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(57) Abstract: The present invention relates to a method of a Relay Node (RN) using a reference signal. The method includes re-
celving information about a Dedicated Reterence Signal (DRS) which 1s used to demodulate a control channel via high-layer sig-
naling from an evolved-NodeB (eNB), receiving control information through the control channel from the eNB, receiving data
through a data channel from the eNB, and demodulating the control information and the data. The control information is demodu-
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Description

Title of Invention: METHOD OF RELAY NODE USING

REFERENCE SIGNAL AND RELAY NODE USING THE

10001]

10002]

[0003]

[0004]

10005]

METHOD
Technical Field

The present invention relates to wireless communication, and more particularly, to
which reterence signal will be used by a relay node when control information and data
received from a base station are demodulated in a wireless communication system
including relay nodes and according to which method a reference signal will be sent by

a base station.

Background Art

In the ITU-R (International Telecommunication Union Radio communication sector),
a standardization work for IMT (International Mobile Telecommunication)-Advanced
(1.e., the next-generation mobile communication system after the third generation) is in
progress. IMT-Advanced sets its goal to support Internet Protocol (IP)-based
multimedia service at the data transfer rate of 1 Gbps in stop and slow-speed moving
states and of 100 Mbps in a fast-speed moving state.

3GPP (3rd Generation Partnership Project) is a system standard which fulfills the re-
quirements of IMT-Advanced, and it prepares improved LTE-Advanced (LTE-A) of
LTE (Long Term Evolution) based on OFDMA (Orthogonal Frequency Division
Multiple Access)/SC-FDMA (Single Carrier-Frequency Division Multiple Access)
transmission schemes. The LTE-A is one of the strong candidates for IMT-Advanced.
Relay node technology is included in the major technologies of the LTE-A.

A relay node is an apparatus for relaying signals between a base station and a user
equipment and used to extend the cell coverage of a wireless communication system
and improve the throughput.

It becomes problematic thét such a relay node will demodulate a signal received from
a base station using which reference signal. For example, in order for a relay node to
demodulate control information of a control channel received from a base station, the

relay node has to know which reference signal has been allocated to a radio resource

region to which the control information is allocated.
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Summary of the Invention

According to an aspect of the present invention, there is provided a
method of demodulating a signal for a receiver, the method comprising: receiving
control information through a control channel from an evolved-NodeB (eNB); and
demodulating the control information; wherein the control information received
through the control channel is demodulated based on user-equipment (UE)-specific

reference signals transmitted by the eNB on fixed one antenna port.

According to another aspect of the present invention, there Is provided
a receiver, comprising: a radio frequency (RF) unit configured to transmit and receive
a radio signal; and a processor connected to the RF unit, wherein the processor is
configured for: receiving control information through a control channel from an

evolved-NodeB (eNB); and demodulating the control information; wherein the control

information received through the control channel is demodulated based on
user-equipment (UE)-specific reference signals transmitted by the eNB on fixed

one antenna port.

[0006] Some embodiments may provide a method of a relay node using a

reference signal in case where the relay node demodulates a signal received from a
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base station and a relay node using the method.

A method of a relay node (RN) using a reference signal according to another aspect
includes receiving information about a Dedicated Reference Signal
(DRS) which is used to demodulate a control channel via high-layer signaling from an
evolved-NodeB (eNB); receiving control information through the control channel from
the eNB; receiving data through a data channel from the eNB; and demodulating the
control information and the data. Here, the control information is demodulated using a
DRS indicated by the information about the DRS, and the data are demodulated using
a DRS indicated by the control information.

The high-layer signaling can include a Radio Resource Control (RRC) message.

The information about the DRS may be a DRS index which can include at least one
of the index of an antenna port in which the DRS is transmitted and a scramble ID
index used to generate the DRS.

The eNB can send the control channel in OFDM symbols used by the eNB 1n order
to send the control channel to a Macro User Equipment (Ma-UE) and at least one
OFDM symbol placed after a guard time necessary for the RN to perform transmission
and reception switching, in a subframe including a plurality of OFDM symbols in a
time domain and a plurality of subcarriers in a frequency domain.

A set of DRSs used to demodulate data transmitted through a data channel in a
frequency band in which the control channel is transmitted can include all sets of DRSs
used to demodulate the control information transmitted through the control channel.

A set of DRSs used to demodulate data transmitted through a data channel placed 1n
a frequency band different from a frequency band in which the control channel is
transmitted can include all sets of DRSs used to demodulate the control information
transmitted through the control channel.

The control information can be mapped to a resource element not overlapping with
resource elements in which a DRS for a maximum transmission rank of the control
channel and a DRS for a maximum transmission rank of the data channel can be
disposed.

In case where the number of ranks in which the control information 1s transmitted by
the eNB is different from the number of ranks in which the data are transmitted by the
eNB, a precoding vector applied to the control channel can be composed of a column
vector of a precoding matrix applied to the data channel.

A transmission rank value of the control information may be a fixed value, The
control information received through the control channel can further include the value

of a transmission rank in which the data are transmitted through the data channel.
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The method can further include receiving information, indicating whether a subframe
through which the control information and the data are received 1s an MBSEN

subframe, from the eNB.
[f the RN determines that the subframe i1s the MBSFN subframe on the basis of the

information indicating whether the subtrame i1s the MBSEN subframethe RN de-
modulates the control information assuming that a Common Reference Signal (CRS) 1s
only positioned in the first OFDM symbol and the second OFDM symbol in the
subframe. An RN according to another aspect of the present invention includes a Radio
Frequency (RF) unit configured to send and receive a radio signal; and a processor
connected to the RF unit. Here, the processor receives information about a DRS used
to demodulate a control channel via high-layer signaling from an eNB, receives control
information through the control channel from the eNB, receives data through a data
channel from the eNB, and demodulate the control information and the data, whereln
the control information 1s demodulated using a DRS indicated by information about the

DRS, and the data are demodulated using a DRS indicated by the control information.

In accordance with some embodiments, a relay node can accurately demodulate a
control channel because it can know a reference signal applied to a control channel
received from a base station via high-layer signaling. Further, a relay node can ac-
curately demodulate a control channel even though a control channel and a data

channel received from a base station have different transmission ranks.

Brief Description of Drawings

FIG. 1 is a diagram showing a wireless communication system including RNs;

FIG. 2 is an exemplary diagram showing links existing in the wireless commu-
nication system including the RNs;

FIG. 3 is a diagram showing a radio frame structure of 3GPP LTE;

FIG. 4 is an exemplary diagram showing a resource grid for one downlink slot;

FIG. 5 is a diagram showing the structure of a downlink subframe;

FIG. 6 is a diagram showing the structure of an uplink subframe;
FIG. 7 is a diagram showing an MIMO system;

FIG. 8 is an example showing channels in a multi-antenna system;

FIG. 9 is a diagram showing an example of an RS structure which can support four
antenna ports in a normal CP;

FIG. 10 is a diagram showing an example of an RS structure which can support four
antenna ports in an extended CP;

FIG. 11 is a diagram showing an example of a subframe structure which can be used

in backhaul downlink between a base station and an RN
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FIG. 12 is a diagram showing a signaling process between a base station and an RN

in case where a DM-RS is used in both an R-PDCCH and an R-PDSCH:
FIG. 13 1s a diagram showing a relationship between the DM-RS index of an R-

PDCCH and the DM-RS index of an R-PDSCH in case where a set of DM-RSs in
which DM-RS indices are consecutive to each other is used to send R-PDSCHs:

FIG. 14 1s a diagram showing an example of a RS resource element which can be
allocated within a backhaul downlink subframe in a normal CP:

FIG. 15 is a diagram showing an example of a DM-RS resource element which is
assumed by an RN 1n the R-PDCCH region of a backhaul downlink subframe:

FIG. 16 1s a diagram showing an example of the DM-RS resource element of a
backhaul downlink subframe:

FIG. 17 is a diagram showing an example of a transmitter structure according to an
embodiment of the present invention:

FI1G. 18 1s a diagram showing an example in which a base station maps DM-RS
resource elements to R-PDCCH regions and R-PDSCH regions according to their
ranks:

FIG. 19 1s a diagram showing an example in which a plurality of R-PDCCHs is
transmitted through different spatial layers in case where the plurality of R-PDCCHs is
multiplexed within one resource block in the frequency domain; and

FIG. 20 is a block diagram showing a base station and an RN.
Description of Embodiments

The following technologies can be used in a variety of wireless communication
systems, such as Code Division Multiple Access (CDMA), Frequency Division
Multiple Access (FDMA), Time Division Multiple Access (TDMA), Orthogonal
Frequency Division Multiple Access (OFDMA), and Single-Carrier Frequency
Division Multiple Access (SC-FDMA). The CDMA system can be implemented using
radio technology, such as Universal Terrestrial Radio Access (UTRA) or CDMA2000.
The TDMA system can be implemented using radio technology, such as Global
System for Mobile communications (GSM), General Packet Radio Service (GPRS), or
Enhanced Data Rates for GSM Evolution (EDGE). The OFDMA system can be im-
plemented using radio technology, such as IEEE (Institute of Electrical and Electronics
Engineers) 802.11 (Wi-Fi1), IEEE 802.16 (WiMAX), IEEE 802-20, or Evolved UTRA
(E-UTRA). 3GPP (3¢ Generation Partnership Project) Long Term Evolution (LTE) is
part of Evolved UTMS (E-UMTS) using E-UTRA. The 3GPP LTE adopts OFDMA in
the downlink and SC-FDMA 1n the uplink. LTE-Advanced (LTE-A) is the evolution of
3GPP LTE. In order to clarify a description, 3GPP LTE/LTE-A is chiefly described as

examples, but the technical spirit of the present invention is not limited thereto.
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FIG. 1 1s a diagram showing a wireless communication system including relay nodes.

