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METHOD AND APPARATUS FOR
TRANSMITTING ACK/NACK FOR
DOWNLINK TRANSMISSION IN WIRELESS
COMMUNICATION SYSTEM

TECHNICAL FIELD

[0001] The present invention relates to a wireless commu-
nication system, and more particularly, to a method and appa-
ratus for transmitting ACK/NACK for downlink transmission
in a wireless communication system.

BACKGROUND ART

[0002] In a wireless communication system, in order to
determine whether data transmitted by a transmitter is suc-
cessfully received by a receiver, the receiver may feed
acknowledgement (ACK)/negative ACK (NACK) back to the
transmitter. The transmitter performs an operation such as
retransmission of previously transmitted data or transmission
of new data based on the ACK/NACK feedback, thereby
efficiently and accurately performing data transmission.
[0003] Forexample, in case of downlink transmission from
a base station to a user equipment (UE), the UE which
receives a physical downlink shared channel (PDSCH) in
downlink subframe(s) may feed ACK/NACK information
indicating whether or not the PDSCH is successfully received
back to the base station after a predetermined time has
elapsed, and the base station may receive the ACK/NACK
information in one uplink subframe. In order to enable the
base station to accurately receive the ACK/NACK informa-
tion transmitted by the UE, resources used to transmit the
ACK/NACK information in one uplink subframe need to be
determined.

DISCLOSURE

Technical Problem

[0004] In a conventional wireless communication system,
ACK/NACK resources may be determined according to a
predetermined rule. However, in an evolved wireless commu-
nication system to which carrier aggregation technology or
relay technology is applied, ACK/NACK resources may not
be determined according to the conventional method.

[0005] An object of the present invention devised to solve
the problem lies in a method for determining ACK/NACK
resources used to transmit ACK/NACK for downlink trans-
mission in an evolved wireless communication system.

Technical Solution

[0006] The object of the present invention can be achieved
by providing a method for transmitting ACK/NACK infor-
mation for downlink transmission in a receiver of a wireless
communication system, including being configured with N
physical uplink control channel (PUCCH) resources respec-
tively having indexes 0, 1, 2, . . ., and N-1 by a higher layer,
receiving the downlink transmission from a transmitter in a
downlink subframe set including M (1=M=N) downlink
subframes, and transmitting the ACK/NACK information for
the downlink transmission in the downlink subframe set to the
transmitter in one uplink subframe associated with the down-
link subframe set, wherein each of the M PUCCH resources
respectively having the indexes 0, 1, 2, . . ., and M-1 among
the N PUCCH resources configured with respect to the
receiver corresponds to each of the M downlink subframes.
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[0007] Inanother aspect of the present invention, provided
herein is an apparatus for transmitting ACK/NACK informa-
tion for downlink transmission in a wireless communication
system, including a reception module configured to receive a
downlink signal from a transmitter, a transmission module
configured to transmit an uplink signal to the transmitter, and
a processor configured to control the apparatus including the
reception module and the transmission module, wherein the
processor is further configured to be configured with N physi-
cal uplink control channel (PUCCH) resources respectively
having indexes 0, 1, 2, ..., and N-1 by a higher layer, receive
the downlink transmission from the transmitter in a downlink
subframe set including M (1=M=N) downlink subframes,
and transmit the ACK/NACK information for the downlink
transmission in the downlink subframe set to the transmitter
in one uplink subframe associated with the downlink sub-
frame set, wherein each of the M PUCCH resources respec-
tively having the indexes 0, 1, 2, . . ., and M-1 among the N
PUCCH resources configured with respect to the receiver
corresponds to each of the M downlink subframes.

[0008] The following matters may be applied to the
embodiments of the present invention.

[0009] The one uplink subframe may be a subframe n, the
M downlink subframes may be subframe n-k, (t=0, 1, 2, . . .
,and M-1), the M PUCCH resources may be n'" rocca: (70,

1,2,...,M-1), and n(l)PUCCH,t may correspond to the
subframe n-k,.
[0010] The k, value may correspond to t=0, 1, 2, . . . in

ascending order.

[0011] The ACK/NACK information may be transmitted
using one of the M PUCCH resources.

[0012] ACK/NACK bundling or ACK/NACK channel
selection may be set with respect to the receiver.

[0013] The downlink transmission may be a physical
downlink shared channel (PDSCH) transmission indicated by
detection of a corresponding control channel.

[0014] The control channel may be a relay-physical down-
link control channel (R-PDCCH).

[0015] The control channel may include control channel
number count information.

[0016] The wireless communication system may be a time
division duplexing (TDD) system.

[0017] The transmitter may be a base station and the
receiver may be a relay node.

[0018] The above-described description and the following
detailed description of the present invention are exemplary
and are provided for additional description of the appended
claims.

Advantageous Effects

[0019] According to the present invention, it is possible to
provide a method for determining ACK/NACK resources
used to transmit ACK/NACK for downlink transmission in an
evolved wireless communication system.

[0020] Theeftects of the present invention are not limited to
the above-described effects and other effects which are not
described herein will become apparent to those skilled in the
art from the following description.

DESCRIPTION OF DRAWINGS

[0021] The accompanying drawings, which are included to
provide a further understanding of the invention, illustrate
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embodiments of the invention and together with the descrip-
tion serve to explain the principle of the invention.

[0022] In the drawings:

[0023] FIG.1is adiagram showing the structure of a down-
link radio frame;

[0024] FIG. 2 is a diagram showing a resource grid of a
downlink slot;

[0025] FIG. 3 is a diagram showing the structure of a down-
link subframe;

[0026] FIG. 4 is a diagram showing the structure of an
uplink subframe;

[0027] FIG. 5 is a diagram showing the configuration of a
wireless communication system having multiple antennas;
[0028] FIG. 6 is a diagram showing a CRS and DRS pattern
defined in the existing 3GPP LTE system;

[0029] FIG. 7 is a diagram showing the structure of an
uplink subframe including SRS symbols;

[0030] FIG. 8 is a diagram showing an example of imple-
mentation of a transmitter/receiver function of an FDD mode
relay node (RN);

[0031] FIG.9isadiagram illustrating transmission from an
RN to a UE and downlink transmission from an eNB to an
RN;

[0032] FIG. 10 is a diagram showing the case where the
number of DL subframes associated with one UL subframe is
changed over time;

[0033] FIG.11 is a diagram illustrating a mapping relation-
ship between DL subframes and ACK/NACK resources and
an ACK/NACK feedback method according to an embodi-
ment of the present invention;

[0034] FIG.12is aflowchart illustrating a method for trans-
mitting ACK/NACK information for downlink transmission
according to an embodiment of the present invention; and
[0035] FIG.13is adiagram showing the configuration ofan
apparatus for transmitting ACK/NACK information accord-
ing to an embodiment of the present invention.

BEST MODE

[0036] The following embodiments are proposed by com-
bining constituent components and characteristics of the
present invention according to a predetermined format. The
individual constituent components or characteristics should
be considered to be optional factors on the condition that there
is no additional remark. If required, the individual constituent
components or characteristics may not be combined with
other components or characteristics. Also, some constituent
components and/or characteristics may be combined to
implement the embodiments of the present invention. The
order of operations to be disclosed in the embodiments of the
present invention may be changed to another. Some compo-
nents or characteristics of any embodiment may also be
included in other embodiments, or may be replaced with
those of the other embodiments as necessary.

[0037] The embodiments of the present invention are dis-
closed on the basis of a data communication relationship
between a base station and a terminal. In this case, the base
station is used as a terminal node of a network via which the
base station can directly communicate with the terminal. Spe-
cific operations to be conducted by the base station in the
present invention may also be conducted by an upper node of
the base station as necessary.

[0038] In other words, it will be obvious to those skilled in
the art that various operations for enabling the base station to
communicate with the terminal in a network composed of
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several network nodes including the base station will be con-
ducted by the base station or other network nodes other than
the base station. The term “Base Station (BS)” may be
replaced with a fixed station, Node-B, eNode-B (eNB), or an
access point as necessary. The term “relay” may be replaced
with a Relay Node (RN) or a Relay Station (RS). The term
“terminal” may also be replaced with a User Equipment (UE),
a Mobile Station (MS), a Mobile Subscriber Station (MSS) or
a Subscriber Station (SS) as necessary.

[0039] Itshouldbenotedthat specific terms disclosed in the
present invention are proposed for the convenience of
description and better understanding of the present invention,
and the use of these specific terms may be changed to another
format within the technical scope or spirit of the present
invention.

[0040] In some instances, well-known structures and
devices are omitted in order to avoid obscuring the concepts
of the present invention and the important functions of the
structures and devices are shown in block diagram form. The
same reference numbers will be used throughout the draw-
ings to refer to the same or like parts.

[0041] Exemplary embodiments of the present invention
are supported by standard documents disclosed for at least
one of wireless access systems including an Institute of Elec-
trical and Electronics Engineers (IEEE) 802 system, a 3™/
Generation Project Partnership (3GPP) system, a 3GPP Long
Term Evolution (LTE) system, and a 3GPP2 system. In par-
ticular, the steps or parts, which are not described to clearly
reveal the technical idea of the present invention, in the
embodiments of the present invention may be supported by
the above documents. All terminology used herein may be
supported by at least one of the above-mentioned documents.

[0042] The following embodiments of the present inven-
tion can be applied to a variety of wireless access technolo-
gies, for example, CDMA (Code Division Multiple Access),
FDMA (Frequency Division Multiple Access), TDMA (Time
Division Multiple Access), OFDMA (Orthogonal Frequency
Division Multiple Access), SC-FDMA (Single Carrier Fre-
quency Division Multiple Access), and the like. The CDMA
may be embodied with wireless (or radio) technology such as
UTRA (Universal Terrestrial Radio Access) or CDMA2000.
The TDMA may be embodied with wireless (or radio) tech-
nology such as GSM (Global System for Mobile communi-
cations)/GPRS (General Packet Radio Service)/EDGE (En-
hanced Data Rates for GSM Evolution). The OFDMA may be
embodied with wireless (or radio) technology such as Insti-
tute of Electrical and Flectronics Engineers (IEEE) 802.11
(Wi-Fi), IEEE 802.16 (WiMAX), IEEE 802-20, and
E-UTRA (Evolved UTRA). The UTRA is a part of the UMTS
(Universal Mobile Telecommunications System). The 3GPP
(3rd Generation Partnership Project) LTE (long term evolu-
tion) is a part of the E-UMTS (Evolved UMTS), which uses
E-UTRA. The 3GPP LTE employs the OFDMA in downlink
and employs the SC-FDMA in uplink. The LTE-Advanced
(LTE-A)is an evolved version of the 3GPP LTE. WiMAX can
be explained by an IEEE 802.16e (WirelessMAN-OFDMA
Reference System) and an advanced IEEE 802.16m (Wire-
lessMAN-OFDMA Advanced System). For clarity, the fol-
lowing description focuses on the 3GPP LTE and 3GPP
LTE-A system. However, technical features of the present
invention are not limited thereto.

[0043] The structure of a downlink radio frame will be
described with reference to FIG. 1.
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[0044] In a cellular Orthogonal Frequency Division Multi-
plexing (OFDM) radio packet communication system,
uplink/downlink data packet transmission is performed in
subframe units. One subframe is defined as a predetermined
time interval including a plurality of OFDM symbols. The
3GPP LTE standard supports a type 1 radio frame structure
applicable to Frequency Division Duplex (FDD) and a type 2
radio frame structure applicable to Time Division Duplex
(TDD).

[0045] FIG. 1(a) is a diagram showing the structure of the
type 1 radio frame. A downlink radio frame includes 10
subframes, and one subframe includes two slots in time
domain. A time required for transmitting one subframe is
defined in a Transmission Time Interval (TTT). For example,
one subframe may have a length of 1 ms and one slot may
have a length of 0.5 ms. One slot may include a plurality of
OFDM symbols in time domain and include a plurality of
Resource Blocks (RBs) in frequency domain. Since the 3GPP
LTE system uses OFDMA in downlink, the OFDM symbol
indicates one symbol duration. The OFDM symbol may be
called a SC-FDMA symbol or a symbol duration. ARB is a
resource allocation unit and includes a plurality of contiguous
subcarriers in one slot.

[0046] The number of OFDM symbols included in one slot
may be changed according to the configuration of a Cyclic
Prefix (CP). The CP includes an extended CP and a normal
CP. For example, if the OFDM symbols are configured by the
normal CP, the number of OFDM symbols included in one
slot may be seven. If the OFDM symbols are configured by
the extended CP, the length of one OFDM symbol is
increased, the number of OFDM symbols included in one slot
is less than that of the case of the normal CP. In case of the
extended CP, for example, the number of OFDM symbols
included in one slot may be six. If a channel state is instable,
for example, if a User Equipment (UE) moves at a high speed,
the extended CP may be used in order to further reduce
interference between symbols.

[0047] In case of using the normal CP, since one slot
includes seven OFDM symbols, one subframe includes 14
OFDM symbols. At this time, the first two or three OFDM
symbols of each subframe may be allocated to a Physical
Downlink Control Channel (PDCCH) and the remaining
OFDM symbols may be allocated to a Physical Downlink
Shared Channel (PDSCH).

