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Description

METHOD AND APPARATUS OF COMMUNICATION USING

[1]

[2]

[3]

SUBFRAME BETWEEN BASE STATION AND RELAY

Technical Field

The present invention relates to wireless communication, and more particularly, to a
method of communication in a wireless communication system comprising a relay.
Background Art

Wireless communication systems are widely used to provide various type of commu-
nication services such as voice and data. The wireless communication systems are
multiple access systems capable of sharing available radio resources and supporting
communication with multiple users. For example, the radio resources are time,
frequency, codes, transmission power, etc. Examples of multiple access systems
include a TDMA (Time Division Multiple Access) system, a CDMA (Code Division
Multiple Access) system, an FDMA (Frequency Division Multiple Access) system, an
OFDMA (Orthogonal Frequency Division Multiple Access) system, an SC-FDMA
(Single Carrier-Frequency Division Multiple Access) system, etc. The TDMA system
uses time as radio resources, the FDMA system uses frequencies as radio resources,
the CDMA system uses codes as radio resources, and the OFDMA system uses sub-
carriers and time as radio resources. Furthermore, the wireless communication systems
support bidirectional communication. Bidirectional communication can be performed
using a TDD (Time Division Duplex) mode, an FDD (Frequency Division Duplex)
mode, an H-FDD (Half-Frequency Division Duplex) mode, etc. According to the TDD
mode, uplink transmission and downlink transmission are divided by time resources.
According to the FDD mode, uplink transmission and downlink transmission are
divided by frequency resources. According to the H-FDD mode, uplink transmission
and downlink transmission are divided by combination of time resources and
frequency resources.

A wireless communication system includes a base station that provides service to a
cell which is a certain area. The quality of a signal transmission is affected by a
variation of wireless environments in terms of characteristic of wireless transmission
technology. Particularly, radio channels vary with time due to various types of scatters
and movement of mobile stations. Furthermore, receive power abruptly decreases as a
distance between wireless communication subjects increases, and thus the distance is
restricted. Accordingly, a mobile station can communicate with a base station when the
mobile station is located in the coverage of the base station, in general. As described

above, a maximum transmission rate between a mobile station and a base station,
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throughput of a user in a cell and throughput of the entire cell decrease due to scatters,
the moving speed of the mobile station, a distance between transmitting and receiving
sides, etc. For example, if the mobile station is located on the boundary of the cell or
an obstacle such as a building exists between the mobile station and the base station,
the quality of communication between the mobile station and the base station may be

poor.
[4] To solve the aforementioned problem, various techniques for compensating for

degradation of transmission signals between the base station and the mobile station are
introduced to improve a maximum transmission rate and throughput and extend the
coverage of the base station. One of the various techniques is introduction of a relay
station in a wireless communication system. For instance, LTE (Long Term
Evolution)-Advanced that is one of potent candidates of IMT (International Mobile
Telecommunication)-Advanced corresponding to a next-generation mobile commu-
nication system following third-generation mobile communication systems includes a
relay station. The relay station relays signals between a base station and a mobile
station. The relay station can extend the coverage of the base station and improve cell
throughput.

[5] The relay station has been recently introduced, and thus a legacy mobile station
designed without considering the relay station and a new mobile station designed in
consideration of the relay station coexist in a wireless communication system including
the relay station. Accordingly, a method for maintaining backward compatibility for

the legacy mobile station is required.
Disclosure of Invention

Technical Problem

[6] An object of the present invention is to provide backward compatibility for a legacy
mobile station that is designed without considering a relay station.
Technical Solution

[7] According to an aspect of the present invention, there is provided a communication
method of a relay station in a wireless communication system, the communication
method comprising the steps of configuring subframes dedicated for a backhaul link
between a base station and the relay station and receiving a signal from the base station
via the subframes dedicated for the backhaul link, wherein access of a legacy mobile
station to at least a part of the subframes dedicated for the backhaul link is restricted.

[8] The part of the subframes dedicated for the backhaul link to which access of the
legacy mobile station may be restricted corresponds to MBSFN (Multimedia Broadcast
multicast service Single Frequency Network) subframe.

[9] The method may further comprise the step of transmitting a signal for indicating the
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[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

subframes dedicated for the backhaul link to a mobile station.
The signal may be transmitted through one of 6-bit bitmap, 10-bit bitmap and 24-bit

bitmap.

The signal may be transmitted by a system information block(SIB).

The relay station may not transmit any signal to the mobile station when the relay
station receives the signal from the base station through the subframes dedicated for
the backhaul link.

The subframes dedicated for the backhaul link may be configured among subframes
other than subframes through that at least one of a synchronous signal, a broadcast
signal and a paging signal is transmitted to mobile stations.

The same frequency band may be used for the backhaul link between the base station
and the relay station and an access link between the relay station and a mobile station.

