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(57) Abstract: A method and apparatus for transmitting ACK/NACK information in a wireless communication system are disclosed.
In accordance with a method for transmitting ACK/NACK information, an ACK/NACK signal of downlink transmission in a down-
link subframe set is transmitted in a single uplink subframe. In this case, if a first physical uplink control channel (PUCCH) format is
established by a higher layer for a downlink receiver, and if one physical downlink shared channel (PDSCH) is transmitted in a
downlink subframe set, the ACK/NACK information can be transmitted using a second PUCCH format on PUCCH resources estab-
lished by a higher layer for the second PUCCH format.
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[DESCRIPTION]

[Invention Title)

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

[Technical Field]

The  present invention relates to a wireless
communication system, and more particularly to a method and
apparatus for transmitting ACK/NACK information in a

wireless communication system.

[Background Art]

In a wireless communication system, Hybrid Automatic
Repeat Request (HARQ) ACK/NACK information indicating
whether data transmitted from a transmitter has been
successfully decoded by a receiver can be transmitted from
a receiver from the transmitter.  For example, an error
detection code (for example, cyclic redundancy check (CRC))
may be added to data transmitted from the transmitter in
units of a codeword, such that the receiver may generate
ACK/NACK information in units of a codeword. For example,
information as to whether one codeword is successfully

decoded may be represented by ACK/NACK information of 1 bit.

[Disclosure]

[Technical Problem)

Accordingly, the present invention is directed to a
method and apparatus for transmitting ACK/NACK information
in a wireless communication system that substantially
obviate one or more problems due to limitations and

disadvantages of the related art. An object of the present



10

15

20

25

30

WO 2012/118356 A PCT/KR2012/001604

invention devised to solve the problem lies in an uplink
control channel format for transmitting uplink ACK/NACK
information in response to downlink data transmission and a
method for determining an uplink control channel resource.
The technical problems to be solved by the present
invention are not limited to the above-described technical
problems and other technical problems which are not
described are understood by those skilled in the art from

the following description.

[Technical Solution]

The object of the present invention can be achieved by
providing a method for transmitting ACK/NACK information by
a downlink receiver in a wireless communication system, the
method comprising: determining a physical uplink control
channel (PUCCH) format and resource which are used for
transmitting ACK/NACK information for downlink
transmission within a downlink subframe set including M (M
= 1) downlink subframe ; and transmitting the ACK/NACK
information using the PUCCH format and resource in a single
uplink subframe, wherein, for the downlink receiver
configured with a first PUCCH format, if a single physical
downlink shared channel (PDSCH) is transmitted within the
downlink subframe set, the ACK/NACK information is
transmitted using a second PUCCH format on a PUCCH resource
configured by a higher layer for the second PUCCH format.

In another aspect of the present invention, a method
for receiving ACK/NACK information from a downlink receiver
by a downlink transmitter in a wireless communication
system, the method comprising: performing downlink

transmission within a downlink subframe set including M
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downlink subframes (where M = 1); and receiving ACK/NACK
information in response to the downlink transmission in a
single uplink subframe, wherein, for the downlink receiver
configured with a first PUCCH format, if a single physical
downlink shared channel (PDSCH) is transmitted within the
downlink subframe set, the ACK/NACK information is received
using a second PUCCH format on a PUCCH resource configured
by a higher layer for the second PUCCH format.

In another aspect of the present invention, a downlink
reception apparatus for transmitting ACK/NACK information
in a wireless communication system, the apparatus
comprising: a vreception module for receiving a downlink
signal from a downlink transmission apparatus; a
transmission module for transmitting an uplink signal to
the downlink transmission apparatus; and a processor for
controlling the downlink reception apparatus including the
reception module and the transmission modﬁle, wherein the
processor 1s configured to: determine a physical uplink
control channel (PUCCH) format and resource which are used
for transmitting ACK/NACK information for downlink
transmission within a downlink subframe set including M (M
> 1) downlink subframes ; and transmit the ACK/NACK
information using the PUCCH format and resource in a single
uplink subframe, wherein, for the downlink reception
apparatus configured with a first PUCCH format, if a single
physical downlink shared channel (PDSCH) is transmitted
within the downlink subframe set, the ACK/NACK information
is transmitted using a second PUCCH format on a PUCCH
resource configured by a higher layer for the second PUCCH
format. |

In another aspect of the present invention, a downlink
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transmission apparatus for receiving ACK/NACK information

in a wireless communication system, the apparatus

- comprising: a reception module for receiving an uplink

signal from a downlink reception apparatus; a transmission
module for transmitting a downlink signal to the downlink
reception apparatus; and a processor for controlling the
downlink transmission apparatus including the reception
module and the transmission module, wherein the processor
is configured to: perform downlink transmission within a
downlink subframe get including M downlink subframes (where
M =2 1) through the transmission module; and receive
ACK/NACK information in response to the downlink
transmission in a single wuplink subframe through the
reception module, wherein, for the downlink reception
apparatus configured with a first PUCCH format, if a single
physical downlink shared channel (PDSCH) is transmitted
within the downlink subframe set, the ACK/NACK information
is received using a second PUCCH format on a PUCCH resource
configured by a higher layer for the second PUCCH format.

A physical downlink control channel (PDCCH) for the
downlink receiver may be mapped at the remaining OFDM
symbols other than initial N OFDM symbols (where N £ 3) of
a subframe.

The physical downlink control channel (PDCCH) for the
downlink receiver may be an R-PDCCH or e-PDCCH.

If two or more downlink assignment PDCCHs are
transmitted within the downlink subframe set, one PUCCH
resource for first PUCCH format from among PUCCH resources
configured by a higher layer for the first PUCCH format may
be decided by a transmission power control (TPC) field of a
PDCCH having a downlink assignment index (DAI) higher than
1 (DAI > 1).
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The ACK/NACK information may be transmitted using the
first PUCCH format on the decided one PUCCH resource for
the first PUCCH format.

The first PUCCH format may be PUCCH format 3, and the
second PUCCH format may be PUCCH format la/1b.

The wireless communication system may be a time
division duplex (TDD) wireless communication system.

More than one serving cells may be configured for the
downlink receiver.

The downlink receiver may be a relay node (RN).

The above general description of the present invention
and a detailed description thereof which will be described
hereinbelow are exemplary and are for an additional
description of the invention disclosed in the accompanying

claims.

[Advantageous Effects]

Exemplary embodiments of the present invention have
the following effects. The embodiments of the present
invention can correctly determine uplink control channel
resources for transmitting uplink ACK/NACK information in
response to downlink data transmission.

The effects of the present invention are not limited
to the above-described éffects and other effects which
are not described herein will become apparent to those

skilled in the art from the following description.

[Description of Drawings]
The accompanying drawings, which are included to
provide a further understanding of the invention,

illustrate embodiments of the invention and together with
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the description serve to explain the principle of the
invention.

In the drawings:

FIG. 1 exemplarily shows a radio frame structure;

FIG. 2 exemplarily shows a resource grid of a
downlink (DL) slot;

FIG. 3 i1s a downlink (DL) subframe structure;

FIG. 4 is an uplink (UL) subframe structure;

FIG. 5 1is a conceptual diagram illustrating the
configuration of a wireless communication system having
multiple antennas;

FIG. 6 1is a conceptual diagram illustrating a
downlink reference signal;

FIG. 7 1is a conceptual diagram illustrating a
sounding reference signal (SRS);

FIG. 8 shows resource partitioning for a relay node
(RN) ;

FIG. 9 shows mapping of PUCCH formats for use in an
uplink physical resource block;

FIG. 10 shows an example for deciding PUCCH resources
for ACK/NACK; |

FIG. 11 shows an ACK/NACK channel structure for use
in a normal CP;

FIG. 12 shows a CQI channel structure for use in a
normal CP;

FIG. 13 shows a PUCCH channel structure using block
spreading;

FIG. 14 is a conceptual diagram illustrating a
carrier aggregation;

FIG. 15 is a conceptual diagram illustrating cross-
carrier scheduling;

FIG. 16 is a conceptual diagram illustrating a method
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for transmitting uplink control information over a PUSCH;

FIG. 17 is a conceptual diagram illustrating a method
for multiplexing uplink data and control information;

FIG. 18 is a conceptual diagram illustrating a method
for transmitting uplink ACK/NACK in response to uplink
transmission on nﬂltiple downlink subframes and multiple
carriers; |

FIG. 19 is a conceptual diagram illustrating a method
for indicating PUCCH resources for PUCCH format 3;

FIG. 20 is a flowchart illustrating ACK/NACK
transmission of a downlink reception entity according to
one embodiment of the present invention;

FIG. 21 is a cdnceptual diagram illustrating a method
for using an ACK/NACK resource indicator as a transmission
power control command; and

FIG. 22 is a block diagram -illustrating a downlink
transmitter and a downlink receiver according to

embodiments of the present invention.

[Best Model

The following embodiments are proposed by combining
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
binvention. The order of operations to be disclosed in the

embodiments of the present invention may be changed to
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another. Some components or characteristics of any
embodiment may also be included in other embodiments, or
may be replaced with those of the other embodiments as
necessary.

The embodiments of the present invention are
disclosed 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. Specific 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.

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 several network nodes including the base
station will be conducted 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.

It should be noted that specific terms disclosed in
the present invention are proposed for the convenience of
description and better wunderstanding of the present
invention, and the use of these gpecific terms may be
changed to another format within the technical scope or
spirit of the present invention.

In some instances, well-known structures and devices
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are omitted in order to avoid obscuring the concepts of the
present 1invention and the important functions of the
structures and devices are shown in block diagram form.
The same reference numbers will be used throughout the
drawings to refer to the same or like parts.

Exemplary embodiments of the present invention axe
supported by standard documents disclosed for at least one
of wireless access systems 1including an Institute of
Electrical 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
particular, 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.

The following embodiments of the present invention
can be applied to a variety of wireless access technologies,

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 Frequency

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) technology such as
GSM (Global System for Mobile communications)/GPRS (General
Packet Radio Service)/EDGE (Enhanced Data Rates for GSM
Evolution). The OFDMA may be embodied with wireless (or
radio) technology such as Institute of Electrical and

Electronics Engineers (IEEE) 802.11 (Wi-Fi), IEEE 802.16
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(WiMAX), IEEE 802-20, and E-UTRA (Evolved UTRA). The UTRA
is a part of the UMTS (Universal Mcbile Telecommunications
System). The 3GPP (3rd Generation Partnership Project) LTE
(long term evolution) 1is 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
(WirelessMAN-OFDMA Advanced System). For clarity, the
following description focuses on the 3GPP LTE and 3GPP LTE-
A system. However, technical features of the present
invention are not limited thereto.

The structure of a radio frame in 3GPP LTE system
will be described with reference to FIG. 1.

In a cellular Orthogonal Frequency Division
Multipleking (dFDM) 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) .

FIG..l(a) is a diagram showing the structure of the
type 1 radio frame. A 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 (TTI). 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
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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. A RB 1is a resource
allocation unit and includes a plurality of contiguous
subcarriers in one slot.

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, 1if 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 ig 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 1is
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. .

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 1is used for initial cell
search, synchronization and channel estimation at a user
equipment. The UpPTS is used for channel estimation and
uplink transmission 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

“
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two slots regardless of a type of the radio frame.

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.

FIG. 2 1is a diagram showing a resource grid in a
downlink slot. Although one downlink slot includes seven
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 symbols. 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
transmission bandwidth. The structure of the uplink slot
may be equal to the structure of the downlink slot.

FIG. 3 1is a diagram showing the structure of a
downlink 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) 1is allocated. Examples of the downlink control
channels used in the 3GPP LTE system include, for example,
a Physical Control Format Indicator Channel (PCFICH), a
Physical Downlink 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
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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 Information (DCI). The DCI includes uplink or
downlink scheduling information or an uplink transmit power
control command 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 plurality 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 consecutive 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 determines 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 1is masked with a Radio Network
Temporary Identifier (RNTI) according to an owner or usage

of the PDCCH. If the PDCCH is for a specific UE, a cell-
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RNTI (C-RNTI) 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 1is for system information (more
specifically, a system information block (SIB)), a system
information identifier and a system information RNTI (SI-
RNTI) may be masked to the CRC. To indicate a random
access response that is a response for transmission of a
random access preamble of the UE, a random access-RNTI (RA-
RNTI) may be masked to the CRC.