[0048] FIG. 1(b) is a diagram showing the structure of the
type 2 radio frame. The type 2 radio frame includes two half
frames, each of which includes five subframes, a downlink
pilot time slot (DWPTS), a guard period (GP), and an uplink
pilot time slot (UpPTS). One of these subframes includes two
slots. The DwPTS is used for initial cell search, synchroni-
zation and channel estimation at a user equipment. The
UpPTS is used for channel estimation and uplink transmis-
sion synchronization of the user equipment. The guard period
is to remove interference occurring in an uplink due to multi-
path delay of a downlink signal between the uplink and a
downlink. Meanwhile, one subframe includes two slots
regardless of a type of the radio frame.

[0049] The structure of the radio frame is only exemplary.
Accordingly, the number of subframes included in the radio
frame, the number of slots included in the subframe or the
number of symbols included in the slot may be changed in
various manners.

[0050] FIG. 2 is a diagram showing a resource grid in a
downlink slot. Although one downlink slot includes seven
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OFDM symbols in a time domain and one RB includes 12
subcarriers in a frequency domain in the figure, the present
invention is not limited thereto. For example, in case of a
normal Cyclic Prefix (CP), one slot includes 7 OFDM sym-
bols. However, in case of an extended CP, one slot includes 6
OFDM symbols. Each element on the resource grid is
referred to as a resource element. One RB includes 12x7
resource elements. The number N”* of RBs included in the
downlink slot is determined based on a downlink transmis-
sion bandwidth. The structure of the uplink slot may be equal
to the structure of the downlink slot.

[0051] FIG. 3 is a diagram showing the structure of a down-
link subframe. A maximum of three OFDM symbols of a
front portion of a first slot within one subframe corresponds to
a control region to which a control channel is allocated. The
remaining OFDM symbols correspond to a data region to
which a Physical Downlink Shared Channel (PDSCH) is
allocated. Examples of the downlink control channels used in
the 3GPP LTE system include, for example, a Physical Con-
trol Format Indicator Channel (PCFICH), a Physical Down-
link Control Channel (PDCCH), a Physical Hybrid automatic
repeat request Indicator Channel (PHICH), etc. The PCFICH
is transmitted at a first OFDM symbol of a subframe, and
includes information about the number of OFDM symbols
used to transmit the control channel in the subframe. The
PHICH includes a HARQ ACK/NACK signal as a response
of uplink transmission. The control information transmitted
through the PDCCH is referred to as Downlink Control Infor-
mation (DCI). The DCI includes uplink or downlink sched-
uling information or an uplink transmit power control com-
mand for a certain UE group. The PDCCH may include
resource allocation and transmission format of a Downlink
Shared Channel (DL-SCH), resource allocation information
of'an Uplink Shared Channel (UL-SCH), paging information
of'a Paging Channel (PCH), system information on the DL.-
SCH, resource allocation of an higher layer control message
such as a Random Access Response (RAR) transmitted on the
PDSCH, a set of transmit power control commands for an
individual UEs in a certain UE group, transmit power control
information, activation of Voice over IP (VoIP), etc. A plural-
ity of PDCCHs may be transmitted within the control region.
The UE may monitor the plurality of PDCCHs. The PDCCHs
are transmitted on an aggregation of one or several consecu-
tive control channel elements (CCEs). The CCE is a logical
allocation unit used to provide the PDCCHs at a coding rate
based on the state of a radio channel. The CCE corresponds to
a plurality of resource element groups. The format of the
PDCCH and the number of available bits are determined
based on a correlation between the number of CCEs and the
coding rate provided by the CCEs. The base station deter-
mines a PDCCH format according to a DCI to be transmitted
to the UE, and attaches a Cyclic Redundancy Check (CRC) to
control information. The CRC is masked with a Radio Net-
work Temporary Identifier (RNTI) according to an owner or
usage of the PDCCH. If the PDCCH is for a specific UE, a
cell-RNTT (C-RNTTI) of the UE may be masked to the CRC.
Alternatively, if the PDCCH is for a paging message, a paging
indicator identifier (P-RNTI) may be masked to the CRC. If
the PDCCH is for system information (more specifically, a
system information block (SIB)), a system information iden-
tifier and a system information RNTI (SI-RNTI) may be
masked to the CRC. To indicate a random access response
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that is a response for transmission of a random access pre-
amble of the UE, a random access-RNTI (RA-RNTI) may be
masked to the CRC.

[0052] FIG. 4 is a diagram showing the structure of an
uplink frame. The uplink subframe may be divided into a
control region and a data region in a frequency domain. A
Physical Uplink Control Channel (PUCCH) including uplink
control information is allocated to the control region. A
Physical uplink Shared Channel (PUSCH) including user
data is allocated to the data region. In order to maintain single
carrier property, one UE does not simultaneously transmit the
PUCCH and the PUSCH. The PUCCH for one UE is allo-
cated to aRB pairinasubframe. RBs belonging to the RB pair
occupy different subcarriers with respect to two slots. Thus,
the RB pair allocated to the PUCCH is “frequency-hopped” at
a slot boundary.

[0053] Modeling of Multi-Input Multi-Output (MIMO)
System
[0054] FIG. 5 is a diagram showing the configuration of a

radio communication system having multiple antennas.
[0055] As shown in FIG. 5(a), if the number of transmis-
sion antennas is increased to N, and the number of reception
antennas is increased to N, a theoretical channel transmis-
sion capacity is increased in proportion to the number of
antennas, unlike the case where a plurality of antennas is used
in only a transmitter or a receiver. Accordingly, it is possible
to improve a transfer rate and to remarkably improve fre-
quency efficiency. As the channel transmission capacity is
increased, the transfer rate may be theoretically increased by
a product of a maximum transfer rate R, upon using a single
antenna and a rate increase ratio R,.

R=min(NyNz)

[0056] For example, in an MIMO system using four trans-
mission antennas and four reception antennas, it is possible to
theoretically acquire a transfer rate which is four times that of
a single antenna system. After the increase in the theoretical
capacity of the MIMO system was proved in the mid-1990s,
various technologies of substantially improving a data trans-
fer rate have been actively developed up to now. In addition,
several technologies are already applied to the various radio
communication standards such as the third-generation
mobile communication and the next-generation wireless
local area network (LAN).

[0057] According to the researches into the MIMO antenna
up to now, various researches such as researches into infor-
mation theory related to the computation of the communica-
tion capacity of a MIMO antenna in various channel environ-
ments and multiple access environments, researches into the
model and the measurement of the radio channels of the
MIMO system, and researches into space-time signal pro-
cessing technologies of improving transmission reliability
and transmission rate have been actively conducted.

[0058] The communication method of the MIMO system
will be described in more detail using mathematical model-
ing. In the above system, it is assumed that N, transmission
antennas and N reception antennas are present.

[0059] Intransmitted signals, if the N transmission anten-
nas are present, the number of pieces of maximally transmit-
table information is N,. The transmitted information may be
expressed as follows.

Equation 1

s=lspsa ., SNTJT Equation 2

[0060] The transmitted informations,, s, . . ., S5, may have
different transmit powers. If the respective transmit powers
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are P;, P, ..., Py, the transmitted information with adjusted
powers may be expressed as follows.

§=[51,85 -« -, S =[P 151, P8, - - -, Prsagd” Equation 3

[0061] In addition, S may be expressed using a diagonal
matrix P of the transmit powers as follows.

P 0 S1

Py

Equation 4

52
=Ps

253
1}

0 PNT Sny

[0062] Consider that the N actually transmitted signals x;,
Xy, - . . , Xy, are configured by applying a weight matrix W to
the information vector S with the adjusted transmit powers.
The weight matrix W serves to appropriately distribute the
transmitted information to each antenna according to a trans-

port channel state, etc. X;, X,, . . . , X5, may be expressed by
using the vector X as follows.

X1 Equation 5

X2

Xi

X, NT
Wi Wiz wing [ 51
Wi wn wang || $2
wii Wi Wing 35
WNpl WNp2 o oo WapNg || Sy
=ws
= WPs

[0063] where, w;; denotes a weight between an i-th trans-
mission antenna and j-th information. W is also called a
precoding matrix.

[0064] Inreceived signals, if the N reception antennas are
present, respective received signals y,, ¥, . . ., Y, of the
antennas are expressed as follows.

Yy=uya .- .VNR]T Equation 6

[0065] If channels are modeled in the MIMO radio com-
munication system, the channels may be distinguished
according to transmission/reception antenna indexes. A chan-
nel from the transmission antenna j to the reception antenna i
is denoted by h,;. In h,;, it is noted that the indexes of the
reception antennas precede the indexes of the transmission
antennas in view of the order of indexes.

[0066] FIG. 5(b) is a diagram showing channels from the
N, transmission antennas to the reception antenna i. The
channels may be combined and expressed in the form of a
vector and a matrix. In FIG. 6(b), the channels from the N,
transmission antennas to the reception antenna i may be
expressed as follows.

ri=hho, ..., Rl Equation 7
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[0067] Accordingly, all the channels from the N transmis-
sion antennas to the N reception antennas may be expressed
as follows.

nr By i hing Equation 8
L hay ha2 hang
= 12|
n' hiy o hi hing
h,(,R hygt Bngz oo gy
[0068] An Additive White Gaussian Noise (AWGN) is

added to the actual channels after a channel matrix H. The
AWGN n,, n,, . . . , 0y, to the N transmission antennas may
be expressed as follows.
]T

n=[m n,, ..., g Equation 9

[0069] Through the above-described mathematical model-
ing, the received signals may be expressed as follows.

y1 Equation 10
Y2
y =

Yi
YNg
o b hing X1 m
hy ha vy || x2 n

= +
hin hi2 hing || i ni
hNRl hNRZ hNRNT XNp ANg

=Hx+n

[0070] The number of rows and columns of the channel

matrix H indicating the channel state is determined by the
number of transmission and reception antennas. The number
of rows of the channel matrix H is equal to the number N of
reception antennas and the number of columns thereof is
equal to the number N, of transmission antennas. That is, the
channel matrix H is an NyxN, matrix.

[0071] The rank of the matrix is defined by the smaller of
the number of rows or columns, which is independent from
each other. Accordingly, the rank of the matrix is not greater
than the number of rows or columns. The rank rank(H) of the
channel matrix H is restricted as follows.

rank(H) =min(NpNg) Equation 11

[0072] When the matrix is subjected to Eigen value decom-
position, the rank may be defined by the number of Eigen
values excluding 0. Similarly, when the matrix is subjected to
singular value decomposition, the rank may be defined by the
number of singular values excluding 0. Accordingly, the
physical meaning of the rank in the channel matrix may be a
maximum number of different transmittable information in a
given channel.
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[0073] Reference Signal (RS)

[0074] Inaradio communication system, since packets are
transmitted through a radio channel, a signal may be distorted
during transmission. In order to enable a reception side to
correctly receive the distorted signal, distortion of the
received signal should be corrected using channel informa-
tion. In order to detect the channel information, a method of
transmitting a signal, of which both the transmission side and
the reception side are aware, and detecting channel informa-
tion using a distortion degree when the signal is received
through a channel is mainly used. The above signal is referred
to as a pilot signal or a reference signal (RS).

[0075] When transmitting and receiving data using mul-
tiple antennas, the channel states between the transmission
antennas and the reception antennas should be detected in
order to correctly receive the signal. Accordingly, each trans-
mission antenna has an individual RS.

[0076] A downlink RS includes a Common RS (CRS)
shared among all UEs in a cell and a Dedicated RS (DRS) for
only a specific-UE. It is possible to provide information for
channel estimation and demodulation using such RSs.
[0077] The reception side (UE) estimates the channel state
from the CRS and feeds back an indicator associated with
channel quality, such as a Channel Quality Indicator (CQI), a
Precoding Matrix Index (PMI) and/or a Rank Indicator (RI),
to the transmission side (eNodeB). The CRS may be also
called a cell-specific RS. Alternatively, an RS associated with
the feedback of Channel State Information (CSI) such as
CQUPMI/RI may be separately defined as a CSI-RS.

[0078] The DRS may be transmitted through RFEs if data
demodulation on a PDSCH is necessary. The UE may receive
the presence/absence of the DRS from a higher layer and
receive information indicating that the DRS is valid only
when the PDSCH is mapped. The DRS may be also called a
UE-specific RS or a Demodulation RS (DMRS).

[0079] FIG. 6 is a diagram showing a pattern of CRSs and
DRSs mapped on a downlink RB pair defined in the existing
3GPP LTE system (e.g., Release-8). The downlink RB pair as
a mapping unit of the RSs may be expressed in units of one
subframe on a time domainx12 subcarriers on a frequency
domain. That is, on the time axis, one RB pair has a length of
14 OFDM symbols in case of the normal CP (FIG. 6(a)) and
has a length of 12 OFDM symbols in case of the extended CP
(FIG. 6(b)).

[0080] FIG. 6 shows the locations of the RSs on the RB pair
in the system in which the eNodeB supports four transmission
antennas. In FIG. 6, Resource Elements (REs) denoted by
“07, 17, 2” and ““3” indicate the locations of the CRSs of the
antenna port indexes 0, 1, 2 and 3, respectively. In FIG. 6, the
RE denoted by “D” indicates the location of the DRS.
[0081] Hereinafter, the CRS will be described in detail.
[0082] The CRS is used to estimate the channel of a physi-
cal antenna and is distributed over the entire band as an RS
which is able to be commonly received by all UEs located
within a cell. The CRS may be used for CSI acquisition and
data demodulation.

