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(57) Abstract: A method of transmitting a signal of a base station in a wireless communication system is provided. The method
includes transmitting a first signal to the relay station through the transmission period in a subframe including a transmission peri-
od and a guard time for transmission/reception switching of a relay station, and transmitting a second signal to a macro user equip-
ment through the guard time. Accordingly, a signal can be etfectively transmitted in the wireless communication system employ-
ing the relay station.
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Description
Title of Invention: METHOD AND APPARATUS FOR
TRANSMITTING SIGNAL IN WIRELESS COMMUNICATION

SYSTEM
Technical Field

[1] The present invention relates to wireless communications, and more particularly, to a
method of transmitting a signal in a wireless communication system employing a relay

station.

Background Art

[2] Standardization works of international mobile telecommunication (IMT)-advanced
which is a next generation (i.e., post 3+ generation) mobile communication system are
carried out in the international telecommunication union radio communication sector
(ITU-R). The IMT-advanced aims at support of an Internet protocol (IP)-based
multimedia service with a data transfer rate of 1 Gbps in a stationary or slowly moving
state or 100 Mbps in a fast moving state.

[3] 3 generation partnership project (3GPP) is a system standard satisfying re-
quirements of the IMT-advanced, and prepares LTE-advanced which is an improved
version of long term evolution (LTE) based on orthogonal frequency division multiple
access (OFDMA )/single carrier-frequency division multiple access (SC-FDMA)
transmission. The LTE-advanced is one of promising candidates for the IMT-
advanced. Technology related to a relay station is one of main technologies for the
LTE-advanced.

[4] A relay station (RS) is a device for relaying a signal between a base station (BS) and
a user equipment (UE), and is used for cell coverage extension and throughput en-
hancement of a wireless communication system.

[5] Many researches for a method of transmitting a signal between the BS and the RS are
currently ongoing in the wireless communication employing the RS. A conventional
method of transmitting a signal between the BS and the UE has a problem when a
signal is transmitted between the BS and the RS.

[6] In the conventional method of transmitting the signal between the BS and the UE, the
UE transmits the signal through one entire subframe in a time domain. One reason of
transmitting a signal by the UE through the entire subframe is to set a duration of each
channel for transmitting a signal to the maximum extent possible in order to reduce in-
stantaneous maximum power consumed by the UE.

[7] However, there is a case where the RS cannot transmit or receive a signal through

one entire subframe from the perspective of the time domain. In general, the RS relays
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[8]

[9]

[10]

[11]

[12]

[13]

[14]

a signal with respect to a plurality of UEs, which results in frequent occurrence of
switching between a reception (Rx) mode and a transmission (Tx) mode. The
switching between the Rx mode and the Tx mode requires a specific time (hereinafter
referred to as a guard time) between an Rx-mode period and a Tx-mode period. During
the guard time, the RS does not transmit or receive a signal in order to avoid inter-

signal interference and to provide reliable operations.
Due to the guard time, the RS may not be able to transmit or receive a signal through

the entire subframe unlike in the UE. In this case, the conventional method of
transmitting a signal between the BS and the UE cannot be directly used.

In addition, the conventional method of transmitting a signal between the BS and the
UE does not have to be directly used to transmit a signal between the BS and the RS in
a sense that the RS is less restrictive in terms of power than the UE and that a channel
state with respect to the BS is good in general.

Accordingly, there is a need for a new method of transmitting a signal in a wireless

communication system employing an RS.

Disclosure of Invention

Technical Problem
The object of the present invention is to provide a method of transmitting a signal in

a wireless communication system employing a relay station.

Solution to Problem

According to an aspect of the present invention, there is provided a method of
transmitting a signal of a base station in a wireless communication system, the method
including: in a subframe including a transmission period and a guard time for
transmission/reception switching of a relay station, transmitting a first signal to the
relay station through the transmission period; and transmitting a second signal to a
macro user equipment through the guard time.

According to another aspect of the present invention, there is provided a method of
transmitting a signal by a base station to a relay station in a wireless communication
system, the method including: splitting a subframe including a transmission period and
a guard time in a time domain into a first frequency band and a second frequency in a
frequency domain; transmitting radio resource allocation information to the relay
station through the transmission period belonging to the first frequency band; and
transmitting user data to the relay station through the transmission period belonging to
the second frequency band indicated by the radio resource allocation information.

According to another aspect of the present invention, there is provided a method of
transmitting a signal of a relay station in a wireless communication system, the method

including: receiving radio resource allocation information from a base station;
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[15]

[16]

[17]

[18]

[19]
[20]

[21]

generating a multiplexed signal by multiplexing control information and user data; and
transmitting the multiplexed signal by using a radio resource indicated by the radio
resource allocation information in a subframe, wherein the subframe includes a
transmission period and a guard time for transmission/reception switching of the relay

station in a time domain, and the radio resource is included in the transmission period.
According to another aspect of the present invention, there is provided a relay station

including: a radio frequency (RF) unit for transmitting and receiving a radio signal;
and a processor coupled to the RF unit, wherein the processor receives radio resource
allocation information, generates a multiplexed signal by multiplexing control in-
formation and user data, and transmits the multiplexed signal by using a radio resource
indicated by the radio resource allocation information in a subframe, and the subframe
includes a transmission period and a guard time for transmission/reception switching
of the relay station in a time domain and the radio resource is included in the
transmission period.

According to another aspect of the present invention, there is provided a base station
including: an RF unit for transmitting and receiving a radio signal; and a processor
coupled to the RF unit, wherein, in a subframe including a transmission period and a
guard time for transmission/reception switching of a relay station, the processor uses
the RF unit to transmit a first signal to the relay station through the transmission period
and to transmit a second signal to a macro user equipment through the guard time.