Referring to FIG. 1, the wireless communication system 10 includes an evolved-
NodeB (or eNodeB or eNB) 11 including relay nodes RN. The eNB 11 provides com-
munication services to a geographical area 15 called, in general, a cell. The cell can be
divided 1nto a plurality ot areas. Each of the areas 1s called a sector. One or more cells
can exist in one eNB. The eNB 11 refers to a tfixed station which communicates with
User Equipments (hereinafter referred to as UEs) 13, and it can also be referred to as
another terminology, such as a Base Station (BS), a Base Transceiver System (BTS),
an access Point, or an access network (AN). The eNB 11 can pertform functions, such
as connectivity, management, control, and resource allocation between a relay node
(hereinafter referred to as an RN) 12 and a UE 14.

The RN 12 reters to a device for relaying signals between the eNB 11 and the UE 14,
and 1t can also be referred to as another terminology, such as a Relay Station (RS), a
repeater, or a relay. Any method, such as AF (amplity and forward) or DF (decode and
forward), can be used as a relay method used by an RN, but the technical spirit ot the
present invention 1s not limited thereto.

The UEs 13 and 14 can be tixed and mobile and also reterred to as another ter-
minology, such as a Mobile Station (MST), a User Terminal (UT), a Subscriber Station
(SS), a wireless device, a Personal Digital Assistant (PDA), a wireless modem, a
handheld device, and an Access Terminal (AT). Heremafter, a macro UE (hereinafter
reterred to as an Ma-UE) 13 reters to a UE directly communicating with the eNB 11,
and a relay node UE (hereinafter referred to as an RN-UE) 14 refers to a UE commu-
nicating with an RN. The Ma-UE 13 within the cell of the eNB 11 can communicate
with the eNB 11 via the RN 12 in order to improve the transter rate according to a
diversity ettect.

FIG. 2 1s an exemplary diagram showing links existing in the wireless commu-
nication system including the RNs.

There can be a difference between a link in a wireless communication system 1n
which an RN 1s placed between an eNB and a UE and a link 1n a wireless commu-
nication system in which only an eNB and a UE exists. Downlink between an eNB and
a UE refers to a communication link from the eNB to the UE, and uplink therebetween
refers to a communication link from the UE to the eNB. In case where Time Division
Duplex (TDD) 1s used, downlink transmission and uplink transmission are performed
in different subtrames. In case where Frequency Division Duplex (FDD) 1s used,
downlink transmission and uplink transmission are performed in ditferent frequency
bands. In TDD, downlink transmission and uplink transmission are pertormed 1n
difterent times and the same frequency band can be used. Meanwhile, although

downlink transmission and uplink transmission can be pertormed at the same time in
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FDD, ditferent frequency bands are used.

In case where an RN 1s included between an eNB and a UE, a backhaul link and an
access link can be added 1n addition to the above-described uplink and downlink. A
backhaul link refers to a communication link between an eNB and an RN and includes
backhaul downlink 1n which the eNB sends a signal to the RN and backhaul uplink 1n
which the RN sends a signal to the eNB. The access link refers to a communication
link between an RN and a UE connected to the RN (hereinafter referred to as an RN-
UE) and includes access downlink in which the RN sends a signal to the RN-UE and
access uplink in which the RN-UE sends a signal to the RN.

FIG. 3 1s a diagram showing a radio frame structure of 3GPP LTE.

Reterring to FIG. 3, a radio frame includes 10 subtrames and one subframe includes
two slots. The length of one subframe can be 1 ms, and the length of one slot can be
0.5 ms. The time that 1t takes to send one subtrame 1s referred to as a Transmission
Time Interval (‘T'TI). The TTI can be a minimum unit of scheduling.

One slot can include a plurality of OFDM (orthogonal frequency division mul-
tiplexing) symbols in the time domain. An OFDM symbol 1s used to express one
symbol period because 3GPP LTE uses OFDMA 1n the downlink and thus can be
referred to as another terminology. For example, in case where SC-FDMA 1s used as
an uplink multi-access method, the OFDM symbol can be said to be an SC-FDMA
symbol. Although one slot 1s illustrated to include 7 OFDM symbols, the number of
OFDM symbols included in one slot can be changed according o the length of a Cyclic
Prefix (CP). In accordance with 3GPP TS 36.211 V&.5.0 (2008-12), in a normal CP,
one subframe includes 7 OFDM symbols. In an extended CP, one subtrame includes 6
OFDM symbols. The structure of a radio frame is only 1llustrative, and the number ot
subframes included 1n a radio frame and the number of slots included in a subtrame
can be changed in various ways. Hereinatter, a symbol can refer to one OFDM symbol
or one SC-FDMA symbol.

For the structure of the radio frame described above with reference to FIG. 3,
reference can be made to Paragraphs 4.1 and 4.2 of 3GPP TS 36.211 V8.3.0 (2008-05)
"Technical Specitication Group Radio Access Network; Evolved Universal Terrestrial
Radio Access (E-UTRA); Physical Channels and Modulation (Release 8)".

FIG. 4 1s an exemplary diagram showing a resource grid for one downlink slot.

In a radio frame used in FDD or TDD, one slot includes a plurality ot OFDM
(orthogonal frequency division multiplexing) symbols in the time domain and a
plurality of Resource Blocks (RBs) in the trequency domain. The resource block
includes a plurality of contiguous subcarriers 1in one slot in the unit of resource al-
location.

Referring to FIG. 4, one downlink slot 1s illustrated to include 7 OFDM symbols and
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one resource block is 1llustrated to include 12 subcarriers in the trequency domain, but
not limited thereto. In the resource block, a subcarrier can have an interval of, for
example, 15 KHz.

Each of elements on the resource grid 1s reterred to as a resource element, and one
resource block includes 12x7 resource elements. The number of resource blocks NP-
included in a downlink slot depends on a downlink transmission bandwidth set in a
cell. The resource grid shown 1n FIG. 4 can also be applied to uplink.

FIG. 5 1s a diagram showing the structure of a downlink subtrame.

Referring to FIG. 5, the subframe includes two consecutive slots. 3 OFDM symbols
anterior to the first slot within the subframe correspond to a control region to which
Physical Downlink Control Channels (PDCCHs) are allocated, and the remaining
OFDM symbols correspond to a data region to which Physical Downlink Shared

Channels (PDSCHs) are allocated. Control channels, such as a Physical Control

Format Indicator Channel (PCFICH) and a Physical HARQ Indicator Channel
(PHICH) can also be allocated to the control region in addition to the PDCCHs. A UE
can decode control information transmitted through a PDCCH and read data in-
formation transmitted through a PDSCH. In this case, although the control region 1s 1l-
lustrated to include 3 OFDM symbols, two OFDM symbols or one OFDM symbol can
be included in the control region. The number of OFDM symbols included in the
control region within the subframe can be known through a PCFICH. The PHICH
carries information indicating whether the reception ot uplink data sent by a UE 1s
successtul or not.

The control region includes a logical Control Channel Element (hereinatter reterred
to as a CCE) including a plurality of CCEs. The CCE column is a set of all CCEs
which constitute the control region within one subtrame. The CCE corresponds to a
plurality of Resource Element Group (hereinafter reterred to as an REG). For example,
the CCE can correspond to 9 REGs. The REG i1s used to define that a control channel
1s mapped to a resource element. For example, one REG can include 4 resource
elements.

A plurality of PDCCHs can be transmitted within the control region. The PDCCH
carries control information such as scheduling allocation. The PDCCH 1s transmitted
on one CCE or an aggregation of several consecutive CCEs. A format and the number
of bits of available PDCCHs are determined according to the number of CCEs con-
stituting the CCE aggregation. The number of CCEs used for PDCCH transmission 1s
referred to as a CCE aggregation level. Further, the CCE aggregation level 1s a CCE
unit for searching tor PDCCHs. The size of a CCE aggregation level 1s defined by the

number of contiguous CCEs. For example, the CCE aggregation level can be an
element of {1, 2, 4, 8}.
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Control information transmitted through the PDCCH 1s referred to as Downlink
Control Information (hereinatter reterred to as DCI). The DCI includes uplink
scheduling information, downlink scheduling information, system information, a
uplink power control command, control information for paging, control information to
indicate an random access response (RACH response), and so on.

The DCI tormat can include a tormat O tor Physical Uplink Shared Channel
(PUSCH) scheduling, a format 1 for the scheduling of one Physical Downlink Shared
Channel (PDSCH) codeword, a format 1A for the compact scheduling of one PDSCH
codeword, a format 1B for a compact scheduling tor rank-1 transmission of a single
codeword 1n a spatial multiplexing mode, a format 1C for the very compact scheduling
of a Downlink Shared Channel (DL-SCH), a format 1D for PDSCH scheduling in a
multi-user spatial multiplexing mode, a format 2 tor PDSCH scheduling in a closed-
loop spatial multiplexing mode, a tormat 2A tor PDSCH scheduling 1in an open-loop
spatial multiplexing mode, a format 3 for the transmission ot a Transmission Power
Control (TPC) command to control 2-bit power for a PUCCH and a PUSCH, and a
format 3A for the transmission of a TPC command to control 1-bit power control for a
PUCCH and a PUSCH.

FIG. 6 1s a diagram showing the structure of an uplink subtrame.

Reterring to FIG. 6, the uplink subframe can be divided into a control region to
which PUCCHSs (Physical Uplink Control Channels) carrying uplink control in-
formation are allocated and a data region to which PUSCHs (Physical Uplink Shared
Channels) carrying user data are allocated, in the frequency domain.

