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(57) ABSTRACT

The present disclosure relates to a method and apparatus for
transmitting uplink control information for a terminal. That
is, the method and apparatus may be provided for transmitting
downlink control information through a downlink control
channel which is introduced into a data domain and receiving
control information. More particularly, a method and appa-
ratus may be provided for mapping an uplink control channel
resource for feeding back uplink HARQ ACK/NACK of the
terminal for a downlink data channel through downlink
scheduling information, which is transmitted via the down-
link control channel.
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METHOD FOR TRANSMITTING CONTROL
INFORMATION ON TRANSMISSION POINTS
AND CORRESPONDING TRANSMISSION
POINT, AS WELL AS METHOD FOR
MAPPING UPLINK CONTROL CHANNEL
RESOURCE OF TERMINAL AND
CORRESPONDING TERMINAL

TECHNICAL FIELD

[0001] The present disclosure relates to a method and appa-
ratus for transmitting downlink control information through a
downlink control channel introduced to a data region and
transmitting uplink control information for a User Equipment
(UE) that receives the downlink control information, and
more particularly, to an uplink control channel resource map-
ping method and apparatus for uplink HARQ ACK/NACK
feedback of a UE with respect to a downlink control channel,
through downlink scheduling information transmitted
through a downlink control channel.

BACKGROUND ART

[0002] A wireless communication system is designed to
transmit data to a large number of users. However, there are
limits on increasing system capacity due to limited control
region resources. In order to increase the capacity, downlink
control information is transmitted through a downlink control
channel located in a data region.

[0003] For increasing the capacity of the downlink control
channel, it is required to define an uplink control channel
resource mapping method for an uplink HARQ ACK/NACK
feedback of a UE that receives downlink scheduling informa-
tion through a new downlink control channel that is newly
introduced to a data region.

DETAILED DESCRIPTION OF THE INVENTION

Technical Solution

[0004] In this background, an aspect of the present specifi-
cation s to provide a control information transmitting method
of a Transmission/Reception (T/R) point in a wireless com-
munication system and the T/R point, and an uplink control
channel resource mapping method of a User Equipment (UE)
and the UE.

[0005] In accordance with an aspect of the present disclo-
sure, there is provided a control information transmission
method of a transmission/reception point for transmitting
control information with respect to a User Equipment (UE)
through a data region of a resource block pair (Physical
Resource Block pair) of a subframe. The method may
include: allocating at least one of downlink control channel
sets each formed of X resource block pairs of the subframe,
where the at least one downlink control channel includes an
Enhance Physical Downlink Control Channel and the X is a
natural number greater than or equal to 1 and less than or
equal to a number of resource blocks (RBs) in the entire band;
transmitting, to the UE, uplink control channel resource start-
ing offset indication information for each of the at least one of
downlink control channel sets; and transmitting, to the UE,
the control information through at least one control channel
element indexed for each downlink control channel set.
[0006] In accordance with another aspect of the present
disclosure, there is provided an uplink control channel
resource mapping method of a UE. the method may include:
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receiving, from a transmission/reception point, uplink control
channel resource starting offset indication information for
each of at least one downlink control channel set formed of X
resource block pairs of a subframe, where the downlink con-
trol channel includes an Enhanced Physical Downlink Con-
trol Channel and X is a natural number greater than or equal
to 1 and less than or equal to the number of resource blocks
(RBs); receiving, from a transmission/reception point, con-
trol information associated with downlink scheduling infor-
mation through at least one control channel element indexed
for each downlink control channel set, where the control
channel element includes an Enhanced Control Channel Ele-
ment; and executing uplink control channel resource map-
ping for ACK/NACK with respect to a (Physical Downlink
Shared Channel (PDSCH) allocated based on the downlink
scheduling information, using the uplink control channel
resource starting offset indication information and the lowest
index of the control channel element as components for
resource determination. In accordance with another aspect of
the present disclosure, there is provided a transmission/recep-
tion point that transmits control information with respect to a
UE through a data region of a resource block pair (Physical
Resource Block pair) of a subframe. The transmission/recep-
tion point may include a controller and a transmitter. The
controller may be configured to allocate at least one downlink
control channel set formed of X resource block pairs of the
subframe, where the downlink control channel includes an
Enhanced Physical Downlink Control Channel and X is a
natural number greater than or equal to 1 and less than or
equal to the number of RBs in the entire band. The transmitter
may be configured to transmit, to the UE, uplink control
channel resource starting offset indication information for
each of the at least one downlink control channel set, and to
transmit, to the UE, the control information through at least
one control channel element indexed for each downlink con-
trol channel set, where the control channel element includes
an Enhanced Control Channel Elements.

[0007] In accordance with another aspect of the present
disclosure, there is provided a UE. The UE may include a
receiver and a controller. The receiver may be configured to
receive, from a transmission/reception point, uplink control
channel resource starting offset indication information for
each of at least one downlink control channel set formed of X
resource block pairs of a subframe, where the downlink con-
trol channel include an Enhanced Physical Downlink Control
Channel and X is a natural number greater than or equal to 1
and less than or equal to the number of RBs in the entire band,
and to receive, from a transmission/reception point, control
information associated with downlink scheduling informa-
tion through at least one control channel element indexed for
each downlink control channel set, where the control channel
element includes an Enhanced Control Channel Element. The
controller may be configured to perform uplink control chan-
nel resource mapping for ACK/NACK with respect to Physi-
cal Downlink Shared Channel (PDSCH) allocated based on
the downlink scheduling information, using the uplink con-
trol channel resource starting offset indication information
and the lowest index of the control channel element as com-
ponents for resource determination.

[0008] A control information transmitting method of a
Transmission/Reception (T/R) point and the T/R point, and
an uplink control channel resource mapping method of a User
Equipment (UE) and the UE, provided in a wireless commu-
nication system according to embodiments, are effective for
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transmitting downlink control information through a down-
link control channel and for transmitting uplink control infor-
mation for the UE that receives the downlink control infor-
mation.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG. 1 illustrates a wireless communication system
according to embodiments;

[0010] FIG. 2 and FIG. 3 are flowcharts illustrating down-
link transmission and uplink transmission in a wireless com-
munication system of FIG. 1;

[0011] FIG. 4 illustrates mapping control information in a
Resource Block (RB) for each PUCCH format;

[0012] FIG. 5 illustrates a single resource block pair of a
downlink subframe in cases with a normal cyclic prefix (CP)
in Long Term Evolution (LTE) or LTE-Advanced (LTE-A);
[0013] FIG. 6 illustrates assigning an index to a resource
element in a resource block pair (PRB pair);

[0014] FIG. 7 illustrates two types of EPDCCH transmis-
sions, a localized-EPDCCH transmission and a distributed
EPDCCH transmission;

[0015] FIG. 8 illustrates a single localized-type EPDCCH
set having K,=1 and a single distributed-type EPDCCH set
having K,=1 when X=2 and N=4;

[0016] FIG.9 is a flowchart of a control information trans-
mission method of a Transmission/Reception (T/R) point
according to an embodiment of the present disclosure and a
flowchart of a PUCCH resource mapping method of a User
Equipment (UE) according to another embodiment of the
present disclosure;

[0017] FIG. 10 is a flowchart illustrating downlink trans-
mission of a T/R point and uplink transmission of a UE;
[0018] FIG.11 is a diagram illustrating a T/R point accord-
ing to another embodiment of the present disclosure; and
[0019] FIG. 12 is a diagram illustrating a UE according to
another embodiment.

MODE FOR CARRYING OUT THE INVENTION

[0020] Hereinafter, embodiments of the present disclosure
will be described with reference to the accompanying draw-
ings. In the following description, the same elements will be
designated by the same reference numerals although they are
shown in different drawings. Further, in the following
description of the present disclosure, a detailed description of
known functions and configurations incorporated herein will
be omitted when it may make the subject matter ofthe present
disclosure rather unclear.

[0021] The wireless communication system may be widely
installed so as to provide various communication services,
such as a voice service, packet data, and the like. The wireless
communication system may include a User Equipment (UE)
and a Transmission/Reception point (T/P). Throughout the
specifications, the UE may be an inclusive concept indicating
a terminal utilized in wireless communication, including a
User Equipment (UE) in wideband code division multiple
access (WCDMA), long term evolution (LTE), high speed
packet access (HSPA), and the like, and an Mobile station
(MS), a User Terminal (UT), an Subscriber Station (SS), a
wireless device, and the like in GSM.

[0022] A transmission/reception (1/R) point may generally
refer to a station communicating with a UE. The T/R point
may be referred to as a Base Station (BS) or a cell, a Node-B,
anevolved Node-B (eNB), a Sector, a Site, a Base Transceiver
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System (BTS), an Access Point, a Relay Node, an Remote
Radio Head (RRH), an Radio Unit (RU), and the like.

[0023] That is, in the specification, the base station or the
cell may be construed to be an inclusive concept indicating a
portion of an area or function covered by a Base Station
Controller (BSC) in code division multiple access (CDMA),
a NodeB in wideband code division multiple access
(WCDMA), an eNodeB (eNB) or a sector (site) in long term
evolution (LTE), and the like. This concept may include vari-
ous coverage areas, such as a megacell, a macrocell, a micro-
cell, apicocell, a femtocell, a communication range of a relay
node, an RRH, and an RU, and the like.

[0024] In the specifications, the UE and the T/R point are
used as two inclusive transceiving subjects to embody the
technology and technical concepts described in the specifica-
tions, and may not be limited to a predetermined term or
word. The UE and the T/R point are used as two inclusive
transceiving subjects (Uplink and Downlink) to embody the
technology and technical concepts described in the specifica-
tions, and may not be limited to a predetermined term or
word. Here, Uplink (UL) refers to a scheme for a UE to
transmit and receive data to/from a base station, and Down-
link (DL) refers to a scheme for a base station to transmit and
receive data to/from a UE.

[0025] Multiple access schemes may be unrestrictedly
applied to the wireless communication system. The wireless
communication system may utilize varied multiple access
schemes, such as Code Division Multiple Access (CDMA),
Time Division Multiple Access (TDMA), Frequency Divi-
sion Multiple Access (FDMA), Orthogonal Frequency Divi-
sion Multiple Access (OFDMA), OFDM-FDMA, OFDM-
TDMA, OFDM-CDMA, and the like. An embodiment of the
present disclosure may be applicable to resource allocation in
an asynchronous wireless communication scheme that is
advanced through global system for mobile (GSM),
WCDMA, and HSPA, to be LTE and LTE-advanced, and may
be applicable to resource allocation in a synchronous wireless
communication scheme that is advanced through CDMA and
CDMA-2000, to be UMB. The present disclosure may not be
limited to a specific wireless communication field, and may
include all technical fields to which the technical idea of the
present disclosure is applicable.

[0026] Uplink transmission and downlink transmission
may be performed based on a Time Division Duplex (TDD)
scheme that performs transmission based on different times,
orbased on a Frequency Division Duplex (FDD) scheme that
performs transmission based on different frequencies.

[0027] Further, in a system such as LTE and LTE-A, a
standard may be developed by configuring an uplink and a
downlink based on a single carrier or a pair of carriers. The
uplink and the downlink may transmit control information
through a control channel, such as a Physical Downlink Con-
trol Channel (PDCCH), Physical Control Format Indicator
Channel (PCFICH), Physical Hybrid ARQ Indicator Channel
(PHICH), Physical Uplink Control Channel (PUCCH), and
the like, and may be configured as a data channel, such as
Physical Downlink Shared Channel (PDSCH), Physical
Uplink Shared Channel (PUSCH), and the like, so as to trans-
mit data.

[0028] In the present specification, a cell may refer to the
coverage of a signal transmitted from a Transmission/Recep-
tion (T/R) point, a component carrier having the coverage of
the signal transmitted from the T/R point (transmission point
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or transmission/reception point), or the T/R point itself. FIG.
1 illustrates a wireless communication system according to
embodiments.

[0029] Referring to FIG. 1, a wireless communication sys-
tem 100 according to embodiments refers to a Coordinated
Multi-point transmission/reception (COMP) system where
two or more T/R points cooperatively transmit a signal, a
coordinated multi-antenna transmission system, or a coordi-
nated multi-cell communication system. The CoMP system
100 may include at least two of T/R points 110 and 112 and
User Equipments (UEs) 120 and 122.

[0030] A T/R point may be a base station, a macro cell
(hereinafter, referred to as an ‘eNB’110), or at least one RRH
112. The at least one RRH 112 is connected to the eNB 110
through an optical cable or an optical fiber, is wiredly con-
trolled, and has one of high transmission power and low
transmission power within a macrocell. The eNB 110 and the
RRH 112 may have identical cell IDs or different cell IDs.
[0031] Hereinafter, a downlink refers to communication or
a communication path from the T/R point 110 and 112 to the
UE 120. An uplink refers to communication or a communi-
cation path from the UE 120 to the T/R point 110 and 112. In
the downlink, a transmitter may be a part of the T/R point 110
and 112, and a receiver may be a part of the UE 120 and 122.
In the uplink, a transmitter may be a part of the UE 120, and
a receiver may be a part of the T/R point 110 and 112.
[0032] Hereinafter, transmission and reception of a signal
through a PUCCH, a PUSCH, a PDCCH, a PDSCH, or the
like may be described as “a PUCCH, a PUSCH, a PDCCH, or
a PDSCH is transmitted or received”.