FIG. 4 1s 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
allocated to a RB pair in a subframe. 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.

Modeling of Multi-Input Multi-Output (MIMO) System

FIG. 5 1s a diagram showing the configuration of a
radio communication system having multiple antennas.

As shown in FIG. 5(a), if the number of transmigssion
antennas is increased to Ny and the number of reception
antennas 1s 1increased to Ni, a theoretical <channel
transmission capacity is increased in proportion to the
number of antennas, unlike the case where a plurality of

antennas is used 1in only a transmitter or a receiver.
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Accordingly, it is possible to improve a transfer rate and
to remarkably improve frequency 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;.

[Equation 1]

‘Ri::nﬁn(AGW]VR)

For example, in an  MIMO system using four
transmission antennas and four reception antennas, it 1is
possible to theoretically acquire a transfer rate which is
four times that of a single antenna system.

The communication method of the MIMO system will be
described in more detail using mathematical modeling. 1In
the above system, 1t 1is assumed that Ny transmission
antennas and Ny reception antennas are present.

In transmitted signals, if the Ny transmission
antennas are present, the number of pieces of maximally
transmittable information is  Nr. The transmitted
information may be expressed as follows.

[Equation 2]

’ T
s—kpgguﬁmj

S S o S
The transmitted information 1272 ’"Nr nmay have
different transmit powers. If the respective transmit
P,P,--,P, _ _ , ,
powers are ! r, the transmitted information with

adjusted powers may be expressed as follows.
[Equation 3]
§:[§17§25""§NT]T :[ESI’PZSZ""’PNTSNT]T
In addition, S may be expressed using a diagonal

matrix P of the transmit powers as follows.
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[Equation 41
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Consider that the N; actually transmitted signals

X5 Xy 9 ANy are configured by applying a weight matrix W

~

to the information vector 8 with the adjusted transmit
powers. The weight matrix W serves to appropriately

distribute the transmitted information to each antenna

xl,xz,..-’xNT

according to a transport channel state, etc.
may be expressed by using the vector X as follows.

[Equation 5]

X 1 Wi Wi o Wi 1S |
Xa Wy W 0 W IS,
X= = . |=Ws=WPs
X; Wa  Waoo 0 Wi S
v | W W2 0 W, | S, J
where, y denotes a weight between an i-th
transmission antenna and j-th information. W is also

called a precoding matrix.

In received signals, i1f the Ny reception antennas are

present, respective received signals Yi> Yas™ "5 Y, of the
antennas are expressed as follows.

[Equation 6]

yz[ylv)’p"',yNR]r

If channels are modeled in the MIMO radio
communication system, the channels may be distinguished
according to transmission/réception antenna indexes. A

channel from the transmission antenna j to the reception
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antenna i is denoted by hij;. In hjj, it is noted that the
indexes of the reception antennas precede the indexes of
the transmission antennas in view of the order of indexes.

FIG. 5(b) is a diagram showing channels from the Ny
transmission antennas to the reception antenna 1i. The
channels may be combined and expressed in the form of a
vector and a matrix. In FIG. 5(b), the channels from the
Ny transmission antennas to the reception antenna i may be
expressed as follows.

[Equation 7]

T —-— . e
hi _[]7’i1’hi2" 7hiNT]

Accordingly, all the channels from the Nt
transmission antennas to the Ny reception antennas may be

expressed as follows.

[Equation 8]

_h;‘ ] —hn by thT ]

h; by by e thT
H=|" -’ -

h;r . hil hiZ hiNT

h! vy Py o By |

| M | Ler T2 NNy

An Additive White Gaussian Noise (AWGN) 1is added to
the actual channels after a channel matrix H. The AWGN
n“rb’“.’nNk added "to the N; transmission antennas may be
expressed as follows.

[Equation 9]

n:[nl’nz""’nNR]r
Through, the above-described mathematical modeling,
the received signals may be expressed as follows.

[Equation 10]
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—}’1 1 (hn hy e hw, —’—‘xl
?’2 .hz; by thT Xy n,

I _I . e N : — Hxn
Y Yi By Ry - hw, xX; n; *

\_yNRJ _hNRI hNR2 hNRNTJ_xNTJ "y, |

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 II is equal to the number Nz of
reception antennas and the number of columns thereof is

equal to the number Ny of transmission antennas. That is,

the channel matrix H is an NzxNy matrix.

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.

[Equation 11]

rank(H) < min(N,,N,)

When the matrix 1s subjected to Eigen wvalue
decomposition, the rank may be defined by the number of
Eigen values excluding O. Similarly, when the matrix is
subjected to singular value decomposition, the rank may be
defined by the number of singular ‘values excluding O.
Accordingly, the physical meaning of the rank 1in the
channel matrix may be a maximum number of different

transmittable information in a given channel.

Reference Signal (RS)

In a radio communication system, since packets are

transmitted through a radio channel, a signal may be
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distorted during transmission. In order to enable a

reception side to correct

ly receive the distorted signal,

distortion of the received signal should be corrected using

channel information. 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 information using a distortion degree

when the signal 1is received through a channel is mainly

used. The above signal is

a reference signal (RS).

referred to as a pilot signal or

When transmitting and receiving data using multiple

antennas, the channel states between the transmission

antennas and the reception antennas should be detected in

order to correctly receive the signal. Accordingly, each

transmission antenna has an individual RS.

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 1is poss

ible to provide information for

channel estimation and demodulation using such RSs.

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 (
to the transmission side

called a cell-specific RS.

PMI) and/or a Rank Indicator (RI),
(eNodeB) . The CRS may be also

Alternatively, an RS associated

with the feedback of Channel State Information (CSI) such

as CQI/PMI/RI may be separately defined as a CSI-RS.

The DRS may be transmitted through REs 1f data

demodulation on .a PDSCH 1is necessary. The UE may receive

the presence/absence of the DRS from a higher layer and

receive information indicating that the DRS is wvalid only

when the PDSCH is mapped.

The DRS may be also called a UE-
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specific RS or a Demodulation RS (DMRS) .

FIG. 6 1is 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 domain x 12 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)).

FIG. 6 shows the locations of the RSs on the RB pair
in the system in which the eNodeB supports four
transmission antennas. 1In FIG. 7, Resource Elements (REs)
denoted by “07, “1”, “2” and “3” indicate the locations of
the CRSs of the antenna port indexes 0, 1, 2 and 3,
respectively. In Fig. 6f the RE denoted by "D” indicates
the location of the DRS.

| Hereinafter, the CRS will be described in detail.

The CRS is used to estimate the channel of a physical
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.

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

transmission antennas. If the eNodeB performs single-

antenna transmission, RSs for a single antenna port are

arranged. If the eNodeB performs two-antenna transmission,
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RSs for two antenna ports -are arranged using a Time
Division Multiplexing (TDM) and/or Frequency Division
Multiplexing (FDM) scheme. That is, the RSs for the two
antenna ports are arranged 1in different time resources
and/or different frequency resources so as to be
distinguished from each other. 1In 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-1loop
spatial multiplexing, open-loop spatial -multiplexing, or
Multi-User MIMO (MU-MIMO).

If multiple vantennas are supported, when RSs are
transmitted from a certain antenna port, the RSs are
transmitted 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.

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

[Equation 12]

k=6m+(v+v,, Jmod6

- O,N2: -3 if pe{ol}
1 if pef2,3}

m=0]1,.,2- N -1

' max, DL DL
m =m+ Ngg — Ngg
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(0 if p=0and/=0

3 if p=0and/=0

v=<3 if p=land/=0

0 if p=land/#0
3(n, mod 2) if p=2
3+3(n,mod2) if p=3

Venify = Nlc;” mod 6
In Equation 12, k denotes a subcarrider index, 1

denotes a symbol index, and p denotes an antenna port index.

DL
Vo denotes the number of OFDM symbols of one downlink slot,

DL
Nk denotes the number of RBs allocated to the downlink, ng

cell
N5

denotes a slot index, and denotes a cell 1ID. mod
indicates a modulo operation. The location of the RS in
the frequency domain depends on a value Vgnise. Since the

value Vgnhir depends on the cell ID, the location of the RS
has a frequency shift value which varies according to the
cell.

More specifically, 1in order  to increase channel
estimation 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, 1f the RSs
are 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 omne
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.

In addition, power boosting is applied to the CRSs.

The power boosting indicates that the RSs are transmitted
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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.

In the time domain, the RSs are arranged from a
symbol index (1=0) of each slot as a starting point at a
constant interval. The time interval 1is 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
CpP) of the slot and the RSs for the antenna portsvz 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.

In oxrder 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
configuration may have, for example, eight transmission
antennas. In the system having the extended antenna
configuration, UEs which operate in the existing antenna
configuration needs to be supported, that 1is, 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 configuration. If CRSs for the new

antenna ports are added to the system having the existing
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antenna configuration, RS overhead is rapidly increased and
thus data transfer rate 1is reduced. In consideration of
these problems, in an LTE-A (Advanced) system which is én
evolution version of the 3GPP LTE system, separate RSs
(CSI-RSs) for measuring the CSI for the new antenna ports
may be used.

Hereinafter, the DRS will be described in detail.

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 without
change so as to estimate an equivalent channel, in which a
transfer channel and the precoding weight transmitted from
each transmission antenna are combined, when the UE
receives the RSs.

The existing 3GPP LTE system (e.g., Release-8)
supports four-transmission antenna transmission as a
maximum 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.

[Equation 13]
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k=(k"Ymod NF® + NEB .y

PRB
- Am'+v 0 ifl e {2_,3}
4m'+(2 + vy )mod 4 if 7 € {5.6}
3 I'=0
6 1=
2 I'=2
5 I'=3
e 0l ifn,mod2=0

23 1fn mod2=1
m'=0.1,.. 3NPOSCH
Vg = N mod3
[Equation 14]
k=(k")mod N3° + NF®

P : _
3m'+v,.. if /=4

gy

k%:BHﬂ%2+KmJnmd3 if /=1
4 I'e{0,2}

| I'=1

0 1fn,mod2=0
(1,2 if». mod2=1

/

_ cell
In Equations 13 and 14, k denotes a subcarrider index,

1 denotes a symbol index, and p denotes an antenna port

RB
index. N sc denotes the resource block size in the

frequency domain  and 1is expressed by the number of

. n '
subcarriers. P denotes a physical resource block number.
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N PDSCH
kB denotes the bandwidth of the RB of the PDSCH

transmission. ng; denotes a slot index, and pfﬁ? denotes a
cell ID. mod indicates a modulo operation. The location
of the RS in the frequency domain depends on a value Vgpise.
Since the value Vg depends on the cell ID, the location
of the RS has a frequency shift wvalue which varies
according to the cell. .

In the LTE-A system thch is the evolution version of
the 3GPP LTE systenm, high-order  MIMO, multi-cell
transmission, evolved MU-MIMO or the 1like is considered.
In order to support efficient RS management and a developed
transmission scheme, DRS-based data demodulation is
considered. 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.

Cooperative Multi-Point (CoMP)

According to the improved system performancé
requirements of the 3GPP LTE-A system, CoMP
transmission/reception technology (may be referred to as
co-MIMO, collaborative MIMO or network MIMO) 1s proposed.
The CoMP technology can increase the performance of the UE
located on a <cell edge and increase average sector
throughput.

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
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enabling the UE 1located on the c¢ell edge to have
appropriate 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 interference is applied. However, rather
than decreasing the use of fréquency 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.

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.

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 Jjoint transmission scheme and a dynamic cell
selection scheme. |

The joint transmission scheﬁe 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 1s possible to coherently or non-
coherently improve the quality of the received signals and
to actively eliminate interference with another UE.

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.
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According to the CS/CB scheme, the CoMP units may

cooperatively perform beamforming of data transmigssion 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.

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 wuplink may be classified into

Joint Reception (JR) and Coordinated Scheduling/Beamforming

(CS/CB) .

The JR 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 Dby the

coordination of the cells of the CoMP unit.

Sounding RS (SRS)

An SRS 1is used for enabling an eNodeB to measure

channel quality so as to perform frequency-selective

scheduling 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 allocating'frequency resources in a first slot

of a subframe and pseudo-randomly hopping

frequency in a second slot).

to

another
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In addition, the SRS may be used for downlink channel
quality measurement on the 'assumption that the radio
channel 1is reciprocal between the uplink and downlink.
This assumption is particularly valid in a Time Division
Duplex (TDD) system in which the same fregquency band is
shared between the uplink and the downlink and is divided
in the time domain.

