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1

DATA TRANSMISSION METHOD FOR
WIRELESS COMMUNICATION SYSTEM
INVOLVING RELAY

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

RELATED APPLICATIONS

This application is a reissue application of U.S. Pat. No.
8,934,396 issued Jan. 13, 2015, which is issued from U.S.
patent application Ser. No. 13/235,723, filed on Sep. 19,

2011, which 1s a continuation of PCT Application No.
PCT/KR2010/001629 filed on Mar. 16, 2010, which claims

priority to, and the benefit of, Korean Patent Application No.
10-2009-0022521 filed Mar. 17, 2009, Korean Patent Appli-
cation No. 10-2009-0023960 filed Mar. 20, 2009, Korean
Patent Application No. 10-2009-0036866 filed Apr. 28,
2009, Korean Patent Application No. 10-2009-00382776 filed
Apr. 30, 2009, Korean Patent Application No. 10-2009-
00353390 filed Jun. 22, 2009, Korean Patent Application No.
10-2009-0060454 filed Jul. 3, 2009, Korean Patent Appli-
cation No. 10-2009-0076179 filed Aug. 18, 2009 and
Korean Patent Application No. 10-2009-0105098 filed Nov.
2, 2009. The contents of the alorementioned applications are
hereby incorporated by reference.

BACKGROUND

The present mvention relates to data transmission and
reception 1 a wireless communication system, and more
particularly, to data transmission and reception between a
relay and a base station 1n a wireless communication system
including the relay.

A relay station (RS) 1s a device serving as an intermediary
between a base station and user equipment (UE). As 1llus-
trated 1n FIGS. 1A and 1B, an RS 1s deployed 1in a dead zone
or at a cell boundary to effectively extend cell coverage and
increase a throughput without adding a new base station or
establishing a wired backhaul.

FIG. 1A shows a relay use model in which coverage can
be extended using a relay. To be specific, FIG. 1A shows a
case 1n which relays are deployed at the cell coverage
boundary of a donor base station and outside the cell
coverage boundary and provide service to UEs located
outside the cell radius of the base station, and a case 1n which
relays relay a signal of the base station to UEs that are
located among buildings, in a building having a poor wire-
less environment, 1n a subway train, and across a cluster of
buildings from the base station.

FIG. 1B shows a relay use model 1in which a cell through-
put 1s improved using a relay. Relays 200-1 and 200-2
shown 1n FIG. 1B are located within the cell radius of the
donor base station 100 and provide service of better quality
to UEs located close to a cell boundary, compared to a case
in which there 1s no relay. In other words, when there 1s no
relay between the base station 100 and a first UE 300-1, a
low transmission rate, for example, a quadrature phase-shiit
keying (QPSK) link, 1s provided to the first UE 300-1. On
the other hand, when a second UE 300-2 and a third UE
300-3 are located within a relay cell radius, the relay
transmits data received from the base station 100 to the
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second UE 300-2 and the third UE 300-3 at a high trans-
mission rate, such as 64 quadrature amplitude modulation

(QAM), so that a cell throughput can be improved.

Using relay technology, data can be transmitted between
a base station and a UE 1n various ways. For example, a base
station directly transmits data to a UE without a relay, or a
relay between a base station and a UE relays data, which
extends existing cell coverage and improves a throughput.
As another example, an additional UE performs relay trans-
mission between a base station and a UE, which requires
autonomic constitution and management of an ad-hoc net-
work. This transmission method 1s suited to support an
emergency call capable of replacing communication that 1s
impossible over an existing network.

When such a relay function 1s adopted in a wireless
communication network, there 1s a change 1n a wireless link.
That 1s, while two links between a base station and a UE are
enough for conventional art, an added relay requires an
additional wireless link. In other words, an uplink and
downlink between a donor base station and a relay and an
uplink and downlink between the relay and a UE should be
additionally taken into consideration.

Thus far, much research has been conducted 1n relation to
the relay technology by organizations for standardization
such as long term evolution (LTE)-advanced of third gen-
cration partnership project (3GPP), Institute of FElectrical
and Electronics Engineers (IEEE) 802.16m, etc. However, a
detailed procedure, a channel configuration method, a chan-
nel transmission method, etc. for data transmission and
reception between a relay and a base station have not been
suggested yet, and thus are needed.

SUMMARY

The present mvention 1s directed to providing a proce-
dure, a channel configuration, a channel transmission
method, etc. for data transmission and reception between a
relay and a base station 1n a wireless communication system.

One aspect of the present invention provides a downlink
transmission method 1 a mobile communication network
including a relay, the method including: transmitting, at a
base station, a backhaul downlink signal according to a
frame structure of a backhaul downlink and a timing of the
backhaul downlink determined in consideration of at least
one of a time for the relay to switch between transmission
and reception and a signal transmission time; and receiving,
at the relay, the backhaul downlink signal according to the
frame structure and the timing of the backhaul downlink

Transmitting the backhaul downlink signal may include
transmitting, at the base station, the backhaul downlink
signal using symbols for backhaul downlink signal trans-
mission including all symbols of a base station access
downlink subirame except as many symbols beginning with
a first symbol as (a number of symbols through which a relay
access downlink control channel 1s transmitted+1). Here, a
start time point of a relay access downlink subirame related
to the timing of the backhaul downlink may be set to be later
than a point in time when the relay begins to receive the first
symbol of the base station access downlink subframe by a
length of a downlink following guard period.

Transmitting the backhaul downlink signal may include
transmitting the backhaul downlink signal using symbols for
backhaul downlink signal transmission including all sym-
bols of a base station access downlink subirame except as
many symbols beginning with a first symbol as a number of
symbols through which a relay access downlink control
channel 1s transmitted and a last symbol as maximum.
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Here, a start time point of a relay access downlink
subirame related to the timing of the backhaul downlink
may be set to be earlier than a point 1n time when the relay
begins to receive the first symbol of the base station access
downlink subframe by a sum of a length of a time period 1n
which control information about a relay access downlink 1s
transmitted and a length of a downlink preceding guard
period.

To set a start time point of a relay access downlink
subiframe to a start time point of a base station access
downlink subirame, a transmission time of the relay access
downlink subirame may be set to be earlier than a point 1n
time when the relay begins to receive a first symbol of the
base station access downlink subirame by half a time
indicated by timing advance information transmitted by the
base station to the relay.

Transmitting the backhaul downlink signal may include
transmitting the backhaul downlink signal using symbols for
backhaul downlink signal transmission including all sym-
bols of the base station access downlink subirame except as
many symbols beginning with the first symbol as a number
of symbols through which a relay access downlink control
channel 1s transmitted. Here, the start time point of the relay
access downlink subirame related to the timing of the
backhaul downlink may be set to the point in time when the
relay begins to receive the first symbol of the base station
access downlink subirame.

The downlink transmission method may further include
transmitting, at the relay, a relay access downlink subirame
to relay user equipment (UE) according to the frame struc-
ture and the timing of the backhaul downlink.

The frame structure and the timing of the backhaul
downlink may be determined in further consideration of at
least one of a time period 1n which control information about
a relay access downlink, which 1s a downlink to the relay
UE, 1s transmitted from the relay, and a time period 1n which
control information about a base station access downlink,
which 1s a downlink to a base station UE, 1s transmitted from
the relay.

Meanwhile, the downlink transmission method may fur-
ther include, before transmitting a backhaul downlink signal,
transmitting, at the relay, information about a time for
switching between transmission and reception to the base
station.

The information about a time for switching between

transmission and reception may be transmitted by upper
layer signaling, in particular, radio resource control (RRC)
signaling.

Another aspect of the present mmvention provides an
uplink transmission method 1n a mobile communication
network including a relay, the method including: transmait-
ting, at the relay, a backhaul uplink signal according to a
frame structure and a timing of a backhaul uplink deter-
mined 1n consideration of at least one of a time for the relay
to switch between transmission and reception and a signal
transmission time; and receiving, at a base station, the
backhaul uplink signal according to the frame structure and
the timing of the backhaul uplink.

Transmitting the backhaul uplink signal may include
transmitting, at the relay, the backhaul uplink signal using
symbols for backhaul uplink signal transmission including
symbols of a backhaul uplink subirame beginning with a
second symbol and ending with a last symbol. Here, a start
time point of the backhaul uplink subframe related to the
timing of the backhaul uplink may be set to be later than a
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point 1n time when the relay transmits a base station access
uplink signal 1n a UE mode of relay by a length of an uplink
following guard period.

Transmitting the backhaul uplink signal may include
transmitting the backhaul uplink signal using symbols for
backhaul uplink signal transmission imncluding symbols of a
backhaul uplink subirame beginning with a first symbol and
ending with a second to last symbol. Here, a start time point
of the backhaul uplink subirame related to the timing of the
backhaul uplink may be set to be later than a point in time
when the relay transmits a base station access uplink signal
in a UE mode of relay by an uplink preceding guard period.

Transmitting the backhaul uplink signal may include
transmitting the backhaul uplink signal using symbols for
backhaul uplink signal transmission including symbols of a
backhaul uplink subiframe beginning with a second symbol
and ending with a last symbol as maximum, and a start
symbol and an end symbol of the symbols for backhaul
uplink signal transmission may vary according to at least
one of a length of a signal transmission time of the backhaul
uplink and the time for the relay to switch between trans-
mission and reception. Here, a start time point of the
backhaul uplink subframe related to the timing of the
backhaul uplink may be set to a start time point of a base
station access uplink subirame. The start time point of the
backhaul uplink subirame related to the timing of the
backhaul uplink may also be set to be later than a point in
time when the relay transmits a base station access uplink
signal 1n a UE mode of relay by half a time indicated by
timing advance information transmitted by the base station
to the relay.

Transmitting the backhaul uplink signal may include
transmitting the backhaul uplink signal using symbols for
backhaul uplink signal transmission imncluding symbols of a
backhaul uplink subirame beginning with a first symbol and
ending with a last symbol. Here, a start time point of the
backhaul uplink subiframe related to the timing of the
backhaul uplink may be set to a point in time when the relay
transmits a base station access uplink signal 1n a UE mode
of relay.

Still another aspect of the present immvention provides a
relay device that performs transmission and reception with
a base station through a backhaul link, notifies the base
station of information about a time required for switching
between transmission and reception, receives a backhaul
downlink signal from the base station according to a frame
structure and a timing of a backhaul downlink determined 1n
consideration of the time required for switching between
transmission and reception, and transmits a backhaul uplink
signal to the base station according to a frame structure and
a timing of a backhaul uplink determined 1n consideration of
the time required for switching between transmission and
reception.

Yet another aspect of the present invention provides a
base station that communicates with at least one relay
through a backhaul link, and receives a backhaul downlink
signal according to a frame structure and a timing of a
backhaul downlink determined 1n consideration of a time for
the relay to switch between transmission and reception and
a signal transmission time.

Yet another aspect of the present mvention provides a
downlink transmission method, including selecting, at a
base station, at least one piece of period configuration
information among a plurality of pieces of predefined period
configuration information of a backhaul link signal. The
period configuration information may include information
about symbols 1n a base station access downlink subiframe
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through which a signal 1s actually transmitted, information
about a downlink transmission timing of a relay according to
the information about the symbols, information about sym-
bols 1n a whole backhaul uplink subiframe through which a
signal 1s transmitted, and information about a backhaul
uplink transmission timing of the relay and a backhaul
uplink reception timing of the base station according to the
information about the symbols.

Yet another aspect of the present invention provides an
uplink transmission method 1n a mobile communication
network including a relay, the method including: when two
or more backhaul uplink subirames to be transmitted to a
base station are consecutively disposed, replacing, at the
relay, a guard period disposed at a position where one
backhaul uplink subirame 1s i1n contact with the other
backhaul uplink subiframe with a backhaul uplink signal
period to adaptively configure a backhaul uplink subirame;
and performing backhaul uplink transmission using the
configured uplink frame.

The uplink transmission method may further include:
receiving, at the base station, the two or more consecutive
backhaul uplink subirames from the relay; and inferring, at
the base station, a format of the two or more consecutive
backhaul uplink subframes from a format of a predefined
separate backhaul uplink subframe.

A format of a separate backhaul uplink subirame that will
be used by the relay may be fixed or predefined.

Meanwhile, the uplink transmission method may further
include transmitting, at the base station, information about
the format of the separate backhaul uplink subframe that waill
be used by the relay to the relay in advance, and the
information about the format of the separate backhaul uplink
subirame that will be used by the relay may be information
about a subirame format selected from among at least one
backhaul uplink subirame format predefined between the
base station and the relay.

Also, the information about the selected subirame format
may be transmitted by upper layer signaling.

In configuring the uplink frame, the uplink frame may be
configured m a form in which a first backhaul uplink
demodulation reference signal and a second backhaul uplink
demodulation reference signal are disposed 1n one backhaul
uplink subirame.

As many symbols as (half a maximum number of symbols
that one backhaul uplink subirame can include-1) may be
interposed between the first backhaul uplink demodulation
reference signal and the second backhaul uplink demodula-
tion reference signal.

In configuring the uplink frame, the uplink frame may be
configured in a form 1n which only one backhaul uplink
demodulation reference signal 1s disposed in one backhaul
uplink subframe.

The backhaul uplink demodulation reference signal may
be disposed at a position 1n the one backhaul uplink sub-
frame at which a difference between a number of symbols
preceding the backhaul uplink demodulation reference sig-
nal and a number of symbols following the backhaul uplink
demodulation reference signal does not exceed three.

Yet another aspect of the present invention provides a
relay device that when two or more backhaul uplink sub-
frames to be transmitted to a base station are consecutively
disposed, replaces a guard period disposed at a position
where one backhaul uplink subirame 1s 1n contact with the
other backhaul uplink subirame with a backhaul uplink
signal period to adaptively configure a backhaul uplink
subirame, and performs backhaul uplink transmission using
the configured uplink frame.
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Yet another aspect of the present invention provides a
base station that when two or more backhaul uplink sub-
frames are consecutively received from a relay, infers a
format of the two or more consecutive backhaul uplink
subframes from a format of a separate backhaul uplink
subirame.

Yet another aspect of the present mvention provides a
backhaul downlink transmission method, including: deter-
mining a transmission start time point of a backhaul down-
link signal 1n consideration of a number of symbols through
which a relay access downlink control channel 1s transmitted
and a number of symbols through which a base station
access downlink control channel 1s transmitted; and trans-
mitting, at a base station, the backhaul downlink signal to a
relay according to the determined transmission start time
point of the backhaul downlink signal.

