control channel information is sent.
For an effective blind decoding, a conventional Orthogonal Frequency Division Mul-
tiplexing (OFDM)-based LTE (Long Term Evolution) system defines a search space of
PDCCH candidates for each user equipment as Math Figure 1:

MathFigure 1
[Math.1]

The first CCE location ofthe m-th PDCCH candidate for a given
AL=AL { (Y +m)modfloor(N CCE JAL)} ,m=0,...M , -1

Here, N _CCE; refers to the total number of CCEs in the k-th sub-frame, and M,
refers to the number of PDCCH candidates in a PDCCH candidate group at each AL.
Also, Yy is equal to (39827 X Y1) mod 65537, and Y, indicates UE ID. Additionally,
x mod y is a function that indicates the remainder after x is divided by y. If the first
CCE location for a given AL is known from Math Figure 1, PDCCH candidates for a
given AL are AL pieces of CCEs from the first CCE location.

FIG. 2 is a diagram illustrating the structure of a downlink sub-frame in a con-
ventional LTE system.

Referring to FIG. 2, a single sub-frame 215 is composed of fourteen OFDM symbols
designated by reference numerals 200 to 213. The front three symbols 200, 201 and
202 constitute a PDCCH region allocated to control channels (i.e., PDCCH), and the
rest, 203 through 213, is a PDSCH (Physical Downlink Shared Channel) region
allocated to data channels (i.e., PDSCH). While PDCCH is transmitted through the
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entire system bandwidth in the PDCCH region 200 to 202, PDSCH is transmitted on
the basis of a Resource Block (RB) 214 that is a basic unit of scheduling. Each RB
consists of twelve sub-carriers, and the total number of RBs is varied according to a
system bandwidth. The reason that the PDCCH region 200 through 202 is located at
the front of the sub-frame 215 is to allow user equipment to check first PDCCH. If
PDCCH has no pertinent data, user equipment enters into a micro sleep mode in order
to reduce power consumption in the PDSCH region 203 through 213.

FIG. 3 is a diagram illustrating the structure of downlink resource blocks in a con-
ventional LTE-Advanced system.

Referring to FIG. 3, a common reference signal 300 in a PDCCH region 304 is used
for channel estimation for PDCCH decoding, and a common reference signal 300 in a
PDSCH region 305 is used for downlink channel measurement. Additionally, channel
estimation for data decoding in the PDSCH region 305 uses code division multiplexing
reference signal groups 301 and 302. Each of these groups 301 and 302 is multiplexed
into a reference signal for multiple layers by using an orthogonal sign. For instance, in
case of transmission of four layers, an orthogonal sign with a length 2 is applied to two
reference signal REs that are continuous on a time domain, so two different reference
signals are multiplexed for each reference signal group. Similarly, in case of
transmission of eight layers, an orthogonal sign with length 4 is applied to four
reference signal REs that are spread on a time domain, so four different reference
signals are multiplexed for each reference signal group.

In case of transmission of one or two layers, it is possible to transmit a reference
signal of each layer by using only a single code division multiplexing reference signal
group 301. Therefore, the other code division multiplexing reference signal group 302
may be used for data transmission. The code division reference signal, corresponding
to each layer, is transmitted by applying the same pre-coding applied to that layer. This
makes it possible for a receiver to decode data without any information about a pre-
coding applied in a transmitter.

FIG. 4 is a diagram illustrating a downlink transmission method based on multi-user
multi-input multi-output in a conventional LTE-Advanced system.

FIG. 4 shows a way of transmitting data channels of multiple user equipment through
the same resource by using a space division multiplexing technique at transmission
using multiple antennas. In particular, the space division multiplexing technique
achieves pre-coding data channels of multiple user equipment, with little interference
with the space channels of the user equipment, followed by a transmission through the
same resource. By using this technique, PDSCHs 404 to 407 of multiple user
equipment can be transmitted through a single RB 402 in a PDSCH region 401. Here,
PDSCHs 404 to 407 corresponding to respective layers are transmitted together with
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the reference signal groups 301 and 302 shown in FIG. 3. A decoding of PDSCHs 404
and 405 for layers O and 1 uses a channel value estimated from one code division mul-
tiplexing reference signal group 301 for the layers O and 1, and a decoding of PDSCHs
406 and 407 for layers 2 and 3 uses a channel value estimated from the other code
division multiplexing reference signal group 302 for the layers 2 and 3.

Disclosure of Invention

Technical Problem
However, the above-discussed wireless communication system based on multiple

antennas may still confront a lack of control channel resources.

Solution to Problem

Accordingly, the present invention is to address the above-mentioned problems and/
or disadvantages and to offer at least the advantages described below.

An aspect of the present invention is to provide a method and apparatus for
transmitting and receiving multi-user control channels through a data channel region in
a wireless communication system using multiple antennas.

Another aspect of the present invention is to define a new search space for control
channel candidates.

According to aspects of the present invention, methods for transmitting and receiving
multi-user control channels through a data channel region in a wireless communication
system using multiple antennas are based on the expansion of control channel
resources by applying a space division multiplexing technique to multi-user control
channels.

According to one aspect of the present invention, a method for transmitting multi-
user control channels includes mapping control channels for a plurality of user
equipment by dividing a space of the same transmission region in a data channel region
of a sub-frame, each of the user equipment being composed of at least one resource
block; and multiplexing the control channels with data channels in the data channel
region of the sub-frame and then transmitting the multiplexed control channels.