[0033] FIG.2 is aflowchart illustrating downlink transmis-
sion and FIG. 3 is a flowchart illustrating uplink transmission
in a wireless communication system of FIG. 1.

[0034] Referring to FIG. 2 and FIG. 3, the eNB 110 (e.g., a
first T/R point which is one of the T/R points 110 and 112)
may perform downlink transmission to UEs 120 and 122 in
operations 5210 and 5310. The eNB 110 may transmit a
Physical Downlink Shared Channel (PDSCH) which is the
primary physical channel for unicast transmission. The eNB
110 may transmit a Physical Downlink Control Channel (PD-
CCH) for transmitting downlink control information, such as
scheduling required for reception of a PDSCH, and schedul-
ing grant information for transmission of an uplink data chan-
nel (for example, a Physical Uplink Shared Channel
(PUSCH)). In the following description, signal transmission
or reception through each channel is expressed as transmis-
sion or reception of the channel itself.

[0035] Referring to FIG. 2, a first UE (UE1) 120 may per-
form uplink transmission 5220 to the eNB 110 which is the
first T/R point. Referring to FIG. 3, a second UE (UE2) 122
may perform uplink transmission S320 to the RRH 112, that
is, a second T/R point which is one of the T/R points 110 and
112. Conversely, depending on the wireless environment, the
first UE 120 may perform uplink transmission to the RRH
112, and the second UE 122 may perform uplink transmission
to the eNB 110. In addition, the number of UEs may be two or
more. However, in the following embodiment, uplink signal
transmission will be described under assumption that the
number of UEs is two including eNB 110 and RRH 112.
[0036] Referring again to FIG. 2 and FIG. 3, the first UE
120 and the second UE 122 may transmit, respectively to the
first T/R point 110 and second T/R point 112, a scheduling
request (SR), HARQ (Hybrid ARQ)-ACK with respect to a
received downlink data channel transmission block, a report
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of'a UE in association with a downlink channel state, through
an uplink control channel (for example, PUCCH (Physical
Uplink Control CHannel)). The first UE 120 and the second
UE 122 may transmit uplink data through an uplink data
channel (for example, PUSCH (Physical Uplink Shared
CHannel)). In addition, the first UE 120 and the second UE
122 may transmit a reference signal (for example, DM-RS
(DeModulation Reference Signal)) to be used for demodulat-
ing an uplink channel, respectively to the first T/R point 110
and the second T/R point 112.

[0037] Hereinafter, in the present specification, the UE 120
will represent not only the first UE 120 but also the second UE
122 w, and the T/R point 110 will represent not only first T/R
point 110 but also the second T/R point 112.

[0038] In this instance, various PUCCH formats as shown
in the following Table 1 may be supported.
TABLE 1

PUCCH Modulation Number of bits per

format scheme subframe, M,

1 N/A N/A

la BPSK 1

1b QPSK 2

2 QPSK 20

2a QPSK + BPSK 21

2b QPSK + QPSK 22

3 QPSK 48
[0039] PUCCH format 1/1a/1b is used for transmission of a

scheduling request (SR) and a HARQ-ACK. PUCCH format
2/2a/2b is used for transmission of a Channel Quality Indica-
tor (CQI)/Precoding Matrix Indicator (PMI)/Rank Indication
(RI). PUCCH format 3 is used for transmission of a plurality
of HARQ-ACKs/NACKs.

[0040] All PUCCH formats use a cell-specific cyclic shift
(cs) n“*“(n_1). n_*“(n_1) may be defined as shown in the
following Equation 1, based on a symbol number (1) and a
slot number n,.

P05 1, D=2 (BN E 11, 4 814)-2" [Equation 1]

UL

[0041] In Equation 1, N, corresponds to the total
number of Single Carrier Frequency Division Multiple
Access (SC-FDMA) symbols used in a single slot in an
uplink. c(i) is a pseudo-random sequence and an initial value
¢, is acell ID N,,°°” Therefore, a cyclic shift of a PUCCH

may be determined based on a cell ID.

[0042] FIG. 4 is a diagram for describing a scheme of
mapping control information in a Resource Block (RB) for
each PUCCH format.

[0043] Inaslotn, aphysical resource block used for trans-
mission of a PUCCH, as illustrated in FIG. 4, may be defined
by Equation 2.

[%J if (m +nymod2)mod2 =0 [Equation 2]
nprp =
NEE—1- [%J if (m+ngmod2)mod2 =1
[0044] In Equation 2, a variable m is dependent upon a

PUCCH format.



US 2015/0208391 Al

[0045] For formats 1, 1a and 1b, m is
N if ”gijﬁc)CH <e-NY/ Agz%rcm

(L,p) (1) ; A\PUCCH
{”PUCCH —c¢-Ng /Axhxfr J
m=

RB PUCCH
c-NE /Axhifr

otherwise

N(l)
i+ 2]

3 normal cyclic prefix
Cc =
2 extended cyclic prefix

and,
[0046]
N_*Z|. For format 3, m is m= [nPUCCH( PNy
[0047] In Equation 2, npzz is a physical resource block
number, N, ;% is the number of uplink resource blocks, and
N, %% is the number of subcarriers in a single resource block.
N,.? is a value transferred through higher layer signaling,
and N,,,®=0 indicates a resource block available for trans-
mission of PUCCH format 2/2a/22b in each slot. N_ " is the
number of cyclic shifts used for PUCCH format 1/1a/1b in a
resource block where PUCCH format 1/1a/1b and PUCCH
format 2/2a/2b are used together, and is an integer multiple of
Agidm T, and A, FYC“? is transferred through higher
layer signaling. Orthogonal resources used for transmission
of PUCCH format 1/1a/1b, 2/2a/2b, and 3 are expressed by

For formats 2, 2a, and 2b, m is m=|npyceny"?"/
PUCCHJ

)
Ly 2p) @)k, | Nes RB _ nil)
npiicens Mevect < NigNi +[ 3 “'(Nxc -Ng' =2),

and npp ey CF, respectively.

[0048] Referring to Equation 2, resource blocks corre-
sponding to N, on an outermost edge of an uplink band-
width are used for PUCCH format 2/2a/2b transmission, and
information N ,‘® thereof may be transferred through uplink
signaling. In at most one inside resource block out of resource
blocks for PUCCH format 2/2a/2b transmission, PUCCH
format 1/1a/1b and PUCCH format 2/2a/2b are used together,
and a parameter indicating the number of orthogonal
resources used for PUCCH format 1/1a/1b in the resource
block is N_®. Subsequent resource blocks are used for
PUCCH format 1/1a/1b transmission.

[0049] In Equation 2, an index of a resource block only for
PUCCH format 1/1a/1b is increased by one for each Dpycc
D) for e N P/A,, gP UCH times with respect t0 Npgrecy L
pzeN W/, FOH, for each two slots in a single sub-
frame. That is, with respect to each predetermined subframe
to which a PUCCH is mapped, the total number of resource
indices n,'(n,) in two resource blocks of a single subframe
formed of two slots is ¢ N /Ashiﬁp UCCH which indicates
the total number of resources having orthogonality in the
resource blocks.

[0050] That is, N, e ?’ is a parameter indicating an
index of an orthogonal resource with respect to all the
orthogonal resources used for PUCCH format 1/1a/1b with
respect to an antenna index P, and n,'(n,) is a parameter
indicating an index of an orthogonal resource with respect to
all the orthogonal resources used in a single resource block.
[0051] An antenna port-based PUCCH resource mapping
for HARQ ACK/NACK feedback with respect to PDSCH

Jul. 23,2015

reception of a UE for which PDSCH allocation information is
transmitted through reception of downlink scheduling infor-
mation through the typical legacy PDCCH allocated to a
control region of a resource block, may be determined based
on a higher layer parameter (for example, RRC parameter)
and an index of a Control Channel Element (CCE) through
which the corresponding downlink scheduling information is
transmitted, as shown in the following Equations 3 and 4.

npycen' 20=ncestNpveen'™ [Equation 3]
wpycer V= et 4+ Npycen™ [Equation 4]
[0052] Equations 3 and 4 indicate a PUCCH resource

Nppeca 7 for HARQ ACK/NACK feedback for each of
antenna port 0 and antenna port 1, in a UE supporting two
antenna port transmission. n.. indicates the lowest CCE
index value of a CCE through which the corresponding down-
link scheduling information is transmitted. n.-; may be
defined dynamically

[0053] N, ccn'™ is a UE-specific parameter that is set by
higher layer signaling (for example, RRC signaling). N,z
@ may be applied as an offset for PUCCH format 1/1a/1b
resource allocation and may determine a point where a
dynamically allocated PUCCH area begins.

[0054] As described above, resource blocks in an area for
PUCCH format 2/2a/2b and an area where PUCCH format
2/2a/2b and 1/1a/1b are used together. The resource blocks
may be semi-statically determined through higher layer sig-
naling. Resource blocks in the area for PUCCH format 1/1a/
1b may be dynamically determined. Therefore, uplink trans-
mission resources may be classified into a semi-static
configuration area 410, a dynamic configuration area 420
where PUCCH format 1/1a/1b are configured, and a PUSCH
area 430, as shown in FIG. 4.

[0055] In this instance, the above described PUCCH
resource mapping method based on Equations 3 and 4 is a
PUCCH resource mapping method for HARQ ACK/NACK
transmission through PUCCH format 1a/1b of a UE set with
a single serving cell in a frame structure type 1 (FDD) system.
Additionally, a PUCCH resource mapping rule with respect
to a UE set with one or more serving cells (e.g., a UE employ-
ing Carrier Aggregation (CA)) is determined as a function of
a higher layer parameter and the lowest CCE index. Or an
ACK/NACK Resource Indication (ARI) scheme may be
used. The ARI scheme sets a plurality of candidate PUCCH
resource values in advance through higher layer signaling and
indicates a PUCCH resource to be used among the candidate
PUCCH resource values through a ‘TPC command for
PUCCH’ information area of actual downlink scheduling
information.

[0056] FIG. 5 illustrates a single resource block pair of a
downlink subframe for a normal cyclic prefix (CP) in Long
Term Evolution (LTE) or LTE-Advanced (LTE-A).

[0057] Referring to FIG. 5, in the case of normal Cyclic
Prefix (CP), a single resource block pair of a downlink sub-
frame may include 14x12 resource elements (for extended
CP, 12x12 resource elements). A Resource Element (RE)
may be formed of a single OFDM symbol in a time axis, and
a single subcarrier in a frequency axis.

[0058] Front four OFDM symbols (1=0~3) of 14 OFDM
symbols that belongs to a single resource block pair may be a
control region 510 that is allocated for a control channel such
as Physical Control Format Information Channel (PCFICH),
Physical Hybrid ARQ Indicator Channel (PHICH), Physical
Downlink Control Channel (PDCCH), and the like. The
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remaining OFDM symbols (1=4~13) may be a data region
520 that is allocated for a data channel such as a Physical
Downlink Shared Channel (PDSCH). Although FIG. 5 illus-
trates that 4 OFDM symbols are allocated for the control
region 510, it is possible that 1 to 4 OFDM symbols may be
allocated for the control region 510. Size information of an
OFDM symbol of the control region 510 may be transferred
through a PCFICH.

[0059] A reference signal may be mapped to a predeter-
mined resource element of a downlink. That is, in the down-
link, acommon Reference Signal or a Cell-specific Reference
Signal (CRS) 530, a DeModulation Reference Signal (DM-
RS) or a UE-specific Reference Signal 532 and 534, a Chan-
nel Status Information Reference Signal (CSI-RS), and the
like may be transmitted. For the ease of description, FIG. 5§
illustrates only the CRS 530 and the DM-RS 532 and 534.

[0060] The CRS 530 located in the control region 510 may
be used for channel estimation for decoding a PDCCH, and
the CRS 530 located in the data region 520 may be used for
downlink channel estimation. The channel estimation for data
decoding in the data region 520 may be executed using the
DM-RS 532 and 534.

[0061] A resource of the control region 510 may be an
overhead of a system and may reduce a resource of the data
region 520 used for data transmission. In an LTE-A system
that enables data transmission to a large number of users, a
limited amount of resources in the control region 510 limits
an increase in system capacity. Therefore, increase in
resources of a control channel is needed. Thus, a control
channel transceiving method for multiple users using a space
division multiplexing scheme in the data region 520 may be
considered. This method is to transmit and receive a control
channel in the data region 520. For example, a control channel
transmitted in the data region 520 may be referred to as an
Extended PDCCH or Enhanced PDCCH (EPDCCH), but the
control channel may not be limited thereto.

[0062] In the data region 520, a control channel resource
may be allocated based on a resource block (or a resource
block pair) unit, for compatibility with a data channel
resource (for example, a PDSCH). A DM-RS may be used for
transmitting a control channel in the data region 520. Thus,
the control channel may be transmitted using beamforming
technology.

[0063] Inthe present specification, the allocation of control
information has the same meaning as the allocation of a
control channel. In other words, the allocation of a control
channel indicates the allocation of control information to
resource elements.

[0064] An EPDCCH may be transmitted through a few
PRBs of a plurality of EPDCCH set formed of a group of X
Physical Resource Blocks (PRBs) where X is a natural num-
ber greater than or equal to 1 and less than or equal to the
number of PRBs in the entire band.

[0065] The EPDCCH set may be a localized type or a
distributed type, based on an EPDCCH transmission type. X
may be 1 or2"(n=1, 2,3, 4, 5) in the case of the localized type,
but the present embodiment is not limited thereto. In the case
of the distributed type, X may be 2, 4, 8, and 16, but the
present embodiment is not limited thereto.