The backhaul downlink transmission method may further
include, before determining a transmission start time point
of a backhaul downlink signal, notifying, at the relay, the
base station of the number of symbols through which a relay
access downlink control channel 1s transmitted.

The backhaul downlink transmission method may further
include transmitting, at the base station, information about a
number of symbols through which a relay access downlink
physical control channel of a relay access downlink signal 1s
transmitted to the relay before transmission of the relay
access downlink physical control channel.

The backhaul downlink signal may be transmitted through
a backhaul downlink physical control channel and a back-
haul downlink physical data channel, and the backhaul
downlink physical data channel may include a part of a
region allocated 1in advance as the backhaul downlink physi-
cal control channel.

The backhaul downlink physical control channel may
include information indicating whether or not the backhaul
downlink physical data channel includes a part of the region
allocated as the backhaul downlink physical control channel.

Relay system information, which 1s applied in common to
all relays interoperating with the base station, may be
transmitted through a relay-common backhaul downlink
physical control channel, which 1s a part of the backhaul
downlink physical control channel.

The relay system information may vary according to relay
system information modification period, and may not vary in
one relay system information modification period.

The relay-common backhaul downlink physical control
channel may include a notification of whether the relay
system 1nformation varies 1n a next modification period.

The notification of whether the relay system information
varies may be included one or more times 1n one modifica-
tion period.

Data for checking a transmission error ol the relay-
common backhaul downlink physical control channel may
be masked with a relay-common identifier that can be
applied to all relays interoperating with the base station.

The base station may transmit at least one of information
indicating whether or not each base station access downlink
includes a backhaul downlink signal, and allocation infor-
mation of a backhaul uplink subirame to the relay.

The imformation indicating whether or not each base
station access downlink includes a backhaul downlink sig-
nal, and the allocation information of a backhaul uplink
subirame may be set to be different according to the respec-
tive relays interoperating with the base station or relay
groups, or applied the same to all the relays interoperating
with the base station.
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The base station may transmit resource allocation infor-
mation about the backhaul downlink physical data channel

and a backhaul uplink physical data channel transmitted be
the relay to the base station to the relay, and the allocation
information about the backhaul downlink physical data
channel and a backhaul uplink physical data channel trans-
mitted be the relay to the base station may include infor-
mation about a range of the backhaul uplink physical data
channel to which the resource allocation information 1is
applied.

Yet another aspect of the present invention provides a
backhaul downlink transmission method 1n a mobile com-
munication system in which a base station communicates
with a relay through a backhaul link, the method including;:
receiving, at the base station or the relay, data including one
or more codewords from the counterpart through the back-
haul link; and configuring response information using a
bundling mode in which one piece of acknowledge infor-
mation 1s configured for all the received one or more
codewords, and transmitting the configured response infor-
mation to the counterpart.

All the one or more codewords may be included 1n one
subirame, or the respective codewords may be included 1n
different subirames.

When the base station releases the bundling mode, the
base station may notily the relay of release of the bundling
mode.

Using an exemplary embodiment of the present invention,
it 1s possible to eflectively perform data transmission and
reception between a relay and a base station 1n a wireless
communication system including the relay.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1A shows a relay use model in which coverage can
be extended using a relay.

FI1G. 1B shows a relay use model in which a cell through-
put 1s improved using a relay.

FIG. 2 shows six signal transmission and reception links
in a wireless communication system according to an exem-
plary embodiment of the present invention.

FIG. 3 illustrates a relationship between transmaission and
reception of a base station access downlink signal between
a base station and a relay.

FI1G. 4 1llustrates a relationship between transmission and
reception of a backhaul downlink signal between a base
station and a relay based on a downlink transmission method
according to an exemplary embodiment of the present
invention.

FI1G. 35 1llustrates a relationship between transmission and
reception of a backhaul downlink signal between a base
station and a relay based on a downlink transmission method
according to another exemplary embodiment of the present
invention.

FIG. 6 illustrates a relationship between transmaission and
reception of a backhaul downlink signal between a base
station and a relay based on a downlink transmission method
according to still another exemplary embodiment of the
present mvention.

FI1G. 7 1llustrates a relationship between transmission and
reception of a backhaul downlink signal between a base
station and a relay based on a downlink transmission method
according to yet another exemplary embodiment of the
present mvention.

FI1G. 8 1llustrates a relationship between transmission and
reception ol a base station access uplink signal between a
base station and a relay.
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FIG. 9 illustrates a relationship between transmission and
reception of a backhaul uplink signal between a base station
and a relay based on a backhaul uplink transmission method
according to an exemplary embodiment of the present
ivention.

FIG. 10 illustrates a relationship between transmission
and reception of a backhaul uplink signal between a base
station and a relay based on a backhaul uplink transmission
method according to another exemplary embodiment of the
present 1nvention.

FIG. 11 illustrates a relationship between transmission
and reception of a backhaul uplink signal between a base
station and a relay based on a backhaul uplink transmission
method according to still another exemplary embodiment of
the present mnvention.

FIG. 12 illustrates a relationship between transmission
and reception of a backhaul uplink signal between a base
station and a relay based on a backhaul uplink transmission
method according to yet another exemplary embodiment of
the present mvention.

FIG. 13 1illustrates frame structures of a relay and a base
station when two different uplink timing configurations are
simultaneously used on the basis of an uplink configuration
method according to an exemplary embodiment of the
present 1nvention.

FIG. 14 illustrates several formats of a backhaul uplink
subirame according to exemplary embodiments of the pres-
ent 1nvention.

FIG. 15 illustrates formats of consecutive backhaul uplink
subirames when a separate backhaul uplink subirame cor-
responds to type A of FIG. 14.

FIG. 16 illustrates formats of consecutive backhaul uplink
subiframes when a separate backhaul uplink subirame cor-
responds to type B of FIG. 14.

FIG. 17 1llustrates formats of consecutive backhaul uplink
subframes when a separate backhaul uplink subiframe cor-
responds to type C of FIG. 14.

FIG. 18 1llustrates formats of consecutive backhaul uplink
subirames when a separate backhaul uplink subirame cor-
responds to type D of FIG. 14.

FIG. 19 illustrates frame structures according to exem-
plary embodiments of the present invention when two
backhaul uplink demodulation reference signals are present
in a backhaul uplink subirame including 14 symbols.

FIG. 20 illustrates frame structures according to exem-
plary embodiments of the present invention when two
backhaul uplink demodulation reference signals are present
in a backhaul uplink subirame including 12 symbols.

FIG. 21 illustrates frame structures according to exem-
plary embodiments of the present invention when one back-
haul uplink demodulation reference signal 1s disposed 1n a
backhaul uplink subirame including 14 symbols.

FIG. 22 illustrates frame structures according to exem-
plary embodiments of the present invention when one back-
haul uplink demodulation reference signal 1s disposed 1n a
backhaul uplink subirame including 12 symbols.

FIG. 23 illustrates a transmission period of relay system
information according to an exemplary embodiment of the
present 1nvention.

DESCRIPTION OF EMBODIMENTS

Heremaiter, exemplary embodiments of the present
invention will be described 1n detail. However, the present
invention 1s not limited to the exemplary embodiments
disclosed below, but can be implemented in various forms.
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The following exemplary embodiments are described in
order to enable those of ordinary skill 1n the art to embody
and practice the mvention.

It will be understood that, although the terms first, second,
ctc. may be used herein to describe various elements, these
clements should not be limited by these terms. These terms
are only used to distinguish one element from another. For
example, a first element could be termed a second element,
and, similarly, a second element could be termed a first
clement, without departing from the scope of the present
invention. As used here, the term “and/or” includes any and
all combinations of one or more of the associated listed
items.

It will be understood that when an element 1s referred to
as being “connected” or “coupled” to another element, 1t can
be directly connected or coupled to the other element or
intervening elements may be present. In contrast, when an
clement 1s referred to as being “directly connected” or
“directly coupled” to another element, there are no inter-
vening elements present.

The terminology used herein 1s for the purpose of describ-
ing particular embodiments only and 1s not mtended to be
limiting of the invention. As used herein, the singular forms
“a,” “an” and “the” are intended to include the plural forms
as well, unless the context clearly indicates otherwise. It will
be further understood that the terms “comprises,” “compris-
ing,” “includes” and/or “including,” when used herein,
specily the presence of stated features, integers, steps,
operations, elements, and/or components, but do not pre-
clude the presence or addition of one or more other features,
integers, steps, operations, elements, components, and/or
groups thereol.

Unless otherwise defined, all terms (including technical
and scientific terms) used herein have the same meaning as
commonly understood by one of ordinary skill in the art to
which this mvention belongs. It will be further understood
that terms, such as those defined 1n commonly used diction-
aries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant
art and will not be interpreted in an i1dealized or overly
formal sense unless expressly so defined here.

As used herein, the term “user equipment (UE)” may be
referred to as a mobile station, user terminal (UT), wireless
terminal, access terminal (Al), terminal, subscriber unit,
subscriber station (SS), wireless device, wireless communi-
cation device, wireless transmit/recerve unit (WTRU), mov-
ing node, mobile, or other terms. Various exemplary
embodiments of a UE may include a cellular phone, a smart
phone having a wireless communication function, a personal
digital assistant (PDA) having a wireless communication
function, a wireless modem, a portable computer having a
wireless communication function, a photographing appara-
tus such as a digital camera having a wireless communica-
tion function, a gaming apparatus having a wireless com-
munication function, a music storing and playing appliance
having a wireless communication function, an Internet home
appliance capable of wireless Internet access and browsing,
and also portable units or terminals having a combination of
such functions, but are not limited to these.

In this specification, the term “base station” 1s used to
denote a “control device that controls one cell.” In an actual
communication system, a “physical base station” can control
a plurality of cells. In this case, the “physical base station™
can be considered to include several “base stations™ of the
present invention. Also, the term “relay™ 1s used to denote a
“control device that controls one cell.” In an actual com-

munication system, a “physical relay” can control a plurality
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of cells. In this case, the “physical relay” can be considered
to include several “relays” of the present invention. In other
words, 1t 1s possible to consider that different parameters are
allocated to respective cells by respective “base stations™ or
“relays.”

With reference to the appended drawings, exemplary
embodiments of the present mvention will be described 1n
detail below. To aid in understanding the present invention,
like numbers refer to like elements throughout the descrip-
tion of the figures, and the description of the same compo-
nent will not be reiterated.

FIG. 2 shows six signal transmission and reception links
in a wireless communication system according to an exem-
plary embodiment of the present invention.

Referring to FIG. 2, a wireless communication system
according to an exemplary embodiment of the present
invention includes a base station 110, a relay 210, a base
station UE 310, and a relay UE 320. The base station UE 310
belongs to a base station cell and exchanges signals with the
base station 110. A link through which the base station 110
transmits a signal to the base station UE 310 is referred to
as a base station access downlink, and a link through which
the base station UE 310 transmits a signal to the base station
110 1s referred to as a base station access uplink.

The relay 210 operates as a base station UE at the initial
stage of deployment. In other words, the base station 110
considers the relay 210 to be one base station UE 310 and
exchanges signals with the relay 210 through a base station
access uplink/downlink An operation mode corresponding
to the case 1 which a relay operates 1n this way 1s referred
to as a UE mode of relay. In the UE mode of relay, the relay
210 exchanges information required for configuring a relay
cell, etc. with the base station 110.

After this, the relay 210 configures 1ts own cell as a base
station and can exchange signals with a UE. An operation
mode corresponding to this case 1s referred to as a base
station mode of relay. A UE that belongs to a relay when the
relay 1s 1n the base station mode 1s referred to as a relay UE.
Also, a link through which the relay 210 transmits a signa
to the relay UE 320 1s referred to as a relay access downlink,
and a link through which the relay UE 320 transmuits a signal
to the relay 210 1s referred to as a relay access uplink. When
the relay 210 1s 1n the base station mode, a link through
which the base station 110 transmits a signal to the relay 210
1s referred to as a backhaul downlink, and a link through
which the relay 210 transmits a signal to the base station 110
1s referred to as a backhaul uplink.

Also, the relay 210 can be switched to the UE mode when
the relay 210 loses uplink timing synchronization with the
base station 110 while operating 1n the base station mode.
The relay 210 operating 1n the UE mode performs random
access to obtain uplink timing synchronization with the base
station 110. After this, the relay 210 1s switched to the base
station mode and can exchange signals with the relay UE
320 again.

A base station access downlink subirame and a relay
access downlink subframe will be described 1n detail below.

A base station access downlink frame consists of a
plurality of base station access downlink subirames. Accord-
ing to a base station access downlink subirame, a base
station may transmit a base station access downlink signal
alone or a backhaul downlink signal alone. Also, the base
station may transmit a base station access downlink signal
and a backhaul downlink signal together. In this case, the
base station access downlink signal and the backhaul down-
link signal can be transmitted in different regions. Here, a
region denotes a combination of a time domain, frequency
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domain, spatial domain, code domain, and so on. A base
station access downlink signal may include a base station
access downlink physical data channel, a base station access
downlink physical control channel, a base station access
downlink reference signal, a base station access synchroni-
zation signal, etc. and may further include another channel
or signal in addition to the aforementioned channels or
signals. A backhaul downlink signal may include a backhaul
downlink physical data channel, a backhaul downlink physi-
cal control channel, a backhaul downlink reference signal,
etc. and may further include another channel or signal 1n
addition to the atorementioned channels or signal.

Meanwhile, a relay access downlink frame consists of a
plurality of relay access downlink subirames. According to
a relay access downlink subframe, a relay may transmit a
relay access downlink signal alone or receive a backhaul
downlink signal alone. Also, the relay may transmit the relay
access downlink signal and receirve the backhaul downlink
signal. To be specific, the relay can transmit the relay access
downlink signal in the whole relay access downlink sub-
frame. Also, to receive the backhaul downlink signal, the
relay may not transmit the relay access downlink signal 1n a
part or all of regions of the relay access downlink subirame.
Here, a region denotes a combination of a time domain,
frequency domain, spatial domain, code domain, and so on.
In an exemplary embodiment 1n which a backhaul downlink
signal 1s recerved from a relay access downlink subirame, a
relay may configure the relay access downlink subirame as
a Multicast Broadcast Single Frequency Network (MBSFN)
subirame and notify a relay UE of a domain in which a relay
access downlink signal 1s transmitted.

