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METHOD OF TRANSMITTING/RECEIVING
DOWNLINK CONTROL INFORMATION AND
USER EQUIPMENT THEREFOR IN
WIRELESS ACCESS SYSTEM

TECHNICAL FIELD

[0001] The present invention relates to a wireless access
system, and more particularly, to a method of transmitting/
receiving downlink control information and an apparatus for
supporting the same in a wireless access system supporting
an enhanced physical downlink control channel.

BACKGROUND ART

[0002] A mobile communication system was developed in
order to provide voice service while securing user mobility.
However, the mobile communication system gradually
extends service coverage to data service from the voice
service and currently reaches a high-speed data service.
Currently used mobile communication systems have prob-
lems of lack of resources and cannot satisfy user demands
for ultra-high-speed service, and thus enhanced mobile
communication systems are needed.

[0003] The most important one of requirements of a
next-generation wireless access system is to support a high
data transfer rate. To achieve this, various technologies such
as multiple input multiple output (MIMO), cooperative
multi-point transmission (CoMP), relay, etc. are developed
and studied.

[0004] To maximize performances of these technologies, a
downlink control channel used in existing systems cannot be
employed. Accordingly, 3GPP LTE-A systems introduce an
enhanced physical downlink control channel (e-PDCCH) in
order to increase the capacity of a PDCCH used in 3GPP
LTE systems.

[0005] In a wireless access system supporting the e-PD-
CCH, a base station (BS) needs to set which one of the
PDCCH and e-PDCCH is used to transmit downlink control
information. Furthermore, an user equipment (UE) needs to
set an e-PDCCH region in order to correctly receive the
downlink control information.

DISCLOSURE

Technical Problem

[0006] An object of the present invention is to provide a
method of transmitting/receiving downlink control informa-
tion between a UE and a BS and an apparatus for the same
in a wireless access system, preferably, in a wireless access
system supporting an e-PDCCH.

[0007] Another object of the present invention is to pro-
vide a method of configuring a channel transmitting down-
link control information and an apparatus for the same in a
wireless access system supporting an e-PDCCH.

[0008] Another object of the present invention is to pro-
vide a method of configuring an e-PDCCH region and an
apparatus for the same in a wireless access system support-
ing an e-PDCCH.

[0009] The technical problems solved by the present
invention are not limited to the above technical problems
and those skilled in the art may understand other technical
problems from the following description.

Nov. 10, 2016

Technical Solution

[0010] Inaccordance with one aspect of the present inven-
tion, a method of receiving downlink control information
(DCI) in a wireless access system supporting an enhanced
physical downlink control channel (e-PDCCH) multiplexed
with a physical downlink shared channel (PDSCH), includes
receiving, from an eNB, DCI transmission channel infor-
mation that indicates which one of a physical downlink
control channel (PDCCH) and the e-PDCCH is used to
transmit the DCI, checking the starting symbol of the
e-PDCCH when the DCI transmission channel information
indicates that the e-PDCCH is used to transmit the DCI, and
receiving the DCI by performing blind decoding on the
e-PDCCH from the starting symbol of the e-PDCCH.

[0011] In accordance with another aspect of the present
invention, a user equipment (UE) for receiving DCI in a
wireless access system supporting an e-PDCCH multiplexed
with a PDSCH includes a radio frequency (RF) unit con-
figured to transmit/receive RF signals, and a processor
configured to receive, from an eNB, DCI transmission
channel information that indicates which one of a PDCCH
and the e-PDCCH is used to transmit the DCI, to check the
starting symbol of the e-PDCCH when the DCI transmission
channel information indicates that the e-PDCCH is used to
transmit the DCI, to receive the DCI by performing blind
decoding on the e-PDCCH from the starting symbol of the
e-PDCCH.

[0012] The starting symbol of the e-PDCCH may have an
index following an index corresponding to a control format
indicator value of a PCFICH transmitted in a subframe in
which the e-PDCCH is transmitted.

[0013] The starting symbol of the e-PDCCH may have an
index following an index corresponding to the PDCCH
when the PDCCH has a maximum size in a time domain.

[0014] The starting symbol of the e-PDCCH may have an
index following an index corresponding to a PHICH dura-
tion.

[0015] Information about the starting symbol of the e-PD-
CCH may be received through predetermined control chan-
nel elements (CCEs) of the PDCCH.

[0016] The DCI transmission channel information may be
received using one of UE-specific higher layer signaling,
cell-specific higher layer signaling and subframe-specific
higher layer signaling.

[0017] A bitmap composed of 10 bits each of which
corresponds to each subframe may be received as the DCI
transmission channel information when subframe-specific
higher layer signaling is used.

[0018] The DCI transmission channel information may be
received when a network entry procedure is performed for
the eNB.

[0019] The DCI transmission channel information may be
received through predetermined CCEs of the PDCCH.

Advantageous Effects

[0020] According to embodiments of the present inven-
tion, downlink control information can be efficiently trans-
mitted and received between a UE and a BS in a wireless
access system, preferably, in a wireless access system sup-
porting an e-PDCCH.
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[0021] According to embodiments of the present inven-
tion, a channel that transmits downlink control information
can be correctly configured in a wireless access system
supporting an e-PDCCH.

[0022] According to embodiments of the present inven-
tion, an e-PDCCH region can be correctly configured in a
wireless access system supporting an e-PDCCH.

[0023] The effects of the present invention are not limited
to the above-described effects and other effects which are not
described herein will become apparent to those skilled in the
art from the following description.

DESCRIPTION OF DRAWINGS

[0024] The accompanying drawings, which are included
to provide a further understanding of the invention and are
incorporated in and constitute a part of this application,
illustrate embodiment(s) of the invention and together with
the description serve to explain the principle of the inven-
tion. In the drawings:

[0025] FIG. 1 illustrates physical channels used in a 3GPP
LTE system and a signal transmission method using the
same;

[0026] FIG. 2 illustrates a radio frame structure in 3GPP
LTE;

[0027] FIG. 3 illustrates a resource grid for one downlink
slot;

[0028] FIG. 4 illustrates a downlink subframe structure;
[0029] FIG. 5 illustrates an uplink subframe structure;
[0030] FIG. 6 is a block diagram of a BS processing a

downlink signal for transmission;

[0031] FIG. 7 is a block diagram of a UE for processing
an uplink signal for transmission;

[0032] FIG. 8 illustrates downlink reference signal struc-
tures for systems respectively having 1, 2 and 4 transmit
(Tx) antennas in a normal cyclic prefix (CP) case;

[0033] FIG. 9 illustrates downlink reference signal struc-
tures based on frequency shifts of a reference signal accord-
ing to cells in the normal CP case;

[0034] FIG. 10 illustrates downlink control channel
resource configuration in a system having one or two Tx
antennas;

[0035] FIG. 11 illustrates downlink control channel
resource configuration in a system having four Tx antennas;
[0036] FIG. 12 illustrates a PCFICH transmission form;
[0037] FIG. 13 illustrates an example of mapping
PCFICHs and PHICHs to REGs;

[0038] FIG. 14 illustrates a PHICH group configuration in
a subframe according to PHICH duration;

[0039] FIG. 15 illustrates SC-FDMA and OFDMA
schemes;
[0040] FIG. 16 illustrates signal mapping schemes in a

frequency domain to satisfy single carrier properties in the
frequency domain;

[0041] FIG. 17 illustrates a signal processing procedure
for mapping DFT process output samples to a single carrier
in clustered SC-FDMA;

[0042] FIGS. 18 and 19 illustrate signal processing pro-
cedures of mapping DFT process output samples to multiple
carriers in clustered SC-FDMA;

[0043] FIG. 20 illustrates a signal processing procedure in
segmented SC-FDMA;

[0044] FIG. 21 illustrates a signal processing procedure
for transmitting a reference signal on uplink;
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[0045] FIG. 22 illustrates subframe structures for trans-
mitting a reference signal;

[0046] FIG. 23 illustrates exemplary e-PDCCH structures;
[0047] FIG. 24 illustrates a method of transmitting DCI to
a UE according to an embodiment of the present invention;
and

[0048] FIG. 25 is a block diagram of a wireless commu-
nication apparatus according to an embodiment of the pres-
ent invention.