[0083] The CRS is defined in various formats according to
the antenna configuration of the transmission side (eNodeB).
The 3GPP LTE (e.g., Release-8) system supports various
antenna configurations, and a downlink signal transmission
side (eNodeB) has three antenna configurations such as a
single antenna, two transmission antennas and four transmis-
sion antennas. If the eNodeB performs single-antenna trans-
mission, RSs for a single antenna port are arranged. If the
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eNodeB performs two-antenna transmission, RSs for two
antenna ports are arranged using a Time Division Multiplex-
ing (TDM) and/or Frequency Division Multiplexing (FDM)
scheme. That is, the RSs for the two antenna ports are
arranged in different time resources and/or different fre-
quency resources so as to be distinguished from each other. In
addition, if the eNodeB performs four-antenna transmission,
RSs for four antenna ports are arranged using the TDM/FDM
scheme. The channel information estimated by the downlink
signal reception side (UE) through the CRSs may be used to
demodulate data transmitted using a transmission scheme
such as single antenna transmission, transmit diversity,
closed-loop spatial multiplexing, open-loop spatial multi-
plexing, or Multi-User MIMO (MU-MIMO).

[0084] If multiple antennas are supported, when RSs are
transmitted from a certain antenna port, the RSs are transmit-
ted at the locations of the REs specified according to the RS
pattern and any signal is not transmitted at the locations of the
REs specified for another antenna port.

[0085] The rule of mapping the CRSs to the RBs is defined
by Equation 12.

k= 6m+ (v + vgip)mod6 Equation 12

~ 0,NEL, -3 if pef0, 1}
1 if pe{2,3}

m=0,1,... ,2-NRk -1

w = m+ NpeobLl _ nDL

0 if p=0and =0
3 if p=0and %0
3 ifp=1landl=0

"o if p=1and[#0
3(nsmod2) if p=2

3+3(n;mod2) if p=3

Ve = Nigllmods

[0086] In Equation 12, k denotes a subcarrider index, 1
denotes a symbol index, and p denotes an antenna port index.
Ny ,2F denotes the number of OFDM symbols of one down-
link slot, N, ;”* denotes the number of RBs allocated to the
downlink, n, denotes a slot index, and N,,,°*” denotes a cell
ID. mod indicates a modulo operation. The location of the RS
in the frequency domain depends on a value V;, ;. Since the
value V. -depends on the cell ID, the location of the RS has
a frequency shift value which varies according to the cell.

[0087] More specifically, in order to increase channel esti-
mation performance through the CRSs, the locations of the
CRSs in the frequency domain may be shifted so as to be
changed according to the cells. For example, if the RSs are
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located at an interval of three subcarriers, the RSs are
arranged on 3k-th subcarriers in one cell and arranged on
(3k+1)-th subcarriers in the other cell. In view of one antenna
port, the RSs are arranged at an interval of 6 REs (that is,
interval of 6 subcarriers) in the frequency domain and are
separated from REs, on which RSs allocated to another
antenna port are arranged, by 3 REs in the frequency domain.

[0088] In addition, power boosting is applied to the CRSs.
The power boosting indicates that the RSs are transmitted
using higher power by bringing (stealing) the powers of the
REs except for the REs allocated for the RSs among the REs
of one OFDM symbol.

[0089] In the time domain, the RSs are arranged from a
symbol index (1=0) of each slot as a starting point ata constant
interval. The time interval is differently defined according to
the CP length. The RSs are located on symbol indexes 0 and
4 of the slot in case of the normal CP and are located on
symbol indexes 0 and 3 of the slot in case of the extended CP.
Only RSs for a maximum of two antenna ports are defined in
one OFDM symbol. Accordingly, upon four-transmission
antenna transmission, the RSs for the antenna ports 0 and 1
are located on the symbol indexes 0 and 4 (the symbol indexes
0 and 3 in case of the extended CP) of the slot and the RSs for
the antenna ports 2 and 3 are located on the symbol index 1 of
the slot. The frequency locations of the RSs for the antenna
ports 2 and 3 in the frequency domain are exchanged with
each other in a second slot.

[0090] In order to support spectrum efficiency higher than
that of the existing 3GPP LTE (e.g., Release-8) system, a
system (e.g., an LTE-A system) having the extended antenna
configuration may be designed. The extended antenna con-
figuration may have, for example, eight transmission anten-
nas. In the system having the extended antenna configuration,
UEs which operate in the existing antenna configuration
needs to be supported, that is, backward compatibility needs
to be supported. Accordingly, it is necessary to support a RS
pattern according to the existing antenna configuration and to
design a new RS pattern for an additional antenna configura-
tion. If CRSs for the new antenna ports are added to the
system having the existing antenna configuration, RS over-
head is rapidly increased and thus data transfer rate is
reduced. In consideration of these problems, in an LTE-A
(Advanced) system which is an evolution version of the 3GPP
LTE system, separate RSs (CSI-RSs) for measuring the CSI
for the new antenna ports may be used.

[0091] Hereinafter, the DRS will be described in detail.

[0092] The DRS (or the UE-specific RS) is used to
demodulate data. A precoding weight used for a specific UE
upon multi-antenna transmission is also used in an RS with-
out change so as to estimate an equivalent channel, in which
atransfer channel and the precoding weight transmitted from
each transmission antenna are combined, when the UE
receives the RSs.

[0093] The existing 3GPP LTE system (e.g., Release-8)
supports four-transmission antenna transmission as a maxi-
mum and the DRS for Rank 1 beamforming is defined. The
DRS for Rank 1 beamforming is also denoted by the RS for
the antenna port index 5. The rule of the DRS mapped on the
RBs is defined by Equations 13 and 14. Equation 13 is for the
normal CP and Equation 14 is for the extended CP.
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k= (k" )modNFE + NRE ppep Equation 13

if le {2, 3}
T4 + @+ vgpmodd i Le {5, 6}

,
, Am’ + Vg
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6 I'=1
=

2 =2
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v 0,1 if rgmod2 =0
12,3 if ngmod2 = 1
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Verip = Nigtmod3

k= (K)modNFE + NRE .ppep Equation 14

2
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[0094] In Equations 13 and 14, k denotes a subcarrider
index, 1 denotes a symbol index, and p denotes an antenna port
index. N~ denotes the resource block size in the frequency
domain and is expressed by the number of subcarriers. npyz
denotes a physical resource block number. N ;~2*“# denotes
the bandwidth of the RB of the PDSCH transmission. n,
denotes a slot index, and N,,,°” denotes a cell ID. mod indi-
cates a modulo operation. The location of the RS in the
frequency domain depends on a value V. Since the value
Vi depends on the cell ID, the location of the RS has a
frequency shift value which varies according to the cell.
[0095] Inthe LTE-A system which is the evolution version
of'the 3GPP LTE system, high-order MIMO, multi-cell trans-
mission, evolved MU-MIMO or the like is considered. In
order to support efficient RS management and a developed
transmission scheme, DRS-based data demodulation is con-
sidered. That is, separately from the DRS (antenna port index
5) for Rank 1 beamforming defined in the existing 3GPP LTE
(e.g., Release-8) system, DRSs for two or more layers may be
defined in order to support data transmission through the
added antenna.

[0096] Cooperative Multi-Point (CoMP)

[0097] According to the improved system performance
requirements of the 3GPP LTE-A system, CoMP transmis-
sion/reception technology (may be referred to as co-MIMO,
collaborative MIMO or network MIMO) is proposed. The
CoMP technology can increase the performance of the UE
located on a cell edge and increase average sector throughput.
[0098] In general, in a multi-cell environment in which a
frequency reuse factor is 1, the performance of the UE located
on the cell edge and average sector throughput may be
reduced due to Inter-Cell Interference (ICI). In order to
reduce the ICI, in the existing LTE system, a method of
enabling the UE located on the cell edge to have appropriate

21

Aug. 15,2013

throughput and performance using a simple passive method
such as Fractional Frequency Reuse (FFR) through the UE-
specific power control in the environment restricted by inter-
ference is applied. However, rather than decreasing the use of
frequency resources per cell, it is preferable that the ICI is
reduced or the UE reuses the ICI as a desired signal. In order
to accomplish the above object, a CoMP transmission scheme
may be applied.

[0099] The CoMP scheme applicable to the downlink may
be largely classified into a Joint Processing (JP) scheme and
a Coordinated Scheduling/Beamforming (CS/CB) scheme.
[0100] In the JP scheme, each point (eNodeB) of a CoMP
unit may use data. The CoMP unit refers to a set of eNodeBs
used in the CoMP scheme. The JP scheme may be classified
into a joint transmission scheme and a dynamic cell selection
scheme.

[0101] Thejointtransmission scheme refers to a scheme for
transmitting a PDSCH from a plurality of points (a part or the
whole of the CoMP unit). That is, data transmitted to a single
UE may be simultaneously transmitted from a plurality of
transmission points. According to the joint transmission
scheme, it is possible to coherently or non-coherently
improve the quality of the received signals and to actively
eliminate interference with another UE.

[0102] The dynamic cell selection scheme refers to a
scheme for transmitting a PDSCH from one point (of the
CoMP unit). That is, data transmitted to a single UE at a
specific time is transmitted from one point and the other
points in the cooperative unit at that time do not transmit data
to the UE. The point for transmitting the data to the UE may
be dynamically selected.

[0103] According to the CS/CB scheme, the CoMP units
may cooperatively perform beamforming of data transmis-
sion to a single UE. Although only a serving cell transmits the
data, user scheduling/beamforming may be determined by
the coordination of the cells of the CoMP unit.

[0104] In uplink, coordinated multi-point reception refers
to reception of a signal transmitted by coordination of a
plurality of geographically separated points. The CoMP
scheme applicable to the uplink may be classified into Joint
Reception (JR) and Coordinated Scheduling/Beamforming
(CS/CB).

[0105] TheJR scheme indicates that a plurality of reception
points receives a signal transmitted through a PUSCH, the
CS/CB scheme indicates that only one point receives a
PUSCH, and user scheduling/beamforming is determined by
the coordination of the cells of the CoMP unit.

[0106] Sounding RS (SRS)

[0107] An SRS is used for enabling an eNodeB to measure
channel quality so as to perform frequency-selective sched-
uling on the uplink and is not associated with uplink data
and/or control information transmission. However, the
present invention is not limited thereto and the SRS may be
used for improved power control or supporting of various
start-up functions of UEs which are not recently scheduled.
Examples of the start-up functions may include, for example,
initial Modulation and Coding Scheme (MCS), initial power
control for data transmission, timing advance, and frequency-
semi-selective scheduling (scheduling for selectively allocat-
ing frequency resources in a first slot of a subframe and
pseudo-randomly hopping to another frequency in a second
slot).

[0108] In addition, the SRS may be used for downlink
channel quality measurement on the assumption that the radio
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channel is reciprocal between the uplink and downlink. This
assumption is particularly valid in a Time Division Duplex
(TDD) system in which the same frequency band is shared
between the uplink and the downlink and is divided in the
time domain.

[0109] The subframe through which the SRS is transmitted
by a certain UE within the cell is indicated by cell-specific
broadcast signaling. 4-bit cell-specific “SrsSubframeCon-
figuration” parameter indicates 15 possible configurations of
the subframe through which the SRS can be transmitted
within each radio frame. By such configurations, it is possible
to provide adjustment flexibility of SRS overhead according
to a network arrangement scenario. The remaining one (six-
teenth) configuration of the parameters indicates the switch-
off of the SRS transmission within the cell and is suitable for
a serving cell for serving high-rate UEs.

[0110] As shown in FIG. 7, the SRS is always transmitted
on a last SC-FDMA symbol of the configured subframe.
[0111] Accordingly, the SRS and a Demodulation RS
(DMRS) are located on different SC-FDMA symbols.
PUSCH data transmission is not allowed on the SC-FDMA
symbol specified for SRS transmission and thus sounding
overhead does not approximately exceed 7% even when it is
highest (that is, even when SRS transmission symbols are
present in all subframes).

[0112] Each SRS symbol is generated by the basic
sequence (random sequence or Zadoff-Ch (ZC)-based
sequence set) with respect to a given time unit and frequency
band, and all UEs within the cell use the same basic sequence.
At this time, the SRS transmission of the plurality of UEs
within the cell in the same time unit and the same frequency
band is orthogonally distinguished by different cyclic shifts
of the base sequence allocated to the plurality of UEs. The
SRS sequences of different cells can be distinguished by
allocating different basic sequences to respective cells, but
the orthogonality between the different basic sequences is not

guaranteed.
[0113] Relay Node (RN)
[0114] AnRNmay be considered for, for example, enlarge-

ment of high data rate coverage, improvement of group
mobility, temporary network deployment, improvement of
cell edge throughput and/or provision of network coverage to
anew area.

[0115] An RN forwards data transmitted or received
between the eNodeB and the UE, two different links (back-
haul link and access link) are applied to the respective carrier
frequency bands having different attributes. The eNodeB may
include a donor cell. The RN is wirelessly connected to a
radio access network through the donor cell.

[0116] The backhaul link between the eNodeB and the RN
may be represented by a backhaul downlink if downlink
frequency bands or downlink subframe resources are used,
and may be represented by a backhaul uplink if uplink fre-
quency bands or uplink subframe resources are used. Here,
the frequency band is resource allocated in a Frequency Divi-
sion Duplex (FDD) mode and the subframe is resource allo-
cated in a Time Division Duplex (TDD) mode. Similarly, the
access link between the RN and the UE(s) may be represented
by an access downlink if downlink frequency bands or down-
link subframe resources are used, and may be represented by
anaccess uplink if uplink frequency bands or uplink subframe
resources are used.