[0066] K EPDCCH sets (K=1) may be configured to be
UE-specific. In this instance, the highest value of K may be
oneof2, 3, 4, and 6, but the present embodiment is not limited
thereto. K EPDCH sets may not have X PRB pairs, equally.
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[0067] Each EPDCCH set may be configured to be one of'a
localized-type EPDCCH and a distributed-type EPDCCH.
That is, each EPDCCH set may not be configured as a com-
bination of a localized-type EPDCCH or a distributed-type
EPDCCH. For example, K EPDCCH sets may be configured
to include KL sets (KI.=0) as the localized-type EPDCCH
and KD sets (KD=0) as the distributed-type EPDCCH. In this
instance, KL and KD may be O.

[0068] K EPDCCH sets may be allocated for a single UE,
and each EPDCCH set is a distributed-type or a localized-
type. Thus, KL localized type-EPDCCHs and KD distrib-
uted-type EPDCCHs may be allocated for a single UE. That
is, KL+KD=K.

[0069] InK EPDCCH sets (K=1), K may be a maximum of
2. In this instance, the combination of KL and KD may be
{KL=1, KD=0}, {KL=0, KD=1}, {KL=1, KD=1}, {KL=0,
KD=2}, and {KL=2, KD=0}.

[0070] A PDCCH is formed of 9 to 72 REGs based on a
Downlink Control Information (DCI) format which is recep-
tion control information of a UE and an aggregation level
used for increasing reliability of a PDCCH. The reason that at
least 9 REGs are required is that at least 70-bit information
needs to be transmitted through a DCI format. A single RE is
modulated by QPSK and 35 REs are required for 2-bit trans-
mission. Thus, 36 REs=9 REGs is used as the minimum unit.
A PDCCH uses a control channel element (CCE) formed of 9
REGs, as a basic unit.

[0071] To allocate control information in a data region,
resource element grouping may be executed in a similar man-
ner. In other words, an EREG may be formed by grouping a
plurality of REs in a data region, and an ECCE may be formed
to include the plurality of EREGs. Although an EREG is used
to distinguish the term in the present descriptions from an
REG which is a group of a plurality of REs and used in a
legacy PDCCH, the present embodiment is not limited
thereto.

[0072] The control information allocated to the data region
may be allocated using the ECCE as a basic unit. In other
words, an EPDCCH may be allocated using an ECCE as a
basic unit.

[0073] AnEREG may be grouped based on a property of an
index assigned to each RE of a PRB.

[0074] FIG. 6 illustrates assigning an index to a resource
element in a resource block pair (PRB pair).

[0075] Referring to FIG. 6, 16 numbers are repeatedly
assigned as indices in a resource block pair based on a fre-
quency. In an identical symbol area, a number sequentially
from 0 is assigned as an index to each resource element based
on a frequency. When assignment of an index in one symbol
is completed, an index may be continuously assigned to a
resource element of a symbol that is adjacent or closest to a
resource element to which the last index is assigned. Thus,
indices may be assigned to the entire resource elements. Here,
indices from 0 to 15 may be assigned to resource elements.
After a 15” resource element, indices from 0 may be sequen-
tially assigned again.

[0076] Resource elements having an identical index among
resource elements may be grouped into a single EREG. When
an EREG is formed of resource elements having an identical
index, a total of 16 EREGs may exist in a single resource
block pair.

[0077] A single ECCE may be formed by grouping 4 or 8
EREGs as described above.
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[0078] ECCEs to which an EPDCCH is allocated in a local-
ized EPDCCH transmission exist in a single resource block
pair, and ECCEs to which an EPDCCH is allocated in a
distributed EPDCCH transmission may exist in two or more
resource block pairs.

[0079] FIG. 7 illustrates two types of EPDCCH transmis-
sions, a localized EPDCCH transmission and a distributed
EPDCCH transmission.

[0080] The number of downlink Physical Resource Blocks
(PRBs) forming a system bandwidth supported by a cell
formed by a communication common carrier is referred to as
Npgs In this instance, an EPDCCH transmitted through a
corresponding PDSCH area may be roughly classified into a
localized EPDCCH transmission and a distributed EPDCCH
transmission, as shown in (a) and (b) of FIG. 7. Accordingly,
an ECCE structure and the number of REs forming a single
ECCE may be changed based on an EPDCCH transmission
type, or may be identical irrespective of an EPDCCH trans-
mission type.

[0081] The localized EPDCCH transmission of (a) of FIG.
7 indicates that a single ECCE is located in a single resource
block pair and is transmitted. The distributed EPDCCH trans-
mission of (b) of FIG. 7 indicates that a single ECCE is
distributed in at least two resource block pairs and is trans-
mitted.

[0082] An ECCE corresponds to a predetermined number
of resource element groups (enhanced Resource Element
Groups (EREGs). Each EREG indicates a predetermined
number of available REs. In conclusion, an ECCE indicates a
set of REs available for EPDCCH transmission. The number
of ECCE:s required for a predetermined EPDCCH may be
changed based on asize of control information (DCI payload)
and a channel code rate. In this instance, the number of
ECCE:s required for a predetermined EPDCCH is referred to
as an Aggregation Level (AL).

[0083] In the present specification, the number of REs
forming an ECCE for the localized EPDCCH transmission is
Ngzceg > and the number of REs forming an ECCE for the
distributed EPDCCH transmission i85 Ngccgpo In this
instance, when a maximum number of REs available for
EPDCCH transmission in a single PRB or VRB (Virtual
Resource Block) is Ny », the number of ECCEs that may be
transmitted through the corresponding PRB (or VRB) may be
[Nzs zz/Nzceg,] for the localized EPDCCH transmission
and may be [Nyz zz/Nzccr pl for the distributed EPDCCH
transmission. That is, when the minimum number of REs is
used for another downlink physical signal and physical chan-
nel in the corresponding PRB (or VRB), a maximum number
of ECCEs that may be transmitted through the corresponding
PRB s [Ngg 2e/Necez 2101 [Ngs ze/Necez,pl depending on
the described EPDCCH transmission type.

[0084] The recent LTE-A system needs to define a PUCCH
resource mapping method for uplink HARQ ACK/NACK
feedback of a UE that receives downlink scheduling informa-
tion through an EPDCCH that is newly introduced into a data
region (PDSCH area) for improving capacity of a downlink
control channel and overall capacity in the LTE-A system.
[0085] The present disclosure provides a PUCCH resource
mapping method for uplink HARQ ACK/NACK feedback of
a UE that receives downlink scheduling information through
a newly introduced EPDCCH. In particular, the present dis-
closure provides a method of defining an implicitly deter-
mined part and an explicitly determined part, for determining
PUCCH resource mapping for a UE that receives Downlink
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Control Information (DCI) through an EPDCCH, and when
an ECCE index of an EPDCCH, which is a similar concept to
a CCE index of an existing legacy PDCCH, is used as the
implicitly determined part, the present disclosure provides an
ECCE indexing method for the corresponding EPDCCH.
[0086] In particular, an antenna port-based PUCCH
resource mapping may be provided for HARQ ACK/NACK
feedback of PDSCH reception of a UE that transmits PDSCH
allocation information through reception of downlink sched-
uling information through an EPDCCH allocated to the data
region 520 of a resource block. The antenna port-based
PUCCH resource mapping may include an implicitly deter-
mined parameter implicit n,,,,;,,, (corresponding to nec; of
Equations 3 and 4), determined by an ECCE, an explicitly
determined parameter nexphdt(k) (Nppeest" of Equations 3
and 4), and an implicitly determined offset offset,, as compo-
nents for PUCCH resource determination.

[0087] Such an antenna port-based PUCCH resource map-
ping may be determined by Equation 5 and Equation 6.

HpyccH I)I;O)Znimplicit"'N explicit(k)+0ﬁseti [Equation 5]
”PUCCH(l’m):nimpliciﬁ'l"'N explicit(k)+0ﬁseti [Equation 6]
[0088] The explicitly determined parameter Nexphdt(") is

one of the components for a PUCCH resource determination.
Such an explicitly determined parameter explicit N,
will be described in detail.

[0089] As an example of determining the explicitly deter-
mined parameter, for a UE receiving downlink scheduling
information associated with a PDSCH transmission through a
legacy PDCCH allocated to a control region, an RRC param-
eter Ny o transmitted through UE-specific higher layer
signaling from a T/R point (base station or an eNB) for the
uplink HARQ ACK/NACK resource mapping may be applied
to all UEs in a corresponding cell.

[0090] The present disclosure is related to uplink HARQ
ACK/NACK resource mapping for a UE configured to
receive downlink scheduling information associated with a
PDSCH transmission through an EPDCCH, and the UE-
specific RRC parameter N,,;""’ may be reused for the
legacy PDCCH UE, as a first method of determining a value
corresponding to Nexphcit(k) explicit of Equations 5 and 6.
[0091] Inthis instance, the UE configured to receive a DCI
through an EPDCCH may use N, " included in system
information received from a base station as Nexplicit(k) of
Equations 5 and 6 when performing PUCCH resource map-
ping foruplink HARQ ACK/NACK transmission, in the same
manner as the UE that receives a DCI through an existing
legacy PDCCH.

[0092] Another embodiment of determining an explicitly
determined parameter, for a UE configured to receive a DCI
through an EPDCCH, an explicitly determined parameter
Nexphdt(k) may be set independently for each UE through
UE-specific higher layer signaling.

[0093] That is, when a UE is configured to receive a DCI
through an EPDCCH, a corresponding T/R point transmits an
explicitly determined parameter N, neil? for the corre-
sponding UE, and the UE applies PUCCH resource mapping
based on Equations 5 and 6, using the same.

[0094] As another embodiment of determining an explic-
itly determined parameter, n explicitly determined param-
eters Nexplicit(k) (k:() to n_l)i Nexplicit(O)S Nexplicit(l)i R and
N.., w1, are set through UE-specific higher layer signal-
ing for a UE configured to receive a DCI through an EPD-
CCH. Then, a parameter may be indicated from among the n

explicit
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parameters to be applied for HARQ ACK/NACK feedback
PUCCH resource mapping when downlink scheduling infor-
mation for the corresponding UE is transmitted.

[0095] To this end, anew M-bit (M=logn) information field
(n=2™) for ACK/NACK resource indication is newly defined
in the downlink scheduling information for the corresponding
UE. Alternatively, an existing information area (information
field) of the downlink scheduling information of the corre-
sponding UE may be utilized for the purpose of a correspond-
ing ACK/NACK resource indication. For example, an exist-
ing ‘TPC command for PUCCH’ information area is utilized
for the purpose of ACK/NACK resource indication. For
example, when N, ® (k=0 to n—1) and n=4, an explicitly

R explicit ?
determined parameter N, h.a.t(k) may be determined as shown
in the following Table 2.

TABLE 2
Value of “TPC command
for PUCCH’ N, pticid

‘00° The 1 PUCCH resource value configured
by the higher layers, Nexplicit(O)

‘01° The 2™¢ PUCCH resource value configured
by the higher layers, N, ., )

‘10° The 3" PUCCH resource value configured
by the higher layers, Nexplicit(z)

‘11 The 4" PUCCH resource value configured

[&€)
explicit

by the higher layers, N,

[0096] For example, when n=4, the “TPC command for
PUCCH’ information area has 2 bits. When a value thereof is

‘10°, Nexphcit(z) may be applied as Nexphcit(k) of Equations 5
and 6.
[0097] However, ACK/NACK resource indication with

respect to candidate parameters N,,,,;; 2 allocated through
UE-specific higher layer signaling may be executed by uti-
lizing another information area of the downlink scheduling
information for a corresponding UE, in addition to a “TPC
command for PUCCH’.

[0098] The implicitly determined parameter n,,,,,;., is one
of the components for a PUCCH resource determination.
Hereinafter, such an implicitly determined parameter n,,,,,7;.,,
will be described in detail.

[0099] As an example of determining the implicitly deter-
mined parameter, FIG. 6 illustrates two types of EPDCCH
transmissions, a localized EPDCCH transmission and a dis-
tributed EPDCCH transmission.

[0100] N r; denotes the number of downlink Physical
Resource Blocks (PRBs) forming a system band supported by
a cell formed by a communication common carrier. In this
instance, an EPDCCH transmitted through a corresponding
PDSCH area may be roughly classified into a localized EPD-
CCH transmission and a distributed EPDCCH transmission,
as shown in (a) and (b) of FIG. 6. Accordingly, an ECCE
structure and the number of REs forming a single ECCE may
be changed based on an EPDCCH transmission type, or may
be identical irrespective of an EPDCCH transmission type.
[0101] The localized EPDCCH transmission of (a) of FIG.
6 indicates that a single ECCE is located in a single resource
block pair and is transmitted. The distributed EPDCCH trans-
mission of (b) of FIG. 6 indicates that a single ECCE is
distributed in at least two resource block pairs and is trans-
mitted.