BEST MODE

[0049] Reference will now be made in detail to the pre-
ferred embodiments of the present invention, examples of
which are illustrated in the accompanying drawings. The
detailed description set forth below in connection with the
appended drawings is a description of exemplary embodi-
ments and is not intended to represent the only embodiments
through which the concepts explained in these embodiments
can be practiced. The detailed description includes details
for the purpose of providing an understanding of the present
invention. However, it will be apparent to those skilled in the
art that these teachings may be implemented and practiced
without these specific details.

[0050] In some instances, known structures and devices
are omitted, or are shown in block diagram form focusing on
important features of the structures and devices, so as not to
obscure the concept of the present invention.

[0051] In the embodiments of the present invention, a
description is made centering on a data transmission and
reception relationship between a BS and a UE. Here, the BS
may be a terminal node of a network, which directly
communicates with the terminal. In some cases, a specific
operation described as performed by the BS may be per-
formed by an upper node of the BS. Namely, it is apparent
that, in a network comprised of a plurality of network nodes
including a BS, various operations performed for commu-
nication with a terminal may be performed by the BS, or
network nodes other than the BS. The term ‘BS’ may be
replaced with the term ‘fixed station’, ‘Node B’, ‘enhanced
Node B (eNode B or eNB)’, ‘access point’, etc. The term
‘relay’ may be replaced with the term ‘relay node (RN)’,
‘relay station (RS)’, etc. The term ‘terminal’ may be
replaced with the term ‘user equipment (UE)’, ‘Mobile
Station (MS)’, ‘Mobile Subscriber Station (MSS)’, ‘sub-
scriber station (SS)’, etc.

[0052] Specific terms used for the embodiments of the
present invention are provided to aid in understanding of the
present invention. These specific terms may be replaced with
other terms within the scope and spirit of the present
invention.

[0053] The embodiments of the present invention can be
supported by standard documents disclosed for at least one
of wireless access systems, Institute of Electrical and Elec-
tronics Engineers (IEEE) 802, 3™ Generation Partnership
Project (3GPP), 3GPP Long Term Evolution (3GPP LTE),
LTE-Advanced (LTE-A), and 3GPP2. Steps or parts that are
not described to clarify the technical features of the present
invention can be supported by those documents. Further, all
terms as set forth herein can be explained by the standard
documents.

[0054] Techniques described herein can be used in various
wireless access systems such as Code Division Multiple
Access (CDMA), Frequency Division Multiple Access
(FDMA), Time Division Multiple Access (TDMA),
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Orthogonal Frequency Division Multiple Access (OFDMA),
Single Carrier-Frequency Division Multiple Access (SC-
FDMA), etc. CDMA may be implemented as a radio tech-
nology such as Universal Terrestrial Radio Access (UTRA)
or CDMA2000. TDMA may be implemented as a radio
technology such as Global System for Mobile communica-
tions (GSM)/General Packet Radio Service (GPRS)/En-
hanced Data Rates for GSM Evolution (EDGE). OFDMA
may be implemented as a radio technology such as IEEE
802.11 (Wi-Fi), IEEE 802.16 (WiMAX), IEEE 802.20,
Evolved-UTRA (E-UTRA) etc. UTRA is a part of Universal
Mobile Telecommunication System (UMTS). 3GPP LTE is
a part of Evolved UMTS (E-UMTS) using E-UTRA. 3GPP
LTE employs OFDMA for downlink and SC-FDMA for
uplink. LTE-A is an evolution of 3GPP LTE.

[0055] For clarity, this application focuses on the 3GPP
LTE/LTE-A system. However, the technical features of the
present invention are not limited thereto.

[0056] 1.3GPP LTE/LTE-A System to Which the Present
Invention is Applicable

[0057] 1.1. Outline of System

[0058] FIG. 1 illustrates physical channels used in a 3GPP
LTE system and a signal transmission method using the
same.

[0059] When powered on or when a UE initially enters a
cell, the UE performs initial cell search involving synchro-
nization with an eNB in step S101. For initial cell search, the
UE may be synchronized with the eNB and acquire infor-
mation such as a cell identifier (ID) by receiving a primary
synchronization Channel (P-SCH) and a secondary synchro-
nization channel (S-SCH) from the eNB.

[0060] Then the UE may receive broadcast information
from the cell on a physical broadcast channel (PBCH). In the
mean time, the UE may determine a downlink channel status
by receiving a downlink reference signal (DL RS) during
initial cell search.

[0061] After initial cell search, the UE may acquire more
specific system information by receiving a physical down-
link control channel (PDCCH) and receiving a physical
downlink shared channel (PDSCH) based on information of
the PDCCH in step S12.

[0062] The UE may perform a random access procedure to
access the eNB in steps S13 to S16. For random access, the
UE may transmit a preamble to the eNB on a physical
random access channel (PRACH) (S13) and receive a
response message for the preamble on a PDCCH and a
PDSCH corresponding to the PDCCH (S14). In the case of
contention-based random access, the UE may perform a
contention resolution procedure by further transmitting the
PRACH (S15) and receiving a PDCCH and a PDSCH
corresponding to the PDCCH (S16).

[0063] After the foregoing procedure, the UE may receive
a PDCCH/PDSCH (S17) and transmit a physical uplink
shared channel (PUSCH)/physical uplink control channel
(PUCCH) (S18), as a general downlink/uplink signal trans-
mission procedure.

[0064] Control information transmitted from the UE to the
eNB is called uplink control information (UCI). The UCI
may include a hybrid automatic repeat and request acknowl-
edgement/negative-ACK (HARQ ACK/NACK) signal,
scheduling request (SR), a channel quality indicator (CQI),
a precoding matrix index (PMI), a rank indicator (RI), etc.
[0065] While the UCI is transmitted through a PUCCH in
general in an LTE system, it may be transmitted through a
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PUSCH when control information and traffic data need to be
simultaneously transmitted. The UCI may be aperiodically
transmitted through a PUSCH at the request/instruction of a
network.

[0066] FIG. 2 illustrates a radio frame structure in 3GPP
LTE. In a cellular OFDM wireless packet communication
system, an uplink/downlink data packet is transmitted on a
subframe basis and one subframe is defined as a predeter-
mined time interval including a plurality of OFDM symbols.
3GPP LTE standard supports a type-1 radio frame structure
applicable to frequency division duplex (FDD) and a type-2
radio frame structure applicable to time division duplex
(TDD).

[0067] FIG. 2(a) illustrates the type-1 radio frame struc-
ture. A downlink radio frame is divided into 10 subframes.
Each subframe is further divided into two slots in the time
domain. A unit time during which one subframe is trans-
mitted is defined as transmission time interval (TTI). For
example, one subframe may be Ims in duration and one slot
may be 0.5 ms in duration. A slot may include a plurality of
orthogonal frequency division multiplexing (OFDM) sym-
bols in the time domain and includes a plurality of resource
blocks (RBs) in the frequency domain. Because the 3GPP
LTE system adopts OFDMA for downlink, an OFDM sym-
bol represents one symbol period. An OFDM symbol may be
referred to as an SC-FDMA symbol or symbol period. A
Resource Block (RB) is a resource allocation unit including
a plurality of contiguous subcarriers in a slot.

[0068] The number of OFDM symbols included in one
slot depends on cyclic prefix (CP) configuration. CP is
divided into an extended CP and a normal CP. For example,
when OFDM symbols are configured according to normal
CP, the number of OFDM symbols included in one slot may
be 7. When the OFDM symbols are configured according to
extended CP, the duration of one OFDM symbol increases
and thus the number of OFDM symbols included in one slot
is smaller than the number of OFDM symbols included in
one slot when the OFDM symbols are configured using the
normal CP. In the extended CP case, the number of OFDM
symbols included in one slot may be 6, for example. When
a channel status is unstable, for example, when a UE moves
at a high speed, the extended CP can be used to reduce
inter-symbol interference.