According to another aspect of the present invention, a method for receiving multi-
user control channels includes determining a transmission region in which control
channels for a plurality of user equipment which is space-divided and mapped in a data
channel region of a sub-frame, each of the user equipment being composed of at least
one resource block; and receiving one of the control channels by decoding the
transmission region in the data channel region.

According to still another aspect of the present invention, an apparatus for
transmitting multi-user control channels includes a scheduler configured to form

control channels for a plurality of user equipment each of which is composed of at
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least one resource block; a mapping unit configured to perform a mapping for the
control channels by dividing the space of the same transmission region in a data
channel region of a sub-frame; and a multiplexer configured to multiplex the control
channels with data channels in the data channel region of the sub-frame and then to

transmit the multiplexed control channels.
According to yet another aspect of the present invention, an apparatus for receiving

multi-user control channels includes controller configured to determine a transmission
region in which control channels for a plurality of user equipment are space-divided
and mapped in a data channel region of a sub-frame, each of the user equipment being
composed of at least one resource block; and a decoder configured to receive one of
the control channels by decoding the transmission region in the data channel region

under the control of the controller.

Advantageous Effects of Invention

According to this invention, by transmitting multi-user control channels in the data
channel region by means of a space division multiplexing technique, it may be
expected to solve a limited control channel resource problem and also to increase a
system capacity due to a reduced control channel overhead.

Brief Description of Drawings

Other aspects, advantages, and salient features of the invention will become apparent
to those skilled in the art from the following detailed description, which, taken in con-
junction with the annexed drawings, discloses embodiments of the invention.

FIG. 1 is a diagram illustrating a method for setting a control channel candidate
group in a conventional wireless communication system;

FIG. 2 is a diagram illustrating the structure of a downlink sub-frame in a con-
ventional LTE system;

FIG. 3 is a diagram illustrating the structure of downlink resource blocks in a con-
ventional LTE-Advanced system;

FIG. 4 is a diagram illustrating a downlink transmission method based on multi-user
multi-input multi-output in a conventional LTE-Advanced system;

FIG. 5 is a diagram illustrating a method for transmitting multiple control channels
multiplexed being based on a space division in a data channel region in accordance
with an embodiment of the present invention;

FIG. 6 is a diagram illustrating a method for transmitting multiple control channels
multiplexed being based on a space division in a part of a data channel region in ac-
cordance with another embodiment of the present invention;

FIGs. 7A and 7B are flow diagrams illustrating a method for transmitting multiple

control channels multiplexed being based on a space division in a data channel region



WO 2011/043616 PCT/KR2010/006882

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

in accordance with an embodiment of the present invention;
FIGs. 8A and 8B are flow diagrams illustrating a method for receiving multiple

control channels multiplexed being based on a space division in a data channel region
in accordance with an embodiment of the present invention;

FIG. 9 is a block diagram illustrating the configuration of a base station for
transmitting multi-user control channels in a wireless communication system using
multiple antennas in accordance with an embodiment of the present invention; and

FIG. 10 is a block diagram illustrating the configuration of user equipment for
receiving multi-user control channels in a wireless communication system using

multiple antennas in accordance with an embodiment of the present invention.

Mode for the Invention

Embodiments of the present invention will now be described in detail with reference
to the accompanying drawings. This invention may, however, be embodied in many
different forms and should not be construed as limited to the embodiments set forth
herein. Rather, the disclosed embodiments are provided so that this disclosure is
thorough and complete, and fully convey the scope of the invention to those skilled in
the art. The principles and features of this invention may be employed in varied and
numerous embodiments without departing from the scope and spirit of the present
invention.

Furthermore, well known or widely used techniques, elements, structures, and
processes may not be described or illustrated in detail to avoid obscuring the essence of
the present invention. Although the drawings represent embodiments of the invention,
the drawings are not necessarily to scale and certain features may be exaggerated or
omitted in order to better illustrate and explain the present invention.

According to this invention, methods for transmitting and receiving multi-user
control channels through a data channel region, in a wireless communication system
using multiple antennas, are based on the expansion of control channel resources by
applying a space division multiplexing technique to multi-user control channels.

In order to transmit multi-user control channels, the present invention provides a
control channel transmission structure similar with a data channel transmission
structure and also provides a new definition of a search space for control channel
candidates adapted to the above-proposed transmission structure.

When a control channel is transmitted and received through a data channel region in
a wireless communication system based on multiple antennas, there may arise incom-
patibility of a PDCCH transmission structure with a PDSCH transmission structure and
an impossible reuse of a search space for PDCCH candidates. In order to solve these

problems, the present invention changes a basic unit of PDCCH transmission from
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CCE to RB. In addition, the present invention provides for use of a pre-coded De-
modulation Reference Signal (DM RS, which is a generalized expression of a code
division multiplexing reference signal) instead of a Common Reference Signal (CRS)
when PDCCH is decoded. Also, the present invention further provides a redefinition of
a search space for PDCCH candidates in order to meet an improved PDCCH
transmission structure.