[0117] The eNodeB must have functions such as uplink
reception and downlink transmission and the UE must have

22

Aug. 15,2013

functions such as uplink transmission and downlink recep-
tion. The RN must have all functions such as backhaul uplink
transmission to the eNodeB, access uplink reception from the
UE, the backhaul downlink reception from the eNodeB and
access downlink transmission to the UE.

[0118] FIG. 8 is a diagram showing an example of imple-
menting transmission and reception functions of an FDD-
mode RN. The reception function of the RN will now be
conceptually described. A downlink signal received from the
eNodeB is forwarded to a Fast Fourier Transform (FFT) mod-
ule 912 through a duplexer 911 and is subjected to an
OFDMA baseband reception process 913. An uplink signal
received from the UE is forwarded to a FFT module 922
through a duplexer 921 and is subjected to a Discrete Fourier
Transform-spread-OFDMA  (DFT-s-OFDMA) baseband
reception process 923. The process of receiving the downlink
signal from the eNodeB and the process of receiving the
uplink signal from the UE may be simultaneously performed.
The transmission function of the RN will now be described.
The uplink signal transmitted to the eNodeB is transmitted
through a DFT-s-OFDMA baseband transmission process
933, an Inverse FFT (IFFT) module 932 and a duplexer 931.
The downlink signal transmitted to the UE is transmitted
through an OFDM baseband transmission process 943, an
IFFT module 942 and a duplexer 941. The process of trans-
mitting the uplink signal to the eNodeB and the process of
transmitting the downlink signal to the UE may be simulta-
neously performed. In addition, the duplexers shown as func-
tioning in one direction may be implemented by one bidirec-
tional duplexer. For example, the duplexer 911 and the
duplexer 931 may be implemented by one bidirectional
duplexer and the duplexer 921 and the duplexer 941 may be
implemented by one bidirectional duplexer. The bidirectional
duplexer may branch into the IFFT module associated with
the transmission and reception on a specific carrier frequency
band and the baseband process module line.

[0119] In association with the use of the band (or the spec-
trum) of the RN, the case where the backhaul link operates in
the same frequency band as the access link is referred to as
“in-band” and the case where the backhaul link and the access
link operate in different frequency bands is referred to as
“out-band”. In both the in-band case and the out-band case, a
UE which operates according to the existing LTE system
(e.g., Release-8), hereinafter, referred to as a legacy UE, must
be able to be connected to the donor cell.

[0120] The RN may be classified into a transparent RN or a
non-transparent RN depending on whether or not the UE
recognizes the RN. The term “transparent” indicates that the
UE cannot recognize whether communication with the net-
work is performed through the RN and the term “non-trans-
parent” indicates that the UE recognizes whether communi-
cation with the network is performed through the RN.

[0121] In association with the control of the RN, the RN
may be classified into an RN configured as a part of the donor
cell or an RN for controlling the cell.

[0122] The RN configured as the part of the donor cell may
have an RN ID, but does not have its cell identity. When at
least a part of Radio Resource Management (RRM) of the RN
is controlled by the eNodeB to which the donor cell belongs
(even when the remaining parts of the RRM are located on the
RN), the RN is configured as the part of the donor cell.
Preferably, such an RN can support a legacy UE. For example,
examples of such an RN include various types of relays such
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as smart repeaters, decode-and-forward relays, [.2 (second
layer) relays and Type-2 relays.

[0123] In the RN for controlling the cell, the RN controls
one or several cells, unique physical layer cell identities are
provided to the cells controlled by the RN, and the same RRM
mechanism may be used. From the viewpoint of the UE, there
is no difference between access to the cell controlled by the
RN and access to the cell controlled by a general eNodeB.
Preferably, the cell controlled by such an RN may support a
legacy UE. For example, examples of such an RN include
self-backhauling relays, [.3 (third layer) relays, Type-1 relays
and Type-la relays.

[0124] The Type-1 relay is an in-band relay for controlling
a plurality of cells, which appears to be different from the
donor cell, from the viewpoint of the UE. In addition, the
plurality of cells has respective physical cell IDs (defined in
the LTE Release-8) and the RN may transmit its synchroni-
zation channel, RSs, etc. In a single-cell operation, the UE
may directly receive scheduling information and HARQ
feedback from the RN and transmit its control channel
(Scheduling Request (SR), CQI, ACK/NACK, etc.) to the
RN. In addition, a legacy UE (a UE which operates according
to the LTE Release-8 system) regards the Type-1 relay as a
legacy eNodeB (an eNodeB which operates according to the
LTE Release-8 system). That is, the Type-1 relay has back-
ward compatibility. The UEs which operates according to the
LTE-A system regard the Type-1 relay as an eNodeB different
from the legacy eNodeB, thereby achieving performance
improvement.

[0125] The Type-la relay has the same characteristics as
the above-described Type-1 relay except that it operates as an
out-band relay. The Type-1a relay may be configured so as to
minimize or eliminate an influence of the operation thereof on
an L1 (first layer) operation.

[0126] The Type-2 relay is an in-band relay and does not
have a separate physical cell ID. Thus, a new cell is not
established. The Type-2 relay is transparent to the legacy UE
and the legacy UE does not recognize the presence of the
Type-2 relay. The Type-2 relay can transmit a PDSCH, but
does not transmit at least a CRS and a PDCCH.

[0127] In order to enable the RN to operate as the in-band
relay, some resources in a time-frequency space must be
reserved for the backhaul link so as not to be used for the
access link. This is called resource partitioning.

[0128] The general principle of the resource partitioning in
the RN will now be described. The backhaul downlink and the
access downlink may be multiplexed on one carrier frequency
using a Time Division Multiplexing (TDM) scheme (that is,
only one of the backhaul downlink or the access downlink is
activated in a specific time). Similarly, the backhaul uplink
and the access uplink may be multiplexed on one carrier
frequency using the TDM scheme (that is, only one of the
backhaul uplink or the access uplink is activated in a specific
time).

[0129] The multiplexing ofthe backhaul link using an FDD
scheme indicates that backhaul downlink transmission is per-
formed in a downlink frequency band and the backhaul uplink
transmission is performed in an uplink frequency band. The
multiplexing of the backhaul link using the TDD scheme
indicates that the backhaul downlink transmission is per-
formed in a downlink subframe of the eNodeB and the RN
and the backhaul uplink transmission is performed in an
uplink subframe of the eNodeB and the RN.
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[0130] In the in-band relay, for example, if the backhaul
downlink reception from the eNodeB and the access down-
link transmission to the UE are simultaneously performed in
a predetermined frequency band, the signal transmitted from
the transmitter of the RN may be received by the receiver of
the RN and thus signal interference or RF jamming may occur
in the RF front end of the RN. Similarly, if the access uplink
reception from the UE and the backhaul uplink transmission
to the eNodeB are simultaneously performed in a predeter-
mined frequency band, signal interference may occur in the
RF front end of the RN. Accordingly, it is difficult to imple-
ment the simultaneous transmission and reception in one
frequency band at the RN unless the received signal and the
transmitted signal are sufficiently separated (for example,
unless the transmission antennas and the reception antennas
are sufficiently separated form each other (for example, on the
ground or under the ground) in terms of geographical posi-
tions).

[0131] As a method for solving the signal interference, the
RN operates so as not to transmit a signal to the UE while a
signal is received from the donor cell. That is, a gap may be
generated in the transmission from the RN to the UE and any
transmission from the RN to the UE (including the legacy
UE) may not be performed. Such a gap may be set by con-
figuring a Multicast Broadcast Single Frequency Network
(MBSFN) subframe (see FIG. 9). In FIG. 9, a first subframe
1010 is a general subframe, in which a downlink (that is,
access downlink) control signal and data is transmitted from
the RN to the UE, and a second subframe 1020 is an MBSFN
subframe, in which a control signal is transmitted from the
RN to the UE in a control region 1021 of the downlink
subframe, but any signal is not transmitted from the RN to the
UE in the remaining region 1022 of the downlink subframe.
Since the legacy UE expects the transmission of the PDCCH
in all downlink subframes (that is, the RN needs to enable the
legacy UEs within its own area to receive the PDCCH in every
subframe so as to perform a measurement function), for the
correct operation of the legacy UEs, it is necessary to transmit
the PDCCH in all the downlink subframes. Accordingly, even
on the subframe (the second subframe 1020)) set for the
transmission of the downlink (that is, the backhaul downlink)
from the eNodeB to the RN, the RN needs to transmit the
access downlink in first N (N=1, 2 or 3) OFDM symbol
intervals of the subframe, without receiving the backhaul
downlink. Since the PDCCH is transmitted from the RN to the
UE in the control region 1021 of the second subframe, it is
possible to provide backward compatibility to the legacy UE
served by the RN. While any signal is not transmitted from the
RN to the UE in the remaining region 1022 of the second
subframe, the RN may receive the signal transmitted from the
eNodeB. Accordingly, the resource partitioning disables the
in-band RN to simultaneously perform the access downlink
transmission and the backhaul downlink reception.

[0132] The second subframe 1022 using the MBSFN sub-
frame will now be described in detail. The MBSFN subframe
is essentially used for a Multimedia Broadcast and Multicast
Service (MBMS) which simultaneously transmits the same
signal in the same cell. The control region 1021 of the second
subframe may be an RN non-hearing interval. The RN non-
hearing interval refers to an interval in which the RN does not
receive a backhaul downlink signal and transmits an access
downlink signal. This interval may be setto 1, 2 or 3 OFDM
lengths as described above. The RN performs the access
downlink transmission to the UE in the RN non-hearing inter-
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val 1021 and performs the backhaul downlink reception from
the eNodeB in the remaining region 1022. At this time, since
the RN cannot simultaneously perform the transmission and
reception in the same frequency band, it takes a certain length
of time to switch the RN from the transmission mode to the
reception mode. Accordingly, it is necessary to set a guard
time (GT) to switch the RN from the transmission mode to the
reception mode in a first portion of the backhaul downlink
reception region 1022. Similarly, even when the RN receives
the backhaul downlink from the eNodeB and transmits the
access downlink to the UE, a guard time (GT) to switch the
RN from the reception mode to the transmission mode may be
set. The length of the guard time may be set to values of the
time domain, for example, values of k (k= 1) time samples T's
or one or more OFDM symbol lengths. Alternatively, if the
backhaul downlink subframes of the RN are consecutively set
or according to a predetermined subframe timing alignment
relationship, the guard time of a last portion of the subframes
may not be defined or set. Such a guard time may be defined
only in the frequency domain set for the transmission of the
backhaul downlink subframe, in order to maintain backward
compatibility (the legacy UE cannot be supported if the guard
time is set in the access downlink interval). The RN can
receive a PDCCH and a PDSCH from the eNodeB in the
backhaul downlink reception interval 1022 except for the
guard time. Such PDCCH and the PDSCH are physical chan-
nels dedicated for RN and thus may be represented by a
R-PDCCH (Relay-PDCCH) and a R-PDSCH (Relay-PD-
SCH).

[0133] Determination of Resources Used to Transmit ACK/
NACK Information

[0134] ACK/NACK information is control information fed
back from a receiver to a transmitter depending on whether
data transmitted by the transmitter is successfully decoded.
For example, if downlink data is successfully decoded, a UE
may feed ACK information back to an eNB and otherwise the
UE may feed NACK information back to the eNB. More
specifically, the case in which the receiver needs to transmit
ACK/NACK in an LTE system is roughly divided into the
following three cases.

[0135] First, ACK/NACK for PDSCH transmission indi-
cated by PDCCH detection is transmitted. Second, ACK/
NACK for a PDCCH indicating semi-persistent scheduling
(SPS) release is transmitted. Third, ACK/NACK for a
PDSCH transmitted without PDCCH detection, that is, ACK/
NACK for SPS PDSCH transmission, is transmitted. In the
following description, a method for transmitting ACK/NACK
is not limited to any one of the above three cases unless
otherwise stated.

[0136] Next, resources used to transmit ACK/NACK infor-
mation in an FDD mode and a TDD mode will be described in
detail.

[0137] The FDD mode refers to a transmission/reception
mode for dividing downlink (DL) and uplink (UL) according
to independent frequency bands. Accordingly, when an eNB
sends a PDSCH in a DL band, a UE may transmit an ACK/
NACK response indicating whether DL data is successfully
received through a PUCCH ina UL band corresponding to the
DL band after a predetermined time. Accordingly, DL corre-
sponds one-to-one to UL.

[0138] More specifically, in the example of the existing
3GPP LTE system, control information for downlink data
transmission of an eNB is sent to a UE via a PDCCH and the
UE which receives data scheduled via the PDCCH to the UE
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via a PDSCH may transmit ACK/NACK via a PUCCH for
transmitting uplink control information (or is sent via a
PUSCH in a piggyback manner). In general, the PUCCH for
transmitting the ACK/NACK is not allocated to UEs in
advance, but a plurality of UEs in a cell divisionally use a
plurality of PUCCHs at each time. Accordingly, as a PUCCH
for transmitting ACK/NACK by a UE which receives down-
link data at a certain time, a PUCCH corresponding to a
PDCCH used to receive scheduling information of downlink
data may be used.