[0069] When the normal CP is used, one slot includes 7
OFDM symbols, and thus one subframe includes 14 OFDM
symbols. In this case, up to three OFDM symbols at the start
of each subframe can be allocated to a physical downlink
control channel (PDCCH) and the other three OFDM sym-
bols can be allocated to a physical downlink shared channel
(PDSCH).

[0070] FIG. 2(b) illustrates the type-2 radio frame struc-
ture. The type-2 radio frame includes two half frames each
having 5 subframes, a downlink pilot time slot (DwPTS), a
guard period (GP), and an uplink pilot time slot (UpPTS).
Each subframe includes two slots. The DwPTS is used for
initial cell search, synchronization, or channel estimation in
a UE, whereas the UpPTS is used for channel estimation in
an eNB and uplink transmission synchronization in a UE.
The GP is a period between a downlink and an uplink, for
eliminating interference with the uplink caused by multi-
path delay of a downlink signal.

[0071] The aforementioned radio frame structure is purely
exemplary and thus the number of subframes included in a
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radio frame, the number of slots included in a subframe, or
the number of symbols included in a slot may vary.

[0072] FIG. 3 illustrates a resource grid for a downlink
slot.
[0073] Referring to FIG. 3, a downlink slot includes a

plurality of OFDM symbols in the time domain. A downlink
slot includes 7 OFDM symbols in the time domain and an
RB includes 12 subcarriers in the frequency domain, which
does not limit the scope and spirit of the present invention.
[0074] Each element of the resource grid is referred to as
a resource element (RE). An RB includes 12x7 REs. The
number of RBs in a downlink slot, NDL depends on a
downlink transmission bandwidth. An uplink slot may have
the same structure as a downlink slot.

[0075] FIG. 4 illustrates a downlink subframe structure.
Up to three OFDM symbols at the start of the first slot in a
downlink subframe are used for a control region to which
control channels are allocated and the other OFDM symbols
of'the downlink subframe are used for a data region to which
a PDSCH is allocated. Downlink control channels used in
3GPP LTE include a physical control format indicator chan-
nel (PCFICH), a physical downlink control channel (PD-
CCH), and a physical hybrid automatic repeat request
(ARQ) indicator channel (PHICH).

[0076] The PCFICH is located in the first OFDM symbol
of a subframe, carrying information about the number of
OFDM symbols used for transmission of control channels in
the subframe. The PHICH delivers a HARQ acknowledg-
ment/negative acknowledgment (ACK/NACK) signal in
response to an uplink transmission. Control information
carried on the PDCCH is called downlink control informa-
tion (DCI). The DCI includes uplink resource allocation
information, downlink resource allocation information or an
uplink transmit (Tx) power control command for an arbi-
trary UE group.

[0077]

[0078] Referring to FIG. 5, an uplink subframe may be
divided into a control region and a data region in the
frequency domain. A physical uplink control channel
(PUCCH) carrying uplink control information is allocated to
the control region and a physical uplink shared channel
(PUSCH) carrying user data is allocated to the data region.
To maintain single carrier property, a UE does not transmit
a PUSCH and a PUCCH simultaneously. A PUCCH for a
UE is allocated to an RB pair in a subframe. The RBs of the
RB pair occupy different subcarriers in two slots. Thus it is
said that the RB pair allocated to the PUCCH is frequency-
hopped over a slot boundary.

[0079] FIG. 6 is a block diagram of an eNB processing a
downlink signal for transmission.

[0080] In a3GPP LTE system, the eNB may transmit one
or more codewords on the downlink. The one or more
codewords may be processed into complex symbols through
a scrambling module 61 and a modulation mapper 62. A
layer mapper 63 maps the complex symbols to a plurality of
layers. A precoding module 64 may multiply the layers by a
precoding matrix and allocate the multiplied layers to
respective antennas. Resource element mappers 65 may map
the transmission signals for the respective antennas received
from the precoding module 64 to time-frequency resource
elements. The mapped signals may be transmitted through
the respective antennas after being processed in OFDMA
signal generators 66.

FIG. 5 illustrates an uplink subframe structure.
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[0081] FIG. 7 is a block diagram of a UE for processing
an uplink signal for transmission.

[0082] Referring to FIG. 7, a scrambling module 71 of the
UE may scramble a transmission signal with a UE-specific
scrambling signal in order to transmit the uplink signal. A
modulation mapper 72 modulates the scrambled signal to
complex symbols through binary phase shift keying
(BPSK), quadrature phase shift keying (QPSK), or 16-ary
quadrature amplitude modulation (16QAM) according to the
type of the transmission signal and/or a channel status. A
transform precoder 73 processes the complex symbols and a
resource element mapper 74 may map the processed com-
plex symbols to time-frequency resource elements, for
actual transmission. The mapped signal may be transmitted
to the eNB through an antenna after being processed in a
single carrier-frequency division multiple access (SC-
FDMA) signal generator 75.

[0083] OFDM has a high peak-to-average power ratio
(PAPR) due to superposition of subcarriers because multiple
subcarriers are used. Accordingly, as described above with
reference to FIGS. 6 and 7, to make up for the shortcoming
of high PAPR in a UE that requires high power efficiency,
downlink signal transmission uses OFDM whereas uplink
signal transmission uses single carrier-frequency division
multiple access (SC-FDMA) in a 3GPP system (e.g. LTE
system). SC-FDMA is also called discrete Fourier trans-
form-spread OFDM (DFTs OFDM).

[0084] 1.2. Downlink System

[0085] Since data/a signal is transmitted through a radio
channel in a wireless communication system, the data/signal
may be distorted during transmission. To correctly receive a
distorted signal at a receiver, it is preferable to correct the
received distorted signal using channel information. Here, a
transmitter and/or the receiver can use a reference signal that
both the transmitter and the receiver know in order to detect
the channel information. The reference signal may be
referred to as a pilot signal.

[0086] When the transmitter transmit/receives data using
MIMO antennas, it is preferable to detect a channel status
between a transmit antenna and a receive antenna for correct
reception of data at the receiver. Here, to detect a channel
status at the receiver, each transmit antenna of the transmit-
ter may have an individual reference signal.

[0087] Downlink reference signals include a common
reference signal (CRS) shared by all UEs in a cell and a
dedicated reference signal (DRS) for a specific UE only. The
transmitter can provide information for modulation and
channel measurement to the receiver using these reference
signals (CRS and DRS).

[0088] The receiver (e.g. a UE) may measure a channel
status using the CRS and feed back an indicator related to
channel quality, such as a channel quality indicator (CQI), a
precoding matrix index (PMI) and/or a rank indicator (RI) to
the transmitter (e.g. an eNB) according to the measured
channel status. In the embodiments of the present invention,
the CRS is referred to as a cell-specific RS. A reference
signal related to feedback of channel status information
(CSI) may be defined as a CSI-RS.

[0089] The DRS can be transmitted to UEs through REs
when data modulation on a PDSCH is needed. A UE can
receive information about presence of the DRS through
higher layer signaling. The DRS is valid only when a
PDSCH signal corresponding thereto is mapped. In the
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embodiments of the present invention, the DRS may be
referred to as a UE-specific RS or a demodulation RS
(DMRS).

[0090] FIG. 8 illustrates downlink RS structures for sys-
tems respectively having 1, 2 and 4 transmit (Tx) antennas
in a normal CP case.

[0091] Referring to FIG. 8, R0, R1, R2 and R3 respec-
tively denote RSs for Tx antennas 0, 1, 2 and 3. Subframes
used for the RS of a Tx antenna do not carry signals for Tx
antennas other than the Tx antenna in order to eliminate
interference.