In the base station mode of relay, a relay can have a guard
period before, after, or before and aifter reception of a
backhaul downlink signal to switch between downlink trans-
mission and downlink reception performed at the radio
frequency (RF) terminal of the relay. Durning the guard
period, the relay neither receives a backhaul downlink signal
nor transmits a relay access downlink signal. A guard period
from when the relay transmits a relay access downlink signal
to when the relay receives a backhaul downlink signal 1s
referred to as a downlink preceding guard period GP1_DL,
and the length of GP1_DL 1s indicated by Tgpl_ DL.
Tgpl DL 1s equal to or greater than a time for switching
from downlink transmission to downlink reception at the RF
terminal of the relay. A guard period from when the relay
receives a backhaul downlink signal to when the relay
transmits a relay access downlink signal 1s referred to as a
downlink following guard period GP2_DL, and the length of
GP2_DL 1s indicated by Tgp2_ DL. Tgp2_ DL 1s equal to or
greater than a time for switching from downlink reception to
downlink transmission at the RF terminal of the relay.

Next, downlink timing alignment, that 1s, timing between
downlink transmission of a base station and downlink trans-
mission and reception of a relay will be described below.

In the UE mode of relay, a relay receives a base station
access downlink signal transmitted from a base station. The
base station downlink signal arrives at the relay after a time
as long as a signal propagation delay between the base
station and the relay, which can be seen 1n FIG. 3.

FI1G. 3 1llustrates a relationship between transmission and
reception of a base station access downlink signal between
a base station and a relay. In the drawing, Tp denotes a signal
transmission time between the base station and the relay.

In the base station mode of relay, the period of a backhaul
downlink signal that can be exchanged between a base
station and a relay may vary according to the length of a
guard period, that 1s, the length Tgpl_DL of a downlink
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preceding guard period and the length Tgp2_ DL of a down-
link following guard period (see FIG. 4), a time required for
switching between downlink transmission and downlink
reception at the RF terminal of the relay, and the start time
point of a relay access downlink subirame.

The present 1invention suggests exemplary embodiments
of a timing relationship 1n the period of a backhaul downlink
signal that can be exchanged between a base station and a
relay.

In a detailed constitution, the following are assumed. A
base station access downlink subiframe consists of L sym-
bols, and the serial numbers of the symbols begin with O.
Thus, symbol m denotes an (m+1)th symbol of the base
station access downlink subframe. Also, a relay access
downlink subirame consists of a plurality of symbols, and
the serial numbers of the symbols begin with 0. In a relay
access downlink subirame, the number of symbols through
which a relay access downlink physical control channel of a
relay access downlink signal 1s transmitted 1s k. k 1s O or a
positive integer. A base station access downlink signal
transmitted by the base station 1s received by the relay after
Tp. Also, the length of a base station access downlink
subirame 1s the same as that of a relay access downlink
subirame.

With reference to FIGS. 4 to 7, backhaul downlink
transmission methods according to exemplary embodiments
of the present invention will be described below.

FIG. 4 illustrates a relationship between transmission and
reception of a backhaul downlink signal between a base
station and a relay based on a downlink transmission method
according to an exemplary embodiment of the present
invention.

FIG. 4 1llustrates frame structures of a base station and a
relay on the assumption that k=1 and L=14. Also, 1t 1s
assumed that a time for switching from downlink transmis-
sion to downlink reception at the RF terminal of the relay
and a time for switching from downlink reception to down-
link transmission at the RF terminal of the relay are each
greater than the cyclic prefix of a symbol.

In the exemplary embodiment shown 1n FIG. 4, a relay
sets the start time point of a relay access downlink subirame
to be later than a point in time when the relay begins to
receive the first symbol of a base station access downlink
subframe by Tgp2_DL. In this case, the base station can
transmit a backhaul downlink signal through symbol k+1 to
the last symbol of the base station access downlink sub-
frame. As mentioned above, k denotes the number of sym-
bols through which a relay access downlink physical control
channel 410 1s transmitted. The relay can receive the back-
haul downlink signal through symbol k+1 to the last symbol
of the base station access downlink subirame. For example,
looking at frame structures and a timing relationship of the
base station and the relay shown in FIG. 4, the base station
transmits a backhaul downlink signal through symbol 2 to
symbol 13, and the relay receives the backhaul downlink
signal through symbol 2 to symbol 13.

As described above, the first symbol of a backhaul down-
link signal that can be exchanged between a base station and
a relay varies according to a time period in which the relay
access downlink physical control channel 410 of a relay
access downlink signal 1s transmitted, that 1s, the number k
of symbols. Also, the first symbol of a backhaul downlink
signal that can be exchanged between a base station and a
relay may vary according to the number of symbols through
which a base station access downlink physical control
channel of a base station access downlink signal 1s trans-
mitted. In this case, the base station may notity the relay of
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the position information of the first symbol of the backhaul
downlink signal. The position information of the first sym-
bol of the backhaul downlink signal can be transferred by
upper layer signaling (radio resource control (RRC) signal-
ing in the case of third generation partnership project

(3GPP)) or through a backhaul downlink physical control
channel.

FIG. 5 1llustrates a relationship between transmission and
reception of a backhaul downlink signal between a base
station and a relay based on a downlink transmission method
according to another exemplary embodiment of the present
invention.

[ike FI1G. 4, FIG. 5§ 1llustrates frame structures of a base
station and a relay on the assumption that k=1 and L=14.
Also, 1t 1s assumed that a time for switching from downlink
transmission to downlink reception at the RF terminal of the
relay and a time for switching from downlink reception to
downlink transmission at the RF terminal of the relay are
cach greater than the cyclic prefix of a symbol.

In the exemplary embodiment shown 1 FIG. 5, a relay
sets the start time point of a relay access downlink subirame
to be earlier than a point 1n time when the relay begins to
receive the first symbol of a base station access downlink
subirame by the sum of the length of k symbols (e.g., one
symbol 1 FIG. 5) and Tgpl_ DL. In this case, the base
station can transmit a backhaul downlink signal through the
first symbol to symbol n of the base station access downlink
subiframe. Here, n=L—-k-2. The relay can receive the back-
haul downlink signal through the first symbol to symbol n of
the base station access downlink subirame. In the exemplary
embodiment of FIG. 5, the base station transmits a backhaul
downlink signal through symbol 0 to symbol 11, and the
relay receives the backhaul downlink signal through symbol
0 to symbol 11.

FI1G. 6 1llustrates a relationship between transmission and
reception of a backhaul downlink signal between a base
station and a relay based on a downlink transmission method
according to still another exemplary embodiment of the
present mvention.

[ike FIGS. 4 and 5, FIG. 6 illustrates frame structures of
a base station and a relay on the assumption that k=1 and
[.=14. Also, it 1s assumed that a time for switching from
downlink transmission to downlink reception at the RF
terminal of the relay and a time for switching from downlink
reception to downlink transmission at the RF terminal of the
relay are each greater than the cyclic prefix of a symbol.

FIG. 6 shows that the structures of a backhaul downlink
subirame transmitted by a base station and a backhaul
downlink subirame received by a relay may vary as 1llus-
trated in FIGS. 6(A), 6(B), and 6(C) according to the length
of the signal transmission time Tp. FIG. 6(A) illustrates a
case mn which Tp 1s O, FIG. 6(B) illustrates a case in which
Tp has the value of a positive real number larger than 0, and
FIG. 6(C) 1llustrates a case in which Tp has the value of a
positive real number larger than Tp of FIG. 6(B). In other
words, Tp increases from FIG. 6(A) to FIG. 6(C).

In the exemplary embodiment of FIG. 6, the relay sets the
start time point of a relay access downlink subirame to be
similar to the start time point of a base station access
downlink subirame. To this end, the relay may set the
transmission time point of the relay access downlink sub-
frame to be earlier than a point in time when the relay begins
to recerve the first symbol of the base station access down-
link subframe by half a time indicated by timing advance
information transmitted by the base station to the relay. In
this way, the start time point of the relay access downlink
subirame can be almost the same as the start time point of
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the base station access downlink subirame. In this case, the
base station can transmit a backhaul downlink signal
through symbol m to symbol n of the base station access
downlink subirame. The relay can receive the backhaul
downlink signal through symbol m to symbol n of the base
station access downlink subirame. Here, m=k, and n<[.-2.

Meanwhile, according to the length of the signal trans-
mission time Tp, the lengths Tgpl_DL and Tgp2_DL of the
guard periods may vary, and also the period of a backhaul
downlink signal that can be exchanged between the relay
and the base station may vary. The signal transmission time
Tp may vary according to the location where the relay 1s
deployed. The base station can transmit information about
the period of a backhaul downlink signal that will be
received by the relay to the relay by upper layer signaling
(RRC signaling in the case of 3GPP). As an exemplary
embodiment of the mnformation about the period of a back-
haul downlink signal, the respective indices of the first
symbol and the last symbol of the backhaul downlink signal
can be known. As another exemplary embodiment of the
period mformation of a backhaul downlink signal, the peri-
ods of a plurality of backhaul downlink signals may be
determined 1n advance, and one of the periods may be
known. The relay receives a backhaul uplink signal on the
basis of the backhaul downlink signal period information
received from the base station.

In brief, 1n the exemplary embodiment of the present
invention illustrated 1in FIG. 6, the base station can transmit
a backhaul downlink signal using symbols for backhaul
downlink signal transmission including all symbols of a base
station access downlink subirame except symbols beginning
with the first symbol through which a relay access downlink
control channel 1s transmitted and the last symbol as maxi-
mum. Here, the start symbol and the end symbol among the
symbols for backhaul downlink signal transmission may
vary according to the length of the signal transmission time
of a backhaul downlink.

As mentioned above, the first symbol of a backhaul
downlink signal that can be exchanged between a base
station and a relay varies according to the number k of
symbols through which a relay access downlink physical
control channel of a relay access downlink signal 1s trans-
mitted. In addition to this, the first symbol of a backhaul
downlink signal that can be exchanged between a base
station and a relay may vary according to the number of
symbols through which a base station access downlink
physical control channel of a base station access downlink
signal 1s transmitted. In this case, the base station can notily
the relay of the position information of the first symbol of
the backhaul downlink signal. The position information of
the first symbol of the backhaul downlink signal can be
ransierred by upper layer signaling (RRC signaling 1n the
case of 3GPP) or through a backhaul downlink physical
control channel.

Referring to FIGS. 6(A) to 6(C) 1n further detail, 1t can be
seen that the period of a backhaul downlink signal that 1s
exchanged between a base station and a relay varies accord-
ing to Tp. To be specific, i the case of FIG. 6(A) where Tp
1s equal to 0, a backhaul downlink signal period ranges from
symbol 2 to symbol 12, and 1n the case of FIG. 6(B) where
Tp 1s a positive real number, a backhaul downlink signal
period ranges from symbol 1 to symbol 12. Also, 1n the case
of FIG. 6(C) where the signal transmission time Tp 1s greater
than Tp of FIG. 6(B), a backhaul downlink signal period
may range from symbol 1 to symbol 11. In addition to these,
a backhaul downlink signal period may range from symbol
1 to symbol 10, symbol 1 to symbol 9, etc. according to the
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signal transmission time Tp. Backhaul downlink signal
period mformation can indicate one of the aforementioned
periods.

FIG. 7 illustrates a relationship between transmaission and
reception of a backhaul downlink signal between a base
station and a relay based on a downlink transmission method
according to yet another exemplary embodiment of the
present mvention.

[ike FIGS. 4 to 6, FIG. 7 illustrates frame structures of a
base station and a relay on the assumption that k=1 and
[.=14.

The exemplary embodiment of FIG. 7 1s different from the
foregoing exemplary embodiments in that 1t 1s assumed that
a time for switching from downlink transmission to down-
link reception at the RF terminal of the relay and a time for
switching from downlink reception to downlink transmis-
sion at the RF terminal of the relay are each much less than
the cyclic prefix of a symbol. In this case, the guard periods
GP1_DL and GP2_DVL are each included 1n the cyclic prefix
of a symbol, and thus are not shown 1n FIG. 7.

In the exemplary embodiment of FIG. 7, the relay sets the
start time point of a relay access downlink subirame to be a
point 1 time when the relay begins to receive the first
symbol of a base station access downlink subirame. In this
case, the base station can transmit a backhaul downlink
signal through symbol k to the last symbol of the base station
access downlink subirame. The relay can receive the back-
haul downlink signal through symbol k to the last symbol of
the base station access downlink subirame.

As described above, the first symbol of a backhaul down-
link signal that can be exchanged between a base station and
a relay varies according to the number k of symbols through
which a relay access downlink physical control channel of a
relay access downlink signal 1s transmitted. Also, the first
symbol of a backhaul downlink signal that can be exchanged
between a base station and a relay may vary according to the
number of symbols through which a base station access
downlink physical control channel of a base station access
downlink signal 1s transmitted. In this case, the base station
may notily the relay of the position information of the first
symbol of the backhaul downlink signal. The position infor-
mation of the first symbol of the backhaul downlink signal
can be transferred by upper layer signaling (RRC signaling
in the case of 3GPP) or through a backhaul downlink
physical control channel.

Thus far, backhaul downlink transmission methods
according to exemplary embodiments of the present inven-
tion have been described.

Uplink transmission methods according to exemplary
embodiments of the present mvention will be described
below. First, backhaul/base station access/relay access
uplink subirames to which an exemplary embodiment of the
present mvention 1s applied will be described.

A base station access uplink frame consists of a plurality
ol base station access uplink subframes. According to a base
station access uplink subiframe, a base station may receive a
base station access uplink signal alone or a backhaul uplink
signal alone. Also, the base station may receive a base
station access uplink signal and a backhaul uplink signal
together. In this case, the base station access uplink signal
and the backhaul uplink signal can be received 1n different
regions. Here, a region denotes a combination of a time
domain, frequency domain, spatial domain, code domain,
and so on. A base station access uplink signal includes a base
station access uplink physical data channel, a base station
access uplink physical control channel, a base station access
uplink demodulation reference signal, a base station access
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uplink channel measurement reference signal, and so on.
Also, the base station access uplink signal may further
include other signals 1 addition to the aforementioned
signals.

Meanwhile, a relay uplink frame consists of a plurality of
relay uplink subirames. A relay uplink subirame may be a
relay access uplink subirame or a backhaul uplink subirame.
A relay can receive a relay access uplink signal through a
relay access uplink subirame i1n the base station mode of
relay. The relay access uplink signal includes a relay access
uplink physical data channel, a relay access uplink physical
control channel, a relay access uplink demodulation refer-
ence signal, and a relay access uplink channel measurement
reference signal. The relay access uplink signal may further
include other signals in addition to the aforementioned
signals or channels.