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
“srsSubframeConfiguration” parameter indicates 15 possible
configurations of the subframe through which the SRS can be
transmitted within each radio frame. By such
configurations,v it 1s ©possible to provide adjustment
flexibility of SRS overhead according to a network
arrangement scenario. The remaining one (sixteenth)
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.

As shown in FIG. 7, the SRS is always transmitted on
a last SC-FDMA symbol of the configured subframe.
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) .

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
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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.

Relay Node (RN)

A RN may be considered for, for example, enlargement
of high data rate coverage, improvement of group mobility,
temporary network deployment, improvement of cell edge
throughput and/or provision of network coverage to a new
area.

A RN forwards data transmitted or received between
the eNodeB and the UE, two different links (backhaul 1link
and access 1ink) 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.

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 frequency bands
or uplink subframe resources are used. Here, the frequency
band is resource allocated in a Frequency Division Duplex
(FDD) mode and the subframe is resource allocated in a Time
Division Duplex (TDD) mode. Similarly, the access 1link
between the RN and the UE(s) may be represented by an
access doWnlink if downlink frequency bands or downlink

subframe resources are used, and may be represented by an
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access uplink if uplink frequency bands or uplink subframe
resources are used.

The eNodeB must have functions such as wuplink
reception and downlink transmission and the UE must have
functions such as uplink transmission and downlink
reception. 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.

In association with the use of the band (or the
spectrum) 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 accesé 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.

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
network is performed through the RN and the term “non-
transparent” indicates that the UE recognizes whether
communication with the network is performed through the RN.

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

The RN configured as the part of the donor cell may
have a RN ID, but does not have its cell identity. When at

least a part of Radio Resource Management (RRM) of the RN
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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 as smart repeaters, decode-and-forward relays,
12 (second layer) relays and Type-2 relays.

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, L3 (third layer)
relays, Type-1 relays and Type-la relays.

The Type—l.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
synchronization 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 1legacy 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 backward compatibility. The UEs which operates
according to the LTE-A system regard the Type-1 rélay as an
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eNodeB different from the legacy eNodeB, thereby achieving
performance improvement.

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-la relay may be configured so as
to minimize or eliminate an influence of the operation
thereof on an L1 (first layer) operation.

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.

In order to enable the RN to operate as the in-band
relay, some resources 1in 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.

The geheral 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 Divisiqn 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 wuplink is

activated in a specific time).

The multiplexing of the backhaul 1link wusing a FDD
scheme indicates that backhaul downlink transmission is
performed 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
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scheme indicates that the backhaul downlink transmission is
performed 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.

In the in-band relay, for example, 1if the backhaul
downlink reception from the eNodeB and the access downlink
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 predetermined frequency band, signal interference may
occur in the RF front end of the RN. Accordingly, it is
difficult to implement 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 positions).

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
configuring a Multicast Broadcast Single Frequency Network
(MBSFN) subframe (see FIG. 8). In FIG. 8, a first subframe
1010 is a general subframe, in which a downlink (that is,

access downlink) control signal and data is transmitted
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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
downlihk 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 1in every subframe so as to
perform a measurement function), for the éorrect 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 1is 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
pértitioning disables the in-band RN to simultaneously
perform the access downlink transmission and the backhaul
downlink reception;

The second subframe 1022 wusing the MBSFN subframe
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
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second subframe may be a RN non-hearing interval. The RN
non-hearing inﬁerval 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 set to 1,
2 or 3 OFDM lengths as described above. The RN performs
the access downlink transmission to the UE in the RN non-
hearing interval 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.
Simiiarly, 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 (k21) time samples Ts or one oOr more
OFDM symbol 1lengths. Alternatively, 1f the backhaul
downlink subframes of the VRN are consecutively set or
according to a predetermined subframe timing alignment
relationship, the guard time of a 1last 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 1legacy UE cannot be
supported if the guard time 1is 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
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except for the guard time. Specifically, PDCCH for RN may
be vrepresented by a R-PDCCH (Relay-PDCCH) to signify a
physical channel dedicated for RN.

PUCCH (Physical Uplink Control CHannel)

Uplink control information (UCI) transmitted over a
PUCCH may include a scheduling request (SR), HARQ ACK/NACK
information, and downlink channel measurement information.

HARQ ACK/NACK information may be generated according
to success or failure of a downlink data packet on a PDSCH.

In a conventional wireless communication system, 1
bit is transmitted as ACK/NACK information in case of
downlink transmission of a single codeword, and 2 bits are
transmitted as ACK/NACK information in case of downlink
transmission of two codewords.

Channel measurement information indicates feedback
information related to a Multiple Input Multiple Output
(MIMO) scheme, and may include a channel quality indicator
(CQI), a precoding matrix index (PMI) and a rank indicator
(RI); The above-mentioned channel measurement information
may also be referred to as CQI. For CQI transmission, 20
bits per subframe may be used.

PUCCH may be modulated using Binary Phase Shift
Keying (BPSK) and Quadrature Phase Shift Keying (QPSK)
schemes. A plurality of UE control information pieces may
be transmitted through a PUCCH. When Code Division
Multiplexing (CDM) 1is performed in ofder to discriminate
signals of UEs, a Constant Amplitude Zero Autocorrelation
(CAZAC) sequence having a length of 12 is mainly used.
Since the CAZAC sequence has a property that a constant
amplitude is maintained in a time domain and a fregquency

domain, a Peak-to-Average Power Ratio (PAPR) of a UE or
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Cubic Metic (CM) may be decreased to increase coverage. In
addition, ACK/NACK information for DL data transmitted
through the PUCCH may be covered using an orthogonal
sequence. ‘

In addition, control ihformation transmitted through
the PUCCH may be discriminated wusing cyclically shifted
sequences having different cyclic shift wvalues. A
cyclically shifted sequence may be generated by cyclically
shifting a basic sequence (also called a base sequence) by
a specific cyclic shift (CS) amount. The specific CS
amount is indicated by a CS index. The number of available
CSs may be changed according to channel delay spread.
Various sequences may be used as the basic sequence and
examples thereof include the above-described CAZAC sequeﬁce.

The amount of control information which a UE can
transmit in a single subframe may depend on the number of
SC-FDMA symbols available for transmission of control
information. The SC-FDMA symbols available for
transmission of control information correspond to SC-FDMA
symbols excluding SC-FDMA symbols used for transmission of
a reference signal that detecﬁs'coherency of the PUCCH.

PUCCH for use in the 3GPP LTE system is defined as a
totalv of 7 différent formats according to transmission
control information, av modulation scheme, the amount of
control information, etc. Uplink Control Information (UCI)
transmitted according to individual PUCCH formats can be
summarized as shown in the following Table 1.

[Table 1]
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PUCCH (Modulation| Number of | Usage etc.
format scheme bits per
subframe
1 N/A N/A SR(Schedul ing Request)
la BPSK 1 ACK/NACK One codeword
1b QPSK 2 ACK/NACK Two_codeword
2 QPSK 20 Ql Joint Coding
ACK/NACK
{extended CP)
2a QPSK+BPSK 21 COT+ACK/NACK Normal CP only |
2b SK+BPSK 22 CQI+ACK/NACK Normal CP only

PUCCH format 1 may be used for SR-only transmission.
Non-modulated waveforms may be applied to the SR-only
transmission, and a detailed description thereof will
hereinafter be described in detail.

PUCCH format la or 1lb may be used for HARQ ACK/NACK
transmission. If HARQ ACK/NACK is transmitted alone in an
arbitrary subframe, PUCCH format la or 1lb may be used.
Otherwise, HARQ ACK/NACK and SR may be transmitted through
the same subframe using PUCCH format la or 1b.

PUCCH format 2 may be used for CQI transmission, and
PUCCH format 2a or 2b may be used for transmission of CQI
and HARQ ACK/NACK. In the case of the extended CP, PUCCH
format 2 may be used for transmission of CQI and HARQ

ACK/NACK.

FIG. 9 shows mapping of PUCCH. formats for use in an

UL
uplink physical resource Dblock. In FIG. 9, NRE is the

number of resource blocks (RBs) for use in uplink (UL), and

0, i, P A%% is a physical resource block (PRB) number.
Basically, PUCCH may be mapped to both edges of an uplink
frequency block. As can be seen from FIG. 9, PUCCH format
2/2a/2b may be mapped to a PUCCH region denoted by m=0,1,
and PUCCH format 2/2a/2b may be mapped to resource blocks
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(RBs) located at a band-edge part. In addition, PUCCH
format 2/2a/2b and PUCCH format 1/la/lb may be mixedly
mapped to a PUCCH region denoted by m=2. Next, PUCCH
format 1/la/lb may be mapped to a PUCCH region denoted by

(2)
A%B of available PUCCH RBs by PUCCH

m=3,4,5. The number
format 2/2a/2b may be signaled to UEs contained in a.cell
through broadcast signaling.

PUCCH resources

A user equipment (UE) may receive PUCCH resources for
UCI transmission from a base station (BS) wusing the
explicit or implicit scheme through higher layer signaling.

In case of ACK/NACK, | multiple . PUCCH resource
candidates may be assigned to a UE by a higher layer. In
this case, information as to which PUCCH resource is used
may be implicitly determined. For example, the UE receives
a PDSCH from the BS, and may transmit ACK/NACK of the
corresponding data unit through PUCCH resources implicitly
determined by PUCCH resources carrying PDSCH scheduling
information.

FIG. 10 shows an example for deciding PUCCH resources
for ACK/NACK.

In the LTE system, PUCCH resources for the ACK/NACK
are not pre-allocated to each UE, and several UEs located
in the cell are configured to divisionally use several
PUCCH resources at every time point. In more detail, PUCCH
resources used for ACK/NACK transmission of a UE are
implicitly determined on the basis of a PDCCH that carries
scheduling information of a PDSCH carrying the
corresponding DL data. The entire region to which a PDCCH
is transmitted in each DL subframe is comprised of a

plurality of Control Channel Elements (CCEs), and a PDCCH
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transmitted to the UE is.comprised of one or more CCEs.
Each CCE includes a plurality of Resource Element Groups
(REGs) (e.g., 9 REGs). One REQ may includes neighbor or
contiguous REs under the condition that a reference signal
(RS) 1is excluded. The UE may transmit ACK/NACK through
implicit PUCCH resources that are derived or calculated by
a function of a specific CCE index (e.g., first or lowest
CCE index) from among CCEs constructing a PDCCH received by
the UE.

Referring to FIG. 10, each PUCCH resource index may
correspond'to PUCCH resources for ACK/NACK. As can be seen
from FIG. 10, 1f it 1is assumed that PDSCH - scheduling
information is transmitted to the UE through a PDCCH
composed of 4~6-indexed CCEs (i.e., NOs. 4, 5, 6 CCEs), the
UE transmits ACK/NACK to the BS through the 4-indexed PUCCH
corresponding to a CCE having the lowest index (i.e., No. 4
CCE) constructing the PDCCH. For example, ACK/NACK is
transmitted to the BS through the 4-indexed PUCCH. FIG. 10
shows the example in which a maximum of M’ CCEs is present
in a DL and a maximum of M PUCCHs 1is present in a UL.
Although M' may be identical to M (M’=M), M' may be
different from M aé necessary, and CCE resource mapping may
overlap with PUCCH resource mapping as necessary.

For example, PUCCH resource index may be defined as
shown in the following Equation 15.

(Equation 15]

(1 _ (1
npucer = Bece + Nptcen

In Equation 15, n'Ypycey is a PUCCH resource index for
ACK/NACK transmission, NV e 1s  a signalihg value
received from a higher layer, and necg may be the smallest

value from among CCE indexes used for PDCCH transmission.
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PUCCH channel structure

PUCCH format 1la/lb will hereinafter be described in
detail.

In PUCCH format la/lb, a symbol modulated using the
BPSK or QPSK modulation scheme is multiplied by a CAZAC
sequence of length 12. For example, the multiplication

result between the modulation symbol d(0) and the CAZAC

sequence r(n) (where, n = 0, 1, 2, .., N-1) having the
length of N is denoted by y(0), y(1), y(2), ..., y(N-1). In
this case, y(0), ..., y(N-1) symbols may be referred to as

‘block of symbol’. After multiplying the CAZAC sequence by
a. modulation symbol, the resultant symbol is blockwise-
spread using an orthogonal sequence.