[0092] FIG. 9 illustrates a downlink RS structure accord-
ing to frequency shift of an RS for cells.

[0093] Referring to FIG. 9, if the RS (or pilot symbol)
structure for the system having one Tx antenna shown in
FIG. 8 is used for cell 1, RSs can be protected through
subcarrier-based or OFDM symbol-based shift in the fre-
quency domain or time domain in cell 2 and cell 3 to prevent
collision of RSs between the cells. For example, in the case
of the system having one Tx antenna, as shown in FIG. 9,
RSs can be located at an interval of 6 subcarriers in the
frequency domain. Accordingly, at least 5 neighboring cells
can have RSs located at different positions in the frequency
domain through shift on a subcarrier basis in the frequency
domain.

[0094] Additionally, interference of RSs received from
neighboring cells can be reduced at the receiver by multi-
plying a downlink RS for each cell by a pseudo-random
sequence and transmitting the downlink RS, to thereby
improve channel estimation performance. The PN sequence
is applied for each OFDM symbol in a subframe and may
vary according to cell identifier (ID), subframe number (or
index) and OFDM symbol position.

[0095] Resources can be configured, as shown in FIGS. 10
and 11, in order to allocate the aforementioned downlink
control channel to each subframe.

[0096] FIG. 10 illustrates downlink control channel
resource configuration in a system having one or two Tx
antennas and FIG. 11 illustrates downlink control channel
resource configuration in a system having four Tx antennas.
In FIGS. 10 and 11, R0, R1, R2 and R3 denote RSs (or pilot
symbols) for transmit antennas 0, 1, 2 and 3, respectively.
[0097] Referring to FIGS. 10 and 11, the downlink control
channel are configured of resource element groups (REGs).
An REG is used to define mapping of a control channel to
a resource element (RE) and may be composed of contigu-
ous REs in four frequency domains except REs used for RS
transmission. A specific number of REGs may be used as the
downlink control channel as necessary. Here, an RE is used
as a subcarrier.

[0098] A PCFICH will now be described in detail.
[0099] The PCFICH is transmitted through the first
OFDM symbol (OFDM symbol #0) of each subframe. The
PCFICH may be transmitted through one antenna or using a
transmit diversity scheme. A UE receives control informa-
tion transmitted on a PDCCH after checking control infor-
mation transmitted through the PCFICH when receiving a
subframe.

[0100] An eNB may transmit a PDCCH between OFDM
symbols #0 to #2 for each subframe for resource allocation
information of each subframe and send downlink control
channel information through OFDM symbol #0, OFDM
symbols #0 and #1, or OFDM symbols #0 to #2 according
to downlink control channel capacity. In this manner, the
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number of OFDM symbols used for the downlink control
channel can be changed on a subframe-by-subframe basis.
The PCFICH signals information about the number of
OFDM symbols used for the downlink control channel.
Accordingly, the PCFICH needs to be transmitted for every
subframe.

[0101] Control information transmitted through the
PCFICH is referred to as a control format indicator (CFI).
For example, the CFI can be 1, 2 or 3 and can represent the
number of OFDM symbols used for PDCCH transmission in
a subframe. This is exemplary and information represented
by the CFI can vary according to system bandwidth. For
example, when the system bandwidth is less than a specific
threshold value, CFI values 1, 2 and 3 can represent that the
number of OFDM symbols used for PDCCH transmission in
a subframe are 2, 3 and 4, respectively.

[0102] Table 1 shows the CFI of the PCFICH and a 32-bit
CFI codeword generated by channel-coding the CFI.
TABLE 1
CFI codeword
CFI  <bg, by, ..., bs>

1 <0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0, 1,
1,0,1,1,0,1,1,0, 1>

2 <1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1, 1, 0,
1,1,0,1,1,0,1, 1, 0>

3 <1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0, 1, 1,
0,1,1,0,1,1,0, 1, 1>

4 <0, 0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, 0,
(Reserved) 0, 0,0, 0,0,0,0,0, 0>

[0103] Referring to Table 1, CFI=1 represents that a
PDCCH is transmitted using OFDM symbol #0 only, and
CFI=2 and CFI=3 represent that the PDCCH is transmitted
using OFDM symbols #0 and #1 and OFDM symbols #0 to
#2, respectively.

[0104] The CFI codeword may be modulated using a
quadrature phase shift keying (QPSK) scheme. In this case,
the 32-bit codeword is modulated to 16 symbols. Accord-
ingly, 16 subcarriers are used for PCFICH transmission.
[0105] FIG. 12 illustrates a PCFICH transmission form.
[0106] Referring to FIG. 12, an REG includes 4 subcar-
riers and is composed of only data subcarriers other than
RSs. Since 16 subcarriers are used for PCFICH transmis-
sion, as described above, 4 REGs can be used for PCFICH
transmission. REGs to which the PCFICH is mapped may
vary according to the number of RBs in the frequency
domain. To 2 O prevent inter-cell interference of the
PCFICH, the REGs to which the PCFICH is mapped may be
shifted in the frequency domain according to cell ID. Since
the PCFICH is transmitted using the first OFDM symbol of
a subframe all the time, a receiver checks information of the
PCFICH first and then receives information of a PDCCH
when receiving a subframe.

[0107] A description will be given of a PHICH.

[0108] The PHICH transmits ACK/NACK information for
an uplink data channel. A plurality of PHICHs forms a
PHICH group such that they are mapped to the same REG.
PHICHs in a PHICH group may be identified by different
sequences. For example, orthogonal sequences can be used
for identifying the PHICHs in the PHICH group. One
PHICH group includes PHICH channels for a plurality of
UEs. A plurality of PHICH groups may be generated in a
subframe. ACK/NACK information transmitted through a
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PHICH may be repeated three times and spread four fold to
generate 12 symbols. In this case, 3 REGs can be used for
PHICH transmission.

[0109] FIG. 13 illustrates an example of mapping
PCFICHs and PHICHs to REGs.

[0110] Referring to FIG. 13, 3 PHICH groups are exem-
plified. Each PHICH group is mapped an REG to which a
PCFICH is not mapped. The PHICHs groups are transmitted
through 3 REGs. The REG to which each PHICH group is
mapped is shifted in the frequency domain according to cell
ID to prevent inter-cell interference.

[0111] PHICHs are allocated to UEs using the lowest
physical resource block (PRB) index of PUSCH resource
allocation and cyclic shift of a DMRS transmitted on uplink
grant. A PHICH resource is signaled as an index pair such
as Mprrers °%, Npmgrer o ?). Here, Nppp -5 denotes a
PHICH group number and npz;-;"°? denotes an orthogonal
sequence index in the corresponding PHICH group.

[0112] Table 2 shows an exemplary orthogonal sequence
used in the 3GPP LTE system.

TABLE 2

Orthogonal sequence

Sequence index Normal cyclic prefix Extended cyclic prefix

Nprzcs’®? NG PHICH _ 4 N FHICH 2 )
0 [+1 +1 +1 +1] [+1 +1]
1 [+1 -1 +1 -1] [+1 -1]
2 [+1 +1 -1 -1] [+ +i]
3 [+1 -1 -1 +1] [+ -i]
4 [+ + + ] —
5 [+ =+ -l —
6 [+ + ) -l —
7 [+ - i+l —
[0113] The above-mentioned N5 and Npgyer 7

can be obtained using the following equation 1.

lowest_

oup_
npprce Y =(Ipre_r4 indextD1rs)MOAN prizcr-
group

”PHICHSEq:([IPRB,RAIOWESLMJ@ i [+1pams)
mod2 N FHICH [Equation 1]
[0114] In Equation 1, ny,,x< represents frequency shift of

a DMRS used for uplink transmission related to a PHICH,
N7 #H represents a spreading factor used for the PHICH,
Loy 27 ™42 denotes the lowest RPB index of uplink
resource allocation, and Np,-,5? denotes the number of
PHICH groups.

[0115] Nppye2°* can be obtained using the following
equation 2.