According to another aspect of the present invention, there is provided a base station
including: an RF unit for transmitting and receiving a radio signal; and a processor
coupled to the RF unit, wherein the processor splits a subframe including a
transmission period and a guard time in a time domain into a first frequency band and a
second frequency in a frequency domain, transmits radio resource allocation in-
formation to the relay station through the transmission period belonging to the first
frequency band, and transmits user data to the relay station through the transmission
period belonging to the second frequency band indicated by the radio resource al-
location information.

Advantageous Effects of Invention

According to the present invention, a signal can be effectively transmitted in a
wireless communication system employing a relay station.
Brief Description of Drawings

FIG. 1 is a wireless communication system employing a relay station (RS).

FIG. 2 shows a radio frame structure in a 3% generation partnership project (3GPP)
long term evolution (LTE) frequency division duplex (FDD) mode.

FIG. 3 shows a radio frame structure in a 3GPP LTE time division duplex (TDD)
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mode.

[22] FIG. 4 shows an example of a resource grid for one downlink slot.

[23] FIG. 5 shows an example of a resource grid for one uplink slot.

[24] FIG. 6 is a flowchart showing a method of transmitting a signal of an RS in a
wireless communication system employing the RS.

[25] FIG. 7 shows an example of configuring a control packet.

[26] FIG. 8 shows an example of configuring an aggregate packet.

[27] FIG. 9 shows an example of allocating a radio resource by a base station (BS) to an
RS and a user equipment (UE).

[28] FIG. 10 shows switching of a reception mode and a transmission mode, performed
by an RS.

[29] FIG. 11 shows an example of transmitting a control packet and a data packet by an
RS by using different time resources among allocated radio resources.

[30] FIG. 12 is a flowchart of a multiplexing process performed by an RS to transmit
control information and data.

[31] FIG. 13 is a block diagram for explaining an example of transmitting a control packet
and a data packet by an RS by applying precoding.

[32] FIG. 14 shows an example of allocating a radio resource in a subframe in which a BS
transmits a signal to a macro UE and an RS.

[33] FIG. 15 shows an example of transmitting a signal by a BS to one RS by using a
plurality of frequency bands.

[34] FIG. 16 shows an operation of a BS, an RS, and a macro UE in a time domain when
the BS transmits a signal to the RS or the macro UE.

[35] FIG. 17 to FIG. 20 show examples of transmitting data by a BS to a macro UE by
using a radio resource configured as a guard time from the perspective of an RS.

[36] FIG. 21 and FIG. 22 show examples in which a BS transmits data to a macro UE
when a physical downlink control channel (PDCCH) has one orthogonal frequency
division multiplexing (OFDM) symbol and a physical downlink shared channel
(PDSCH) 4 has two OFDM symbols.

[37] FIG. 23 and FIG. 24 show examples in which a BS transmits data to a macro UE
when a PDCCH allocated for the macro UE has one OFDM symbol, a PDSCH 4 has
two OFDM symbols, and a PDSCH 5 has one OFDM symbol.

[38] FIG. 25 to FIG. 27 show examples in which a BS transmits data to a macro UE when
a PDCCH allocated for the macro UE has one OFDM symbol and a PDSCH 4 or a
PDSCH 5 has one OFDM symbol.

[39] FIG. 28 shows an example of uplink/downlink band swapping.

[40] FIG. 29 shows a multicast/broadcast single frequency network (MBSFN) subframe in

which an RS receives a signal from a BS.
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[41]

[42]

[43]
[44]

[45]

[46]

[47]

FIG. 30 is a block diagram of a BS and an RS according to an embodiment of the
present invention.

Mode for the Invention

Long term evolution (LTE) of the 3% generation partnership project (3GPP) standard
organization is a part of an evolved-universal mobile telecommunications system
(E-UMTS) using an evolved-universal terrestrial radio access network (E-UTRAN).
The LTE employs an orthogonal frequency division multiple access (OFDMA) in a
downlink and employs single carrier-frequency division multiplex access (SC-FDMA)
in an uplink. LTE-advance (LTE-A) is an evolution of the LTE. For clarity, the
following description will focus on the 3GPP LTE/LTE-A. However, technical
features of the present invention are not limited thereto.

FIG. 1 is a wireless communication system employing a relay station (RS).

Referring to FIG. 1, a wireless communication system 10 employing an RS 12
includes at least one base station (BS) 11. Each BS 11 provides a communication
service to a specific geographical region 15 generally referred to as a cell. The cell can
be divided into a plurality of regions, and each region can be referred to as a sector.
One or more cells may exist in the coverage of one BS. The BS 11 is generally a fixed
station that communicates with a user equipment (UE) 13 and may be referred to as
another terminology, such as an evolved node-B (eNB), a base transceiver system
(BTS), an access point, etc. The BS 11 can perform functions such as connectivity
between the RS 12 and a UE 14, management, control, resource allocation, etc.

The RS 12 is a device for relaying a signal between the BS 11 and the UE 14, and is
also referred to as another terminology such as a relay node (RN), a repeater, a relay,
etc. A relay scheme used in the RS may be either amplify and forward (AF) or decode
and forward (DF), and the technical features of the present invention are not limited
thereto.

The UEs 13 and 14 may be fixed or mobile, and may be referred to as another ter-
minology, such as a mobile station (MS), a user terminal (UT), a subscriber station
(SS), a wireless device, a personal digital assistant (PDA), a wireless modem, a
handheld device, etc. Hereinafter, a macro UE (i.e., Ma UE) 13 denotes a UE that
directly communicates with the BS 11, and a relay UE (i.e., Re UE) 14 denotes a UE
that communicates with the RS. Even if the macro UE 13 exists in a cell of the BS 11,
the macro UE 13 can communicate with the BS 11 via the RS 12 to improve a data rate
depending on a diversity effect.