[0102] A UE may use an index of the lowest PRB (or VRB)
among PRBs (or VRBs) used for EPDCCH transmission for
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the corresponding UE in a localized or distributed EPDCCH
set, configured for the corresponding UE, as n,,,., of a
PUCCH resource mapping equation for HARQ ACK/NACK
feedback. That is, PRBs of the localized or distributed EPD-
CCH set formed of X resource block pairs of a subframe
allocated for a UE are indexed with 0 to X-1, sequentially
from the lowest PRB, where X is a natural number greater
than or equal to 1 and less than or equal to the number of RBs
of the entire band. When an index of the lowest PRB among
the PRBs used for EPDCCH transmission for the correspond-
ing UE is npgg(that is, a natural number that satisfies
O=nppz=<x-1), npyz may be used for PUCCH resource map-
ping for PUCCH ACK/NACK feedback. As an example, as
1,010 OF Bquations 5 and 6 for PUCCH resource mapping
for uplink HARQ ACK/NACK feedback of the correspond-
ing UE, npr5*[Nps pree/Neeo ™ prs*Neccr,, may be
used when a corresponding EPDCCH corresponds to a local-
ized EPDCCH transmission. Npgpz*[Nzg, Ezpe/Nerepl
Npre*Neeer,p may be used when the corresponding EPD-
CCH corresponds to a distributed EPDCCH transmission.
That is, when the number Ny, of ECCEs set through a
single PRB of a localized EPDCCH set and the number
Nzcer p of ECCEs set through a single PRB of a distributed
EPDCCH set are applied, nprs*Ngcerz, may be used as
0,0 Bquations 5 and 6 for PUCCH resource mapping for
uplink HARQ ACK/NACK feedback of the corresponding
UE when the corresponding EPDCCH corresponds to a local-
ized EPDCCH transmission. Npzz*Ngecr » may be used
when the corresponding EPDCCH corresponds to a distrib-
uted EPDCCH transmission.

[0103] To summarize, the lowest index of a PRB that trans-
mits control information of X PRBs (VRBs) forming an EPD-
CCH may be used as a resource determination component
when PUCCH resource mapping is performed for ACK/
NACK with respect to a PDSCH allocated based on downlink
scheduling information. In particular, a product of the lowest
index of the PRB and the number of ECCEs set through each
PRB may be used as a resource determination component
when PUCCH resource mapping is performed for ACK/
NACK with respect to a PDSCH allocated based on downlink
scheduling information. In this instance, EPDCCH set may
be a localized EPDCCH set or a distributed EPDCCH set.
[0104] As another example of determining an implicitly
determined parameter, when a UE receives downlink sched-
uling information through an EPDCCH allocated to the data
region 520 of a resource block, the UE may determine n,,,,,,..;,
of Equations 5 and 6 for PUCCH resource mapping for uplink
HARQ ACK/NACK feedback of the corresponding UE,
based on a function of the number of blind decoding opera-
tions attempted until the corresponding downlink scheduling
information is received. For example, when the correspond-
ing downlink scheduling information is received through an
N” blind decoding of the UE, N may be applied as Dy pticir:
[0105] To this end, a blind decoding procedure of a UE
configured to receive a DCI through an EPDCCH needs to be
defined. As an EPDCCH blind decoding procedure of a cor-
responding UE, an EPDCCH transmission type dependent
blind decoding method may be defined.

[0106] When both of a distributed EPDCCH search space
and a localized EPDCCH search space are set for a UE for
which an EPDCCH is configured, blind decoding with
respect to the distributed EPDCCH search space is performed
first. Then blind decoding with respect to the localized EPD-
CCH search space is performed. In this instance, the UE
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performs blind decoding with respect to the distributed EPD-
CCH search space, in order of ECCE aggregation level 1,2, 4,
8, and the like. The UE moves to the localized EPDCCH
search space and executes blind decoding in order of ECCE
aggregation level 1, 2, 4, 8 and the like. Conversely, the
method may be defined to perform blind decoding with
respect to the localized EPDCCH search space first.

[0107] As another method, an aggregation level dependent
blind decoding method may be defined. In this instance, blind
decoding may be performed in order of ECCE aggregation
level 1,2, 4, 8, and the like. That is, when both of a distributed
EPDCCH search space and a localized EPDCCH search
space are set for a UE, the method may be defined to perform
blind decoding with respect to aggregation level 1 of the
distributed EPDCCH search space and to perform blind
decoding with respect to aggregation level 1 of the localized
EPDCCH transmission type, and then to perform blind
decoding with respectto aggregation level 2, 4, 8, and the like,
based on a distributed EPDCCH search space first scheme, in
order from a low aggregation level to a high aggregation level.
Conversely, the method may be defined to perform blind
decoding based on a high aggregation level first scheme.
[0108] In this instance, the order of a corresponding blind
decoding is applied only to downlink scheduling information,
the order is assigned with respect to DCI format 1A, which is
fallback downlink scheduling information of the downlink
scheduling information, based on the above described rule.
Subsequently, the order is assigned with respect to a PDSCH
transmission mode dependent DCI format.

[0109] As another example of determining an implicitly
determined parameter, when a UE configured to receive a
DCI through an EPDCCH, ECCE indexing is performed for
each UE in a search space set to be UE-specific, and the
lowest ECCE index of an ECCE through which the downlink
scheduling information is transmitted, is applied as 1,
[0110] ECCE indexing may define an index for each EPD-
CCH transmission type based-search space, in the similar
manner to the above described embodiment that determines
1,110 Dased on a function of the number of blind decodings.
That is, as an EPDCCH search space for a UE, when M
PRB(s) are allocated as a distributed EPDCCH search space
and L PRB(s) are set as a localized EPDCCH search space,
the number nzcp , of ECCEs generated in the distributed
EPDCCH search space is determined based on M, and ng -
ce.z of the localized EPDCCH search space is determined
based on L. Here, M is a natural number greater than or equal
to 1 and less than or equal to the number of PRBs in the entire
band. L. is a natural number greater than or equal to 1 and less
than or equal to the number of PRBs in the entire band.
Accordingly, as the ECCE indexing method of the corre-
sponding UE, the ECCE indexing method may be defined to
index ECCEs of the distributed EPDCCH search space with O
0 (Nzeezp—1), and to index ECCEs of the localized EPD-
CCH search space with nzecz p 10 Ngece pMecczs—1)-
[0111] As another example, ECCE indexing with respect to
a distributed EPDCCH search space and a localized EPD-
CCH search space may be executed separately. In this
instance, ECCE indices from 0 to (ngccgp—1) may be
defined for the ECCEs of the distributed EPDCCH search
space, and separately, ECCE indices from 0 to (ngeep~1)
may be defined with respect to the ECCEs of the localized
EPDCCH search space.

[0112] In addition, when a plurality of EPDCCH sets
formed of a group of X PRBs is allocated for each EPDCCH
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transmission type or for a predetermined EPDCCH transmis-
sion type, EPDCCH or ECCE indexing may be executed for
each EPDCCH set, separately. Here, X is a natural number
greater than or equal to 1 and less than or equal to the number
of PRBs in the entire band. In this instance, the number of
PRBs forming a single EPDCCH set may be X=(1), 2, 4, 8 for
a localized type and 2, 4, 8, (16) for a distributed type.
[0113] For example, K, EPDCCH sets from EPDCCH set
#1~EPDCCH set #K,, which form a localized EPDCCH
search space for a UE (for example, a first UE (UE1)) con-
figured to receive a DCI through an EPDCCH may be
assigned. K, EPDCCH sets from EPDCCH set #1~EPDCCH
set #K,,, which form a distributed EPDCCH search space,
may be assigned. In this instance, ECCEs forming EPDCCH
set #n of the localized type are indexed with 0 to (X;,,*N-1)
withrespectto n=1, .. ., K;, and ECCEs forming the distrib-
uted EPDCCH set #m are indexed with 0 to (X,,,,*N-1) with
respect to m=1, . . ., K,,. Here, with respect to the localized
EPDCCH setn=1, . .., and K, and the distributed EPDCCH
setn=l1,...,K,, X;, denotes the number X of PRBs forming
the corresponding localized EPDCCH set #n and X,
denotes the number X of PRBs forming the corresponding
distributed EPDCCH set #m.

[0114] In addition, N is the number of ECCEs forming a
single PRB in a corresponding subframe. N is equal to 2 when
8 EREGs form a single ECCE or N is equal to 4 when 4
EREGs form a single ECCE, based on the number of EREGs
forming a single ECCE in the corresponding subframe.
[0115] FIG. 7 illustrates a single localized type EPDCCH
set having K, =1 and a single distributed type EPDCCH set
having K,=1 when X=2 and N=4.

[0116] Referring to FIG. 7, X is equal to 2 (X=2) and N is
equal to 4 (N=4). A diagram (a) of FIG. 7 is for describing
ECCE indexing performed with respect to a single localized
EPDCCH set having K, =1, a single distributed EPDCCH set
having K =1, and a single distributed EPDCCH set having
K,=1, for each set, separately.

[0117] ECCEs forming the single localized EPDCCH set
are indexed with ECCE #0 to 7. In this instance, since it is a
localized EPDCCH set, a single ECCE is located in a single
PRB pair. For example, the entire ECCE #0, for example, all
the EREGs forming an ECCE are located in an identical PRB
#n.

[0118] ECCEs forming the single distributed EPDCCH set
are indexed with ECCE #0 to 7. In this instance, since it is a
distributed EPDCCH set, a single ECCE is distributed in two
PRB pairs. For example, half of ECCE #0 (ECCE(1/2)#0:
half of EREGs forming the ECCE) is located in a PRB #m and
the other half (ECCE(2/2)#0: the other half of the EREGs
forming the ECCE) is located in PRB #m+N.

[0119] Here, the order of ECCE indexing in the single
localized EPDCCH set may be determined variously. Index-
ing may be performed sequentially from an ECCE that is
located in a lowest frequency position based on a frequency
position forming each ECCE. ECCEs may be indexed with O
to (X,,*N-1), sequentially from an ECCE formed of lowest
subcarrier indices of a PRB having the lowest PRB index with
respect to a group of X PRBs forming a corresponding EPD-
CCH set. ECCEs may be indexed with 0 to (X, *N-1),
sequentially from an ECCE of which a lowest EREG index is
the smallest in a PRB having a lowest PRB index among a
group of X PRBs that forms a corresponding EPDCCH set, or
from an ECCE of which a sum of EREG indices forming a
corresponding ECCE is the smallest. In this manner, indexing
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may be performed with respect to the single distributed EPD-
CCH set according to the order used for the above described
localized EPDCCH set.

[0120] As another example of determining an implicitly
determined parameter, when a UE configured to receive a
DCI through an EPDCCH, ECCE indexing is performed for
each UE in a search space set to be UE-specific, and the
lowest ECCE index of an ECCE through which downlink
scheduling information is transmitted, is applied as n,,, ;-

[0121] As an ECCE indexing method, for a UE configured
to receive a DCI through an EPDCCH, ECCE indexing may
be performed based on a resource block(s) allocated for trans-
mission of EPDCCH for the corresponding UE and an EPD-
CCH transmission type in the corresponding resource block
(s).

[0122] For example, L, . denotes a maximum number of
localized ECCEs that may be transmitted through a single
PRB. Such L,,,, may be determined to be L, =[Nzz zres/
Nzcez,] as described in an embodiment that determines an
implicitly determined parameter.

[0123] Onthe assumption of the above, when consecutive k
PRBs (or VRBs) from PRB(or VRB) #n to PRB(or VRB)
#(n+k-1) are allocated for the localized EPDCCH transmis-
sion and the number of localized ECCEs defined through the
k PRBs (or VRBs) is K, s (=k'L,,..), localized ECCE indi-
ces of the corresponding PRBs (or VRBs) may be indexed
withn'L,, . ~@0'L,, . +K,cc . —1), sequentially from the lowest
ECCE.

[0124] Conversely, when m distributed or consecutive
PRBs (or VRBs) are allocated for the distributed EPDCCH
transmission of the corresponding UE and the number of
distributed ECCEs defined through the corresponding PRBs
is K, oo p(=m'L,, ), distributed ECCE indices of the corre-
sponding PRBs (or VRBs) are indexed with 0~(K, ¢z p—1),
sequentially from the lowest ECCE.

[0125] In addition, the present disclosure may relate to
applying various methods of determining an implicitly deter-
mined parameter, based on an EPDCCH set type (localized or
distributed type). For example, when an EPDCCH for the
corresponding UE is transmitted through a distributed EPD-
CCH set, the lowest index of a control channel element
through which the corresponding EPDCCH is transmitted
may be used as the implicitly determined parameter of an
equation for PUCCH transmission resource mapping for
HARQ ACK/NACK feedback of the corresponding UE.
When an EPDCCH for the corresponding UE is transmitted
through alocalized EPDCCH set, a product of the lowest PRB
index and the number of ECCEs set through PRBs may be
used as the implicitly determined parameter of the equation
for PUCCH transmission resource mapping for HARQ ACK/
NACK feedback of the corresponding UE.

[0126] An implicitly determined parameter offset offset, is
one of the components for a PUCCH resource determination.
Such an implicitly determined parameter offset will be
described in detail.

[0127] As an example of determining an implicitly deter-
mined offset offset, denoting an implicitly determined offset
value may be introduced in a HARQ ACK/NACK PUCCH
resource mapping function for a UE configured to receive a
DCI through an EPDCCH, in addition to an implicitly deter-
mined parameter and an explicitly determined parameter. As
described above, when implicitly determined offset offset; is
introduced, the corresponding value may be determined
based on a value of a function that uses, as a parameter, a
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subset of parameters, such as a DM RS antenna port number
of'alow ECCE through which downlink scheduling informa-
tion for the corresponding UE is transmitted, an aggregation
level, a C-RNTT of the corresponding UE, a system band of a
corresponding cell, N, ., and the like.