[Ng(Ngg /)1 [Equation 2]
PHICH =

roup for normal cyclic prefix
e
2-[Ng (N,%/S)'l for extended cyclic prefix

[0116] In Equation 2, N, denotes 2-bit (N,E{¥%'41,2})
information about the quantity of PHICH resources trans-
mitted on a physical broadcast channel (PBCH) and Nz~
denotes the number of RBs on downlink.

[0117] FIG. 14 illustrates a PHICH group configuration in
a subframe according to PHICH duration.

[0118] As shown in FIG. 14, a PHICH group may be
composed of different time regions in a subframe according
to PHICH durations {1, 2, 3}.
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[0119] A description will be given of a PDCCH.

[0120] Control information transmitted through a PDCCH
is referred to as downlink control information (DCI). A
PDCCH has a control information size and usage which vary
according to DCI format and its size may vary according to
coding rate.

[0121] Table 3 shows DCI according to DCI format.
TABLE 3

DCI format  Objectives

0 Scheduling of PUSCH

1 Scheduling of one PDSCH codeword

1A Compact scheduling of one PDSCH codeword

1B Closed-loop single-rank transmission

1C Paging, RACH response and dynamic BCCH

1D MU-MIMO

2 Scheduling of rank-adapted closed-loop spatial
multiplexing mode

2A Scheduling of rank-adapted open-loop spatial
multiplexing mode

3 TPC commands for PUCCH and PUSCH with 2 bit power
adjustments

3A TPC commands for PUCCH and PUSCH with
single bit power adjustments

[0122] Referring to Table 3, DCI formats include format O

for PUSCH scheduling, format 1 for scheduling of one
PDSCH codeword, format 1A for compact scheduling of
one PDSCH codeword, format 1C for compact scheduling
of DL-SCH, format 2 for PDSCH scheduling in a closed-
loop spatial multiplexing mode, format 2A for PDSCH
scheduling in an open loop spatial multiplexing mode, and
formats 2 and 3A for transmission of transmission power
control (TPC) commands for uplink channels. DCI format
1A can be used for PDSCH scheduling irrespective of the
transmission mode of a UE.

[0123] The DCI format can be independently applied to
each UE, and PDCCHs of multiple UEs can be simultane-
ously multiplexed in a subframe. A PDCCH is composed of
an aggregation of one or several contiguous control channel
elements (CCEs). A CCE is a logical allocation unit used to
provide a coding rate depending on a radio channel status to
a PDCCH. The CCE corresponds to 9 sets of REGs each
including 4 REs. An eNB may use {1, 2, 4, 8} CCEs to
configure one PDCCH signal. Here, {1, 2, 4, 8} are referred
to as CCE aggregation levels. The number of CCEs used to
transmit a specific PDCCH is determined by the eNB
according to channel status. A PDCCH configured according
to each UE is interleaved and mapped to a control channel
region of each subframe and according to a CCE-to-RE
mapping rule. A PDCCH position may depend on the
number of OFDM symbols for a control channel of each
subframe, the number of PHICH groups, transmit antenna,
frequency shift, etc.

[0124] As described above, channel coding is indepen-
dently performed on multiplexed PDCCHs of UEs and
cyclic redundancy check (CRC) is applied thereto. The CRC
is masked with an ID of each UE such that each UE can
receive a PDCCH allocated thereto. However, the eNB does
not provide information about the position of a PDCCH
corresponding to a UE in a control region assigned in a
subframe. To receive a control channel transmitted from the
eNB, the UE finds the PDCCH assigned thereto by moni-
toring a set of PDCCH candidates in a subframe because the
UE cannot be aware of the position of the PDCCH and a
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CCE set aggregation level or a DCI format used for the
PDCCH. This is called blinding decoding (BD). Blind
decoding may also be called blind detection or blind search.
Blind decoding is a method by which a UE de-mask a CRC
with ID thereof and check a CRC error to confirm whether
a corresponding PDCCH is a control channel for the UE.

[0125] A description will be given of uplink retransmis-
sion.
[0126] An uplink retransmission scheme can be config-

ured using the aforementioned PHICH and DCI format 0
(PUSCH scheduling). Synchronous non-adaptive retrans-
mission is performed by receiving ACK/NACK through the
PHICH and synchronous adaptive retransmission is carried
out through DCI format 1. That is, both the PHICH and DCI
format 0 support synchronous retransmission only. Synchro-
nous retransmission needs to be performed within a prede-
termined time after transmission of the first packet.

[0127] In the case of non-adaptive retransmission per-
formed through the PHICH, transmission is performed using
the same transmission method in the same PRB region used
to transmit the first packet. In adaptive retransmission using
DCI format 0, transmission is carried out using a PRB and
a transmission method according to scheduling information.
In this case, if a UE simultaneously receive PHICH sched-
uling information and PUSCH scheduling information, the
UE ignores a PHICH and transmits a signal according to the
PUSCH scheduling information. When a new data indicator
(NDI) included in the PUSCH scheduling information is
toggled, the UE compares the current state with the previous
state and flushes a buffer upon regarding previous packet
transmission as successful transmission. However, if the
NDI is not toggled even when the UE receives ACK through
the PHICH, the UE maintains the buffer for the previous
packet.

[0128] 1.3. Uplink System

[0129] As described above, a UE that regards power
efficiency as an important factor uses SC-FDMA capable of
lowering PAPR (or cubic metric (CM) and achieving effi-
cient transmission by avoiding a non-linear distortion inter-
val of a power amplifier.

[0130] FIG. 15 illustrates SC-FDMA and OFDMA
schemes.
[0131] Referring to FIG. 15, both a UE for uplink signal

transmission and an eNB for downlink signal transmission
include a serial-to-parallel converter 151, a subcarrier map-
per 153, an M-point IDFT module 154, a parallel-to-serial
converter 155, and a CP addition module 156.

[0132] A UE for transmitting a signal in SC-FDMA addi-
tionally includes an N-point DFT module 152. N data
symbols generated through the serial-to-parallel converter
151 are applied to the N-point DFT module 152. Here, the
N data symbol components are spread over an allocated
band. If a band corresponding to N subcarriers is assigned to
the UE, the output signal of the N-point DFT module 152 is
mapped to an allocated position in the entire uplink system
band (input of the M-point IDFT module). That is, the
N-point DFT module 152 partially offsets the influence of
IDFT of the M-point IDFT module 154 such that a trans-
mission signal has single carrier property.

[0133] FIG. 16 illustrates signal mapping schemes in the
frequency domain to satisfy single carrier property in the
frequency domain.
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[0134] FIG. 16(a) illustrates a localized mapping scheme
and FIG. 16(b) illustrates a distributed mapping scheme.
3GPP LTE defines the localized mapping scheme.

[0135] Clustered SC-FDMA, a modified form of SC-
FDMA, divides DFT process output samples into sub-
groups in a mapping procedure and discontinuously maps
the sub-groups to subcarrier regions. Clustered SC-FDMA
may include a filtering process and a cyclic extension
process as necessary. A sub-group may be called a cluster
and cyclic extension means insertion of a guard interval
longer than maximum delay spread of a channel between
contiguous symbols to prevent inter-symbol interference
during transmission of subcarrier symbols through a multi-
path channel.

[0136] FIG. 17 illustrates a signal processing procedure
for mapping DFT process output samples to a single carrier
in clustered SC-FDMA and FIGS. 18 and 19 illustrate signal
processing procedures of mapping DFT process output
samples to multiple carriers in clustered SC-FDMA.
[0137] FIG. 17 shows an example of using clustered
SC-FDMA for intra-carrier and FIGS. 18 and 19 show
examples of using clustered SC-FDMA for inter-carrier.
Furthermore, FIG. 18 illustrates a case in which a signal is
generated through a single IFFT block when contiguous
component carriers are allocated in the frequency domain
and a subcarrier spacing is aligned between neighboring
component carriers. FIG. 19 illustrates a case in which a
signal is generated through a plurality of IFFT blocks due to
non-contiguous component carriers when component carri-
ers are non-contiguously allocated in the frequency domain.
[0138] Segmented SC-FDMA is a simple extension of the
DFT spreading and IFFT subcarrier mapping structure of the
conventional SC-FDMA, when the number of DFT blocks is
equal to the number of IFFT blocks and thus the DFT blocks
and the IFFT blocks are in a one-to-one correspondence.
While the term ‘segmented SC-FDMA'’ is adopted herein, it
may also be called NxSC-FDMA or NxDFT spread
OFDMA (NxDFT-s-OFDMA).