Hereinafter, a downlink (DL) denotes communication from the BS 11 to the Ma UE
13, and an uplink (UL) denotes communication from the Ma UE 13 to the BS 11. A
backhaul DL denotes communication from the BS 11 to the RS 12. A backhaul UL
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denotes communication from the RS 12 to the BS 11.

[48] The wireless communication system 10 employing the RS 12 is a system supporting
bidirectional communication. The bidirectional communication may be performed by
using a time division duplex (TDD) mode, a frequency division duplex (FDD) mode,
etc. When in the TDD mode, UL transmission and DL transmission use different time
resources, and backhaul UL transmission and backhaul DL transmission use different
time resources. When in the FDD mode, UL transmission and DL transmission use
different frequency resources, and backhaul UL transmission and backhaul DL
transmission use different frequency resources.

[49] FIG. 2 shows a radio frame structure in a 3GPP LTE FDD mode.

[50] Referring to FIG. 2, a radio frame consists of 10 subframes, and one subframe
consists of two slots. A transmission time interval (TTI) is defined as a time for
transmitting one subframe. For example, one subframe may have a length of 1 mil-
lisecond (ms), and one slot may have a length of 0.5 ms.

[51] FIG. 3 shows a radio frame structure in a 3GPP LTE TDD mode.

[52] Referring to FIG. 3, one radio frame has a length of 10 ms and consists of two half-
frames each having a length of 5 ms. One half-frame consists of five subframes each
having a length of 1 ms. Each subframe is used as any one of an uplink (UL) subframe,
a downlink (DL) subframe, and a special subframe. One radio frame includes at least
one UL subframe and at least one DL subframe. One subframe consists of two slots.
For example, one subframe may have a length of 1 ms, and one slot may have a length
of 0.5 ms.

[53] The special subframe is a specific period located between the UL subframe and the
DL subframe to separate a UL and a DL. One radio frame includes at least one special
subframe. The special subframe includes a downlink pilot time slot (DWPTS), a guard
period (GP), and an uplink pilot time slot (UpPTS). The DwPTS is used for initial cell
search, synchronization, or channel estimation. The UpPTS is used for channel es-
timation in a BS and UL transmission synchronization of a UE. The GP is used to
remove interference that occurs between the UL and the DL due to a multi-path delay
of a signal. The GP may be included in a guard time.

[54] The radio frame structure is for exemplary purposes only, and thus the number of
subframes included in the radio frame, the number of slots included in the subframe, or
the number of orthogonal frequency division multiplexing (OFDM) symbols included
in the slot may change variously.

[55] The section 4.1 of 3GPP TS 36.211 V8.3.0 (2008-05) "Technical Specification
Group Radio Access Network; Evolved Universal Terrestrial Radio Access
(E-UTRA); Physical Channels and Modulation (Release 8)" may be incorporated

herein by reference for the purpose of explaining the radio frame structure described
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[56]

[57]
[58]

[59]

[60]

[61]

[62]
[63]

[64]

with reference to FIG. 2 and FIG. 3.

In FDD and TDD radio frames, one slot includes a plurality of OFDM symbols in a
time domain and a plurality of resource blocks (RBs) in a frequency domain. The
OFDM symbol is for expressing one symbol period since the 3GPP LTE uses OFDMA
in a DL. According to a multiple access scheme, the OFDM symbol may be referred to
as an SC-FDMA symbol or a symbol period. An RB is a resource allocation unit, and
includes a plurality of consecutive subcarriers in one slot.

FIG. 4 shows an example of a resource grid for one DL slot.

Referring to FIG. 4, a DL slot includes NP% ., OFDM symbols in a time domain.
One resource block includes NRB, subcarriers in a frequency domain. NP, may be 7
when using a normal cyclic prefix, and may be 6 when using an extended cyclic prefix.
The number of OFDM symbols and the number of subcarriers for the resource block

can be summarized by Table 1 below.

Table 1
[Table 1]
Configuration N, iB Ns]xj/;b
Normal cyclic prefix 12 7
Extended cyclic prefix 12 8

One subframe includes 14 OFDM symbols when using the normal cyclic prefix, and
includes 12 OFDM symbols when using the extended cyclic prefix.

Each element on the resource grid is referred to as a resource element. The number N
Dles of RBs included in the DL slot depends on a DL transmission bandwidth de-
termined in a cell. The values NPL,, and N®E, are for exemplary purposes only, and
the present invention is not limited thereto.

FIG. 5 shows an example of a resource grid for one UL slot.

Referring to FIG. 5, a UL slot includes NV, SC-FDMA or OFDM symbols in a
time domain, and includes a plurality of RBs in a frequency domain. Each RB includes
NRB_ (e.g., 12) subcarriers. NV ., may be 7 when using a normal cyclic prefix, and
may be 6 when using an extended cyclic prefix. One subframe may include 14 SC-
FDMA or OFDM symbols when using the normal cyclic prefix, and may include 12
SC-FDMA or OFDM symbols when using the extended cyclic prefix. Although it is
described that N®B_ is 12 in one RB for example, the present invention is not limited
thereto. The number N of RBs included in the UL slot depends on a UL
transmission bandwidth determined in a cell.

FIG. 6 is a flowchart showing a method of transmitting a signal of an RS in a
wireless communication system employing the RS. Referring to FIG. 6, the RS first

receives radio resource allocation information from a BS (step S100). Radio resources
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[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

allocated by the radio resource allocation information will be described below in detail.