According to another aspect of the present invention, there is provided a commu-
nication method of a base station in a wireless communication system, the commu-
nication method comprising the steps of configuring subframes dedicated for a
backhaul link between the base station and a relay station and transmitting data to the
relay station via the subframes dedicated for the backhaul link, wherein access of a
legacy mobile station to at least a part of the subframes dedicated for the backhaul link
is restricted.

The method may further comprise the step of transmitting a signal for indicating the
subframes dedicated for the backhaul link to the relay station via the backhaul link.

The method may further comprise the step of transmitting a signal for indicating the
subframes dedicated for the backhaul link to the legacy mobile station through the
relay station.

According to an aspect of the present invention, there is provided a mobile station
comprising an RF (Radio Frequency) unit transmitting/receiving radio signals and a
processor which is configured not to perform channel measurement in at least a part of
subframes dedicated for a backhaul link when information on the subframes dedicated
for the backhaul link is received from a base station or a relay station.

According to an aspect of the present invention, there is provided a mobile station
comprising an RF unit transmitting/receiving radio signals and a processor which is
configured to overhear a signal transmitted through a backhaul link in subframes
dedicated for a backhaul link when information on the subframes for the backhaul link

is received from a base station or a relay station.

Advantageous Effects

A backword compatibility for the legacy mobile station is obtained. Especially, an
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[27]

[28]

[29]

[30]

[31]

[32]

[33]

incorrect channel measurement of the legacy mobile station is prevented.
Brief Description of Drawings

FIG. 1 illustrates a wireless communication system including a relay station;

FIG. 2 illustrates an example of a structure of a radio frame;

FIG. 3 illustrates a structure of a downlink subframe;

FIG. 4 illustrates an example of a frame for link between a base station and a mobile
station;

FIG. 5 illustrates a resource allocation method according to an embodiment of the
present invention;

FIG. 6 is a flowchart showing a resource allocation method for a backhaul link
according to an embodiment of the present invention;

FIG. 7 is a flowchart showing a resource allocation method for a backhaul link
according to another embodiment of the present invention;

FIG. 8 is a flowchart showing a communicating method using a subframe between a
base station and a relay station according to an embodiment of the present invention;

FIG. 9 is a flowchart showing a communicating method using a subframe between a
base station and a relay station according to another embodiment of the present
invention;

FIG. 10 illustrates a time resource allocation method according to another em-
bodiment of the present invention; and

FIG. 11 is a block diagram of a wireless communication system including a relay

station according to an embodiment of the present invention.

Mode for the Invention

Techniques described below can be used for a variety of wireless communication
systems such as CDMA (Code Division Multiple Access), FDMA (Frequency Division
Multiple Access), TDMA (Time Division Multiple Access), OFDMA (Orthogonal
Frequency Division Multiple Access), SC-FDMA (Single Carrier-Frequency Division
Multiple Access) and MC-FDMA (Multi Carrier-Frequency Division Multiple Access)
systems. CDMA can be implemented by radio technology such as UTRAN (Universal
Terrestrial Radio Access Network) or CDMA2000. TDMA can be implemented by
radio technology such as GSM (Global System for Mobile Communications)/GPRS
(General Packet Radio Service)/EDGE (Enhanced Data rates for GSM Evolution).
OFDMA can be implemented by radio technology such as IEEE 802.11 (Wi-Fi), IEEE
802.16 (WiMAX), IEEE 802-20 or evolved UTRA (E-UTRA). UTRA is a part of
UMTS (Universal Mobile Telecommunications System). 3GPP (3rd Generation
Partnership Project) LTE (Long Term Evolution) is a part of E-UMTS (Evolved
UMTS) using E-UTRA, and it employs OFDMA for downlink and employs SC-
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FDMA for uplink.
[34] Although the present invention will be described based on 3GPP LTE-Advanced for

[35]

[36]

[37]
[38]

clarity of explanation, the technical spirit of the present invention is not limited thereto.
3GPP LTE-Advanced (referred to as LTE-A hereinafter) is evolved from 3GPP LTE
(referred to as LTE hereinafter).

FIG. 1 illustrates a wireless communication system including a relay station. The
wireless communication system is widely deployed to provide a variety of commu-
nication services, such as voices, packet data, etc.

Referring to FIG. 1, the wireless communication system includes one or more mobile
stations 10, 11, 12 and 13, a base station 20 and one or more relay stations 30 and 31.
The mobile stations 10, 11, 12 and 13 can be fixed or mobile and referred to as another
terminology, such as a user equipment(UE), a user terminal(UT), a subscriber
station(SS) and a wireless device(or wireless station), etc. The base station 20 is a fixed
station communicating with the mobile stations 10, 11, 12 and 13 and can be referred
to as another terminology, such as a node-B, a base transceiver system (BTS), an
access point, etc. There are one or more cells within the coverage of the BS 20. The
relay stations 30 and 31 are used to extend coverage or improve a transmission speed
according to diversity effect and located between the base station and mobile stations.
The relay station may be referred to as another terminology, such as a relay node(RN),
a repeater, relay, etc. That is, the mobile stations 10 and 11 located in the coverage of
the base station 20 can directly communicate with the base station 20 and the mobile
stations 12 and 13 located outside the coverage of the base station 20 can communicate
with the base station via the relay stations 30 and 31. Even the mobile stations 10 and
11 located in the coverage of the base station 20 can communicate with the base station
20 via the relay stations 30 and 31 to improve transmission speeds according to
diversity effect.