[0139] The PUCCH corresponding to the PDCCH will be
described in greater detail. A region in which the PDCCH of
each downlink subframe is transmitted includes a plurality of
control channel elements (CCEs) and the PDCCH transmit-
ted to one UE in any subframe includes one or a plurality of
CCEs among CCEs configuring the PDCCH region of the
subframe. In addition, resources used to transmit a plurality
of PUCCHs are present in a region in whicha PUCCH of each
uplink subframe is transmitted. At this time, the UE may
transmit ACK/NACK via a PUCCH having an index corre-
sponding to an index of a specific (e.g., first) CCE of the CCEs
configuring the PDCCH received by the UE.

[0140] For example, it is assumed that one UE obtains
information associated with a PDSCH via a PDCCH includ-
ing fourth, fifth and sixth CCEs and receives the PDSCH. In
this case, ACK/NACK information of the PDSCH may be
transmitted via a PUCCH corresponding to the fourth CCE
which is a first CCE configuring the PDCCH for scheduling
the PDSCH, that is, the fourth PUCCH.

[0141] InanFDD system, a UE may transmit HARQ ACK/
NACK information at a subframe index n with respect to
PDSCH transmission received at a subframe index n-k (e.g.,
k=4 in the LTE system). The UE may determine a PUCCH
resource index used to transmit HARQ ACK/NACK at a
subframe n from a PDCCH indicating PDSCH transmission
at the subframe n—k.

[0142] Forexample, inthe LTE system, a PUCCH resource
index is determined as follows.

#Opvecar=receN pycc
[0143] InEquation 15,0, denotes a resource index
of PUCCH format 1 series (e.g., PUCCH format 1a/1b) for
transmitting ACK/NACK, N®_, ., denotes a signaling
value received from a higher layer, and n.., denotes the
smallest value of CCE indexes used for PDCCH transmis-
sion. A cyclic shift, an orthogonal spread code and a physical
resource block (PRB) for PUCCH format 1a/1b are obtained
from n ., car
[0144] Next, ACK/NACK transmission of a TDD mode
will be described.
[0145] Inthe TDD mode, since downlink transmission and
uplink transmission are distinguished according to time, sub-
frames in one radio frame are divided into downlink sub-
frames and uplink subframes. Table 1 shows a UL-DL con-
figuration in the TDD mode.

Equation 15

TABLE 1

Uplink-downlink Subframe number

configuration 0 1 2 3 4 5 6 7 8 9

0
1
2

gou
2]
caca
gca
goc
gou
2]
caca
gca
goc
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TABLE 1-continued

Uplink-downlink Subframe number

configuration 0 1 2 3 4 5 6 7 8 9
3 D S U U U D D D D D
4 D S U U D D D D D D
5 D S U D D D D D D D
6 D S U U U D S U U D

[0146] In Table 1, D denotes a downlink subframe, U
denotes an uplink subframe, and S denotes a special sub-
frame. The special subframe includes three fields: Downlink
Pilot TimeSlot (DWPTS), Guard Period (GP) and Uplink
Pilot TimeSlot (UpPTS). DwPTS denotes a time reserved for
downlink transmission and UpPTS denotes a time reserved
for uplink transmission.

[0147] In a TDD system, a UE may transmit ACK/NACK
information for PDSCH transmission of one or more down-
link subframes in one uplink subframe. The UE may transmit
HARQ ACK/NACK information in an uplink subframe n
with respect to PDSCH transmission received in a downlink
subframe n-k and a value k may be provided according to the
above UL-DL configuration. For example, with respect to the
UL-DL configuration of Table 1, a downlink associated set
index K: {k,k,, ..., k,,,} may be applied as shown in Table
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N,=n¢¢x<N,,,. The PUCCH resource index 1 ey may

be determined according to Equation 16.
Rpyccrt =(M-m-1 VXN XN, 1 +7 ccetNppeen'™®

[0152] InEquation 16, n" . denotes a resource index
of PUCCH format 1 for transmitting ACK/NACK, N® .y
denotes a signaling value received from a higher layer, and
N, denotes the smallest value of CCE indexes used for
PDCCH transmission in a subframe n-k,, (k,, is the smallest
value of the set K). N, may be determined according to
Equation 17.

Equation 16

N, mmax{0,| [NesPx (N, Foxp-4))/36 ]}

[0153] In Equation 17, N,,”* denotes a downlink band-
width configuration and is expressed in units of N, % N_*%
is the size of a resource block in a frequency domain and is
expressed as the number of subcarriers.

[0154] If a PDSCH transmission is present in a subframe
n-k (keK) without a PDCCH, the value of N’ ..., may be
determined by a higher layer configuration.

[0155] Meanwhile, for TDD ACK/NACK multiplexing of a
subframe n with M>1, the UE may determine PUCCH
resources for HARQ ACK/NACK transmission as follows. In
the following description, N(l)PUCCH,Z. (0=i=M-1) denotes
ACK/NACK resource deduced from a subframe n-k, and
HARQ-ACK(i) denotes an ACK/NACK response from the

Equation 17

2. subframe n-k,.
TABLE 2
UL-DL Subframe n

Configuration 0 1 2 3 4 6 7 8 9
0 — — 6 — 4 — — 6 — 4
1 — — 17,6 4 — — — 7,6 4
2 — — 87,46 — —  — — 87,46 — —
3 — — 7,611 6,5 54 — — — _
4 — — 12,8,7,11 6,547 — @— — — _
5 — — 13,12,9,8,7,5,4,11,6  — - - — I
6 — — 7 7 5 — — 7 7 —

[0148] For example, in Table 2, in case of a UL-DL con- [0156] IfaPDCCH indicating PDSCH transmission or SPS

figuration 0, since k=4 in an uplink subframe 9, ACK/NACK
information for data received in a downlink subframe 5 (=9-
4) may be transmitted in an uplink subframe 9. Hereinafter, a
method for determining a PUCCH resource index in ACK/
NACK transmission in a TDD system will be described in
detail.

[0149] InTable 2, it is assumed that the number of elements
{ko, ki, . .., Ky, } of the set K is M. For example, in case of
a UL-DL configuration 0, the number of elements of the set K
for a subframe 2 is 1, and, in case of'a UL-DL configuration
2, the number of elements of the set K for a subframe 2 is 4.

[0150] For TDD ACK/NACK bundling or TDD ACK/
NACK multiplexing of a subframe n with M=1, a UE may
determine PUCCH resource n,, s for HARQ ACK/
NACK in a subframe n as follows.

[0151] IfaPDCCH indicating PDSCH transmission or SPS
release is present in a subframe n—k (keK), the UE first selects
a p value from among {0, 1, 2, 3} so as to satisfy
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release is present in a subframe n-k; (k,eK), ACK/NACK
resource n'*) puccr,; May be determined by Equation 18.

npuccm sV =(M-i-1)xN,+ixN,, +1ccg +Npyees'”  Bquation 18
[0157] InEquation 4, N, . denotes a signaling value
received from ahigher layer. n ... ; denotes the smallest value
of CCE indexes used for PDCCH in a subframe n-k,. A p
value is selected from among {0, 1, 2, 3} so as to satisfy

N,=n¢¢z,;<N,,,,. Np may be determined by Equation 17.
[0158] If a PDSCH transmission is present in a subframe

n-k, (k,eK) without a PDCCH, the value of n* prccr,; May
be determined by a higher layer configuration.

[0159] The UE transmits bits b(0) and b(1) on ACK/NACK
resource ') ., in a subframe n using PUCCH format 1b.
The values of b(0) and b(1) and ACK/NACK resource n‘"
rrccr May be generated by channel selection according to
Tables 3, 4 and 5. Tables 3, 4 and 5 show transmissions of
ACK/NACK multiplexing in case of M=2, M=3 and M=4,
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respectively. If b(0) and b(1) are mapped to N/A, the UE does
not transmit an ACK/NACK response in a subframe n.

TABLE 3
HARQ-ACK(0), HARQ-ACK(1)  npyecs? b(0), b(1)
ACK, ACK Nppcces 1,1
ACK, NACK/DTX ppecao 0,1
NACK/DTX, ACK ppece i 0,0
NACK/DTX, NACK Npyrece 1 1,0
NACK, DTX Npycco 1,0
DTX, DTX N/A N/A
TABLE 4
HARQ-ACK(0), HARQ-ACK(1),
HARQ-ACK(2) pgece b(0), b(1)
ACK, ACK, ACK Npyccas 1,1
ACK, ACK, NACK/DTX ppece i 1,1
ACK, NACK/DTX, ACK ppecaot 1,1
ACK, NACK/DTX, NACK/DTX | — 0,1
NACK/DTX, ACK, ACK Npyrccsrs 1,0
NACK/DTX, ACK, NACK/DTX Npyrece 1 0,0
NACK/DTX, NACK/DTX, ACK Nprrecers 0,0
DTX, DTX, NACK Npyccms 0,1
DTX, NACK, NACK/DTX Npyccay 1,0
NACK, NACK/DTX, NACK/DTX Npyccao 1,0
DTX, DTX, DTX N/A N/A
TABLE 5
HARQ-ACK(0), HARQ-ACK(1), b(0),
HARQ-ACK(2), HARQ-ACK(3) P b(1)
ACK, ACK, ACK, ACK Nppeca 1,1
ACK, ACK, ACK, NACK/DTX Nppecas” 1,0
NACK/DTX, NACK/DTX, NACK, DTX Nppeca 1,1
ACK, ACK, NACK/DTX, ACK Nppecas” 1,0
NACK, DTX, DTX, DTX Nppccao” 1,0
ACK, ACK, NACK/DTX, NACK/DTX Nppecas” 1,0
ACK, NACK/DTX, ACK, ACK pyecas 0,1
NACK/DTX, NACK/DTX, NACK/DTX, NACK  nppeegs 1,1
ACK, NACK/DTX, ACK, NACK/DTX Nppccan” 0,1
ACK, NACK/DTX, NACK/DTX, ACK ppecao 0,1
ACK, NACK/DTX, NACK/DTX, NACK/DTX  npyecgo 1,1
NACK/DTX, ACK, ACK, ACK Npgrcces 0,1
NACK/DTX, NACK, DTX, DTX Npyrece 1 0,0
NACK/DTX, ACK, ACK, NACK/DTX Npyccao 1,0
NACK/DTX, ACK, NACK/DTX, ACK Npyrece s 1,0
NACK/DTX, ACK, NACK/DTX, NACK/DTX  Npgrecary 0,1
NACK/DTX, NACK/DTX, ACK, ACK Nprece s 0,1
NACK/DTX, NACK/DTX, ACK, NACK/DTX  DNpyccas 0,0
NACK/DTX, NACK/DTX, NACK/DTX, ACK  nNpyccas 0,0
DTX, DTX, DTX, DTX N/A N/A

[0160] In Tables 3, 4 and 5, HARQ-ACK(i) represents a
HARQACK/NACK/DTX result of an i-th data unit (0=1=3).
Discontinuous Transmission (DTX) indicates the case where
adataunit corresponding to HARQ-ACK() is not transmitted
or the UE does not detect the presence of a data unit corre-
sponding to HARQ-ACK(i). In the present specification, the
terms HARQ-ACK and ACK/NACK are used interchange-
ably. A maximum of four PUCCH resources (that is, n‘"
PUCCH’O-n(l)PUCCHﬁ) may be occupied in association with
each data unit. The multiplexed ACK/NACK is transmitted
via one PUCCH resource selected from among the occupied
PUCCH resources. n'* . ccry . described in Tables 3, 4 and
5, denotes PUCCH resources used to actually transmit ACK/
NACK. b(0) and b(1) indicate two bits transmitted via
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selected PUCCH resources and are modulated using a QPSK
scheme. For example, as shown in Table 5, if the UE success-
fully decodes four data units, the UE transmits (1, 1) to the
eNB via PUCCH resources associated with n(l)PUCCH,l.
Since it is difficult to represent all ACK/NACK for possible
combinations of PUCCH resources and QPSK symbols,
NACK and DTX are coupled (expressed by NACK/DTX)
except in some cases.

Method of Using Plurality of ACK/NACK resources

[0161] As described above, a receiver which receives a
PDSCH via downlink resources feeds ACK/NACK informa-
tion, which is a signal indicating whether the PDSCH is
successfully received, back to a transmitter after a predeter-
mined processing time has elapsed. In the 3GPP LTE system,
ACK/NACK for a PDSCH received in a DL subframe n-k is
transmitted in a UL subframe n, wherein k=4 in an FDD
system and k is determined as shown in Table 2 in a TDD
system. In the following description, from the viewpoint of
uplink ACK/NACK transmission for downlink transmission,
in the relationship between the UL subframe n and the DL
subframe n-k, it may be represented that the UL subframe n
and the DL subframe n-k are associated with each other
(correspond to each other or are mapped to each other).

[0162] As described above, in an ACK/NACK transmission
method, an ACK/NACK response used in one UL subframe is
determined. For example, if ACK/NACK resources are
dynamically allocated by a PDCCH for scheduling a PDSCH
(e.g., amethod of inducing ACK/NACK resources from CCE
indexes of the PDCCH), all receivers may accurately recog-
nize which ACK/NACK resources are used on the assumption
that the PDCCH is accurately detected. As another example,
in case of SPS in which PDSCH resources are semi-statically
determined, since one SPS is allocated to one receiver and one
ACK/NACK resource to be used in the SPS is semi-statically
allocated (e.g., a method of allocating any one of a PUCCH
resource index set configured by a higher layer according to a
value of a transmit power control (TPC) field (2-bit) in a
PDCCH indicating SPS activation), the receiver may recog-
nize using which ACK/NACK resources the PDSCH is suc-
cessfully received.