The RS generates a multiplexed signal by multiplexing control information and data
(step S200). The control information may imply a communication control related
signal such as acknowledgment (ACK)/negative ACK (NACK) to be transmitted by
the RS to the BS, a scheduling request signal, channel quality information (CQI), a
buffer status report (BSR), etc. The data may imply a signal other than the control in-
formation, for example, may imply user data.

The RS may configure each of the control information and the data into a control
packet and a data packet, and may configure an aggregate packet which is an ag-
gregation of the packets. The RS may multiplex the control packet and the data packet
to generate a multiplexed signal. Alternatively, the RS may multiplex the aggregate
packet to generate a multiplexed signal.

FIG. 7 shows an example of configuring a control packet. FIG. 8 shows an example
of configuring an aggregate packet.

Referring to FIG. 7, the control packet may include a control packet header, ACK/
NACK, a scheduling request (SR) signal, channel quality information (CQI), and a
buffer status report (BSR). In this case, the ACK/NACK may be expressed by a bitmap
to indicate whether several packets transmitted by a BS to an RS are successfully
received. For example, if the BS has transmitted packets 1 to 5 in previous subframes
and an error occurs in the packet 4, the bitmap can be expressed by 11101. Of course,
the bitmap can also be expressed in an opposite manner, that is, 00010.

Referring to FIG. 8, an aggregate packet may include an aggregate packet header and
a plurality of packets. The aggregate packet header may be set to a fixed length, or may
be set in a semi-static manner such that the aggregate packet header is set to a prede-
termined length until a change signal is received and then changes its length according
to the change signal when the change signal is received.

A plurality of packets (i.e., packets 1 to 5) included in the aggregate packet may be
control packets or data packets. The plurality of packets may be transmitted to the
same UE, or may be transmitted to different UEs. Each of the plurality of packets may
use a different modulation and coding scheme according to reliability, requirements on
delay, whether the packet needs to be retransmitted or not, and so on. The aggregate
packet header may include information regarding a modulation and coding scheme for
the plurality of packets (i.e., packets 1 to 5). The control packet and the aggregate
packet shown in FIG. 7 or FIG. 8 are for exemplary purposes only, and thus various
modifications can be made.

Referring back to FIG. 6, the RS transmits the multiplexed signal by using a radio
resource indicated by the resource allocation information in a subframe (step S300).

FIG. 9 shows an example of allocating a radio resource by a BS to an RS and a UE.
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[73]

[74]

[75]

[76]

[77]

Referring to FIG. 9, a subframe can be split into a control region and a data region.
The control region is allocated with a physical uplink control channel (PUCCH) for
carrying uplink control information. The data region is allocated with a physical uplink
shared channel (PUSCH) for carrying user data.

Radio resources indicated by PUCCHs 1 to 4 in the control region can be used by a
macro UE to carry an uplink control related signal to a BS. Examples of the uplink
control related signal include a channel quality indicator (CQI), hybrid automatic
repeat request (HARQ) ACK/NACK, etc. Each of radio resources indicated by any one
of PUSCHs 1 to 4 in the data region is allocated to an RS or the macro UE and is used
to transmit a signal to the BS.

For example, a radio resource indicated by the PUSCH 2 may be allocated to the RS.
The radio resource allocated to the RS includes a transmission period 100 and guard
times 110 and 120 for transmission (Tx)/reception (Rx) switching of the RS in a time
domain of a subframe. A frequency domain may include a specific frequency band of
the data region other than the control region for transmitting control information to the
macro UE. Among radio resources allocated to the RS, a region indicated by A is a
radio resource region allocated to transmit a multiplexed signal by the RS to the BS,
and is included in the transmission period 100 in the time domain and is included in the
data region in the frequency domain. Accordingly, when a radio resource region of the
guard time is added to a radio resource region allocated for signal transmission of the
RS, a resultant radio resource appears as if it is a radio resource occupied by a PUSCH
allocated to one macro UE.

The macro UE and the RS can transmit signals to the BS in the allocated radio
resource region by using a different multiplexing scheme. For example, the macro UE
can use an SC-FDMA scheme in the PUSCHs 1, 3, and 4, and the RS can use an
OFDMA scheme in the PUSCH 2. The BS can receive a signal from the macro UE by
using the SC-FDMA scheme, and can receive a signal from the RS by using the
OFDMA scheme. By the use of these multiplexing schemes, a gain can be obtained in
terms of transmission efficiency, flexibility of resource allocation, etc.

FIG. 10 shows switching of an Rx mode and a Tx mode, performed by an RS. In
FIG. 10, “RX” denotes signal reception, and “TX” denotes signal transmission.
Referring to FIG. 10, the RS receives a signal from a relay UE in a subframe #(n-1),
transmits the signal to a BS in a subframe #n, and receives the signal again from the
relay UE in a subframe #(n+1). As such, when the RS alternatively switches the Rx
mode and the Tx mode, an operation stabilization time is required depending on mode
switching to avoid signal interference. Such a time is referred to guard times 110 and
120 (of course, such a guard time may be unnecessary when the RS operates in the

same mode, for example, when signals are continuously received or transmitted in con-
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[79]

[80]
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secutive subframes).

The guard times 110 and 120 are included in the subframe #n in which the RS
transmits the signal. The relay UE transmits the signal through the entire subframe
#(n-1) or #(n+1) since instantaneous maximum power has to be decreased by in-
creasing a signal transmission time to the maximum extent possible due to a power
problem. Therefore, it is preferable that the guard time is not provided in the subframes
#(n-1) and #(n+1) in which the RS receives the signal from the relay UE. Con-
sequently, the guard times 110 and 120 are provided during at least one OFDM symbol
in the subframe #n in which the RS transmits the signal (of course, the guard times 110
and 120 are unnecessary when the RS operates in the same mode, for example, when
the signal is received or transmitted in all of the subframes #(n-1), #n, and #(n+1)).