A Hadamard sequence of length 4 is applied to general
ACK/NACK information, and a DFT (Discrete Fourier
Transform) sequence of length 3 is applied to the shortened
ACK/NACK information and a reference signal. A Hadamard
sequence of length 2 may be applied to the reference signal
for the extended CP. '

FIG. 11 shows an ACK/NACK channel structure for use
in a normal CP. In more detail, FIG. 11 shows an example
of a PUCCH channel structure for tfansmitting HARQ ACK/NACK
other than a CQI. One slot includes seven SC-FDMA symbols.
RSs are carried on three consecutive SC-FDMA symbols
located at the intermediate portion of the slot and an
ACK/NACK signal 1is carried on four remaining SC-FDMA
symbols. In case of the extended CP, RSs may be carried on
two consecutive symbols located at the intermediate portion
of the slot. The number and location of symbols used for
RS may be changed according to a control channel, and the

number and location of symbols used for associated ACK/NACK
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signals may also be changed according to the control
channel.

ACK/NACK information (unscrambled status) of one or
two bits may be represented by one HARQ ACK/NACK modulation -
symbol using the BPSK or QPSK modulation scheme. The ACK
signal may be encoded into '1’, and the NACK signal may be
encoded into ‘0’.

In order to increase multiplexing capacity when
transmitting a control signal within an allocated band,
two-dimensional (2D) spreading is used. In other words,
frequency domain spreading and time domain spreading are
simultaneously used to increase the number of UEs capable
of being multiplexed or the number of control channels. 1In
order to -spread the ACK/NACK signal in a fréquency domain,

a frequency domain sequence is used as a basic sequence. A

~ Zadoff-Chu (ZC) sequence from among CAZAC sequences may be

used as a frequency domain sequence. For example,
different cyclic shifts (CSs) are applied to the ZC
sequence acting as a basic sequence, such that different
UEs or different control channels can be multiplexed. The
number of CS resources supported by the SC-FDMA symbol for
PUCCH RBs for HARQ ACK/NACK transmission is established by

PUCCH

a cell-specific higher-layer signaling parameter shift

PUCCH
In this case, ' &1, 2, 3} indicates 12, 6, or 4 shifts.

The ACK/NACK signal spread in a frequency domain is
spread in a time domain using an orthogonal spreading code.
Walsh-hadamard sequence or DFT sequence may be used as an
orthogonal spread code. For example, the ACK/NACK signal
may be spread by applying orthogonal sequences (w0, wl, w2,

w3) each having the length of 4 to four symbols. In
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addition, RS may be spread using an orthogonal sequence of
the length 3 or 2. The above-mentioned operation is
called an orthogonal covering (OC).

Bu means of CS resources of a frequency domain and OC
resources of a time domain, multiple UEs can be multiplexed
using the Code Division Multiplexing (CDM) scheme. That is,
ACK/NACK information and RS of many UEs can be multiplexed
on the same PUCCH RB.

In association with the above-mentioned time domain
spreading CDM, the number of spread codes supported for
ACK/NACK information is limited by the number of RS symbols.
That is, the number of SC-FDAM symbols for RS transmission
is less than the number of SC-FDMA symbols for ACK/NACK
transmission, such that multiplexing capacity of the RS 1is
smaller than that of the ACK/NACK information. For example,
in the case of a normal CP, ACK/NACK information can be
transmitted through four symbols. For ACK/NACK information,
three orthogonal spread codes but not four orthogonal
spread codes may be wused because the number of RS
transmission symbols is limited to 13 so that only three
orthogonal spread codes can be used for RS.

Examples of a sequence used to spread the ACK/NACK
information are shown in Tables 2 and 3. Table 2 shows a
sequence having 4 symbols and Table 3 shows a sequence
having 3 symbols. The sequence having 4 symbols is used in
the PUCCH format 1/1la/1b of a general subframe
configuration. " In the subframe configuration, in
consideration of the case where a Sounding Reference Signal
(SRS) 1is transmitted at a last symbol of a second slot, a
sequence having 4 symbols is applied to the first slot and
the shortened PUCCH format 1/la/lb of a sequence having 3
symbols may be applied to the second slot.
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[Table 2]
Sequence index | [w(0), w(l), w(2), w(3)]
0 | [+1 41 41 +1]
1 [+1 -1 +1 -1]
2 [F1 -1 -1 +1]
[Table 3]
Sequence index | [w(0), w(l), w(2)]
0 11 1]
1 [1 ejz}r/S . j47r/3]
5 [1 g4rl3 j27r/3]
5 An example of orthogonal sequences used to spread the

reference signal (RS) of the ACK/NACK channel is shown in

Table 4.
[Table 4]
Sequence index Normal CP Extended CP
0 R i U | [1 1]
1 e i) [1 -1]
2 [ eims o] N/A
10 In a subframe of a normal CP, provided that three

symbols of a single slot are used for RS transmission and
four symbols are used for ACK/NACK transmission, for
example, provided that six cyclic shifts (CSs) are used in
a frequency domain and three OC resources are used in a

15 time domain, HARQ ACK/NACK signals from a total of 18
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differenet UEs can be multiplexed in one PUCCH RB. In.a
subframe of the extended CP, provided that two symbols of
one slot are used for RS transmission and four symbols are
used for ACK/NACK transmission, for example, provided that
six CSs are used in a frequency domain and two OC resources
are used in a time domain, HARQ ACK/NACK signals from a
total of 12 different UEs can be multiplexed in one PUCCH
RB. ‘

Next, PUCCH format 1 will hereinafter be described.
The SR is transmitted such that a UE requests or dbes not
request scheduling. The SR channel reuses an ACK/NACK
channel structure of the PUCCH format la/lb and employs On-
Off Keying (OOK) based on ACK/NACK channel design. No
reference signal (RS) 1s transmitted over an SR channel.
Therefore, in the case of a normal CP, a sequence of the
length 7 1is wused. In the case of an extended CP, a
sequence of the length 6 is used. Different CSs or
different orthogonal covers (OCs) may be assigned to each
of SR and ACK/NACK. That is, for positive SR transmission,
the UE transmits HARQ ACK/NACK through resources allocated
for SR. For negative SR transmission, the UE transmits
HARQ ACK/NACK through resources allocated for ACK/NACK.

Next, PUCCH format 2/2a/2b will hereinafter be
described. PUCCH format 2/2a/2b is a control channel for
transmitting channel measurement feedback (CQI, PMI, RI).

A report period of channel measurement feedback
(hereinafter referred to as CQI) and a frequency unit (or a
frequency resolution) to be measured can be controlled by a
base station (BS). Periodic or aperiodic CQI report may be
supported in a time domain. PUCCH format 2 may be used
only for periodic reporting, and PUSCH may be used for

aperiodic reporting. In case of the aperiodic reporting, a
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BS may command a UE to carry each CQI report on a resource
scheduled for uplink data transmissionﬁ

FIG. 12 shows a CQI channel for use in a normal CP.
From among SC-FDMA symbols 0 to 6 of one slot, SC-FDMA
symbols 1 and 5 (i.e., second and sixth symbols) may be
used for DMS (Demodulation Reference Signal) transmission,
and CQI information may be transmitted in the remaining SC-
FDMA symbols. On the other hand, in the case of the
extended CP, one SC-FDMA symbol (SC-FDMA symbol 3) may be
used for DMRS transmission.

In PUCCH format 2/2a/2b, modulation based on a CAZAC
sequence 1is supported, and a QPSK modulated symbol is
multiplied by the CAZAC sequence of the length 12. CS of
the sequence is changed between symbols or slots.
Orthogonal covering (OC) is used for DMRS.

DMRS may be loaded on two SC-FDMA symbols spaéed
apart from each other by a ‘predetermined distance
corréspondiﬁg to 3 SC-FDMA symbol intervals from among 7
SC-FDMA symbols contained in one slot, and CQI
information may be loaded on the remaining 5 SC-FDMA
symbols. The reason why two RSs may be used in one slot
is to support a high-speed UE. 1In addition, each UE may
be discriminated by a sedquence. CQI symbols may be
modulated in the entire SC-FDMA symbol, and the modulated
CQI symbols may then be transmitted. The SC-FDMA symbol
is composed of one sequence. That is, a UE performs CQI
modulation wusing each sequence, and transmits the
modulated result.

The number of symbols that can be transmitted to one
TTI is set to 10, and CQI modulation is extended up to
QPSK. If QPSK mapping is applied to the SC-FDMA symbol, a
CQI value of 2 bits may be loaded on the SC-FDMA symbol,
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so that a CQI value of 10 bits may be assigned to one
slot. Therefore, a maximum of 20-bit CQI value may be
assigned to one subframe. A frequency domain spreading
code may be used to spread CQI in a frequency domain.

CAZAC sequence (for example, a ZC sequence) of the
length 12 may be used as a frequency domain spread code.
CAZAC sequences having different cyclic shift (CS) wvalues
may be applied to individual control channels, such that
the control channels may be distinguished from one
another. IFFT may be applied to the frequency domain
spread CQI.

12 different UEs can be orthogonally multiplexed on
the same PUCCH RB by CS having 12 equal intervals. In the
case of a normal CP, although a DMRS sequence for SC-FDMA
symbols 1 and 5 (in case of the extended CP, a DMRS
sequence for SC-FDMA symbol 3) is similar to a CQI signal
sequence of a frequency domain, modulation suéh as- CQI 1is
not applied to the DMRS sequence. The UE 1nay; be semi-
statically established by higher layer signaling in such a
manner that different CQI, PMI and RI types are
periodically reported over PUCCH resources indicated by

(@)
PUCCH resource index MpyccH . 1n this case, PUCCH resource

(2)
index "PUCCH indicates a PUCCH region used for PUCCH format

2/2a/2b transmission and a CS wvalue to be used for PUCCH

format 2/2a/2b transmission.

The enhanced-PUCCH (e-PUCCH) format will hereinafter
be described in detail. The e-PUCCH format may correspond
to PUCCH format 3 of the LTE-A system. The block spreading
scheme may be applied to ACK/NACK transmission using PUCCH
format 3.

The block spreading scheme is designed to modulate
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transmission of a control signal using the SC-FDMA scheme,
differently from the legacy PUCCH format 1 or 2 series.
Referring to FIG. 13, a symbol sequence may be spread and
transmitted on a time domain using an orthogonal cover code
(oce) . By means of the OCC, control signals of multiple
UEs can be multiplexed on the same RB. In case of PUCCH
format 2, one symbol sequence is transmitted across a time
domain, and control signals of multiple UEs are multiplexed
using a Cyclic Shift (CS) of the CAZAC. In case of the
block spreading PUCCH format (for example, PUCCH format 3),
one symbol sequence is transmitted over a frequency domain,
and control signals of several UEs are multiplexed using
0CC-based time domain spreading.

FIG. 13 (a) shows an - example for
generating/transmitting four SC-FDMA symbols (i.e., a data
part) using an OCC of a spreading factor (SF)=4 1in one
symbol sequence during one slot. In this casé, three RS
symbols (i.e., RS part) may be used for one slot.

FIG. 13 (b) shows an example - for
generating/transmitting 5 SC-FDMA symbols (i.e., a data
part) using an OCC of SF=5 in a single symbol sequence
during one slot. In this case, two RS symbols may be
utilized during one slot.

As can be seen from FIG. 13, RS symbols may be
generated from the CAZAC sequence to which a specific CS
value is applied, and a predetermined OCC may be applied to
(or multiplied by) several RS symbols, such that the
resultant symbols can be transmitted. In addition, if it
is assumed that 12 modulation symbols are used for each
OFDM symbol (or each SC-FDMA symbol) and each modulation
symbol is generated by QPSK as shown in FIG. 13, a maximum

number of bits capable of being transmitted in one slot is
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a total number of

bits capable of being transmitted through two slots is 48.

In case of using a PUCCH channel structure based on the

block spreading scheme,

it 1s possible to transmit much

more control information than the conventional PUCCH format

1l or 2 series.

Carrier Aggregation

FIG. 14 1is a

carrier aggregation.

aggregation,

conceptual

Prior

diagram

illustrating a
to describing the carrier

a cell used for managing radio resources by

LTE-A will hereinafter be described in detail. The cell

may be understood to be a combination of DL resources and

UL resources.