[0139] FIG. 20 illustrates a signal processing operation in
a segmented SC-FDMA system.

[0140] Referring to FIG. 20, segmented SC-FDMA is
characterized in that total time-domain modulation symbols
are divided into N groups (N being an integer greater than
1) and a DFT process is performed on a group-by-group
basis to relieve the single carrier property constraint.
[0141] FIG. 21 illustrates a signal processing procedure
for transmitting an RS on uplink. While a data part is
generated as a signal in the time domain, mapped to the
frequency domain through a DFT precoder, and transmitted
through IFFT, the RS does not pass through the DFT
precoder. The RS is directly generated in the frequency
domain (S211), and then sequentially subjected to localized
mapping (S212), IFFT (S213) and CP addition (S214) to be
transmitted.

[0142] FIG. 22 illustrates a subframe structure for trans-
mitting RSs.
[0143] FIG. 22(a) illustrates a subframe structure for

transmitting RSs in case of a normal CP and FIG. 22(b)
illustrates a subframe structure for transmitting RSs in case
of an extended CP. Referring to FIG. 22(a), RSs are trans-
mitted in fourth and eleventh SC-FDMA symbols in the
normal CP case. Referring to FIG. 22(5), RSs are transmitted
in third and ninth SC-FDMA symbols in the extended CP
case.
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[0144] 2. Enhanced PDCCH (e-PDCCH) Transmission
Method
[0145] A 3GPP LTE-A system, an extended form of the

3GPP LTE system, supports extension to a multi-carrier
environment, multi-user MIMO (MU MIMO), and a het-
erogeneous network including a relay, femto cell, hotzone
cell, etc.

[0146] Inthe 3GPP LTE-A system, it is difficult to use the
conventional 3GPP LTE downlink control channel to maxi-
mize the performance of the above-mentioned techniques.
Accordingly, an enhanced PDCCH (e-PDCCH) can be intro-
duced to the 3GPP LTE-A system to increase PDCCH
capacity of the conventional LTE system. The e-PDCCH can
also be called an advanced PDCCH (A-PDCCH). In the
following description, the enhanced/advanced PDCCH is
referred to as ‘e-PDCCH’, the conventional PDCCH is
referred to as ‘legacy PCCH’, a UE of the 3GPP LTE-A
system (e.g. a system superior to ‘LTE release-11") is
referred to as ‘enhanced UE (e-UE)’, and a UE of the 3GPP
LTE system (e.g. a system inferior to ‘LTE release-10) is
referred to as ‘legacy UE’ for convenience of description.

[0147] When the e-PDCCH is introduced in order to
increase PDCCH capacity, as described above, the e-PD-
CCH can be multiplexed with a PDSCH in a PDSCH region
and transmitted.

[0148] FIG. 23 illustrates exemplary e-PDCCH structures.
[0149] FIG. 23(a) shows a structure in which the e-PD-
CCH is multiplexed with a PDSCH in TDM, FIG. 23(b4)
shows a structure in which the e-PDCCH is multiplexed
with a PDSCH in FDM, and FIG. 23(c) shows a structure in
which the e-PDCCH is multiplexed with a PDSCH in
FDM/TDM.

[0150] When the e-PDCCH is multiplexed with a PDSCH
in TDM and transmitted, this impacts a legacy UE in normal
subframes, and thus a corresponding subframe needs to be
configured as a multimedia broadcast single frequency net-
work (MBSFN) subframe. When the e-PDCCH is multi-
plexed with a PDSCH in FDM or FDM/TDM and transmit-
ted, it is possible to transmit the e-PDCCH even through a
normal subframe without affecting the legacy UE. That is,
the e-PDCCH can be configured using various methods
according to e-PDCCH multiplexing scheme. To use the
e-PDCCH, an e-PDCCH transmission scheme for an eNB
and a blind search scheme for the legacy UE or e-PDCCH
to receive DCI are needed. It is assumed that the e-PDCCH
described in the specification uses one of the following three
multiplexing schemes.

[0151] 2.1 DCI Transmission Method

[0152] Inlegacy LTE system, since DCI for legacy UEs is
transmitted through a legacy PDCCH, each legacy UE
performs blind search only on the legacy PDCCH to receive
DCI assigned thereto. However, the e-UE can receive DCI
through the e-PDCCH in addition to the legacy PDCCH due
to introduction of the e-PDCCH. In this case, it is necessary
for an eNB to determine which one of the legacy PDCCH
and the e-PDCCH is used to transmit DCI to the e-UE and
the e-UE needs to determine a channel on which blind search
will be performed.

[0153] FIG. 24 illustrates a method of transmitting DCI to
a UE according to an embodiment of the present invention.
[0154] Referring to FIG. 24, when an eNB transmits DCI
to an e-UE capable of receiving the DCI through an e-PD-
CCH, the eNB transmits DCI transmission channel infor-
mation that indicates a downlink control channel through
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which the DCI will be transmitted to the e-UE (S2401).
Here, the eNB may transmit the DCI through one of a legacy
PDCCH and an e-PDCCH or transmit the DCI through both
the legacy PDCCH and e-PDCCH.

[0155] The eNB may transmit the DCI transmission chan-
nel information using higher layer signaling or through the
legacy PDCCH. The e-UE may be implicitly aware of the
channel transmitting the DCI. When the e-UE implicitly
recognizes the DCI transmission channel, step S3401 may
be omitted. A method by which the e-UE checks the DCI
transmission channel will be described in detail below.
[0156] When the e-UE confirms that the DCI is transmit-
ted through the e-PDCCH or through both the legacy
PDCCH and e-PDCCH using the DCI transmission channel
information transmitted from the eNB or implicitly, the
e-UE checks the start symbol of the e-PDCCH (S2403).
Here, the e-UE can check the start symbol index of the
e-PDCCH through a PCFICH, a PHICH or information
transmitted through the legacy PDCCH. A method used for
the e-UE to check the start symbol of the e-PDCCH will be
described in detail below.

[0157] The eNB transmits the DCI to the e-UE through the
corresponding downlink control channel (S2405). The e-UE
performs blind search on the e-PDCCH region carrying the
DCI according to the start symbol of the e-PDCCH, checked
in step S2403 (S2407), to detect the DCI transmitted to the
e-UE (S2409).

[0158] 2.2 Method of Confirming DCI Transmission
Channel
[0159] 2.2.1. Reception of Channel Information Through

UE-Specific Higher Layer Signaling

[0160] The eNB can semi-statically configure which one
of a legacy PDCCH and e-PDCCH is used to transmit DCI
to an e-UE capable of receiving the e-PDCCH through
UE-specific higher layer signaling. That is, the eNB can
configure whether the DCI for the e-UE is transmitted
through the legacy PDCCH or the e-PDCCH through UE-
specific higher layer signaling. In this case, the e-UE may
perform blind search on the legacy PDCCH only or on the
e-PDCCH only according to higher layer signaling from the
eNB.

[0161] Furthermore, the eNB can configure whether the
DCI for the e-UE is transmitted through the legacy PDCCH,
or through the e-PDCCH, or through both the legacy
PDCCH and the e-PDCCH through UE-specific higher layer
signaling. In this case, the e-UE may perform blind search
on the legacy PDCCH only, on the e-PDCCH only, or on
both the legacy PDCCH and the e-PDCCH according to
higher layer signaling from the eNB.