Relay stations can be classified according to function as follows.

Table 1
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[Table 1]
[Table |
function L1 Relay L2 Relay |L3 Relay |Pico/Femto

Cell

RF function X X X X
Coder/Decoder and CRC - X X X
HARQ - X X X
Multiplex & Demultiplex of |- X X X
MAC SDU
Priority(Qos) handling - X X X
Scheduling - X X X
Outer ARQ - (X) X X
(Re)-Segmentation and con- |- (X) X X
catenation
Header com- - - - X
pression(ROHC)
Reordering of lower layer |- - - X
SDUs
In-sequence delivery of - - -
upper layer PDUs
Duplicate detection of lower |- - - X
layer SDUs
Ciphering - - - X
System information - - X X
broadcast
RRC Connection set-up and |- - X X
maintenance
Radio Bearers set-up and - - - X
maintenance
Mobility function - - X
MBMS services control - - - X
Paging - - - X
QoS management - - (X) X




WO 2010/016693 PCT/KR2009/004306
UE measurement reporting |- - (X) X
and control the reporting
NAS signalling handling - - - X

[39]

[40]

[41]

In Table 1, ‘X’ represents that a corresponding function is supported,‘-* represents
that a corresponding function is not supported, and ‘(X)’ represents that a corre-
sponding function may be supported or not. Though the relay stations are classified
into L1 relay station, L2 relay station and L3 relay station in Table 1, it is exemplary.
This classification is classified according to rough characteristics. For reference, Table
1 represents functions of a femto cell and a pico cell in addition to functions of L1, L2
and L3 relay stations. It is assumed that the femto cell and the pico cell support all the
functions represented in Table 1. The L1 relay station has AF (Amplify and Forward)
function and some additional functions, amplifies a signal received from a base station
or a mobile station and transmits the amplified signal to another mobile station or the
base station. The L2 relay station has DF (Decoding and Forward) and scheduling
functions, demodulates and decodes a signal received from a base station or a mobile
station to restore information, codes and modulates the information to generate a signal
and transmits the signal to another mobile station or the base station. The L3 relay
station has a form similar to a single cell and the same functions as those of the L.2
relay station and supports Ho-connection, Ho-disconnection and mobility function.
The L3 relay station, the femto cell and the pico cell can change a whole or part of a
frame structure. That is, the L3 relay station, the femto cell and the pico cell are relay
stations capable of controlling relay cells. On the other hand, the L1 and L2 relay
stations cannot change the whole or part of the frame structure. That is, the L1 and L2
relay stations are relay stations that cannot control relay cells. Accordingly, the L1 and
L2 relay stations relay only data and a base station directly transmits a control channel
to a mobile station. Relay stations mean L1, L2, L3 relay stations, pico cell and femto
cell if there is no restriction on the relay stations in the specification.

The relay station can transmit or receive data by using radio resources. Radio
resources that can be used by the relay station include time resources, frequency
resources and space resources. The time resources are represented as subframes,
symbols and slots and the frequency resources are represented as subcarriers, resource
blocks and component carriers. The space resources are represented as spatial mul-
tiplexing and antennas. The radio resources can be exclusively used or shared between
a base station and a relay station and between a relay station and a mobile station.

A link between a base station and a relay station is referred to as a backhaul link and
a link between a relay station and a mobile station is referred to as an access link. The

backhaul link between the base station and the relay station can be operated in a FDD
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[42]

[43]

[44]

[45]

[46]

[47]

[48]

mode or a TDD mode. The access link between the relay station and the mobile station
can be also operated in the FDD mode or TDD mode.

FIG. 2 illustrates an example of a structure of a radio frame. The radio frame uses a
normal CP (Cyclic Prefix).

Referring to FIG. 2, the radio frame includes 10 subframes. A subframe may include
two slots. A slot may include a plurality of OFDM symbols in the time domain. The
number of OFDM symbols included in the slot can be determined based on a CP
structure. In a radio frame using a normal CP length, a slot may include 7 OFDM
symbols. When the OFDM symbol length is 2048 Ts in a radio frame having a size of
10ms, a normal CP length may be 144 Ts. Here, Ts=1/(15000%2048)sec.

P-SCH (Primary Synchronization Channel) is located at the last OFDM symbols of
the Oth slot and the 10th slot. The same PSS (Primary Synchronization Signal) is
transmitted via two P-SCHs. The P-SCH is used to achieve time domain synchro-
nization such as OFDM symbol synchronization and slot synchronization and/or
frequency domain synchronization. ZC (Zadoff-Chu) sequence may be used as the PSS
and a wireless communication system includes at least one PSS.