A PUCCH for one UE 1s allocated 1n the form of a pair ot resource blocks (RBs) 51
and 52 in the subtrame, and the RBs 51 and 52 belonging to the RB pair occupy
different subcarriers 1in two slows. This 1s called that an RB pair allocated to PUCCHSs
1s frequency-hopped in the slot boundary.

The PUCCH can support multiple formats. That 1s, the PUCCH can transmit uplink
control information having a ditferent bit number for every subframe according to a
modulation scheme. For example, in case where Binary Phase Shitt Keying (BPSK) is
used (1.e., PUCCH tormat 1a), uplink control information of one bit can be transmitted
on the PUCCH. In case where Quadrature Phase Shift Keying (QPSK) 1s used (1.e.,
PUCCH tormat 1b), uplink control information of 2 bits can be transmitted on the
PUCCH. The PUCCH format can include a format 1, a format 2, a format 2a, and a
format 2b 1n addition to the above formats (For the PUCCH formats, reference can be
made to section 5.4 of 3GPP TS 36.211 V8.2.0 (2008-03) "Technical Specification
Group Radio Access Network; Evolved Universal Terrestrial Radio Access

(E-UTRA); Physical Channels and Modulation (Release 8)").

A wireless communication system (e.g., the wireless communication system
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described with reterence to FIG. 1) can be a system using Multi-Input Multi-Output
(MIMO) technology (1.e., an MIMO system). The MIMO technology has overcame
technology using one transmission antenna and one reception antenna and 1s adopting
multiple transmission antennas and multiple reception antennas i1n order to improve the
transter efficiency of data transmitted and received. In other words, the MIMO
technology uses a plurality of antennas in the transmitter or receiver of a wireless com-
munication system. It the MIMO technology 1s used, the performance and commu-
nication capacity ot a wireless communication system can be improved. The MIMO
system 1s also reterred to as a multi-antenna system. The MIMO technology does not
depend on a single antenna path 1n order to receive one entire message, but 1s an ap-
plication of technology 1in which pieces of data received from several antennas are
gathered and completed. Consequently, the data transter rate can be improved 1n a
specific range, or a system range tor a specific data transter rate can be increased.

The next-generation mobile communication technology requires a higher data
transter rate than a conventional mobile communication technology. Accordingly, the
MIMO technology can be said to be indispensable for the next-generation mobile com-
munication technology. The MIMO technology can be applied to not only an eNB, but
also a UE or an RN 1n order to overcome the limitations ot the data transter rate.
Further, the MIMO technology 1s technically advantageous 1n that it can improve the
data transter efticiency without using additional frequency bands or requiring ad-
ditional transmission power and thus has been in the spotlight as compared with other
technologies.

First, the mathematical modeling of an MIMO system 1s described.

FIG. 7 1s a diagram showing an MIMO system.

Reterring to FIG. 7, a transmitter (Tx) 700 have Ny transmission antennas, and a
receiver (Rx) 800 have Ny reception antennas. In this case, a theoretical channel
transmission capacity 1s increased in proportion to the number of antennas.

A transfer rate acquired by an increasing channel transmission capacity can be rep-
resented by the product of a maximum transter rate R, theoretically acquired when a
single antenna 1s used and a rate increment R; generated when multiple antennas are

used. The rate increment R; can be represented by the tollowing equation.
[Math.1]

R.:min(N ,NR)

Transmission information can include a maximum ot Nt different pieces of in-
formation 1n case where the number of transmission antennas 1s Nrt. In this case, the

transmission information can be represented by the tollowing equation 2.
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[0074] In Equation 2, s indicates a transmission information vector, and s, S, ..., Syt

indicate respective pieces of information (1.e., respective elements of the transmission

information vector). Each piece ot information can be transmitted with a ditterent

transmission power. In case where the transmission powers are denoted by P, P,, ..., P

~T, @ transmission information vector to which the transmission powers have been

applied can be represented by the tollowing equation 3.

-1

8, 058y, 1

)
Np Ny

Equation 3 can be represented by the product ot a transmission power diagonal

matrix and a transmission information vector as in the following equation 4.

[0075] [Math.3]
S=5,8,, "8
AL
[0076]
[0077] [Math.4]
g
A P2
S — :
0
[0078]

s

to which the transmission powers have been applied 1s multiplied by a weight matrix

W, thereby generating transmission signals X, X,

Ps

The transmission information vector

..., Xyt Which are actually

transmitted through Nt transmission antennas. The weight matrix W functions to

properly distribute pieces of transmission information into respective antennas

according to transmission channel conditions. Assuming that the transmission signal

vector 18 X, the transmission signal vector can be represented by the following

equation.

[0079]
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In Equation 5, an element w;; (1<1<Ny, 1 <j<Ny) of the weight matrix indicates a
weight for an 1 transmission antenna and j* transmission information. The weight
matrix W 1s also referred to as a precoding matrix.

A transmission signal vector can include a different piece of transmission 1n-
formation according to a transmission scheme. For example, in case where a spatial
diversity (1.e., transmit diversity) 1s applied, the transmission signal vector can have the

same transmission information. That 1s, [S;, S,, ..., S,r] can be the same information

(e.g., [S1, Si, ..

receiver through different channels, a diversity etfect 1s increased and so the reliability

., S1]). Since the same transmission information 1s transferred to a

of transmission 1s increased.

For another example, in case where spatial multiplexing 1s applied, the transmission
signal vector can have a different piece of transmission information. That 1s, sy, S, ...,
s,r can have ditferent pieces ot information. Since ditferent pieces of transmission 1n-
formation are transterred to a receiver through different channels, there 1s an advantage
in that the amount of transmission information 1s increased.

In some cases, both the spatial diversity and the spatial multiplexing may be used to
send transmission information. That is, 1n the above example, the same information
may be transmitted through three transmission antennas in accordance with the spatial
diversity, and ditterent pieces ot information may be transmitted through the remaining
transmission antennas in accordance with the spatial multiplexing. In such a case, the
transmission information vector can be configured as in, for example, [s;, Si, S1, S2, S3

.+s Sar-2]

In case where the number of reception antennas of a receiver 1s Ng, a signal received

by each reception antenna can be denoted by y, (1<n<Ny). Here, a reception signal

vector y can be represented by the tollowing equation.
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[Math.6]

R

Y= ylayza' ' .’yN

In case where channel modeling 1s pertormed in an MIMO system, channels can be
distinguished trom each other on the basis of the indices of transmission antennas and
the indices of reception antennas. Assuming that the index of the transmission antenna
1s ] and the index of the reception antenna 1s 1, a channel between the transmission
antenna and the reception antenna can be denoted by h;; (It should be noted that in
subscripts denoting channels, the index ot a reception antenna is first indicated and the
index of a transmission antenna 1s then indicated).

FIG. 8 1s an example showing channels 1n a multi-antenna system.

Referring to FIG. &, channels for respective Nt transmission antennas and a reception
antenna 1 are denoted by h;;, hy, ..., hiyr, respectively. The channels can be represented
by a matrix or a vector, for convenience sake. In this case, the channels h;;, hy,, ..., hiyr

can be represented 1n the form of a vector as in the tollowing equation.
[Math.7]

T _
hi =h..h,. ’hz'NT

Assuming that the indication of all channels from an Nt number of transmission

antennas to an Ny number of reception antennas in the form of a matrix 1s a channel

matrix H, H can be represented by the following equation .

[Math.8]
_h;f [ hINT
Wy | |y oy
H="  |=
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A signal transmitted through transmission antennas 1s received by reception antennas
via the channels shown 1n Equation 8. Here, 1n actual channels, noise 1s added. Such
noise can be mathematically considered as Additive White Gaussian Noise (AWGN).
Assuming that AWGNSs added to respective reception antennas are denoted by ny, n,,
..., g, respectively, the AWGNSs can be represented by vectors as 1n the tollowing

equation, for convenience sake.
[Math.9]

i T

n n ...n
P22 7N,

n =

A reception signal vector y receirved by the reception antennas can be represented by
the following equation with consideration taken ot the above-described AWGN,

transmission signal vector X, and channel matrix, etc.

'Math. 10]
o[ e T
Y, y hy o thT X5 n,
y=|, |5 x. |7 n
.y’ hil hi2 hiNT -/ !
V ' ' X 17
i NR_ h h R A _ NT_ _ NR_
TNRL N2 NN,

In the channel matrix H, the number of rows and the number of columns are de-
termined by the number of transmission antennas and the number of reception
antennas. In the channel matrix H, the number of rows 1s equal to the number ot
reception antennas. Further, in the channel matrix H, the number of columns 1s equal
to the number of transmission antennas. Accordingly, the channel matrix H can be rep-
resented by an Ny X Nt matrix.

In general, the rank of a matrix 1s defined by a smaller one of the number of 1n-
dependent rows and the number of independent columns. Accordingly, the rank of a
matrix 1s not greater than the number of columns or the number of rows, and the rank

of the channel matrix H 1s determined as in the following equation.



CA 02771603 2012-02-17

WO 2011/021852 PCT/KR2010/005466

[0099]

[0100]

[0101]

10102]

[0103]

14

|[Math.11]
rank(H|<min( N, N,

In general, transmission information (e.g., data) 1s easily distorted or changed during
the time for which it 1s transmitted through radio channels. Accordingly, in order to de-
modulate the transmission information without such errors, a reference signal 1s
necessary. The reterence signal 1s previously known to both a transmitter and a
receiver and transmitted together with the transmission information. The transmission
information transmitted by the transmitter experiences a channel corresponding to each
transmission antenna or each layer, and so the reterence signal can be allocated to each
transmission antenna or each layer. The reterence signals allocated to the respective
transmission antennas or the respective layers can be distinguished from each other on
the basis of resources, such as time, trequencies, and codes. The reterence signal can
be used for two kinds of purposes (i.e., the demodulation of transmission information
and channel estimation).