[0163] However, in an evolved wireless communication
system to which carrier aggregation technology or relay tech-
nology is applied, ACK/NACK resources used in one UL
subframe may not be obvious.

[0164] For example, in a relay node (RN) defined in the
3GPP LTE-A system, when the RN performs an in-band
operation, a PDCCH cannot be received (as shown in FIG. 9,
since the RN should transmit the PDCCH to the UE in all
downlink subframes, the PDCCH cannot be received from the
eNB). Thus, scheduling information of a PDSCH can be
received via an R-PDCCH which is a control channel differ-
ent from the PDCCH.

[0165] Since the RN cannot be dynamically allocated
ACK/NACK resources by the PDCCH unlike the UE, the RN
may be semi-statically allocated ACK/NACK resources via
higher layer signal. In case of the RN which may receive
MIMO transmission, since a maximum of two codewords
may be transmitted via one PDSCH, in order to report a result
of decoding each code, a set of two ACK/NACK resources
may be allocated. Only one ACK/NACK resource of an ACK/
NACK resource set is used for transmission of one codeword
and both ACK/NACK resources of the ACK/NACK resource
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set are used for transmission of two codewords, thereby per-
forming ACK/NACK transmission for a maximum of two
codewords.

[0166] In case of the RN which is semi-statically allocated
ACK/NACK resources, the number of DL subframes associ-
ated with one UL subframe may be changed over time. From
the viewpoint of ACK/NACK transmission, one DL subframe
is associated with one UL subframe in the existing FDD
system, and one or a plurality of DL subframes is associated
with one UL subframe in the TDD system. However, in the
evolved wireless communication system, even in the FDD
system, one UL subframe may be associated with one or a
plurality of DL subframes. That is, in the FDD system or the
TDD system, if ACK/NACK for downlink transmission in X
DL subframes is transmitted in one UL subframe, X=1. In
this case, since which ACK/NACK resources are used in one
UL subframe is not obvious, ACK/NACK transmission may
not be accurately performed.

[0167] FIG. 10 shows the case in which the number of DL
subframes associated with one UL subframe is changed over
time. As shown in FIG. 10, asymmetric backhaul allocation in
which the number of UL backhaul subframes is less than the
number of DL backhaul subframes in an FDD system may be
considered. FIG. 10 shows the case in which a UL subframe
#0 located behind a DL subframe #6 by 4 ms is not allocated
as a backhaul subframe. There are various reasons why the
UL subframe #0 is not allocated as the backhaul subframe.
For example, it is assumed that a subframe in which the RN
receives SPS transmission from the UE with periodicity of ms
is set to a first subframe (that is, every UL subframe #0) of an
uplink radio subframe. In this case, the RN should transmit
ACK/NACK for the PDSCH transmitted in two DL sub-
frames #6 and #7 from the eNB in the UL subframe #1. That
is, ACK/NACK for downlink transmission in two DL back-
haul subframes DL SF#6 and #7 should be transmitted in the
UL backhaul subframe #1, but only ACK/NACK for down-
link transmission in one DL subframe is transmitted in each of
the remaining UL backhaul subframes UL SF #2, #5, #6 and
#7.

[0168] InFIG. 10, since the maximum number of DL back-
haul subframes associated with one UL backhaul subframe is
2, the RN should be allocated a total of two ACK/NACK
resource sets via a higher layer signal. More specifically, in a
MIMO system in which a maximum of 2 codewords is trans-
mitted per downlink transmission, since individual ACK/
NACK is generated on a codeword-by-codeword basis, a
maximum of four ACK/NACK resources is necessary. Since
one ACK/NACK resource set includes two ACK/NACK
resources, a total of two ACK/NACK resource sets needs to
be allocated. Alternatively, as an extension of the example of
FIG. 10, it may be assumed that ACK/NACK for downlink
transmission in X DL subframes should be transmitted in a
certain UL subframe and ACK/NACK for downlink transmis-
sion in DL subframes less in number than X should be trans-
mitted in other UL subframes. In this case, the RN should be
allocated a total of X ACK/NACK resource sets.

[0169] If an uplink ACK/NACK transmitter is allocated a
plurality of ACK/NACK resource sets by a higher layer, there
is a need for a rule for determining which ACK/NACK
resource set is used for ACK/NACK transmission for which
DL subframe. Additionally, if the number of DL subframes
associated with one UL subframe is less than the number of
allocated ACK/NACK resource sets, there is a need for a rule
for determining which ACK/NACK resource set should be
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used in one UL subframe. If such a rule is not defined, since
the uplink ACK/NACK transmitter cannot determine which
ACK/NACK feedback is for downlink transmission for
which DL subframe, an ACK/NACK response may not be
accurately obtained.

[0170] The present invention proposes a method of semi-
statically allocating/setting an ACK/NACK resource set to a
downlink receiver by a higher layer and a method of deter-
mining a DL subframe associated with an ACK/NACK
resource set to be used in each UL subframe if the number of
DL subframes associated with each UL subframe is changed.
In the present invention, if ACK/NACK for downlink trans-
mission is transmitted via PUCCH resources, “ACK/NACK
resources” may be interpreted as having the same meaning as
“PUCCH resources”. The principle ofthe present invention is
applicable to a TDD system and an FDD system.

[0171] Although the RN which receives downlink trans-
mission from the eNB transmits uplink ACK/NACK in the
example associated with FIG. 10, the present invention is not
limited thereto and is applicable to all cases in which a down-
link receiver (e.g., a UE or an RN (backhaul downlink
receiver)) transmits uplink ACK/NACK for downlink trans-
mission from a downlink transmitter (e.g., an eNB or an RN
(access downlink transmitter)). In the following description,
unless otherwise stated, an entity for transmitting ACK/
NACK for downlink transmission is referred to as a receiver
and an entity for performing downlink transmission and
receiving ACK/NACK therefor is referred to as a transmitter.
[0172] Although, for clarity of description, one serving cell
is set to a receiver in the following description, the scope of
the present invention is not limited thereto and the principle of
the present invention is applicable to case in which more than
one serving cell is set to the receiver.

Embodiment 1

[0173] The present embodiment relates to a method of
deciding a rule for mapping one ACK/NACK resource set to
one DL subframe if the ACK/NACK resource set allocated to
a receiver is indexed. For example, mapping a DL subframe
index A to an ACK/NACK resource set index a means that
ACK/NACK fordownlink transmission in the DL subframe A
is transmitted using the ACK/NACK resource set index a.
Therefore, using which ACK/NACK resource set an ACK/
NACK response for downlink transmission is transmitted in a
certain DL subframe may be readily determined.
[0174] For example, if N ACK/NACK resource sets which
may be used in one UL subframe are allocated to the UE, the
indexes of the allocated ACK/NACK resource sets are 0, 1, .
., and N-1. Meanwhile, if the number of DL subframes
associated with one UL subframe is M (MZ1), ACK/NACK
for downlink transmission in M DL subframes is transmitted
in one UL subframe. In other words, if one or more DL
subframes (subframe n-k, t=0, 1, 2, . . ., and M-1) are
associated with one UL subframe (subframe n), it is repre-
sented that the ACK/NACK resource set (n'") puccrs T0, 1,
2,...,M-1) corresponds to a subframe n-k,. That is, ACK/
NACK for downlink transmission in the DL subframe n-k, is
transmitted using n‘" puccr, 10 a UL subframe n.
[0175] The rule for mapping M DL subframes to the ACK/
NACK resource sets may be set as follows. M DL subframes
associated with one UL subframe may be sequentially
mapped to ACK/NACK resourcesets 0, 1,2, . . . starting from
a DL subframe temporally closest to one UL subframe. More
specifically, the ACK/NACK resource set 0 may be mapped to
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a first DL subframe (in order closer to one UL subframe)
among DL subframes spaced apart from one UL subframe by
a previously defined processing time (e.g., a time used to
generate ACK/NACK) or more, and the subsequent DL sub-
frames may be sequentially mapped to the ACK/NACK
resource sets 1, 2, . . . . For example, using a subframe n in
which ACK/NACK is transmitted as a reference, in the FDD
system, subframes associated with the subframe n among a
subframe n-4 and previous subframes thereof may be
sequentially mapped to the ACK/NACK resource sets 0, 1, 2,
... in order closer to the subframe n and, in the TDD system,
subframes belonging to n—-k may be mapped to the ACK/
NACK resource sets 0, 1, 2, . . . in order closer to the subframe
n. If only one DL subframe is associated with one UL sub-
frame, the DL subframe may be mapped to the ACK/NACK
resource set 0.

[0176] Referring to FIG. 10, an example in which two
ACK/NACK resource sets (sets 0 and 1) are allocated to a
receiver by a higher layer will be described. ACK/NACK
resource set 0 may be mapped to a closest DL, subframe #7
among DL subframes associated with a UL subframe #1 and
the ACK/NACK resource set 1 may be mapped to a next
closest DL subframe #6. That is, ACK/NACK for downlink
transmission received in the DL subframe #7 may be trans-
mitted in the UL subframe #1 using the ACK/NACK resource
set 0 and ACK/NACK for downlink transmission received in
the DL subframe #6 may be transmitted in the UL subframe
#1 using the ACK/NACK resource set 1. Meanwhile, since
the number of DL subframes associated with another UL
subframe (e.g., a UL subframe #2) is 1 (e.g., a DL subframe
#8), ACK/NACK for downlink transmission in the DL sub-
frame may be transmitted in the UL subframe #2 using ACK/
NACK resource set 0.

[0177] Inother words, a DL subframe n-k, (t=0, 1,2, .. .,
and M-1) associated with a UL subframe n may correspond
tont puccrn, i ascending order of a value k. For example, if
three DL subframes associated with the subframe n are n-4,
n-8 and n-9, the subframe n-4 having a smallest value k,
corresponds to n" puccro the subframe n—8 corresponds to
n® ruccr,» and the subframe n—9 corresponds to n puccH,
2. Therefore, ACK/NACK for downlink transmission in the
DL subframe n-k, is transmitted in the UL subframe n using

@
0 pyccH, -

[0178] The mapping relationship between the DL sub-
frames associated with one UL subframe with ACK/NACK
resource set indexes may be set in reverse order of the above
description. For example, the M DL subframes associated
with one UL subframe may be sequentially mapped to the
ACK/NACK resource sets 0, 1, 2, . . . starting from a farthest
from one UL subframe in terms of time. In the example of
FIG. 10, with respect to two DL subframes SF#6 and SF#7
associated with a UL subframe #1, the DL subframe #6 may
be mapped to the ACK/NACK resource set 0 and the DL
subframe #7 may be mapped to the ACK/NACK resource set
1.

[0179] Inother words, a DL subframe n-k, (t=0, 1,2, .. .,
and M-1) associated with a UL subframe n may correspond
to n puccn, 0 descending order of the value k,. For
example, if three DL subframes associated with the subframe
n are n—-4, n—-8 and n-9, the subframe n-9 having a largest
value k, correspond to n® prCcr o the subframe n—8 corre-
sponds to n* puccr,» and the subframe n—4 corresponds to
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n® rrccr,s- Therefore, ACK/NACK for downlink transmis-
sion in the DL subframe n-k, is transmitted in the UL sub-
frame n using n* PUCCHL

[0180] Inthe present embodiment, a method of mapping M
DL subframes to N ACK/NACK resource sets in predeter-
mined time order if M DL subframes are associated with one
UL subframe and N ACK/NACK resource sets are set with
respect to a receiver is proposed. Here, the ACK/NACK
resource sets may be mapped to the DL subframes starting
from a lowest index value (set 0) in predetermined time order
(in order closer to or farther from one UL subframe) in one-
to-one correspondence. A plurality of associated DL sub-
frames may be contiguous subframes or discontiguous sub-
frames.

Embodiment 2

[0181] In the present embodiment, as in Embodiment 1, a
method of applying a method of mapping DL subframes
associated with one UL subframe to ACK/NACK resource
sets to an ACK/NACK bundling operation will be described.
[0182] The ACK/NACK bundling operation means that the
final 1 or 2 ACK/NACK bits obtained by performing a logical
AND operation with respect of a decoding result (that is, ACK
or NACK) of downlink transmission in a plurality of down-
link subframes are transmitted over one ACK/NACK
resource. [f downlink MIMO transmission is applied, a maxi-
mum of 2 codewords may be transmitted per PDSCH. In the
case of ACK/NACK bundling, since a logical AND operation
is performed per codeword across multiple DL subframes, 1
ACK/NACK bit is generated if 1 codeword is transmitted and
two ACK/NACK bits are generated if 2 codewords are trans-
mitted. For example, if 1 codeword is transmitted, the ACK/
NACK bundling result may be expressed by ACK if all down-
link transmissions in a plurality of downlink subframes are
successfully decoded and may be expressed by NACK if
decoding of any one of the downlink transmissions fails. If
ACK/NACK bundling is applied, although all individual
ACK/NACK information may not be clearly expressed,
ACK/NACK bundling may be advantageously used in that
overhead of control information is reduced in a system with
limited control information transmit capacity. If the maxi-
mum number of DL subframes associated with one UL sub-
frame is N, N ACK/NACK resource sets (sets O, 1, . . . and
N-1) may be allocated to one receiver. The maximum number
of DL subframes associated with one UL subframe being N
means that the number of DL subframes associated with one
UL subframe is N or less. If the number of DL subframes
associated with a specific UL subframe is M (MST), the
receiver may select M sets from among N ACK/NACK
resource sets and map the M ACK/NACK resource sets to the
M DL subframe in one-to-one correspondence. If the ACK/
NACK resource sets are mapped to the DL subframes as in
Embodiment 1, the receiver may select the ACK/NACK
resource sets 0, 1, . .., and M and map the M DL subframes
to the ACK/NACK resource sets 0, 1, . . ., and M in order
closer to (or farther from) one UL subframe. If ACK/NACK
bundling is not performed, individual ACK/NACK informa-
tion for downlink transmission in each DL subframe may be
used using ACK/NACK resources mapped to each DL sub-
frame. However, if ACK/NACK bundling is applied, the fol-
lowing operation may be performed.