Also, the relay may transmit a backhaul uplink signal 1n
a backhaul uplink subirame. The backhaul uplink signal
includes a backhaul uplink physical data channel, a backhaul
uplink physical control channel, a backhaul uplink demodu-
lation reference signal, and a backhaul uplink channel mea-
surement reference signal. Also, the backhaul uplink signal
may further include other signals in addition to the afore-
mentioned signals or channels.

A relay can put a guard period before and after transmis-
sion of a backhaul uplink signal to switch between uplink
transmission and uplink reception performed at the RF
terminal of the relay. During this guard period, the relay
neither transmits a backhaul uplink signal nor receives a
relay access uplink signal. A guard period from when the
relay recerves a relay access uplink signal to when the relay

transmits a backhaul uplink signal 1s referred to as a pre-
ceding guard period GP1_UL, and the length of GP1_UL 1s

indicated by Tgpl UL. Tgpl UL should be equal to or
greater than a time for switching from uplink reception to
uplink transmission at the RF terminal of the relay. A guard
period from when the relay transmits a backhaul uplink
signal to when the relay receives a relay access uplink signal
1s referred to as a following guard period GP2_UL, and the
length of GP2_UL 1s indicated by Tgp2 UL. Tgp2 UL
should be equal to or greater than a time for switching from
uplink transmission to uplink reception at the RF terminal of
the relay. The guard periods GP1_UL and GP2_UL can be
disposed 1n a backhaul uplink subirame.

Next, backhaul uplink timing alignment, that 1s, timing
between uplink transmission of a relay and uplink reception
ol a base station will be described below.

FIG. 8 illustrates a relationship between transmission and
reception ol a base station access uplink signal between a
base station and a relay.

In FIG. 8, two upper downlink subiframe structures are
related to transmission of a base station and the consequent
reception of a relay, and two lower uplink subirame struc-
tures are related to transmission of a relay and the conse-
quent reception ol a base station.

In FIG. 8, TA denotes a time indicated by timing advance
information. Here, the time TA indicated by timing advance
information 1s assumed to be 2xTp. Also, 1t 1s assumed that
a point 1n time when a base station begins to transmit a base
station access downlink subiframe 1s the same as a point 1n
time when the base station begins to receive a base station
access uplink subirame.

In the UE mode of relay, a relay transmits a base station
access uplink signal to a base station. The relay begins to
transmit a base station access uplink signal earlier than a
point 1n time when the relay begins to receive a base station
access downlink signal by a time indicated by timing
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advance information transferred by the base station to the
relay. The base station access uplink signal arrives at the
base station after Tp. This timing relationship can be seen in
FIG. 8.

In the base station mode of relay, the period of a backhaul
downlink signal that can be exchanged between a base
station and a relay may vary according to the lengths
Tegpl UL and Tgp2_UL of guard periods, a time required
for switching between uplink transmission and uplink recep-
tion at the RF terminal of the relay, and the start time point
of a backhaul uplink subirame or a relay access uplink
subirame.

The present invention suggests some methods related to
constitution of a backhaul uplink signal that can be
exchanged between a base station and a relay, and these
methods will be described with reference to exemplary
embodiments below.

In a detailed constitution, the following are assumed. A
base station access uplink subiframe consists of R symbols,
and the serial numbers of the symbols begin with 0. Thus,
symbol p denotes a (p+1)th symbol of a base station access
uplink subirame. Also, a backhaul uplink subirame consists
of a plurality of symbols. In the backhaul uplink subirame,
the serial numbers of backhaul uplink signal symbols are
given 1n terms of the mstance that a backhaul uplink signal
1s received 1n a base station access uplink subiframe. For
example, backhaul uplink signal symbol p transmitted by the
relay 1s received by the base station at symbol p of the base
station access uplink subiframe. The backhaul uplink signal
transmitted by the relay 1s recerved by the base station after
Tp. The length of a base station access uplink subirame is
the same as that of a backhaul uplink subirame.

With reference to FIGS. 9 to 12, backhaul uplink trans-
mission methods according to exemplary embodiments of
the present imvention will be described below.

FI1G. 9 1llustrates a relationship between transmission and
reception of a backhaul uplink signal between a base station
and a relay based on a backhaul uplink transmission method
according to an exemplary embodiment of the present
invention.

In the exemplary embodiment of FIG. 9, 1t 1s assumed that
R=14. Also, 1t 1s assumed that a time for switching from
uplink transmission to uplink reception at the RF terminal of
the relay and a time for switching from uplink reception to
uplink transmission are each greater than the cyclic prefix of
a symbol.

In the exemplary embodiment shown 1 FIG. 9, a relay
sets the start time point of a backhaul uplink subirame to be
later than a point 1n time when the relay transmits a base
station access uplink signal 1n the UE mode of relay by
Tgp2 UL. In this case, the base station can receive a
backhaul uplink signal through the second symbol to the last
symbol of the base station access uplink subframe. The relay
can transmit the backhaul uplink signal through the second
symbol to the last symbol of the backhaul uplink subirame.
The relay can begin to transmit the backhaul uplink signal at
a point in time later than the point in time when the relay
transmits the base station access uplink signal in the UE
mode of relay by the length of one symbol. Alternatively, the
relay may begin to transmit the backhaul uplink signal at a
point 1 time later than the start time point of the backhaul
uplink subiframe by Tgpl UL, as shown 1n FIG. 9. Here, 1t
1s assumed that the sum of Tgpl UL and Tgp2 UL 1s the
same as the length of one symbol.

The start time point of a backhaul uplink subiframe and the
transmission start time point of a backhaul uplink signal
mentioned above can be applied at least when the relay
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switches from the UE mode of relay to the base station mode
of relay. After the relay switches to the base station mode of
relay, the start time point of a backhaul uplink subirame and
the transmission start time point of a backhaul uplink signal
may each vary according to timing advance information
transmitted by the base station to the relay.

FIG. 10 illustrates a relationship between transmission
and reception of a backhaul uplink signal between a base
station and a relay based on a backhaul uplink transmission
method according to another exemplary embodiment of the
present 1nvention.

Like 1n FIG. 9, it 1s assumed 1n the exemplary embodi-
ment of FIG. 10 that R=14. Also, it 1s assumed that a time
for switching from uplink transmaission to uplink reception at
the RF terminal of a relay and a time for switching from
uplink reception to uplink transmission are each greater than
the cyclic prefix of a symbol.

In the exemplary embodiment shown 1n FIG. 10, a relay
sets the start time point of a backhaul uplink subirame to be
carlier than a point in time when the relay transmits a base
station access uplink signal 1n the UE mode of relay by
Tegpl UL. In this case, the base station can receive a
backhaul uplink signal through the first symbol to the second
to last symbol of a base station access uplink subframe. The
relay can transmit the backhaul uplink signal through the
first symbol to the second to last symbol of the backhaul
uplink subirame.

The relay can begin to transmit the backhaul uplink signal
at a point 1n time when the relay begins to transmit the base
station access uplink signal in the UE mode of relay.
Alternatively, the relay may begin to transmit the backhaul
uplink signal at a point 1n time later than the start time point
of the backhaul uplink subirame by Tgpl_ UL, as shown 1n
FIG. 10.

The start time point of a backhaul uplink subirame and the
transmission start time point of a backhaul uplink signal
mentioned above can be applied at least when the relay
switches from the UE mode of relay to the base station mode
of relay. After the relay switches to the base station mode of
relay, the start time point of a backhaul uplink subiframe and
the transmission start time point of a backhaul uplink signal
may each vary according to timing advance information
transmitted by the base station to the relay.

FIG. 11 illustrates a relationship between transmission
and reception of a backhaul uplink signal between a base
station and a relay based on a backhaul uplink transmission
method according to still another exemplary embodiment of
the present invention.

Like 1n FIGS. 9 and 10, it 1s assumed 1n the exemplary
embodiment of FIG. 11 that R=14. Also, it 1s assumed that
a time for switching from uplink transmission to uplink
reception at the RF terminal of a relay and a time for
switching from uplink reception to uplink transmission are
cach greater than the cyclic prefix of a symbol.

In the exemplary embodiment of FIG. 11, the start time
point of a backhaul uplink subirame 1s set to be the same as
that of a base station access uplink subirame. In this case,
FIGS. 11(A) to 11(C) 1illustrate a change 1n the period of a
backhaul uplink signal exchanged between a base station
and a relay according to Tp. FIG. 11(A) illustrates a case 1n
which Tp 1s equal to O, FIG. 11(B) illustrates a case 1n which
Tp 15 a positive real number, and FIG. 11(C) illustrates a case
in which Tp 1s greater than that of FIG. 11(B). Referring to
FIGS. 11(A) to 11(C) 1n further detail, 1n FIG. 11(A) where
Tp 15 O, the period of a backhaul uplink signal ranges from
symbol 1 to symbol 12. In FIG. 11(B) where Tp 1s a positive
real number, the period of a backhaul uplink signal ranges
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from symbol 1 to symbol 13, and 1n FIG. 11(C) where Tp 1s
greater than that of FIG. 11(B), a backhaul uplink signal
period ranges from symbol 2 to symbol 13. According to Tp,
a backhaul uplink signal period may range from symbol 3 to
symbol 13, symbol 4 to symbol 13, or so on. Backhaul
uplink signal period information can indicate one of the
alorementioned periods.

In the exemplary embodiment of FIG. 11, the base station
can receive a backhaul uplink signal through symbol p to
symbol q of a base station access uplink subiframe. The relay
can transmit the backhaul uplink signal through symbol p to
symbol q of a backhaul uplink subirame. Here, p=1, and
q=R-1. In other words, the relay transmits a backhaul uplink
signal using symbols for backhaul uplink signal transmis-
sion including the second symbol of a base station access
uplink subirame to the last symbol as maximum. Here, it can
be seen from FIG. 11 that the start symbol and the end
symbol among the symbols for backhaul uplink signal
transmission may vary according to at least one of the length
of the signal transmission time of a backhaul uplink and a
time for the relay to switch between transmission and
reception.

Also, 1 the exemplary embodiment of FIG. 11, the relay
sets the start time point of a backhaul uplink subframe to be
similar to the start time point of a base station access uplink
subirame. To this end, the relay sets the start time point of
a backhaul uplink subiframe to be later than a point 1n time
when the relay begins to transmit a base station access
uplink signal by half a time indicated by timing advance
information transmitted by the base station to the relay. In
this way, the start time point of a backhaul uplink subirame
can be almost the same as the start time point of a base
station access uplink subirame. The relay may begin to
transmit a backhaul uplink signal later than the start time
point of a backhaul uplink subirame by Tgpl_UL. Accord-
ing to Tp, the lengths of guard periods Tgpl_UL and
Tgp2_ UL may vary, and also the period of a backhaul uplink
signal that can be exchanged between the relay and the base
station may vary. Tp can vary according to the location
where the relay 1s deployed.

Here, the base station can transmit information about the
period of a backhaul uplink signal that will be transmitted by
the relay to the relay by upper layer signaling (RRC signal-
ing 1 the case of 3GPP). As an exemplary embodiment of
the information about the period of a backhaul uplink signal,
the respective indices of the first symbol and the last symbol
of the backhaul uplink signal can be known.

As another exemplary embodiment of the period infor-
mation of a backhaul uplink signal, the periods of a plurality
of backhaul uplink signals may be determined 1n advance,
and one of the periods may be known. The relay transmits
a backhaul uplink signal on the basis of the backhaul uplink
signal period information received from the base station.

The start time point of a backhaul uplink subirame and the
transmission start time point of a backhaul uplink signal
mentioned above can be applied at least when the relay
switches from the UE mode of relay to the base station mode
of relay. After the relay switches to the base station mode of
relay, the start time point of a backhaul uplink subirame and
the transmission start time point of a backhaul uplink signal
may each vary according to timing advance information
transmitted by the base station to the relay.

FIG. 12 1llustrates a relationship between transmission
and reception of a backhaul uplink signal between a base
station and a relay based on a backhaul uplink transmission
method according to yet another exemplary embodiment of
the present invention.
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In the exemplary embodiment of FIG. 12, 1t 1s also
assumed that R=14. Meanwhile, the exemplary embodiment
of FIG. 12 1s different from other exemplary embodiments
in that 1t 1s assumed that a time for switching from uplink
transmission to uplink reception at the RF terminal of a relay
and a time for switching from uplink reception to uplink
transmission at the RF terminal of the relay are each much
less than the cyclic prefix of a symbol. In this case, the guard
pertods GP 1_UL and GP2_UL are each included in the
cyclic prefix of a symbol, and thus are not shown 1n FIG. 12.

In the exemplary embodiment of FIG. 12, the relay sets
the start time point of a backhaul uplink subiframe to be a
point 1n time when the relay transmits a base station access
uplink signal 1n the UE mode of relay. In this case, a base
station can receive a backhaul uplink signal through the first
symbol to the last symbol of a base station access uplink
subirame. The relay can transmit the backhaul uplink signal
through the first symbol to the last symbol of the backhaul
uplink subframe. The relay can begin to transmit the back-
haul uplink signal at the start time point of the backhaul
uplink subirame.

The start time point of a backhaul uplink subirame and the
transmission start time point of a backhaul uplink signal
mentioned above can be applied at least when the relay
switches from the UE mode of relay to the base station mode
of relay. After the relay switches to the base station mode of
relay, the start time point of a backhaul uplink subiframe and
the transmission start time point of a backhaul uplink signal
may each vary according to timing advance information
transmitted by the base station to the relay.

Thus far, backhaul uplink transmission methods accord-
ing to exemplary embodiments of the present invention have
been described.

Next, downlink and uplink configurations will be
described below.

In relation to downlink and uplink transmission timings
described above, a relay can transmit information about a
time for switching between transmission and reception at the
RF terminal of the relay to a base station by upper layer
signaling (RRC signaling in the case of 3GPP). The time for
switching between transmission and reception at the RF
terminal of the relay includes, for example, a time for
switching from downlink transmission to downlink recep-
tion, a time for switching from downlink reception to
downlink transmission, a time for switching from uplink
transmission to uplink reception, a time for switching from
uplink reception to uplink transmission, etc. at the RF
terminal of the relay. Using this information, the base station
can determine the period configuration information of a
backhaul downlink signal that can be exchanged with the
relay, the period configuration information of a backhaul
uplink signal that can be exchanged with the relay, and so
on.