[0128] As an example, a hashing function may be used for
determining a UE-specific search space of a UE for each
aggregation level of an existing legacy PDCCH located in a
control region. In this instance, in the hashing function
[0129] L{(Y,+m"mod [Necz/L]}+ or L{(Y+m")mod
[Nec /L) that determines a search space of a UE based on
an aggregation level (AL), only the total number N z of
CCEs of a PDCCH of a subframe k may be replaced with
Nyrs- In this instance, Y, is a variable based on an aggrega-
tion level of a UE-specific search space or a common search
space, m' is determined based on the number of PDCCH
candidates and a carrier indicator field value, L indicates an
aggregation level (AL),and1is 0, ..., L-1.

[0130] In addition, the offset value may be changed based
on whether the common search space for the corresponding
UE is configured in the legacy PDCCH area located in the
control region or in an EPDCCH area. For example, when the
common search space (CSS) of the legacy PDCCH is reused,
16 (e.g., the number of CCEs forming the corresponding
legacy PDCCH) may be added to the offset value.

[0131] Various embodiments associated with an implicitly
determined parameter n,,,.,, an explicitly determined
parameter N, i, and an implicitly determined offset off-
set,, which are components for a PUCCH resource determi-
nation used when antenna port-based PUCCH resource map-
ping is executed for HARQ ACK/NACK feedback, have been
described.

[0132] In this instance, the control information transmis-
sion method and resource mapping method of the present
disclosure, and an apparatus thereof may include all or a part
of possible combinations of the components for a PUCCH
resource determination used when antenna port-based
PUCCH resource mapping is performed for HARQ ACK/
NACK feedback.

[0133] In particular, ECCE indexing may be performed
separately for each EPDCCH set. The lowest ECCE index of
an ECCE through which downlink scheduling information is
transmitted may be applied as an implicitly determined
parameter n,,,,,., which is one of the components for a
PUCCH resource determination.

[0134] Embodiments of a PUCCH resource mapping
method have been described with reference to Equation 5 and
Equation 6. Hereinafter, another embodiment of a PUCCH
resource mapping method will be described with reference to
Equations 7 to 10.

[0135] In the present disclosure, a function for PUCCH
resource mapping may be expressed as an equation including
animplicitly determined parametern,,,, ., (corresponding to
n.z of Equations 3 and 4) determined by an ECCE and an
explicitly determined parameter Nexphdt(k) (a modification
parameter for N, of Equations 3 and 4), which is
similar scheme to above described Equation 3 and Equation
4. That is, an antenna port-based PUCCH resource may be
determined based on the following Equations 7 and 8.

Rpyccu’ I)I;O)Znimplicit"'N explicit(k) [Equation 7]
npycer’ lm):nimpliciﬁ' 14N, explicit(k) [Equation 8]
[0136] In addition, the function for PUCCH resource map-

ping may be determined by further including an additional
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implicitly determined offset (explicitly determined offset)
offset,,, ;. and an explicitly determined offset offset
® as shown in Equations 9 and 10.

explicit

(1.50) ()
MpuccH =NimpticietNexpricie+O1T8€t s, p0i+0fse-

Cenplicic [Equation 9]

npyccH 0= Himplicirt 1N exp, fcit +0ffsetzmplzczt+0ﬁ_
S€lrpticic [Equation 10]
[0137] Hereinafter, embodiments of respective parameters

(nimpliciti Nexplicit(k)i Oﬂ‘setimplicit and offset (k)) will be
described.

[0138] Nexplicit(k) Embodiment

[0139] First, N, nel? will be described. Nexpllclt ® s
determined explicitly, and the explicit information may be
transferred through higher layer signaling (exphcltly deter-
mined, higher layer configured parameter, Nexpllclt( ).
[0140] Nexphm(k) is an explicitly determined parameter
corresponds to a value correspondlng to Nppeer' of Equa-
tions 3 and 4 (N, cr™ is a UE-specific parameter, set
through higher layer signaling, and is applied as an offset for
PUCCH format 1/1a/1b resource allocation and determines a
point where a dynamically allocated PUCCH area beings.),
and is applied as an offset for resource allocation and deter-
mines a point where a PUCCH area beings. In this respect,
Nexphdt(k) may be referred to as a PUCCH resource starting
offset indication value, and higher layer signaling including
Nexphdt(") is referred to as resource starting offset indication
information.

[0141] According to the typical technology, for a UE
receiving downlink scheduling information (DL scheduling
grant) with respect to a PDSCH transmission through a legacy
PDCCH, an Radio Resource Control (RRC) parameter
Nppeen' transmitted through cell-specific higher layer sig-
naling from a base station for the uplink HARQ ACK/NACK
resource mapping may be equally applied to all the UEs in a
corresponding cell. In the present disclosure, in the uplink
HARQ ACK/NACK resource mapping method for a UE con-
figured to receive downlink scheduling information (DL
scheduling grant) associated with a PDSCH transmission
through an EPDCCH, as a first method of determining a value
corresponding to Nexplicit(k) of Equations 7 to 10, N, et
which is a cell-specific RRC parameter for a legacy PDCCH
UE, may be reused. In this instance, for a UE configured to
receive a DCI through an EPDCCH, N, included in
system information received from a base station may be used
when PUCCH resource mapping is performed for uplink
HARQ ACK/NACK transmission, in the same manner as a
UE that receives a DCI through an existing legacy PDCCH.
[0142]  As another method of determining N, 0, for a
UE configured to receive a DCI through an EPDCCH, N, ,,,..;,
® may be set for each UE independently through UE-specific
higher layer signaling. That is, when the UE is configured to
receive a DCI through an EPDCCH, a corresponding T/R
point transmits N, 2 for the corresponding UE, and the
UE applies PUCCH resource mapping based on Equations 7
and 10, based on the same.

[0143] As another method of determining Nexplic‘it k), for a
UE configured to receive a DCI through an EPDCCH, N, ..,
® explicit may be set for each UE independently through
UE-specific higher layer signaling. In this instance, the
method separately allocates N, i for a PDSCH transmis-
sion based on downlink scheduling information transmitted
through a distributed EPDCCH set (distributed EPDCCH
USS (a set of PRBs for distributed EPDCCH transmission)),

explicit
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and Nexphcit(k) for a PDSCH transmission based on downlink
scheduling information transmitted through a localized EPD-
CCH set (localized EPDCCH USS (a set of PRBs for local-
ized EPDCCH transmission)), instead of usmg asingle N, -
plici® value. That is, two values, Nexpllclt ,® and Neopticirz b
are assigned for a UE, and Nexpllclt @ and Nepticiz ) are
applied, respectively, when a PUCCH resource mapping
equation of Equations 7 to 10 is applied with respect to
PDSCH allocation through a distributed EPDCCH set for the
corresponding UE and PDSCH allocation through a localized
EPDCCH set.
[0144] As another method of determining N,,.,;0., © fora
UE configured to receive a DCI through an EPDCCH Nexp sicit
® may be set for each UE independently, through UE-specific
higher layer signaling. In this instance, the method may sepa-
rately allocate Nexplicit(k) for a PDSCH transmission based on
downlink scheduling information transmitted through a dis-
tributed EPDCCH set and Nexphcit(k) for a PDSCH transmis-
sion based on downlink scheduling information transmitted
through a localized EPDCCH set, instead of using a single
explicit(k) value. That is, two values, N__ .., | ©and N, ticit,
2™ are assigned for a UE, and | p— # and N, ;00" are
applied, respectively, when a PUCCH resource mapping
equation of Equations 7 to 10 is applied with respect to
PDSCH allocation through a distributed EPDCCH set for the
corresponding UE and PDSCH allocation through a localized
EPDCCH set. In addition, when a plurality of EPDCCH sets
formed of one or more resource block pairs (a group of X
PRBs, X is greater than or equal to 1 and less than or equal to
the number of PRBs in the entire band) is allocated for each
EPDCCH transmission type or for a predetermined EPDCCH
transmission type for a UE that is configured to receive a DCI
through an EPDCCH, a separate UE-specific higher layer
signaling parameter Nexplicit(k) explicit may be allocated for
each EPDCCH set. Here, the number of resource block pairs
forming a single EPDCCH set may be X=(1), 2, 4, 8 for the
localized type and may be X=2, 4, 8, (16) for the distributed
type. For example, for a UE (e.g., UE1) configured to receive
a DCI through an EPDCCH, K; EPDCCH sets from EPD-
CCH set #1 to EPDCCH set #K,, which form a localized
EPDCCH search space, may be allocated and K,, EPDCCH
sets from EPDCCH set #1 to EPDCCH set #K,,, which form
a distributed EPDCCH search space, may be allocated. In this
instance, Nexphcit,m(k) (for m=1, .. ., K;) may be separately
allocated for each localized type EPDCCH set #m (for m=1,
K;). In the same manner, Nexplic‘it,n(k) (forn=1,...,K,)
may be separately allocated for each distributed type EPD-
CCH set #n (for n=1, . . ., K,). That is, when a total of
P(P=K;+K,) EPDCCH sets, including K, localized type
EPDCCH sets and K, distributed type EPDCCH sets, are
allocated for a UE, P higher layer configured parameters
Nepiicir f(k) (p=1,...,K;+K,) for PUCCH resource mapping
for each set, for the corresponding UE, may be allocated
through UE-specific RRC signaling.
[0145] In this instance, the corresponding UE may apply a
corresponding N, ..., A% value to an EPDCCH set through
which downlink scheduling information associated with
PDSCH resource allocation is transmitted, for PUCCH
resource mapping for uplink HARQ ACK/NACK feedback
with respect to a corresponding PDSCH transmission.
[0146] Wyppiicic
[0147] Anembodiment ofn,,,,;.;,, which is another param-
eter used in Equations 7 to 10, will be described. n,,,,,,;, may
be implicitly determined (implicitly determined parameter).

Embodiment
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[0148] N, z; denotes the number of downlink resource
block pairs Physical Resource Blocks (PRB) forming a sys-
tem bandwidth supported by a cell formed by a communica-
tion common carrier. In this instance, an EPDCCH transmit-
ted through a corresponding PDSCH area may be roughly
classified into a localized EPDCCH transmission and a dis-
tributed EPDCCH transmission. Accordingly, an ECCE
structure and the number of resource elements (REs) forming
a single ECCE may be changed based on an EPDCCH trans-
mission type. In the present disclosure, the number of REs
forming an ECCE for the localized EPDCCH transmission is
Ngzcerz» and the number of REs forming an ECCE for the
distributed EPDCCH transmission is Ngeep - In this
instance, when a maximum number of REs available for
EPDCCH transmission in a single PRB or VRB (Virtual
Resource Block) is N ., the number of ECCEs that may be
transmitted through the corresponding PRB (or VRB) may be
[Nzz 22/Neecez ] inthe case of the localized EPDCCH trans-
mission, and may be [Ngz zz/Nrecrpl in the case of the
distributed EPDCCH transmission. That is, when a minimum
number of REs is used for another downlink physical signal
and physical channel in the corresponding PRB (or VRB), a
maximum number of ECCEs that may be transmitted through
the corresponding PRB is [Nzg zz/Nzecrz] of [Nzg gz
Nzcer pls depending on the described EPDCCH transmis-
sion type.

[0149] Accordingly, when the lowest PRB (or VRB) index
of RBs(or VRBs) used for EPDCCH transmission for a UE is
Npggs 88 N0, 1or PUCCH resource mapping for uplink
HARQ ACK/NACK feedback, nppz*[Npg 22/Nreer ] may
be used when a corresponding EPDCCH corresponds to a
localized EPDCCH transmission and npzz*[Ngp ze/Necez,
p] may be used when a corresponding EPDCCH corresponds
to a distributed EPDCCH transmission.

[0150] n,,,.;, may be determined based on a function of
the number of blind decoding operations attempted until the
corresponding downlink scheduling information is received.
For example, when the corresponding downlink scheduling
information is received through an N” blind decoding of the
UE, N may be applied as n,,,,;,,,-

[0151] To this end, a blind decoding procedure of a UE
configured to receive a DCI through an EPDCCH, needsto be
defined. As an EPDCCH blind decoding procedure of the
corresponding UE, an EPDCCH transmission type dependent
blind decoding method may be defined. When both of a
distributed EPDCCH search space and a localized EPDCCH
search space are set for a UE (for which an EPDCCH is
configured), blind decoding with respect to the distributed
EPDCCH search space is performed first. Then blind decod-
ing with respect to the localized EPDCCH search space is
performed. In this instance, the UE performs blind decoding
with respect to the distributed EPDCCH search space, in
order of ECCE aggregation level 1, 2, 4, 8, and the like and
moves to the localized EPDCCH search space and executes
blind decoding in order of ECCE aggregation level 1, 2, 4, 8,
and the like. Alternatively, the method may be defined to
perform blind decoding with respect to the localized EPD-
CCH search space first.

[0152] As another method, an aggregation level dependent
blind decoding method may be defined. In this instance, blind
decoding may be executed in order of ECCE aggregation
level 1,2, 4, 8, and the like. That is, when both of a distributed
EPDCCH search space and a localized EPDCCH search
space are set for a UE, the method may be defined to perform
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blind decoding with respect to aggregation level 1 of the
distributed EPDCCH search space and to execute blind
decoding with respect to aggregation level 1 of the localized
EPDCCH transmission type, and in the same manner, to
execute blind decoding with respect to aggregation levels 2, 4,
8, and the like, in order from a low aggregation level to a high
aggregation level. Alternatively, in reversal order, the method
may be defined to execute blind decoding on a high aggrega-
tion level first.