FIG. 11 shows an example of transmitting a control packet and a data packet by an
RS by using different time resources among allocated radio resources.

Referring to FIG. 11, in a time domain of an allocated radio resource A, the RS may
first transmit the control packet in a transmission period 100 located between guard
times 110 and 120 and thereafter transmit the data packet. The control packet and the
data packet use different time resources, and thus can maintain orthogonality.

FIG. 12 is a flowchart of a multiplexing process performed by an RS to transmit
control information and data.

Referring to FIG. 12, data bits have a format of one transport block in every TTI.
First, cyclic redundancy check (CRC) parity bits are attached to the data bits to
generate CRC-attached bits (step S100).

The CRC-attached bits are segmented in a code block unit, and the CRC parity bits
are re-attached in the code block unit (step S200). Channel coding is performed on a
bit sequence obtained by performing code block segmentation (step S300). The
channel-coded bits are processed with rate matching (step S400), and code block con-
catenation is performed (step 500) to generate a data bit sequence.

Meanwhile, control information may be multiplexed together with data. The data and
the control information may use different coding rates by allocating a different number
of coded symbols for transmission of the data and the control information. Channel
coding is performed on the control information (step S600) to generate a control in-
formation bit sequence. The data bit sequence and the control information bit sequence
are multiplexed (step S700). In the multiplexing, the control information bit sequence
may be first arranged, followed by arrangement of the data bit sequence. The mul-
tiplexed sequence is allocated to a radio resource (step S800), and is then transmitted
(step S900).

FIG. 13 is a block diagram for explaining an example of transmitting a control packet

and a data packet by an RS by applying precoding.
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Referring to FIG. 13, the RS applies precoding by using a precoder 131 while
allowing a control packet and a data packet to use the same time resource and
frequency resource, and thereafter transmits the resultant signal through a plurality of
antennas 1 to M. Since the data packet has a greater size than the control packet in
general, precoding may be applied after demultiplexing a plurality of data packets 1 to
N by using a demultiplexer.

A method of transmitting a signal by an RS to a BS has been described above.
Hereinafter, a method of transmitting a signal by a BS in a wireless communication
system employing an RS will be described. In the following description, when the BS
transmits a signal, control information may imply a communication control related
signal such as ACK/NACK to be transmitted by the BS to the RS, a response on a
scheduling request signal, radio resource allocation information, etc., and data may
imply user data, that is, a signal other than the control information.

The BS first allocates a radio resource for transmitting a signal to the RS or a macro
UE. Then, the BS transmits the signal to the RS and the macro UE by using the
allocated radio resource. In this case, in a time domain of a subframe including a
transmission period and a guard time corresponding to a period for Tx/Rx switching of
the RS, the RS is allocated with a radio resource including the transmission period, and
the macro UE is allocated with a radio resource including the guard time. The BS may
transmit a first signal to the RS by using the allocated radio resource, and may transmit
a second signal to the macro UE.

FIG. 14 shows an example of allocating a radio resource in a subframe in which a BS
transmits a signal to a macro UE and an RS.

Referring to FIG. 14, control information is transmitted to the macro UE in at least
one OFDM symbol 161 located in a start part of the subframe (a region for
transmitting control information to the macro UE is indicated by “PDCCH(to macro
UE)” in FIG. 14). The control information includes radio resource allocation in-
formation regarding radio resource regions 165 and 166 for transmitting data to the
macro UE. The radio resource regions 165 and 166 may include a guard time of the RS
in a time domain.

The BS transmits a first signal to the RS by using a radio resource 167 which is a
consecutive specific band in a frequency domain and which includes a transmission
period 163 in the time domain. In this case, the first signal may include both control in-
formation and data, each of which can be transmitted in a format of a control packet
and a data packet.

Although it is shown in FIG. 14 that the BS transmits the first signal to the RS by
using the radio resource 167 having one frequency band, the present invention is not

limited thereto, and thus transmission can be performed by using a plurality of separate
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frequency bands. In this case, at least any one of the plurality of frequency bands may
be a frequency band pre-defined in consideration of a relation with the RS.

FIG. 15 shows an example of transmitting a signal by a BS to one RS by using a
plurality of frequency bands.

Referring to FIG. 15, the BS transmits a signal to the RS by using radio resources
168 and 169 indicated by a “PDSCH 2(P-PDSCH)” and a “PDSCH 4(S-PDSCH)”
(hereinafter, respectively abbreviated to a PDSCH 2 and a PDSCH 4). In this case,
control information (e.g., radio resource allocation information) may exist in each of
the PDSCHs 2 and 4, or may exist in only one PDSCH, e.g., the PDSCH 2.

When the control information exists only in one PDSCH, for convenience of ex-
planation, a PDSCH (e.g., PDSCH 2) having the control information is referred to as a
primary (P)-PDSCH, and the other PDSCH (e.g., PDSCH 4) other than the P-PDSCH
is referred to as a secondary (S)-PDSCH.

A location of the P-PDSCH and a radio resource to be used may be pre-defined
between the BS and the RS. The P-PDSCH (or a radio resource allocated to a control
packet included in the P-PDSCH) may be designed to have a fixed format, location,
and radio resource. For example, the P-PDSCH may be fixed in a semi-static manner.
Alternatively, the P-PDSCH may be designed to have a several number of limited
formats, locations, and radio resources to facilitate blind decoding. The RS can obtain
control information and data included in the P-PDSCH by performing blind decoding.

According to the aforementioned example, the RS can directly decode the P-PDSCH
without depending on an additional control channel (e.g., PDCCH). Further, the
location of the S-PDSCH and information on the radio resource may be included in
control information (i.e., radio resource allocation information) of the P-PDSCH. As a
result, the S-PDSCH may exist in various locations in comparison with the P-PDSCH.