S-SCH (Secondary Synchronization Channel) is located at OFDM symbols right
before the last OFDM symbols of the Oth slot and the 10th slot. S-SCH and P-SCH
may be located at contiguous OFDM symbols. Different SSSs (Secondary Synchro-
nization Signals) are transmitted via two S-SCHs. The S-SCH is used to obtain frame
synchronization and/or CP configuration of a cell, that is, information on use of a
normal CP or extended CP. A single S-SCH uses two SSSs. SSS may use m-sequence.
That is, the single S-SCH includes two m-sequences. For example, if the single S-SCH
includes 63 subcarriers, two m-sequences each of which has a length of 31 are mapped
to the single S-SCH.

The P-SCH and S-SCH are used to obtain physical-layer cell identifies (ID). The
physical-layer cell ID can be represented by 168 physical-layer cell ID groups and 3
physical layer IDs belonging to the physical-layer cell ID groups. That is, the total
number of physical-layer cell IDs is 504, there are 168 physical-layer cell ID groups,
and 3 physical layer IDs are included in each of the physical-layer cell ID groups. The
P-SCH may use 3 ZC sequence root indexes indicating physical-layer IDs and the S-
SCH may use 168 m-sequence indexes indicating physical-layer cell ID groups.

P-BCH (Physical-Broadcast Channel) is located in the Oth subframe of the radio
frame. The P-BCH occupies 4 OFDM symbols including the third OFDM symbol and
OFDM symbols other than the OFDM symbols occupied by the P-SCH and S-SCH in
the Oth subframe. The P-BCH is used to obtain basic system configuration information
of the corresponding base station. A period of the P-BCH may be 40ms.

The radio frame structure shown in FIG. 2 is exemplary and the number of subframes
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[49]

[50]

[51]

[52]

[53]

included in the radio frame and the number of slots included in the subframes can be
varied.

FIG. 3 illustrates a structure of a downlink subframe. The subframe includes two
slots in the time domain. Maximum three OFDM symbols at the head of the first slot
correspond to a control region on which control channels are allocated and other
OFDM symbols correspond to a data region on which PDSCH (Physical Downlink
Shared Channel) is allocated.

Downlink control channels used in 3GPP LTE include PCFICH (Physical Control
Format Indicator Channel), PDCCH (Physical Downlink Control Channel), PHICH
(Physical Hybrid-ARQ Indicator Channel), etc. PCFICH transmitted via the first
OFDM symbol of the subframe loads information on the number of OFDM symbols
(that is, the size of the control region) used to transmit control channels in the
subframe. Control information transmitted via PDCCH is referred to as downlink
control information (DCI). The DCI includes uplink resource allocation information,
downlink resource allocation information and an uplink transmission power control
command for arbitrary UE groups. PHICH carries ACK (Acknowledgement)/NACK
(Not-Acknowledgement) signals for uplink HARQ (Hybrid Automatic Repeat
Request). That is, ACK/NACK signals for uplink data transmitted from a mobile
station are transmitted via the PHICH.

FIG. 4 illustrates an example of a frame for a link between a base station and a
mobile station.

Referring to FIG. 4, a subframe includes a control region transmitting control in-
formation and a data region transmitting data. Accordingly, most parts of system
operation are performed based on subframes. A frame unit such as a radio frame
includes a certain number of subframes. In a wireless communication system without
including a relay station, every subframe is allocated for a mobile station commu-
nicating with a base station. The structure of an uplink frame is similar to that of a
downlink frame.

Meanwhile a backhaul link between a base station and a relay station and an access
link between the relay station and a mobile station in certain cells can share frequency
resources. Here, it is difficult for the relay station to receive a signal from the base
station via the backhaul link and, at the same time, transmit a signal to the mobile
station via the access link because the signal received by the relay station via the
backhaul link and the signal transmitted from the relay station via the access line
interfere with each other to result in signal distortion. This is called self-interference.
Accordingly, when the base station transmits a signal to the relay station via the
backhaul link, the operation of the mobile station connected to the relay station is

problematic. A new mobile station (referred to as LTE-A mobile station hereinafter)



10

WO 2010/016693 PCT/KR2009/004306

[54]

[55]

[56]

[57]

[58]

designed in consideration of a relay station has capability of overhearing signals
transmitted via the backhaul link based on configuration and operates based on a
procedure specified by specifications. It is assumed that the LTE-A mobile station can
communicate with a relay station as well as a base station in this specification.
However, a legacy mobile station (referred to as LTE mobile station corresponding to a
mobile station based on Release 8) designed without considering a relay station is not
able to know the existence of the relay station. If channel measurement is attempted at
the time when a signal is transmitted from the base station to the relay station via the
backhaul link, an inaccurate channel measurement result may be obtained due to a
difference of reference signals structures. Furthermore, the base station may perform
wrong scheduling. Accordingly, it is desirable that the LTE mobile station does not
perform channel measurement when a signal is transmitted via the backhaul link.