Herein, a control channel resource may be a control channel region allocated to a
control channel (i.e., PDCCH), and a data channel resource may be a data channel
region allocated to a data channel (i.e., PDSCH). The control channel region and the
data channel region may be distinguished from each other by PCFICH that is a
physical channel for transmitting CCFI (Control Channel Format Indicator) in-
formation. CCFI information tells the number of OFDM symbols constituting the
control channel region in a sub-frame. User equipment fails to know the number of
symbols allocated to a control channel until receiving CCFI. Therefore, user equipment
should receive PCFICH first in a sub-frame except when downlink resources are
fixedly allocated. In embodiments of this invention, the control channel region depends
on the number of OFDM symbols, received by user equipment through PCFICH from
a base station, in a downlink sub-frame. The remaining region becomes the data
channel region. Particularly, it is possible to transmit an actual control channel signal
through the data channel region.

A method for transmitting multi-user control channels through the data channel
region by using a space division multiplexing technique is described hereinafter. This
method includes a way of using the entire RB in the data channel region and another
way of using part of the RB in the data channel region. Before anything else, described
hereinafter are methods for defining a search space for PDCCH candidates in each user
equipment in order to perform a blind decoding of a control channel.

According to an embodiment of the present invention, control channel transmission
is based on RB in the data channel region and PDCCH candidate search space is
defined based on common DM RS.

FIG. 5 is a diagram illustrating a method for transmitting multiple control channels
multiplexed being based on a space division in a data channel region in accordance
with an embodiment of the present invention. This embodiment supposes a space
channel condition that allows transmitting four layers through a single RB resource.

Referring to FIG. 5, by using space division multiplexing 503, PDCCH as well as
PDSCH of multiple user equipment can be transmitted through RB 502 in a PDSCH
region 501. A control channel or data channel corresponding to each layer 504 to 507
is decoded using DM RS. Here, DM RS used for each layer is pre-coded in the same

manner that the control channel or the data channel transmitted through that RB. Each
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DM RS may be a code division multiplexing reference signal, a time division mul-
tiplexing reference signal, or a frequency division multiplexing reference signal. By
using such a DM RS, pre-coding information is not needed for decoding a control
channel or data channel. However, layer number information is needed to differentiate
DM RS corresponding to each channel when channels of multiple user equipment are
transmitted through the same resource. Since there is no information about layer
numbers in case of a control channel decoding, a blind decoding is tried for possible
layer numbers.

A base station determines whether to perform a control channel transmission in the
data channel region, depending on the degree of use of control channel resources. Once
determined, the base station instructs the user equipment to receive a control channel in
the data channel region by means of superior signaling. Also, the maximum number of
layers may be transmitted through such superior signaling. This is to reduce a loss due
to a blind decoding by restricting the number of trying a blind decoding for possible
layer numbers.

In case where multi-user control channels are transmitted using RB through the data
channel region 501, a search space for PDCCH candidates based on common DM RS
used for an effective blind decoding of multi-user control channels is redefined as
Math Figure 2 and 3 given below.

MathFigure 2
[Math.2]

Thefirst RBlocationofthe m-thPDCCH candidate foragiven AL __RB

=AL__RB {(Y,+m)modfloor(N_RB,/JAL__RB)} ,m=0,...M, -1

Here, AL_RB is an aggregation level in each RB. Additionally, N_RBy means the
total number of RBs in the k-th sub-frame, and My; s means the number of PDCCH
candidates in each AL_RB. Also, Yy is a random variable in each user equipment. Y,
may be equal to (39827 X Y, ;) mod 65537, and Y_; may be UE ID. Additionally, x
mod y is a function that indicates the remainder after x is divided by y.

MathFigure 3
[Math.3]

A possible DM RS number ofeach PDCCH candidate
=Y, mod N__commonDMRS,

If the first RB location for a given AL_RB is known from Math Figure 2, PDCCH
candidates for a given AL._RB are AL_RB pieces of RBs from the first RB location.
Here, N_RBy, AL_RB, and My, g in each AL_RB are predefined in consideration of a

loss required for a blind decoding in the user equipment and a decoding efficiency, and
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also N_RBy may be defined differently in each sub-frame. The base station and user
equipment share such information in advance. Math Figure 3 indicates a DM RS
number (i.e., a layer number) to be tried when a blind decoding is tried for a PDCCH
candidate obtained from Math Figure 2. Here, N_commonDMRS,; is a specific value
considered in common for the entire RB by all user equipment in the k-th sub-frame
and is also the maximum number of possible DM RSs (i.e., the maximum number of
possible layers). In addition, this value is determined by the base station in view of
AL_RB and M, gp in each AL_RB related to a space channel of the user equipment
and a loss of a decoding, and also is broadcasted by means of superior signaling.

Namely, the user equipment obtains a random DM RS number based on UE ID by
using N_commonDMRS;, received from the base station and then performs a blind
decoding in an RB-based PDCCH candidate selected by Math Figure 2. If transmission
of N_commonDMRS;, through superior signaling is not allowed, the user equipment
always performs a blind decoding for a fixed arbitrary DM RS number only.

Since each user equipment fails to know how many layers are transmitted in an RB
region for a PDCCH transmission, the user equipment performs a PDCCH blind
decoding in consideration of the maximum RE resources for a reference signal. In
other words, regardless of a DM RS number obtained for a blind decoding, the user
equipment excludes all RE resources for a reference signal corresponding to the
maximum layer transmission in a PDCCH blind decoding.

According to a second embodiment of the present invention, control channel
transmission is based on RB in the data channel region and PDCCH candidate search
space is defined based on RB-specific DM RS.

The second embodiment uses a blind decoding based on an RB-specific DM RS
instead of a blind decoding based on a common DM RS used in the first embodiment.
Namely, a PDCCH candidate based on RB is obtained from Math Figure 2, and an RB-
specific DM RS candidate is defined as Math Figure 4.