The reference signal can be classified into two kinds according to the range of a
receiver which previously knows the reference signal. The first kind ot the reterence
signal 1s a reference signal known to a specific receiver (e.g., a specitic UE). Such a
reterence signal 1s referred to as a Dedicated Reterence Signal (hereinatter reterred to
as a DRS). In this sense, the DRS 1s also referred to as a UE-specitic RS. The second
kind of the reterence signal is a reterence signal known to all receivers (e.g., all UEs)
within a cell. Such a reterence signal 1s reterred to as a Common RS (hereinatter
referred to as a CRS). The CRS 1s also referred to as a cell-specific RS.

Further, the reterence signals may be classitied according to their purposes. For
example, a reference signal used to demodulate data 1s referred to as a Demodulation
Reterence Signal (hereinafter reterred to as a DM-RS). A reference signal used for
feedback information indicative of channel states, such as a CQI, a PMI, and an R, 1s
referred to as a Channel State Indicator-RS (hereinafter referred to as a CSI-RS). The
above DRS can be used as a DM-RS. Hereinafter, it 1s assumed that a DM-RS 1s a
DRS.

FIG. 9 1s a diagram showing an example of an RS structure which can support four
antenna ports 1n a normal CP. FIG. 10 1s a diagram showing an example of an RS
structure which can support four antenna ports 1in an extended CP. The RS structures of
FIGS. 9 and 10 are used in a conventional 3GPP LTE system.

In FIGS. 9 and 10, a resource element indicated by any one of numbers O to 3
denotes a resource element in which a cell-specific reference signal (i.e., a CRS) 1s

transmitted. Here, any one of the numbers O to 3 indicates a supported antenna port. In



CA 02771603 2012-02-17

WO 2011/021852 PCT/KR2010/005466

10104 ]

[01035]

10106]

10107]

10103]

10109]

15

other words, a resource element indicated by #1 (where 11s any one ot the numbers 0 to
3) 1s a resource element to which a CRS tor the antenna port #1 1s mapped. The CRS 1s
used for channel measurement and data demodulation for each antenna port. The CRS

1s transmitted both in the control region and data region of a subframe.

In FIGS. 9 and 10, a resource element indicated by D indicates a resource element to
which a UE-specitic RS (i.e., a DRS) 1s mapped. The UE-specific RS can be used to
transmit a single antenna port ot a PDSCH. A UE 1s informed via high-layer signaling
whether a UE-specific RS 1s transmitted and whether a UE-specific RS 1s valid in case
where PDSCHs are transmitted. The UE-specific RS can be transmitted only when
data need to be demodulated. The UE-specific RS can be transmitted only 1n the data
region of a subframe.

A subtrame structure applicable to backhaul downlink between an eNB and an RN
and a reterence signal which can be used 1n backhaul downlink are described below.

First, terminologies are defined tor convenience sake. Hereinatter, an R-PDCCH
refers to a physical control channel in which control information 1s transmitted trom an
eNB to an RN, and an R-PDSCH refers to a physical data channel in which data are
transmitted from an eNB to an RN. Hereinafter, an X region refers to a radio resource
region in which x 1s transmitted. For example, an R-PDCCH region reters to a radio
resource region 1n which R-PDCCHs are transmitted by an eNB.

FIG. 11 1s a diagram showing an example ot a subtrame structure which can be used
in backhaul downlink between an eNB and an RN.

Referring to FIG. 11, the eNB transmits PDCCHs to an Ma-UE (In this case, the
PDCCHs can also be called macro PDCCHs) 1n the first predetermined number of
OFDM symbols of a subframe. The RN can transmit PDCCHs to an RN-UE within the
first predetermined number of the OFDM symbols. The RN does not receive a
backhaul signal tfrom the eNB because of selt-interterence in the OFDM symbol period
in which the PDCCHs are transmitted to the RN-UE.

The eNB transmits the backhaul signal to the RN after a guard time GT. The guard
time 1s a stabilization time according to the transmission and reception switching of a
signal by the RN. In FIG. 11, the guard time 1s illustrated to be one OFDM symbol.
However, the guard time may be less or more than a period of one OFDM symbol
according to conditions. Further, the guard time may be set to the period of an OFDM
symbol unit or a sampling time unit in the time domain. In FIG. 11, the guard times are
indicated before and after a backhaul reception time(backhaul reception period), but
not limited thereto. That 1s, the guard time placed in the rear of the backhaul reception
time may not be set according to the timing alignment relationship of the subframe. In
this case, the backhaul reception time can be extended up to the last OFDM symbol ot
the subtrame. The guard time can be defined by only a frequency band configured by
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an eNB 1n order to transmit a signal to an RN.

An eNB can classity backhaul downlink resources, allocated to an RN, into two
kinds and allocate the backhaul downlink resources to the RN.

One of the two kinds 1s a primary backhaul region in which R-PDCCHs and R-
PDSCHs can be transmitted. In the primary backhaul region, the R-PDCCHs and the
R-PDSCHs can be subjected to Time Division Multiplexing (TDM). That 1s, the R-
PDCCHs and the R-PDSCHs are multiplexed in the time domain and transmitted. The
R-PDSCH can be placed in the rear of the R-PDCCH. The R-PDCCH included in the
primary backhaul region can include resource allocation information about not only the
R-PDSCH of a frequency band in which the R-PDCCH 1s transmitted, but also the R-
PDSCH placed 1n another frequency band. Further, FIG. 11 shows an example 1n
which the R-PDSCHs are transmitted in the primary backhaul region, but not limited
thereto. In other words, only the R-PDCCHs may be transmitted in all the OFDM
symbols of the primary backhaul region.

One of the two kinds 1s a secondary backhaul region. In the secondary backhaul
region, only R-PDSCHs are transmitted. The secondary backhaul region can be
indicated by an R-PDCCH included 1n the primary backhaul region as described
above.

Backhaul signals transmitted 1n the primary backhaul region and the secondary
backhaul region can be multiplexed with PDSCHs, sent to an Ma-UE, 1n the trequency
domain and transmitted.

Which reference signal will be used in the R-PDCCH and the R-PDSCH of a
backhaul downlink subtrame 1s problematic.

The present invention proposes a method of using a DM-RS (1.e DRS) to transmit R-
PDCCHs and R-PDSCHs (from a viewpoint of an eNB) and receive R-PDCCHs and
R-PDSCHs (tfrom a viewpoint of an RN). This method is advantageous in that an
improved Multi-User (MU) MIMO (e.g., a zero-forcing MU-MIMO) 1s applied to the
region in which the backhaul signal 1s transmitted. In other words, since the DM-RS 1s
applied to all the backhaul signals (1.e., including both R-PDCCHs and R-PDSCHs)
transmitted by an eNB, each ot the R-PDCCHSs and each ot the R-PDSCHs can be
spatially multiplexed with other backhaul signal and can also be etficiently spatially
multiplexed with a PDSCH sent to an Ma-UE.

Hereinafter, in case where a DM-RS 1s used in both R-PDCCHs and R-PDSCHs, a
signaling method between an eNB and an RN and a method ot operating an RN are
described 1n detail.

1. Signaling between eNB and RN

FIG. 12 1s a diagram showing a signaling process between an eNB and an RN 1n case
where a DM-RS 1s used both in an R-PDCCH and an R-PDSCH.
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[0119]  Reterring to FIG. 12, the eNB can inform the index of a DM-RS, used for R-
PDCCHs, through high-layer signaling (e.g., a Radio Resource Control (RRC)
message) at step S100. In this case, the index of a DM-RS commonly indicates 1n-
formation to identity the DM-RS. For example, the index of a DM-RS can include 1n-
formation about an antenna port in which the DM-RS of an R-PDCCH for each RN 1s
transmitted, information about a scramble 1D applied to an antenna port in which the
DM-RS of an R-PDCCH for each RN 1s transmitted, or a combination of the 1n-
formation about the antenna port and the information about the scramble ID in which
the DM-RS of the R-PDCCH 1s transmitted, but not limited thereto. The scramble ID
of the antenna port in which the DM-RS 1s transmitted must be difterent from the
scramble ID of a DM-RS antenna port which can be used to schedule other multi-user

MIMO resources in the spatial domain.

[0120] A UE can perform macro PDCCH decoding using a CRS and know the index of a
DM-RS used to decode the macro PDSCH as a result of the macro PDCCH decoding.
However, an RN 1s unable to decode a macro PDCCH transmitted by an eNB. This 1s
because the RN transmits a PDCCH to an RN-UE during the time tor which the eNB
transmits the macro PDCCH as described above. That 1s, the RN 1s unable to decode
the macro PDCCH because it 1s unable to receive the macro PDCCH from the eNB
during the time tor which it sends the PDCCH to the RN-UE. Accordingly, the eNB
has to inform the RN of the index of a DM-RS, used in an R-PDCCH, via high-layer
signaling.

[0121] An R-PDCCH includes only a limited number of bits, but has to be transmitted with
high reliability. For this reason, the transmission rank of the R-PDCCH can be limited
to a specific value. For example, the transmission rank of the R-PDCCH can be limited
to 1. That 1s, an eNB may not use spatial multiplexing in the R-PDCCH transmitted by
an RN.

|0122]  In some cases, an eNB may not use spatial multiplexing while transmitting an R-
PDCCH. The eNB can send a transmission rank value of the R-PDCCH to an RN via
higher layer signal (e.g., an RRC message) so that the RN does not pertform blind
decoding tor the R-PDCCH or blind detection for a transmission rank of the R-
PDCCH. It an R-PDCCH transmission rank value 1s given, the RN can check the total
number and locations of resource elements to which a DM-RS 1s allocated in the R-
PDCCH region.