[0162] 2.2.2.Reception of Channel Information Through
Cell-Specific Higher Layer Signaling

[0163] The eNB can configure which one of the legacy
PDCCH and the e-PDCCH is used to transmit the DCI for
the e-UE through cell-specific higher layer signaling. DCI
transmission channel configuration information through
cell-specific higher layer signaling may be transmitted
through a reserved field of a system information block (SIB)
transmitted through a conventional broad control channel
(BCCH), or transmitted through a new SIB defined for the
e-UE. When DCI transmission channel information is trans-
mitted through the reserved field of the SIB or through the
new SIB for the e-UE, a legacy UE cannot recognize the
DCI even if it receives the DCI. All e-UEs in a correspond-
ing cell can receive their DCI by performing blind search on
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the legacy PDCCH only, the e-PDCCH only, or both the
legacy PDCCH and the e-PDCCH according to cell-specific
DCI transmission channel information.

[0164] 2. 2. 3. e-PDCCH Enabled/Disabled Mode Con-
figuration
[0165] The eNB may set an e-PDCCH enabled mode or an

e-PDCCH disabled mode cell-specifically. When the cell-
specific e-PDCCH enabled mode is set, the eNB transmits
the legacy PDCCH and the e-PDCCH in all subframes. In
this case, the e-UE receives DCI assigned thereto by per-
forming blind search on the e-PDCCH. When the cell-
specific e-PDCCH disabled mode is set, the eNB does not
transmit the e-PDCCH and all UEs (legacy UE and e-UE)
receive DCI allocated thereto by performing blind search on
the legacy PDCCH.

[0166] In addition, the eNB may set a subframe-specific
e-PDCCH enabled more or e-PDCCH disabled mode. In this
case, the eNB configures an e-PDCCH configuration bitmap
for every 10 ms frame, that is, every 10 subframes and
transmits the e-PDCCH configuration bitmap. Specifically,
the eNB can transmit the e-PDCCH configuration bitmap
composed of 10 bits respectively corresponding to the first
subframe (subframe #0) to the tenth subframe (subframe
#9). The eNB sets the e-PDCCH enabled mode or e-PDCCH
disabled mode for each subframe through a corresponding
bitmap field and transmits DCI to the e-UE. The e-UE
receives the DCI through blind search performed on the
e-PDCCH in a subframe corresponding to the e-PDCCH
enabled mode and receives the DCI through blind search
carried out on the legacy PDCCH in a subframe correspond-
ing to the e-PDCCH disabled mode. The cell-specific e-PD-
CCH mode or subframe-specific e-PDCCH mode is set
through cell-specific higher layer signaling or UE-specific
higher layer signaling.

[0167] 2. 2. 4. Reception of Channel Information During
Network Entry
[0168] The eNB can statically set whether the e-UE

receives DCI through the e-PDCCH or the legacy PDCCH.
To achieve this, UE-specific higher layer signaling that
signals whether the e-UE receives the DCI using the e-PD-
CCH through a network entry procedure or the legacy
PDCCH like legacy UEs can be defined. In this case,
corresponding configuration information may be included in
conventional signaling such as random access channel
(RACH) response or RRC-connection response, or new
RRC signaling may be defined. Furthermore, the eNB may
cell-specifically signal corresponding configuration infor-
mation through cell-specific higher layer signaling for the
e-UE. The e-UE may be fixed such that it receives DCI
through the e-PDCCH only, or fixed such that it performs
blind search on both the legacy PDCCH and the e-PDCCH.
Otherwise, it is possible to implicitly determine whether
DCI is received through the legacy PDCCH or the e-PD-
CCH according to the cell radio network temporary identi-
fier (C-RNTI) value of the e-UE. For example, when the
least significant bit (LSB) of the C-RNTI value is 0O, the
e-UE receives the DCI through the legacy PDCCH. If the
LSB of the C-RNTI value is 1, the e-UE receives the DCI
through the e-PDCCH.

[0169] 2. 2. 5. Confirmation Using PCFICH Value
[0170] It is possible to determine whether DCI is trans-
mitted through the e-PDCCH according to the quantity of
DCI that needs to be transmitted by the eNB through a
corresponding subframe. That is, the eNB transmits DCI
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using a legacy PDCCH resource and may allocate the
e-PDCCH only when the quantity of the transmitted DCI is
less than the quantity of DCI destined to be transmitted
through the legacy PDCCH resource. Specifically, the eNB
adjusts the size of the legacy PDCCH depending on the
quantity of DCI to be transmitted through a predetermined
subframe, increases the legacy PDCCH size to up to 3 (4
when the system bandwidth is equal to or less than 10 RBs)
corresponding to a maximum size when a large amount of
DCI is present and transmits the DCI through the legacy
PDCCH having the increased size. Conversely, when the
legacy PDCCH having the maximum size is not sufficient to
transmit the DCI, the eNB transmits the DCI through the
e-PDCCH. The eNB transmits DCI of the legacy UE using
CCEs of the legacy PDCCH preferentially and transmits
DCI of the e-UE using remaining CCEs of the legacy
PDCCH and an additionally allocated e-PDCCH.The e-UE
can check the size of the legacy PDCCH using a PCFICH
received from the eNB. When the checked size of the legacy
PDCCH is not the maximum size, the e-UE receives the DCI
assigned thereto by performing blind search only on the
legacy PDCCH without executing blind search on the e-PD-
CCH. When the size of the legacy PDCCH corresponds to
the maximum size, the e-UE receives the DCI assigned
thereto by performing blind search on the e-PDCCH as well
as the legacy PDCCH. If the legacy PDCCH has a size
greater than the maximum size, the eNB additionally signals
whether the e-PDDCH is transmitted to the e-UE using a
resource corresponding to specific at least one CCE in a
fixed position of the legacy PDCCH (e.g. a resource having
the highest or lowest logical CCE index).

[0171] 2. 2. 6. Reception of Channel Information Through
Specific CCE Resource of Legacy PDCCH

[0172] The eNB may dynamically signal whether the
e-PDCCH is transmitted to the e-UE using specific at least
one CCE index in a fixed position of the legacy PDCCH for
each subframe irrespective of the size of the legacy PDCCH.
The e-UE can confirm whether the e-PDCCH is transmitted
according to the at least one CCE index and performs blind
search only on the legacy PDCCH when the e-PDCCH is not
transmitted. When the e-PDCCH is transmitted, the e-UE
may perform blind search only on the e-PDCCH, or addi-
tionally carry out blind search on the e-PDCCH upon blind
search of the legacy PDCCH.

[0173] 2. 3. Method of Checking Starting Cymbol of
e-PDCCH

[0174] 2.3.1. Configuration Cccording to CFI of PCFICH
[0175] As described above, an OFDM symbol index at

which the e-PDCCH starts to be transmitted may change
according to a CFI value transmitted through a PCFICH
because the e-PDCCH is multiplexed with a PDSCH and
transmitted through a PDSCH region. That is, e-PDCCH
transmission can be started from the second symbol when
the size of a PDCCH in the time domain according to the
CFI value is 1 and can be respectively started from the third
and fourth symbols when the size of the PDCCH in the time
domain is 2 and 3. When the system bandwidth is equal to
or less than 10 RBs, the size of the PDCCH in the time
domain can be set to 4. In this case, e-PDCCH transmission
can be started from the fifth symbol. Accordingly, the
starting symbol of the e-PDCCH can be dynamically varied
in a predetermined subframe according to a CFI value
transmitted through a PCFICH of the subframe. The e-UE
receives the PCFICH, determines the starting symbol value
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of the e-PDCCH according to the CFI value, and then
performs blind search on the e-PDCCH from the starting
symbol.