[0153] In this instance, the order of a corresponding blind
decoding is applied only to downlink scheduling information,
the order is assigned with respect to DCI format 1A, which is
fallback downlink scheduling information (fallback DL
scheduling grant) of the downlink scheduling information,
based on the above described rule, and subsequently, the
order is assigned with respectto a PDSCH transmission mode
dependent DCI format.

[0154] For a UE configured to receive a DCI through an
EPDCCH, ECCE indexing is performed for each UE in a
UE-specifically set search space, and the lowest ECCE index
of a control channel element through which the downlink
scheduling information is transmitted may be applied as n,,,,-
pticie. BECCE indexing for the above, may define an index for
each EPDCCH transmission type-based search space. That is,
as EPDCCH search space for a UE, M resource block pairs
PRB(s) are assigned as a distributed EPDCCH search space
and L. PRB(s) are assigned as a localized EPDCCH search
space, the number nze , of ECCEs generated in the dis-
tributed EPDCCH search space is determined based on M and
the number ngep, of ECCEs generated in the localized
EPDCCH search space is determined based on L. Accord-
ingly, as the ECCE indexing method of the corresponding
UE, the ECCE indexing method may be defined to index
ECCE:s of the distributed EPDCCH search space with O to
(ngcezp=1), and to index ECCEs of the localized EPDCCH
search space with nzccz p 10 Meccrp Neccrr—1)-

[0155] As another example, ECCE indexing with respect to
the distributed EPDCCH search space and the localized EPD-
CCH search space may be performed separately. In this
instance, ECCE indices from 0 to (ngoepp—1) may be
defined for the ECCEs of the distributed EPDCCH search
space, and separately, ECCE indices from 0 to (ngeep—1)
may be defined with respect to the ECCEs of the localized
EPDCCH search space.

[0156] For a UE configured to receive a DCI through an
EPDCCH, ECCE indexing is executed for each UE in a
UE-specifically configured search space, and the lowest
ECCE index of a control channel element through which the
downlink scheduling information is transmitted may be
applied as n,,,, ;-

[0157] As an ECCE indexing method for the above, for a
UE configured to receive a DCI through an EPDCCH, ECCE
indexing may be performed based on a resource block(s)
allocated for transmission of EPDCCH for the corresponding
UE and an EPDCCH transmission type in the corresponding
resource block(s).

[0158] For example, when the total number of localized
ECCEs that may be transmitted through a single PRBis L
L, is determined to be L, ., =[Nzp 2x/Neccz .1
[0159] Onthe assumption of the above, when consecutivek
PRBs (or VRBs) from PRB(or VRB) #n to PRB(or VRB)
#(n+k-1) are allocated for the localized EPDCCH transmis-
sion for a UE and the number of localized ECCEs defined
through the k PRBs(or VRBs) is K .z - (sk'L,,..), localized

maxs
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ECCE indices of the corresponding PRBs (or VRBs) may be
indexedwithn'L,,,, ~0'L,, . +K ccz-1), sequentially from
the lowest ECCE.

[0160] Conversely, when m number of distributed or con-
secutive PRBs (or VRBs) are allocated for the distributed
EPDCCH transmission of the corresponding UE and the
number of distributed ECCEs defined through the corre-
sponding PRBs is K ¢ p(=m'L,,,.), distributed ECCE indi-
ces of the corresponding PRBs (or VRBs) are indexed with O
o (Kzeez,p—1)» sequentially from the lowest ECCE.

[0161] For a UE configured to receive a DCI through an
EPDCCH, the lowest PRB (or VRB) index of PRBs(or VRBs)
used for EPDCCH transmission for the corresponding UE,
may be applied as corresponding n,
[0162] offset,,, ., Embodiment
[0163] An embodiment of offset,,,, ., which is a param-
eter used in Equations 9 to 10, will be described (implicitly
determined offset, offset,,,,;..)-

[0164] offset,, ;. is an implicitly determined offset value.
offset,,,,;;.., may be introduced to an uplink HARQ ACK/
NACK PUCCH resource mapping function for a UE config-
ured to receive a DCI through an EPDCCH, in addition to
1,110 (IMplicitly determined parameter) and N, e (ex-
plicitly determined parameter). As described above, when
offset,,,,,;;., is introduced, the corresponding value may be
determined based on a value of a function that uses, as a
parameter, a subset of parameters, such as a DM RS (De-
modulation Reference Signal) antenna port number of the
lowest ECCE through which downlink scheduling informa-
tion for the corresponding UE is transmitted, an aggregation
level, a C-RNTI (cell Radio Network Temporary Identifier) of
the corresponding UE, a system bandwidth of a correspond-
ing cell, the number Np,, of resource block pairs, and the
like.

[0165] As an example, a hashing function may be reused
for determining UE-specific search space of a UE for each
aggregation level of an existing legacy PDCCH. In this
instance, in the hashing function L{(Y +m")mod [N,/
L|}+i that determines a search space of a UE based on an
aggregation level, only the total number N - of CCEs of a
PDCCH of a subframe k may be replaced with Npzz.

[0166] As another method, when a DM RS port of an EPD-
CCH for the corresponding UE is p, offset,, ., may be
determined based on the same. As an example, the following
Equation 5 may be applied.

implicit

offset, i, =0~107 [Equation 11]

[0167] pe(107,108,109,110) in Equation 11.
[0168] offset,,, e Embodiment
[0169] Anembodiment of offset,,, e, which is a param-

eter used in Equations 9 to 10, will be described (explicitly
determined offset, offsetexphcit(k)

[0170] For a UE configured to receive a DCI through an
EPDCCH, an ACK/NACK Resource Indicator (ARI) infor-
mation area having a size of M bit(s) for the corresponding
UE is defined in downlink scheduling information, n offse-
texphcit(k) values (n<=2") corresponding to respective ARI
values are defined as shown in the following Table 3, and a
corresponding value may be applied to the corresponding UE
based on an ARI value in the corresponding downlink sched-
uling information. To this end, an information field for setting
an ARI may be newly defined in DCI formats (that is, DCI
format 1A, 2A, 2B, 2C, and the like) for downlink scheduling
information, or an existing information area may be used for
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the purpose of a corresponding ARI (ACK/NACK resource
indication). For example, an existing 2-bit “TPC command
for PUCCH’ information area may be used for an ARI.
[0171] offset, .2 may be defined as a dynamic offset
indication value. In comparison with N, el that is semi-
statically determined through higher layer signaling, offset, -
plici® is indicated through control information transmitted to
a UE. Thus, this is referred to as a dynamic offset indication
value.

[0172] Although the present disclosure describes that a size
of a corresponding ARI is M=2, it is clear that the identical
concept may be applied to another M value.

TABLE 3
ARI oﬂsetexp,ici,(k)
‘00° oﬂsetexplicit(o)
‘01’ oﬂsetexplici, !
‘10 offset.,sicir
‘11 offset,

explicit

[0173] As a method of determining the n explicitly deter-
mined offset parameters offset, , e, the present disclosure
provides the following three methods.

[0174] First, a method of determining offsetexphcit(k)
through downlink scheduling information is provided.
explicitly determined parameters offsetexphcit(o), offset e,
..., and offset,,;, """ are set to be UE-specific, through
UE-specific higher layer signaling for a UE configured to
receive a DCI through an EPDCCH. For example, a 2-bit ARI
is applied, 4 offset values or 3 offset values excluding O which
is a default offset value, are set for each UE through UE-
specific higher layer signaling, as shown in the following
Table 4 or 5, and a different offsetexphdt(k) value may be
applied for each UE, based on an ARI.

TABLE 4

ARI oﬂsetap,ici,(k)

‘00” The 1% offset value configured by the
higher layers, oﬁsetexpﬁm(o

‘01° The 2™ offset value configured by the
higher layers, oﬂsetexpﬁcit(l)

‘10° The 3" offset value configured by the
higher layers, oﬂsetexpﬁcit(z)

‘11 The 4% offset value configured by the

higher layers, offset &

explicit

TABLE 5

ARI oﬂsetap,ici,(k)

‘00” 0

‘01° The 1¥ offset value configured by the
higher layers, oﬂsetexpﬁcit(l)

‘10° The 2" offset value configured by the
higher layers, oﬂsetexpﬁcit(z)

‘11 The 37 offset value configured by the

higher layers, offset 3

€
explicit

[0175] As another method of determining offsetexphcit(k)

through downlink scheduling information of a UE, a method
of fixing an ARI-based offset value and applying an identical
value to all UEs, may be provided. In this instance, as a
method of effectively allocating a PUCCH resource by mini-
mizing a collision between a UE receiving a DCI through an
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13
EPDCCH and a UE receiving a DCI through a legacy TABLE 9
PDCCH, remaining values 3,5,6, and 7 excluding an aggre- -
gation level that is applied for link adaptation, may be used as ARI offsetiei
a corresponding ARI-based offset value. That is, 3,5,6, and 7 00° 0
may be applied as an ARI-based offset value as shown in the o1 6
following Table 6, or remaining values 3,5, and 7 excluding i? ié
an even number 6 from among aggregation levels 3, 5, 6, and
7, are applied as 3 offset values remaining after excluding the
default offset value, as shown in the following Table 7.
TABLE 10
TABLE 6 ARI offsetpen®
ARI oﬂsetexplici,(k) 8(1): 12
‘10 24
00’ 3 ‘11 36
01° 5
‘10° 6
qr 7 TABLE 11
ARI Oﬁsetexpliciz(k)
00 0
TABLE 7 or 8
‘10 16
ARI Oﬁsetexpliciz(k) i 24
00° 0
01° 3
‘107 5 TABLE 12
‘11 7
ARI Oﬁsetexpliciz(k)
1) ‘00” 0
[0176] 3,5,6,and 7 as offset,,;,;, "~ are merely examples, ‘o1 16
and the following table may be used as another example of 100 24
offset, .z, B, 11 36

TABLE 8

ACK/NACK Resource offset field in DCI

format 1A/1B/1D/1/2A/2/2B/2C/2D Aszo
0 -2
1 -1
2 0
3 2

[0177] Here, an ACK/NACK Resource offset field corre-
sponds to an ARI field, and A, is a value identical to
offset ®,

explicit

[0178] As another method of determining offset,,, il
through downlink scheduling information of a UE, a method
of fixing an ARI-based offset value, and using a different
ARI-based offset mapping table based on an aggregation
level of an EPDCCH through which corresponding downlink
scheduling information is transmitted, may be provided. That
is, the method defines an ARI-offsetepoicit(k) mapping table
for aggregation level 1, an ARI-offset © mapping table
for aggregation level 2, an ARI-offset,, ,;.,, ©) mapping table
for aggregation level 4, and an ARI-offsetexphcit(k) mapping
table for aggregation level 8, respectively, and applies offse-
Cenptici ®based on an aggregation level of an EPDCCH for the
corresponding downlink scheduling information and an ARI
of the corresponding scheduling information. For example,
an ARI-offsetexphcit(k) mapping table may be defined for each
aggregation level through the following Tables 9 to 12.

explicit

[0179] In addition, it is clear that the present disclosure
includes all cases in which a PUCCH ACK/NACK resource is
mapped through a sum of some of the 4 parameters of Equa-
tions 7 to 10 provided in the present disclosure, and the
corresponding some parameters are configured through a
combination of the above described embodiments.

[0180] A diagram (a) of FIG. 9 is a flowchart of a control
information transmission method of a T/R point that trans-
mits control information with respect to a predetermined UE
through a data region of a resource block pair (Physical
Resource Block pair) of a predetermined subframe according
to an embodiment of the present disclosure.

[0181] Referring to the diagram (a) of FIG. 9, an embodi-
ment of the present disclosure provided from the perspective
of'a T/R point is a control information transmission method
800 of a T/R point that transmits control information with
respect to a UE through a data region of a resource block pair
(Physical Resource Block Pair) of a subframe. The method
includes operation S810 of allocating at least one downlink
control channel (e.g., Enhanced Physical Downlink Control
Channel (EPDCCH)) set formed of X resource block pairs
where X is a natural number greater than or equal to 1 and less
than or equal to the number of RBs in the entire band, and
operation S815 of transmitting, to the UE, uplink control
channel resource starting offset indication information for
each of at least one downlink control channel set.

[0182] In addition, the control information transmission
method 800 of the T/R point includes operation S820 of
transmitting control information through at least one control
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channel element (e.g., Enhanced Control Channel Elements)
indexed for each downlink control channel] set.

[0183] The control information that the T/R point transmits
to the UE may include downlink scheduling information, and
the control information may be transmitted to the UE through
at least one control channel element (e.g., enhanced Control
Channel Element (ECCE)) of one of the at least one downlink
control channel set (e.g., EPDCCH set).

[0184] The lowest index of a control channel element
through which the control information is transmitted and the
PUCCH resource starting offset indication information trans-
mitted in operation S815 may be used as components for a
resource determination when PUCCH resource mapping is
performed for ACK/NACK with respect to a Physical Down-
link Shared Channel (PDSCH) allocated based on the down-
link scheduling information.