That is, the BS may split a subframe including a transmission period and a guard
time in a time domain into a plurality of frequency bands in a frequency domain, and
may transmit control information and first data to the RS by using a transmission
period belonging to a first frequency band which is any one of the plurality of
frequency bands. In addition, second data can be transmitted to the RS by using a
transmission period belonging to a second frequency band indicated by the control in-
formation.

FIG. 16 shows an operation of a BS, an RS, and a macro UE in a time domain when
the BS transmits a signal to the RS or the macro UE.

Referring to FIG. 16, during a first period 161 corresponding to a specific number of
OFDM symbols of a subframe #n, the BS transmits control information to the macro
UE (i.e., Ma UE), and the RS transmits the control information to a relay UE (i.e., Re

UE). The number of OFDM symbols for transmitting the control information may be
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equal or different between the BS and the RS.

The BS transmits a second signal to the Ma UE during OFDM symbol periods 162
and 164 which correspond to a guard time from the perspective of the RS. The second
signal may be data such as user data. During the OFDM symbol periods 162 and 164,
the RS does not perform decoding. The BS transmits a first signal (e.g., control in-
formation and/or data) to the RS in an OFDM symbol period 163 other than the guard
time in the subframe.

The first signal transmitted by the BS to the RS includes a reference signal. In this
case, the reference signal may be a dedicated reference signal. The Ma UE decodes a
signal transmitted from the BS by using a radio resource corresponding to a guard time
of the RS. In this case, the reference signal used for the RS or a cell-specific reference
signal may be used.

Hereinafter, an example of transmitting data by the BS to the Ma UE by using the
radio resource corresponding to the guard time from the perspective of the RS will be
described. Although a case of using a normal cyclic prefix having 14 OFDM symbols
in one subframe will be described below for example, it is apparent that the present
invention can also apply to a case of using an extended cyclic prefix having 12 OFDM
symbols in one subframe.

FIG. 17 to FIG. 20 show examples of transmitting data by a BS to a macro UE by
using a radio resource configured as a guard time from the perspective of an RS. The
data may be user data.

Referring to FIG. 17 to FIG. 20, the BS maps data S, to data S, to radio resources
191 and 192 (hereinafter, abbreviated to a PDSCH 4 and a PDSCH 5) configured as a
guard time, and then transmits the mapped data to the macro UE.

In particular, FIG. 19 shows an example in which the data S, to the data S, are se-
quentially mapped in a frequency order to resource elements of a region 191 corre-
sponding to the PDSCH 4, and thereafter data Sy, to data S, are sequentially mapped
in a frequency order in a region 192 corresponding to the PDSCH 5. On the other hand,
FIG. 20 shows an example in which data is mapped first in a time order (e.g., the data
S, is mapped to the region 191 corresponding to the PDSCH 4, and then the data S, is
mapped to the region 192 corresponding to the PDSCH 5), and then the remaining part
of data are mapped in a frequency order. In FIG. 19 and FIG. 20, data is mapped to
OFDM symbol numbers 2 and 13.

Although it has been described above with reference to FIG. 17 to FIG. 20 that the
PDCCH transmitted by the BS includes two OFDM symbols and the PDSCHs 4 and 5
(i.e., radio resources corresponding to a guard time of the RS) each include one OFDM
symbol, this is for exemplary purposes only and the present invention is not limited

thereto. Thus, various modifications can be made in the PDSCHs 4 and 5 when the
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PDCCH transmitted by the BS and the guard time of the RS have a different number of
OFDM symbols.

FIG. 21 and FIG. 22 show examples in which a BS transmits data to a macro UE
when a PDCCH has one OFDM symbol and a PDSCH 4 has two OFDM symbols.

Referring to FIG. 21, the BS maps data S, to data Sy in a frequency order to resource
elements in a first OFDM symbol time of a region 211 corresponding to the PDSCH 4,
and thereafter maps data Sy, to data Sy, in a frequency order to resource elements in a
second OFDM symbol time. Referring to FIG. 22, the BS maps data S; and data S, to
resource elements, for example, having a highest frequency in a first OFDM symbol
time and a second OFDM symbol time in a region 211 corresponding to the PDSCH 4,
and sequentially maps data S; and data S, to resource elements having a next highest
frequency. That is, data is mapped first in a time order and is then mapped in a
frequency order. In FIG. 21 and FIG. 22, data is mapped to OFDM symbol numbers 1
and 2.

FIG. 23 and FIG. 24 show examples in which a BS transmits data to a macro UE
when a PDCCH allocated for the macro UE has one OFDM symbol, a PDSCH 4 has
two OFDM symbols, and a PDSCH 5 has one OFDM symbol.

Referring to FIG. 23, the BS maps data S; to data Sy in a frequency order to resource
elements in a first OFDM symbol in a region 211 corresponding to the PDSCH 4, and
thereafter maps data S, to data Sy in a frequency order to resource elements in a
second OFDM symbol. In addition, the BS maps data S,,; and data S, in a frequency
order to resource elements in a region 232 corresponding to the PDSCH 5. Referring to
FIG. 24, the BS first maps data S, to data S; in a time order to resource elements in
regions corresponding to the PDSCH 4 and the PDSCH 5, and then maps the
remaining parts of data to resource elements having a low frequency in the same
manner. In FIG. 23 and FIG. 24, data is mapped to OFDM symbol numbers 1, 2, and
13.

FIG. 25 to FIG. 27 show examples in which a BS transmits data to a macro UE when
a PDCCH allocated for the macro UE has one OFDM symbol and a PDSCH 4 or a
PDSCH 5 has one OFDM symbol.