MathFigure 4
[Math.4]

A possible DM RS number ofeach PDCCH candidate
=Y,modN_RB__DMRS,;

If the first RB location for a given AL_RB is known from Math Figure 2, PDCCH
candidates for a given AL._RB are AL_RB pieces of RBs from the first RB location.
Here, N_RBy, AL_RB, and My, g in each AL_RB are predefined in consideration of a
loss required for a blind decoding in user equipment and a decoding efficiency, and

also N_RBy may be defined differently in each sub-frame. The base station and user
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equipment share such information in advance. Additionally, Math Figure 4 indicates a
DM RS number (i.e., a layer number) to be tried when a blind decoding is tried for a
PDCCH candidate obtained from Math Figure 2. Here, N_RB_DMRS;; is the
maximum number of possible DM RSs for the i-th RB or RB group in the k-th sub-
frame (i.e., the maximum number of possible layers). In addition, this value is de-
termined by the base station in view of AL_RB and My; g in each AL_RB related to a
space channel of the user equipment and a loss of a decoding, and also is broadcasted
to all user equipment in a cell by means of superior signaling.

Namely, the user equipment obtains a random DM RS number based on UE ID by
using N_RB_DMRS;; received from the base station and then performs a blind
decoding in an RB-based PDCCH candidate selected by Math Figure 2. If transmission
of N_RB_DMRS;; through a superior signaling is not allowed, the user equipment
always performs a blind decoding for a fixed arbitrary DM RS number only.

Since each user equipment fails to know how many layers are transmitted in an RB
region for a PDCCH transmission, the user equipment performs a PDCCH blind
decoding in consideration of the maximum RE resources for a reference signal. In
other words, regardless of a DM RS number obtained for a blind decoding, the user
equipment excludes all RE resources for a reference signal corresponding to the
maximum layer transmission in a PDCCH blind decoding.

According to a third embodiment of the present invention, control channel
transmission is based on RB in the data channel region and PDCCH candidate search
space is defined based on UE-specific DM RS.

The third embodiment uses a blind decoding based on a UE-specific DM RS instead
of a blind decoding based on a common DM RS or based on an RB-specific DM RS
used in the above embodiments. Namely, a PDCCH candidate based on RB is obtained
from Math Figure 2, and a UE-specific DM RS candidate is defined as Math Figure 5.

MathFigure 5
[Math.5]

A possible DM RS number ofeach PDCCH candidate
=Y, modN_UE_ DMRS,;

If the first RB location for a given AL_RB is known from Math Figure 2, PDCCH
candidates for a given AL._RB are AL_RB pieces of RBs from the first RB location.
Here, N_RBy, AL_RB, and My, gp in each AL_RB are predefined in consideration of a
loss required for a blind decoding in the user equipment and a decoding efficiency, and
also N_RBy may be defined differently in each sub-frame. The base station and user

equipment share such information in advance. Additionally, Math Figure 5 indicates a
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DM RS number (i.e., a layer number) to be tried when a blind decoding is tried for a
PDCCH candidate obtained from Math Figure 2. Here, N_UE_DMRS;; is the
maximum number of possible DM RSs for the j-th UE or UE group in the k-th sub-
frame (i.e., the maximum number of possible layers). In addition, this value is de-
termined by the base station in view of AL_RB and My; g in each AL_RB related to a
space channel of the user equipment and a loss of a decoding, and also is broadcasted
to each or a group of user equipment by means of superior signaling.

Namely, the user equipment obtains a random DM RS number based on UE ID by
using N_UE_DMRS;; received from the base station and then performs a blind
decoding in an RB-based PDCCH candidate selected by Math Figure 2. If transmission
of N_UE_DMRS;,; through superior signaling is not allowed, the user equipment
always performs a blind decoding for a fixed arbitrary DM RS number only.

Since each user equipment fails to know how many layers are transmitted in an RB
region for a PDCCH transmission, the user equipment performs a PDCCH blind
decoding in consideration of the maximum RE resources for a reference signal. In
other words, regardless of a DM RS number obtained for a blind decoding, the user
equipment excludes all RE resources for a reference signal corresponding to the
maximum layer transmission in a PDCCH blind decoding.

According to a fourth embodiment of the present invention, control channel
transmission is based on RB in the data channel region and PDCCH candidate search
space is defined based on Fixed DM RS.

The fourth embodiment uses a blind decoding based on a fixed DM RS instead of a
blind decoding based on a random DM RS using UE ID in the above embodiments.
Namely, a PDCCH candidate based on RB is obtained from Math Figure 2, and a fixed
DM RS candidate is defined as Math Figure 6.

MathFigure 6
[Math.6]

A possible DM RS number ofeachPDCCH candidate
=0,1,....N_DMRS,-1

If the first RB location for a given AL_RB is known from Math Figure 2, PDCCH
candidates for a given AL._RB are AL_RB pieces of RBs from the first RB location.
Here, N_RBy, AL_RB, and My, g in each AL_RB are predefined in consideration of a
loss required for a blind decoding in the user equipment and a decoding efficiency, and
also N_RBy may be defined differently in each sub-frame. The base station and user
equipment share such information in advance. Additionally, Math Figure 6 indicates a

DM RS number (i.e., a layer number) to be tried when a blind decoding is tried for a



15

WO 2011/043616 PCT/KR2010/006882

[88]

[89]

[90]

[91]

[92]

[93]

[94]

PDCCH candidate obtained from Math Figure 2. Here, N_DMRS; is the maximum
number of possible DM RSs in the k-th sub-frame (i.e., the maximum number of
possible layers). In addition, this value is determined by the base station in view of
AL_RB and M, gp in each AL_RB related to a space channel of the user equipment
and a loss of a decoding, and also is broadcasted to the user equipment by means of
superior signaling.