In this case, UL resources are not mandatory,

and therefore the cell may be composed of DL resources only,

or may also be composed of DL resources and UL resources.

The above-mentioned description is defined in the current

LTE-A Release 10.

If necessary,

composed of UL resources

only.

the cell

may also be

DL resources may be

referred to as a downlink component carrier (DL CC), and UL

resources may be referred to as an uplink component carrier

(UL cCcC).

frequency,

frequency for use in the corresponding cell.

operating at a primary frequency and a

DL CC or UL CC may be represented by a carrier

and the carrier frequency indicates a center

Cells may be classified into a primary cell (PCell)

secondary cell

(SCell) operating at a secondary frequency. PCell and
SCell may be generically named a serving cell. PCell may
be set to- - either a cell indicated when a UE performs

initial connection establishment or a cell indicated in a

connection reconfiguration process

That 1is,

the

control-related

center

in

a

or handover process.

carrier

PCell may be understood to be a cell serving as

aggregation
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environment to be described later. The UE receives PUCCH
ffom its own PCell, and transmits the received PUCCH.
SCell may be constructed after RRC (Radio Resource Control)
connection establishment, and may be used for providing
additional radio resources. The remaining serving cells
other than PCell may be considered to be 8Cell in the
carrier aggregation environment. Provided that no carrier
aggregation is established in the UE of an RRC_CONNECTED
status or the UE does not support a carrier aggregation,
there is only one serving cell composed of only PCell. In
contrast, 1f carrier aggregation is established in the UE
of an RRC_CONNECTED status, there is at least one serving
cell,'and PCell and all SCells are included in the entire
serVing cell. For a UE supporting carrier aggregation,
after starting an initial security activation process, one
or more SCells can be configured in addition to PCell
initially configured in the <connection establishment
process.

The carrier aggregation will hereinafter be described
with reference to FIG. 14. Carrier aggregation has been
introduced to utilize a wider band for satisfying high-
speed transfer rate. Carrier aggregation is defined as an
aggregation (or aggregate) of two or more component
carriers (CCs) having different carrier frequencies. FIG.
14 (a) shows a subframe in case that one CC is utilized in
the legacy LTE system, and FIG. 14 (b) shows a subframe in
case that carrier aggregation is utilized. FIG. 14 (b)
exemplarily shows that three 20MHz CCs are used to support
a total of 60MHz bandwidth. In this case, individual CCs
are contiguous or non-contiguous to each other.

The UE éan simultaneously receive and monitor DL data

through several DL CCs. A linkage between each DL CC and
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each UL CC may be indicated by system information. DL
CC/UL CC link may be fixed in the system or semi-statically
configured in the system. In addition, although the entire
system bandwidth is composed of N CCs, a frequency band
capable of being monitored/received by a specific UE may be
limited to M CCs. (where M < N). Various parameters for
carrier aggregation may be cell-specifically, UE group-.
specifically, or UE-specifically established.

FIG. 15 is a conceptual diagram illustrating cross-
carrier scheduling. For example, cross-carrier scheduling
indicates that downlink scheduling allocation information
of different DL CCs is contained in a control region of any
one of the serving cells, or indicates that wuplink
scheduling acknowledgement (ACK) information of several UL
CCg 1linked to the cofresponding DL CC is contained in a
control region of any one DL CC selected from among several
serving cells.

First, a carrier indicator field (CIF) will
hereinafter be described in detail.

CIF may be contained or not contained in a DCI format
transmitted over a PDCCH. If CIF is contained in the DCI
format, the resultant CIF indicates that the cross-carrier
scheduling is applied. If the cross-carrier scheduling is
not applied, downlink scheduling allocation information is
considered to be wvalid in a DL CC via which'currentvDL
scheduling assignment information 1is transmitted. In
addition, uplink scheduling acknowledgement is considered
to be Valid. in one UL CC 1linked to a DL CC via which
downlink scheduling allocation information is transmitted.

If the cross-carrier scheduling is applied, CIF
indicates a CC related to downlink scheduling allocation

information transmitted over a PDCCH in any one of DL CCs.
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For example, as can be seen from FIG. 15, downlink
allocation information (i.e., information regarding PDSCH
resources) for DL CC B and DL CC C is transmitted through a
PDCCH contained in a control region of DL CC A. The UE
monitors DL CC A, such that it can recognize a resource
region of a PDSCH and the corresponding CC through a CIF.

Information as to whether CIF is contained in a PDCCH
or not may be semi-statically established, or may be UE-
specifically activated by higher layer signaling.

If CIF is disabled, PDSCH resources of the same DL CC
may be assigned to a PDCCH of a specific DL CC, and PUSCH
resources of a UL CC linked to a specific DL CC may be
assigned. In this case, the same coding scheme, the same
CCE based resource mapping, and the same DCI format as
those of the 1legacy PDCCH structure may be wused as
necessary.

Meanwhile, if CIF is enabled, PDSCH/PUSCH resources
on one DL/UL CC indicated by a CIF from among multiple
aggregated CCs may be assigned to a PDCCH of a specific DL
CC. In this case, CIF may be additionally defined in the
legacy PDCCH DCI format or be defined as a fixed field
being 3 bits long, and the CIF location may be fixed
regardless of the DCI format size. In this case, the same
coding séheme, the same CCE based resource mapping, and the
same DCI format as those of the legacy PDCCH structure may
also be applied.

Even 1in the case where the CIF is present, a base
station (BS) can allocate a DL CC set to be monitored,
resulting in reduction in a load caused by the blind
decoding of a UE. PUCCH monitoring CC set is a part of the
entirely aggregatéd DL CC, and the UE can perform
detection/decoding of a PDCCH in the corresponding CC set
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only. That is, in order to perform scheduling PDSCH/PUSCH
for a UE, the BS can transmit a PDCCH only through the
PDCCH monitoring CC set. The PDCCH monitoring DL CC set
may be UE-specifically, UE group-specifically, or cell-
specifically established. For example, if three DL CCs are
aggregated as shown in FIG. 15, DL CC A may be set to a
PDCCH monitoring DL CC. If CIF 1is disabled, a PDCCH on
each DL CC may schedule only a PDSCH of DL CC A. Meanwhile,
if the CIF is disabled, not only a PDCCH on DL CC A but
also a PDSCH on other DL CCs can be scheduled. If DL CC A
is set to PDCCH monitoring CC, PDSCH is not transmitted to
DL CC B and DL CC C.

In the system to which the above-mentioned carrier
aggregation is applied, a UE may receive several PDSCHs
through several DL carriers. In this case, the UE may have
to transmit ACK/NACK of each data through a single UL CC in
a single subframe. In case of transmitting multiple
ACK/NACKs using PUCCH format 1la/lb in a single subframe,
high Tx power is needed, PAPR for UL transmission 1is
increased, and the Tx power amplifier is ineffectively used,
such that a transmittable distance from the BS to the UE
may be reduced. In order to transmit several ACK/NACKs
over a single PUCCH, ACK/NACK bundling or ACK/NACK
multiplexing may be applied.

In addition, it may be necessary to transmit ACK/NACK'
information, that is used for a large amount of DL data
according to the application of carrier aggregation and/or
a large amount of DL data transmitted in several DL
subframes of a TDD system, over a PUCCH in one subframe.
In this case, if the number of ACK/NACK bits to be
transmitted is higher than the number of bits supportable

by ACK/NACK bundling or multiplexing, it is impossible to
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correctly transmit ACK/NACK information using the above-
mentioned methods.

Next, the ACK/NACK multiplexing scheme will
hereinafter be described.

In case of ACK/NACK multiplexing, contents of the
ACK/NACK signal in response to multiple data units can be
identified by one combination of an ACK/NACK unit used for
actual ACK/NACK transmission and any one of QPSK-modulated
symbols. For example, it is assumed that one ACK/NACK unit
carries information of 2bits andvreceives a maximum of 2
data units. In this case, it is assumed that HARQ ACK/NACK
for each received data unit is represented by one ACK/NACK
bit. In this case, a transmitter for transmitting data can

identify the ACK/NACK result as shown in the following

Table 5.
[Table 5]
HARQ-ACK (0) , HARQ-ACK (1) n e b(0),b(1)
' ' M
ACK, ACK MpUcen 1 1, 1
. m
ACK, NACK/DTX MpyccH o 0, 1
NACK/DTX, ACK 1 ccHt 0, 0
NACK/DTX, NACK n cons 1, 0
M
NACK, DTX MpUccH o 1, 0
DTX, DTX N/A ~ N/A
In Table 5, HARQ-ACK(i) (where i = 0, 1) indicates
the ACK/NACK result of the data unit (i). As described

above, since it is assumed that a maximum of two data units
(Data Unit 0 and Data Unit 1) are received, Table 5

includes HARQ-ACK(0) as the ACK/NACK result of Data Unit O,
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and includes HARQ-ACK(1l) as the ACK/NACK result of Data
Unit 1. In Table 5, Discontinuous Transmission (DTX) may
indicate that a data unit corresponding to HARQ-ACK(1) is

not transmitted or may indicate that the receiver does not

‘detect the presence of the data unit corresponding to HARQ-

(1
ACK(i). 1In addition, PUCCHX  j¢ an ACK/NACK unit used for

actual ACK/NACK transmission. If a maximum of two ACK/NACK

units are present, the two ACK/NACK units may Dbe

(M 6

PUCCH,0 nPUCCH,]

represented by and , Yrespectively. . In

b(0),b(1)
ACK/NACK unit. A modulation symbol transmitted through the

b(0),b(1)

For example, if the receiver has successfully

addition, is two bits transmitted by the selected

ACK/NACK unit is determined by the bits

received and decoded two data units (i.e., refer to the
case of ‘ACK, ACK’ of Table 5), the receiver transmits two

)

n
PUCCH,1 Alternatively,

bits (1, 1) using the ACK/NACK unit
under the condition that the receiver receives two data
units, if the first data unit (i.e., Data Unit 0
corresponding to HARQ-ACK(0)) fails in decoding and the
second data unit (i.e., Data Unit 1 corresponding to HARQ-
ACK(1l)) succeeds in 'decoding (i.e., refer to the case

‘NACK/ACK, ACK’ of Table 5), the receiver transmits two

)
n
bits (0,0) using the ACK/NACK unit ' UCCHI

As described above, selection of the ACK/NACK unit

(1 (M

n n
PUCCH,0 or PUCCH,1

(i.e., selection of in Table 5) and a

combination (i.e., a combination of b(QLbG)) of actual bit
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contents of the transmitted ACK/NACK unit are mapped oOr
linked to the actual ACK/NACK contents, such that ACK/NACK
information of several data units can be transmitted using
one ACK/NACK unit. The above-mentioned ACK/NACK principle
is extended without any change, such that ACK/NACK of two
or more data units can be easily multiplexed.

In the ACK/NACK multiplexing scheme, if at least one
ACK basically exists in all data units, NACK and DTX may
not be distinguished from each other (that is, as can be
seen from NACK/DTX of Table 5, NACK and DTX may be coupled
to each other), because it is impossible for only a
combination of the ACK/NACK unit and the QPSK-modulated
symbol to reflect all ACK/NACK states (i.e., ACK/NACK
hypotheses) generable when a user desires to distinctively
represent NACK and DTX. On the other hand, if ACK is not
present in all data units (that is, if only NACK or DTX is
present in all data units), one definite NACK case in which
only one of HARQ-ACK(i) values is definitely set to NACK
(that is distinguished from DTX) can be defined. In this
case, the ACK/NACK unit corresponding to a data unit of one
definite NACK may be reserved to transmit several ACK/NACK

signals.

Semi—Persistent Scheduling (SPS)

DL/UL SPS(semi-persistent scheduling) + RRC(Radio
Resource Control) signaling informs the UE of information
as to which subframe is to be used for SPS
transmission/reception (using a subframe period and offset),
and activation and release of the actual SPS are performed
through PDCCH. That 1is, although the UE receives SPS
through RRC signaling, it does not immediately SPS Tx/RX,
and performs the SPS operation after receiving a PDCCH

(i.e., PDCCH where SPS C-RNTI is detected) indicating
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activation (or reactivation). That is, if SPS activation
PDCCH is received, frequency resources caused by allocation
of an RB indicated by the received PDCCH are allocated, the
modulation and coding rate based on MCS information is
applied, such that Tx/Rx operations can be carried out
using a subframe period and offset assigned through RRC
signaling. On the other hand, upon receiving a PDCCH
indicating SPS release, the UE stops the Tx/Rx operation.
Although the UE stops the Tx/Rx operation, if the UE
receives a PDCCH indicating activation (or reactivation),
the UE can restart the Tx/Rx operation using the subframe
period and offset assigned by RRC signaling in response to
RB assignment indicated by the received PDCCH, MCS, etc.