[0123]  FIG. 12 shows an example in which an eNB sends the index of a DM-RS for an R-
PDCCH and/or the transmission rank value of the R-PDCCH via high-layer signaling.
In order to reduce such signaling overhead, the index of the DM-RS or a transmission

rank value of the R-PDCCH may be previously fixed to a specific value.
|0124]  The eNB can inform the index ot the DM-RS, used in the R-PDSCH, through control
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information included in the R-PDCCH at step S200. Here, the amount of the control
information included in the R-PDCCH can be reduced by setting up a specific relation
between a set of DM-RSs used in the R-PDCCH and a set of DM-RSs used in the R-
PDSCH.

For example, 1n relation to a primary backhaul region, the DM-RS used in the R-
PDCCH can be used 1in the R-PDSCH likewise. In other words, 1n relation to the R-
PDCCH and the R-PDSCH included in the primary backhaul regions, it can be
previously detfined that the DM-RS used in the R-PDCCH 1s always used in the R-
PDSCH. That is, the set of DM-RSs used in the R-PDCCH can be represented as a
subset of a set of DM-RSs used in the R-PDSCH.

The relation setup can be applied likewise even 1n a secondary backhaul region. That
1s, a set of DM-RSs used in an R-PDCCH 1ncluded 1n a primary backhaul region 1s a
subset of a set of DM-RSs used in an R-PDSCH included in the secondary backhaul
region. In other words, the DM-RS used 1n the R-PDCCH 1included 1n the primary
backhaul region 1s always used 1n the R-PDSCH included 1n the secondary backhaul
region.

If the set of DM-RSs used 1n the R-PDSCH 1s determined as described above, control
information signaling overhead tor informing the set of DM-RSs used in the R-PDSCH
can be reduced. This 1s because an eNB and an RN already know one DM-RS 1ndex
used 1n an R-PDSCH (1.e., a DM-RS index used in an R-PDCCH) via high-layer
signaling and the corresponding DM-RS index can be omitted in the control 1n-
formation of the R-PDCCH.

Further, the DM-RS provides a beamforming gain as compared with a CRS or a CSI-

RS. For example, in case where a bitmap 1s used to indicate the DM-RS index for the
R-PDSCH, the DM-RS index used in the R-PDCCH can be excluded from the bitmap.

This 1s because the RN already knows that the DM-RS used in the R-PDCCH 1s used
as the DM-RS for the R-PDSCH.

For another example, 1t a set of DM-RSs in which DM-RS indices are consecutive to
each other 1s used for R-PDSCH transmission, it has only to inform only a
transmission rank value ot the R-PDSCH through an R-PDCCH. In this case, assuming
that the index of a DM-RS used 1n the R-PDCCH 1s n, a DM-RS index used in the R-
PDSCH can be n, n+1, ..., n+k-1. Here, k 1s the transmission rank value of the R-
PDSCH.

FIG. 13 1s a diagram showing a relationship between the DM-RS index of an R-
PDCCH and the DM-RS index of an R-PDSCH 1n case where a set of DM-RSs 1n
which DM-RS indices are consecutive to each other 1s used to send R-PDSCHs.

In case where a DM-RS index value n of a DM-RS used in an R-PDCCH 1s informed

via high-layer signaling and a transmission rank value k of an R-PDSCH 1s informed
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through control information of the R-PDCCH, the DM-RSs of the R-PDSCHs can
have values of DM-RS indices n, n+1, ... , n+k-1.

Referring back to FIG. 12, the RN decodes the R-PDCCHs at step S300. The RN can
know an accurate set of the DM-RSs used 1in the R-PDSCHs by decoding the R-
PDCCHSs. Next, the eNB transmits R-PDSCHs at step S400, and the RN receives and
decodes the R-PDSCHs at step S500. In FIG. 12, although it depicts an example in
which the RN decodes the R-PDCCHSs and the eNB then transmits the R-PDSCHs, the
example 1s only for convenience ot a description and the present invention is not
limited thereto. In other words, the RN may receive all the R-PDCCHs and the R-
PDSCHs and then decode the R-PDCCHSs and the R-PDSCHs 1n this order or may
perform the decoding ot the R-PDCCHSs and the reception of the R-PDSCHs at the
same time.

2. Mapping of resource element used in R-PDCCH and R-PDSCH

Hereinatter, a method ot an eNB determining resource elements used in R-PDCCHs
and R-PDSCHs 1s described.

FIG. 14 1s a diagram showing an example ot a Reterence Signal (RS) resource
element which can be allocated within a backhaul downlink subframe in a normal CP.

Reterring to FIG. 14, the RS resource element 1s allocated to one subframe 1n the
time domain and a region, including 12 subcarriers in the trequency domain (this 1s
called a basic unit region, for convenience sake), with a specific pattern. For example,
an RS resource element for a CRS can be allocated to the first, second, and fifth
OFDM symbols of each slot with three subcarrier spacing. An RS resource element tor
a DM-RS (1.e DRS) (hereinafter referred to as a DM-RS resource element) can be
allocated to the sixth and seventh OFDM symbols of each slot.

In order to transmit a DM-RS (1.e., DRS) up to a rank 2, 12 resource elements are
used 1n the basic unit region. In order to transmit a DM-RS up to a rank 3 or more, 12
resource elements are further used in the basic unit region and thus a total ot 24
resource elements are used. It 1s however to be noted that the number of resource
elements used according to the rank 1s only 1llustrative, and a different number of
resource elements may be used. That 1s, the number and pattern of DM-RS resource
elements 1s determined according to the transmission rank of an R-PDSCH.

A conventional RN can know the transmission rank of an R-PDSCH after decoding
an R-PDCCH. In other words, the RN does not know the transmission rank of the R-
PDSCH until 1t decodes the R-PDCCH. Here, a problem 1s that the RN uses a DM-RS
to decode the R-PDCCH and the number of DM-RS resource elements can be changed
according to the transmission rank ot the R-PDSCH.

For example, in case where 4 OFDM symbols are used for an R-PDCCH as 1n FIG.

14, an RN 1s unable to know whether the number of DM-RS resource elements within
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a basic unit region 1s 12 or 24 and unable to know DM-RS resource elements included
in the 4 OFDM symbols. Accordingly, the RN has to decode the R-PDCCH through
blind decoding. That 1s, the RN decodes the R-PDCCH 1n such a way as to pertorm
decoding for all possible resource element combinations in the 4 OFDM symbols. This
results 1n excessive overhead to the receiver ot the RN.

[0140] In order to solve the problem, an eNB can restrict an R-PDCCH resource element to
a resource element not overlapping with all resource elements which can be used to
send a DM-RS (this 1s called a DM-RS candidate resource element). That 1s, the eNB
can puncture all DM-RS candidate resource elements to which the DM-RS can be
allocated 1n the R-PDCCH region, map control information transmitted through the R-
PDCCH to the remaining resource elements, and transmit the control information.
Here, the resource elements of all candidate locations to which a CSI-RS can be
allocated may be excluded additionally. The CSI-RS can be known through system 1n-
formation, and the RN can previously know that the CSI-RS 1s transmitted through
which resource element. The RN can decode the R-PDCCH on the assumption that the
DM-RS resource elements have a pattern according to a maximum transmission rank
value of the R-PDSCH.

[0141] Meanwhile, the resource elements of the R-PDSCH can include resource elements
which are not actually used to transmit the DM-RS, among the DM-RS candidate
resource elements. The RN can know the transmission rank of the R-PDSCH by
decoding the R-PDCCH and thus know whether the DM-RS has actually been mapped
to which resource element in the R-PDSCH region. Accordingly, the RN can ac-
curately decode the R-PDSCH.

10142]  FIG. 15 1s a diagram showing an example of a DM-RS resource element which 1s
assumed by an RN 1n the R-PDCCH region ot a backhaul downlink subtrame.

10143]  Refterring to FIG. 15, the RN assumes DM-RS resource elements arranged 1n case
where an R-PDSCH 1s transmitted with a maximum transmission rank value ot
backhaul downlink and performs R-PDCCH decoding. That 1s, it 1s assumed that DM-
RS resource elements within an R-PDCCH region are arranged in case where R-
PDSCH transmission 1s a rank 3 or more.

|0144]  An RN can know the rank value of actual R-PDSCH transmission by decoding R-
PDCCHs. Accordingly, the RN has only to decode an R-PDSCH region by taking DM-
RS resource elements according to the rank value of R-PDSCH transmission into con-
sideration. FIG. 15 1s an exemplary diagram showing a case in which R-PDSCH
transmission 1s rank 1 or rank 2 transmission.

10145]  FIG. 16 1s a diagram showing an example ot the DM-RS resource element of a
backhaul downlink subtrame.

[0146]  As shown 1n FIG. 16, an eNB can assume a DM-RS for a maximum transmission
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rank value irrespective of an actual transmission rank of an R-PDSCH value and
allocate R-PDCCHs and R-PDSCHs to resource elements to which the DM-RS has not
been allocated. An RN can assume a DM-RS for a maximum transmission rank value
of an R-PDSCH and pertorm R-PDCCH and R-PDSCH decoding tor resource
elements not overlapping with resource elements to which the DM-RS can be
allocated. That 1s, the eNB can maintain the structure of a DM-RS 1n each slot of a
backhaul downlink subframe in the same manner. Accordingly, an increase of
complexity can be prevented and convenience of implementations can be increased.