FIG. 25 shows an example in which data S, to data S, are transmitted to the macro
UE by being mapped in a frequency order to resource elements only in a PDSCH 4.
FIG. 26 shows an example in which data S, to data S, and data Sy, to S,, are mapped
in a frequency order to resource elements in a PDSCH 4 and a PDSCH 5. FIG. 27
shows an example in which data is first mapped in a time order to resource elements
having the same frequency among resource elements belonging to a PDSCH 4 and a
PDSCH 5 and is then mapped in a frequency order. In FIG. 25, data is mapped to an
OFDM symbol number 1. In FIG. 26 and FIG. 27, data is mapped to OFDM symbol
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numbers 1 and 13.

The BS can transmit radio resource allocation information to the macro UE. The
radio resource allocation information one-to-one corresponds to each method described
with reference to FIG. 17 to FIG. 27. For example, the radio resource allocation in-
formation may include information for reporting a location of a guard time in a
subframe or information for instructing puncturing of a transmission period.

The information for reporting the location of the guard time may be configured by
adding a new field consisting of a symbol allocation bitmap (3 bits) to a conventional
DCI format. The symbol allocation bitmap can be expressed by Table 2 with respect to
the methods described with reference to FIG. 17 to FIG. 24. In Table 2, the method
described with reference to FIG. 17 is simply referred to as ‘FIG. 17° for convenience

of explanation.

Table 2
[Table 2]
symbol allocation
bitmap 001 010 011 110 111
) ) ) Fig. 19 Fig. 21 Fig. 23
exemplary allocation | Fig. 18 | Fig. 17 or or or
Fig. 20 Fig. 22 Fig. 24

In Table 2, a first bit of the symbol allocation bitmap may indicate an OFDM symbol

number 1, a second bit thereof may indicate an OFDM symbol number 2, and a third

bit thereof may indicate an OFDM symbol number 13. The macro UE can know a

location of a guard time by using the symbol allocation bitmap.

When a 2-bit symbol allocation bitmap is added as a new field, it can be expressed

by Table 3 below. In this case, a first bit indicates an OFDM symbol number 2 of a

subframe and a second bit thereof indicates an OFDM symbol number 13.

Table 3
[Table 3]
symbol allocation bitmap 01 10 11
exemplary allocation Fig. 18 |Fig. 17 |Fig. 19 or Fig. 20

Alternatively, a first bit of the symbol allocation bitmap may indicate an OFDM

symbol number 1 of a subframe, a second bit thereof may indicate an OFDM symbol

number 13. In this case, the symbol allocation bitmap is expressed by Table 4 below.

Table 4
[Table 4]
symbol allocation bitmap 01 10 11
exemplary allocation Fig. 18 |Fig. 25 |Fig. 26 or Fig. 27
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In a case described below, the radio resource allocation information is information
for instructing puncturing of a transmission period. Referring back to FIG. 14, the BS
may instruct the macro UE to include the transmission period 163 and the guard times
162 and 164 in the time domain and to allocate a radio resource having a specific
frequency band (i.e., a radio resource including the periods 165, 166, and 167).
Thereafter, the BS may instruct the macro UE to decode only an OFDM symbol corre-
sponding to the guard times 162 and 164 while puncturing an OFDM symbol corre-
sponding to the transmission period 163 in the specific frequency band.

The method of transmitting a signal by a BS in a wireless communication system
employing an RS may apply, for example, when UL/DL band swapping is used
between the BS and the RS. The UL/DL band swapping implies that the BS transmits a
signal to the RS by using a UL frequency band in a specific subframe in an FDD mode.

FIG. 28 shows an example of UL/DL band swapping.

Referring to FIG. 28, a BS transmits a signal to an RS in a subframe 4 belonging to a
UL frequency band. In this case, the subframe 4 is referred to as a swapped subframe.
When the BS transmits a signal to the RS in the swapped subframe, a control packet
may include scheduling information regarding signal transmission from the RS to the
BS and scheduling information regarding next signal transmission from the BS to the
RS. The aforementioned P-PDSCH and S-PDSCH may also apply to a case where the
BS transmits a signal to the RS in a UL band by using the UL/DL band swapping. That
is, when the BS performs UL/DL band swapping to transmit the signal to the RS by
configuring two or more PUSCHs in the UL frequency band, one PUSCH may be the
P-PUSCH and the other PUSCH may be the S-PUSCH. “3GPP R1-084206, UL/DL
band swapping for efficient support of relays in FDD mode, LG Electronics” may be
incorporated by reference for the purpose of explaining the UL/DL band swapping.

In addition, the aforementioned method of transmitting the signal by the BS in the
wireless communication system employing the RS may also apply to a case where the
RS receives a signal from the BS by using a multicast/broadcast single frequency
network (MBSFN) subframe.

FIG. 29 shows an MBSFN subframe in which an RS receives a signal from a BS.

Referring to FIG. 29, the RS transmits control information of control channels (i.e.,
PCFICH, PDCCH, and PHICH) to a relay UE in a specific number of OFDM symbol
periods (e.g., 2 OFDM symbol periods) of the MBSFEN subframe. The control in-
formation reports that DL data is not transmitted to the relay UE. Thus, the control in-
formation can be used to prevent relay UEs from unnecessary data reception or
reference signal measurement. The RS can receive a signal from the BS in a subframe
period 291 other than guard times 1 and 2.

FIG. 30 is a block diagram of a BS and an RS according to an embodiment of the
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present invention.