Namely, for an RB-based PDCCH candidate selected by Math Figure 2, the user
equipment performs a blind decoding from DM RS 0 to N_DMRS,-1 by using
N_DMRS,. If transmission of N_DMRS; through superior signaling is not allowed, the
user equipment always performs a blind decoding for a fixed arbitrary DM RS number
only.

Since each user equipment fails to know how many layers are transmitted in an RB
region for a PDCCH transmission, the user equipment performs a PDCCH blind
decoding in consideration of the maximum RE resources for a reference signal. In
other words, regardless of a DM RS number obtained for a blind decoding, the user
equipment excludes all RE resources for a reference signal corresponding to the
maximum layer transmission in a PDCCH blind decoding.

According to a fifth embodiment of the present invention, control channel
transmission is based on Part of RB in the data channel region.

FIG. 6 is a diagram illustrating a method for transmitting multiple control channels
multiplexed being based on a space division in a part of a data channel region in ac-
cordance with another embodiment of the present invention. This embodiment
supposes a space channel condition that allows transmitting four layers through a
single RB resource.

Referring to FIG. 6, a slot 604 is composed of seven OFDM symbols, and two
continuous slots 604 constitute a single sub-frame. The first slot 604 of the sub-frame
contains a PDCCH channel region 600 and a part of a PDSCH channel region 601. For
instance, if the PDCCH channel region 600 is composed of three OFDM symbols, the
PDSCH channel region 601 of the first slot 604 is composed of four OFDM symbols.

A method for transmitting multi-user control channels through the front slot 604 of
an RB 602 in the PDSCH region 601 in this embodiment is for a micro sleep mode.
Namely, like the purpose of a conventional design for the PDCCH channel region, this
gives an effect of reducing power consumption of the user equipment. However, since
this control channel transmission structure is different from a conventional data
channel structure, a space division multiplexing transmission with PDSCH is difficult.

By using a space division multiplexing 603, PDCCH of multiple user equipment can
be transmitted through the front slot 604 of RB 602 in a PDSCH region 601. A control
channel corresponding to each layer 605 to 608 is decoded using DM RS corre-
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sponding to each layer. Here, DM RS used for each layer is pre-coded in the same
manner that a control channel 605 to 608 transmitted through the RB 602. Each DM
RS may be a code division multiplexing reference signal, a time division multiplexing
reference signal, or a frequency division multiplexing reference signal. By using such a
DM RS, pre-coding information is not needed for decoding a control channel 605 to
608. However, layer number information is needed to differentiate DM RS corre-
sponding to each channel when channels of multiple user equipment are transmitted
through the same resource. Since there is no information about layer numbers in case
of a control channel decoding, a blind decoding is tried for possible layer numbers.

A base station determines whether to perform a control channel transmission in the
data channel region 601, depending on a degree of using control channel resources.
Additionally, if so, the base station further determines whether to use the entire RB 602
or to use the front slot 604 of the RB 602, and then instructs the user equipment to
receive a control channel in the data channel region 601 by means of superior
signaling. Also, the maximum number of layers may be transmitted through such
superior signaling. This is to reduce a loss due to a blind decoding by restricting the
number of trying a blind decoding for possible layer numbers.

In case where multi-user control channels are transmitted through the front slot 604
of the RB 602 in the data channel region 601, a search space for a PDCCH candidate in
each user equipment for an effective blind decoding of multi-user control channels,
namely a search space for an RB region and a DM RS number of a PDCCH candidate
may be defined as Math Figures 2 to 6 previously discussed in the above embodiments.

As discussed also in the above embodiments, variables N_RB,, AL_RB, and My; gp
are predefined and shared in advance by the base station and the user equipment. Addi-
tionally, N_commonDMRS,, N_RB_DMRS;;, N UE_DMRSy;, and N_DMRS; are de-
termined by the base station and then broadcasted to the user equipment by means of
superior signaling.

Therefore, by using DM RS related information received through superior signaling,
the user equipment performs a blind decoding in a PDCCH candidate selected by Math
Figure 2 for a decoding of PDCCH received in the PDSCH channel region 601. If
transmission of DM RS related information through superior signaling is not allowed,
the user equipment always performs a blind decoding for a fixed arbitrary DM RS
number only.

Since each user equipment fails to know how many layers are transmitted in an RB
region for a PDCCH transmission, the user equipment performs a PDCCH blind
decoding in consideration of the maximum RE resources for a reference signal. In
other words, regardless of a DM RS number obtained for a blind decoding, the user

equipment excludes all RE resources for a reference signal corresponding to the
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maximum layer transmission in a PDCCH blind decoding.

Now, methods for transmitting and receiving multi-user control channels space-
division-multiplexed in a data channel region are described hereinafter.

FIGs. 7A and 7B are flow diagrams illustrating a method for transmitting multiple
control channels multiplexed being based on a space division in a data channel region
in accordance with an embodiment of the present invention.