In case of PDCCH formats prescribed in the 3GPP LTE,
DCI format 0 is defined for uplink, and various formats
(pci format 1, 1A, 1B, 1C, 1Db, 2, 2A, 3, 3A, etc.) are
defined for downlink. ~ A variety of control information,
[for example, hopping flag, RB allocation, Modulation
Coding Scheme (MCS), Redundancy Version (RV), New Data
Indicator (NDI), Transmit Power Control (TPC), cyclic shift
DM RS (demodulation reference signal), UL index, Channel
Quality Information (CQI) request, DL assignment index,
HARQ process number, TPMI (Transmitted ‘precoding matrix
indicator), Precoding Matrix Indicator (PMI) confirmation,
etc.] may be transmitted as an eclectically selected
combination according to individual usages.

More specifically, if PDCCH is wused for. SPS
scheduling activation/release, CRC of a DCI transmitted
over a PDCCH. can be masked to SPS C-RNTI. In this case,
the setting result of NDI=0 can be validated. In case of
SPS activation, a combination of bit fields is set to zero

(0) as shown in the following Table 6, such that the set
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result can be used as a virtual CRC.

PCT/KR2012/001604

[Table 6]
DCI DCI format | DCI format 2/2A/2B
format 0 1/1A
TPC command set to N/A N/A
for scheduled ‘00’
PUSCH
Cyclic éhift set to N/A N/A
DM RS ‘000’
Modulation and MSB is N/A N/A
coding scheme set to
and redundancy L0’
version
HARQ process N/A FDD: set FDD: set to ‘000’
number to ‘000’ | TDD: set to ‘0000’
TDD: set
to 0000’
Modulation and N/A MSB is set | For the enabled
coding scheme to ‘0’ transport block:
MSB is set to ‘0’
Redundancy N/A set to For the enabled
version ‘00! transport block:
set to ‘00’

If an error incapable of being

checked by CRC has

the virtual CRC is adapted to determine whether

the corresponding bit field value is a promised value, such

that it can provide additional error detection capability.

Although an error occurs in a DCI assigned to another UE,
provided that this UE does not detect the corresponding

error and mistakes the error for its own SPS activation,
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the UE continuously uses the corresponding resources,

that one error may cause the persistent problem.

PCT/KR2012/001604

such

Therefore,

the wvirtual CRC can prevent the SPS from being wrongly

detected.

In case of S8SPS release,

bit

field

values

are

established as shown in the following Table 7, such that

the established values may be used as virtual CRCs.

[Table 7]
DCI format DCI
0 format 1A
TPC command for scheduled PUSCH set to N/A
. \OOI
Cyclic shift DM RS set to N/A
‘000’
Modulation and coding scheme and set to N/A
redundancy version ‘11111
Resource block assignment and | Set to all N/A
hopping resource allocation ‘l’s
HARQ process number N/A FDD: set
to 000’
TDD: set
to ‘0000’
Modulation and coding scheme N/A set to
‘11111
Redundancy version N/A set to
\OOI
Resource block assignment N/A Set to
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all ‘1's

PUCCH piggyback

In uplink transmission of the legacy 3GPP LTE system
(e.g., Release-8) system, in order to effectively utilize
thé power amplifier of the UE, single carrier transmission
including good PAPR (Peak-to-Average Power Ratio)
characteristics or good CM (Cubic Metric) characteristics
must be maintained. That is, in case of PUSCH transmission
of the legacy system, single carrier characteristics of
data to be transmitted can be maintained through DFT
precoding. In case of PUCCH transmission, information
loaded on a sequence having single carrier characteristics
is transmitted, such that single carrier characteristics
can be maintained. However, if DFT-precoded data is non-
contiguously assigned on a frequency axis, or if PUSCH and
PUCCH are simultaneously transmitted, such single carrier
characteristics are broken.

Therefore, if PUSCH transmission is present in the

game sgsubframe as in PUCCH transmission as shown in FIG. 16,

'UCI (Uplink Control Information) to be transmitted over a

PUCCH is piggybacked along with data through a PUSCH, such
that single carrier characteristics can be maintained.

As descried above, the legacy LTE UE 1is unable to
simultaneously transmit PUCCH and PUSCH, such that it uses
a method for multiplexing UCI (CQI/PMI, HARQ—ACK, RI, etc.)

into a PUSCH region within a subframe . for PUSCH

_transmission. For example, if CQI and/or PMI must be

transmitted in a subframe assigned for PUSCH transmission,
UL-SCH data and CQI/PMI are multiplexed before DFT-

spreading, such that control information and data can be
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simultaneously transmitted. In this case, UL-SCH data is
rate-matching-processed in consideration of CQI/PMI
resources. In addition, control information (for example,
HARQ ACK, RI, etc.) can be multiplexed into a PUSCH region
by puncturing UL-SCH data.

FIG. 17 is a conceptual diagram illustrating a method
for multiplexing uplink data and control information.

Referring to FIG. 17, after Cyclic Redundancy Check
(CRC) for Transport Block (TB) is attached to a transport
block (TB) (a,, ai, .., aa.1) that must be transmitted via
uplink, data multiplexed with control information is
divided into multiple code blocks (CBs) according to a TB
size, and CRC for CB 1is attached to the multiple CBs.
Channel coding is applied to the resultant value. In
addition, after the channel-coded data is‘rate-matched, CBs
are combined with each other, such that the combined CBs
are multiplexed with control signals in a subsequent
process.

On the other hand, CQI/PMI(0g, O1, .., Oo-1) 18 channel-
encoded separately from data. The channel-coded CQI/PMI is
multiplexed with data. The data multiplexed with CQI/PMI
information is input to a channel interleaver.

In addition, rank information ([o,"'] or [oo™F oF]) 1is
also channel-encoded separately from data in step S511.
The channel-encoded rank information is inserted into some

parts of the interleaved signal through puncturing or other

processing. ‘
In case of ACK/NACK information ([0¢®*] or (o ** o,
ACK) )y channel encoding is performed separately from

CQI/PMI and rank information. The channel-encoded ACK/NACK
information is inserted into some parts of the interleaved

signals through puncturing-or other processing.
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PUCCH resources

As described above, the TDD system may have to
transmit ACK/NACK of multiple PDSCHs transmitted £from
several DL subframes within one UL subframe. In addition,
the carrier aggregation system may have to transmit
ACK/NACK of multiple PDSCHs transmitted over multiple DL
CCs within one UL subframe. Furthermore, if carrier
aggregation 1is applied to the TDD system, the TDD system
may have to transmit ACK/NACK signals of many PDSCHs for
use in several DL subframes or several DL CCs within one UL
subframe.

Generally, ACK/NACK transmitted at an UL subframe (n)
may indicate the decoding result of a PDSCH transmitted on
N1 DL CCs at a DL subframe (n-kl), may indicate .the
decoding result of a PDSCH transmitted on N2 DL CCs at a DL
subframe (n-k2), .., and may indicate the decoding result of
a PDSCH transmitted on Nm DL CCs at a DL subframe (n-km).
In this case, N1, N2, .., Nm indicating the number of DL CCs
related to PDSCH transmission in individual DL subframes
may be identical to each other or be different from each
other as necessary.

For example, as can be seen from FIG. 18, ACK/NACK
information transmitted over a PUCCH on UL CC#0 at a
subframe (n) may indicate the decoding resu}t of a PDSCH
transmitted over one DL CC (DL CC#l) at a DL subframe (n-
kl), . may indicate the decoding result of a PDSCH
transmitted over four DL CCs (DL CC#0, #2, #3, #4) at a DL
subframe (n-k2), may indicate the decoding result of a
PDSCH transmitted over three DL CCg (DL CC#l, #2, #4) at a
DL subframe (n-k3), and may indicate the decoding result of
a PDSCH transmitted over three DL CCs (DL CC#0, #2, #3) at
a DL subframe (n-k4).
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In this way, in order to transmit ACK/NACK of several
PDSCHs for use in several DL subframes and/or several DL
CCs through a PUCCH within one UL subframe, a new PUCCH
format may be used. For example, the decoding result of
each of the PDSCHs (each PDSCH is relevant to a maximum of
2 TBs or (2 codewords) in case of downlink MIMO
transmission) is represented by a bitstring, the resultant
result is properly channel-encoded, and the channel encoded
result is then transmitted through PUCCH format 3 as shown
in FIG. 13.

In case of using PUCCH format 3, there is a need to
decide a specific scheme that indicates which one of PUCCH
resources is employed by a UE. For example, a base station
(BS) may inform the corresponding UE of PUCCH resource
candidates capable of being used as PUCCH resources by the
UE, through higher layer signals. In addition, it is also
possible to employ the scheme for indicating which PUCCH
resource candidate from among the above-mentioned
candidates is to be used for actual ACK/NACK transmission
using a specific field. |

FIG. 19 is a conceptual diagram illustrating a method
for indicating PUCCH resources for PUCCH format 3. FIG. 19
assumes that ACK/NACK for PDSCH transmission for use in
several DL subframes and several DL CCg is transmitted over
a PUCCH of one UL CC of the subframe (n).

For example, a 2-bit transmission power control (TPC)
field present in a DCI format for DL assignment may be
adapted to indicate PUCCH resources. In more detail, the
TPC field 1is interpreted as an original TPC value at a
PDCCH corresponding to first DL assignment. In PDCCH(s)
corresponding to the next DL assignment, the TPC field may

be interpreted as a field (i.e., ACK/NACK Resource
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Indicator (ARI) field) indicating PUCCH resources to be used
for ACK/NACK transmission, such that the TPC field may be
used for another usage.

Information as to which PDCCH correspond to first DL
assignment may be determined from the value of a downlink
assignment index (DAI) field contained in the corresponding
PDCCH. The DAI field contained in a PDCCH is defined for

the TDD system, and is considered to be an index assigned

for DL assignment (or PDSCH scheduling). For example, a

PDCCH of DAI=1 may be determined to be a first PDCCH for DL
assignment. Therefore, a PDCCH of DL CC#0 at a DL subframe
(n—k4) of DAI=1 is used as a first PDCCH for DL assignment,
such that the TPC field of the corresponding PDCCH 1is
interpreted to have an original usage (i.e., TPC). As can
be seen from FIG. 19, each/DAI of each of the remaining
PDCCHs is higher than ‘1’ (i.e., DAI > 1), such that the
TPC field of the corresponding PDCCH is interpreted to be
an ART. _

Therefore, provided that PUCCH format 3 is applied to
the UE, PUCCH resources for transmitting ACK/NACK of

'several PDSCHs transmitted over several subframes and/or

several CCs may be determined from PDCCH ARI (i.e., TPC
field of PDCCH of DAI>1). For example, if four PUCCH
resource candidates (n(3)PUCCH,01 n(B)PUCCH,ll n(3)PUCCH,2/ H(S)Puccn,s)

are established in a UE configured with PUCCH format 3 by a
higher layer signal, and if the ARI field of 2 bits is set

to '01’, a second PUCCH resource (n”)mmmtl) from among four
?UCCH resource candidates may be wused for ACK/NACK
transmission.

If PUCCH format 3 1is established 1in the UE as
described above, the UE may receive only one DL assignment.

PDCCH. In this case, receiving only one DL assignment
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PDCCH indicates the presence of only one DL PDCCH not only
in one or more DL subframes but algo 1in one or more

carriers, under the condition that =~ ACK/NACK of DL

transmission over the one or more DL subframes (DL
subframes n-kl1, .., n-k4 of FIG. 19) and the one or more
carriers (DL CCH#0, .., DL CCH#4 of FIG. 19) is transmitted in
one UL subframe (i.e., subframe n of FIG. 19). For clarity
of description, the above-mentioned sitﬁation is

represented by reception of only one PDCCH (or only one
PDSCH) .
Embodiment 1

If PUCCH format 3 1s established for the UE as
described above, the UE may not decide PUCCH resources.
For example, as can be seen from FIG. 19, 1if the UE
receives only one PDCCH of DAI=1 and does not receive other
PDCCHs, this means that the UE receives no ARI, such that
the UE may not decide which PUCCH resource is to be used
for ACK/NACK transmission.