[0185] Referring again to Equations 7 to 10, the lowest
index of a control channel element through which the control
information is transmitted may be used as n,,,,;, and the
PUCCH resource starting offset indication value may be used
as explicit Nexplicit(k)

[0186] The resource starting offset indication information
transmitted in operation S815 may be transmitted through
higher layer signaling, and the higher layer signaling may be,
for example, Radio Resource Control (RRC).

[0187] The control information that the T/R point transmits
to the UE may include downlink scheduling information, and
the downlink scheduling information may include dynamic
offset indication information.

[0188] offsetexphcit(k) may be further added in Equations 9
to 10. offset, ., © may be defined as a dynamic offset indi-
cation value. In comparison with Nexphdt(k) semi-statically
determined through higher layer signaling, offsetexphcit(k) is
indicated through control information transmitted to a UE.
Thus, this is referred to as a dynamic offset indication value.
[0189] When the dynamic offset indication information is
transmitted through the downlink scheduling information,
the dynamic offset indication information may be used as
another component for resource determination when PUCCH
resource mapping is performed for ACK/NACK with respect
to a PDSCH allocated based on the downlink scheduling
information.

[0190] Referring again to Equations 9 to 10, PUCCH
resource mapping may be determined based on the four com-
ponents for resource determination, n N ® off-
S€l,psici and offset,, , el

[0191] X of X resource block pairs forming a single EPD-
CCH set may be X=2, 4, 8, (16), (32), but the present embodi-
ment is not limited thereto. In this instance, an EPDCCH set
may or may not be formed of a maximum of 16 resource block
pairs, based on a type of EPDCCH set. For example, a dis-
tributed EPDCCH set may be formed of 16 resource block
pairs but a localized EPDCCH set may be formed of a total of
8 resource block pairs.

[0192] A diagram (b) of FIG. 9 is a flowchart illustrating a
PUCCH resource mapping method of a UE that receives
downlink scheduling information through an EPDCCH,
according to another embodiment.

[0193] Referring to the diagram (b) of FIG. 9, from the
perspective of a UE, another embodiment is a PUCCH
resource mapping method 900 of the UE. The method
includes operation S905 of receiving, from a T/R point,
uplink control channel resource starting offset indication
information for each of at least one downlink control channel

implicits N explicit
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(e.g., Enhanced Physical Downlink Control Channel (EPD-
CCH)) set formed of X resource block pairs of a subframe.
Here, X is a natural number greater than or equal to 1. The
resource starting offset indication information may be
received through higher layer signaling (for example, RRC).
[0194] In addition, the PUCCH resource mapping method
900 of the UE includes operation S910 of receiving, from the
T/R point, control information associated with downlink
scheduling information through at least one control channel
element (e.g., Enhanced Control Channel Elements) indexed
for each downlink control channel, and operation S920 of
mapping a PUCCH resource using the uplink control channel
resource starting offset indication information and the lowest
index of a control channel element as components for
resource determination, when PUCCH resource mapping is
performed for ACK/NACK with respect to a PDSCH (Physi-
cal Downlink Shared Channel) allocated based on the down-
link scheduling information. The PUCCH resource mapping
method 900 of the UE according to another embodiment may
further include operation S930 of transmitting a PUCCH of
which PUCCH resource is mapped in operation S920, to the
T/R point.

[0195] As described above, X of X resource block pairs
forming a single EPDCCH set may be X=2,4.8, (16), (32), but
the present embodiment is not limited thereto. In this
instance, an EPDCCH set may or may not be formed of a
maximum of 16 resource block pairs, based on a type of
EPDCCH set. For example, a distributed EPDCCH set may
be formed of 16 resource block pairs but a localized EPDCCH
set may be formed of a total of 8 resource block pairs.
[0196] FIG. 10 is a flowchart illustrating downlink trans-
mission of a T/R point and an uplink transmission of a UE.
[0197] Referring to FIG. 10, although a downlink transmis-
sion S1010 is illustrated as being performed by the eNB 110
firstin FIG. 10, the present embodiment is not limited thereto.
For example, the eNB 110 may transmit information associ-
ated with configuration parameters to the first UE 120
through higher layer signaling before the downlink transmis-
sion S1010.

[0198] Forexample,the eNB 110 may transmit information
associated with an explicitly determined parameter N, il
according to the Nexphcit(k) embodiment, to the first UE 120
through higher layer signaling, or may transmit, to the first
UE 120, information associated with an additional explicitly
determined offset offset ® according to the offset
® embodiment.

[0199] In addition, in association with the above described
parameters Wypticie Nexplicit(k)5 Oﬂ‘setimpliciti and Offsetexplicit
® configuration parameter information transmitted to the
first UE 120 through the higher layer signaling may be trans-
mitted before operation S1010.

[0200] Inoperation S1010, a T/R point (e.g., the eNB 110)
may transmit, to the first UE 120, control information includ-
ing downlink scheduling information and a PDSCH indicated
by the downlink scheduling information, through an EPD-
CCH of a data region of a resource block pair (Physical
Resource Block pair) of a subframe.

[0201] Inthis instance, as described with reference to FIG.
9, to transmit the control information including the downlink
scheduling information through an EPDCCH of a data region
of a resource block pair (e.g., Physical Resource Block pair)
of a predetermined subframe, the eNB 110 may allocate at
least one localized EPDCCH set formed of X physical
resource block pairs, for example, two physical resource

explicit explicit
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block pairs of the predetermined subframe. In this instance, as
described with reference to FIG. 8, n localized EPDCCH sets
and m distributed EPDCCH sets may be allocated EPDCCH
sets. However, for ease of description, descriptions are pro-
vided based on a case in which at least one localized EPD-
CCH set is allocated.

[0202] Subsequently, the eNB 110 indexes at least two
control channel elements (e.g., Enhanced Control Channel
Elements) for each set. For example, ECCEs forming a local-
ized EPDCCH set may be indexed separately with respect to
at least one localized EPDCCH set formed of two physical
resource block pairs. As described with reference to FIG. 8,
indexing ECCEs for each EPDCCH set when n localized
EPDCCH sets and m distributed EPDCCH sets are allocated,
has been described with reference to FIG. 8.

[0203] Subsequently, control information may be allocated
to at least one of the indexed control channel elements, for
example, ECCE #4 and ECCE #5, as described with reference
to FIG. 10, and the control information may be transmitted to
a predetermined UE. In this instance, when the control infor-
mation includes downlink scheduling information, a PDSCH
indicated by the downlink scheduling information may be
transmitted to the first UE 120 in a downlink, in operation
S1010.

[0204] From the perspective of a UE, in operation S1010,
the first UE 120 receives control information including down-
link scheduling information and a PDSCH indicated by the
downlink scheduling information, through an EPDCCH from
the eNB 110.

[0205] Subsequently, the first UE 120 may transmit sched-
uling request (SR), Hybrid ARQ (HARQ)-ACK with respect
to a received downlink data channel transmission block, and
areport of a UE in association with a downlink channel state,
through a PUCCH, and may transmit uplink data through a
PUSCH in an uplink, in operation S1020. In this instance, the
UE 120 may perform an uplink transmission to the eNB 110
which is a first T/R point, as illustrated in FIG. 2. In addition,
the second UE 122 may perform uplink transmission to the
RRH 112 which is a second T/R point, as illustrated in FIG. 3.
[0206] Inthis instance, a scheme of mapping control infor-
mation in a Resource Block (RB) for each PUCCH format has
been described with reference to FIG. 4.

[0207] In operation S1020, when the UE 120 perform
antenna port-based PUCCH resource mapping for HARQ
ACK/NACK feedback with respect to corresponding PDSCH
reception of a UE for which PDSCH allocation information is
transmitted through reception of downlink scheduling infor-
mation through an EPDCCH allocated to the data region 120
of'aresource block, components fora PUCCH resource deter-
mination may include an implicitly determined parameter
1,110 (COrresponding to n. of Equations 3 and 4), deter-
mined by an ECCE, an explicitly determined parameter N_ -
plicit® Ny oo of Equations 3 and 4), and an implicitly
determined offset offset,. As described in the above example,
the antenna port-based PUCCH resource mapping for HARQ
ACK/NACK feedback with respect to the corresponding
PDSCH reception may be determined by Equation 5 and
Equation 6.

[0208] Alternatively, in operation S1020, an ACK/NACK
Resource Indicator (ARI) information field is defined in
downlink scheduling information. Thus, the first UE 120 may
receive dynamic offset indication information through this
field. As described in the offset,,,, nei® embodiment, the first
UE 120 may determine a dynamic offset value through the
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ARI information field, with reference to offsetexphcit(k) table
information (for example, Tables 4 to 5) transferred through
higher layer signaling or fixed offset value table information
(Tables 6 to 11).

[0209] In addition, in operation S1020, when the UE 120
perform antenna port-based PUCCH resource mapping for
HARQ ACK/NACK feedback with respect to corresponding
PDSCH reception of a UE for which PDSCH allocation infor-
mation is transmitted through reception of downlink sched-
uling information through an EPDCCH allocated to the data
region of a resource block, components for a PUCCH
resource determination may include an implicitly determined
parameter 1,,,,,.;, (corresponding to n . of Equations 3 and
4), determined by an ECCE, an explicitly determined param-
eter Nexphcit(k) Nppeeet of Equations 3 and 4), an addi-
tional explicitly determined offset parameter (explicitly
determined offset, N,,,c;,"") and an additional implicitly
determined offset parameter (implicitly determined offset,
offset,,,.;;..,- As described in the above example, the antenna
port-based PUCCH resource mapping for HARQ ACK/
NACK feedback with respect to the corresponding PDSCH
reception may be determined by Equation 7 to Equation 10.
[0210] At least one of two control channel elements (e.g.,
Enhanced Control Channel Elements) indexed for each set,
for example, when a corresponding antenna port-based
PUCCH resource mapping is performed for HARQ ACK/
NACK feedback with respect to reception of a PDSCH indi-
cated by downlink scheduling information included in con-
trol information received through ECCEs #4 and #5, as
illustrated in FIG. 10, the lowest index of ECCEs, for
example, ECCE #4, may be used as a component, and
PUCCH resource mapping is performed using the same. For
example, when ECCE #4 is used as an implicitly determined
parameter of Equations 5 and 6, a PUCCH may be mapped to
a PUCCH resource m=2.

[0211] FIG. 11 is a diagram illustrating a transmission/
reception point according to another embodiment of the
present disclosure.

[0212] Referringto FIG. 11, a T/R point 1100 according to
another embodiment may include a controller 1110, a trans-
mitting unit (e.g., transmitter) 1120, and a receiving unit (e.g.,
receiver) 1130.

[0213] The controller 1110 controls general operations of a
base station in association with a PUCCH resource mapping
method for feeding back an uplink HARQ ACK/NACK, fora
UE that is configured to receive a DCI through an EPDCCH,
which is required for implementing the present disclosure.
[0214] The controller 1110 allocates at least one downlink
control channel (e.g., Enhanced Physical Downlink Control
Channel (EPDCCH)) set that is formed of X resource block
pairs of a subframe (X is a natural number greater than or
equalto 1 and less than or equal to the number of PRBs) when
a T/R point that transmits control information with respect to
apredetermined UE through a data region of a resource block
pair (Physical Resource Block Pair) of a subframe. The con-
troller 1110 performs indexing at least two control channel
elements (e.g., Enhanced Control Channel Elements) for
each downlink control channel set and allocates control infor-
mation to at least one of the indexed control channel elements.
[0215] As described above, X of X resource block pairs
forming a single EPDCCH set may be X=2,4.8, (16), (32), but
the present embodiment is not limited thereto. In this
instance, an EPDCCH set may or may not be formed of a
maximum of 16 resource block pairs, based on a type of
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EPDCCH set. For example, a distributed EPDCCH set may
be formed of 16 resource block pairs but alocalized EPDCCH
set may be formed of a total of 8 resource block pairs.
[0216] The transmitting unit (e.g., transmitter) 1120 and
the receiving unit (e.g., receiver) 1130 may be used for trans-
mitting and receiving a signal, a message, and data required
for implementing the above described present disclosure,
to/from a UE. For example, the transmitting unit 1120 trans-
mits the control information to a predetermined UE through
an EPDCCH of a data region of a resource block pair (Physi-
cal Resource Block pair) of a predetermined sub frame.
[0217] The base station 1100 shown in FIG. 11 may per-
form all the functions of a base station in the embodiments of
the present disclosure, which have been described through the
0,110 €mbodiment, the N, e embodiment, the offset, -
plicir embodiment, and the offsetexphcit(k) embodiment, using
the controller 1110, the transmitting unit 1120, and the receiv-
ing unit 1130.

[0218] As an example of performing one of the embodi-
ments of the present disclosure, the base station 1100 per-
forming the N, ® embodiment will be described in
detail.

[0219] The controller 1110 may allocate at least one down-
link control channel (e.g., enhanced Physical Downlink Con-
trol Channel) set that is formed of X resource block pairs of a
subframe, where X is greater than or equal to 1 and less than
or equal to the number of PRBs of the entire band. Here, X is
one of 2, 4, 8, and 16).

[0220] The transmitting unit 1120 may transmit uplink con-
trol channel resource starting offset indication information to
a UE, for each of the at least one downlink control channel set
(e.g., EPDCCH set).