Referring to FIG. 7A, the base station calculates the number of available RBs and the
number of DM RSs in the PDSCH region of each sub-frame in step 700. Then the base
station instructs the user equipment to receive a control channel in the data channel
region by means of superior signaling in step 701. In this step, through superior
signaling, the base station sends information about the number of available RBs and
the number of DM RSs to the user equipment using the PDSCH region for a PDCCH
transmission. Next, the base station determines priority of the user equipment to be
scheduled in step 702 and then determines DCI and DCI format of the user equipment
to be scheduled in the order of priority in step 703. Next, in FIG. 7B, the base station
determines whether a PDCCH transmission region of the user equipment is the
PDCCH region or the PDSCH region in step 704. According to the PDCCH
transmission region, different processes for a PDCCH transmission will follow.

If it is determined in step 704 that the PDCCH transmission region of the user
equipment is the PDSCH region, the base station determines a PDCCH candidate
group for each RB-based AL in step 708. Then the base station determines a PDCCH
candidate (i.e., an RB region and a DM RS number of a PDCCH candidate) according
to the RB-based AL and DM RS related information (i.e., N_commonDMRS,,
N_RB_DMRS;;, N_UE_DMRS;;, and N_DMRS,) in step 710. Here, Math Figures 2
to 6 used to determine the PDCCH candidate group and the PDCCH candidate in steps
708 and 710 are hash functions. Next, the base station selects a PDCCH candidate and
DM RS in the PDSCH which are not occupied by the user equipment with higher
priority in step 712. In this step, the base station may select different DM RSs in the
same PDCCH candidate. Then the base station successively performs a channel
encoding, a scrambling, and a modulation while setting DCI to DCI format in step 714.
Next, the base station multiplies DM RS and a modulated symbol by a pre-coding
vector for a space division multiplexing and then performs a mapping with a PDCCH
candidate selected in the PDSCH region in step 716. In this step, the base station may
send PDCCH through only the front slot in a PDCCH candidate resource by applying a
micro sleep mode. Additionally, if there is any PDCCH using different DM RSs in the
selected PDCCH candidate resource, the base station performs a mapping by adding
that PDCCH in step 718. If there is no PDCCH using different DM RSs in the selected
PDCCH candidate resource, the base station omits step 718.
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If it is determined in step 704 that the PDCCH transmission region of the user
equipment is the PDCCH region, the base station calculates the number of available
CCE:s in the PDCCH region of each sub-frame in step 724. Then the base station de-
termines a PDCCH candidate group for each CCE-based AL in step 726. Thereafter,
the base station determines a PDCCH candidate for each CCE-based AL in step 728
and selects a PDCCH candidate in the PDCCH which is not occupied by the user
equipment with higher priority in step 730. Then the base station successively
performs a channel encoding, a scrambling, and a modulation while setting DCI to
DCI format in step 732. Next, the base station performs a mapping between a
modulated symbol and a PDCCH candidate selected in the PDCCH region in step 734.

Thereafter, in step 720, the base station again performs the above-discussed process
from step 704 for other user equipment with the next priority to be scheduled. After a
PDCCH mapping is completed for all user equipment to be scheduled, the base station
performs a multiplexing with a downlink PDSCH in the sub-frame and sends it to the
user equipment (step 722).

FIGs. 8A and 8B are flow diagrams illustrating a method for receiving multiple
control channels multiplexed being based on space division in a data channel region in
accordance with an embodiment of the present invention.

Referring to FIG. 8A, the user equipment obtains PDCCH transmission region in-
formation from the base station through superior signaling in step 800. In case of using
the PDSCH region as the PDCCH transmission region, the user equipment receives
DM RS related information (i.e., N_commonDMRS,, N_RB_DMRS;;, N_UE_DMRS
«;» and N_DMRS,) from the base station through superior signaling in step 801. Next,
the user equipment checks receivable DCI format in step 802. This receivable DCI
format is predetermined by means of superior signaling. Then, in step 804, the user
equipment determines a region for a PDCCH blind decoding by using information
obtained in step 800. Namely, the user equipment determines whether the PDCCH
transmission region is the PDCCH region or the PDSCH region.

If it is determined in step 804 that the PDCCH blind decoding region is the PDSCH
region, the user equipment determines the number of PDCCH candidates in each RB-
based AL in step 808. Then the user equipment determines a candidate group in each
AL by applying the number of PDCCH candidates to hash functions in step 810. Here,
hash functions refer to Math Figures 2 to 6 used to define a PDCCH candidate search
space in the above embodiments. Each candidate of the candidate group is represented
as a RB region and DM RS. Next, the user equipment performs a demodulation for the
RB region and DM RS of a PDCCH candidate and then performs a descrambling by
using the sub-frame number in step 812. Also, the user equipment performs a channel

decoding in each receivable DCI format in step 814 and then determines success or
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failure of a decoding through a CRC check in step 816. In case of failure, the above
steps 812 and 814 are repeated for other PDCCH candidate obtained from step 810. If
a decoding is failed for all PDCCH candidates, it is determined that no PDCCH is
transmitted to the user equipment. In case of success, the user equipment performs
transmitting and receiving processes according to DCI of the decoded PDCCH in step
818.