Provided that the UE receives only one DL assignment
PDCCH so as to solve the aforementioned problem, ACK/NACK
of one PDSCH can be transmitted, such that PUCCH format 3
capable of supporting a large number of ACK/NACK bits need
not be used for ACK/NACK transmission. Therefore, if the
UE receives only one DL assignment PDCCH (i.e., if the UE
receives no ARI such that it does not decide ACK/NACK
resources for PUCCH format 3), the legacy PUCCH format
la/1b may be wused. If the UE uses PUCCH format 1la/lb
although PUCCH format 3 is assigned to the UE, PUCCH format
la/1b resources may be implicitly decided from PDCCH CCE
indexes as shown in FIG. 10.

On the other hand, PUCCH resource index mapping of a

PDCCH CCE index of FIG. 10 is applied to the legacy PDCCH
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transmitted in a control region (See FIG. 3) of a downlink
subframe, and is not applied to a PDCCH transmitted in a
data region (See FIG. 3) of a downlink subframe. PDCCH
transmitted in a data region of a downlink subframe‘may be
set to R-PDCCH (that is transmitted from a BS to an RN in a
region 1022 of FIG. 10) of the RN or e-PDCCH. e-PDCCH can
be applied to a wireless communication system in which the
increase of control information or the increase of UE
numbers is expected. The e-PDCCH can be transmitted in a
data region of a DL subframe, such that it serves as a
control channel capable of supporting transmission of
control information for maﬁy UEs. Therefore, if PUCCH
resources (such as R-PDCCH and/or e-PDCCH) mapped to CCE
index are not present, it is impossible to transmit
ACK/NACK because PUCCH.resources are not determined.

In order to solve the above-mentioned problems,
default PUCCH resources to be used for no ARI transmission
can be semi-statically established for a UE (or RN) through
higher layer signal (e.g., RRC signaling). For example,
provided that only one DL assignment PDCCH (i.e., one
YPDSCH) is transmitted to a UE (or RN) in which PUCCH format
3 is.used, the UE (or RN) can transmit ACK/NACK using the
above default PUCCH resources established through higher
layer signaling.

In this case, the default PUCCH resources may be set
to a specific one from among PUCCH format 3 resource
candidates pre-signaled from the BS to ﬁhe UE through a
higher layer signal. For example, in association with the
UE (or RN) in which PUCCH format 3 is to be used, four
PUCCH resource candidates (n®pycem0, 1n%puccn1, 1% pucen, 2,
n'*pyecn,3) are established by a higher layer signal, a

specific one (for example, a first PUCCH resource n‘'pycc o)
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from among the candidates may be set to the default PUCCH
resource. In this case, provided that the UE (or RN)
receives only one DL assignment PDCCCH (i.e., a single
PDSCH), the UE can transmit ACK/NACK of the single PDSCH
using PUCCH format 3 on the candidate (n"® puccn o) -

Alternatively, the default PUCCH resources may be
PUCCH format la/lb resources semi-statically established by
the BS through higher 1layer signals (for example, RRC
signaling), such that the PUCCH format la/lb resources may
be separately signaled to the UE (or RN) by the BS. For
example, PUCCH la/1b resource (0 pueen) may  be
independently established for a UE (or RN) by a higher
layer. In this case, provided that the UE (or RN) receives
only one DL assignment PDCCH (i.e., one PDSCH), the UE can
transmit ACK/NACK for the one PDSCH using PUCCH format
la/1b at the candidate (n®pycen), and n%pyecy may be
determined by higher layer configuration. The reason why
the UE (or RN) does not receive ARI is the presence of only
one DL assignment. As a result, although PUCCH format
la/1lb capable of supporting the size of 1 or 2 bits, it is
possible to effectively indicate success or failure of the
decoding of one PDSCH.

FIG. 20 is a flowchart illustrating ACK/NACK
transmission of a downlink reception entity according to
one embodiment of the present invention. Although a UE is
exemplarily disclosed as a representative DL reception
entity as shown in FIG. 20, the scope or spirit of the
present invention i1is not limited thereto, and the same
description can also be applied to RN operations.

PUCCH format 3 may be assigned to the UE by a higher
layer in step S2010.

Resource candidate sets (n'®pucen o, N pvecn, 1, 1 pucen 2,



10

15

20

25

30

WO 2012/118356 PCT/KR2012/001604

69

n' poccn, 3) for PUCCH format 3 may be assigned to the UE by a
higher layer in step S2020. Differently from the above-
mentioned operation, one PUCCH resource (n'pyccy) may be
established in the UE. 1In this case, n'pyecy may be PUCCH
format 1 resource (n'‘Ypyccu) decided by higher 1layer
configuration, or may be a specific one (for example,
n* oyeen. o) from among PUCCH format 3 resource candidates
established for the UE.

In step S2030, the UE may determine whether only one
PDSCH is received through a DL subframe set. In this case,
the DL subframe set may be composed of one UL subframe and
one subframe or two or more subframes including the
relationship of data transmission and ACK/NACK transmission.
If ACK/NACK for DL transmission at the subframes (n-ki, ..,
n-k4) is transmitted at the subframe (n) as shown in FIG.
19, a DL subframe set of FIG. 20 may correspond to the’
subframes (n-kl1, .., n-k4). If only one PDSCH is received
through a DL subframe set in step 82030, the operation goes
to the next step $2040. If only one PDSCH is not received
through a DL subframe set in step 52040, the operation goes
to the next step S2050.

In step 82040, the UE can transmit ACK/NACK using
PUCCH resource hﬂ”pmxﬁ) separately established separately
from PUCCH format 3 resource of the step S2020. For
example, if PUCCH resource (n™ poyecu) established by a
higher layer of the step $2020 is determined to be PUCCH
resource (n”ﬂmmm), the UE can transmit ACK/NACK over the
PUCCH resource n'Ypycen using PUCCH format 1la/lb in step

(x) )
PUCCH

S2040. Alternatively, if PUCCH resource (n
established by a higher layer is determined to be PUCCH
resource (nm)mmmao) in step 82020, the UE can transmit

ACK/NACK on the PUCCH resource (n'* pycen,o) using PUCCH



10

15

20

25

30

WO 2012/118356 PCT/KR2012/001604

70

format 3 in step S2040.

On the other hand, the UE can determine one of
resource candidate sets (n®puceno, N pucen, i, 0 puccn, 2,
n® pycen,3) for PUCCH format 3 on the basis of a value of the
TPC field (i.e., the ARI field) on PDCCH of DAI>1 in step
S2050. The UE may transmit ACK/NACK on the determined
PUCCH format 3 in step S2060.

As described above, 1if PUCCH resource (i.e., a
specific PUCCH format 3 resource established by a higher‘
layer or a PUCCH format 1 resource established by a higher
layer) to be used when a DL reception entity (UE or RN).
where which PUCCH format 3 is established receives only one
PDSCH through a predetermined subframe set can be
efficiently utilized when the DL reception entity receives
the PDSCH séheduling result through R-PDCCH and/or e-PDCCH.

Embodiment 2

As a method for assigning PUCCH resources to a UE (or
RN) designed to receive the PDSCH scheduling result through
R-PDCCH and/or e-PDCCH under PUCCH format 3, PUCCH format 3
resource may be semi-statically assigned per UE or RN.
That is, one PUCCH format 3 resource may be semi-statically
established to one UE (or RN) through a higher layer signal
(e.g., RRC signaling). For example, instead of assigning
four PUCCH resource candidates to one UE (or RN) and
informing the UE (or RN) of information as to which PUCCH
resource is to be used through the ARI field, one PUCCH
format 3 resocurce to be used by one UE (or RN) may be
directly established.

One UE (or RN) can always utilize PUCCH resources
assigned to the UE or RN, such that there is no need to
establish or utilize additional default PUCCH resources.

Therefore, if the UE (or RN) transmits UL ACK/NACK at any
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time, the amount of wasted PUCCH resources can be reduced.
In addition, if one PUCCH format 3 resource is semi-
statically assigned to the UE (or RN), PUCCH format 3
resource to be used by the BS or UE (or RN) can be always
constantly determined, such that the above—mentionéd ART
need not be used. Therefore, the above-mentioned ARI (i.e.,
the TPC field of PDCCH of DAI>1l) can be utilized for other
usages.

The ARI field may be used as a TPC command as one
example for employing the ARI field for other usages. FIG.
21 shows an example in which ARI is used as a TPC command.
Referring to FIG. 21, even in the case of DL assignment
(i.e., PDCCH of DAI>1) located after the second DL
assignment, the TPC field of the UE (or RN) 1is not
interpreted as the ARI,'and may be interpreted as a TPC
command indicating the original usage in the same manner as
in the firsthL assignment (i.e., PDCCH of DAI=1).

For example, if multiple DL  assignments are
transmitted to one UE (or RN), individual TPC commands of
the multiple DL assignments may indicate different TPC
values. Preferably, the UE (or RN) may use the sum of
received TPC values as the last TPC value.

Alternatively, the same transmission power command
may repeatedly appear on several PDCCHs. In this case,
only when the received transmission power values are
identical to each other (without accumulation), the UE or
RN can use the corresponding power control value as the
last power control value. In this case, 1f the received
power control values are different from one another, PUCCH
format 3 transmission may be performed without application
of the power control command, or DL assignment PDCCH

including the corresponding power control values may be
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discarded.

For example, time-variant channel change of the RN
existing-at a fixed location is not high, such that the
scheme for repeating the same power control command may be
more favorably wutilized. For example, although the RN
misses or drops one DL assignment from among several DL
assignments, the TPC command indicated by another DL
assignment can be applied.

'Meanwhile, as another example for utilizing the ARI
field as another usage, the ARI field may also be used for
a virtual CRC. For example, the TPC field of DL assignment
(i.e., PDCCH of DAI>1) to be performed after the second DL
assignment is not used for the original TPC usage and the
ARI usage. However, the TPC field may have a predetermined
value as necessary. In this case, the UE (or RN) performs
PDCCH decoding under the condition that the UE (or RN)
recognizes that a TPC field (i.e., ARI field) of PDCCH to
be used after the second assignment has a predetermined
constant value, it is determined whether the ARI field of
the actually received PDCCH indicates the predetermined
constant value such that it is possible to more accurately
recognize whether the corresponding PDCCH is correct or not.

Alternatively, as another example for utilizing the
ARI field for another usage, the ARI field is used as a
reserved field such that no separate meaning may be
assigned to the reserved field. For example, a TPC field
located after the second DL assignment (i.e., PDCCH of
DAI>1) is not used for the original TPC usage and the ARI
usage, and no meaning may be assigned to the TPC field as
necessary. In this way, the fact that the PDCCH TPC field
located after the second assignment has no meaning is pre-

shared (or pre-recognized) by a BS and a UE (or RN), the UE
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(or RN) prevents the ARI from being interpreted for other
usages (for example, TPC wusage, etc.), such that the
unintentional operation of the BS can be prevented by the
UE (or RN). |

As one method for assigning no meaning to the ARI
field, the BS performs assignment of several PUCCH format 3
resources to be used as an ARI application target in such a
manner that all PUCCH format 3 resources have the same
indexes, such that actual meaning may be removed from the
ARI as necessary.

Components described in the above-mentioned wvarious
embodiments may be applied independently, or two or more
embodiments may be simultaneously applied, and the same
contents will Therein be omitted for <convenience of
description and better understanding of the present
invention.

In addition, although the above-mentioned various
embodiments of the present invention have exemplariiy
disclosed the BS acting as a DL transmission entity and the
UE acting as a UL transmission entity, the scope or spirit
of the present invention is not limited thereto, and it is
obvious to those skilled in the art that the principle
proposed in the present invention can also be applied to an
arbitrary DL transmission entity (BS or RN) and an
arbitrary DL reception entity (UE or RN) without departing
from the spirit or scope of the invention. For example,
proposed'contents related to DL transmission from the BS to
the RN may also be equally applied to DL transmission from
the BS to the UE or from the RN to the UE. In conclusion,
the principles of the present invention can also be applied
to the above-mentioned embodiment.