In relation to a backhaul downlink, a base station may
notity a relay of the period configuration information of a
backhaul downlink signal by upper layer signaling (RRC
signaling may be used in the case of 3GPP), and the base
station and the relay may selectively use one or more of a
plurality of backhaul downlink signal period configurations
to exchange a backhaul downlink signal. Here, selection of
a backhaul downlink signal period configuration may vary
according to the deployment method of the relay or time.
Every time selection of a backhaul downlink signal period
configuration varies, the base station transmits period con-
figuration information of the backhaul downlink signal to
the relay. Here, the period configuration information of the
backhaul downlink signal indicates the configurations
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shown 1n the exemplary embodiments of FIGS. 3 to 7, that
1s, information about symbols of a whole base station access
downlink subirame through which the signal 1s actually
transmitted and information about backhaul downlink trans-
mission timings of the base station and the relay.

Alternatively, the base station may not notity the relay of
the period configuration information of a backhaul downlink
signal, and the base station and the relay may exchange a
backhaul downlink signal using one or more predefined
backhaul downlink signal period configurations.

In relation to a backhaul uplink, a base station may notify
a relay of the period configuration information of a backhaul
uplink signal by upper layer signaling (RRC signaling may
be used 1n the case of 3GPP), and the base station and the
relay may selectively use one or more of a plurality of
backhaul uplink signal period configurations to exchange a
backhaul uplink signal. Here, selection of a backhaul uplink
signal period configuration may vary according to the
deployment method of the relay or time. Every time selec-
tion of a backhaul uplink signal period configuration varies,
the base station transmits period configuration information
of the backhaul uplink signal to the relay. Here, the period
configuration information of the backhaul uplink signal
indicates the configurations shown 1n the exemplary
embodiments of FIGS. 9 to 12, that 1s, information about
symbols of a whole backhaul uplink subframe through
which the signal 1s actually transmitted and information
about a backhaul uplink transmaission timing of the relay and
a backhaul uplink reception timing of the base station.

Alternatively, the base station may not notity the relay of
the period configuration information of a backhaul uplink
signal, and the relay and the base station may exchange a
backhaul uplink signal using one or more predefined back-
haul downlink signal period configurations.

Meanwhile, the relay can configure a relay access uplink
subiframe as a relay access uplink channel measurement
subirame to receive a relay access uplink channel measure-
ment reference signal from a relay UE. From a specific
symbol of a relay access uplink channel measurement sub-
frame, the relay can receive a relay access uplink channel
measurement reference signal transmitted by a relay UE.
The whole or a part of a relay access uplink subirame may
be configured as a relay access uplink channel measurement
subiframe. Configuration information of such a relay access
uplink channel measurement subirame may be determined
by the relay and transmitted to the base station by upper
layer signaling (RRC signaling may be used in the case of
3GPP), or determined by the base station and transmuitted to
the relay by upper layer signaling (RRC signaling may be
used 1n the case of 3GPP).

When the relay transmits a backhaul uplink subirame, the
period of the backhaul uplink subirame transmaitted by the
relay may vary according to whether or not a relay access
uplink subframe immediately ahead of or behind the back-
haul uplink subiframe 1s a relay access uplink channel
measurement subirame, which can be seen 1n the exemplary
embodiment of FIG. 13.

FIG. 13 1llustrates frame structures of a relay and a base
station when two different uplink timing configurations are
simultaneously used on the basis of an uplink configuration
method according to an exemplary embodiment of the

present mvention.
Here, GP 1_UL and GP2_UL indicate an uplink preceding

guard period and uplink following guard period respectively,
and the lengths of the respective guard periods are Tgpl_ UL
and Tgp2_ UL. Also, Tp indicates a signal transmission time
between a base station and a relay. It 1s assumed that each of
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a relay access uplink subiframe 1310 and a backhaul uplink
subirame 1320 consists of 14 symbols. Also, 1t 1s assumed
that a time for switching from uplink transmission to uplink
reception at the RF terminal of a relay and a time for
switching from uplink reception to uplink transmission at
the RF terminal of a relay are each greater than the cyclic
prefix of a symbol.

FIG. 13(A) 1illustrates a case in which the relay access
uplink subirame 1310 1s not a relay access uplink channel
measurement subiframe. In this case, a base station can
receive a backhaul uplink signal through the second symbol
to the last symbol of a base station access uplink subirame,
like in the above described uplink transmission method of
FIG. 9 according to an exemplary embodiment of the present
invention. A relay can transmit the backhaul uplink signal
through the second symbol to the last symbol of the back-
haul uplink subiframe 1320.

Meanwhile, FI1G. 13(B) 1llustrates a case 1n which a relay
access uplink subirame 1s a relay access uplink channel
measurement subirame. Here, the relay may not receive the
last symbol of the relay access uplink subiframe. Like in the
above described uplink transmission method of FIG. 12
according to an exemplary embodiment of the present
invention, a base station can receive a backhaul uplink signal
through the first symbol to the last symbol of a base station
access uplink subiframe. The relay can transmit the backhaul
uplink signal through the first symbol to the last symbol of
a backhaul uplink subirame.

Retferring to FIGS. 13(A) and 13(B), 1t can be seen that a
relay receives relay access uplink subframes at the same
point in time. Also, although periods allocated to backhaul
uplink signals are different from each other 1n FIGS. 13(A)
and 13(B), a base station receives symbol 1 to symbol 13 of
the back uplink signals at the same point 1n time. In other
words, the number of backhaul uplink signal symbols trans-
mitted by the relay may vary, for example, may be 13 or 14,
but the relay transmits the backhaul uplink signal symbols at
the same point 1n time. Thus, 1n the respective cases of FIGS.
13(A) and 13(B), the base station does not need to transmit
different pieces of timing advance information to the relay.
In the case of FIG. 13(A), the relay begins to transmit the
backhaul uplink signal later than a reference point 1n time by
one symbol, and 1n the case of FIG. 13(B), the relay begins
to transmit the backhaul uplink signal at the reference point
in time. Here, the reference point in time can be the start time
point of the backhaul uplink subirame 1n FIG. 13(B).

In brief, 1n a backhaul downlink between a base station
and a relay according to an aspect of the present invention,
the base station and the relay exchange a backhaul downlink
signal using period configuration information of the back-
haul downlink signal or information about the period of the
backhaul downlink signal. Also, 1n a backhaul uplink
between a base station and a relay according to an exemplary
embodiment of the present invention, the base station and
the relay exchange a backhaul uplink signal using period
configuration information of the backhaul uplink signal or
information about the period of the backhaul uplink signal.

Backhaul uplink transmission according to another aspect
of the present invention will be described below.

A backhaul uplink subiframe may consist of a backhaul
uplink signal period and a guard period. A backhaul uplink
signal includes a backhaul uplink physical data channel, a
backhaul uplink physical control channel, a backhaul uplink
demodulation reference signal, a backhaul uplink channel
measurement reference signal, and so on. Also, the backhaul
uplink signal may further include other signals in addition to
the aforementioned signals.
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Due to a signal transmission time between a base station
and a relay, a time for switching between backhaul uplink
transmission and relay access uplink reception at the RF
terminal of the relay, etc., a guard period can be put in the
front portion, the rear portion, or the front and rear portions
of a backhaul uplink subirame. The length of the guard
period 1s not limited, and the lengths of the guard periods in
the front and rear portions may be the same as or diflerent
from each other.

The relay 210 performing uplink transmission according,
to an exemplary embodiment of the present invention con-
figures an uplink frame to have one backhaul uplink sub-
frame 1n which a first backhaul uplink demodulation refer-
ence signal and a second backhaul uplink demodulation
reference signal are disposed. Alternatively, the relay 210
may configure an uplink frame to have one backhaul uplink
subirame 1n which only one backhaul uplink demodulation
reference signal 1s disposed. When two or more backhaul
uplink subirames to be transmitted by the relay 210 to a base
station are consecutively disposed, the relay 210 according
to an exemplary embodiment of the present invention
replaces a guard period disposed at a position where one of
the backhaul uplink subirames 1s 1n contact with the other
backhaul uplink subframe with a backhaul uplink signal
period to adaptively configure a backhaul uplink subirame.

A base station 110 according to an exemplary embodi-
ment of the present invention can transmit information about
the format of a separate backhaul uplink subirame to be used
by a relay to the relay in advance. The base station 110
receives two or more consecutive backhaul uplink sub-
frames from the relay, and infers the format of the two or
more consecutive backhaul uplink subirames from the for-
mat of the predefined separate backhaul uplink subframe.

FIG. 14 1llustrates several formats of a backhaul uplink
subirame according to exemplary embodiments of the pres-
ent 1nvention.

Referring to the backhaul uplink subiframe formats shown
in FIG. 14, a subiframe can be configured according to
whether or not a guard period exists and disposition of a
guard period as type A 1n which guard periods are disposed
on both sides of a backhaul uplink signal period, type B 1n
which a guard period 1s only disposed ahead of a backhaul
uplink signal period, type C 1n which a guard period 1s only
disposed behind a backhaul uplink signal period, and type D
in which no guard period but only a backhaul uplink signal
period exists. Here, a guard period disposed ahead of a
signal period 1s referred to as a preceding guard period, and
a guard period disposed behind a signal period 1s referred to
as a following guard period.

A base station and a relay can perform backhaul uplink
transmission and reception using a backhaul uplink sub-
frame of a fixed format or a predefined format. Alternatively,
the several subirame configuration types shown in FIG. 14
may be defined, and then a specific type may be selected by
signaling and used according to circumstances. In this case,
the base station can transmit format information of a back-
haul uplink subirame that will be used by the relay when one
separate backhaul uplink subirame 1s allocated to the relay.
Here, the format information of a separate backhaul uplink
subirame can 1ndicate, for example, which one among type
A, type B, type C and type D that are backhaul uplink
subiframe formats shown m FIG. 14 will be used. In other
words, the base station can select one of at least one
backhaul uplink subirame format predefined between the
base station and the relay and transmit information about the
selected subirame format to the relay by upper layer signal-
ing (RRC signaling may be used 1n the case of 3GPP).
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Meanwhile, the base station may allocate backhaul uplink
subirames that are consecutive in time to the relay. In this
case, the relay transmits the backhaul uplink subiframes that
are consecutive in time. At this time, the following guard
period of the first backhaul uplink subiframe, and the pre-
ceding guard period of the next backhaul uplink subirame
may be unnecessary. Thus, when the base station allocates
base station uplink subframes that are consecutive in time to
the relay, the relay adaptively changes the format of a
backhaul uplink subiframe and transmits the backhaul uplink
subirame. In this specification, the adaptively changed for-
mat of a backhaul uplink subirame will be referred to as
“adaptive backhaul uplink subiframe format.”

FIGS. 15 to 18 1llustrate the format of a backhaul uplink
subirame varying depending on a change in the number of
backhaul uplink subirames to be consecutively transmitted
according to exemplary embodiments of the present inven-
tion.

When a relay transmits a separate backhaul uplink sub-
frame, the format of the backhaul uplink subiframe may be
one of type A, type B, type C and type D shown 1n FIG. 14.
Here, “transmission of a separate backhaul uplink subirame™
indicates a case 1n which one backhaul uplink subframe 1s
not transmitted immediately before and after the other
backhaul uplink subirame i1s transmaitted.

FIG. 15 illustrates formats of consecutive backhaul uplink
subframes when a separate backhaul uplink subiframe cor-
responds to type A of FIG. 14.

FIG. 15 shows the format of a backhaul uplink subirame

according to the number of consecutively transmitted back-
haul uplink subirames when the subirame requires guard
periods 1n the front portion and the rear portion as type A.
In other words, when two consecutive backhaul uplink
subiframes are transmitted, the backhaul uplink subirames
are transmitted in the formats of type B and type C 1n
sequence. When N consecutive backhaul uplink subframes
are transmitted, the foremost and rearmost backhaul uplink
subirames are transmitted 1n the formats of type B and type
C respectively, and N-2 backhaul uplink subiframes between
the foremost and rearmost backhaul uplink subirames are

transmitted in the format of type D.

FIG. 16 1llustrates formats of consecutive backhaul uplink
subirames when a separate backhaul uplink subirame cor-
responds to type B of FIG. 14.

It 1s possible to check i FIG. 16 the format of a backhaul
uplink subirame according to the number of consecutively
transmitted backhaul uplink subiframes when one separate
backhaul uplink subiframe transmitted by a relay requires a
guard period in the front portion as type B. When N
consecutive backhaul uplink subframes are transmitted, the
foremost backhaul uplink subirame is transmitted 1n the
format of type B, and the following N-1 backhaul uplink
subiframes are transmitted 1n the format of type D.

FIG. 17 1llustrates formats of consecutive backhaul uplink
subframes when a separate backhaul uplink subframe cor-
responds to type C of FIG. 14.

In other words, FIG. 17 shows the format of a backhaul
uplink subirame according to the number of consecutively
transmitted backhaul uplink subiframes when one separate
backhaul uplink subiframe transmitted by a relay requires a
guard period in the rear portion as type C. When N con-
secutive backhaul uplink subirames are transmitted, the
rearmost backhaul uplink subirame is transmitted 1n the
format of type C, and the preceding N-1 backhaul uplink
subirames are transmitted 1n the format of type D.
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FIG. 18 illustrates formats of consecutive backhaul uplink
subframes when a separate backhaul uplink subframe cor-
responds to type D of FIG. 14.

When one separate backhaul uplink subirame transmitted
by a relay requires no guard period as type D, all backhaul
uplink subiframes are transmitted in the format of type D
regardless of the number of consecutively transmitted back-
haul uplink subirames, as shown 1n FIG. 18.

In brief, when two or more backhaul uplink subirames to
be transmitted by a relay to a base station are consecutively
disposed 1n the exemplary embodiments of FIGS. 15 to 18,
a guard period disposed at a position where one backhaul
uplink subirame 1s in contact with another backhaul uplink
subirame 1s replaced with a backhaul uplink signal period to
adaptively configure a backhaul uplink subirame.

Also, even 1f a relay does not notify a base station of the
format of a backhaul uplink subiframe transmitted by the
relay itself, the base station can tacitly know the format of
a backhaul uplink subirame transmitted by the relay when
the base station allocates backhaul uplink subirames that are
consecutive 1n time to the relay. In other words, when the
base station receirves two or more consecutive backhaul
uplink subframes from the relay, the base station can infer
the formats of the two or more consecutive backhaul uplink
subirames from the format of a predefined separate backhaul
uplink subirame.

The internal constitution of a backhaul uplink subframe
will be described below.

When a relay transmits backhaul uplink physical data, a
backhaul uplink subirame may consist of a symbol through
which the backhaul uplink physical data 1s transmitted, a
symbol through which a backhaul uplink demodulation
reference signal 1s transmitted, and a guard period. Here, the
guard period can be disposed 1n the front portion, the rear
portion, or the front and rear portions of the backhaul uplink
subirame, and the lengths of the preceding and following
guard periods may be the same as or different from each
other.