If it is determined in step 804 that the PDCCH blind decoding region is the PDCCH
region, the user equipment determines the number of available CCEs in the PDCCH
region of the sub-frame in step 820. Then the user equipment determines the number of
PDCCH candidates in each CCE-based AL in step 822 and further determines a
candidate group in each AL by applying the number of PDCCH candidates to a hash
function in step 824. Here, a hash function refers to Math Figure 1 used to define a
conventional PDCCH candidate search space. Next, the user equipment performs a de-
modulation for the CCE of a PDCCH candidate and then performs a descrambling by
using the sub-frame number in step 826. Also, the user equipment performs a channel
decoding in each receivable DCI format in step 828 and then determines success or
failure of a decoding through a CRC check in step 830. In case of failure, the above
steps 826 and 828 are repeated for other PDCCH candidates obtained from step 824. If
a decoding has failed for all PDCCH candidates, it is determined that no PDCCH is
transmitted to the user equipment. In case of success, the user equipment performs
transmitting and receiving processes according to DCI of the decoded PDCCH in step
818.

Hereinafter, apparatuses for transmitting and receiving multi-user control channels
space-division-multiplexed in a data channel region are described.

First, a base station for transmitting a control channel in a wireless communication
system is discussed. FIG. 9 is a block diagram illustrating the configuration of a base
station for transmitting multi-user control channels in a wireless communication
system using multiple antennas in accordance with an embodiment of the present
invention.

Referring to FIG. 9, the base station includes a scheduler 900, a controller 902, a
PDCCH hash function unit 904, a DCI signal generator 906, a scrambler/modulator
908, a CCE mapping unit 910, a channel encoder/modulator 912, a pre-coding unit
914, an RB/DM RS mapping unit 916, a multiplexer 918, and a transmitter 920.

The scheduler 900 determines whether to transmit PDCCH to which user equipment
to allocate downlink resources and uplink resources and then gives priority to each
user equipment. This process is performed depending on channel conditions reported
by respective user equipment. The controller 902 controls entire operations of elements
904 through 916, based on the determination of the scheduler 900. The determination
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of the scheduler 900 may be updated at the discretion of the controller 902. The input
of the hash function unit 904 differs depending on whether to use the PDSCH region or
the PDCCH region for a PDCCH transmission. In case of using the PDSCH region for
a PDCCH transmission, the hash function unit 904 receives the number of available
RBs, the number of DM RSs, the number of PDCCH candidates, etc. from the
controller 902. In case of using the PDCCH region for a PDCCH transmission, the
hash function unit 904 receives the number of available CCEs, the number of PDCCH
candidates, etc. from the controller 902. Then the hash function unit 904 determines a
PDCCH candidate and returns it to the controller 902.

[114] The determination of the scheduler 900 is converted into DCI through controller 902.
The DCI signal generator 906 receives DCI from the controller 902 and then generates
a DCI signal. The scrambler/modulator 908 performs a scrambling and a modulation
by using a sub-frame number related to transmission of a data signal corresponding to
the generated DCI signal. The controller 902 inputs a scrambled and modulated control
signal into the pre-coding unit 914 in case of a PDCCH transmission in the PDSCH
region, and inputs it into the CCE mapping unit 910 in case of a PDCCH transmission
in the PDCCH region. The scrambled signal is transmitted through PDCCH selected
by the controller 902 among PDCCH candidates determined in the hash function unit
904.

[115] The channel encoder/modulator 912 performs a channel encoding and a modulation
for a downlink data channel signal. The controller 902 determines a pre-coding matrix
depending on channel information and then inputs it into the pre-coding unit 914. In
addition, the pre-coding unit 914 multiplies signals respectively inputted from the
encoder/modulator 912 and the scrambler/modulator 908 by the pre-coding matrix
received from the controller 902. Here, a reference signal is pre-coded in the same
manner. The RB/DM RS mapping unit 916 performs a mapping of pre-coded control
signal and data signal to the RB region and DM RS for a PDCCH candidate de-
termined by the controller 902. Then the multiplexer 918 generates a downlink signal
by multiplexing coded and modulated data channel signal and control channel signal.
The transmitter 920 sends the downlink signal.

[116] Hereinafter, user equipment for receiving a control channel in a wireless commu-
nication system is discussed. FIG. 10 is a block diagram illustrating the configuration
of user equipment for receiving multi-user control channels in a wireless commu-
nication system using multiple antennas in accordance with an embodiment of the
present invention.

[117] Referring to FIG. 10, the user equipment includes a receiver 1000, a de-multiplexer
1002, a CCE de-mapping unit or RB/DM RS de-mapping unit 1004, a control channel

decoder/demodulator 1006, a data channel decoder/demodulator 1008, a controller
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1010, and a PDCCH hash function unit 1012.

The receiver 1000 receives a signal from the base station through an antenna and
then converts it into a baseband signal. The de-multiplexer 1002 de-multiplexes the
received signal to control channel and data channel signals. Where a PDCCH
transmission is performed in the PDSCH region, the controller 1010 controls the de-
multiplexer 1002 to de-multiplex the PDSCH region and then inputs it into the DM RS
de-mapping unit 1004. The input of the hash function unit 1012 differs depending on
whether to use the PDSCH region or the PDCCH region for a PDCCH transmission. In
case of using the PDSCH region for a PDCCH transmission, the hash function unit
1012 receives the number of available RBs, the number of DM RSs, the number of
PDCCH candidates, etc. from the controller 1010. In case of using the PDCCH region
for a PDCCH transmission, the hash function unit 1012 receives the number of
available CCEs, the number of PDCCH candidates, etc. from the controller 1010. Also,
the hash function unit 1012 determines a PDCCH candidate and returns it to the
controller 1010. Then the controller 1010 reports PDCCH candidates to the CCE de-
mapping unit or RB/DM RS de-mapping unit 1004.