FIG. 22 is a block diagram illustrating a downlink
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transmitter and a downlink receiver according to
embodiments of the present invention. In FIG. 22, a DL
transmitter may correspond to a UL receiver, and a DL
receiver may correspond to a UL transmitter.

Referring to FIG. 22, the DL transmitter 2210 may
include an Rx module 2211, a Tx module 2212, a processor
2213, a memory 2214, and a plurality of antennas 2215. The
plurality of antennas 2215 indicate a DL transmitter for
supporting MIMO transmission and reception. The reception
(Rx) module 2211 may receive a variety of signals, data and
information on an uplink starting from either the UE or the
RN. The Tx module 2212 may transmit a variety of signals,
data and information on a downlink for the UE or the RN.
The processor 2213 may provide overall control to the DL
transmitter 2210. |

The DL transmitter 2210 according to one embodiment
of the present invention may be configured to receive UL
ACK/NACK. The processor 2213 of the DL transmitter 2210
may perform DL transmission in a DL subframe set (including
one or more DL subframes) through the Tx module 2212, and
may enable the Rx module 2211 to receive ACK/NACK
information for DL transmission of the DL subframe set
within one UL subframe.

In this case, provided that a first PUCCH format
(e.g., PUCCH format 3) is assigned to the DL receiver 2220,
the DL transmitter 2210 may recognize that the DL receiver
2220 acting as the DL reception entity i1s going to
basically transmitting the ACK/NACK information using the
first PUCCH format. However, if the DL transmitter 2210
transmits only one PDSCH within the above DL subframe set,
the DL receiver 2220 is unable to receive ARI (i.e., TPC of

PDCCH of DAI>1), such that it can decide which one of first
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PUCCH format candidate resources 1is to be used. In
addition, provided that the DL transmitter 2210 provides
downlink control information (DCI) of the DL receiver 2220
over a PDCCH transmitted on the remaining OFDM symbols (for
example, the data region of FIG. 3) .other than initial N
OFDM symbols (where N < 3) of a DL subframe through PDCCH
(for example, R-PDCCH and/or e-PDCCH), it is impossible for
the DL receiver 2220 to decide PUCCH resources on the basis
of the mapping relationship between a PDCCH CCE index and a
PUCCH resource index. Therefore, if one PDSCH 1is
transmitted within the above-mentioned DL subframe set, the
DL transmitter 2210 according to one embodiment of the
present invention can receive ACK/NACK for DL transmission
in the above-mentioned DL subframe set using a second PUCCH
format (for example, PUCCH format la/1b) . In this case,
PUCCH resource for the second PUCCH format may also be
established by a higher layer.

Besides, the processor 2213 of the DL transmitter
2210 processes information received at the DL transmitter
2210 and transmission information. The memory 2214 may
store the processed information for a predetermined time.
The memory 2214 may be replaced with a component such as a
buffer (not shown).

Referring to FIG. 22, the DL receiver 2220 may
include an Rx module 2221, a Tx module 2222, a processor
2223, a memory 2224, and a plurality of antennas 2225. The
plurality of antennas 2225 indicates a DL receiver for
supporting MIMO transmission and reception. The RX module
2221 may include a first Rx module and a second Rx module.
The Rx module 2221 may receive downlink signals, data and
information from the DL transmitter 2210. The Tx module

2222 may transmit uplink signals, data and information to
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the DL transmitter 2210. The procéssor 2223 may provide
overall control to the DL receiver 2220.

The DL receiver 2220 according to one embodiment of
the present invention may be configured to transmitter UL
ACK/NACK. The processor 2223 of the DL receiver 2220 may
receives information regarding DL transmission in a DL
subframe set (including one or more DL subframes) through
the Rx module 2221, and may enable the Tx module 2222 to
transmit ACK/NACK information for DL transmission of the DL
subframe set within one UL subframe.

In this case, provided that a- first PUCCH format
(e.g., PUCCH format %) is assigned to the DL receiver 2220,
the DL receiver 2220 may basically transmit the ACK/NACK
using the first PUCCH format. However, if the DL receiver
2220 receives only one PDSCH within the above DL subframe
set, the DL receiver 2220 is unable to receive ARI (i.e.,
TPC of PDCCH of DAI>1), such that it can decide which one
of first PUCCH format candidate resources is to be uséd.
In addition, provided that the DL receiver 2220 receives a
PDCCH (for example, R-PDCCH and/or e-PDCCH) transmitted on
the remaining OFDM symbols (e.g., the data region of FIG.
3) other than initial N OFDM symbols (where N £ 3) of a DL
subframe, it is impossible for the DL receiver 2220 to
decide PUCCH resources on the basis of the mapping
relationship between a PDCCH CCE index and a PUCCH resource
index. Therefore, if one PDSCH is transmitted within the
above-mentioned DL subframe set, the DL receiver 2220
according to one embodiment of the present invention can
receive ACK/NACK for DL transmission in the above-mentioned
DL subframe set using a second PUCCH format (for example,
PUCCH format 1la/1b). In this case, PUCCH resource for the
second PUCCH format may also be established by a higher
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layer.

Besides, the processor 2223 of the DL receiver 2220
processes information réceived at the DL receiver 2220 and
transmission information. The memory 2224 may store the
processed information for a predetermined time. The memory
2224 may be replaced with a component such as a buffer (not
shown) .

The specific configurations of the DL transmitter
2210 and the DL receiver may be implemented such that the
various embodiments of the present invention are performed
independently or two or more embodiments of the present
invention are performed simultaneously. Redundant matters
will not be described herein for clarity.

The description of the DL transmitter 2210 shown in
FIG. 22 may be applicable to the BS, or may also be
applicable to a relay node (RN) acting as a DL transmission
entity or UL reception entity without departing from the
scope or spirit of the present invention. 1In addition, the
description of the DL receiver 2210 shown in FIG. 22imay be
applicable to the UE, or may also be applicable to a relay
node . (RN) acting as a UL transmission entity or DL
reception entity without departing from the scope or spirit
of the present invention.

The above-described embodiments of the present
invention can be implemented by a variety of means, for
example, hardware, firmware, software, or a combination of
them.

In the case of implementing the present invention by
hardware, the present invention can be implemented with
application specific integrated circuits (ASICs), Digital
signal processors (DSPs), digital signal processing devices

(DSPDs) , programmable logic devices (PLDs) , field
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programmable gate arrays (FPGAs), a processor, a controller
a microcontroller, a microprocessor, etc.

If operations or functions of the present invention
are implemented by firmware or software, the present
invention can be implemented in the form of a variety of
formats, for example, modules, procedures, functions, etc.
The software codes may be stored in a memorybunit so that
it can be driven by a processor. The memory unit is
located inside or outside of the processor, so that it can
communicate with the aforementioned processor via a variety
of well-known parts.

The detailed description of the exemplary embodiments
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
the exemplary embodiments, those skilled in the art will
appreciate that various modifications and variations can be
made in the present invenﬁion 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
combination with each other. Accordingly, the invention
should not be limited to the specific embodiments described
herein, but should be accorded the Dbroadest scope
consistent with the principles and novel features disclosed
herein. ‘

Those skilled in the art will appreciate that the
present invention may be carried out in other specific
ways than those set forth herein without departing from
the spirit and essential characteristics of the present
invention. The above exemplary embodiments are therefore

to be construed in all aspects as illustrative and not
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restrictive. The scope of the invention should be
determined by the appended claims and their legal
equivalents, mnot by the above description, and all
changes coming within the meaning and equivalency range
of the appended claims are intended to be embraced
therein. Moreover, it will be apparent that some claims
referring to specific claims may be combined with another
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.

It will be apparent to those skilled in the art that
various modifications and variations can be made 1in the
present invention without departing from the spirit or
scope of the invention. Thus, it 1is 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.
[Mode for Invention)

Various embodiments have been described in the best

mode for carrying out the invention.

[Industrial Applicability])

The embodiments of the present invention are
applicable 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.
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[cra1MS]

[claim 1) A method for transmitting ACK/NACK information

by a downlink receiver in a wireless communication system,

the method comprising:

determining a physical uplink control channel (PUCCH)
format and resource which are used for transmitting
ACK/NACK information for downliﬁk transmission within a
downlink subframe set including M (M 2 1) downlink
subframe ; and

transmitting the ACK/NACK information using the PUCCH
format and resource in a single uplink subframe,

wherein, for the downlink receiver configured with a
first PUCCH format, if a single physical downlink shared

channel (PDSCH) i1s transmitted within the downlink subframe

set, the ACK/NACK information is transmitted using a second

PUCCH format on a PUCCH resource configured by a higher
layer for the second PUCCH format.

[claim 2] The method according to claim 1, wherein a
physical downlink control channel (PDCCH) for the downlink
receiver is mapped at the remaining OFDM symbols other than

initial N OFDM symbols (where N £ 3) of a subframe.

[claim 3] The method according to claim 2, wherein the
physical downlink control channel (PDCCH) for the downlink

receiver is an R-PDCCH or e-PDCCH.

[claim 4] The method according to claim 1, wherein:
if two or more downlink assignment PDCCHs are
transmitted within the downlink subframe set, one PUCCH

resource for the first PUCCH format from among PUCCH
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resources configured by a higher layer for the first PUCCH
format is decided by a transmission power control (TPC)
field of a PDCCH having a downlink assignment index (DAI)
higher than 1 (DAI > 1).

[Claim 5] The method according to claim 4, wherein the
ACK/NACK information is transmitted using the first PUCCH
format on the decided one PUCCH resource for the first

PUCCH format.

[claim 6] The method according to claim 1, wherein the
first PUCCH format is PUCCH format 3, and the second PUCCH-
format is PUCCH format la/lb.

[claim 7] The method according to claim 1, wherein the
wireless communication system is a time division duplex

(TDD) wireless communication system.

[claim 8] The method according to claim 1, wherein more
than one serving cells are configured for the downlink

receiver.

[Claim 9] The method according to claim 1, wherein the

downlink receiver is a relay node (RN).

[claim 10] A method for receiving ACK/NACK information
from a downlink receiver by a downlink transmitter in a
wireless communication system, the method comprising:

performing downlink transmission within a downlink
subframe set including M downlink subframes (where M 2 1);

and
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receiving ACK/NACK information in response to the
downlink transmission in a single uplink subframe,

wherein, for the downlink receiver configured with a
first PUCCH format, if a single physical downlink shared
channel (PDSCH) is transmitted within the downlink subframe
set, the ACK/NACK information is received using a second
PUCCH format on a PUCCH resource configured by a higher

layer for the second PUCCH format.

[claim  11] A  downlink  reception  apparatus = for’
transmitting ACK/NACK information in a wireless
communication system, the apparatus comprising:

a reception module for receiving a downlink signal
from a downlink transmission apparatus;
a transmission module for transmitting an uplink
signal to the downlink transmission apparatus; and
- a processor for controlling the downlink reception
apparatus including the reception module and the
transmission module, _
wherein the processor is configured to:
determine a physical uplink control channel (PUCCH)
format and resource which are wused for transmitting
ACK/NACK information for downlink transmission within a
downlink subframe set including M (M 2 1) downlink
subframes ; and
transmit the ACK/NACK information using the PUCCH
format and resource in a single uplink subframe,
wherein, for the downlink recepetion apparatus
configured with a first PUCCH format, if a single physical
downlink shared channel (PDSCH) is transmitted within the
downlink  subframe set, the ACK/NACK information is

transmitted using a second PUCCH format on a PUCCH resource
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configured by a higher layer for the second PUCCH format.

[Claim 12)] A downlink transmission apparatus for
receiving ACK/NACK information in a wireless communication
system, the apparatus comprising:

a reception module for receiving an uplink signal from
a downlink reception apparatus;

a transmission module for transmitting a downlink
signal to the downlink reception apparatus; and

a processor for controlling the downlink transmission
apparatus including the reception module and the
transmission module,

wherein the processor is configured to:

perform downlink transmission within a downlink
subframe set including M downlink subframes (where M 2 1)
through the transmission module; and

receive ACK/NACK information in response to the
downlink transmission in a single uplink subframe through
the reception modulé,

wherein, for the downlink reception apparatus

configured with a first PUCCH format, if a single physical
downlink shared channel (PDSCH) is transmitted within the
downlink subframe get, the ACK/NACK information 1s received
using a second PUCCH format on a PUCCH resource configured

by a higher layer for the second PUCCH format.
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FIG. 8
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FIG. 10
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FIG. 19
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