[0176] 2. 3. 2. Fixing Starting Symbol

[0177] The starting symbol of the e-PDCCH may be fixed
irrespective of the CFI value transmitted through the
PCFICH. Specifically, the starting symbol of the e-PDCCH
may be fixed as a symbol following the symbol having the
highest index in the legacy PDCCH when the legacy
PDCCH has the maximum size. For example, the starting
symbol of the e-PDCCH can be fixed as the fourth symbol
(fifth symbol when the system bandwidth is equal to or less
than 10 RBs). In this case, the e-UE, which receives DCI
thereof through the e-PDCCH, can perform blind search on
the e-PDCCH from the fourth or fifth symbol irrespective of
the CFI value of the PCFICH. In a cell in which the
e-PDCCH is transmitted, DCI for UEs (legacy UE and
e-UE) in the cell is transmitted through the legacy PDCCH
and the e-PDCCH, and thus minimal load may be applied to
the legacy PDCCH may be small. Particularly, when a
channel through which DCI for the legacy UE is transmitted
and a channel through which DCI for the e-UE is transmitted
are separated from each other by setting UE-specific (or
user-specific) DCI for the e-UE such that it can be trans-
mitted only through the e-PDCCH, the DCI for the legacy
UE is transmitted using the legacy PDCCH and the DCI for
the e-UE is transmitted using the e-PDCCH. Accordingly,
DCI transmission load is distributed to two channels.
[0178] Furthermore, since a case in which the legacy
PDCCH having the maximum size is used is barely gener-
ated, it is possible to limit the size of the legacy PDCCH
using a scheduler and to fix the starting symbol of the
e-PDCCH as a preceding symbol. For example, the size of
the legacy PDCCH can be fixed to equal to or less than 2 and
the starting symbol of the e-PDCCH can be fixed as the third
symbol. Otherwise, the size of the legacy PDCCH can be
fixed to 1 and the starting symbol of the e-PDCCH can be
fixed as the second symbol.

[0179] 2. 3. 3. Configuration According to PHICH Dura-
tion
[0180] The e-UE may implicitly determine the starting

symbol of the e-PDCCH according to a PHICH duration
value transmitted through a PBCH. For example, the starting
symbol of the e-PDCCH can be determined as the second
symbol when the PHICH duration is 1 and determined as the
third symbol when the PHICH duration is 2.

[0181] 2. 3. 4. Configuration Through e-PCFICH

[0182] An e-PCFICH that signals information about e-PD-
CCH allocation can be defined using a resource correspond-
ing to at least one CCE in a fixed position of the legacy
PDCCH. For example, the resource having the first or last
logical CCE index can be used to transmit the e-PCFICH. In
this case, the eNB can signal the starting symbol, transmis-
sion mode and frequency resource information, etc. of the
e-PDCCH to a UE through the e-PCFICH. The e-PCFICH
may be transmitted using one CCE or two or more CCEs on
the basis of the quantity of information transmitted to the
UE.

[0183] 3. Apparatus for Implementing the Present Inven-
tion
[0184] FIG. 25 is a block diagram of a wireless commu-

nication apparatus according to an embodiment of the pres-
ent invention.
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[0185] Referring to FIG. 25, a wireless communication
system includes a eNB 250 and a plurality of UEs 260
belonging to the eNB 250. The UEs 260 include both the
aforementioned legacy-UE and e-UE.

[0186] The eNB 250 includes a processor 251, a memory
252, a radio frequency (RF) unit 253. The processor 251
may be configured to implement the functions, procedures
and/or methods proposed by the present invention. Layers of
a wireless interface protocol may be implemented by the
processor 251. The memory 252 is connected to the proces-
sor 251 and stores various types of information for operating
the processor 251. The RF unit 253 is connected to the
processor 251, transmits and/or receives an RF signal.
[0187] The UE 260 includes a processor 261, a memory
262, and an RF unit 263. The processor 261 may be
configured to implement the functions, procedures and/or
methods proposed by the present invention. Layers of a
wireless interface protocol may be implemented by the
processor 251. The memory 262 is connected to the proces-
sor 261 and stores information related to operations of the
processor 262. The RF unit 263 is connected to the processor
261, transmits and/or receives an RF signal.

[0188] The memories 252 and 262 may be located inside
or outside the processors 251 and 261 and may be connected
to the processors 251 and 261 through various well-known
means. The eNB 250 and/or UE 260 may include a single
antenna or multiple antennas.

[0189] The aforementioned embodiments are achieved by
combination of structural elements and features of the
present invention in a predetermined manner. Each of the
structural elements or features should be considered selec-
tively unless specified separately.

[0190] Each of the structural elements or features may be
carried out without being combined with other structural
elements or features. Also, some structural elements and/or
features may be combined with one another to constitute the
embodiments of the present invention. The order of opera-
tions described in the embodiments of the present invention
may be changed. Some structural elements or features of one
embodiment may be included in another embodiment, or
may be replaced with corresponding structural elements or
features of another embodiment. Moreover, it will be appar-
ent that some claims referring to specific claims may be
combined with another claims referring to the other claims
other than the specific claims to constitute the embodiment
or add new claims by means of amendment after the
application is filed.

[0191] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
present invention without departing from the spirit or scope
of the inventions. Thus, it is intended that the present
invention covers the modifications and variations of this
invention provided they come within the scope of the
appended claims and their equivalents.

INDUSTRIAL APPLICABILITY

[0192] A method of transmitting/receiving data in a wire-
less access system is applicable to various wireless access
systems in addition to the 3GPP LTE system.

1. A method of receiving downlink control information
(DCI) by a user equipment (UE) in a wireless access system
supporting an Enhanced Physical Downlink Control Chan-
nel (EPDCCH) multiplexed with a physical downlink shared
channel (PDSCH), the method comprising:
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receiving, from an eNB, EPDCCH configuration indicat-
ing whether the EPDCCH for the UE is configured;

when the EPDCCH configuration indicates a specific
downlink subframe for monitoring the EPDCCH,
receiving DCI via the specific subframe by monitoring
the EPDCCH; and

if the EPDCCH configuration does not contains the spe-
cific subframe for monitoring the EPDCCH when the
EPDCCH for the UE is configured, receiving DCI by
monitoring all downlink subframes.

2. The method according to claim 1, the specific downlink

subframe is indicated by using a bitmap.

3. The method according to claim 1 further comprising:

if the EPDCCH configuration further contains an infor-
mation indicating an EPDCCH starting symbol, receiv-
ing the EPDCCH from a starting OFDM(Orthogonal
Frequency Division Multiplexing) symbol for the EPD-
CCH according to the information indicating EPDCCH
starting symbol.

4. The method according to claim 1 further comprising:

if the EPDCCH configuration does not contain the infor-
mation indicating the EPDCCH starting symbol,
receiving the EPDCCH from a starting OFDM symbol
for the EPDCCH which is determined by using a
control format indicator (CFI) value based on a down-
link bandwidth configuration.

5. The method according to claim 4, wherein an index of

the starting OFDM symbol for the EPDCCH is set as a value
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corresponding to the CFI value when the downlink band-
width is greater than 10 resource blocks.

6. The method according to claim 1, wherein the index of
the starting OFDM symbol for the EPDCCH is same as an
index of starting OFDM symbol for the PDSCH.

7. The method according to claim 1, wherein the all
downlink subframes are indicated by high layer signaling.

8. A user equipment (UE) for receiving DCI in a wireless
access system supporting an Enhanced Physical Downlink
Control Channel (EPDCCH) multiplexed with a PDSCH,
the UE comprising:

a radio frequency (RF) unit configured to transmit/receive

RF signals; and
a processor,
wherein the processor is configured:
to receive EPDCCH configuration indicating whether the
EPDCCH for the UE is configured;

to receive DCI via a specific subframe by monitoring the
EPDCCH, when the EPDCCH configuration indicates
the specific downlink subframe for monitoring the
EPDCCH; and

to receive DCI by monitoring all downlink subframes
according to high layer signaling, if the EPDCCH
configuration does not contains the specific subframe
for monitoring the EPDCCH when the EPDCCH for
the UE is configured.
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