If the PDCCH candidate inputted from the controller 1010 is based on CCE, the CCE
de-mapping unit or RB/DM RS de-mapping unit 1004 performs a CCE de-mapping in
the PDCCH region. If the PDCCH candidate inputted from the controller 1010 is based
on RB and DM RS, the CCE de-mapping unit or RB/DM RS de-mapping unit 1004
performs an RB/DM RS de-mapping in the PDSCH region.

Meanwhile, the control channel decoder/demodulator 1006 performs a demodulation
and a decoding in each PDCCH candidate de-multiplexed in the CCE de-mapping unit
or RB/DM RS de-mapping unit 1004 and then reports success or failure of a decoding
to the controller 1010. In case of failure in a specific PDCCH candidate, the control
channel decoder/demodulator 1006 performs a demodulation and a decoding in other
PDCCH candidate de-multiplexed in the CCE de-mapping unit or RB/DM RS de-
mapping unit 1004 and then reports success or failure of a decoding to the controller
1010. When a decoding of PDCCH is successful, the control channel decoder/de-
modulator 1006 reports it to the controller 1010. Then the controller 1010 determines
whether there is a downlink data signal transmitted to the user equipment through the
decoded PDCCH. If so, the data channel decoder/demodulator 1008 performs a de-
modulation and a decoding for a data signal extracted in the de-multiplexer 1002.

According to this invention, by transmitting multi-user control channels in the data
channel region by means of a space division multiplexing technique, it may be
expected to solve a limited control channel resource problem and also to increase a
system capacity due to a reduced control channel overhead.

While this invention has been particularly shown and described with reference to em-
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bodiments 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.
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[Claim 3]

[Claim 4]

[Claim 5]

[Claim 6]
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Claims

A method for transmitting multi-user control channels, the method
comprising:

mapping control channels for a plurality of user equipments by dividing
space of the same transmission region in a data channel region of a sub-
frame, each user equipment being composed of at least one resource
block; and

multiplexing the control channels with data channels in the data
channel region of the sub-frame and then transmitting the multiplexed
control channels.

The method of claim 1, wherein the mapping of the control channels
includes performing a mapping by differentiating the control channels
in the same transmission region according to a demodulation reference
signal for each user equipment.

The method of claim 2, wherein the mapping of the control channels
includes:

determining control channel candidates for transmission of each control
channel in the data channel region according to the number of resource
blocks in the data channel region, the number of resource blocks for the
control channels, and the number of the demodulation reference
signals; and

performing a mapping of the control channels by individually selecting
the control channel candidates for the user equipment.

The method of claim 3, further comprising:

instructing the user equipment to receive the control channels in the
data channel region.

A method for receiving multi-user control channels, the method
comprising:

determining a transmission region in which control channels for a
plurality of user equipments are space-divided and mapped in a data
channel region of a sub-frame, each user equipment being composed of
at least one resource block; and

receiving one of the control channels by decoding the transmission
region in the data channel region.

The method of claim 5, wherein the control channels are mapped by
being differentiated from each other in the transmission region

according to each demodulation reference signal.
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[Claim 7]

[Claim 8]

[Claim 9]

[Claim 10]

[Claim 11]

[Claim 12]
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The method of claim 6, wherein determining the transmission region
includes determining control channel candidates for transmission of the
control channel in the data channel region according to the number of
resource blocks in the data channel region, the number of resource
blocks for the control channels, and the number of the demodulation
reference signals,

and wherein the receiving of the control channel includes individually
decoding the control channel candidates.

An apparatus for transmitting multi-user control channels, the apparatus
comprising:

a scheduler configured to forming control channels for a plurality of
user equipments each of which is composed of at least one resource
block;

a mapping unit configured to perform a mapping for the control
channels by dividing a space of the same transmission region in a data
channel region of a sub-frame; and

a multiplexer configured to multiplex the control channels with data
channels in the data channel region of the sub-frame and then to
transmit the multiplexed control channels.

The apparatus of claim 8, wherein the mapping unit is further
configured to perform a mapping by differentiating the control channels
in the same transmission region according to a demodulation reference
signal for each user equipment.

The apparatus of claim 9, further comprising:

a controller configured to determine control channel candidates for
transmission of each control channel in the data channel region
according to the number of resource blocks in the data channel region,
the number of resource blocks for the control channels, and the number
of the demodulation reference signals, and to control a mapping of the
control channels by individually selecting the control channel
candidates for the user equipments.

The apparatus of claim 10, wherein the controller is further configured
to instruct the user equipment to receive the control channels in the data
channel region.

An apparatus for receiving multi-user control channels, the apparatus
comprising:

a controller configured to determine a transmission region in which

control channels for a plurality of user equipments are space-divided
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and mapped in a data channel region of a sub-frame, each user
equipment being composed of at least one resource block; and

a decoder configured to receive one of the control channels by
decoding the transmission region in the data channel region under the
control of the controller.

[Claim 13] The apparatus of claim 12, wherein the control channels are mapped by
being differentiated from each other in the transmission region
according to each demodulation reference signal.

[Claim 14] The apparatus of claim 13, wherein the control unit is further
configured to determine control channel candidates for transmission of
the control channel in the data channel region according to the number
of resource blocks in the data channel region, the number of resource
blocks for the control channels, and the number of the demodulation
reference signals, and to control an individual decoding of the control

channel candidates.
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