Referring to FIG. 30, a BS 50 includes a processor 51, a memory 53, and a radio
frequency (RF) unit 52. The processor 51 splits a subframe including a transmission
period and a guard time for Tx/Rx switching of the RS into a first frequency band and
a second frequency band in a frequency domain, and transmits radio resource al-
location information to the RS through the transmission period belonging to the first
frequency band. Further, user data is transmitted to the RS through the transmission
period belonging to a second frequency band indicated by the radio resource allocation
information. Alternatively, the processor 51 may transmit a first signal to the RS
through the transmission period by using the RF unit 52 in a subframe including the
transmission period and the guard time for Tx/Rx switching of the RS, and may
transmit a second signal to a macro UE through the guard time. Layers of a radio
interface protocol can be implemented by the processor 51. The memory 53 is coupled
to the processor 51, and stores a variety of information for operating the processor 51.
The RF unit 52 is coupled to the processor 51, and transmits and/or receives a radio
signal.

An RS 60 includes a processor 61, a memory 62, and an RF unit 63. The processor
61 generates a multiplexed signal by multiplexing data and control information to be
transmitted to the BS 50, and transmits the multiplexed signal by using a radio
resource in a subframe indicated by radio resource allocation information received
from the BS 50. The subframe includes a transmission period and a guard time for Tx/
Rx switching of the RS in a time domain. The radio resource is included in the
transmission period.

The processors 51 and 61 may include an application-specific integrated circuit
(ASIC), a separate chipset, a logic circuit, and/or a data processing unit. The memories
52 and 62 may include a read-only memory (ROM), a random access memory (RAM),
a flash memory, a memory card, a storage medium, and/or other equivalent storage
devices. The RF units 53 and 63 may include a base-band circuit for processing a radio
signal. When the embodiment of the present invention is implemented in software, the
aforementioned methods can be implemented with a module (i.e., process, function,
etc.) for performing the aforementioned functions. The module may be stored in the
memories 52 and 62 and may be performed by the processors 51 and 61. The
memories 52 and 62 may be located inside or outside the processors 51 and 61, and
may be coupled to the processors 51 and 61 by using various well-known means.

While the present invention has been particularly shown and described with reference
to exemplary embodiments thereof, it will be understood by those skilled in the art that
various changes in form and details may be made therein without departing from the

spirit and scope of the invention as defined by the appended claims. The exemplary
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embodiments should be considered in descriptive sense only and not for purposes of
limitation. Therefore, the scope of the invention is defined not by the detailed de-
scription of the invention but by the appended claims, and all differences within the

scope will be construed as being included in the present invention.
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Claims

A method of transmitting a signal of a base station in a wireless com-
munication system, the method comprising:

in a subframe comprising a transmission period and a guard time for
transmission/reception switching of a relay station, transmitting a first
signal to the relay station through the transmission period; and
transmitting a second signal to a macro user equipment through the
guard time.

The method of claim 1, wherein, among resource elements belonging to
the guard time, user data included in the second signal is sequentially
mapped to resource elements having a first frequency, and is then se-
quentially mapped to resource elements having a second frequency.
The method of claim 1, wherein, among resource elements belonging to
the guard time, user data included in the second signal is sequentially
mapped to resource elements having a first orthogonal frequency
division multiplexing (OFDM) symbol number, and is then sequentially
mapped to resource elements having a second OFDM symbol number.
The method of claim 1, further comprising transmitting radio resource
allocation information for transmission of the second signal to the
macro user equipment, wherein the radio resource allocation in-
formation comprises information for reporting a location of the guard
time or information for instructing puncturing of the transmission
period.

The method of claim 1, wherein the first signal comprises control in-
formation and user data, and the control information and the user data
each consist of a separate packet.

The method of claim 1, wherein a subframe in which the relay station
receives the first signal is a multicast/broadcast single frequency
network (MBSFN) subframe.

A method of transmitting a signal by a base station to a relay station in
a wireless communication system, the method comprising:

splitting a subframe comprising a transmission period and a guard time
in a time domain into a first frequency band and a second frequency in
a frequency domain;

transmitting radio resource allocation information to the relay station
through the transmission period belonging to the first frequency band;

and
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transmitting user data to the relay station through the transmission
period belonging to the second frequency band indicated by the radio
resource allocation information.

The method of claim 7, wherein the first frequency band is a frequency
band pre-defined between the base station and the relay station.

The method of claim 7, wherein the transmission period belonging to
the first frequency band is determined between the base station and the
relay station in a semi-static manner.

The method of claim 7, wherein the radio resource allocation in-
formation is obtained by the relay station by performing blind
decoding.

The method of claim 7, further comprising transmitting user data in the
transmission period belonging to the first frequency band.

The method of claim 11, wherein the radio resource allocation in-
formation and the user data transmitted in the transmission period
belonging to the first frequency band each consist of a separate packet.
A method of transmitting a signal of a relay station in a wireless com-
munication system, the method comprising:

receiving radio resource allocation information from a base station;
generating a multiplexed signal by multiplexing control information
and user data; and

transmitting the multiplexed signal by using a radio resource indicated
by the radio resource allocation information in a subframe,

wherein the subframe comprises a transmission period and a guard time
for transmission/reception switching of the relay station in a time
domain, and the radio resource is included in the transmission period.
The method of claim 13, wherein the control information and the user
data each consist of a separate packet, and the multiplexed signal
comprises an aggregate packet which is an aggregation of the packets.
A relay station comprising:

a radio frequency (RF) unit for transmitting and receiving a radio
signal; and

a processor coupled to the RF unit,

wherein the processor receives radio resource allocation information,
generates a multiplexed signal by multiplexing control information and
user data, and transmits the multiplexed signal by using a radio
resource indicated by the radio resource allocation information in a

subframe, and the subframe comprises a transmission period and a
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guard time for transmission/reception switching of the relay station in a
time domain and the radio resource is included in the transmission

period.
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