FIGS. 19 to 22 illustrate backhaul uplink subirame struc-
tures according to exemplary embodiments of the present
invention.

Here, 1t 1s possible to check a change in the structure of
a backhaul uplink subframe according to the number of
symbols constituting the backhaul uplink subirame, the
number of symbols through which backhaul uplink physical
data 1s transmitted, the number of symbols through which a
backhaul uplink demodulation reference signal 1s transmuit-
ted, and a change 1n the length of a guard period.

FIGS. 19 and 20 show disposition of two backhaul uplink
demodulation reference signals 810 and 820 1n a backhaul
uplink subframe. FIG. 19 shows cases 1n which a backhaul
uplink subframe has the same length as 14 symbols, and
FIG. 20 shows cases 1n which a backhaul uplink subframe
has the same length as 12 symbols.

Also, 1t 1s assumed 1in FIGS. 19 and 20 that a backhaul
uplink physical data channel 1s transmitted through the last
symbol of a backhaul uplink subirame. However, depending
on a backhaul uplink subirame, a backhaul uplink channel
measurement reference signal may be transmitted through
the last symbol of the backhaul uplink subirame.

FIGS. 19(A) to (E) show structures of a backhaul uplink
subirame including 14 symbols 1n which the two backhaul
uplink demodulation reference signals 810 and 820 are
present according to exemplary embodiments of the present
invention.

The backhaul uplink subframe structure of FIG. 19(A)

corresponds to a case 1n which a guard period i1s small
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enough to be neglected. In this structure, the first backhaul
uplink demodulation reference signal 810 1s disposed at the
fourth symbol, and the second backhaul uplink demodula-
tion reference signal 820 1s disposed at the eleventh symbol.
There are six symbols between the two backhaul uplink
demodulation reference signals 810 and 820.

The backhaul uplink subirame structure of FIG. 19(B)
corresponds to a case 1n which a preceding guard period 401
1s disposed ahead of a backhaul uplink signal period and a
tollowing guard period 402 1s disposed behind the backhaul
uplink signal period. In this case, 13 symbols 1n one sub-
frame actually transmit a signal. In the subirame structure of
FIG. 19(B), the first backhaul uplink demodulation reference
signal 810 1s disposed at the third symbol, the second
backhaul uplink demodulation reference signal 820 1s dis-
posed at the tenth symbol, and six symbols are interposed
between the two backhaul uplink demodulation reference
signals 810 and 820.

Likewise, in the backhaul uplink subirame structure of
FIG. 19(C), the preceding guard period 401 1s disposed
ahead of a backhaul uplink signal period, and the following
guard period 402 1s disposed behind the backhaul uplink
signal period. In this case, 13 symbols 1n the one subirame
actually transmit a signal. In the subirame structure of FIG.
19(C), the first backhaul uplink demodulation reference
signal 810 1s disposed at the fourth symbol, and the second
backhaul uplink demodulation reference signal 820 1s dis-
posed at the eleventh symbol.

The backhaul uplink subframe structure of FIG. 19(D)
also corresponds to a case in which the preceding guard
period 401 1s disposed ahead of a backhaul uplink signal
pertod and the following guard period 402 1s disposed
behind the backhaul uplink signal period. However, this case
has the longer following guard period 402 than the foregoing
cases, and 12 symbols 1n one subirame actually transmit a
signal. In the subirame structure of FIG. 19(D), the first
backhaul uplink demodulation reference signal 810 1s dis-
posed at the third symbol, and the second backhaul uplink
demodulation reference signal 820 1s disposed at the tenth
symbol.

The backhaul uplink subirame structure of FIG. 19(E) has
guard periods having the same length as those of FIG. 19(D),
and also 12 symbols 1n one subirame actually transmit a
signal. In the subframe structure of FIG. 19(E), the first
backhaul uplink demodulation reference signal 810 1s dis-
posed at the second symbol, and the second backhaul uplink
demodulation reference signal 820 1s disposed at the ninth
symbol.

In brief, two backhaul uplink demodulation reference
signals are disposed in one backhaul uplink subiframe having
a backhaul uplink subirame structure according to an exem-
plary embodiment of FIG. 19, and as many symbols as (half
the maximum number of symbols that one backhaul uplink
subframe can include-1) are interposed between the two
demodulation reference signals. In other words, 1n FIG. 19,
a total of 14 symbols can exist as the maximum 1n one
backhaul uplink subframe, and as many symbols as (14/2-
1), that 1s, s1x symbols, are interposed between the first
backhaul uplink demodulation reference signal 810 and the
second backhaul uplink demodulation reference signal 820.

FIGS. 20(A) to 20(E) show structures of a backhaul
uplink subiframe including 12 symbols 1n which the two
backhaul uplink demodulation reference signals are present
according to exemplary embodiments of the present inven-
tion.

The backhaul uplink subiframe structure of FIG. 20(A)

corresponds to a case 1n which a guard period i1s small
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enough to be neglected. In this structure, a first backhaul
uplink demodulation reference signal 810 1s disposed at the
third symbol, and a second backhaul uplink demodulation
reference signal 820 1s disposed at the ninth symbol. Five
symbols are interposed between the two backhaul uplink
demodulation reference signals 810 and 820.

The backhaul uplink subirame structure of FIG. 20(B)
corresponds to a case 1n which a preceding guard period 401
1s disposed ahead of a backhaul uplink signal period and a
tollowing guard period 402 1s disposed behind the backhaul
uplink signal period. In this case, 11 symbols in one sub-
frame actually transmait a signal. In the subirame structure of
FIG. 20(B), the first backhaul uplink demodulation reference
signal 810 1s disposed at the second symbol, the second
backhaul uplink demodulation reference signal 820 1s dis-
posed at the eighth symbol, and five symbols are disposed
between the two backhaul uplink demodulation reference
signals 810 and 820.

Likewise, the backhaul uplink subirame structure of FIG.
20(C) has preceding and following guard periods having the
same length as those of FIG. 20(B). In the subirame struc-
ture of FIG. 20(C), the first backhaul uplink demodulation
reference signal 810 1s disposed at the third symbol, and the
second backhaul uplink demodulation reference signal 820
1s disposed at the ninth symbol.

The backhaul uplink subirame structure of FIG. 20(D)

also corresponds to a case in which guard periods are
disposed ahead of and behind a backhaul uplink signal
period. However, this case has the longer following guard
period 402 than the foregoing cases, and 10 symbols 1n one
subirame actually transmit a signal. In the subframe struc-
ture of FIG. 20(D), the first backhaul uplink demodulation
reference signal 810 1s disposed at the second symbol, and
the second backhaul uplink demodulation reference signal
820 1s disposed at the eighth symbol.

The backhaul uplink subirame structure of FIG. 20(E) has
the guard periods 401 and 402 having the same length as
those of FIG. 20(D), and also 10 symbols 1n one subirame
actually transmit a signal. In the subirame structure of FIG.
20(E), the first backhaul uplink demodulation reference
signal 810 1s disposed at the first symbol, and the second
backhaul uplink demodulation reference signal 820 1s dis-
posed at the seventh symbol.

In brief, the same principle 1s applied to the exemplary
embodiments of FIGS. 19 and 20. To be specific, two
backhaul uplink demodulation reference signals are dis-
posed 1 one backhaul uplink subirame having a backhaul
uplink subirame structure according to an exemplary
embodiment, and as many symbols as (half the maximum
number of symbols that one backhaul uplink subiframe can
include-1) are interposed between the two demodulation
reference signals. In other words, 1n FIG. 20, a total of 12
symbols can exist as the maximum 1n one backhaul uplink
subiframe, and as many symbols as (12/2-1), that 1s, five
symbols, are interposed between the first backhaul uplink
demodulation reference signal 810 and the second backhaul
uplink demodulation reference signal 820.

FIGS. 21 and 22 show disposition of one backhaul uplink
demodulation reference signal 1n a backhaul uplink sub-
frame when there 1s the one backhaul uplink demodulation
reference signal in the backhaul uplink subirame.

FIG. 21 shows frame structures according to exemplary
embodiments of the present invention when one backhaul
uplink demodulation reference signal 1000 1s disposed 1n a
backhaul uplink subirame having 14 symbols.

FIGS. 21(A) and 21(B) show cases in which a guard
period 1s small enough to be neglected, and FIGS. 21(C) to
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21(H) show cases 1n which a preceding guard period 401 1s
disposed ahead of a backhaul uplink signal period and a
tollowing guard period 402 1s disposed behind the backhaul
uplink signal period. As can be seen from FIG. 21, the length
of a guard period may vary according to various factors, and
the lengths of guard periods shown 1n FIG. 21 are merely
exemplary embodiments.

It 1s assumed 1n FIG. 21 that a backhaul uplink physical
data channel i1s transmitted through the last symbol of a
backhaul uplink subiframe. However, depending on a back-
haul uplink subframe, a backhaul uplink channel measure-
ment reference signal may be transmitted through the last

symbol of the backhaul uplink subirame.
In FIGS. 21(A) and 21(B), a guard period 1s small enough

to be neglected, and thus a backhaul uplink signal period in

which a signal 1s actually transmitted consists of 14 symbols.
FIG. 21(A) shows a case in which the backhaul uplink

demodulation reference signal 1000 1s disposed at the sev-
enth symbol among the 14 symbols, and FIG. 21(B) shows
a case 1n which the backhaul uplink demodulation reference
signal 1000 1s disposed at the eighth symbol.

FIGS. 21(C) to 21(E) correspond to cases in which the
preceding guard period 401 1s disposed ahead of a backhaul
uplink signal period and the following guard period 402 1s
disposed behind the backhaul uplink signal period, and a
backhaul uplink signal period 1n which a signal 1s actually
transmitted consists of 13 symbols. FIG. 21(C) shows a case
in which the backhaul uplink demodulation reference signal
1000 1s disposed at the sixth symbol among the 13 symbols,
FIG. 21(D) shows a case in which the backhaul uplink
demodulation reference signal 1000 1s disposed at the sev-
enth symbol, and FIG. 21(E) shows a case in which the
backhaul uplink demodulation reference signal 1000 1s
disposed at the eighth symbol.

FIGS. 21(F) to 21(H) correspond to cases in which the
following guard period 402 1s longer than those of FIGS.
21(C) to 21(E), and a backhaul uplink signal period in which
a signal 1s actually transmitted consists of 12 symbols. FIG.
21(F) shows a case in which the backhaul uplink demodu-
lation reference signal 1000 1s disposed at the fifth symbol
among the 12 symbols, FIG. 21(G) shows a case 1n which
the backhaul uplink demodulation reference signal 1000 1s
disposed at the sixth symbol, and FIG. 21(H) shows a case
in which the backhaul uplink demodulation reference signal
1000 1s disposed at the seventh symbol.

In an uplink transmission method illustrated 1in FIG. 21
according to an exemplary embodiment of the present
invention, an uplink frame is configured to have one back-
haul uplink subirame in which only one backhaul uplink
demodulation reference signal 1s disposed. Here, the back-
haul uplink demodulation reference signal 1000 1s disposed
at a position in the backhaul uplink subirame where a
difference between the number of symbols preceding the
backhaul uplink demodulation reference signal and the
number of symbols following the backhaul uplink demodu-
lation reference signal does not exceed three.

FIG. 22 shows frame structures according to exemplary
embodiments of the present imnvention when one backhaul
uplink demodulation reference signal 1s disposed 1n a back-
haul uplink subiframe having 12 symbols.

FIGS. 22(A) and 22(B) show cases imn which a guard
period 1s small enough to be neglected, and FIGS. 22(C) to
22(H) show cases 1n which a preceding guard period 401 1s
disposed ahead of a backhaul uplink signal period and a
following guard period 402 1s disposed behind the backhaul
uplink signal period. As can be seen from FIG. 22, the length
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ol a guard period may vary according to various factors, and
the lengths of guard periods shown in FIG. 22 are merely
exemplary embodiments.

It 1s assumed 1n FIG. 22 that a backhaul uplink physical
data channel i1s transmitted through the last symbol of a
backhaul uplink subiframe. However, depending on a back-
haul uplink subframe, a backhaul uplink channel measure-
ment reference signal may be transmitted through the last
symbol of the backhaul uplink subirame.

In FIGS. 22(A) and 22(B), a guard period 1s small enough
to be neglected, and thus a backhaul uplink signal period in
which a signal 1s actually transmitted consists of 12 symbols.
FIG. 22(A) shows a case in which a backhaul uplink
demodulation reference signal 1000 1s disposed at the sixth
symbol among the 12 symbols, and FIG. 22(B) shows a case
in which the backhaul uplink demodulation reference signal
1000 1s disposed at the seventh symbol.

FIGS. 22(C) to 22(E) correspond to cases in which guard
periods are disposed ahead of and behind a backhaul uplink
signal period, and a backhaul uplink signal period 1n which
a signal 1s actually transmitted consists of 11 symbols. FIG.
22(C) shows a case 1in which the backhaul uplink demodu-
lation reference signal 1000 1s disposed at the fifth symbol
among the 11 symbols, FIG. 22(D) shows a case in which
the backhaul uplink demodulation reference signal 1000 1s
disposed at the sixth symbol, and FIG. 22(E) shows a case
in which the backhaul uplink demodulation reference signal
1000 1s disposed at the seventh symbol.

FIGS. 22(F) to 22(H) correspond to cases in which the
following guard period 402 1s longer than those of FIGS.
22(C) to 22(E), and a backhaul uplink signal period in which
a signal 1s actually transmitted consists of 10 symbols. FIG.
22(F) shows a case 1n which the backhaul uplink demodu-
lation reference signal 1000 1s disposed at the fourth symbol
among the 10 symbols, FIG. 22(G) shows a case in which
the backhaul uplink demodulation reference signal 1000 1s
disposed at the fifth symbol, and FIG. 22(H) shows a case 1n
which the backhaul uplink demodulation reference signal
1000 1s disposed at the sixth symbol.

In brief, 1n an uplink transmission method illustrated in
FIG. 22 according to an exemplary embodiment of the
present invention, an uplink frame 1s configured to have one
backhaul uplink subirame in which only one backhaul
uplink demodulation reference signal 1s disposed. Here, the
backhaul uplink demodulation reference signal 1000 1s
disposed at a position 1 the backhaul uplink subirame
where a diflerence between the number of symbols preced-
ing the backhaul uplink demodulation reference signal and
the number of symbols following the backhaul uplink
demodulation reference signal does not exceed three.

Backhaul downlink transmission according to still
another aspect of the present mvention will be described
below.