FIG. 5 illustrates a resource allocation method according to an embodiment of the
present invention. Though FIG. 5 illustrates downlink transmission for convenience of
explanation, the technical spirit of the present invention can be applied to uplink
transmission.

Referring to FIG. 5, subframes #n, #n+2, #n+3 and #n+5 are configured as subframes
dedicated for an access link and subframes #n+1 and #n+4 are configured as subframes
dedicated for a backhaul link. In this manner, some subframes in a frame can be
allocated for the access link and the other subframes can be allocated for the backhaul
link.

FIG. 6 is a flowchart showing a resource allocation method for a backhaul link
according to an embodiment of the present invention.

Referring to FIG. 6, a base station configures subframes dedicated for the backhaul
link(step S100). For example, the subframes dedicated for the backhaul link may mean
subframes configured such that downlink signals are transmitted from the base station
to a relay station. The subframes dedicated for the backhaul link can be appropriately
configured through signaling between the base station and the relay station, between
the base station and a mobile station and between the relay station and the mobile
station. The subframes dedicated for the backhaul link may be configured such that the
subframes are periodically repeated in a frame. For example, the subframes dedicated
for the backhaul link may be configured such that the subframes are periodically
repeated for every k subframes. Furthermore, the subframes dedicated for the backhaul
link may be configured such that the subframes are non-periodically repeated in the
frame. That is, specific subframes in the frame may be configured as subframes
dedicated for the backhaul link.

When the subframes dedicated for the backhaul link are configured such that the

subfarmes are periodically or non-periodically repeated in the frame, the base station
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[59]

[60]

[61]

[62]

may transmit a signal for indicating the subframes dedicated for the backhaul link to
the relay station via backhaul link. And the base station may transmit a signal for in-
dicating the subframes dedicated for the backhaul link to a mobile station (hereinafter,
a mobile station represents an LTE mobile station and LTE-A mobile station if the
mobile station is not particularly specified) through the relay station( step S110). Here,
the base station can signal the signal by a bitmap. For example, when first, second,
fifth, sixth, ninth and tenth subframes in a radio frame including ten subframes are
configured as subframes dedicated for the backhaul link, a bitmap ‘1100110011 can
be signaled. The method of signaling the information through a bitmap is exemplary
and the base station can signal the information based on various methods.

FIG. 7 is a flowchart showing a resource allocation method for a backhaul link
according to another embodiment of the present invention.

Referring to FIG. 7, a relay station configures subframes dedicated for the backhaul
link(step S200). For example, the subframes dedicated for the backhaul link may be
configured such that downlink signals are transmitted from a base station to the relay
station. Here, the subframes dedicated for the backhaul link may be appropriately
configured through signaling between the base station and the relay station, between
the base station and a mobile station and between the relay station and the mobile
station. The subframes dedicated for the backhaul link may be configured such that the
subframes are periodically repeated in a frame. For example, the subframes dedicated
for the backhaul link may be configured such that the subframes are periodically
repeated for every k subframes. Furthermore, the subframes dedicated for the backhaul
link may be configured such that the subframes are non-periodically repeated in the
frame. That is, specific subframes in the frame may be configured as subframes
dedicated for the backhaul link.

When the subframes dedicated for the backhaul link are configured such that the
subfarmes are periodically or non-periodically repeated in the frame, the relay station
may transmit a signal for indicating the subframes dedicated for the backhaul link to
the mobile station(step S210). Here, the relay station can transmit the signal by a
bitmap. For example, when first, second, fifth, sixth, ninth and tenth subframes in a
radio frame including ten subframes are configured as subframes dedicated for the
backhaul link, a bitmap ‘1100110011” can be signaled. The method of signaling the in-
formation through the bitmap is exemplary and the relay station can signal the in-
formation based on various methods.

To configure subframes dedicated for a backhaul link and signal information on the
subframes, conventional methods may be used. For example, MBSFN (Multimedia
Broadcast multicast service Single Frequency Network) subframe can be used.

MBSEN can be refered variously, such as “Multi-Media Broadcast over a Single
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Frequency Network”, “MBMS (Multimedia Broadcast/multicast) over a Single
Frequency Network”, “MBMS Single Frequency Network™, “Multicast/Broadcast over
a Single Frequency Network™, “Multicast broadcast single frequency network™ and
“Multicast broadcast single frequency network”. The MBSFN subframe may include a
control region and a data region. For example, two leading OFDM symbols in the
MBSEFN subframe may be allocated for the control region and the other OFDM
symbols may be allocated for the data region. Accessibility to the control region and
the data region of the MBSFN subframe varies according to mobile station. In an
example, both the LTE mobile station and LTE-A mobile station can access the control
region of the MBSFN subframe and only the LTE-A mobile station can access the data
region of the MBSFN subframe. In another example, only the LTE-A mobile station
can access the whole region of the MBSFN subframe.