[0221] The uplink control channel resource starting offset
indication information may be information associated with
Nexphdt(k), that has been described with reference to Equa-
tions 7 to 10, FIGS. 8 to 10, and the Nexphdt(") embodiment.
[0222] The transmitting unit 1120 may transmit the uplink
control channel resource starting offset indication informa-
tion through higher layer signaling (for example, RRC).
[0223] The transmitting unit 1120 may transmit control
information to a UE through a data region of a resource block
pair of a subframe. The control information may include
downlink scheduling information. The control information
may be transmitted through at least one control channel ele-
ment (e.g., enhanced Control Channel Element (ECCE)) of
one of at least one downlink control channel set (EPDCCH
set), which has been described in the description of the con-
troller 1110.

[0224] The uplink control channel resource starting offset
indication information transmitted by the transmitting unit
1120 and the lowest index of a control channel element
through which the control information is transmitted may be
used as components for resource determination when uplink
control channel resource mapping is performed for ACK/
NACK with respect to a Physical Downlink Shared Channel
(PDSCH) allocated based on the downlink scheduling infor-
mation.

[0225] The downlink scheduling information transmitted
by the transmitting unit 1120 may include dynamic offset
indication information.

[0226] The dynamic offset indication information may be
information associated with offsetexplidt(k), which has been
described with reference to Equations 9 to 10, FIG. 10, and
the offset ® embodiment.

explicit
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[0227] The transmitting unit 1120 may define an ARI field
in downlink scheduling information and may transmit
dynamic offset indication information through this field. The
transmitted dynamic offset indication information transmit-
ted may be used as another component for resource determi-
nation when uplink control channel resource mapping is per-
formed for ACK/NACK with respect to a Physical Downlink
Shared Channel (e.g., PDSCH) allocated based on downlink
scheduling information.

[0228] FIG. 12 is a diagram illustrating a UE according to
another embodiment.

[0229] Referring to FIG. 12, a UE 1200 according to
another embodiment may include a receiving unit (e.g.,
receiver) 1210, a controller 1220, and a transmitting unit (e.g.,
transmitter) 1230.

[0230] The receiving unit 1210 may receive, from a base
station, downlink control information, downlink data, a mes-
sage, through a corresponding channel. The receiving unit
1210 receives, from a T/R point, control information associ-
ated with downlink scheduling information through one of at
least two control channel elements (Enhanced Control Chan-
nel Elements) indexed for each downlink control channel set
with respect to at least one downlink control channel (En-
hanced Physical Downlink Control CHannel) set formed of X
resource block pairs (X is a natural number greater than or
equal to 1) of a subframe.

[0231] In addition, the controller 1220 controls general
operations of a base station in association with a PUCCH
resource mapping method for feeding back an uplink HARQ
ACK/NACK, fora UE configured to receive a DCI through an
EPDCCH, which is required for implementing the present
disclosure. The controller 1220 uses the lowest index of a
control channel element as a component when executing
PUCCH resource mapping is performed for ACK/NACK
with respect to a Physical Downlink Shared Channel (PD-
SCH) allocated based on the downlink scheduling informa-
tion.

[0232] The transmitting unit 1230 may transmit, to a base
station, uplink control information, data, a message, through
a corresponding channel.

[0233] The UE 1200 shown in FIG. 12 may perform all the
functions of a UE in the embodiments of the present disclo-
sure, which have been described through the n,,, ;... embodi-
ment, the Nexphdt(k) explicit embodiment, the offset,,,,; .,
embodiment, and the offsetexphdt(") embodiment, using the
receiving unit 1210, the controller 1220, and the transmitting
unit 1230.

[0234] As anexample of executing one of the embodiments
of the present disclosure, a case in which the UE 1200
executes the N, ® embodiment will be described in
detail.

[0235] The receiving unit 1210 receives uplink control
channel resource starting offset indication information from a
T/R point for each of at least one downlink control channel
(enhanced Physical Downlink Control Channel) set formed
of X resource block pairs (X is a natural number greater than
or equal to 1 and less than or equal to the number of PRBs of
the entire band) of a subframe. The receiving unit 1210
receives downlink scheduling control information from the
T/R point, through at least one control channel element
(ECCE, enhanced Control Channel Element) of one of the at
least one downlink control channel set (EPDCCH set).
[0236] X of X resource block pairs forming a single EPD-
CCH setmay be X=2, 4, 8, (16), (32), but the present embodi-

explicit
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ment is not limited thereto. In this instance, an EPDCCH set
may or may not be formed of a maximum of 16 resource block
pairs, based on a type of EPDCCH set. For example, a dis-
tributed EPDCCH set may be formed of 16 resource block
pairs but a localized EPDCCH set may be formed of a total of
8 resource block pairs.

[0237] The uplink control channel resource starting offset
indication information may be information associated with
N, s, which has been described with reference to Equa-
tions 7 to 10, FIGS. 8 to 10, and the Nexphdt(k) embodiment.
[0238] The receiving unit 1210 may receive the uplink con-
trol channel resource starting offset indication information
through higher layer signaling (for example, RRC).

[0239] The controller 1220 controls uplink control channel
resource mapping for ACK/NACK with respect to a Physical
Downlink Shared Channel (PDSCH) allocated based on
downlink scheduling control information. The controller
1220 may perform uplink control channel resource mapping
using the received uplink control channel resource starting
offset indication information and the lowest index of a control
channel element through which control information is
received, as components for resource determination.

[0240] The downlink scheduling control information may
include dynamic offset indication information. The controller
1220 may use the dynamic offset indication information as
another component for resource determination and may per-
form uplink control channel resource mapping.

[0241] The dynamic offset indication information may be
information associated with offsetexplidt(k), which has been
described with reference to Equations 9 to 10, FIG. 10, and
the offsetexphcit(k) embodiment.

[0242] The contents associated with the standard, men-
tioned in the above described embodiments has been omitted
to simplify the description of the present specifications, but it
may be a part of the present specifications. Therefore, when
part of the contents related to the standard is added to the
present specifications or is specified in claims, it should be
construed as a part of the present disclosure.

[0243] Particularly, the documents attached herein are a
part of previously publicized documents and constitute a part
of the present specifications. Therefore, when part of the
contents and documents associated with the standard are
added to the present specifications or is specified in claims, it
should be construed as a part of the present disclosure.
[0244] Although the embodiments of the present disclosure
have been described for illustrative purposes, those skilled in
the art will appreciate that various modifications, additions
and substitutions are possible, without departing from the
scope and spirit of the invention. Therefore, exemplary
embodiments of the present disclosure have been described
for the sake of brevity and clarity. The scope of the present
disclosure shall be construed on the basis of the accompany-
ing claims in such a manner that all of the technical ideas
included within the scope equivalent to the claims belong to
the present disclosure.

CROSS-REFERENCE TO RELATED
APPLICATION

[0245] This application claims priority from and the benefit
under 35 U.S.C. §119(a) of Korean Patent Application Nos.
10-2012-0085937, filed on Aug. 6, 2012, 10-2012-0089253,
filed on Aug. 16, 2012, 10-2012-0089881, filed on Aug. 17,
2012, 10-2012-0093098, filed on Aug. 24, 2012, 10-2012-
0093109, filed on Aug. 24, 2012, 10-2012-0132928, filed on
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Nov. 22,2012, 10-2012-0145416, filed on Dec. 13,2012, and
10-2012-0146706, filed on Dec. 14, 2012 which are hereby
incorporated by reference for all purposes as if fully set forth
herein. Also, when this application claims the priority benefit
of the same Korean Patent Applications from countries in
addition to the U.S., the disclosure will be incorporated herein
by reference.
1. A control information transmission method of a trans-
mission/reception point for transmitting control information
with respect to a User Equipment (UE) through a data region
of a resource block pair of a subframe, the method compris-
ing:
allocating at least one of downlink control channel sets
each formed of X resource block pairs of the subframe,
where the at least one downlink control channel includes
an Enhance Physical Downlink Control Channel and the
X is a natural number greater than or equal to 1 and less
than or equal to a number of resource blocks (RBs) in the
entire band;
transmitting, to the UE, uplink control channel resource
starting offset indication information for each of the at
least one of downlink control channel sets; and

transmitting, to the UE, the control information through at
least one control channel element indexed for each
downlink control channel set.
2. The method as claimed in claim 1, wherein:
each of the control channel elements Enhanced Control
Channel Elements is formed of one of 4 resource ele-
ment groups and 8 resource element groups where the
control channel elements includes Enhanced Control
Channel Elemenets; and

the 4 resource element groups and the 8 resource element
groups forming each control channel element are
located in a single physical resource block pair or in two
or more physical resource block pairs.

3. The method as claimed in claim 1, wherein:

the control information includes downlink scheduling

information; and

the lowest index of the control channel element through

which the control information is transmitted and the
uplink control channel resource starting offset indica-
tion information are used as components for resource
determination when uplink control channel resource
mapping is performed for ACK/NACK with respect to a
Physical Downlink Shared Channel (PDSCH) allocated
based on the downlink scheduling information.

4. The method as claimed in claim 3, wherein:

the downlink scheduling information includes dynamic

offset indication information; and

the dynamic offset indication information is used as

another component for resource determination when the
uplink control channel resource mapping is executed for
ACK/NACK with respect to the Physical Downlink
Shared Channel (PDSCH) allocated based on the down-
link scheduling information.

5. The method as claimed in claim 3, wherein a transmis-
sion antenna port of the downlink scheduling information is
used as another component for resource determination when
the uplink control channel resource mapping is performed for
ACK/NACK with respect to the Physical Downlink Shared
Channel (PDSCH) allocated based on the downlink schedul-
ing information.

6. The method as claimed in claim 1, wherein transmitting
the resource starting offset indication information transmits
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the uplink control channel resource starting offset indication
information to the UE through higher layer signaling.
7. The method as claimed in claim 1, wherein:
the downlink control channel set is a distributed downlink
control channel set, among an localized downlink con-
trol channel set and the distributed downlink control
channel set;
in the localized downlink control channel set, resource
element groups forming each control channel element
are located in a single physical resource block pair; and
in the distributed downlink control channel set, resource
element groups forming each control channel element
are located in two or more physical resource block pairs.
8. The method as claimed in claim 1, wherein X of X
resource block pairs of the subframe is one of 2, 4, 8, and 16.
9. An uplink control channel resource mapping method of
a User Equipment (UE), the method comprising:
receiving, from a transmission/reception point, uplink con-
trol channel resource starting offset indication informa-
tion for each of at least one downlink control channel set
formed of X resource block pairs of a subframe, where
the downlink control channel includes an Enhanced
Physical Downlink Control Channel and X is a natural
number greater than or equal to 1 and less than or equal
to the number of resource blocks (RBs);
receiving, from a transmission/reception point, control
information associated with downlink scheduling infor-
mation through at least one control channel element
indexed for each downlink control channel set, where
the control channel element includes an Enhanced Con-
trol Channel Element; and
executing uplink control channel resource mapping for
ACK/NACK with respect to a (Physical Downlink
Shared Channel (PDSCH) allocated based on the down-
link scheduling information, using the uplink control
channel resource starting offset indication information
and the lowest index of the control channel element as
components for resource determination.
10. The method as claimed in claim 9, wherein:
each of the control channel elements is formed of one of 4
resource element groups and 8 resource element groups;
and
4 or 8 resource element groups forming each control chan-
nel element is located in a single physical resource block
pair or in two or more physical resource block pairs.
11. The method as claimed in claim 9, wherein X of X
resource block pairs of the subframe is one of 2, 4, 8, and 16.
12. The method as claimed in claim 9, wherein:
the downlink scheduling control information includes
dynamic offset indication information; and
the uplink control channel resource mapping is performed
using the dynamic offset indication information as
another component for resource determination.
13. The method as claimed in claim 9, wherein receiving
the resource starting offset indication information receives
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the uplink control channel resource starting offset indication
information through higher layer signaling.

14. The method as claimed in claim 9, wherein the uplink
control channel resource mapping is performed using a trans-
mission antenna port of the downlink scheduling control
information as another component for resource determina-
tion.

15. (canceled)

16. (canceled)

17. (canceled)

18. (canceled)

19. (canceled)

20. (canceled)

21. A User Equipment (UE), comprising:

a receiver configured to receive, from a transmission/re-
ception point, uplink control channel resource starting
offset indication information for each of at least one
downlink control channel set formed of X resource
block pairs of a subframe, where the downlink control
channel include an Enhanced Physical Downlink Con-
trol Channel and X is a natural number greater than or
equal to 1 and less than or equal to the number of RBs in
the entire band, and to receive, from a transmission/
reception point, control information associated with
downlink scheduling information through at least one
control channel element indexed for each downlink con-
trol channel set, where the control channel element
includes an Enhanced Control Channel Element; and

a controller configured to perform uplink control channel
resource mapping for ACK/NACK with respect to
Physical Downlink Shared Channel (PDSCH) allocated
based on the downlink scheduling information, using the
uplink control channel resource starting offset indica-
tion information and the lowest index of the control
channel element as components for resource determina-
tion.

22. The UE as claimed in claim 21, wherein X of X

resource block pairs of the subframe is one of 2, 4, 8, and 16.

23. The UE as claimed in claim 21, wherein:

the downlink scheduling control information includes
dynamic offset indication information; and

the uplink control channel resource mapping is executed
using the dynamic offset indication information as
another component for resource determination.

24. The UE as claimed in claim 21, wherein the receiver is
configured to receive the uplink control channel resource
starting offset indication information through higher layer
signaling.

25. The UE as claimed in claim 18, wherein the uplink
control channel resource mapping is performed using a trans-
mission antenna port of the downlink scheduling control
information as another component for resource determina-
tion.