As described above with reference to FIG. 2, a base
station and a relay transmit and receive a backhaul downlink
signal. The backhaul downlink signal may include a back-
haul downlink physical data channel, a backhaul downlink
physical control channel, a backhaul downlink reference
signal, etc. and may further include another channel or
signal in addition to the aforementioned channels or signal.

The start position of a backhaul downlink signal may vary
according to the number of symbols through which a base
station access downlink physical control channel of a base
station access downlink signal 1s transmitted, the number of
symbols through which a relay access downlink physical
control channel of a relay access downlink signal 1s trans-
mitted, a signal propagation delay between a base station
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and a relay, a time for the relay to switch from transmission
to reception, a timing configuration of a relay access down-
link subirame and so on. The end position of a backhaul

downlink signal may vary according to a signal propagation
delay between a base station and a relay, a time for the relay
to switch from reception to transmission, the timing con-
figuration of a relay access downlink subiframe, and so on.

To determine the start position of a backhaul downlink
signal, a relay may transmit information about the number of
symbols through which a relay access downlink physical
control channel 1s transmitted to a base station. Alterna-
tively, the base station may transmit the information about
the number of symbols through which a relay access down-
link physical control channel 1s transmaitted to the relay. The
relay transmits the relay access downlink physical control
channel according to the information received from the base
station.

In a backhaul downlink physical control channel region,
one or more backhaul downlink physical control channels
are transmitted. Here, a region denotes a combination of a
time domain, Irequency domain, spatial domain, code
domain, and so on. The start position of a time domain of a
backhaul downlink physical control channel region may be
predefined, and the start position information may not be
signaled. Alternatively, the start position information may be
transmitted by upper layer signaling (RRC signaling may be
used 1n the case of 3GPP).

Here, the start position information of a time domain of a
backhaul downlink physical control channel region denotes
the index of a symbol in a base station access downlink
subirame at which the time domain of the backhaul down-
link physical control channel region begins. The end posi-
tion of the time domain of the backhaul downlink physical
control channel region may be predefined, and the end
position information may not be signaled. Alternatively, the
end position information may be transmitted by upper layer
signaling (RRC signaling may be used in the case of 3GPP).
Also, the end position mnformation of the time domain of the
backhaul downlink physical control channel region denotes
the index of a symbol at which the time domain of the
backhaul downlink physical control channel region ends in
the base station access downlink subirame.

The position information of a frequency domain of a
backhaul downlink physical control channel region can be
transmitted by upper layer signaling (RRC signaling may be
used 1n the case of 3GPP). Here, the position information of
a frequency domain of a backhaul downlink physical control
channel region indicates the position of a frequency domain
in a system bandwidth at which a backhaul downlink
physical control channel 1s transmitted, and can be known 1n
subcarrier units or 1n units of sets of subcarriers.

The start position of a time domain of a backhaul down-
link physical data channel may be predefined, and the start
position mnformation may not be signaled. Alternatively, the
start position information may be transmitted by upper layer
signaling (RRC signaling may be used 1n the case of 3GPP)
or through a backhaul downlink physical control channel.

Here, the start position information of a time domain of a
backhaul downlink physical data channel denotes the index
of a symbol in a base station access downlink subirame at
which the time domain of the backhaul downlink physical
data channel begins. The symbol index may indicate the
order of the symbol at which the time domain of the
backhaul downlink physical data channel begins using an
absolute value or a relative value with respect to the index
of a specific symbol. The specific symbol may be a symbol
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at which the time domain of a backhaul downlink physical
control channel region begins.

The end position of the time domain of the backhaul
downlink physical data channel may be predefined, and the
end position information may not be signaled. Alternatively,
the end position information may be transmitted by upper
layer signaling (RRC signaling may be used in the case of
3GPP).

Here, the end position information of the time domain of
the backhaul downlink physical data channel denotes the
index of a symbol 1n a base station access downlink sub-
frame at which the time domain of the backhaul downlink
physical data channel ends. The symbol index may indicate
the order of the symbol at which the time domain of the
backhaul downlink physical data channel ends using an
absolute value or a relative value with respect to the index
of a specific symbol. The specific symbol may be a symbol
at which the time domain of a backhaul downlink physical
control channel region ends.

Position information of a frequency domain of a backhaul
downlink physical data channel can be transmitted through
a backhaul downlink physical control channel. Here, the
position information of a frequency domain of a backhaul
downlink physical data channel denotes the position of a
frequency domain 1n a system bandwidth at which a back-
haul downlink physical control channel 1s transmitted, and
can be known 1in subcarrier units or in units of sets of
subcarriers. A frequency domain of a backhaul downlink
physical data channel may include a frequency domain of a
backhaul downlink physical control channel indicating the
backhaul downlink physical data channel.

A subject related to information transmitted through a
backhaul link between a base station and a relay as described
above, 1n particular, transmission of relay system informa-
tion through a backhaul link between a base station and a
relay, will be described below.

When a relay operates 1n the UE mode of relay, the relay
can receive base station cell system information, which 1s
transmitted by a base station to which the relay belongs to
UEs, relays, etc. within the base station cell, through a base
station access downlink 1n the same process as a base station
UE. In the UE mode of relay, relay system information

which 1s common to relays 1s transmitted by signaling
dedicated to each relay (e.g., RRC signaling in the case of
a 3GPP system).

On the other hand, when a relay operates in the base
station mode of relay, the relay transmits data to a relay UE.
Thus, the relay cannot receive a base station access down-
link and may not receive relay system information.

Here, the relay system information denotes information
that can be applied 1n common to all relays interoperating,
with a base station among information transmitted by the
base station to a relay when the base station interoperates
with at least one relay. Information about a backhaul down-
link physical control channel region can be an example of
relay system information. Information about a backhaul
downlink physical control channel region may include the
position 1information of time resources and {requency
resources of a backhaul downlink physical control channel.
The position information of time resources can be expressed
by indices of a start symbol and an end symbol. The position
information of frequency resources can be expressed by
indices of a start frequency resource and an end frequency
resource (physical resource block (PRB) indices 1n the case
of 3GPP), or in the form of a bitmap. In the form of a bitmap,
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only resources through which a backhaul downlink physical
control channel 1s transmitted among all frequency resources
are expressed by 1.

Relay system information may also include a part of the
system information of a base station cell that 1s transmitted
by a base station, to which a relay belongs, to UEs, relays,

etc., within the base station cell.

It has been mentioned above that a relay may not receive
relay system information through a base station access
downlink when the relay operates 1n the base station mode
of relay. To solve this problem according to an exemplary
embodiment of the present invention, relay system informa-
tion can be transferred through a backhaul downlink while
a relay operates 1n the base station mode of relay.

In an exemplary embodiment of the present invention,
relay system information 1s transmitted through a backhaul
downlink physical control channel among resources allo-
cated to a backhaul downlink, and for convenience, the
backhaul downlink physical control channel 1s referred to as
a relay-common backhaul downlink physical control chan-
nel. A relay-common backhaul downlink physical control
channel may include imnformation about a position 1 time
and frequency domains, modulation, encoding, etc. of a
backhaul downlink physical data channel through which
relay system information 1s transmitted.

Since a relay-common backhaul downlink physical con-
trol channel 1s information about a plurality of relays, the
relays should be able to demodulate the information. To this
end, data for checking a transmission error of a relay-
common backhaul downlink physical control channel, for
example, cyclic redundancy check (CRC) can be masked
with a relay-common 1dentifier. For example, a relay system
information-radio network temporary identifier (RSI-RNTT)
can be used as the relay-common 1dentifier.

FIG. 23 illustrates a transmission period of relay system
information according to an exemplary embodiment of the
present invention.

Relay system information according to an exemplary
embodiment of the present invention can be modified by
predetermined periods Tm and 1s not modified during one
period. For convenience, such a period 1s referred to as a
relay system information modification period. A relay sys-
tem 1nformation modification period may be set to, for
example, at least one radio frame or at least one subirame.
The length information of a relay system information modi-
fication period can be included in relay system information
and transmitted.

A notification about whether relay system information 1s
modified 1n the next modification period may be included in
a relay-common backhaul downlink physical control chan-
nel, and such a nofification of relay system information
modification may be included one or more times in one
modification period Tm. The notification of relay system
information modification can be implemented, for example,
in the form of a bit indicating whether or not relay system
information 1s modified. When the corresponding bit 1s “1,”
it may mean that the relay system information 1s modified 1n
a next modification period, and the corresponding relay may
receive and apply modified relay system information in the
next modification period. When the corresponding bit 1s <0,”
it may mean that the relay system information i1s not modi-
fied in the next modification period.

Next, 1t will be described below how to allocate the above
described subirames used for a base station access down-

link, through which a backhaul downlink signal 1s transmiut-
ted, and a backhaul uplink.
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A base station can allocate a base station access downlink
subiframe, through which one or more backhaul uplink
signals are transmitted, to a relay. The base station access
downlink subirame allocation information may be trans-
terred 1n the form of a bitmap by upper layer signaling (RRC
signaling 1n the case of 3GPP). In the form of a bitmap, O or
1 1s used to indicate whether or not a backhaul downlink
signal has been transmitted 1n respective base station access
downlink subirames constituting one or more base station
access downlink frames. For example, 1 means that a
backhaul downlink signal has been transmitted in the cor-
responding base station access downlink subirame, and O
means that a backhaul downlink signal has not been trans-
mitted 1n the corresponding base station access downlink
subirame.

Also, the base station access downlink subirame alloca-
tion information may be transferred by upper layer signaling
(RRC signaling in the case of 3GPP) 1n the form of one or
more transmission periods and the position information of a
base station access downlink subirame 1n a base station
access downlink frame corresponding to each transmission
period.

The base station may transmait the allocation information
of a base station access downlink subframe, through which
the same backhaul downlink signal 1s transmitted, to all
relays receiving a backhaul downlink signal from the base
station 1tself, or transmit diflerent base station access down-
link subframe allocation information to the respective
relays. Alternatively, the base station may classily relays
receiving a backhaul downlink signal from the base station
itsell into a plurality of relay groups and transmit the
allocation information of base station access downlink sub-
frames, through which different backhaul downlink signals
are transmitted, to the respective relay groups. Here, a relay
group may consist of one or more relays, and relays 1n a
specific relay group receive the allocation mnformation of a
base station access downlink subirame through which the
same backhaul downlink signal 1s transmuitted.

Also, a base station can allocate one or more backhaul
uplink subirames to a relay. Such backhaul uplink subiframe
allocation information may be transierred in the form of a
bitmap by upper layer signaling (RRC signaling in the case
of 3GPP). In the form of a bitmap, 0 or 1 1s used to indicate
whether or not to transmit a backhaul uplink signal 1n one
backhaul uplink subirame or each of a plurality of backhaul
uplink frames. For example, 1 instructs to transmit a back-
haul uplink signal i the corresponding backhaul uplink
subirame, and 0 instructs not to transmit a backhaul uplink
signal 1n the corresponding backhaul uplink subirame. Also,
the backhaul uplink subiframe allocation information may be
transierred by upper layer signaling (RRC signaling in the
case of 3GPP) 1in the form of one or more transmission
periods and the position mformation of a backhaul uplink
subirame 1n a backhaul uplink frame corresponding to each
transmission period.

The base station may transmit the same backhaul uplink
subirame allocation information to all relays transmitting
backhaul uplink signals to the base station 1itself, or transmit
different backhaul uplink subframe allocation information to
the respective relays. Alternatively, the base station may
classily relays transmitting backhaul uplink signals to the
base station itself mto a plurality of relay groups and
transmit different backhaul uplink subirame allocation infor-
mation to the respective relay groups. Here, a relay group
consists of one or more relays, and relays 1n a specific relay
group receive the same backhaul uplink subframe allocation
information from the base station.
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Valid period information of a backhaul downlink/uplink
physical data channel will be described below.

A base station transmits resource allocation information
ol a backhaul downlink physical data channel to a relay, and
the resource allocation information may include the position
of the backhaul downlink physical data channel on physical
resources, such as time, frequency, and space, a modulation
method, hybrid automatic repeat request (HARQ) informa-
tion, and so on. When the base station transmits a backhaul
downlink physical data channel to the relay, the base station
can transmit resource allocation information for each back-
haul downlink physical data channel. Alternatively, the base
station may transmit only one piece of resource allocation
information for a plurality of backhaul downlink physical
data channels to the relay. In this case, valid period infor-
mation can be included 1n the resource allocation informa-
tion. Here, the valid period information denotes how many
backhaul downlink physical data channels the resource
allocation information including the valid period informa-
tion 1s applied to. For example, when valid period informa-
tion indicates n, the same resource allocation information
including the valid period information 1s applied to n back-
haul downlink physical data channels. Here, a backhaul
downlink physical data channel to which the valid period
information 1s applied may correspond to HARQ retrans-
mission or nitial transmission excluding HARQ retransmis-
S1011.

Also, the base station transmits resource allocation infor-
mation of a backhaul uplink physical data channel to the
relay, and the resource allocation information may include
the position of the backhaul uplink physical data channel on
physical resources, such as time, frequency, and space, a
modulation method, HARQ information, and so on. When
the base station transmits a backhaul uplink physical data
channel to the relay, the base station can transmit resource
allocation information for each backhaul uplink physical
data channel. Alternatively, the base station may transmit
only one piece of resource allocation information for a
plurality of backhaul uplink physical data channels to the
relay. In this case, valid period information can be included
in the resource allocation information. The valid period
information denotes how many backhaul uplink physical
data channels the resource allocation information including
the valid period mmformation 1s applied to. For example,
when valid period information indicates n, the same
resource allocation information including the valid period
information 1s applied to n backhaul uplink physical data
channels.

An ACK/NACK mechanism that can be applied to a
backhaul link between a base station and a relay will be
described below 1n relation to the wireless environment of
the backhaul link.

When a relay receives a backhaul downlink physical data
channel, the relay transmits information about whether or
not demodulation 1s successtul, that 1s, ACK or NACK,
through a backhaul uplink according to whether or not
demodulation of a backhaul downlink physical data channel
1s successiul. When one backhaul downlink physical data
channel consists of a plurality of codewords, information
about whether or not demodulation 1s successiul can be
transmitted according to the respective codewords. A plu-
rality of pieces of information about whether or not demodu-
lation 1s successiul can be transmitted through one or more
modulation symbols.