3. Precoding matrix and vector applied to R-PDCCH and R-PDSCH

FIG. 17 1s a diagram showing an example of a transmitter structure according to an
embodiment of the present invention.

Reterring to FIG. 17, a transmitter includes an MIMO processor 171, a reterence
signal generator 173, and a precoder 172. The transmitter can be part of an eNB.

The MIMO processor 171 generates control information and data which will be
transmitted to an RN. The MIMO processor 171 generates the control information and
data 1n the form of R information streams IS (1.e., IS#1 to IS#R). In this case, R
demotes the number of spatial layers.

The precoder 172 receives spatial streams 5SS from the MIMO processor 171 and
generates transmit streams (TS) (1.e., TS#1 to TS#Nr), such as the number of
transmission antennas (Nr), by applying a precoding matrix or a precoding vector to
the spatial streams.

The reference signal generator 173 generates a reterence signal sequence and
provides it to the input or output of the precoder 172. A DRS used as the above-
described DM-RS 1s provided to the input of the precoder 172, predecoded by the
precoder 172, included 1n the transmit streams, and then output. That 1s, the DRS
becomes a precoded reterence signal. The CRS 1s added to the output of the precoder

173 and included 1n the transmit streams.

In case where the DRS 1s used for an R-PDCCH and an R-PDSCH, a precoding
matrix for the two channels (1.e., the R-PDCCH and the R-PDSCH) 1s required 1n order
to support the precoded reterence signal. In this case, the eNB can configure a
precoding matrix/vector tor the R-PDCCH as a subset of a precoding matrix/vector
used for the R-PDSCH.

For example, a precoding matrix W used in the R-PDSCH can be represented by the

following equation 12.
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Here, w; denotes an 1™ column vector of the precoding matrix W (where 1=0, ..., R-1).
It the rank of the R-PDSCH 1s 3, the precoding matrix W can be represented by (w,, w;
, W»). Here, 1f the rank of the R-PDCCH 1s 1, any one column vector in the rank 3
precoding matrix of the R-PDSCH can be selected as a precoding vector for the R-
PDCCH. That 1s, any one of w,, w,, and w, can be selected.

It the transmission rank ot the R-PDCCH 1s given X, a precoding vector can be
selected 1n various ways. For example, the first X number of column vectors or the last
X number of column vectors may be selected in the precoding matrix applied to the R-
PDSCH. In some cases, a certain X number of column vectors may be selected in the
precoding matrix through explicit signaling.

The above-described method means that a precoding vector/matrix used 1in an R-
PDCCH 1s a subset of a precoding matrix/vector used in an R-PDSCH and that a DRS
(1.e., a DM-RS) transmission antenna port (or a layer) 1s used in both the R-PDCCH
and the R-PDSCH. That 1s, in the R-PDCCH and the R-PDSCH, resource elements are
exclusively multiplexed (it means that the R-PDCCH and the R-PDSCH are allocated
to ditterent resource elements) in the time and frequency domains, but are not spatially
exclusive.

Meanwhile, another method of taking that DM-RS resource elements are arranged in
both slots on the basis of the slot of a subtrame i1n the same manner and R-PDCCH
resource elements to which R-PDCCHs are mapped exit only 1n the first slot in order
to prevent decoding delay into consideration may be used. That 1s, the DM-RS
resource elements of the first slot are used to demodulate the R-PDCCHs, and the DM-
RS resource elements of the second slot are used to demodulate the R-PDSCHs. In this

case, a ditterent precoding matrix can be applied to a DM-RS according to a channel

type (i.e., the R-PDCCH or the R-PDSCH). In order to support the above method, an
eNB can semi-statically signal the index of a DM-RS, used in the R-PDCCH, via high-
layer signaling and signal the index of a DM-RS, used in the R-PDSCH, 1in a corre-
sponding R-PDCCH. It DM-RS resource elements ot different slots are used when the
R-PDCCH and the R-PDSCH are demodulated, there 1s no overlapping portion when
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two DM-RSs are used although the R-PDCCH and the R-PDSCH are demodulated
using the same DM-RS index. Accordingly, DM-RS resource elements for de-
modulating the R-PDCCH can be known 1rrespective of the rank ot the R-PDSCH. The
RN does not need to pertform blind decoding in order to distinguish the R-PDCCH
resource element and the DM-RS resource element.

In some cases, the R-PDCCH can be transmitted using one dedicated DM-RS
transmission antenna port which 1s not used in the R-PDSCH (In case where a
transmission diversity 1s applied to the R-PDCCH, the R-PDCCH can be transmitted
using two DM-RS transmission antenna ports). In this method, the R-PDCCH and the
R-PDSCH are exclusively spatially multiplexed. Here, the R-PDCCH can be
transmitted using a Cyclic Delay Diversity (CDD) scheme or a transmit diversity
scheme (e.g., Space-Time Block Coding (STBC), Space-Frequency Block Coding
(SFBC), or a combination of STBC and SFBC).

In some cases, an eNB can transmit a CRS 1n a subframe 1in which R-PDCCHSs are
transmitted, and an RN can demodulate the R-PDCCHs using the CRS and demodulate
R-PDSCHs using a DM-RS. In general, the CRS 1s transmitted over the entire system
band and transmitted over all subtrames. In an LTE-A subframe (e.g., an MBSFN
subframe or a take MBSFEFN subframe), an eNB transmits a CRS only 1n the first prede-
termined number of OFDM symbols. Here, the MBSFN subframe or the fake MBSFN
subframe has the same structure as an MBSFN subframe for MBMS, but 1s not a
subframe used for the MBMS. That 1s, the MBSFN subframe or the fake MBSFN
subframe 1s a subframe used by an eNB 1n order to transmit a backhaul signal to an
RN. The eNB provides an Ma-UE with information, indicating that the MBSEFN
subframe or the take MBSFEFN subframe is a subframe tor which the reception and mea-
surement of a signal 1s unnecessary.

In such an LTE-A subtrame, an RN can demodulate an R-PDCCH on the assumption
that a CRS 1s located only 1n a resource block 1in which the R-PDCCH 1s transmitted
(Here, an R-PDSCH can also be included 1n the resource block). When the eNB
informs the RN of the LTE-A subframe, the RN can demodulate the R-PDCCH using
the CRS which i1s transmitted over the entire system band 1n accordance with the
above-described method. The eNB can transmit the R-PDCCH using a transmit
diversity scheme, such as SFBC, and the RN can demodulate the R-PDCCH on the as-
sumption that the only CRS exists in the resource block in which the R-PDCCH 1s
transmitted. Further, the R-PDSCH can be demodulated using a DM-RS. If resources
used 1n backhaul transmission are spatially multiplexed with resources used for
transmission to an Ma-UE (1.e., a multi-user MIMO 1s used between a UE and an RN),
the spatially multiplexed UE has to be informed that the CRS exists in the subframe for

multi-user MIMO transmission.
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The eNB can transmit the R-PDCCH using the same antenna port as an antenna port
in which the CRS 1s transmitted. Meanwhile, the eNB can transmit the R-PDSCH
using the same antenna port as an antenna port in which the DM-RS 1s transmitted.
According to the above method, the eNB can transmit the R-PDCCH using the CRS 1n
accordance with a transmit diversity scheme or a spatial multiplexing scheme. At the
same time, the R-PDSCH, unlike the R-PDCCH, can be precoded or subjected to
subband precoding.

It can be ditfficult to puncture all resource elements in which the DM-RS can be
transmitted in the R-PDCCH region according to circumstances. This 1s because
reterence signal overhead 1s excessively increased. In such a case, in an OFDM symbol
period in which the R-PDCCH 1s transmitted, only a DM-RS reterence signal for a
specific layer can be mapped. In this case, a specific layer can be a layer up to a
specific rank in which the R-PDCCH can be transmitted.

FIG. 18 1s a diagram showing an example in which an eNB maps DM-RS resource
elements to R-PDCCH regions and R-PDSCH regions according to their ranks.

For example, in case where the transmission rank ot an R-PDSCH 1s 3 or more and
the transmission rank of an R-PDCCH 1s limited to 2, only DM-RS (or DRS) resource
elements for a layer 1 and 2 are mapped in an OFDM symbol period in which the R-
PDCCH 1s transmitted. On the other hand, both DM-RS resource elements tor layers 1
and 2 and a DM-RS resource element for a layer 3 or more are mapped in the R-
PDSCH region. That 1s, DM-RSs up to the transmission rank 2 are used in both the R-
PDCCH region and the R-PDSCH region, and DM-RSs of the rank 3 or more are used
in only the R-PDSCH region. A resource element for a CSI-RS can be placed in the
same symbol as a symbol 1n which the DM-RS 1s disposed because i1t does not have a
symbol which 1s dedicated to a resource element used by the CSI-RS. This 1s useful for
an extended CP.

An eNB can map the R-PDCCH to an N number of OFDM symbol periods, not
including the DM-RS, 1n order to prevent the R-PDCCH from being mapped to a
resource element to which the DM-RS can be mapped. This method can increase the
detection and decoding speed of the R-PDCCH and also the detection and decoding
speed of the R-PDSCH. Here, N can be set by high-layer signaling or may be a
predifined specific value.

In case where a CSI-RS 1s mapped within an OFDM symbol period to which an R-
PDCCH 1s mapped, the mapping ot the R-PDCCH can be changed according to
whether the CSI-RS 1s mapped. Accordingly, the R-PDCCH may not be mapped to an
OFDM symbol to which the CSI-RS 1s mapped. In some cases, an R-PDCCH can be
mapped to resource elements other than a resource element to which the CSI-RS 1s

mapped. The second method can be performed without additional receiver detection
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and decoding complexity. This 1s because an RN can know whether the CSI-RS exists
within the R-PDCCH region through system information.