[0183] If PDSCH transmission is actually performed in m
(m=M) DL subframes of M associated DL subframes, ACK/
NACK information for transmission of m PDSCHs may be
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fed back through ACK/NACK bundling. The ACK/NACK
bundling result may be transmitted via an ACK/NACK
resource set mapped to a last DL subframe in which the
PDSCH is transmitted (a latest DL subframe, in which the
PDSCH is received, from among m DL subframes, or a DL
subframe closest to one UL subframe in terms of time). That
is, ACK information may be transmitted using the ACK/
NACK resource set mapped to the last DL subframe in which
the PDSCH is transmitted when m PDSCHs are successfully
decoded and, otherwise, NACK information may be trans-
mitted using the ACK/NACK resource set mapped to the last
DL subframe in which the PDSCH is transmitted.

[0184] If the ACK/NACK set in which the ACK/NACK
bundling result is transmitted is determined, the transmitter
may determine not only the PDSCH decoding result of the
receiver but also whether the receiver receives all m control
channels (PDCCHs or R-PDCCHs) for scheduling m
PDSCHs. More specifically, if the receiver does not receive
the control channels in the last DL subframe in which the
PDSCH is transmitted from the transmitter, without using the
ACK/NACK resource set mapped to the last DL subframe,
the ACK/NACK bundling result is transmitted using another
ACK/NACK resource set (an ACK/NACK resource set
mapped to the last DL subframe in which the receiver receives
the PDSCH). Accordingly, the transmitter may determine
whether the receiver receives up to the last PDSCH depending
on using which ACK/NACK resource set the ACK/NACK
bundling result is transmitted.

[0185] The control channel transmitted from the transmit-
ter may include a control channel number count value. That
is, the transmitter may include a field having a value which
gradually increases for each control channel. Such a control
channel number count field may be configured in a manner
similar to a downlink assignment index (DAI) field included
in a PDCCH or in a manner of reusing another field of the
control channel, but the present invention is not limited
thereto. The receiver may check control channel number
count information and determine whether a missed control
channel is present. If the transmitter transmits four control
channels and the control channel count values checked by the
receiver are 0, 2 and 3, the receiver may recognize that the
control channel corresponding to the control channel count
value 1 is not detected. Then, since the receiver does not
receive one PDSCH, ACK/NACK information correspond-
ing thereto may be generated and transmitted. Meanwhile, if
the transmitter transmits four control channels and the control
channel count values checked by the receiver are 0, 1 and 2,
the receiver may determine that the control channel is
detected. Accordingly, even when the receiver does receive
one PDSCH, the receiver feeds ACK information back if all
PDSCHs received by the receiver are successfully decoded.
In this case, the transmitter may recognize that the receiver
has missed the PDSCH because the index of the ACK/NACK
resource set in which the receiver feeds the ACK information
back is not mapped to the last DL subframe in which the
PDSCH is actually transmitted by the transmitter but is
mapped to the last DL subframe in which the PDSCH is
received by the receiver. Thus, it is possible to perform an
accurate ACK/NACK operation.

[0186] An embodiment of the present invention in the case
in which ACK/NACK bundling is applied will be described
with reference to FIG. 11.

[0187] InFIG. 11, it is assumed that the maximum number
of DL subframes associated with one UL subframe is 5. That
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is, N=5 and N ACK/NACK resource sets are allocated to a
receiver. In addition, DL subframes #6, #7, #8 and #9 are
associated with one UL subframe #3. That is, ACK/NACK for
PDSCH transmission in the DL subframes #6, #7, #8 and #9
is transmitted in the UL subframe #3. That is, M=4 and the
receiver may select M sets (sets 0, 1, 2 and 3) from among N
ACK/NACK resource sets and map the M sets to M DL
subframes. For example, the ACK/NACK resource sets 0, 1,
2 and 3 may be mapped to DL subframes #9, #8, #7 and #6,
respectively. Here, it is assumed that the transmitter actually
transmits PDSCHs in the DL subframes #6, #8 and #9. That
is, m=3 and the control channel number count values corre-
sponding to the DL subframes #6, #8 and #9 correspond to O,
1 and 2. If the receiver successfully decodes all the PDSCHS
in DL subframes #6, #8 and #9, ACK information may be
transmitted and, otherwise, NACK information may be trans-
mitted via the ACK/NACK resource set 0 mapped to the last
DL subframe #9.

[0188] FIG. 11(a) shows the case in which the receiver
misses downlink transmission in the DL subframe #8. That is,
FIG. 11(a) shows the case in which the transmitter transmits
PDSCHs in the DL subframes #6, #8 and #9 but the receiver
receives PDSCHs only in the DL subframes #6 and #9. In this
case, since the receiver recognizes that the count values of the
control channels received by the receiver are 0 and 2, the
receiver recognizes that one control channel has missed.
Accordingly, the receiver may generate NACK information
and feed the generated NACK information back to the trans-
mitter using the PUCCH resource set O mapped to the last DL,
subframe (that is, the DL subframe #9) in which the PDSCH
is received. Then, the transmitter may recognize that the
receiver does not successfully decode some of the PDSCHs
transmitted in the DL subframes #6, #8 and #9 and perform a
subsequent operation (e.g., retransmission).

[0189] FIG. 11(b) shows the case in which the receiver
misses downlink transmission in the DL subframe #9. That is,
FIG. 11(5) shows the case in which the transmitter transmits
PDSCHs in DL subframes #6, #8 and #9 but the receiver
receives PDSCHs only in DL subframes #6 and #8. In this
case, since the count values of the control channels received
by the receiver are 0 and 1, the receiver does not recognize
that the last control channel has missed. Accordingly, the
receiver may generate ACK information and feed the gener-
ated ACK information back to the transmitter using the
PUCCH resource set 1 mapped to the last DL subframe (that
is, DL subframe #8) in which the PDSCH is received. Then,
although the receiver feeds the ACK information back,
because the PUCCH resource index used in the feedback of
the ACK information does not correspond to the PUCCH
resource corresponding to the last DL subframe (that is, the
DL subframe #9) in which the PDSCH is actually transmitted
by the transmitter, the transmitter may recognize that the
receiver does not successfully decode some of the PDSCHs
transmitted in the DL subframes #6, #8 and #9 and perform a
subsequent operation (e.g., retransmission).

Embodiment 3

[0190] In the present embodiment, as in Embodiment 1, a
method of applying a method of mapping DL subframes
associated with one UL subframe to ACK/NACK resource
sets to an ACK/NACK multiplexing operation will be
described.

[0191] ACK/NACK multiplexing may be referred to as
ACK/NACK selection or ACK/NACK channel selection and
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may be a method of expressing the result of decoding the
PDSCHs transmitted in a plurality of difterent DL subframes
by selection of one of a plurality of ACK/NACK resource
sets. Here, a logical AND operation is not performed with
respect to the result of decoding the PDSCHs transmitted in
the plurality of different DL subframes. However, spatial
bundling for performing a logical AND operation with
respect to the result of decoding two codewords in one DL
subframe may be applied. The ACK/NACK multiplexing
operation may be, for example, performed according to the
rule for mapping the ACK/NACK resources and the ACK/
NACK information shown in Tables 3 to 5. The present inven-
tion is not limited thereto and a new ACK/NACK mapping
rule may be defined and used. The present embodiment
relates to the method of determining ACK/NACK resources
used for the ACK/NACK multiplexing operation and the
other part of the ACK/NACK multiplexing operation is not
specially limited.

[0192] If ACK/NACK multiplexing is applied and
PDSCHs are received in m DL subframes, m ACK/NACK
resource sets may be used and one ACK/NACK resource set
may be selected therefrom. However, the present invention is
not limited thereto and the number of ACK/NACK resource
sets necessary for ACK/NACK multiplexing may be less than
or greater than m. For example, in addition to the decoding
success/failure result of the PDSCH transmitted in one DL
subframe, if the result that the control channel is not received
in the DL subframe needs to be expressed by ACK/NACK
information, more than m ACK/NACK resource sets may be
necessary. As another example, if whether the control channel
is received in which a DL subframe is not expressed by
ACK/NACK information, it may be expressed by one ACK/
NACK resource by multiplexing a plurality of decoding
results using QPSK modulation (constellation mapping) in
one ACK/NACK resource. In this case, less than m ACK/
NACK resource sets may be necessary.

[0193] When ACK/NACK information for downlink trans-
mission in m DL subframes is fed back, the number of ACK/
NACK resource sets may be changed according to various
ACK/NACK multiplexing methods and the number of ACK/
NACK resource sets may be expressed by k(m) which is a
function of m. Even when such an operation is supported, the
above-described ACK/NACK resource set configuration
method is applicable.

[0194] For example, if ACK/NACK for PDSCHs received
in m DL subframes is transmitted in one UL subframe, k(m)
ACK/NACK resource sets may be necessary depending on
whether or not ACK/NACK multiplexing is applied. In this
case, the receiver may use k(m) ACK/NACK resource sets
(sets 0, 1, . . ., and k(m)-1) from a smallest ACK/NACK
resource set index (in ascending order). Alternatively, the
receiver may use k(m) ACK/NACK resource sets (sets 0, 1, .
..,andk(m)-1) from alargest ACK/NACK resource set index
(in descending order).

[0195] The receiver may transmit ACK/NACK information
for downlink transmission in m DL subframes using PUCCH
resources according to the rule for mapping the ACK/NACK
resources and the ACK/NACK information defined in the
ACK/NACK multiplexing (or ACK/NACK channel selec-
tion) scheme using the determined k(m) ACK/NACK
resource sets.
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Embodiment 4

[0196] The present embodiment relates to a method of
mapping one ACK/NACK resource set to a control channel
number count value in a control channel.

[0197] Asdescribed above, ifa plurality of DL subframes is
associated with one UL subframe, in order to determine
whether the receiver has missed a control channel, the trans-
mitter increases the control channel number count value one
by one whenever a PDSCH (PDSCH indicated by detection
of a corresponding control channel) and the receiver deter-
mines whether the control channel number count value is
continuously increased so as to recognize whether the
receiver has missed the transmitted control channel. In this
case, the indexes of the semi-statically allocated ACK/NACK
resource sets may be mapped to the control channel number
count values.

[0198] Forexample, inthe example of FIG. 10, ifa PDSCH
indicated by the detection of a control channel having a con-
trol channel number count value of 0 is transmitted in a DL
subframe #6 and a PDSCH indicated by the detection of a
control channel having a control channel number count value
of 1is transmitted in a DL subframe #7, ACK/NACK resource
set 0 may be mapped to the DL subframe #6 and ACK/NACK
resource set 1 may be mapped to the DL subframe #7.
[0199] In the example of FIG. 10, if no PDSCH (control
channel indicating PDSCH transmission) is transmitted in the
DL subframe #6 and a PDSCH indicated by the detection of
a control channel having a control channel number count
value of 0 is transmitted in the DL subframe #7, ACK/NACK
resource set 0 may be mapped to the DL subframe #7.
[0200] The receiver may perform the same operation as the
above-described embodiments based on the mapping rela-
tionship between the control channel number count value and
the ACK/NACK resource set. Hereinafter, an application
example of the present invention will be described with ref-
erenceto FIG. 11. In the example of FIG. 11, it is assumed that
the control channel number count values 0, 1 and 2 are respec-
tively mapped to the ACK/NACK resource sets 0, 1 and 2.
[0201] For example, in the example of FIG. 11, if it is
assumed that the receiver does not miss the PDSCHs in the
DL subframes #6, #8 and #9, ACK/NACK for downlink trans-
mission in the DL subframe #6 (control channel number
count value=0) may be transmitted using the ACK/NACK
resource set 0, ACK/NACK for downlink transmission in the
DL subframe #8 (control channel number count value=1)
may be transmitted using the ACK/NACK resource set 1, and
ACK/NACK for downlink transmission in the DL subframe
#9 (control channel number count value=2) may be transmit-
ted using the ACK/NACK resource set 2, on the UL subframe
#3.

[0202] As another example, if ACK/NACK bundling is
applied, bundled ACK/NACK information may be transmit-
ted using ACK/NACK resources mapped to the last (or high-
est) control channel number count value of the DL subframes
associated with one UL subframe. For example, in the
example of FIG. 11, bundled ACK/NACK information may
be transmitted in the UL subframe #3 using the ACK/NACK
resource set 2 mapped to the control channel number count
value=2. In the example of FIG. 11(a), NACK information
(indicating that reception of the PDSCH corresponding to the
control channel number count value=1 {fails) may be trans-
mitted as bundled ACK/NACK information in the UL sub-
frame #3 using the ACK/NACK resource set 2 mapped to the
control channel number count value=2. In the example of
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FIG. 11(b), bundled ACK/NACK information may be trans-
mitted in the UL subframe #3 using the ACK/NACK resource
set 1 mapped to the control channel number count value=1. At
this time, although the bundled ACK/NACK information
indicates ACK, the transmitter recognizes that the receiver
does not accurately receive/decode all PDSCHs because the
ACK/NACK resource set corresponding to the control chan-
nel number count value of 1 is used.