FIG. 8 is a flowchart showing a communication method using a subframe between a
base station and a relay station according to an embodiment of the present invention. It
is assumed that a backhaul link between the base station and the relay station and an
access link between the relay station and a mobile station use the same frequency band.

Referring to FIG. 8, the base station configures subframes dedicated for the backhaul
link between the base station and the relay station(step S300). For example, the
subframes dedicated for the backhaul link may be configured such that downlink
signals are transmitted from the base station to the relay station. The base station can
configure MBSEN subframes as the subframes dedicated for the backhaul link.

Here, the base station can consider a subframe including a control signal which must
be transmitted from the base station or the relay station to mobile stations. That is, the
base station can configure some of subframes other than the subframe including the
control signal which must be transmitted to the mobile stations as the subframes
dedicated for the backhaul link. For example, the control signal which must be
transmitted to the mobile stations includes a synchronization signal, a broadcasting
signal and a paging signal. The synchronization signal, the broadcasting signal and the
paging signal may be transmitted through 0, 4, 5 and 9 subframes among the 0, 1, 2, 3,
4,5,6,7, 8,9 subframes in a frame. Accordingly, some of the 1, 2, 3, 6, 7 and 8
subframes can be configured as the subframes dedicated for the backhaul link.

The base station informs the relay station of information for representing the
subframes dedicated for the backhaul link via backhaul link. And the base station
informs the mobile stations of information for representing the subframes dedicated for
the backhaul link through the relay station (step S310). In one example, the in-
formation representing the subframes dedicated for the backhaul link may be
transmitted through a bitmap. When some of the 0, 1, 2, 3, 4, 5, 6, 7, 8, 9 subframes in

the frame are configured as the subframes dedicated for the backhaul link, the base



13

WO 2010/016693 PCT/KR2009/004306

[67]

[68]

[69]

station can transmit a 10-bit bitmap as the information representing the subframes
dedicated for the backhaul link. In another example, when the subframes dedicated for
the backhaul link is configured among MBSFN subframes, the information rep-
resenting the subframes dedicated for the backhaul link may be transmitted to the
mobile stations by signaling (referred to as MBSFN signaling hereinafter) indicating
the MBSEN subframes. The MBFSN signaling can be performed through a system in-
formation block (SIB). Table 2 represents an example of the system information block
for MBSFN signaling.

Table 2
[Table 2]
[Table |

ConfiglE ::= { Period , AllocationOffset INTEGER (0..7), Allocation CHOICE {
oneFrame BITMAP (SIZE(6)), fourFrame BITMAP (SIZE(24)) }}

Configuration information for MBSFN signaling may include the period of a radio
frame on which the MBSFN subframe is allocated, radio frame offset
(AllocationOffset) and MBSFEN subframe allocation information (Allocation). The
MBSEN subframe allocation information can be represented as 6 bits when the
MBSEN subframe is allocated on every single frame. It can be represented as 24 bits
when the MBSFN subframe is allocated on every four frames. The 0, 4, 5 and 9
subframes among the 0, 1, 2, 3,4, 5, 6, 7, 8, 9 subframes in the frame must transmit a
control signal. Accordingly, when some of the 1, 2, 3, 6, 7 and 8 subframes other than
the 0, 4, 5 and 9 subframes are configured as the subframes dedicated for the backhaul
link, the information representing the subframes dedicated for the backhaul link can be
represented as 6 bits and signaled. When the subframes dedicated for the backhaul link
are configured among MBSFN subframes, the information representing the subframes
dedicated for the backhaul link can be transmitted to the mobile stations through the
control channels of the MBSFN subframes.

When the subframes dedicated for the backhaul link are MBSEN subframes, the base
station may signal whether the MBSFN subframes are subframes used for the original
purpose (MBSFN) or subframes for the backhaul link for an LTE-A mobile station.
For example, the base station may perform signaling of the combined form that
functions as both an indicator indicating the MBSFN subframes and an indicator in-
dicating the subframes dedicated for the backhaul link. Here, when the LTE-A mobile
station receives MBSFN signaling outside the coverage of the relay station, the LTE-A
mobile station can be configured such that the LTE-A mobile station can recognize
that the corresponding subframes correspond to the subframes for MBSFN. In contrast,

when the LTE-A mobile station receives the MBSFEN signaling in the coverage of the
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relay station, the LTE-A mobile station can be configured such that the LTE-A mobile
station can recognize whether the corresponding subframes correspond to the
subframes dedicated for the backhaul link or the subframes for MBSFN. For example,
the base station may add additional information to the MBSFN signaling to allow the
LTE-A mobile station to distinguish the subframes dedicated for the backhaul link
from the subframes for MBSFN. If MBSFN service is not supported in the coverage of
the relay station, the LTE-A mobile station in the coverage of the relay station can be
configured such that the LTE-A mobile station can recognize that the corresponding
subframes correspond to the subframes dedicated for the backhaul link when the LTE-
A mobile station receives MBSFN signaling.