Resources through which a relay will transfer information
about whether or not demodulation 1s successtul may cor-
respond to resources, through which a backhaul downlink
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physical control channel including the allocation 1informa-
tion of a backhaul downlink physical data channel has been
transmitted, on a one-to-one basis. In this case, when the
resources through which a backhaul downlink physical
control channel has been transmitted are changed, the
resources through which information about whether or not
demodulation 1s successiul 1s transmitted are also changed.
Here, resources consist of a combination of time domain
resources, Irequency domain resources, code domain
resources, cyclic shift domain resources, and so on.

Also, resources through which information about whether
or not demodulation 1s successiul 1s transmitted may have no
relation with resources through which a backhaul downlink
physical control channel 1s transmitted. In this case, a base
station can notily a relay of the resources through which
information about whether or not demodulation 1s successiul
1s transmitted by upper layer signaling (RRC signaling may
be used 1n the case of 3GPP), and the relay transmits the
information about whether or not demodulation 1s successiul
using the resources.

Resources through which information about whether or
not demodulation 1s successiul 1s transmitted may be deter-
mined by two factors. One factor corresponds to resources
through which a backhaul downlink physical control chan-
nel has been transmitted on a one-to-one basis, and the other
factor has no relation with the resources through which a
backhaul downlink physical control channel has been trans-
mitted.

There has been active discussion recently regarding a
transmission method 1n a downlink or uplink between a base
station and a UE using multiple input multiple output
(MIMO). In relation to this, MIMO technology whereby
multiple wireless paths are generated such as 8x8 MIMO or
4x8 MIMO 1s under examination. When such advanced
MIMO technology 1s applied, a plurality of codewords can
be used (generally up to two codewords), and ACK/NACK
information 1s separately configured for each codeword and
transmitted.

In general, relays are installed at a high level such as on
the top of a building, and thus, many wireless environments
between a base station and a relay have line of sight (LOS).
When MIMO technology 1s applied to such an LOS envi-
ronment, there 1s a strong possibility of correlation between
transmission paths. Thus, 1n a backhaul link between a relay
and a base station 1 a backhaul transmission method
according to an exemplary embodiment of the present
invention, response mformation, that 1s, ACK/NACK 1nfor-
mation 1s not separately transmitted according to codewords,
but only one piece of response information, that 1s, ACK/
NACK 1nformation, 1s configured, that 1s, bundled for all
codewords, and transmitted. To be specific, for example, an
AND operation 1s performed on success and/or failure in
transmitting respective codewords. In this case, ACK 1nfor-
mation 1s transmitted only when the plural codewords are
successiully transmitted, and otherwise, NACK information
1s transmitted. While two bits are conventionally required
for ACK/NACK transmission in a backhaul link when two
codewords are used, only one bit 1s used according to an
exemplary embodiment of the present invention, so that
transmission efliciency can be improved.

In the case of a backhaul uplink signal, 1t 1s possible to
consider that backhaul uplink physical data consisting of a
plurality of codewords 1s transmitted 1n one backhaul uplink
subirame, and bundling of ACK/NACK information for the
codewords 1s applied to the one backhaul uplink subirame.
Bundling of ACK/NACK information may be applied to a
plurality of backhaul uplink subframes. When backhaul
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uplink physical data consisting of a plurality of codewords
1s transmitted in each backhaul uplink subirame, ACK/
NACK bundling may be separately performed on the first
codewords and the second codewords of the respective
backhaul uplink subirames.

A base station can notily a relay of whether or not
bundling of ACK/NACK 1information 1s applied. When the
base station applies bundling of ACK/NACK information to
the relay, the relay bundles and transmits ACK/NACK

information about all the codewords of a backhaul downlink
physical data channel to the base station, and the base station
also bundles and transmits ACK/NACK 1nformation about
all the codewords of a backhaul uplink physical data channel
to the relay. Meanwhile, when the base station does not
apply bundling of ACK/NACK information to the relay, the
relay transmits ACK/NACK information about the respec-
tive codewords of a backhaul downlink physical data chan-
nel to the base station, and the base station also transmits
ACK/NACK miformation about the respective codewords of
a backhaul uplink physical data channel to the relay.

In an exemplary embodiment of the present invention, a
bundling mode, that 1s, a mode in which ACK/NACK
information about all codewords 1s bundled and transmaitted,
1s applied to transmit ACK/NACK information between a
base station and a relay, and 1n an exceptional case 1n which,
for example, a wireless environment between the base
station and the relay rapidly varies, the bundling mode 1s
released and a normal node can be applied.

While the imnvention has been shown and described with
reference to certain exemplary embodiments thereot, 1t waill
be understood by those skilled 1n 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 mvention claimed 1s:

1. A[downlink] transmission method Jot] by a base station
[in a mobile communication network including] 7o a relay
station, comprising:

transmitting information on a first location of a first

symbol of backhaul downlink symbols by radio
resource control (RRC) signaling; and

transmitting a [backhaul] downlink signal to the relay

[using] station, wherein the downlink signal comprises
the backhaul downlink symbols, the backhaul downlink
symbols starting from [the] a second location corre-
sponding to a subsequent symbol of at least one
excluded symbol of a [base station access] downlink
subirame transmitted by the base station and ending
[with the] at a third location corresponding to a last
symbol of the [base station access] downlink subframe,
wherein the at least one excluded symbol includes a
predetermined number of symbols beginning with the
first symbol of the [base station access] downlink
subirame,

wherein the at least one excluded symbol 1s the first

symbol, the first and second symbols, or the first to
third symbols of the [base station access] downlink
subirame, and

[wherein information on the location of the first symbol of

the backhaul downlink symbols 1s transmitted by radio
resource control (RRC) signaling,]

in case the [base station access] downlink subframe

includes 14 symbols, the RRC signaling informs the
relay station that the backhaul downlink symbols are
[from the 27 symbol to the 14” symbol,] from the 37
symbol to the 14”7 symbol, or from the 4” symbol to the

14" symbol.
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2. The [downlink] transmission method of claim 1,
wherein the at least one excluded symbol is determined [in
consideration of at least one of] at least based on a time for
the relay statiorn to switch between transmission and recep-
tion and a signal transmission time.

[3. A downlink transmission method of a base station in
a mobile communication network including a relay, com-
prising;:

transmitting a backhaul downlink signal to the relay using

backhaul downlink symbols starting from the subse-
quent symbol of at least one excluded symbol of a base
station access downlink subiframe and ending with the
second to the last symbol of the base station access
downlink subframe,

wherein the at least one excluded symbol includes a

predetermined number of symbols beginning with the
first symbol of the base station access downlink sub-
frame,

wherein the at least one excluded symbol 1s the first

symbol, the first and second symbols, or the first to
third symbols of the base station access downlink
subframe,

wherein information on the location of the first symbol of

the backhaul downlink symbols 1s transmitted by radio
resource control (RRC) signaling,

in case the base station access downlink subirame

includes 14 symbols, the RRC signaling informs the
relay that the backhaul downlink symbols are from the
2"? symbol to the 14” symbol, from the 3" symbol to
the 14” symbol, or from the 4” symbol to the 14"
symbol.}

[4. A method for a relay to receive a downlink signal from
a base station, comprising:

receiving a backhaul downlink signal from the base

station using backhaul downlink symbols starting from
the subsequent symbol of at least one excluded symbol
of a base station access downlink subiframe and ending
with the last symbol of the base station access downlink
subirame,

wherein the at least one excluded symbol includes a

predetermined number of symbols beginning with the
first symbol of the base station access downlink sub-
frame,

wherein the at least one excluded symbol 1s the first

symbol, the first and second symbols, or the first to
third symbols of the base station access downlink
subframe,

wherein information on the location of the first symbol of

the backhaul downlink symbols 1s transmitted by radio
resource control (RRC) signaling,

in case the base station access downlink subirame

includes 14 symbols, the RRC signaling informs the
relay that the backhaul downlink symbols are from the
2"? symbol to the 14” symbol, from the 3" symbol to
the 14” symbol, or from the 4” symbol to the 14"
symbol.}

[5. A method for a relay to receive a downlink from a base
station 1n a mobile communication network, comprising:

receiving a backhaul downlink signal using backhaul

downlink symbols starting from the subsequent symbol

of at least one excluded symbol of a base station access
downlink subframe and ending with the second to the
last symbol of the base station access downlink sub-
frame,
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wherein the at least one excluded symbol includes a
predetermined number of symbols beginning with the
first symbol of the base station access downlink sub-
frame,

wherein the at least one excluded symbol 1s the first
symbol, the first and second symbols, or the first to
third symbols of the base station access downlink
subframe,

wherein information on the location of the first symbol of
the backhaul downlink symbols 1s transmitted by radio
resource control (RRC) signaling,

in case the base station access downlink subirame
includes 14 symbols, the RRC signaling informs the
relay that the backhaul downlink symbols are from the
2" symbol to the 14”7 symbol, from the 3™ symbol to
the 14” symbol, or from the 47 symbol to the 14”
symbol.}

6. The transmission method of claim I, wherein the relay
station transmits a relay access downlink subframe to a
terminal when the velay station rveceives the backhaul down-
link subframe, and the velay station transmits information to
the terminal indicating that the velay access downlink sub-

frame is a Multicast Broadcast Single Frequency Network

(MBSEN).
7. The transmission method of claim 6, wherein the relay
station provides a guavd period after the location of the first
symbol durving which the relay station does not transmit any
downlink signal to the terminal.
8. The transmission method of claim 6, wherein a number
of symbols which the base station uses to transmit a control
channel is equal to the one, two, or three symbols.
9. A communication method by a relay station, compris-
Ing.
receiving information from a base station on a first
location of a first symbol of a set of downlink symbols
by radio resource control (RRC) signaling; and

receiving a downlink signal from a base station, wherein
the downlink signal comprises the backhaul downlink
symbols, the backhaul downlink symbols starting from
a second location corresponding to a subsequent sym-
bol of at least one excluded symbol of a downlink
subframe transmitted by the base station and ending at
a third location corresponding to a last symbol of the
downlink subframe,

wherein the at least one excluded symbol includes a

predetermined number of symbols beginning with the
first symbol of the downlink subframe,

wherein the at least one excluded symbol is the first

symbol, the first and second symbols, or the first to third
symbols of the downlink subframe, and

in case the downlink subframe includes 14 symbols, the

RRC signaling informs the velay station that the back-
haul downlink symbols are from the 3™ symbol to the
147 symbol, or from the 4 symbol to the 14" symbol.

10. The communication method of claim 9, wherein the at
least one excluded symbol is determined at least based on a
time for the velay station to switch between transmission and
reception and a signal transmission time.

11. The communication method of claim 9, wherein the
relay station transmits a velay access downlink subframe to
a terminal when the relay station receives the backhaul
downlink subframe, and the rvelay station transmits infor-
mation to the terminal indicating that the velay access
downlink subframe is a Multicast Broadcast Single Fre-
quency Network (MBSFN).

12. The communication method of claim 11, wherein the
relay station provides a guavd period after the location of the
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first symbol during which the velay station does not transmit
any downlink signal to the terminal.

13. The communication method of claim 11, wherein a
number of symbols which the base station uses to transmit
a control channel is equal to the one, two, or three symbols.

14. A communication apparatus, COmprising:

a circuitry configured to:

cause the communication apparatus to receive infor-
mation from a base station on a first location of a
first symbol of a set of downlink symbols by radio
resource control (RRC) signaling; and

cause the communication apparatus to veceive a down-
link signal from a base station, whevein the downlink
signal comprises the backhaul downlink symbols, the
backhaul downlink symbols starting from a second
location corresponding to a subsequent symbol of at
least one excluded symbol of a downlink subframe
transmitted by the base station and ending at a third
[ocation corresponding to a last symbol of the down-
link subframe,

wherein the at least one excluded symbol includes a

predetermined number of symbols beginning with the
first symbol of the downlink subframe,

wherein the at least one excluded symbol is the first

symbol, the first and second symbols, or the first to third
symbols of the downlink subframe, and

in case the downlink subframe includes 14 symbols, the

RRC signaling informs the communication apparatus
that the backhaul downlink symbols are from the 3™
symbol to the 14" symbol, or from the 47 symbol to the
147 symbol.

15. The communication apparatus of claim 14, wherein
the at least one excluded symbol is determined at least based
on a time for the communication apparatus to switch
between transmission and reception and a signal transmis-
sion time.

16. The communication apparatus of claim 14, wherein
the communication apparatus transmits a velay access
downlink subframe to a terminal when the communication
apparatus receives the backhaul downlink subframe, and the
communication apparatus transmits information to the ter-
minal indicating that the relay access downlink subframe is
a Multicast Broadcast Single Frequency Network (MBSFN).

17. The communication apparatus of claim 16, wherein
the communication apparatus provides a guavd period after
the location of the first symbol during which the communi-
cation apparatus does not transmit any downlink signal to
the terminal.
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18. The communication apparatus of claim 16, wherein a
number of symbols which the base station uses to transmit
a control channel is equal to the one, two, or three symbols.

19. A communication device for a relay station, the
communication device comprising:

a circuitry configured to:

cause the relay station to receive information from a
base station on a first location of a first symbol of a
set of downlink symbols by radio resource control
(RRC) signaling; and

cause the relay station to rveceive a downlink signal
from a base station, whervein the downlink signal
comprises the backhaul downlink symbols, the back-
haul downlink symbols starting from a second loca-
tion corresponding to a subsequent symbol of at least
one excluded symbol of a downlink subframe trans-
mitted by the base station and ending at a third
location corresponding to a last symbol of the down-
link subframe,

wherein the at least one excluded symbol includes a

predetermined number of symbols beginning with the

first symbol of the downlink subframe,

wherein the at least one excluded symbol is the first

symbol, the first and second symbols, or the first to thivd

symbols of the downlink subframe, and

in case the downlink subframe includes 14 symbols, the

RRC signaling informs the velay station that the back-

haul downlink symbols are from the 3™ symbol to the

147 symbol, or from the 47 symbol to the 14” symbol.

20. The communication device of claim 19, wherein the at
least one excluded symbol is detevmined at least based on a
time for the relay station to switch between transmission and
reception and a signal transmission time.

21. The communication device of claim 19, wherein the
relay station transmits a relay access downlink subframe to
a terminal when the relay station receives the backhaul
downlink subframe, and the rvelay station transmits infor-
mation to the terminal indicating that the relay access
downlink subframe is a Multicast Broadcast Single Fre-
quency Network (MBSFN).

22. The communication device of claim 21, wherein the
relay station provides a guavd period after the location of the

fivst symbol duving which the velay station does not transmit

any downlink signal to the terminal.

23. The communication device of claim 21, wherein a
number of symbols which the base station uses to transmit
a control channel is equal to the one, two, or three symbols.
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