An eNB can transmit information about the type of a backhaul subframe, allocated to
a backhaul link, to an RN. The RN can distinguish and demodulate resource elements
to which an R-PDCCH 1s mapped on the basis of the type of the backhaul subframe.

In case where an eNB configures a backhaul subtrame through which an R-PDCCH
or an R-PDSCH 1s received by an RN as an MBSFN subframe or a fake MBSFN
subframe (hereinafter referred to as an MBSEN subtframe), the eNB does not transmit a
CRS 1in OFDM symbols other than the first and second OFDM symbols of the
backhaul subtrame. This means that the mapping ot R-PDCCH resource elements can
be changed according to whether the eNB sets the backhaul subframe as the MBSEFN
subframe. This 1s because into which OFDM symbol period the CRS resource element
1s mnserted 1s changed in the backhaul subtrame.

It the eNB can inform the RN that a specific backhaul subframe 1s the MBSEFN
subframe and thus the RN can previously know the presence of the CRS, the eNB can
map the R-PDCCH to resource elements that are not used for the CRS transmission.
More particularly, the eNB does not map the R-PDCCH to the CRS resource element
1n a subframe where the CRS exist, but, in a subframe where the CRS does not exist
(e.g., an MBSFN subframe), the eNB can map the R-PDCCH to even a resource
element in which the CRS can be disposed.

In case where the RN 1s not informed ot information about the type ot a backhaul
subframe, the eNB maps the R-PDCCH to resource elements other than resource
elements to which the CRS can be allocated irrespective of whether the CRS can be
actually transmitted. That 1s, if the RN 1s unable to previously know whether a specitic
backhaul subtrame 1s an MBSEN subtrame, the R-PDCCH 1s mapped to a resource
element not a resource element to which the CRS can be allocated and then
transmitted.

FIG. 19 1s a diagram showing an example in which a plurality of R-PDCCHs 1s
transmitted through different spatial layers in case where the plurality of R-PDCCHs 1s
multiplexed within one resource block in the frequency domain.

An R-PDSCH and an R-PDCCH can be separated tfrom each other and multiplexed
in the frequency domain. This corresponds to, tor example, a case in which the
resource element of the R-PDCCH and the resource element ot the R-PDSCH are not
multiplexed within one resource block (1.e., 12 subcarriers) in the frequency domain,
but included 1n different resource blocks. In this case, one resource block can include
more resource elements than resource elements which are necessary tor an eNB to

reliably transmit R-PDCCHs to an RN. In such a case, a plurality of R-PDCCHs

transmitted to ditterent RNs can be multiplexed within the same resource block. If the
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eNB uses a precoded DM-RS when transmitting the plurality of R-PDCCHs, it may be
difficult to tfind a precoding vector which provides a good Signal to Interterence plus
Noise Ratio (SINR) to the RNs spaced apart from each other.

For this reason, the eNB can perform orthogonal spatial layer transmission between
the plurality of RNs. For example, in case where two R-PDCCHs (e.g., an R-PDCCH
for RN#1 and an R-PDCCH for RN#2) are multiplexed in one resource block, the R-
PDCCHs can be transmitted 1n ditferent slots.

At the same time, each R-PDCCH can be transmitted in different DM-RS antenna
ports. This substantially has the same meaning that different R-PDCCHs are mapped to
resource elements having different time and trequency within one resource block. In
order to apply ditterent precoding to each of the R-PDCCHs, the eNB transmits the R-
PDCCHs through different DM-RS antenna ports. In this case, the R-PDCCHs
transmitted to respective RNs are transmitted in ditferent spatial layers, and DM-RSs
for the respective R-PDCCHs are transmitted in the resource elements ot the same time
and tfrequency domain and multiplexed in the code domain using orthogonal codes. In
accordance with the above method, it can prevent the number of R-PDCCH resource
elements from being changed according to whether a plurality of R-PDCCHs 1s
included within one resource block.

In case where R-PDCCHSs and R-PDSCHs are transmitted within a Physical
Resource Block (PRB) pair, the number of transmission layers ot the R-PDCCHs can
differ from the number of transmission layers of the R-PDSCHs (retfer to FIG. 13). In
this case, the R-PDCCH can be transmitted such that a set of REs 1s precoded by a
linear combination of the precoding vectors of the R-PDSCH layers and another set ot
REs 1s precoded by another linear combination of the precoding vectors.

For example, it 1s assumed that the R-PDCCH has one transmission layer and the R-
PDSCH has a K number of transmission layers. Here, a k layer (where k 1s any one ot
0, 1, ..., K-1) of the R-PDSCH 1s mapped to a DM-RS antenna port ng, ny, ..., n;. In
this case, 1t 1s assumed that a precoding vector v, = [Vmo Vm1 ... Vmp.1] (Where P 1s the
number of transmission antenna ports) 1s commonly applied to the R-PDSCH layer m
and the DM-RS antenna port n,,.

In this case, resource elements used tor R-PDCCH transmission can be grouped by G
group(1.e., R-PDCCH resource element group). It 1s preterred that the resource element
grouping be performed so that resource elements contiguous 1n the time and frequency
domains are not included in the same group (In this case, a grouping configuration can
be previously determined or signaled to an RN). A resource element group g (where g
is any one natural number of 1 to G) has its own combination weight a, = [a,0 a5 ...
-x-1]. The combination weight can be previously determined or signaled to an RN.

When transmitting the R-PDCCH, an eNB precodes a signal, mapped to the resource
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elements of the resource element group g, using a precoding vector a,,*vy + a, v, +
... + a5 1"V That 1s, the eNB precodes the signal into a linear combination vector 1n
which the combination weight of the resource element group g has been applied to the
precoding vectors of R-PDSCHs. In other words, R-PDCCH resource element sets are
precoded into respective linear combinations vectors in which their own combination
weights have been applied to the R-PDSCH precoding vectors. It the above method is
used, a higher spatial diversity gain can be acquired when the eNB transmits the R-
PDCCH.

In the above example, the RN can demodulate the R-PDCCH through the following
procedure.

1. Estimate an effective channel (1.e., a channel multiplied by a precoding vector) ot
each R-PDSCH transmission layer.

2. Find an effective channel of each R-PDCCH resource element group by applying a
combination weight ot each R-PDCCH resource element group.

3. Demodulate the R-PDCCH resource elements from the etfective channels ot the
corresponding R-PDCCH resource element group.

A combination weight for all the R-PDCCH resource elements may be, for example,
|1 0 ... 0]. This means that the precoding vector ot an R-PDSCH transmission layer 0
(1.e., the DM-RS antenna port of the R-PDSCH transmission layer 0) 1s used for the R-
PDCCH.

For another example, g=k,and a,=[10...0],a,=[010...0],,...,a,=[0... O 1].
In this case, the precoding vector (and the DM-RS antenna port) ot the R-PDSCH
transmission layer g 1s used for the R-PDCCH resource element group g. This means
that the precoding vector and the DM-RS antenna port of each R-PDSCH transmission
layer are applied to the R-PDCCH. In an alternative, in case where g 1s a prede-
termined value or a specific value signaled to an RN, a,=[1 0 ... 0],a,=[0 10 ... 0], ...,
a,=[0 ... 0 1] can be used.

For yet another example, a circular shift of a specific common vector can be used as
the combination weight ot each resource element group (1.e., an R-PDCCH resource
element group). For example, a Discrete Fourier Transtorm (DFT) sequence a,
=[exp(0*12ng/k) exp(1*)2t*g/k) ... exp((k-1)*j2mg/Kk)]| can be used as the combination
weight of a resource element group. If the number of R-PDSCH transmission layers 1s
2 and the number of R-PDCCH resource element groups 1s 2, a=[1 1], a; =[1 -1] can
be used. This means that (vo+ v;) 1s applied to a resource element group O and (vy - vy)
is applied to a resource element group 1. In an alternative, a DFT sequence a,
=lexp(0*)2ng/L) exp(1*)2t*g/L) ... exp((L-1)*)2mg/L.)] can be used as the com-
bination weight of the resource element group. Here, L. can be a predetermined value

or a value signaled to an RN.
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[0188]  The above-described method (1.e., the method using a combination of one or more R-
PDSCH DM-RS sequences as the R-PDCCH DM-RS sequence) can also be applied to
a case 1n which a plurality of R-PDCCHs (or some of a plurality of R-PDCCHS) 1s
transmitted in one PRB pair.

[0189]  For example, it 1s assumed that different L numbers of R-PDCCHs are transmitted in
one PRB pair (where L can be a predetermined value or a value signaled to an RN). It
1s also assumed that a kK number of DM-RS antenna ports are used tor the L. numbers of
R-PDCCHs (where k can be a predetermined value or a value signaled to an RN). In
this case, signals transmitted by ditfterent R-PDCCHs are mapped to difterent resource
elements. That 1s, the signals are mapped to orthogonal time and frequency resources.
Further, resource elements used for R-PDCCH transmission are grouped like in the
above-described method. The resource element group g has a combination weight a,,
and R-PDCCH signals transmitted in the resource element group g can be precoded
using a precoding vector a, o vy + a1 Vy + ... + g1 Vi,

|0190]  For example, it 1s assumed that L=2, k=2, ap=[1 1], and a; =[1 -1]. It 1s also
assumed that even-numbered resource elements (e.g., resource elements O, 2, 4, ...,)
from among the resource elements of a PRB pair are included 1n a resource element
group 0 and odd-numbered resource elements (e.g., resource elements 1, 3, 35, ...,)
from among the resource elements of the PRB pair are included in a resource element
group 1. In this case, two R-PDCCHs can be transmitted as tollows.