The information representing the subframes dedicated for the backhaul link,
configured in the step S300, may be informed in such a manner that a pattern is
previously determined such as LTE PRACH configuration and the index of the pattern
is signaled. Table 3 represents a configuration of subframes dedicated for the backhaul
link.

Table 3
[Table 3]
Relay subframe configuration [system frame number |subframe number
0 even 1
1 even 4
2 even 7
3 any 1
4 any 4
5 any 7
§] any 1,6
7 any 2,7
8 any 3.8
9 any 1,4,7
10 any 2,5.,8
11 any 3,6.9
12 any 0,2,4,6,8
13 any 1,3,5,7,9
14 any 0,1,2,3,4,5,6,7,8,9
15 even 9

When the base station signals configuration #6, the relay station or a mobile station
may interpret the first and sixth subframes on every frame as subframes dedicated for
the backhaul link irrespective of a system frame number. This is useful when
scheduling information and subframes dedicated for the backhaul link are previously
determined and used. This signaling can be transmitted via a broadcasting channel.

The base station transmits a signal to the relay station via the backhaul link in the
subframes dedicated for the backhaul link, configured in step 300(step S320). Here, the
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relay station may not transmit any signal to a mobile station. Accordingly, collision of
the backhaul link and access link using the same frequency band can be prevented.

Meanwhile, when the base station transmits the signal to the relay station via the
backhaul link in the subframes dedicated for the backhaul link in step S320, the LTE
mobile station and the LTE-A mobile station perform different operations.

The LTE-A mobile station performs a predetermined operation in the subframes
dedicated for the backhaul link(step S330). For example, the LTE-A mobile station
recognizes the corresponding subframes as one of subframes for MBSFN and
subframes dedicated for the backhaul link. When the LTE-A mobile station recognizes
the corresponding subframes as the subframes dedicated for the backhaul link, the
LTE-A mobile station can combine data overheard from the MBSFN subframes and
data transmitted via the access link from the relay station. Furthermore, when the relay
station promises the LTE-A mobile station to perform COMP (Coordinated Multi
Point) operation (for example, joint transmission or selection transmission), initial
transmission or re-transmission through the relay station can be performed through the
MBSEFEN subframes.

The LTE mobile station recognizes the subframes dedicated for the backhaul link as
subframes that cannot used and does not perform channel measurement for the control
region or the whole region of the subframes for the backhaul link(step S340). Ac-
cordingly, it is possible to prevent a problem that a mobile station obtains an incorrect
channel measurement result even when a relay station (RS) structure of the subframes
dedicated for the backhaul link is changed.

FIG. 9 is a flowchart showing a communication method using a subframe between a
base station and a relay station according to another embodiment of the present
invention. It is assumed that a backhaul link between the base station and the relay
station and an access link between the relay station and a mobile station perform com-
munication using the same frequency band.

Referring to FIG. 9, the relay station sets subframes dedicated for the backhaul link
between the base station and the relay station(step S400). Here, MBSEN subframes
may be configured as the subframes dedicated for the backhaul link. The relay station
informs the base station and mobile stations of information representing the subframes
dedicated for the backhaul link, configured in step S400(step S410). The relay station
receives a signal from the base station through the backhaul link on the subframes
dedicated for the backhaul link, which are configured in step S400(step S420).
Meanwhile, when the relay station receives the signal from the base station through the
backhaul link in the subframes dedicated for the backhaul link in step S420, an LTE
mobile station and an LTE-A mobile station perform different operations. The LTE-A

mobile station performs a predetermined operation in the subframes dedicated for the
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backhaul link(step S430). The LTE mobile station recognizes the subframes dedicated
for the backhaul link as subframes that cannot be used and does not perform channel
measurement for the control region or the whole region of the subframes for the
backhaul link(step S440).

The communication method shown in FIG. 9 is identical to the communication
method shown in FIG. 8 except that the base station signals the subframes dedicated
for the backhaul link in the communication method shown in FIG. 8 while the relay
station signals the subframes dedicated for the backhaul link in the communication
method shown in FIG. 9.

FIG. 10 illustrates a time resource allocation method according to another em-
bodiment of the present invention. Though FIG. 10 illustrates downlink transmission
for convenience of explanation, the technical spirit of the present invention can be
applied to uplink transmission.

Referring to FIG. 10, subframes #n, #n+2, #n+4 and #n+5 are configured as
subframes dedicated for an access link and subframes #n+1 and #n+3 are configured as
subframes for the access link and a backhaul link.

FIG. 11 is a block diagram of a wireless communication system including a relay
station according to an embodiment of the present invention.