[0203] As another example, if ACK/NACK multiplexing
(or channel selection) is applied and ACK/NACK for the
PDSCHs received in m DL subframes is transmitted in one
UL subframe, it may be assumed that k(m) ACK/NACK
resource sets are necessary depending on whether or not
ACK/NACK multiplexing is applied. In this case, the receiver
may use k(m) ACK/NACK resource sets (sets 0, 1, . . ., and
k(m)-1) from a lowest ACK/NACK resource set index (in
ascending order). Alternatively, the receiver may use k(m)
ACK/NACK resource sets (sets m—1, m-2, . . ., and m—k(m))
from a highest ACK/NACK resource set index (in descending
order).

Embodiment 5

[0204] In the present embodiment, a method of semi-stati-
cally configuring a plurality of ACK/NACK resource sets to a
receiver will be described.

[0205] For example, each ACK/NACK resource set may be
individually signaled to the receiver. That is, a transmitter
may transmit resource indexes of N ACK/NACK resource
sets (sets 0, 1, . . ., and (N-1)) to the receiver through higher
layer signaling (e.g., RRC signaling).

[0206] As another example, the transmitter may transmit
only a resource index (time/frequency/sequence resource) of
one criterion set (e.g., set 0) among N ACK/NACK resource
sets to the receiver through higher layer signaling (e.g., RRC
signaling). The resource indexes of the remaining N-1 ACK/
NACK resource sets may be deduced from the resource index
of one criterion set. For example, the resource index of the
ACK/NACK resource set 1 is set to the resource index of the
ACK/NACK resource set 0+1 and the resource index of the
ACK/NACK resource set 2 is set to the resource index of the
ACK/NACK resource set 0+2. Therefore, the transmitter and
the receiver may determine and use the resource index of each
ACK/NACK resource set without separate signaling accord-
ing to the same rule. Accordingly, it is possible to reduce
higher layer signaling size and overhead.

[0207] FIG.12is aflowchart illustrating a method for trans-
mitting ACK/NACK information for downlink transmission
according to an embodiment of the present invention.

[0208] Instep S1210, with respect to a receiver, N PUCCH
resources (that is, N ACK/NACK resource sets) are config-
ured and indexed by a higher layer. For example, if PUCCH
resources are expressed by n“.. .. the N PUCCH
resources may be indexed by 0, 1, 2, . . ., and N-1, respec-
tively. That is, 1" ppccpr, (=0, 1, 2, .. ., N=1) may be
configured via the higher layer. The N PUCCH resources may
be semi-statically configured and indexed and N PUCCH
resources may correspond to a maximum number of PUCCH
resources which may be used in one uplink subframe.
[0209] In step S1220, downlink transmission(s) may be
received from the transmitter in M (1=M=N) downlink sub-
frames (that is, downlink subframe sets). Here, one of the M
downlink subframes may correspond to one of the M PUCCH
resources.
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[0210] For example, as in the example described in
Embodiment 1, if the M downlink subframes are expressed by
n-k,(t=0,1,2,...,and M-1) and the M ACK/NACK resource
sets are expressed by n(l)PUCCH,t t=0, 1, 2, ..., M-1),
n® prccr, corresponds to a subframe n—k,. Here, the k, value
may correspond to the index t such that a smallest k, value
corresponds to t=0 and a next smallest k, value corresponds to
t=1. Thus, a DL subframe n-k, closest to one uplink subframe
n is mapped to a PUCCH resource index 0 (n‘" pUCCH)
[0211] In step S1230, ACK/NACK information for the
downlink transmission(s) received in the M downlink sub-
frames in step S1220 may be transmitted to the transmitter in
one uplink subframe associated with the M downlink sub-
frames. For example, ACK/NACK bundling or ACK/NACK
channel selection may be set with respect to the receiver and
the receiver may transmit the ACK/NACK information using
one of the M PUCCH resources.

[0212] The downlink transmission(s) received in the M
downlink subframes may be PDSCH transmission(s) indi-
cated by detection of a corresponding control channel, and the
control channel may be an R-PDCCH. The control channel
may include control channel number count information.
Thus, the receiver may determine whether the control channel
has been missed and the transmitter may determine whether
the receiver has received a last control channel.

[0213] The method of FIG. 12 is applicable to TDD and is
applicable to an example in which a downlink transmitter is
an eNB and a downlink receiver is an RN.

[0214] In the above-described various embodiments of the
present invention, for clarity of description, it is assumed that
one serving cell is set to the receiver and a downlink trans-
mission is received over one downlink carrier (or a DL cell).
The scope of the present invention is not limited thereto and
the principle of the present invention is equally applicable to
the case in which more than one serving cell is set as the
receiver.

[0215] In the above-described various examples of the
present invention, for clarity of description, ACK/NACK
feedback for a PDSCH indicated by detection of a corre-
sponding PDCCH (or an R-PDCCH) is described. However,
the scope of the present invention is not limited thereto and
the principle of the present invention is equally applicable to
the case in which one or more of an ACK/NACK feedback for
a PDSCH indicated by detection of a corresponding PDCCH
(or an R-PDCCH), an ACK/NACK feedback for a PDSCH
(that is, an SPS PDSCH) without a corresponding PDCCH (or
an R-PDCCH) or an ACK/NACK feedback for a PDCCH (or
an R-PDCCH) indicating SPS release are combined.

[0216] In addition, matters described in the various
embodiments of the present invention for the ACK/NACK
transmission method may be independently applicable or two
or more embodiments may be simultaneously applicable. For
clarity, a repeated description will be omitted.

[0217] FIG. 13 is a diagram showing the configuration of an
apparatus for transmitting ACK/NACK information accord-
ing to an embodiment of the present invention.

[0218] Referring to FIG. 13, the apparatus 1300 for trans-
mitting the ACK/NACK information according to the present
invention may include a reception (Rx) module 1310, a trans-
mission (Tx) module 1320, a processor 1330, a memory 1340
and a plurality of antennas 1350. The plurality of antennas
1350 means an apparatus supporting MIMO transmission and
reception. The Rx module 1310 may receive a variety of
signals, data and information from an external device. The Tx
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module 1320 may transmit a variety of signals, data and
information to an external device. The processor 1330 may
control the overall operation of the apparatus 1300.

[0219] The apparatus 1300 according to one embodiment
of the present invention may be configured to transmit ACK/
NACK information for downlink transmission in a wireless
communication system. The processor 1330 may be config-
ured to receive the downlink transmission from a transmitter
in a downlink subframe set including M (M=1) downlink
subframes through the Rx module 1310. The processor 1330
may be configured to transmit the ACK/NACK information
for the downlink transmission in the downlink subframe set to
the transmitter in one uplink subframe associated with the
downlink subframe set through the Tx module 1320. M
PUCCH resources are configured with respect to the appara-
tus 1300 and each of the M downlink subframes may corre-
spond to each of the M PUCCH resources.

[0220] A transmission apparatus (not shown) for transmit-
ting the downlink transmission to the apparatus 1300 of FI1G.
13 and configuring ACK/NACK resources (that is, PUCCH
resources) which will be used by the apparatus 1300 may be
configured. The transmission apparatus may include a Tx
module, an Rx module, a processor, a memory and an
antenna.

[0221] The processor 1330 of the apparatus 1300 for trans-
mitting the ACK/NACK information serves to process infor-
mation received by the apparatus 1300 and information to be
transmitted, and the memory 1340 may store the processed
information for a predetermined time and may be replaced
with a component such as a buffer (not shown).

[0222] The overall configuration of the above apparatus
may be implemented by independently applying the matters
described in the above-described various embodiments of the
present invention or simultaneously applying two or more
embodiments. A repeated description will be omitted for
clarity.

[0223] In the description of FIG. 13, the description of the
transmission apparatus is equally applicable to a base station
or a relay as a downlink transmission entity or an uplink
reception entity and the description of the reception apparatus
is equally applicable to a user equipment or a relay as a
downlink reception entity or an uplink transmission entity.
[0224] The embodiments of the present invention can be
implemented by a variety of means, for example, hardware,
firmware, software, or a combination thereof.

[0225] Inthe case of implementing the present invention by
hardware, the present invention can be implemented with
application specific integrated circuits (ASICs), Digital sig-
nal processors (DSPs), digital signal processing devices
(DSPDs), programmable logic devices (PLDs), field pro-
grammable gate arrays (FPGAs), a processor, a controller, a
microcontroller, a microprocessor, etc.

[0226] If operations or functions of the present invention
are implemented by firmware or software, the present inven-
tion can be implemented in the form of a variety of formats,
for example, modules, procedures, functions, etc. The soft-
ware code may be stored in a memory unit so as to be driven
by a processor. The memory unit may be located inside or
outside of the processor, so that it can communicate with the
aforementioned processor via a variety of well-known parts.
[0227] The detailed description of the exemplary embodi-
ments of the present invention has been given to enable those
skilled in the art to implement and practice the invention.
Although the invention has been described with reference to
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the exemplary embodiments, those skilled in the art will
appreciate that various modifications and variations can be
made in the present invention without departing from the
spirit or scope of the invention described in the appended
claims. For example, those skilled in the art may use each
construction described in the above embodiments in combi-
nation with each other. Accordingly, the invention should not
be limited to the specific embodiments described herein, but
should be accorded the broadest scope consistent with the
principles and novel features disclosed herein.

[0228] The aforementioned embodiments are achieved by
combination of structural elements and features of the present
invention in a predetermined manner. Each of the structural
elements or features should be considered selectively unless
specified separately. Each of the structural elements or fea-
tures may be carried out without being combined with other
structural elements or features. Also, some structural ele-
ments and/or features may be combined with one another to
constitute the embodiments of the present invention. The
order of operations described in the embodiments of the
present invention may be changed. Some structural elements
or features of one embodiment may be included in another
embodiment, or may be replaced with corresponding struc-
tural elements or features of another embodiment. Moreover,
it will be apparent that some claims referring to specific
claims may be combined with other claims referring to the
other claims other than the specific claims to constitute the
embodiment or add new claims by means of amendment after
the application is filed.

INDUSTRIAL APPLICABILITY

[0229] The embodiments of the present invention are appli-
cable to various mobile communication systems. It will be
apparent to those skilled in the art that various modifications
and variations can be made in the present invention without
departing from the spirit or scope of the invention. Thus, it is
intended that the present invention cover the modifications
and variations of this invention provided they come within the
scope of the appended claims and their equivalents.

1. A method for transmitting ACK/NACK information in
response to a downlink transmission in a receiver of a wireless
communication system, comprising:

receiving the downlink transmission from a transmitterin a

downlink subframe set including M (1=M) downlink
subframes; and

transmitting the ACK/NACK information for the downlink

transmission in the downlink subframe set to the trans-
mitter in one uplink subframe associated with the down-
link subframe set,
wherein N (M=N) physical uplink control channel
(PUCCH) resources respectively having indexes 0, 1, 2,
..., and N-1 are configured by a higher layer, and

wherein each of the M PUCCH resources respectively
having the indexes O, 1, 2, . . ., and M-1 among the
configured N PUCCH resources corresponds to each of
the M downlink subframes.
2. The method according to claim 1, wherein:
the one uplink subframe is a subframe n,
the M downlink subframes are subframe n-k, (=0, 1, 2, ..
., and M-1),

the M PUCCH resources are n(l)PUCCH,t t=0,1,2,...,
M-1), and

n® pucen, corresponds to the subframe n-k,.
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3. The method according to claim 2, wherein the k, value
corresponds to t=0, 1, 2, . . . in ascending order.

4. The method according to claim 1, wherein the ACK/
NACK information is transmitted using one of the M PUCCH
resources.

5. The method according to claim 1, wherein ACK/NACK
bundling or ACK/NACK channel selection is configured with
respect to the receiver.

6. The method according to claim 1, wherein the downlink
transmission is a physical downlink shared channel (PDSCH)
transmission indicated by detection of a corresponding con-
trol channel.

7. The method according to claim 6, wherein the control
channel is a relay-physical downlink control channel (R-PD-
CCH).

8. The method according to claim 6, wherein the control
channel includes control channel number count information.

9. The method according to claim 1, wherein the wireless
communication system is a time division duplexing (TDD)
system.

10. The method according to claim 1, wherein the trans-
mitter is a base station and the receiver is a relay node.

11. An apparatus for transmitting ACK/NACK information
in response to a downlink transmission in a wireless commu-
nication system, comprising:

19

33

Aug. 15,2013

areception module configured to receive a downlink signal
from a transmitter;

a transmission module configured to transmit an uplink
signal to the transmitter; and

a processor configured to control the apparatus including
the reception module and the transmission module,

wherein the processor is further configured to:

receive the downlink transmission from the transmitter
in a downlink subframe set including M (1=M)
downlink subframes, and

transmit the ACK/NACK information for downlink trans-
mission in the downlink subframe set to the transmitter
in one uplink subframe associated with the downlink
subframe set,

wherein N (M=N) physical uplink control channel
(PUCCH) resources respectively having indexes 0, 1, 2,
..., and N-1 are configured by a higher layer, and

wherein each of the M PUCCH resources respectively
having the indexes O, 1, 2, . . ., and M-1 among the
configured N PUCCH resources corresponds to each of
the M downlink subframes.

#* #* #* #* #*