[0191] 1. The resource element O 1s used in an R-PDCCH 0, and a precoding vector (v + v;)
can be used. 2. The resource element 1 1s used in an R-PDCCH 0, and a precoding
vector (v, - v;) can be used. 3. The resource element 2 1s used in an R-PDCCH 1, and a
precoding vector (vy + v;) can be used. 4. The resource element 3 is used 1n an R-
PDCCH 1, and a precoding vector (v, - v;) can be used. The allocation method of the
resource elements 1 to 4 1s repeated tor all the resource elements ot the PRB pair.

10192]  In case where an R-PDCCH 1s demodulated using a DM-RS 1n order to support an
efficient multi-user MIMO 1n backhaul resources, an eNB can indicate the antenna port
of a DM-RS of an R-PDCCH for each RN. In an alternative, the eNB can indicate the
scramble ID of a DM-RS antenna port O of an R-PDCCH transmitted to each RN. In an
alternative, the eNB can indicate a combination of the DM-RS antenna port and the
scramble ID of an R-PDCCH transmitted to each RN. The scramble ID of the DM-RS
antenna port 1s for a DM-RS antenna port diftferent from a DM-RS antenna port which
1s used to schedule other multi-user MIMO resources in the spatial domain. The above-
described DM-RS 1ndex can be given as the DM-RS antenna port, the scramble ID, or
a combination thereof.

[0193] R-PDCCH transmission of an eNB to an RN may be performed using a DM-RS

antenna port that 1s not previously contfigured. This means that an RN performs blind
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detection tor the R-PDCCH using a DM-RS antenna port (or a scramble ID or both)
which 1s not previously known in potential R-PDCCH resources. In accordance with
the above method, the eNB can dynamically pertorm multi-user MIMO transmission

for RN resources without previously transmitting information about the DM-RS

antenna port (or the scramble ID or both) of the R-PDCCH and an R-PDSCH to an
RN.

In case where an RN pertorms blind detection tor an R-PDCCH, to limit a DM-RS
antenna port used tor R-PDCCH transmission can be useful. For example, in order to
demodulate the R-PDCCH, limits can be set so that only a DM-RS antenna port O or a
DM-RS antenna port 1 1s used. In this example, two antenna ports can be contigured to
share the same resource elements and divided into code domain (CDM), thereby
minimizing reference signal overhead.

In an alternative, in order to demodulate the R-PDCCH, restrictions can be placed so
that only DM-RS antenna ports O and 2 are used. The above method 1s advantageous in
that the transmission rank of an R-PDSCH tor each RN can be easily extended up to 2
in a multi-user MIMO. An RN can demodulate 1ts own R-PDCCH using the DM-RS
antenna port 0 and at the same time demodulate an R-PDSCH, received through a
transmission rank 2, using the DM-RS antenna ports 0 and 2. An RN which de-
modulates its own R-PDCCH through the DM-RS antenna port 2 can receive an R-
PDSCH (1.e., a transmission rank 2) and demodulate the received R-PDSCH using the
DM-RS antenna ports 2 and 3. For such an operation, the RN pertorms demodulation
on the assumption that an R-PDCCH signal has been mapped with a maximum DM-
RS overhead (e.g., it 1s assumed that 24 resource elements have been mapped within a
basic unit region). However, it the entire transmission rank is equal to or smaller than
2, actual DM-RS overhead can be smaller (In case where 12 resource elements are
mapped within a basic unit region). Consequently, a first slot in which an R-PDCCH 1s
transmitted can have greater DM-RS overhead than a second slot in which an R-
PDSCH 1s transmitted.

FIG. 20 1s a block diagram showing an eNB and an RN.

The eNB 100 includes a processor 110, memory 120, and a Radio Frequency (RF)
unit 130. The processor 110 implements the proposed tunctions, processes, and/or
methods. That 1s, the processor 110 transmits information about a DRS which 1s used
to demodulate R-PDCCHs to an RN via high-layer signaling and transmits information
about a DRS for an R-PDSCH in the R-PDCCH. The memory 120 is connected to the
processor 110 and contigured to store various pieces ot information for driving the
processor 110. The RF unit 130 1s connected to the processor 110 and configured to

send or receive or both a radio signal.
The RN 200 includes a processor 210, memory 220, and an RF unit 230. The
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processor 210 receives information about a DRS which 1s used to demodulate a control
channel via high-layer signaling, such as an RRC message, from an eNB, receives
control information and data through R-PDCCHs and R-PDSCHs, and demodulate the
control information and data. Here, the control information 1s demodulated using a
DRS indicated by high-layer signaling, and the data are demodulated using a DRS
indicated by control information included in an R-PDCCH. The layers of a radio
interface protocol can be implemented by the processor 210. The memory 220 1s
connected to the processor 210 and configured to store various pieces of information
for driving the processor 210. The RF unit 230 1s connected to the processor 210 and
configured to send or receive or both a radio signal.

The processor 110, 210 can include an Application-Specitic Integrated Circuit
(ASIC), other chipset, a logic circuit, a data processor and/or a converter for mutually
converting a baseband signal and a radio signal. The memory 120, 220 can include
Read-Only Memory (ROM), Random Access Memory (RAM), tlash memory, a
memory card, a storage medium and/or other storage devices. The RF unit 130, 230
can include one or more antennas tor sending or receiving or both a radio signal. When
the embodiments are implemented in software, the above schemes can be implemented
by a module (or a process or a function) to perform the above tunctions. The module
can be stored 1n the memory 120, 220 and executed by the processor 110, 210. The
memory 120, 220 can be disposed inside or outside the processor 110, 210 and
connected to the processor 110, 210 using a variety of well-known means.

While the invention has been described in connection with what i1s presently
considered to be practical exemplary embodiments, it 1s to be understood that the
invention 1s not limited to the disclosed embodiments, but, on the contrary, 1s intended
to cover various modifications and equivalent arrangements included within the spirit

and scope of the appended claims.
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A method of demodulating a signal for a receiver, the method

receiving control information through a control channel from an evolved-

5 NodeB (eNB); and

10

15

20

demodulating the control information;

wherein the control information received through the control channel is

demodulated based on user-equipment (UE)-specific reference signais transmitted by

the eNB on fixed one antenna port.

2.

The method of claim 1, further comprising:

receiving data through a data channel from the eNB; and

demodulating the data;

wherein the data are received based on resource allocating information

included in the control information.

3.

The method of claim 1 or 2, wherein a value of a transmission rank of

the control channel is 1.

4.

The method of claim 1 or 2, wherein a value of a transmission rank of

the data channel is 1 or equal to or more than 2.

S.

The method of claim 4, wherein when the value of a transmission rank

of the data channel is equal to or more than 2.

the UE-specific reference signals transmitted by the eNB on fixed one

antenna port are used for a demodulation of the data.
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6. The method of claim 4, wherein when the UE-specific reference signals

are transmitted on an antenna port n and used for a demodulation of the control

information,

a plurality of UE-specific reference signals transmitted on antenna ports

n, ..., (n + k -1) are used for a demodulation of the data, where k is a value of a

transmission rank of the data channel.

7. The method of claim 4, wherein the data are demodulated using

UE-specific reference signals indicated by the control information.

8. The method of claim 1, wherein the control channel and the data

channel are received at different times in a same subframe.

9. The method of claim 1, wherein the control channel is received In at
least one OFDM symbol which is placed after OFDM symbols used by the eNB In
order to transmit the control channel to a macro user equipment and a guard time
necessary for the receiver to perform transmission and reception switching, in a
subframe including a plurality of OFDM symboils in a time domain and a plurality of

subcarriers in a frequency domain.
10. A receiver, comprising:

a radio frequency (RF) unit configured to transmit and receive a radio

sighal; and
a processor connected to the RF unit,

wherein the processor is configured for:

receiving control information through a control channel from an evolvead-

NodeB (eNB); and

demodulating the control information;
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wherein the control information received through the control channel is
demodulated based on user-equipment (UE)-specific reference signals transmitted by

the eNB on fixed one antenna port.
11. The receiver of the claim 10, wherein
the processor is further configured for:

receiving data through a data channel from the eNB; and

demodulating the data;

wherein the data are received based on resource allocating information

included in the control information.

12. The receiver of claim 10 or 11, wherein a value of a transmission rank

of the control channel Is 1.

13. The receiver of claim 10 or 11, wherein a value of a transmission rank

of the data channel is 1 or equal to or more than 2.

14 The receiver of claim 13, wherein when the value of a transmission rank

of the data channel is equal to or more than 2,

the UE-specific reference signals transmitted by the eNB on fixed one

antenna port are used for a demodulation of the data.

15. The receiver of claim 13, wherein when the UE-specific reference

signals are transmitted on an antenna port n and used for a demodulation of the

control information,

a plurality of UE-specific reference signals transmitted on antenna ports

n, ..., (n + k -1) are used for a demodulation of the data, where k is a value of a

transmission rank of the data channel.
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16. The receiver of claim 13, wherein the data are demodulated using

UE-specific reference signals indicated by the control information.

17. The receiver of claim 10, wherein the control channel and the data

channel are received at different times in a same subframe.

18. The receiver of claim 10, wherein the control channel is received In at
least one OFDM symbol which placed after OFDM symbols used by the eNB in order
to transmit the control channel to a macro user equipment and a guard time
necessary for the receiver to perform transmission and reception switching, in a
subframe including a plurality of OFDM symbols in a time domain and a plurality of

subcarriers in a frequency domain.
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