Referring to FIG. 11, the wireless communication system includes a base station 100,
a relay station 200, and a mobile station 300. The mobile station 300 may be an LTE
mobile station (mobile station that is designed without considering the relay station and
supports Release 8) or an LTE-A mobile station (mobile station designed in con-
sideration of the relay station). The base station 100 includes a processor 110 and an
RF (Radio Frequency) unit 120. The RF unit 120 of the base station 100 transmits/
receives radio signals. The processor 110 configures subframes dedicated for a
backhaul link, transmits information representing the subframes dedicated for the
backhaul link to the relay station 200 and/or the mobile station 300 and transmits a
signal to the relay station 200 through the subframes dedicated for the backhaul link.
The relay station 200 includes an RF unit 220 and a processor 210. The RF unit 220 of
the relay station 200 transmits/receives radio signals. The processor 210 configures
subframes dedicated for the backhaul link, transmits information representing the
subframes to the base station 100 and/or the mobile station 300 and transmits a signal
from the base station 100 through the subframes. The mobile station 300 includes an
RF unit 320 and a processor 310. The RF unit 320 of the mobile station 300 transmits/
receives radio signals. The processor 310 of the LTE mobile station receives in-
formation representing the subframes dedicated for the backhaul link from the base
station or the relay station and does not perform channel measurement in at least a part
of the subframes dedicated for the backhaul link. The processor 320 of the LTE-A
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mobile station receives information representing the subframes dedicated for the
backhaul link from the base station or the relay station and performs a predetermined
process in the subframes dedicated for the backhaul link. For example, the processor
320 of the LTE-A mobile station overhears a signal transmitted through the backhaul
link in the subframes dedicated for the backhaul link and combines the overheard
signal with a signal transmitted through the access link.

The present invention can be embodied as hardware, software or combination
thereof. When the invention is embodied as hardware, the invention can be im-
plemented in ASIC (Application Specific Integrated Circuit), DSP (Digital Signal
Processing), PLD (Programmable Logic Device), FPGA (Field Programmable Gate
Array), processor, controller, microprocessor, other electronic units or combinations
thereof, which are designed to perform the aforementioned functions. When the
invention is embodied as software, the invention can be implemented in a module
performing the aforementioned functions. Software can be stored in a memory unit and
executed by a processor. The memory unit or the processor can employ various means
well-known to those skilled in the art.

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

from the spirit and scope of the present invention as defined by the following claims.
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Claims

A communication method of a relay station in a wireless communication system,
the communication method comprising the steps of:

configuring subframes dedicated for a backhaul link between a base station and
the relay station; and

receiving a signal from the base station via the subframes dedicated for the
backhaul link,

wherein access of a legacy mobile station to at least a part of the subframes
dedicated for the backhaul link is restricted.

The communication method of claim 1, wherein the part of the subframes
dedicated for the backhaul link to which access of the legacy mobile station is re-
stricted corresponds to MBSFN (Multimedia Broadcast multicast service Single
Frequency Network) subframe.

The communication method of claim 1, further comprising the step of
transmitting a signal for indicating the subframes dedicated for the backhaul link
to a mobile station.

The communication method of claim 2, wherein the signal is transmitted through
one of 6-bit bitmap, 10-bit bitmap and 24-bit bitmap.

The communication method of claim 2, wherein the signal is transmitted by a
system information block(SIB).

The communication method of claim 1, wherein the relay station does not
transmit any signal to the mobile station when the relay station receives the
signal from the base station through the subframes dedicated for the backhaul
link.

The communication method of claim 1, wherein the subframes dedicated for the
backhaul link are configured among subframes other than subframes through that
at least one of a synchronous signal, a broadcast signal and a paging signal is
transmitted to mobile stations.

The communication method of claim 1, wherein the same frequency band is used
for the backhaul link between the base station and the relay station and an access
link between the relay station and a mobile station.

A communication method of a base station in a wireless communication system,
the communication method comprising the steps of:

configuring subframes dedicated for a backhaul link between the base station and
a relay station;and

transmitting data to the relay station via the subframes dedicated for the backhaul
link,
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wherein access of a legacy mobile station to at least a part of the subframes
dedicated for the backhaul link is restricted.

The communication method of claim 9, further comprising the step of
transmitting a signal for indicating the subframes dedicated for the backhaul link
to the relay station via the backhaul link.

The communication method of claim 9, further comprising the step of
transmitting a signal for indicating the subframes dedicated for the backhaul link
to the legacy mobile station through the relay station.

A mobile station comprising:

an RF (Radio Frequency) unit transmitting/receiving radio signals; and

a processor which is configured not to perform channel measurement in at least a
part of subframes dedicated for a backhaul link when information on the
subframes dedicated for the backhaul link is received from a base station or a
relay station.

A mobile station comprising:

an RF unit transmitting/receiving radio signals; and

a processor which is configured to overhear a signal transmitted through a
backhaul link in subframes dedicated for a backhaul link when information on
the subframes for the backhaul link is received from a base station or a relay

station.
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